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KYJIAYKOBO-BMHTOBOMU NMPECC C HUXKHUM
PACI1OJIOXEHUWUEM NMPUBOAA

Paccmompena opueunanvhan cxema mMexanuiecko2o npecca Ho8o2o muna — KyaiauKkoeo-
sunmogou. Ilpednazaemcs cxema ¢ HUICHUM PACHOLOJNCEHUEM NPUB0Od. DMoO NO360um
YMeHbUUMb 8blCOMY npecca 8 2 paza, memanioemkocms nonusumces Ha 20 %.

Kniouesvie cnosa: Kpusowunuviii npecc, Kyiauko80-8UHMOBOU NPECcC € HUICHUM
npu8oOOM, UWMAMNOBKA.

BBEJIEHUE

O06paboTka METaJIOB 1aBJICHUEM 3aHUMAET 3aMETHOE MECTO B MALTMHOCTPOCHHUH.
E€ »¢dexkTuBHOCTS B 3HAYUTENbHON Mepe 3aBUCUT OT 000PYIOBAaHMS — IPECCOB.
Bonee nonoBrHBI Napka MEXaHUYECKUX IIPECCOB B COBPEMEHHOM MAIIMHOCTPOEHUU
3aHUMAIOT KPUBOILUIIHBIE ITPECCHI.

PaccmoTpuM KMHEMAaTHYECKYHO CXEMY KJIACCHUYECKOI0 KPUBOLIMIIHOTO Ipecca
(pucynok — 1). IIpecc cocrout u3 Bana — 1, Ha KOTOPOM MMEETCs KPUBOILIHUIT — 2.
Ha kpuBommune — 2 mapHUpPHO 3aKpemieH WAaTyH — 3, Ha KOHLIE KOTOPOIo
LIAPHUPHO 3aKpeIyieH MON3yH — 4, KOTOPbIi UMEET BO3MOYKHOCTD I1€PEMEIIATHCS
BEPTUKAJIbHO B HAMPABJISAIOMINX CTAHUHBI — 8. DJIEKTPOMOTOP — 5 yepe3 peMEHHYIO
nepenayy — 6 BpamaeT MaxOBUK — 7, KOTOPBII CBOOOJHO MPOBOpPAYUBAETCS
OTHOCHTEIHHO Bajia — | B X0JI0CTOM pekuMe (Tpecc He paboTaet). JlJist ocyIecTBIeHHs
pabouero 1uKiIa paboTHUK HAKUMAET Iefiab. B 3To Bpemsi cpabaThIBarOT 1B€ My PTHI.
KynaukoBas mydTa 3amblKaeTcsl mepeMenieHueM MOABUKHON monyMypTsl — 9 K
noiaymy¢te — 1 ycraHoBJIeHHOM Ha MaxoBUKe — 7. Ban 1 HaunHaeT BpamaThCsi BMeCTe
C MaxoBHUKOM 7, ppukunonHas Mmyprta — 11 B 3TOT MOMEHT pa3Mmbikaercs. Bam — 1
BpallaeTcs, MaTyH — 3 JBUraeTcs BHayasie BHU3 (pabouwnii xo — yrou nmosopota 1800),
3aTeM BBepX (XomocToit xoa — yroia noopora 1800). [Tocne momHOTO MOBOpOTa Baja
¢puximonnas mydra — 11 3aMbIkaeTcss U OcTaHaBIMBaeT Bad — |, moaymydTsl 9 u
10 pa3zmbikatotcs. [Ipecc nepexoauT B X0I0CTON PEXUM.

