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DEVELOPING METHODOLOGY AND EXPERIMENTAL PROCEDURE 9FOR
EXPERIMENTAL MICROFLUIDIC STUDY OF CHEMICAL ENHANCED
OIL RECOVERY

The concern of this research was to review the different methodology on microfluidic experiments
conducted to study chemical enhanced oil recovery methods on micromodel chips. In general, there are
several ways to study EOR methods such core flooding and microfluidics. The disadvantage of first method
is that the flow processes inside the core sample cannot be imagined. Hence, the second method helps us
to fully visualize how fluid flow behaviour occurs though the porous medium of the rocks.

The various chemical EOR processes such as surfactant flooding, polymer flooding and ASP flooding
were studied on microfluidic chips. These chemicals were injected into micromodels to drive out crude
oil. It helps to understand the interactions between crude oil and chemicals, the advancement of front
developed between displacing and displaced fluids and the viscous fingering effect. Visual studies enabled
us to understand the effectiveness of polymer; surfactant and alkaline separately and as combined.

The different experimental methodologies to study the EOR methods are reviewed. Mainly experiments
divided into two main groups: methods of geological characterisations influence to fluid transport while
others study oil displacement at different condition, such high temperature, high pressure, low or high
salinity, highly viscous oil. We reviewed methodologies applied to study an oil displacement by polymer,
surfactant-polymer (SP) and alkaline surfactant polymer (ASP) solutions, their interactions and transport
in porous media. Based on reviewed article the experimental procedure was developed. Analyses of
published materials have helped to design and direct the methodology of research.

Keywords: microfluidics, glass micromodel, ASP flooding, polymer flooding, recovery factor,
concentration.

Introduction. Enhanced oil recovery is the last stage of oil and gas production and its
main objective is to mobilize the remaining oil through enhancing the oil displacement and
volumetric sweep efficiency. For this purpose, different types of chemicals are used such as
polymer, surfactant and alkaline. Polymer is added to brine to increase its viscosity, alkaline
and surfactant to decrease water-oil interfacial tension. Altogether, injection of chemicals
can lead to changes in fractional flow, mobility ratio. As a result, it helps to reduce viscous
fingering and improve displacement profile, increase swept area [1]. There are several
methods applied to laboratory study of chemical EOR methods such as core flooding and
microfluidics.

Core flooding experiments are the classical way of performing oil recovery studies by
displacing oil from saturated rock samples using various flooding approaches. An advantage
of this method includes the possibility to perform measurements at similar to reservoir
conditions. Limitations of the core flooding method include long and not always repeatable
measurements, insufficient number of core plugs from the reservoir and time consuming,
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specialized methods to visualize the processes inside the cores. The latter means that infor-
mation about fluid displacement processes is normally based on indirect measurements. Im-
miscible fluid—fluid displacements can either be stable or unstable. The unstable displace-
ment can further be categorized into viscous or capillary fingering and are major reasons
for inefficiency in subsurface two-phase flow [2]. To assess the displacement processes, it
is useful to have thorough understanding of displacement stability and fluid flow pathways
[3]. Detailed mapping of fluid displacement in porous media can benefit from easy optical
visualization. This, together with auxiliary measurements, can result in improved knowl-
edge in the flow dynamics of fluids in pores and provide better input for numerical simula-
tions, as shown recently by Yiotis et al. 4.

Microfluidic research method allows optical visualization of many physical processes.
Microfluidics was first applied in microbiology as a tool for analytical analysis. However,
nowadays its popularity dramatically increased, and it found application in many scientific
fields, such as medicine, genetics and oil and gas industry. In oil and gas area it mainly ap-
plies for enhanced oil recovery (EOR). In EOR microfluidics utilized to study fluid flow
patterns that occur inside pores and permeable zones of the sub surface rocks, which are not
possible in case of core flooding. EOR micromodel chips help to get real-time flow behav-
iour by visualising of fluid flow and relevant in-situ phenomena observed during fluid flow
in porous chips [5]. It became highly valued mainly because of its size. Commercially it is
better because of reduction in the usage of chemicals as well as power consumption. [6].
This a new method for our industry research, it is applying around 15years, and for this time
there is no such research done for the local oilfields.

