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Abstract

CO, flooding, as a commonly employed enhanced oil recovery (EOR) method today, is characterized by
high oil displacement efficiency, environmental friendliness, and economic viability, and has been extensively
developed and applied in oil and gas field development. During CO, flooding operations, gas channeling frequently
occurs within the reservoir due to significant permeability contrasts arising from formation heterogeneity, coupled
with the low density and viscosity of CO,. This phenomenon can adversely affect the normal productivity of oil
wells. With the advancement of CO, flooding technology, the effective prevention of CO, channeling has become
crucial for improving oil recovery. Gel particle plugging systems, being economically viable and efficient, exhibit
favorable stability, adaptability, and strength, leading to significant applications in oilfield development and
demonstrating promising prospects for future development. This paper comprehensively reviews the classification
and developmental status of gel particle systems used for channeling control in CO, flooding. It introduces the
mechanisms of several gel particle types, including preformed particle gel, polymer microspheres, and dispersed
particle gel, and examines their current development status both domestically and internationally. Furthermore,
future research directions and application prospects are discussed.

Keywords: CO, flooding, gel particles, gas channeling plugging materials, improving sweep efficiency.

Introduction

CO, flooding is widely employed as an enhanced oil recovery technique. Increased oil production
efficiency is achieved by injecting CO, into the reservoir, where it reduces crude oil viscosity and
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improves fluid mobility. Compared to conventional water flooding, CO, flooding offers advantages
including reduced environmental impact, minimized formation damage, and enhanced economic
viability. Furthermore, as a greenhouse gas, Carbon Capture, Utilization and Storage (CCUS)
technology can be effectively utilized to reduce greenhouse gas emissions, thereby mitigating the
current issue of excessive atmospheric CO; levels [1]. However, during CO, flooding operations,
due to reservoir heterogeneity (such as the presence of high-permeability zones or fractures), CO,
tends to preferentially flow through high-permeability channels, resulting in gas channeling. This
phenomenon leads to reduced displacement efficiency. To enhance gas flooding recovery and
ensure effective CO, sequestration within the formation, gas channeling control measures must be
implemented. Gas channeling control for CO, flooding refers to the plugging of deep formation
fractures to prevent CO, breakthrough [2]. Several methods are widely employed for gas channeling
control in CO; flooding, including Water-Alternating-Gas injection(WAG), CO, foam stabilization,
CO, thickening method, and polymer gel systems [3-4]. Among these, the WAG process is
characterized by operational simplicity, low cost, and minimal contamination. However, downhole
monitoring is difficult, and its effectiveness is significantly impacted by subsurface heterogeneity.
The CO, foam method is noted for its ability to substantially reduce interfacial tension and exhibits
synergistic effects with carbon sequestration. Nevertheless, the preparation of foaming agents on-site
is challenging, and foam stability is susceptible to degradation under extreme conditions. Viscosified
CO; injection demonstrates advantages in reducing CO, consumption and mitigating leakage risks.
However, this approach is associated with high viscosification costs, and potential incompatibility
reactions between viscosifiers and subsurface minerals or fluids may cause formation damage [5].
Polymer gel plugging systems are characterized by effective dynamic plugging performance and
good controllability. However, tubing tripping operations are required during the injection process,
making online injection and retrieval impossible. As a dispersed system, gel particles can be co-
injected with gas into the formation, thereby satisfying the requirement for online injection during
gas flooding for channeling control [6]. In recent years, the application of gel particles in air-foam
flooding and nitrogen flooding for channeling control has gradually increased, and certain plugging
effects have been achieved. The potential of gel particles for channeling control in CO, flooding is
also being explored and demonstrates promising application prospects [7].

