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ANALYSIS OF MODERN ASPECTS OF CORROSION PROBLEMS AND
THEIR SOLUTIONS

Abstract. The article presents a study of technogenic phosphoride raw materials obtained
in Kazakhstan as waste from various industrial processes in order to be used as raw materials
for the production of corrosion inhibitors in the oil and gas industry. The chemical composition
and physical properties of phosphoride raw materials from various sources were studied,
methods of its enrichment were analyzed, and studies were also carried out to change the
obtained phosphate compounds in order to increase their effectiveness as corrosion inhibitors.
Laboratory tests were carried out on steel samples typical for the oil and gas industry and
optimal conditions for the use of synthesized inhibitors were determined. The results of the
study show that technogenic phosphoride raw materials can be effectively used for the
production of corrosion inhibitors, which will reduce raw material costs and contribute to the
sustainable development of the oil and gas industry in Kazakhstan. The article also considers
the possibility of modifying the obtained inhibitors in order to improve their properties and
expand the scope of application.

Metal corrosion is a serious problem that can lead to significant economic losses and pose
a safety risk. Phosphorus inhibitors are an effective corrosion prevention tool used in various
industries, including oil and gas, energy, chemical and others. This article is devoted to the
study of the effectiveness of phosphate inhibitors of corrosion, describes modern approaches to
their study and prospects for further development. Particular attention is paid to the
environmental benefits of inhibitors developed based on the processing of man-made raw
materials, which contribute to reducing the volume of waste and reducing the environmental
burden on nature. The development of inhibitors based on the processing of man-made waste
will create a new eco-oriented strategy in the oil and gas industry of Kazakhstan, combining
economic efficiency with respect for the environment.

Key words: phosphorus inhibitor, metal corrosion, man-made waste, man-made raw
materials, gravimetric method, electrochemical method.
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Introduction. The main focus of research is the creation of new phosphorus inhibitors
with improved properties based on molecular design and research, and the development of
inhibitors with a targeted mechanism of action aimed at specific types of corrosive processes
or metals. Inhibitors with improved properties need to meet the properties of increasing
efficiency, reducing toxicity, increasing biodegradability and resistance to temperature and
pressure. The modern study of phosphorus corrosion inhibitors is a rapidly developing field of
chemistry aimed at developing new and improved inhibitors in order to solve pressing problems
in various fields and technologies. The combination of classical approaches with modern
methods and technologies makes it possible to create inhibitors with improved properties, more
efficiently and safely protect metals from corrosion, and contribute to the sustainable
development of various industries.

Corrosion inhibitors are chemicals that are added to aggressive environments to slow
down or prevent corrosion processes on metal surfaces. They act by forming a protective layer
on the metal surface that prevents the metal from contacting an aggressive environment, or by
modifying electrochemical corrosion processes. Green corrosion inhibitors are inhibitors that
meet environmental safety requirements. They must be biodegradable, non-toxic to living
organisms and not cause environmental pollution. The development of green corrosion
inhibitors is an important task in the context of sustainable development and minimizing the
impact of the oil and gas industry on the environment. Traditional corrosion inhibitors typically
contain toxic and non-biodegradable components. These substances can cause soil, water and
air pollution, as well as harm human health. Therefore, the development of green corrosion
inhibitors is an urgent task in the modern chemical industry. These compounds often have low
toxicity and good biodegradability. Corrosion inhibitors play a crucial role in industry by
protecting metal structures and equipment from the destructive effects of corrosion,
significantly extending their service life and reducing the cost of operation. They act by various
mechanisms, including the formation of protective layers on the metal surface, modification of
electrochemical corrosion processes or a change in the chemical composition of an aggressive
environment. In the chemical industry, corrosion inhibitors are widely used to protect tanks,
pipelines, reactors and other equipment from corrosion caused by aggressive chemicals used in
production processes. Corrosion inhibitors are also used in the production of paints, varnishes
and other materials, providing protection against corrosion of coatings.