Our aim is to study EOR methods on pre-Caspian basin oilfields and in this article we
describe the methodology of conducting such experiment.

In the present article we demonstrated the study of oil displacement by polymer, SP and
ASP solutions in an oil saturated packed bed in a microfluidic channel. For this article we
analyzed several works on experimental study of chemical enhanced oil recovery conducted
in micromodel set ups. Based on these works we developed our methodology. The methods,
experimental set up and materials are described in this article. In the next work the results
of the experiment with Pre-Caspian basin crude oil and brine will be described.

Materials and methods. In the laboratory model carbonate, sandstone grains
from the fields can be applied. If they are not accessible the glass beats can be used to
represent sandstone rock. If grains are chosen for work they should be sorted out to fill the
micromodel. For this purpose, crushed sandstone are sorted in 45 micron sieves, since the
thickness of the chip is 50 microns. However, problems with filling the channel can occur
due to not uniform structure of grains and its roughness. The channel can be blocked, in
our model the channel became impermeable after 1/3 is filled with grains. To solve the
problem the structural sieving can be applied. It was decided to sieve the grains larger
than 53 and less than 65, but the problem was not solved. (Shown on figure 1) Packed bed
remains impermeable. Therefore, it was decided to use glass beads packed micromodel.
Firstly, they were available in the lab and secondly, the beads commonly used to represent
sandstone rocks. The main disadvantage is that glass beads have the same size and shape,
therefore it creates homogenous pore structure which is not representative of real reservoir
structure.
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Figure 1 — Sieving of crushed rock samples on vibratory sieve shaker

In the figure above the sieving process of crushed rock samples on vibratory sieve shaker
is shawn. In this case the micromodels are unconsolidated, quasi-2.5-dimensional beds of
sandstone grains can be packed into micromodel channels.

Figure 2 — Plan view of the microfluidic channel in which the packed bed is assembled.

Figure 3 — Assemble of packing process.



152 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

Fluid with glass beads/sandstone grains are dispensed from two ports on the right 14 or
18 mm upstream of the gap filter and expelled from a single port on the left (not shown).

Micromodel network can be uniform [4,7, 10] or structured [8, 9]. The channels mainly
are 50 um or 20 um deep and width can be in wide range from custom made to individually
fabricated. The chips can be made of borosilicate or dolomite glass and can hydrophobic
or hydrophilic. There are dilJerent ways to make micromodel chips. It can be also made
PDMS based chips, silicon wafer micromodels, etc. Initial models contained a monolayer
of glass beads between two glass plates and done by Chatenever (1952). A plastic sheet
was pressurized between beads by Oxall et al. (1952) to avoid bypass of fluids between
plates and beads, Tsakiroglou et al. (2013). This model did not require any specific pattern
of the porous medium. A micromodel can be reused many number of times compared to
a core. The cleaning system is used to clean a fresh micromodel to prepare it for flooding
experiments like making it to desirable wettability as well as cleaning it after the experiment
is performed.

Experimental set up. The basic requirements are similar for di"Jerent researchers. For
the research the microfluidic system has parts which include inlet for fluids, a pump system
to move these fluids through the microchips along with sensors to determine the pressure
and flow rates at inlet and outlet of the microchips. To visualize pore-scale mechanisms in
two dimensional micromodels camera coupled to an optical microscope is used.