Jlist mojady pyJOHHOIO JIMCTOBOIO MaTepualia B 30HBI IITAMIIOBKH B IIpecce
4acTO IPUMEHSIOT BAJIKOBYIO nojauy. Tsra — 12 BajkoBoOW 1ogadu 3KCLEHTPUYHO
KPENUTCS K MAXOBUKY — 7, Ue€pe3 pblyar Tsra BpallaeT BaIKu — 13, KOTOpble AUCKPETHO
HOPOTATHBAIOT CTAJIbHOM JIUCT B 30HY 00pabOTKH.
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Koenwinix xatipay o0icmepin 0ip-6ipinen mexHONOSUAIbIK, epeKiielikmepiMeH sana emec,
oypevinapoviy apmrbl 6emindezi Hvicanoapvimer epexuienenedi. CoHObIKman, oypevliapobiy
apacvlHOazvl 9pmypai Kanpay Kesinde, minmi 2@ dicone a Oypvluimapuitbly 6ipoeil MoHOepiHOe,
apmgwl Oy pollumapsiHbly 6acmbl Jcuekmepi OOUbIMEH HCOHE KONOCHEH HCUCSIHIH 2e0MemPUSLIbIK
napamempaepi aymakmapvl OoublHwa 601y mMyuicyi  JiCOK: anoblyabl Oypbluibl, OemiHiy
OdeHnecmizi, kellbip sicazoaiioa kenbey Oypuvliubl 601A0bL.

bonvuwuncmeo memoooe 3amouxku omauuaiomcs Opye om  Opyed He MOAbKO
MEXHONOSUNECKUMU OCODEHHOCMAMU, HO U (POPMOU 3a0HUX noeepxHocmell ceepaa. [loamomy,
MedCOy c8epaamMu PA3HOU 3amMOYKU, 0adce NPU OOUHAKOGHIX 3HAUEHUsX Yenog 2¢ u o, Hem
CO8Na0enUss N0 PACNPeOeleHUio 3A0HUX Y208 6001b 2NIABHbIX KPOMOK U 2e0MEMPUYECKUM
napamempom nonepeyHol KpOMKU: NepeOHUM YoM, NOBEPXHOCMU 6bINYKIOCMU, 8 HEKOMOPbIX
CYUAsX U Y2IOM HAKTOHA.
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ANALYSIS OF PASSIVE METHODS OF PROTECTION
FROM CORROSION OF MAIN OIL AND GAS PIPELINES

In this flock, «passive» methods of pipeline protection against corrosion are considered.
High durability and trouble-free operation of pipelines directly depends on the quality of
their anticorrosion protection. To minimize the risk of corrosion damage, the pipelines are
protected with anti-corrosion coatings and additionally with electrochemical protection (ECC).
In this case, insulation coatings provide primary («passivey) protection of pipelines against
corrosion, performing the function of a «diffusion barriery through which access of corrosive
agents (water, oxygen of air) to the metal is hampered. When defects appear in the coating, a
cathodic protection system for pipelines is provided — «active» corrosion protection. For all
time of anticorrosive coatings application, which constitute the core of «passive» protection of
pipelines, a large number of insulating materials and methods of their application to the surface
of pipelines in factory and route conditions have been invented. In this regard, an important role
was played by such indicators of the insulation coatings quality, as waterproofness, adhesion,
durability, economy, continuity, mechanical strength, and other indicators that characterize the
effectiveness of an insulation coating.

Keywords: active and passive corrosion, insulation coating.

INTRODUCTION

Corrosion of metals — spontaneous destruction of metals due to their chemical or
electrochemical interaction with the external environment.

In most cases, corrosion of metals passes unevenly over the surface, there are
areas where local lesions occur. Some corrosion products, forming surface films, inform
metal corrosion resistance.

Sometimes loose friable products may appear, which have a weak adhesion to the
metal. The destruction of such films causes intense corrosion of the exposed metal.

Corrosion of metal reduces mechanical strength and changes its other properties.

Corrosion processes are classified according to the types of corrosion damage, the
nature of the interaction of the metal with the medium, the flow conditions.

By the nature of the interaction of metal with the environment, chemical and
electrochemical corrosion are distinguished.

According to the conditions of the corrosion process, the following types of
corrosion are most often encountered: gas, atmospheric, liquid, underground,
biocorrosion, electrocorrosion, slit, contact, corrosion under stress, corrosion cavitation,
corrosion erosion, fretting, structural, thermal contact.
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MAIN PART

For external insulation of pipelines, the following types of factory coatings are
most often used:

a) factory epoxy coating;

b) factory polyethylene coating;

c) factory polypropylene coating;

d) factory combined ribbon-polyethylene coating.