Phosphorus-containing corrosion inhibitors differ from other types of inhibitors by the
presence of phosphorus in their structure, which determines their unique mechanisms of action
and properties. Unlike traditional inhibitors based on chromium compounds, nitrites, amines or
other components, phosphorides are characterized by a more complex chemical composition
and the ability to form protective films on the metal surface with higher corrosion resistance.
Phosphorus compounds have a higher ability to form insoluble phosphate films on the surface
of metals, which act as a barrier between the metal and an aggressive environment. These films
are often characterized by higher adhesion, density and fracture resistance compared to films
formed by other types of inhibitors.

In addition, phosphorous compounds can act as inhibitors of both cathodic and anodic
corrosion reactions. They can slow down both the metal oxidation process (anodic reaction)
and the oxidant reduction process (cathodic reaction). This makes them more effective in
combating corrosion compared to inhibitors that act on only one of these reactions. However,
phosphorus-containing inhibitors have some disadvantages. For example, they may be less
effective in the case of high temperatures or pressures, as well as require more thorough
preparation of the metal surface before their use. Phosphorus-containing inhibitors are effective
corrosion protection agents that are widely used in the oil and gas industry and other industries.
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However, their selection and application should be carried out taking into account the specific
working conditions and requirements for efficiency and safety.

Kazakhstan has significant reserves of phosphorus raw materials, represented mainly by
apatite — natural calcium phosphate with the chemical formula Ca5(PO4)3(OH, F, Cl). The main
deposits of phosphorites are located in Karaganda, Zhambyl and Kyzylorda regions.
Phosphorites of Kazakhstan are characterized by a high content of P2OS5 (up to 30%), and also
contain impurities of iron, aluminum, silicon oxides. Phosphorus deposits in Kazakhstan play
an important role in the world market for phosphate raw materials. The country is among the
leading manufacturers of its products, exporting them to the world market. However, despite
significant reserves of phosphate raw materials, Kazakhstan faced a number of problems in this
area. However, the country has a significant potential for the development of the phosphate
industry and increasing investment in new technologies due to huge reserves of raw materials.

The Karatau field, located in Zhambyl region, is one of the largest in Kazakhstan. High
P20S5 apatite, reaching 30%, is produced here, and is also characterized by a significant amount
of impurities such as iron (Fe203), aluminum (Al1203), Silicon (Si02) and other elements. The
Aktobe field, located in the Aktobe region, contains phosphorites with a low content of P205
(about 20%), but is distinguished by a high concentration of organic substances. The Taraz field,
located in the Zhambyl region, is also distinguished by a high content of impurities. Other
deposits of Kazakhstan: Zhezkazgan, Ashchysai, Aktau, etc.contain apatite, but the ratio of the
main components and impurities is different, which affects their suitability for different
purposes. For use as corrosion inhibitors, phosphate minerals of Kazakhstan require special
treatment and processing. The process includes: enrichment: removal of impurities by flotation,
magnetic separation, gravitational enrichment, etc., which can increase the P20O5 content and
reduce unwanted components.

In resource-rich Kazakhstan, man-made waste is widely used to obtain phosphorus
corrosion inhibitors. Shymkent, a large industrial center, has significant reserves of phosphate
waste from the production of phosphorus fertilizers and the metallurgical industry. These
residues contain phosphorus in various forms, such as calcium, iron and aluminum phosphates,
which can be used to synthesize inhibitors. Unlike traditional methods of using mineral
resources such as apatite, man-made waste recycling is an environmentally and economically
viable approach. If we talk about the main differences and features of obtaining inhibitors from
man-made waste in Shymkent, then man-made waste is characterized by a more complex
chemical composition than mineral raw materials. They contain not only phosphates, but also
various additives, such as metal oxides, sulfates, chlorides, etc. Processing of man-made waste
requires more refined and specialized processing in order to remove unnecessary impurities and
obtain phosphates with the necessary properties. Inhibitors derived from man-made waste may
be of lower quality and stability compared to inhibitors derived from pure mineral raw
materials. They will have additives that affect their effectiveness and service life.