Figure 4 — Schematic diagram of microfluidic set up and picture of set up available

Injection system

Syringe Pump and syringes

The syringe pump such as Harvard apparatus, pump 11 Pico plus elite can be used.
The pump is used to push the syringe holder while an emulsion, brine and oil is filled into
syringes. The flowrates for the experiments are the following:

x The minimum flow rate: 0.0005 pL/min

X The maximum flow rate: 10.0 pL/min

x The minimum pressure: 0 psi

x The maximum pressure: 8 psi

Glass syringes from SGE syringes, in range 100-500 uL were used.

Pressure transducers are utilized to measure pressure differences as well as absolute
pressure at a point. The pressure dillerence is measured between inlet and outlet of the
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micromodels through connection into tubing in and out of these models. The systems
consist of a pressure transducer, a digital interface box and a display to a computer screen.
The pressure is usually measured in bar

Micromodel chip, chip holder, connection tubes. Chip as mentioned above can be
custom made (Dolomite Centre Ltd.) or fabricated in lab. Custom made chip has 6 channels.
In general, only one channel used at a time. It has 2 inlet ports and 1 outlet. It is vital to have
second inlet port, to relief air bubbles coming in to prevent 3 phase flow. Glass chip is placed
in chip holder, tubes are connected to chip holder to inject and discharge necessary fluids.

Figure 5 — Microchip image and chip and syringe available at lab

Data gathering and visualization system

Microscope Nikon SMZ745T or other with high resolution can be used. It should
has high range of zoom from of 0.67x to 5x which provides a broad observation range to
visualize pore scale processes. Microscope incorporates an optical path switching lever that
enables to switch between eyepiece and camera.

High-speed 24-bit colour camera Pixelink PL-B742F is applied to capture images. It has
many features that allows to take pictures each seconds, different colour range, at different
resolution and many other.

To mimic the process well it is vital to use variable wavelength light source. Lumen
1600-LED, Prior Scientific is applied in the experiment for this purpose.

Microscope for packing. Since during the packing that is not necessary to take picture
of the process, for this purpose simple and cheap IQCREW Portable LCD colour digital
microscope by Amscope was used.

Programs used to capture, process, record the data. Captured images processed
by Fiji — imageJ program. ImageJ is a Java-based image processing program developed
at the National Institutes of Health and the Laboratory for Optical and Computational
Instrumentation (LOCI, University of Wisconsin). ImageJ can display, edit, analyze,
process, save, and print 8-bit color and grayscale, 16-bit integer, and 32-bit floating point
images. It supports image stacks, it also can calculate area and pixel value statistics of user-
defined selections and intensity-thresholded objects. It can measure distances and angles.
(wikipedia)

ESI ElveFlow is used to record pressure sensors data.

Pixel link OEM is helped to control and manage the characteristics and properties of
camera to have a good quality image.

Auxiliary equipment. For the polymer preparation magnetic stir was used. For the
proper mixing high speed was chosen.
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To measure basic properties such as density and viscosity Anton Paar viscometer was
available in the lab. The interfacial tension between oil and water, oil and AS solution were
measured by Du -Noily ring tensiometer Sigma 703d (Dyne Testing Ltd). Ph of the brine
was measured by electronic Ph meter.

Experimental procedure used to study EOR methods. Experimental procedure can
be varied in different authors but mainly consist of the following steps:

Assembly the backed bed or fabrication the own micromodel

Displacement experiments for each flooding methods

Image analyses

For our experiment we develop the following procedure:

» Clean the chip and micromodel, change tubes (pipes)

» Pack the bed

» Saturate micromodel with brine

» Calculate absolute permeability

» Saturate micromodel with oil

» Capture image to determine Swi

» Initiate flood experiment

Depending on the flood experiment (Polymer/ASP/SP)

» Start the flood with necessary solution or brine

» Capture image to determine residual oil saturation and recovery factor

Chip Cleaning.

i. The chip holder is cleaned with isopropanol then distilled water

ii. Three pairs of tubing is cut using stanley knife. Each pair of tubing is connected to 2
inlets (A1, A2) and 1 outlet A3 through the rubber seal leading to the channel.