These types of coatings meet modern technical requirements and provide long-term,
effective protection of pipelines against soil corrosion (figure 1).

Combined ribbon-polyethylene coatings are used mainly for insulation of pipes of
small and medium-sized diameters with operating temperature up to plus 40 °C.

Epoxy coating
primer

Cooling of pipes Control
elaly continuity

Cleaning
pipe ends

A
L Gaa oo g

TS Heat
Shot blasting pipes
clearing :
Extrusion

adhesive Extrusion

polyethylene

Figure 1 — Scheme of factory insulation of pipes

To date, when building domestic main and field pipelines as external protective
coatings, the factory covers of pipes based on extruded polyethylene are most widely used.

The quality of the factory polyethylene coatings of pipes largely depends on the
design of protective coatings and insulating materials used for their application.

There are 4 variants of constructions of factory polyethylene coatings of pipes:
polyethylene coating applied on bituminous-mastic sublayer; Polyethylene
coating applied on an insulating sublayer on the basis of a sticky polymer tape;
atwo-layer polyethylene coating consisting of an adhesive undercoat based on a hot-melt
polymer composition and an outer polyethylene layer; a three-layer polyethylene coating
consisting of an epoxy primer layer, an adhesive polymer undercoat and an outer
polyethylene layer [1].

The first two types of polyethylene pipe coatings have a rather limited range
of applications. These types of coatings are recommended to be used for external
insulation of pipes of small and medium diameter (from 57 to 530 mm inclusive) at a
pipeline service temperature not higher than +40 °C. The main area of application of such
coatings is the construction of field pipelines, water pipes, low-pressure inter-settlement
gas pipelines [2].

The application to the pipes of combined mastic-polyethylene and tape-polyethylene
coatings can be carried out in conditions of stationary pipe-insulating bases. Protective
coatings are applied using a simplified technology (brush cleaning, priming the surface of
pipes, applying a mastic or strip underlayer, applying an outer extruded polyethylene layer).

92

HAYKA U TEXHUKA KASAXCTAHA. ISSN 1680-9165. Ne 2, 2018

Preliminary technological heating of pipes and abrasive cleaning is not required, which
significantly reduces the cost of surface preparation and pipe insulation.

For the application of the mastic sub-layer, special modified bituminous
mastics should be used, which have an increased frost resistance and good adhesion to
polyethylene. For the application of the strip underlay, duplicated polyethylene tapes
with a butyl rubber sublayer having a thickness of at least 0,45 mm should be used.
The outer shell of extruded polyethylene with thickness up to 2,0-2,5 mm is designed
to increase the mechanical strength of the coating, increase its resistance to punching
and impact, which ensures long-term storage, storage and transportation of insulated
pipes [3].

Factory double-layered polyethylene coatings are characterized by higher
properties and a wider temperature range of operation (from minus 20 °C to plus 50-60 °C).
The use as a melt adhesive of a hot melt polymer composition based on an ethylene-
vinyl acetate copolymer or ethylene with an acrylic acid ester substantially increases
the adhesion of the coating to the steel.

The technological process of applying a two-layer polyethylene coating
includes preliminary heating of the pipes, their abrasive (shot-blasting or blasting)
cleaning, heating to a specified temperature (180-200 °C), application of the adhesive
«plane-slit» or annular extrusion of melts of adhesive and polyethylene, and cooling
ofisolated pipes with recycled water. To improve the quality of the two-layer coating
at operating temperatures of 40-60°C, it is recommended to passivate the cleaned
surface of pipes with a special chromate composition [4].

The design of the three-layer coating differs from the two-layer coating by the
presence of an additional layer — an epoxy primer (figure 2). To apply the priming
layer, it is possible to use both epoxy powder paints (the optimal thickness of the
epoxy layer should be 100-200 microns and at least 40—50 microns higher than the
roughness of the cleaned pipe surface) and liquid epoxy paints (dry film thickness
primer should be 40—-60 microns). Epoxy primer provides increased adhesion of the
coating to steel, resistance to cathodic peeling and to prolonged exposure to water [5].