Gas channeling control technology utilizing gel particles involves the injection of gel particles
into the oil well. These particles are preferentially transported into high-permeability channels or
fractures within the formation. Subsequently, physical barriers are formed through particle swelling
or accumulation, thereby reducing gas permeability and plugging gas channeling pathways.
Consequently, subsequent CO, is diverted towards unswept low-permeability zones, leading to
an enlarged swept volume and enhanced oil recovery [8]. Gel particles possess a characteristic
"deformation-migration-replugging" capability, allowing the plugging location to be dynamically
adjusted in response to fluid flow, which enhances their adaptability to heterogeneous formations.
This paper describes the current developmental status of gel particle systems. A review of the plugging
mechanisms and research progress (both domestic and international) concerning preformed particle
gel, polymer microspheres, and dispersed particle gel are presented. Furthermore, future development
prospects are discussed. In recent years, significant progress has been made regarding the stability
and plugging strength of gel particles. However, for CO, flooding applications, improving the acid
resistance of gel particles under acidic CO, conditions remains a challenge. Future research directions
aimed at enhancing plugging effectiveness will continue to focus on improving the stability of gel
particles in acidic environments.
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Materials and Methods

Progress in gel particle plugging agent used in CO, flooding

Preformed particle gel

Preformed particle gel (PPG) is defined as polymer gel particle that have been crosslinked into
their final form prior to injection into the formation. It is prepared by dissolving polymers in water,
followed by the addition of crosslinkers and additives to form a three-dimensional network gel.
Subsequently, this gel is processed into discrete particles through cutting, crushing, drying, and
sieving. Dynamic adjustment of channeling pathways within the formation is achieved by PPG
through a process involving particle migration, retention, swelling, and plugging. Following injection
into the formation, water is absorbed by the particles, causing the polymer chains to extend and the
particle volume to expand, thereby functioning to plug the formation [9].

The strength and swelling ratio of the particles can be pre-designed, offering good controllability
and strong adaptability to formations. Furthermore, effective performance is also demonstrated
under high-temperature and high-pressure reservoir conditions [10]. However, conventional PPG
is characterized by relatively large particle sizes, making directional injection into the formation
difficult to control. Additionally, a high swelling ratio can lead to limited plugging strength in deep
formations. To address these limitations, Zhu et al. proposed a novel approach based on temporary
plugging agents (TPA) and conventional PPG [11]. They prepared deformable preformed particle gel
(DPPGQG) using crosslinkers of different molecular weights. The DPPG can function as deformable
particle TPA, enabling the selection of high-performance plugging materials. DPPG prepared with
lower molecular weight crosslinkers exhibit greater plugging strength and cause less core damage.
However, their degradation rate is comparatively slower, requiring a longer time to achieve complete
degradation.

Simultaneously, due to prolonged CO, flooding, CO, inevitably reacts with formation
water, resulting in the formation of an acidic environment within the formation. The stability of
conventional PPG under acidic and high-temperature conditions, particularly their performance in
such harsh environments, is compromised and remains to be improved through further research and
development. To enhance acid resistance, Zhou et al. synthesized an acid-resistant preformed particle
gel (AR-PPG) using acrylamide (AM), the acid-tolerant monomer dimethyldiallyl ammonium
chloride (DMDAAC), and 2-acrylamido-2-methylpropane sulfonic acid (AMPS), among other
components [12]. Its swelling behavior, stability, shear resistance, and viscoelastic properties under
acidic conditions were experimentally evaluated. Due to the protective effect of the sulfonate group
(-SO3H), polymer chain contraction in AR-PPG is minimized, resulting in a more stable structure
compared to conventional PPG. Consequently, enhanced shear resistance and acid tolerance are
achieved. Aminshahidy et al. employed a free radical combinatorial approach to design and synthesize
anovel PPG [13]. The mechanical properties of this PPG were reinforced through the incorporation
of graphene nanoplatelets (GNP) and sodium silicate. Results indicated that the network structure of
the PPG became more coordinated and denser. Significant improvements in swelling performance
and acid resistance were observed for the novel PPG compared to the conventional type. Furthermore,
due to the coverage provided by the nanomaterials, direct contact with the aqueous phase is avoided,
leading to low pH sensitivity. Experimental testing confirmed that no significant reduction in the
swelling capacity of the novel PPG occurred at 80°C. Additionally, to improve the injectivity and
acid resistance of preformed particle gel in acidic formations and to address issues related to PPG
swelling and stability, CO,-responsive PPG can also be utilized for gas channeling control during
CO, flooding. Deng et al. prepared a responsive preformed particle gel (CR-PPG) using N,N'-
dimethylacrylamide (DMAA), sodium alginate (SA), along with an organic crosslinker (MBA) and a
nanoscale crosslinker (VSNP) [14]. Since CR-PPG is synthesized via the free radical polymerization
of VIM, DMAA, and NVP monomers, which contain tertiary amine groups (NR3), these groups can
react with H,O and CO, to form ammonium bicarbonate. This reaction induces the formation of
high-density regions within the CR-PPG structure, endowing them with enhanced swelling capacity
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and strength. Additionally, the VSNP contribute to an increased crosslinking density, resulting in a
more stable gel structure. To improve the thermal stability of PPG, Wei et al. synthesized thermally
stable PPG (T-PPQG) by replacing the crosslinker MBA with thioacetamide (TAA). T-PPG exhibit
superior thermal stability compared to conventional MBA-crosslinked PPG (M-PPG) [15]. TAA
does not hydrolyze at high temperatures, thereby effectively resisting structural damage caused by
elevated temperatures. Experimental results demonstrated that T-PPG remain stable for over 180
days even after being aged at 140°C for 60 hours.