Figure 9 — Schematic diagram of the channel, where bed is packed

iv. The chip is flushed using the isopropanol, then air and distilled water is injected in
sequence to remove the solvents through A1 while A2 is blocked with a syringe to prevent
a back flow. This is repeated until the channel is completely cleaned (verified by viewing
under a microscope).

Packing the bed.

v. The chip holder seal was detached. By using tubing (A1) suspension of sandstone
grains in isopropanol and distilled water mixture is sucked from vial containing it. Care
should be taken to ensure that only a small amount was drawn up as too much sand could
block the tubing. (what happened time to time anyway)

vi. The chip was re-inserted and held in place within the chip holder. A2 is blocked
with a syringe while solution with beads was injected through A1 to push the beads through
the channel. This procedure is altered so that Al is blocked and distilled water is injected
through A2. This is used to push the beads/grains deeper to the channel. The entire process
should be repeated until grains build up and occupy about 1.5 the channel width.
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vii. Once the desired length is achieved, the tubing can be replaced to prevent further
grain injection

Saturate micromodel with brine.

viii. The three tubing should cut and connected to the inlets and outlet of the channel
containing the packed bed. A2 is blocked with a syringe while brine is injected through A1l
by using syringe pump at constant flow rate. To fully saturate the model 100microliter of
brine is injected. During the injection of the brine absolute permeability will be measured.

ix. To measure absolute permeability pressure sensors should attached to the pump-
ing unit, pressure and flow rate should be recorded. To have correct data at least 7 pressure
values have to be measured at different flow rate. To calculate absolute permeability Darcy
equation was used.

< = L
AAP

where, k is the permeability of the packed bed in Darcy; Athe cross-sectional area of the
micromodel um?; AP press drop across the channel; p the dynamic viscosity of the injected
fluid, brine for absolute permeability, oil for relative permeability; L is the length of the
packed bed;

After that to create reservoir condition oil was injected to the micromodel.

Oil injection.

x. While observing under an optical microscope, the packed bed is flooded with crude
oil by injecting through A1 while A2 is blocked with a syringe. This should be continued
until the packed bed is saturated with the oil as evidenced by oil flowing out from the outlet
tubing. The image will be captured to calculate initial oil and water saturation. Images will
be processed on Imagel tool. Based on pixel count initial oil saturation and water satura-
tion can be calculated. (Image processing is time consuming process, therefore could not be
performed during the internship. All image processing work will be start soon)

Next steps is flood experiments. This stage, we divided to the following parts:

— Flow rate screening to find suitable flow rate to mimic process behavior and relation
flow rate and injection fluid interaction;

— Perform polymer flood at different concentration to observe front evaluation and
understand relation between viscous fingering and polymer concentration;

— Alkaline-surfactant flooding then polymer flood to compare with ASP flood;

— To calculate IOR, oil production sequence is designed. Polymer or ASP flood is
designed after waterflood.

1 parameter was changed at a time.

Waterflooding.

xi. The syringe containing brine is fitted to the pump and connected to a long
tubing, which is then connected to A1 with A2 blocked to prevent oil flowing out.
Brine is slowly injected in small amounts through A1 to clean the flow lines of oil from
tubing A1 and A2. A2 is then blocked with a syringe and the pump is started. Brine was
pumped into the packed bed at a constant flow rate 0.0008 pL/min using the Harvard
apparatus.
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xii. Images should be captured just before the brine injection commences and throughout
the duration of injection. The residual oil saturation is calculated through images.

Polymer /surfactant polymer/ASP flooding.

xiii. While being observed under an optical microscope and images continuously
captures, 100microliter of prepared chemical solution (polymer/surfactant-polymer or ASP)
is pumped into the packed bed trough A1 while A2 is blocked with a syringe.

xv. Images should be captured throughout the duration of chemical injection. Front
evaluation, swept area, oil displacement will be calculated from images on Imagel.