In addition, the epoxy layer is permeable to cathodic protection currents, which
creates a good compatibility of the three-layer polyethylene coating with the
electrochemical protection of the pipelines. The polymeric adhesive undercoat is an
intermediate layer in the construction of a three-layer coating of pipes. Its function
is to provide adhesion between the outer polyethylene layer and the inner epoxy
layer. The outer polyethylene layer is characterized by low moisture-permeability,
performs the functions of the «diffusion barrier» and provides a high mechanical and
impact strength coating. The combination of all three layers of the coating makes a
three-layered polyethylene coating one of the most effective outer protective coatings
of pipelines.

Polyethylene coating has a high adhesion to steel (not less than 35 H/cm), high
dielectric characteristics (more than 5 kv) and resistance to external mechanical
damage [6].
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Figure 2 — Pipe with three-layered polyethylene coating

The coating is applied by the method of lateral («plane-slit») extrusion. To ensure
high adhesion properties of insulation, high-quality blast cleaning of the pipe surface
is applied, application of an intermediate adhesive layer (adhesion-active composition
300400 mkm), further application of an outer protective layer based on a thermoset
stabilized polyethylene composition. Pipes coated with extruded polyethylene have a
number of significant advantages:

— the coating is environmentally safe;

— improves the service life of gas pipelines and the culture of construction;

— has increased mechanical strength;

— the quality of the coating does not depend on the ambient temperature, etc.

Advantages of three-layer polyethylene coatings in comparison with double-layer
coatings of pipes are related not only to the presence in the coating structure of an
additional layer — epoxy primer, but also with the use of higher quality insulating
materials for the application of an adhesive undercoat and an outer polyethylene
layer. Undoubted advantages of three-layer polyethylene coatings of pipes include their
increased heat resistance. The use of modern adhesion compositions and epoxy primer
allowed to expand the temperature range of application of polyethylene coatings from
plus 50-60 °C to plus 80 °C [7].

Polypropylene coating has increased heat resistance, high mechanical, impact
strength, resistance to extrusion and abrasive wear (figure 3).

Figure 3 — Pipes with factory polypropylene coating

The main field of application of polypropylene coatings is anticorrosive protection
of «hot» sections of pipelines (up to 110-140 °C), corrosion protection of offshore,
offshore pipelines, underwater crossings, pipeline sections constructed by «closed» gasket
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methods (punctures under roads, directional drilling, etc.). Due to the high impact
strength of the polypropylene coating, its thickness can be 20 to 25 % less than
the thickness of the polyethylene pipe coating (from 1,8 mm to 2,5 mm) [8]. The
disadvantages of polypropylene coatings include their reduced frost resistance.

For anticorrosive protection of pipelines of small and medium-sized diameters
(up to 530 mm) in recent years a combined ribbon-polyethylene coating has been
widely and successfully used. The combined tape-polyethylene coating is applied to
the pipes in factory or basic conditions. Structurally, the coating consists of a layer of
adhesive primer, a layer of a duplicated polyethylene tape and an outer layer based on
extruded polyethylene (figure 4). The total thickness of the combined tape-polyethylene
coating is 2,2-3,0 mm. In the case of insulation of pipes in factory (base) conditions,
additional layers of polymer tape and wrappers are applied to increase the impact strength
of the coating required for transporting insulated pipes from the plant to the pipeline
construction site. In this case, depending on the diameters of the insulated pipes, the
total thickness of the tape coating in accordance with the requirements should be not
less than 1,8-2,4 mm. The increased consumption of insulating materials significantly
increases the cost of coating [2].

In the construction of the combined coating, a polyethylene insulating tape applied
along the adhesive primer provides a stable adhesion of the coating to the steel, the
resistance of the coating to cathodic peeling, while the outer polyethylene layer is
responsible for the mechanical characteristics of the coating, providing coverage with
increased impact strength, bursting strength and light aging. The combined ribbon-
polyethylene coating can be used as an anticorrosion coating for pipes used in
the construction of main, field pipelines and bends from them, for laying low-
pressure inter-settlement gas pipelines, city gas, water supply networks, pipelines for
municipal purposes [9].