Phosphate slags formed during the production of phosphate fertilizers as raw materials
for obtaining phosphate inhibitors from phosphorus production waste in Shymkent. The use of
man-made waste to obtain corrosion inhibitors reduces environmental pollution and eliminates
valuable resources. The processing of man-made waste can be more profitable from an
economic point of view, as it reduces the cost of raw materials and reduces the costs of its
transportation. A number of studies are being conducted in Shymkent to develop technologies
for processing phosphate waste and obtaining corrosion inhibitors. These studies are aimed at
improving the processes of obtaining phosphorus and creating inhibitors with high quality and
stability. It should be noted that the extraction of inhibitors from man-made waste requires
careful quality control and consideration of the chemical composition of the waste in order to
ensure the effectiveness and safety of the obtained inhibitors. In general, Kazakhstan has a
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significant potential for the production of phosphoric corroon inhibitors from both mineral raw
materials and man-made waste. The choice of a source of raw materials depends on specific
production conditions, economic and environmental factors. The Karachaganak and Chinarev
fields are the largest natural gas deposits in Kazakhstan, characterized by high corrosive activity
due to the presence of hydrogen sulfide (H2S), carbon dioxide (COz) and water in oil and gas.
Various types of corrosion inhibitors, including phosphorus inhibitors, are used in these fields
to prevent corrosion of equipment and pipelines. The presence of hydrogen sulfide (H>S) and
carbon dioxide (CO,) increases the corrosive activity of the medium and requires the use of
highly effective inhibitors in acidic environments. High temperatures and pressure from oil and
gas wells limit the choice of inhibitors and require the use of temperature-resistant inhibitors.
Phosphorus inhibitors can be used in combination with other types of inhibitors, such as Amine
inhibitors, to improve the overall effectiveness of corrosion protection.

Examples of phosphorus inhibitors used in deposits in Kazakhstan:

Sodium tripolyphosphate (NasP3Oj0): is an effective corrosion inhibitor in acidic
environments and has good heat resistance.

Sodium hexametaphosphate (NagPsO1s): has high efficiency in high temperature and
pressure conditions and is well combined with other inhibitors.

Zinc phosphates: Zn3(POas), - effective in corrosion protection in a slightly acidic
environment and has good anti-corrosion properties.

Research materials and methods. The gravimetric method, based on the determination
of the precipitate mass formed by the interaction of phosphates with the corresponding reagent,
is one of the methods for analyzing man-made phosphoride raw materials to obtain corrosion
inhibitors. This method is used to determine the total phosphorus content in a sample, but does
not make it possible to distinguish between different forms of phosphates. In the case of man-
made raw materials, characterized by a complex chemical composition and the presence of
various impurities, the gravimetric method requires additional stages of sample preparation and
selection of special reagents.

Most often, a solution of barium chloride BaCl: is used to precipitate phosphates, which
forms an insoluble precipitate of bartum phosphate Ba3(POs),. After filtration, washing and
drying, the precipitate is measured and, knowing the molar mass of barium phosphate by its
mass, the mass of phosphorus in the sample can be calculated. However, when analyzing man-
made raw materials, it is necessary to take into account the presence of impurities that can affect
the accuracy of phosphorus determination. It is also important to note that the gravimetric
method is not sensitive enough to detect low phosphorus concentrations, which can be a
disadvantage in the analysis of low-phosphorus man-made raw materials. In general, the
gravimetric method of analysis of man-made phosphoride raw materials can be used to quickly
determine the phosphorus content in samples, but it is necessary to take into account the
presence of impurities and the limitations of the method in terms of sensitivity.

Electrochemical methods such as polarizing curves and impedance spectroscopy are used
to study the effectiveness of corrosion inhibitors derived from man-made phosphoride raw
materials. These methods are based on the measurement of electrochemical parameters on the
metal surface in a corrosive medium with and without the presence of an inhibitor, which makes
it possible to assess its effect on the kinetics of corrosive processes.