Cleaning.

xvi. The chip was flushed with polymer and Decon 90 solutions to remove the remained
oil. After that, isopropanol/distilled water is injected in sequence to mechanically remove
the grains/beads.

After cheap is clean above procedure is repeated for the next experiment.

Experimental procedure for the microfluidic was described above. Additionally, the
following experiments will conducted:

» Polymer preparation

» Measurement of basic physical properties of oil, polymer, brine

» Measurement of interfacial tension for brine-oil, AS-oil

Polymer Mixing.

To prepare the polymer solution mechanical stirrer, scale and a beaker is needed. For
each experiment different concentration and, therefore, different amounts of polymer is
used. For these experiments, brine is used to mix the solution. Solution should be prepared
carefully to avoid any precipitation and polymer sticking. For an appropriate mixing, the
stirrer had to be set up at a speed fast enough to build a very strong vortex. Then, the
weighted polymer will be added slowly by sprinkling it into the wall of the vortex. After 30
minutes of stirring, the RPM was increased to approximately 400 -500 RPM and was stirred
for 3-4 hours. The mechanical stirrer heated up the solution, which also helped to improve
the dissolution process. However, to prevent any blocking of the tubing and channel that
can occur by polymer molecules stacked together or with undissolved particles, the polymer
solution was filtered with filter paper in size of 15micron

Conclusion. Substantial amount of microfluidics works in EOR study has been reviewed.
Many published materials have helped shed light into the advantages and disadvantages of
microfluidics in oil and gas industries. By analyzing these works method of research has
been developed to conduct the laboratory experiment on pre-Caspian basin oilfield. The
main reason of applying microfluidic research is that wide range of study can be performed
in experimental set up. The following studies such as study of flow behaviour at different
conditions, effect of different patterns on fluid flow, interfacial interactions between oil,
water and solutions, wettability effect on recovery factor, relative permeability studies can
be evaluated and visualized. However, because of time limitation only a few of them can
be performed. The study of flow behaviour at different concentration, front evolution at
different flow rate and polymer, SP and ASP flood and their effectiveness and recovery
factors were chosen for further study.

The micromodels are based on many raw materials. Among them the popular ones
are the use of glass micromodels and PDMS micromodels. Based on availability of the
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laboratory the dolomite glass model were chosen. At first, sandstone grains were preferred
to pack the bed, however due to blocking of the channel the glass beads will be applied. It is
possible to design a range of heterogeneity, pore structure and flow patterns.

We will study the displacement mechanism at different combinations and concentrations
of polymer, surfactant and alkaline used for EOR processes. For this purposes polymer
of the SNF company Flopaam 5205 is chosen. As a surfactant a Sodium C14-16 Olefin
Sulfonate, as an alkaline Sodium hydroxide will be used. Different concentration of polymer
and Alkaline-surfactant solutions will be prepared.

For the result analysis images processing tools are required and Image J image processing
software were selected for this work. The experiment and its results will be described in the
next article.
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XUMMUSJIBIK OJJICTEPMEH MYHAN OHJIIPYII APTTBIPYbI
SKCHEPUMEHTTIK MUKPO®JIIOUATI BEPTTEVJIEP XKYPI'I3Y
OAICTEMECI MEH 9ICTEPIH 93IPJIEY

Byn 3epmmeyoiy makcamvl MUKpOMOOeib Hunmepinoe XuMUusiivlk 20iCmepmMen MYHau OHOIpyOl
apmmulpy 20icmemecin 3epmmey YWiH JHCypeiziieen MUKpO-CYUbIKmolK SKCHepUMeHmmepiHiy apmypii
a0icmepin Kapacmulpy 6010bl. JKamnel aneanda, mynai onoipyoi apmmuipyobiy Oiprneute 20ici 6ap, mbl-
canvl, CYIaHoblpy dicane Mukpoguouomsl. Bipinui adicmiy kemwiniei — Heeizel yaciHiy iwiHOe2i azbim
yoepicmepin 6etinecin 6epe armayol. COHbIMEH, eKiHW 20iC MAy HCLIHLICMAPBIHLIY KeYeKmi Opmacol
apKbLIbL CYUbIK ASLIHBIHLIY dPEKeMiH MONbI2bIMeH Oelineney2e MYMKIHOIK bepeoi.