Figure 4 — Polyvinylchloride sticky tape (PVCh Sticky)

The temperature range of operation of pipelines with combined coating is from
minus 20 °C to plus 40 °C, and the predicted service life is 35—40 years.

In terms of properties, the combined ribbon-polyethylene coating is inferior to the
factory two-layer and three-layer polyethylene coatings of pipes, but at the same time
it largely surpasses the bitumen-mastic and polymeric tape coatings of pipelines [10].
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Factory epoxy coatings of pipes with a thickness of 350-500 microns are used as
external anticorrosive coatings of pipelines for about 50 years (figure 5). These coatings
are characterized by increased heat resistance, high adhesion to steel, excellent resistance
to cathodic peeling, resistance to cutting, scraping, abrasive wear. Pipes with epoxy
coating, in contrast to pipes with factory polyethylene coating, for a long time can be
stored in the open air. Epoxy coatings are permeable to cathodic protection currents.
Under epoxy coatings there were no cases of stress corrosion of pipelines. The cost
of applying epoxy coatings is much lower than the cost of factory polyethylene and
polypropylene coatings of pipes [11].

Figure 5 — Pipes with epoxy coating

Glass-enamel is a fused, vitreous, inorganic mass consisting predominantly of
oxides and applied to the metal in one or more layers (figure 6).

Figure 6 — Pipes with glass-enamel coating

Enamel coatings are quite widely used. The enamel coating has great continuity,
good adhesion to metal and high electrical resistance, but it is quite expensive, so it is
recommended to use it only in particularly critical cases, for example when pumping
aggressive media or laying pipelines in such environments. Glass-enamel coatings of
factory application are used to protect pipelines from underground and atmospheric
corrosion [12].

The internal coating of pipes must have high protective properties, ensuring its
safety during the period of transportation, storage and installation, and also have a high
durability during operation.
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With internal insulation of pipes in stationary factory or base conditions, it is possible
to use modern technologies and equipment for cleaning, heating and insulating pipes,
performing sequential process control and quality control of finished products, which
ensures high quality coating of pipes with various anticorrosion coatings [13].

The process of internal insulation of pipes is a complex of consecutive completed
operations, including: preheating, drying pipes (if necessary, thermal degreasing); cleaning
of the internal surface with the creation of the necessary relief; Technological heating of
pipes to the set temperature (if necessary); application of a protective coating (required by
the technology of the number of layers) and their curing; quality control of the protective
coating; repair of places of damage to the coating [7].

Internal polymer coatings of pipelines can be divided into anticorrosive and smooth.

The use of internal pipe coatings offers a number of advantages: extending the service
life of pipelines; increase in the capacity of pipelines; reduction of paraffin formation on
the walls of pipelines and facilitation of the cleaning process (cleaning costs are reduced
by approximately 75 %); increasing the reliability of pipelines and reducing annual
operating costs [14].

It is believed that an increase in the life of the pipeline by 1 % pays for the costs of
coating the pipes.

To create a durable internal insulation of pipes, it is very important that the insulating
material is properly selected and that the technological process for coating the pipes is
observed.

The existing technological processes of internal insulation of pipes provide for the use
as powder materials of powder polymers and paintwork materials, both liquid and with
a solvents content of more than 30 % and high viscosity, with a solvents content below
30 % (high-solids LMC with solids) [3].

The criteria for selecting coatings for internal insulation of pipes are the operating
conditions of the pipeline, the protective and technological properties of the coatings.

In all respects the most suitable for the internal insulation of pipes are paint materials
based on epoxy, modified epoxy and phenol-formaldehyde resins. From powder polymers,
coatings based on epoxy powder materials applied on a phenolic primer are widely used.
The thickness of anticorrosive coatings, as a rule, is 300-500 mkm [15].