PPG is characterized by favorable swelling capacity, shear resistance, and tolerance to high
temperatures and salinity, and have become a significant option for gas channeling control technology.
However, the commonly used PPG is typically large-sized, exhibiting rapid swelling rates and high
expansion multiples. This results in difficulties associated with their injection into deep complex
formations. Consequently, their applicability is primarily limited to super-permeable channels, such
as fractures.

Results and Discussion

Polymer Microspheres

Polymer microspheres are defined as spherical particles with dimensions in the micron- or nano-
scale, prepared from polymeric materials through chemical or physical methods. These microspheres
possess a unique microstructure and favorable deformability. Their shape, resembling that of porous
media, facilitates adsorption and aggregation. They can be transported to deep regions within the
formation, enabling dynamic plugging of high-permeability channels. Consequently, gas is diverted
towards low-permeability zones, achieving gas channeling control and enhanced gas flooding
efficiency. This approach effectively addresses the limitations of traditional gel systems, namely
their restricted penetration depth and poor long-term stability [16]. Unlike PPG, microspheres
exhibit smaller particle sizes, typically within the micron- or nano-scale range. Additionally, superior
swelling capacity is demonstrated, and the manufacturing process is comparatively simpler.

Polymer microspheres are widely employed for profile control and plugging in oilfield
development due to their favorable characteristics, including excellent water absorbency and
elasticity, convenient preparation, simple injection, minimal formation damage, and good
environmental compatibility. However, under the acidic conditions prevalent in CO, flooding
operations, conventional nanospheres are susceptible to degradation, preventing them from providing
stable, long-term plugging within the reservoir. To enhance the performance of nanospheres in acidic
environments, Ma et al. synthesized an acid-resistant nanosphere (AR-NS) by incorporating the acid-
resistant monomer dimethyldiallylammonium chloride (DMDAAC) into conventional nanospheres
(NS) [17]. Successful monomer incorporation into the nanospheres was confirmed by Fourier
transform infrared (FTIR) spectroscopy analysis. Experimental evaluations further demonstrated
that the AR-NS microspheres exhibited significantly superior swelling performance compared to
conventional NS in acidic environments. Consequently, the AR-NS microspheres possess enhanced
channeling-blocking capacity within low-permeability fractured reservoirs. Meanwhile, Jiang
et al. prepared dual-crosslinked nano-polymer microspheres with delayed-swelling properties by
introducing the acid-resistant monomer DMDAAC and employing dual-crosslinking technology,
enabling effective plugging of deep reservoirs [18]. Zheng et al developed a CO,-responsive polymer
microsphere (CRM) via emulsion polymerization, utilizing polystyrene (PSt) as the core and P(AM-
DMA) as the shell [19]. The particle size of CRM microspheres can be increased in response to CO,
exposure within a certain time frame and subsequently remains stable, avoiding excessive swelling.
The swelling capacity is influenced to some extent by temperature and salinity; it is reduced with
increasing temperature and salinity, although a degree of salt and temperature tolerance is maintained.
Mu et al. synthesized CO,-sensitive microspheres with an interpenetrating polymer network (IPN)
structure through inverse suspension polymerization, based on monomers including polyacrylamide
(PAM) and PDMAPMA [20]. Due to the presence of tertiary amine groups, CO, responsiveness is
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imparted, leading to an increase in particle size under acidic conditions. Consequently, favorable
injectivity and plugging capability are achieved.