Mymnati on0ipyoi apmuipyovly bemmir-6eicendi 3ammapmen CyAaHobLpy, NOAUMEPLEPMEH CYIAHObLDY
ocone ASP cynanovipy mapizoi apmypii XUMusivlk yoepicmepi MUKpO-CYUbIKMbIK yunmepoe 3epmmeinoi.
Amanean XumMukammap wuKi MyHatiobl bleblCIMbLPY YUIHMUKPOMOOenboepee eHei3inoL. Bynwuki mynaimen
XUMUATLIK 3amMmMapobly 03apa dpeKemmecyit, bl2blCMbIPAMbIH JCIHE bIELICIBIPLLIAMBIH CYULIKMbIKIMAD
apacvbiH0azel WeKapaiblK, GPOHMMbLY AA2A ACHUIICYbIH JHCIHE MYMKbID Caycakmapobly acepin mycinyee
Kemexmecedi. Kepmuexi sepmmeynep CyIaHObIPy HcaA20AUbIHOA KONObIHALAMbIH NOAUMEPOIH, Oemmik-
bencendi 3ammbily JHcIHe CLAMIHIY MUIMOLNICIH, JceKe-JiceKke XUMUKAMMAP YuliH JcaHe onapoblly dapmypii
KOCnanapvl yuis, mycinyee MymKiHOik 6epoi.

Mynaii  6nOipydi apmmulpy 20icmepin  3epmmeyoiy PMypPAi  IKCNEPUMEHMMIK — d0icmemect
Kapacmuipwiizas. Toowcipubenep Hecizinen exi dacmvl monxa 06aiHedi: OIPIHULI MONKA 2e0N02UATbIK
cunammamanapovly CyublKmulKmoly Oepinyine acep emy aoicmepi, an eKineull MonKa j4co2apuvl memne-
pamypa, Jco2apuvl KblCblM, MOMEH HeMece HCO2apbl MY30bLIbIK, JHCOLAPbl MYMKbIP MAll CUAKMbL JPMYPIi
Jrcagoainapoa MyYHauobly bleblCYblH 3epmmelmin dKkcnepumenmmep stcamaovl. Mynatiovl nonumepiep,
oemmik-nonumepnep (PP) owcone cinmini 6emmik-nonumepnep (ASP) epimindinepiven vieblcmulpyool,
01apObIY KeyeKni opmadagvl apeKemmecyi MeH macbIMaI0aHyblH 3epmme) YiH KOIOaHbLIAmbIH 20icmep
Kapacmulpbli2aH.

Tyitin co30ep: muxpoghnioud, muxpomoodens, AOK cyranovipy, nonumepni cynanovipy, Mok, konyen-
mpayusi.
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PABPABOTKA METOJOJOI'N U METOAUKHU ITPOBEJAEHUSA
3KCHEPUMEHTAJIbHBIX MUKPO®JIIONJHBIX NCCJIEJJOBAHUI
XUMHUYECKOI'O METOJA IMOBBINIEHUS HE@TEOTIAUN