In order to improve the quality of insulation works to protect the welded joint zone,
heat shrinkable tapes (cuffs) are used, which are a two-layer material consisting of a
polyethylene radiation-modified base film that is combined with a hot-melt adhesive
that has a high adhesion to the steel pipe and to the factory coating. The primer is a
solvent-free composition that consists of an epoxy resin and a hardener (activator).
The primer is supplied to the consumer in complete with cuffs. Polymer coating
«TERMA-ST» is a heat shrinkable tape, which is designed for corrosion protection of
welded joints of pipes and made of radiation-modified (cross-linked) polyethylene, which
significantly improves the physical properties of the final anticorrosion coatings, and
also simplifies the process of their application; The resulting insulation is not inferior
in its properties to the basic factory polyethylene insulation; work on the application of
anticorrosive materials «TERM» can be made both in factory and in road conditions
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(both in summer and in winter at ambient temperatures from —35 °C to +45 °C); ease of
application; materials provide protection against corrosion for a period of at
least 30 years, since all materials of the brand «TERMA» are light stabilized and
radiation-cross-linked, they can also be used for isolation of above-ground pipelines without
fear of exposure to ultraviolet rays, solar radiation, temperature changes and without losing
their properties [12].

CONCLUSIONS

Based on the analysis of «passive» methods of corrosion protection of main oil and
gas pipelines, a number of requirements for protective coatings have been identified, such
as: low moisture-permeability, high mechanical characteristics, high and stable in time
coating adhesion to steel, cathodic peel resistance, good dielectric characteristics, resistance
of coating to UV and heat aging. Insulating coatings should perform their functions in a wide
range of temperatures of construction and operation of pipelines, ensuring their protection
from corrosion for the maximum possible period of their operation.

According to the conducted researches of various anticorrosive coatings of factory and
route application, on the basis of which it was found out that the most optimal for today is
the use of pipes with a factory three-layer polyethylene coating, followed by route isolation
of welded joint areas with thermo-shrink sleeves (of the type TERM-ST). Re-insulations
of the trunk pipeline section with a modern insulating coating (heat-shrinkable tape) is
expedient and economically viable.

It can be concluded that the insulation coatings used earlier in the isolation of the
main oil and gas pipelines are no longer able to compete with modern insulation coatings
that are more effective and durable.

In connection with the continuous improvement of insulation materials and their
application technologies, the efficiency of passive corrosion protection of main oil and
gas pipelines is constantly increasing, the longevity of the coating is increased, and,
accordingly, the life of pipelines isolated by these materials, which leads to a significant
reduction in costs on their operation.
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byn  gopmaoa kopposusza Kapcel  KyoOwvipnapowbl  Kop2ayooly — «naccuémiy  90ici
Kapacmuipoiiadsl. Kybuipnapowiy sicozapel Gepikmizi MeH npoOiemManapvln KaMmamacyl3 emy
01apOblY KOPPO3UAOaH KOopaayobly candaceiHa mikenell bainanvicmol. Kopposus 3aKblMOary
Kaynin memendemy YuiH KyOwlpiap Koppo3usea Kapcvl JHCAObIHMEH JCOHEe KOCHIMIUA
anexmpoxumusiivl Kopeanymen (OXK) xopeanzan. Byn scazoaiida oxwaynazviu s#cadbviHoap
KOppo3usiaa Kapcul azpeccusmi azenmmepee (Cy, ommezi) Kedepei Keimipemin «Oug@y3usivi
MOCKaybiny YHKYUSCHIH JCy3e2e acblpambli Kyowbipnapobl bacmankul («<naccuemiy) Kopaayovi
Kammamacwls emedi. Kanmamaoa axaynap naiida bonzanoa, Kyowvipiapea apHaiean Kamoomul
KOpaaHwic cylieci — «OelceHOi» KOpPO3UANBIK KOp2auvlc KapacmuipvlizaH. Kyoviprapovly
naccuemi KOpaaHblUWbIHbIY He2I3iH KYPatmvlH KOppo3usiad Kapcol JHeabbiHOapObl KOAOAHYObLH
OapnblK YaKeimmapvl YWIiH 3aVblMMbIK JICOHE MAPUPYMmulK Jcazoaiiapoazvl Kyouiprap
bemine KonmezeH U30AAYUSIIbIK MAMEPUALOAP MeH 01apObl KOIOAHy s0icmepi otiian madwliobl.
Ocvlizan 6aiinaHblcmbl OKWAYIA2blul HCAOLIHOIIAPObIH CANACHIHA, MbLCATbl, CV omKizbey,
aoeesus, bepikminix, ynemoey, y30IiKCi30iKk, MeXaHuKauwlk Oepikmixk JdcoHe OKuaynazviil Jcady
MUIMOINI2iH CUNAMMmMAaUmviH 6ACKA KOPCeMKIWmep CUsKmMbl MARbI30bl PO AMKAPBLIObL.