Polymer microspheres are recognized as a significant method for gas channeling control in CO,
flooding, effectively mitigating gas breakthrough and enhancing oil recovery. Advantages including
operational simplicity, favorable swelling capacity, high plugging efficiency, and environmental
friendliness are exhibited. Good performance has been observed in large-pore, low-to-moderate
permeability reservoirs. However, under extreme conditions, such as high temperature and strong
acidity, microsphere failure is prone to occur due to insufficient stability. Long-term, efficient
channeling control under these conditions is difficult to achieve. Additionally, the fabrication of
thermally stable and responsive microspheres is associated with higher costs and more complex
preparation processes.

Dispersed particle gel

Gel is primarily formed by the reaction of partially hydrolyzed polyacrylamide (HPAM) with
crosslinkers under controlled temperature conditions, resulting in a three-dimensional network
structure with specific strength. Crosslinkers utilized for gel are mainly organic types (such as
phenolic resins and polyethyleneimine) or metal ion crosslinkers (e.g., Cr**, Zr**). Compared to
conventional chemical gel, gel is crosslinked through physical interactions, including van der Waals
forces and hydrogen bonding. Consequently, their crosslinking strength is lower, and the network
structure can be disrupted by heating or mechanical agitation. Dispersed particle gel (DPG) is defined
as spherical particles prepared from bulk gel material through processes involving mechanical
shearing and physical rounding [21]. During this process, physical shear is applied to the bulk gel,
but the original chemical structure of the gel is not destroyed. After injection into the subsurface, the
particles absorb water and swell. Subsequently, accumulation occurs within high-permeability zones.

Due to their physical crosslinking mechanism, aggregated DPG can revert to the bulk gel state.
This property enables the formation of an effective seal within the formation. DPG exhibits favorable
viscoelastic properties, allowing them to deform and migrate deeply through the reservoir by
conforming to pore configurations. Compared to conventional polymers, DPG is minimally affected
by subsurface physical forces, such as shear. Consequently, efficient plugging of pores and fractures
in high-permeability zones can be achieved through their inherent self-aggregation and swelling
behavior. Zhu et al. prepared the dispersed particle gel (DPG) by shearing the bulk gel, which had
been synthesized with varying concentrations of polymer and crosslinker [22]. These DPG possessed
distinct mechanical properties. A linear relationship was identified between the Young's modulus
of the DPG and their plugging efficiency. This finding indicates that the plugging efficiency can be
enhanced by optimizing and adjusting the Young's modulus of the bulk gel. Consequently, significant
theoretical guidance is provided for the application of DPG in deep fluid diversion and reservoir
plugging.