The polarizing curve method is based on measuring the dependence of the current on the
electrode potential in a corrosive medium. Comparison of polarizing curves with and without
an inhibitor allows us to determine the effectiveness of the inhibitor in slowing down corrosion.
Polarization curves provide information about corrosion rate, corrosion potential, and
polarization resistance. Impedance spectroscopy is a complex method based on measuring the
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resistance of an electrochemical system in a wide frequency range. The impedance Spectra
contain information about the kinetics of electrochemical processes and the properties of the
protective film formed on the metal under the influence of the inhibitor.

Impedance analysis allows you to determine such parameters of the protective film as
resistance, capacitance and thickness. For the analysis of technogenic phosphoride raw
materials, electrochemical cells with a working electrode made of steel typical for the oil and
gas industry are used. A solution that simulates the corrosive environment of oil and gas wells
containing hydrogen sulfide (H>S), carbon dioxide (CO;) and water is used as an electrolyte.

Electrochemical methods make it possible to assess the effectiveness of inhibitors
obtained from technogenic phosphoride raw materials in conditions close to the actual
conditions of operation of oil and gas wells. Importantly, electrochemical methods are indirect
methods for assessing the effectiveness of inhibitors and require correlation with direct test
results in the real world. However, electrochemical methods are relatively fast, inexpensive and
informative methods and allow us to assess the influence of various factors such as inhibitor
concentration, temperature and composition of the corrosive medium on the inhibition
efficiency.

Modifications of man-made phosphorus corrosion inhibitors aim to improve their
properties such as adhesion to the metal surface, inhibition efficiency, thermal stability,
biodegradability and toxicity reduction. Modification can be achieved by introducing new
functional groups into the inhibitor molecule, creating a nanostructure or composites with other
nanomaterials, and combining with other types of inhibitors. The introduction of new functional
groups into the phosphorus inhibitor molecule is one of the main methods of modification aimed
at improving its properties related to its adhesion to the metal and inhibition efficiency.

Alkylation: the introduction of alkyl groups (R-, Where r is an alkyl radical) into the
inhibitor molecule increases its lipophilicity (proximity to nonpolar media such as a metal
surface). This is due to the predominance of hydrocarbon C-H bonds in alkyl groups and a
decrease in the polarity of the molecule. The increased lipophilicity of the inhibitor improves
its adhesion to the metal surface, which makes it more effective in protecting against corrosion.

Amination: administration of amino groups (-NH2) increases the polarity of the inhibitor
molecule and may enhance the inhibitory effect. Amines have the ability to form hydrogen
bonds, which allows them to firmly adhere to the metal surface and form a protective film. In
addition, amines can react with corrosive products, such as metal ions, preventing the further
development of corrosion. Introduction of heterocyclic groups: heterocyclic groups are cyclic
structures that contain not only carbon atoms, but also other elements such as oxygen, nitrogen,
and sulfur. The introduction of heterocyclic groups into the inhibitor molecule can enhance its
inhibitory properties by forming strong protective films on the metal surface. This is due to the
presence of electron donor atoms (for example, nitrogen) in heterocycles, which increase
interaction with the metal surface.

Results and discussion.The modification of man-made phosphorus corrosion inhibitors
is an integrated approach aimed at increasing their efficiency and expanding the scope of
application, which makes them competitive with traditional synthetic inhibitors. Modification
i1s achieved by introducing new functional groups into the inhibitor molecule, creating
nanostructural shapes or composites with other nanomaterials, and combining with other types
of inhibitors.

Modifications of phosphorus inhibitors have significant advantages:

Improved efficiency: modified inhibitors are more effective in preventing corrosion and
extending the service life of equipment.

Extended application range: modified inhibitors can be used in aggressive environments
and at high temperatures.
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Reduced toxicity: modifications can reduce the toxicity of inhibitors and improve their
environmental characteristics.

Improved biodegradation: the modification can speed up the biodegradation process of
inhibitors after use, reducing the risk of environmental pollution.

Cost reduction: the use of man-made raw materials and modifications can reduce the cost
of inhibitor production.