B oannoii cmave paccmampugaromes «naccusHvie» Memoovl 3auumsl mpyoonpogooos om
Kopposuu. Beicokas doneoseunocms u bezagaputinocms pabomsl mpyoonpoeooos HAnpsmyo
3a6ucum om Kavecmea ux npomueoKOPPO3UOHHOU 3aujumsl. /i c6e0eHUss K MUHUMYM) PUCKA
KOPPO3UOHHBIX NOBPENCOCHUTE MPYOONPOBOObL 3AUULAION AHMUKOPPO3UOHHBIMU HOKDLIMUAMU
U OononHumenbHo cpedcmeamu nekmpoxumzawumol (IX3). Ilpu smom uzonAyuoHHwIe
NOKpbIMUsL 00eCneuusarom NePeuUtHyI0 («RACCUBHYION) 3auunty mpybonpoeooos om Koppo3uu,
8bINOHASL PYHKYUIO «Ou@y3uonnozo bapvepa», uepes KOMOpwll 3ampyoHsemcss 00CmYn
K Memauty KOppO3UOHHOAKMUBHBIX A2eHMO8 (600bl, Kuciopoda 6030yxa). Ilpu nosenenuu 6
NOKpulMuY O0eexmos npedycmampusaemest cucmema KamooHol 3auumsl mpyoonpoeooos —
CAKMUBHARY 3auuUma om Koppo3uu. 3a 6ce 8peMs RPUMEHEHUs: AHMUKOPPO3UOHHBIX NOKPbIMUL,
COCMAsBNANWUX AOPO «NACCUBHOTLY 3AWUMbLIMPYOONPOE0A08, U300PemeHO bOIbULOE KOTULEeCTNEO
UBONAYUOHHBIX MAMEPUATO8 U Memo008 UX HAHECEHUs HA NOBEPXHOCMb MpPYyOOnpoe00os
8 3aB00CKUX, A MAKJICe MPACCOBbIX YCI08UAX. B c6s3u ¢ 3mum HeMano8ax)cHyo pois cmanu
uepamov maxue NOKA3ameny Kawecmed uzouyuOHHbIX NOKPbIMULL, KaK 6000HENPOHUYAEMOCTb,
aozesust, 00N206€UHOCHb, IKOHOMUYHOCHb, CHIOWIHOCHb, MEXAHUYeCKdas NPOYHOCHb U Op.
noKazamenu, Xapakmepuzyouue 3P HeKmusHOCHb MO0 U UHO20 U30TAYUOHHO20 NOKPbIMUSL.
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MOBBILWEHNE 3HEPTETUYECKOU 3®®EKTUBHOCTHU
PA3PE3A «BOCTOYHbIU» AO «EK» MTYTEM
NPOBELOEHWNS QHEPTETUYECKOIO AYAUTA

Hzyuaemces 6ananc snepeopecypcos. Paccmampusaiomes cyuwjecmsyowue Meponpusmus
6 obnacmu 3HepeocbepediceHUs U Cneyu@uka mMexHOLO0SUYeCKo20 npoyeccd, a mMaKice
AHATUBUPYIOMCS Pe3yIbmamsl UHCIMPYMEHMANIbHO20 00C1e008anUsl 00beKma.