Acid-resistant zirconium gel, chromium gel, and similar systems exhibit an optimal gelation pH
range of 3—6, demonstrating good synergistic compatibility with the acidic conditions prevalent in
CO;, flooding for channeling control. However, when exposed to acidic conditions over extended
periods, DPG also experiences partial hydrolysis of their three-dimensional crosslinked network,
leading to degradation and a reduction in plugging strength. To address this, Ji et al. successfully
prepared an anti-CO, dispersed particle gel (CR-DPG) for gas channeling control by shearing an
organic-inorganic composite bulk gel [23]. Its mechanical strength, gas plugging effectiveness, and
viscosity stability under CO, conditions were experimentally evaluated. Under CO, conditions,
the presence of silica particles was found to enhance the mechanical strength of the CR-DPG.
The viscosity decreased from 28.3 mPa's to 20.5 mPa-s, indicating favorable CO, tolerance.
Furthermore, H* ions in the water neutralize the negative surface charge on the particles, promoting
aggregation of the CR-DPG and enhancing its stability. Du et al. synthesized a double-network
hydrogel composed of crosslinked polyacrylamide (PAAm) and crosslinked sodium alginate (SA)
networks [24]. This hydrogel was processed into a DPG suspension. Subsequent modification was
performed using potassium methylsilantriolate (PMS) and CO,, resulting in a novel DPG suspension
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exhibiting irreversible swelling characteristics. The particle size of the modified DPG suspension
was observed to more than double upon swelling. Furthermore, the swelling was irreversible under
high-temperature conditions, and a significant improvement in thermal stability was demonstrated.
Plugging efficiency was markedly enhanced compared to traditional CO,-responsive gel. For
high-temperature heterogeneous reservoirs with high crude oil viscosity, the improvement of the
temperature and salt tolerance of DPG necessitates further research and development. Zhu et al.
developed a re-crosslinkable dispersed particle gel (RDPG) [25]. Compared to conventional DPG,
re-crosslinking capability was incorporated. Suspensions at specific concentrations demonstrated
enhanced high-temperature injectivity and improved thermal stability. At room temperature,
significant elasticity was observed, while under elevated temperatures, an extended gelling time
was achieved. This characteristic facilitates deep penetration into high-temperature formations.
Simultaneously, favorable elasticity and stability were maintained.

Compared to other particulate plugging agents, DPG is characterized by superior injectivity,
making them more suitable for deep reservoir conformance control. They are less affected by
subsurface physicochemical properties and shear forces, demonstrating effective gas flooding
plugging performance. However, limitations are observed regarding the gel strength formed within
fractures and pores, where insufficient stability is exhibited. Performance is compromised under
extreme conditions due to inadequate long-term stability. Additionally, environmental concerns are
posed by metal ions leached from crosslinkers.

Conclusion

CO; flooding is widely employed as a conventional enhanced oil recovery method, demonstrating
favorable performance in both oil recovery enhancement and environmental benefits. However,
challenges such as gas channeling need to be addressed. Through a comprehensive review of
literature, the current developmental status and future research directions of gel particle systems
are summarized in this work. In recent years, significant advancements have been achieved in the
performance engineering of gel particle systems. Nevertheless, field application requires strategic
selection based on the respective advantages and limitations of different systems.

(1) PPG is characterized by favorable swelling capacity and resistance to elevated temperatures
and acidic environments. However, limitations exist regarding long-term stability and particle
size dimensions. The combination of high mechanical strength with rapid swelling rates hinders
penetration into deep complex formations. Furthermore, excessive swelling may compromise
structural integrity and stability. Consequently, further optimization of synthetic formulations is
required, aimed at developing gel particles with controllable swelling kinetics and long-term stability
under acidic conditions.

(2) Polymer microspheres in the nano-to-micron size range have demonstrated favorable
performance in gas channeling control due to their straightforward manufacturing process,
economic viability, and low injection complexity. Future research should prioritize the development
of controlled swelling kinetics and targeted delivery mechanisms. Concurrently, enhancement of
microsphere stability and tunable degradation rates is required. For CO, flooding applications,
responsive microspheres exhibit significant effectiveness, necessitating precise regulation of particle
size distribution and crosslinking density. This approach will enable dynamic adaptive plugging
capabilities.

(3) DPG is characterized by superior injectivity and controllable particle size, demonstrating
significant potential for conformance control in deep high-permeability zones. However, the
complex physicochemical conditions in deep formations present challenges for conventional DPG,
where long-term stability cannot be maintained. Furthermore, field implementation is hindered by
the prohibitively high costs of high-performance polymers and additives. Future research should
focus on enhancing stability under extreme reservoir conditions, developing effective treatment
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methods for residual chemicals post-plugging, and strategically integrating with complementary gas
channeling control technologies to achieve synergistic effects.