Thus, the modification of technogenic phosphorus inhibitors is a promising direction in
the development of inhibitory technology in Kazakhstan. This makes it possible to create more
efficient, safe and environmentally friendly corrosion inhibitors for the oil and gas industry.
The enrichment and modification of man-made phosphoride raw materials for the production
of corrosion inhibitors are the main stages in the process of recycling waste into valuable
products and ensure the production of effective and safe inhibitors. Enrichment is the process
of removing impurities from phosphoride raw materials, which allows you to increase the
concentration of phosphorus and improve the quality of the resulting inhibitor. The main
enrichment methods are flotation, magnetic separation, gravity enrichment and acid treatment.
These methods allow you to separate unwanted minerals such as iron oxides, silica, and clay
from phosphate minerals. Modification of phosphorus inhibitors is the process of changing their
structure and properties in order to increase the effectiveness of inhibition and expand the range
of applications. The main methods of modification include the introduction of new functional
groups, nanostructure and the creation of composites with other nanomaterials. The
introduction of new functional groups such as alkyl groups, amino groups or heterocyclic
groups improves the adhesion of the inhibitor to the metal surface and increases its
effectiveness. The nanostructure allows you to increase the contact surface of the inhibitor with
the metal, which increases the inhibition efficiency. Composites with nanomaterials can
improve thermal stability, adhesion, and other inhibitor properties. In general, the enrichment
and modification of man-made phosphoride raw materials are effective and important steps in
the process of obtaining high-quality corrosion inhibitors. They allow you to convert waste into
valuable products and reduce environmental pollution. Modification of inhibitors makes it
possible to improve their properties and expand the scope of application, which makes them
more competitive with traditional synthetic inhibitors.

In conclusion, it should be noted that the extraction of technogenic phosphorus corrosion
inhibitors from phosphoride production waste in Kazakhstan represents a promising direction
for the sustainable development of the oil and gas industry. This approach provides a
comprehensive solution to environmental and economic problems associated with waste
disposal. Waste recycling reduces their volume, prevents environmental pollution with harmful
substances. The production of inhibitors from secondary raw materials reduces the need for the
production and processing of primary resources, which contributes to the reduction of harmful
gas emissions and the preservation of Biological Diversity. The economic benefit of recycling
is to reduce the cost of producing inhibitors and generate additional income. The development
of new technologies for waste processing and the production of inhibitors stimulates the
development of Science and technology in Kazakhstan, contributing to the transition to a
circular economy. Thus, the extraction of technogenic phosphoric corrosion inhibitors from
phosphoride production waste is an important step towards the sustainable development of the
oil and gas industry in Kazakhstan, combining environmental safety with economic efficiency.
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KOPPO3US ITPOBJIEMAJIAPBIHBIH 3AMAHAYU ACIIEKTIJIEPIH KOHE
OJIAPIBIH IIEINIMJAEPIH TAJIIAY

Andamna > Makanaia MyHaii-ra3 cajacblH/la KOPpO3Usi HHTUOUTOPJIAPbIH OHAIPY YIIiH
HIMKI3aT peTiHjAe Maiijanany MakcarbiHIa KazakcTtanma Typii ©HEPKOCINTIK MpOIecTepiH
KaJABIKTAphl PETIH/IE abIHFAH TEXHOTEeHIIK (ochopu]l MHKI3aThIH 3€pPTTEY YChIHBUIFaH. Op
TYpJI Ke3[epAeH aiblHFaH (ochopu] MHMKI3aThIHBIH XUMUSUIBIK Kypambl MEH (DU3HMKAaJIBIK
KAacHeTTepl 3epTTeNjl, OHbl OailbITy ojicTepi TaldaHIbl, COHBIMEH Karap KOppO3Hs
UHTUOUTOpNIApbl  peTIHJEeri THUIMAUIIIH  apTThpy MakcaTblHIA anblHFaH  (ocdar
KOCBUIBICTAPBIH ©3repTy OOMBIHIIA 3epTTeyiep Kypri3inai. MyHaii-ra3 camackiHa ToH OoJat
YJTUIEpIHAEe 3€pTXaHAIbIK CBhIHAKTAp JKYPri3ULAl JKOHE CHHTE3eNTreH WHTUOUTOpIIap.bl
KOJIJITaHY/bIH OHTAWJIbI MIApTTaphl allKbIHAAJAbL. 3epTTey HOTHXKelepl TeXHOreHaIK (hochopun
MIMKI3aTbIH KOPPO3HUsl MHTHOMUTOpNApbIH OHAIpY VIIIH THUIMJI Naijananyra OONaThIHBIH
KepceTei, Oy MIMKi3aT MIBIFBIHIAPEIH a3aiiTa el s)koHe Kazakcranparsl MyHali-ra3 canachblHbIH
TYpaKkThl JlaMybIHa BIKMaJ eTe/li. Makaja COHBIMEH KaTap OJIap[blH KacHETTepiH >KaKcapTy
JKOHE KOJIJIaHy asiChlH KeHEMTy MaKcaThIH/1a aJIbIHFAaH WHIHUOUTOPIIAapAbl ©3repTy MYMKIH/ITH
KapacThIpaibl.