Kirouesvie cnosa: snepeoemxocms BBII, snepeemuyeckuil ayoum, s3Hepeospexmusrocmo,
9Hepeochepedicenle, Meniosvle NOMePU, U0TAYUOHHbIE MAMEPUATDL.

BBEJIEHUE

DHeprocOepeKeHne — caMblid JICMIEBBI U SKOJOTUYECKU YUCTHIH «HUCTOYHUK»
SHEPruu. DTO MOAXO0] K SIKOHOMUU YHEPrOPECYPCOB, OCHOBAHHBIN HA HCIIOIH30BAHUH
SHEprocOeperammuX TEXHOJOTHH, KOTOPbIEe NPHU3BAHB YMEHBIIHUTH MOTEPHU
pecypcoB [1]. B HacTosimee Bpemsi SHEprocOepekeHne — OJIHA U3 MPUOPHUTETHBIX
3a7a4. DTO CBS3aHO C JIEe(PHUIMTOM OCHOBHBIX IHEPIrOpeCcypcoB, BO3pacTarouie
CTOMMOCTBIO X AOOBIYM [2], @ TaKKe C TTI00ATBHBIMU 3KOJIOTUIECKUMHU MPOOIeMaMu
[3], [4], [5].- Bueapenue sHeprocOeperarommux TEXHOJIOTHH SBISETCS OJHHUM H3
Ba)XHBIX IIIarOB B PEUICHHUH MHOTHX HKOJIOTHYECKUX MPOOIEM — U3MEHEHHUS KIIMMAaTa,
3arpsi3HeHus: atMocgepsl (Harpumep, Beiopocamu oT TOLI), UCTOIEHHS HCKOTTAEMBIX
pecypcoB u ap. DHeprocOepexeHne SBISIETCS BaXHBIM (PaKTOpOM, KOTOPBIH
yyulllaeT ’)KOHOMHYECKHE MOKAa3aTelId U KauyeCTBO OKpy:karomiei cpeast [6], [7],
[8], [9]. DHeprocOepexkenue B M000M cepe CBOTUTCS MO CYHIECTBY K CHUKCHHIO
0eCIIOJIe3HBIX TOTEPh YHEPTHH. Y HUBEPCATIBHBIX CIIOCOO0B IKOHOMHH SHEPTOPECYPCOB
Ha JIaHHBIA MOMEHT HE CYIIECTBYET, HO pa3paboTaHbl METOAMKH, TEXHOJOTUU H
YCTPOICTBA, MOMOTAIOINME BBHIBECTH YHEProcOEpeKeHne HAa KaYeCTBEHHO HOBBIM
yposess [ 10]. IIpoGrembl noBbIeHust 3HEPro3HHEeKTHBHOCTU MPUBIICKACT BHUMAHUE
PYKOBOJICTBa CTpPaHBI HA CAMOM BEICIIEM ypoBHE. [ TaBO#l rocyaapcTBa MOCTABICHBI
1enu 1o cHrxkeHuro 3Heproemkocty BBII Ha 10 % x 2017 rony u Ha 25 % k 2020
roJly, B peajn3alii KOTOPBIX TOJKHBI OBITh 3a/IeWiCTBOBAHBI BCE MPOMBIIUICHHBIE
npennpusitas [11], [12]. OcoGeHHOCTBIO IPOIECCOB JOOBIYH MOJIE3HBIX UCKOMAEMBIX,
O0COOCHHO YTJIsl, SIBIISIETCS TO, YTO CAMU TEXHOJIOTMUYECKHE TIPOIECCHl HECOBEPIIICHHEI.
[IpakTuyeckoe moTpebIeHHEe U COMYyTCTBYIOIINE MOTEPU SHEPTUU, MIPH OTCYTCTBHUH
e€ MPOU3BOJICTBA, HE MO3BOJSIOT CUUTATh UX dHEprodddexTuBHbIMU. [IpuMeHsieMoe
Ha pa3pe3ax YHEPro€MKoe 000PyJ0BaHHE HE MOXKET HE CKa3aThCsl HA CE0ECTOUMOCTH
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