Lenv 9mo20 uccied08anus 3aKAUANACL 8 PACCMOMPEHUU PAZIUYHBIX MEMOOON0Ull MUKPOHCUO-
KOCHIHBIX SKCNEPUMEHIMO8, NPOGEOCHHbIX OJisL U3YHeHUs MeMOO08 NOGIUUECHUS He(hmeomoauu Xumuecki-
MU MEMOOAMU HA YUNAx Mukpomooenei. B yeiom, cyujecmgyem HecKoIbKo CROCOO08 U3VHeHUs. MEMoo08
nogwlueHUs Hehmeomoauu, Mmaxue Kak 3a600HeHUe KepHA U MUKPOIouoHoe ucciedosanue. Heoocmam-
KOM nepeoco mMemooa S6JAemcs He8O3MONCHOCTb NPeOCMABUMb NPOYECCbl MedeHUs: GHympu oopasya
kepra. Takum 0bpazom, 6mopoi Memood noMo2aem Ham NOIHOCHbIO GU3YALUIUPOBANb NOGEOCHUE NOMOKA
HCUOKOCU Hepe3 NOPUCIIYIO Cpedy 8 Opode.
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Paznuynvie xumuueckue npoyeccyl nOGbIULEHUS He(hmMeomoauu, maxue Kaxk 3a600HeHUe N08EPXHOCTIHO-
AKMUBHLIMU 8EUjeCMEAMU, 3A600HeHUe nonumepamu u 3aeoonenue nonumep/I1A B/wenouw, Oviiu uzyue-
Hbl HA MUKPOJICUOKOCIHBIX YUNax. J{annvle pacmeopsl 6600UlU 8 MUKPOMOOETU 05l GbIIMECHEHUs CbIPOLl
Hegmu, 4umo 6n0CI0CMBUL NOMO2aen NOHAMb 3AUMOOEUCMEUE MeICOY CHIPOU HePMbIO U XUMUYECKUMU
sewecmeamu, NPOOBUNCEHUE PPOHMA MeNCOY BbIMECHAIOUWUMU U BLLMECHIeMbIMU (Daroudamu u 3¢hghexm
63K020 nanvyeodpazoeanus. Busyanvnvie ucciedosanus no3eonunu HaM NOHAMb, Kakoea ¢@gexmus-
HOCTb 3A800HEHUSI NOTUMEPOM, NOBEPXHOCHMHO-AKMUGHBIM GEUECTNBOM U WeLoYbIO N0 OMOESTbHOCIU U
8 CoYemanuu.

Paccmompenvt paznuunvle dKCnepuUMeHmMAaIbHble MEeMOOUKU U3YUEHUsT MEeMO0008 YGenudeHUs. He-
@dmeomoauu. B ocnosHoM IKCnepumMeHmol 0elAmes na 06e 2naghble epynnel: nepeas epynna oxeamavl-
6aem Memoovl GIUAHUA 2CON0CULECKUX XAPAKMEPUCIMUK HA NePeHOC JHCUOKOCTIU, 60 6MOPYIO cPYRNY
OMHOCAMCA IKCNEePUMEHMDBL, U3YYalowue eblmecHenue He@mu npu pasiuyHelX YCI106UAX. MaKuUX Kax
BbICOKASL MEMNEPAmypd, 8blcoKoe 0asneHue, HU3KASL ULU BbICOKASL CONEHOCTb, BbICOKOBA3KASA Hepmb.
Paccmompensvi memoouxu, npumensemvie 015 U3yUeHus GblmecHeHus Hepmu pacmeopamu noIUmMepos,
TIAB-nonumepos (I111) u wenounvix [1AB-nonumepos (ACII), ux gzaumooeiicmsus u nepenoca 6 nopu-
CMbIX cpedax.

IIpoananuzupoeas nHeckoIbKo Menoodo8 NPo8edeHUst IKCHEPUMEHMA U 63518 UX 3d OCHOBY U YUUMbIEAs]
B03MONCHOCTU 1AOOPATNOPUU, UMETOUUXCS PACXOOHBIX MAMEPUALos, ObLia paspadomana Memoouxa npo-
6edenus IKCnepumMenma.

Knrouesnle cnosa: muxpoghnioud, muxkpomooens, ACII 3a600nenue, nonumeproe 3aeo0nenue, KHUH,
KOHYeHmpayus.