Mertamn KOppo3usChl - OyJ1 aTapiabIKTall SKOHOMHUKANBIK IIBIFBIHAPFAa OKEJETIH JKOHE
Kayilnci3iKKe Kayill TeHIIpeTiH Kypaenai mocene. Dochop WMHTHOWTOpIApHl - MyHal-Ta3,
DHEpreTHKa, XMMHUS JKOHE OacKaslapblH KOca allFaHfa, opTYpJli cajanapnaa KOJJAaHbLIAThIH
-
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KOPPO3USHBI  OONIBIPMAy[blH THIMAI Kypanel. byn wmakama koppo3usiHblH — (ocdar
WHTUOWTOPJIAPBIHBIH  THIMJUIITIH  3€pPTTEyTre apHajFaH, oOJaplbl 3EpTTEYAIH 3aMaHayH
TOCUIZIEpiH JKOHE OJaH opi JaMy MepCleKTUBAIapblH cunarraiinpl. Kanaslkrap kejemiH
a3zaiiTyra >KoHE TaOUFaTKa SKOJOTHMUIBIK JKYKTEMEH1 a3aliTyFa bIKIAJ €TeTiH TeXHOTCHJIK
MIMKI3aTThl OHJEYIe HETI3IENTeH 93IpJICHIeH HHTHOUTOPIApBIH SKOJOTHSUIBIK IaiiachiHa
epeKllle Hazap ayjaapbulaibl. TEeXHOreHIIK KalJbIKTapAbl KaliTa eHJey HerisiHjae
UHTUOUTOpIAPIBl  d3ipJiey SKOHOMHKAJBIK THIMIUIIKTI KOpIIAFaH oOpTara KYpMETIIECH
yiITacTtelpa OThIpbIN, Ka3akCTaHHBIH MyHal-ra3 cajachlHAa KaHa JKo-OarnapiaHFaH
CTpaTErusiHbI Kacaabl.

Kinm ce30ep: pochop MTHTHOUTOPHI, METAIITT KOPPO3HSICHI, TEXHOTCH/II KAJJBIKTAp, TEXHOTCHTI
HIMKI3aT, TPABUMETPHSIIBIK SIIC, HIIEKTPOXUMHMSIIBIK SJIiC.