Future research should prioritize further optimization of particle size and swelling properties to
enhance compatibility with formation pore channels, while improving fundamental characteristics
such as acid resistance and temperature tolerance through rational modification of internal
microstructures. In field applications, customized gel particle plugging systems should be selected
according to specific formation conditions, with particular emphasis on combining different plugging
agents and technologies. Larger-sized particles are recommended for plugging macro-pores and
fractures, while smaller-sized particles combined with gel or surfactants should be employed to
fill interstices between larger particles. The synergistic utilization of multiple systems is advised to
leverage supramolecular interactions, thereby maximizing gas channeling control efficiency in oil
recovery operations and effectively addressing gas breakthrough issues in oilfield operations.
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CO, AIIAY KE3IHJE MYHAW KABATTAPBIHJIAFBI FA3 LIBIFBIMBIH
BAKBIJIAYFA APHAJIFAH I'EJIb BOJIIIEKTEPIH MAWTAJIAHY

AnjaaTna
bByrinri TaHaa MyHail eHJIIpy[l apTTHIPYAbIH KEHIHEH TapajfaH oliCTepiHiH Oipi — KOMIPKBIIIKbUI I'a3bIMEH
(CO,) ocep ety. bynr ofic MyHaHIbI BIFBICTBIPY THIMILIITIHIH JKOFapBLIBIFBIMEH, SKOJNOTHAIBIK KayilCizirimen
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JKOHE DKOHOMHKAJIBIK TYPFbIIaH THiMALIIriMed epekiieneneni. CO>-MeH ocep €Ty TEXHOJIOIMACHl MYHai-ra3 KeH
OpBIHAAPBIH WTEpyae KeH KOJNIAaHBIC TamkaH. Auaiiza KaOaTTeiH OipTekTi 0OIMayhl, OTKI3TIMITIKTIH OpKEeNKIIIri,
CO,-HiH TOMEH TBHIFBI3/ILIFBI MEH TYTKBIPJIBIFBI CANIAPbIHAH a3 IIBIFBIMBI kUi Ke3neceni. by KyObuibic MyHai
YHFBIMaJIapBIHBIH OHIMITITIHE Kepi ocep eTyi MyMKiH. OcblFaH OaiIaHBICTBI I'a3 MIBIFBIMBIHBIH aJIJIbIH ally MyHal
OHIpY KO3 PUIIHEHTIH apTThIpy/a MaHbI31bI pakTopFa alfHamya. ['enb OemmexTepi Heri3iHae KacanraH OKIIayJay
JKYHenepi ®KoFaphl TYPaKTBUTBIKKA, OCHIMISNTIMTIKKE XKoHe OSPIKTIKKe e OOIBIIT, SKOHOMUKAIIBIK JKaFbIHAH THIMII1
MIeTTiM PeTiHe TaHbUTyAa. byt JkyiienepiH KeH OpsIHAAPBIH UTepy/ae KEHIHEH KOMTaHBITYBI — OapIbIH OOJamarsl
30p ekeHiH kopceTeni. Makanana CO,-MeH acep eTy Ke3iHJle ra3 MbIFbIMbIH OaKblLIayFa apHaJIFaH rellb OeJeKTepi
JKYHeNepiHiH JKIKTelNyl MEeH Jamy >Kar/laiiblHa >KaH-)KaKThl LIONY jKacajfaH. AJIJbIH aja KaJbIITaCThIPbUIFaH
OeJIIeKTIK relnb, MoIMMepili MUKpocgepanap aHe aucnepcti 6emmrekTik reab (Dispersed Particle Gel) ceximai
relb TYPJICPIHIH ocep €Ty MEeXaHM3MAEpl CHNATTalbIN, OJIAPABIH OTAaHABIK J>KOHE XaJIbIKapasblK ACHreieri
Kazipri >karmaiiel KapacTelpsiuFaH. COHBIMEH KaTap, Ooyamrak 3epTTey OaFbITTaphl MEH KOJAaHy MYMKIHTIKTepi
TaJIKbUIAHAIBL.

Tipex cesnep: CO,-meH ocep €Ty, resib GONUIEKTEP], Ia3 MIBIFBIMbI, OKIIAYJIAYy MATEPHAIIAPbI, BIFBICTHIPY
THIMJIUIITIH apTThIpY.
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HPUMEHEHMUME I'EJIEBBIX YACTHUL AJIAA KOHTPOJIA
TI'A30IIPOPBIBA ITPHU CO,-3ABOJHEHUMU IIJIACTOB

AHHOTALUA
3aBonHEHHME ¢ MCNIONB30BaHKeEM JuokcHaa yruepona (CO,), ABIssach OHUM M3 HanboJIee pacpoCTpaHEHHbBIX
MeTon10B yBennueHus Hedreornaun (MYH) Ha cerogHAmHNN IeHb, XapaKTepU3yeTCsl BBICOKOH 3(p(eKTHBHOCTHIO
BBITECHCHHSI HE(DTH, IKOJIIOTHUECKON OE30MaCHOCTHIO U PKOHOMHUECKOH 11eJ1eC000pa3HOCThI0. JlaHHBIN METOJ I10-
Jy4WT IUPOKOE Pa3BUTHE M TIPUMEHEHHE MU pa3paboTke HeTerazoBbIX MecTopoxkaeHni. OnHaKo B Iporecce
CO,-3aBonHENNs N3-3a 3HAYUTENBHOK HEOHOPOIHOCTH IIJIACTA IO MPOHUIAEMOCTH, & TAKKE HU3KOH MIIOTHOCTH U
Bsa3kocTH CO, 9acTO BO3HMKAIOT MPOPBIBBI Ia3a. DTO SBIEHUE MOXKET HETATHBHO CKa3aThCs Ha HOPMAIILHOM TIPOH3-
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BOJIMTENBHOCTH HEQTAHBIX ckBaxuH. C passutnem Texnonornn CO,-3aBogHeHns dPYEKTUBHOE NPENOTBPALIEHHE
MIPOPBIBOB T'a3a CTANO KIOUEBBIM (DAaKTOPOM IMOBBIMICHUS KO3 dHUnneHTa u3pnedeHust Hegtu. [eneBbie 4acTUIBI
KaK 3KOHOMHYCCKH BBII'OJHBIC U B(I)q)eKTI/IBHBIe CHCTCMBbI o6na)1a}0T BBICOKOM CTa6I/IJ'II)HOCTB}O, aJalITUBHOCTBIO
U MPOYHOCTHIO, YTO OOYCIIOBHJIO MX LIMPOKOE IPUMEHEHHE B pa3paboTKe MECTOPOXKICHUI U OTKPBUIO OOJIbIINE
TIEPCTIEKTUBHI JUTSl AabHEHIIEro HCIOIb30BaHNs. B naHHOM cTaThe IpecTaBiIeH BCeCTOPOHHUHI 0030p Kitaccudu-
KaIlM ¥ COBPEMEHHOTO COCTOSIHHSI CHCTEM Ha OCHOBE I'€JIEBBIX YaCTHII, MPUMEHSIEMBIX Ut 00pBObI ¢ IPOpBIBAMU
rasa ipu CO,-3aBoHeHnH. PaccMaTpuBaroOTCs MEXaHU3MBI IEHCTBAS HECKOJBKUX THIIOB TENEBBIX YACTHUII, BKIFOYAs
HpeaBapuUTENbHO COPMUPOBAHHBII YaCTHYHBIN T'ellb, TIOJMMEPHbIE MUKPOC(EPhl M IUCHEPTHPOBAHHBIN 4acTHY-
HBIH refib. AHAIN3UPYETCs TEKYIIUH CTaTyC UX pa3pabOTKH U MPUMEHEHHs B OTEYECTBEHHON M 3apyOeiKHOM mpak-
tuke. Kpome toro, o6cysxknatorcest Oyyiine HarpapieHuUs HCCICOBAaHNI U IIEPCIEKTUBBI UX TPUMEHEHHSI.

KiaioueBnie ciioBa: C02-3aB0ZIHeHI/I€, TEeJIEBbIC YaCTUIIbI, MaTCpHaJIbl IJId U30JIAIUU I'a30IPOPLIBOB, IMOBLI-
ICHUEC 3(1)(1)€KTI/IBHOCTI/I BBITCCHCHUA.
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