AHAJIN3 COBPEMEHHBIX ACIHEKTOB ITPOBJIEM KOPPO3UH U ITYTEX NX
PEIIEHUSA

Anomayun: B craTthbe TPENCTABICHO HCCIEIOBAHUE TEXHOTCHHOTO (HOChHOPUTHOTO CHIPHS,
noixydaeMoro B Ka3axcraHe B KaueCTBE OTXOJOB PA3IMYHBIX HMPOMBIIUICHHBIX MPOIECCOB C
LENbI0 €r0 MCIOJB30BAaHUS B KAaU€CTBE CHIPbS JJISi MMPOU3BOJCTBA MHTMOUTOPOB KOPPO3UU B
He(TEera30BOM MPOMBIIUICHHOCTH. BBUIM HM3y4eHB XHUMHYECKHH COCTaB W (HU3UYECKHE
cBoiicTBa POCPOPUAHOTO CHIPHS U3 PA3TMUHBIX UCTOUHUKOB, IPOAHAIU3UPOBAHBI METO/IBI €T0
oOoraieHusi, a TaK)Ke MPOBEICHBI WCCIICAOBAHMS 10 M3MEHEHHIO MOJYYeHHBIX (pochaTHBIX
COEMHEHUH C IeNbI0 MOBBIMIEHUS UX 3((HEKTUBHOCTH B Kaue€CTBE MHTMOMTOPOB KOPPO3HH.
PaccMoTpensl 00pasibl cTanu, XapakTepHble Mg HedTera3oBoi OTpaciid, M OIpeeIeHbI
ONTUMAJIbHBIE  YCIIOBHMSI TPUMEHEHUS CHUHTE3UPOBAHHBIX WHIUOMTOpPOB. Pe3ynmprarh
MCCJIEJIOBAHUS MTOKA3bIBAIOT, YTO TEXHOTEHHOE (POCHOPUHOE CHIPHE MOKET ObITh 3((HEKTUBHO
UCIIOJIb30BaHO Il MPOM3BOACTBA HHTMOUTOPOB KOPPO3UH, UYTO CHHU3MUT 3aTPaThl HA ChIPbE U
OyzeT crnocoOCTBOBATh YCTOMYMBOMY pa3BUTHIO HeTerazoBoit orpaciu Kazaxcrana. B crarbe
TaKXe paccMaTpuBaeTcs BO3MOXKHOCTb MOJM(HKAINK MOTYYEHHBIX MHTMOUTOPOB C LIENbIO
YAYYIIESHHS UX CBOMCTB U paCIIMPEHUs Chepbl MPUMEHEHHUS.

Koppo3us merannoB-cepbe3Hast mpobiaeMa, KoTopasi MOXKET IPUBECTH K 3HaUUTENIbHBIM
HKOHOMUYECKUM TIOTEPSM M TIOCTaBUTH MO Yrpo3y OeszomacHocTh. MHrubmtopsr ¢ocdopa
ABIAOTCA  3(P(PEKTUBHBIM CPEICTBOM IPEJOTBPALICHUS KOPPO3UH, HCHOIb3YEMBIM B
pa3IMYHBIX  OTPACISIX MPOMBIIUICHHOCTH, BKJIIOYas HEPTEra3oByl0, JHEPTETHUECKYIO,
XUMHUYECKYI0 U Apyrue. JlaHHas cTaThs MOCBAIIEHA U3YYEHUIO dPPEKTUBHOCTH (PochaTHBIX
MHTUOUTOPOB KOPPO3HH, OMHMCHIBAET COBPEMEHHBIE TOAXOABI K UX M3YyUYEHHUIO U MEPCIEKTHUBBI
nanpHeimero passutus. Ocoboe BHUMaHHE YAETSAETCS AKOJIOTHYECKHM MPEUMYIIECTBaM
pa3paboTaHHBIX UHTUOUTOPOB, OCHOBAHHBIX HA MEPEepadOTKE TEXHOTEHHOTO ChIPhS, KOTOpHIE
CHOCOOCTBYIOT YMEHBIICHHIO 00BEMOB OTXO/IOB M CHIDKEHHIO SKOJIOTMYECKOM Harpy3Kd Ha
npupoay. PazpaboTka HHrHOUTOPOB HA OCHOBE MEPEPAOOTKU TEXHOTEHHBIX OTXO/I0B CO3/aET
HOBYIO 3KO-OPHEHTHPOBAHHYIO CTpaTervio B HedTerasoBoil orpaciu Kaszaxcrana, coderas
HKOHOMHUYECKYI0 3()(h)eKTUBHOCTB C YBaXKEHHEM K OKpPY’KalOIIel cpee.

Knroueswie cnosa: narudoutop hocdopa, Kopposusi METaIOB, TEXHOTEHHBIE OTXO/IBI,
TEXHOICHHOC CBhIPEE, FpaBI/IMeTpI/I‘-IeCKI/Iﬁ METO, 3HeKTpOXHMH‘—IeCKPII>i MECTOI.
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