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MODELING OF CHANGES IN CAPROCK DURING CO,
UNDERGROUND GEOLOGICAL STORAGE

Purpose. Geologic fixation represents an immediately available option for reducing the global environmental im-
pact of CO, by removing large amounts of the gas from the atmosphere. The overall objective of this article is to assess
the factors that impact injection and storage of CO, in deep saline aquifers and to understand how destabilization of
chemical equilibrium can potentially damage the caprock.

Methodology. Because of the large spatial extent and long time scale, it is difficult to study the effect of CO, se-
questration in saline aquifers via laboratory or field studies conducted over short periods of time. To address issues re-
lated to viability and risk of CO, injection into the subsurface we used geochemical software, which takes into account
the thermodynamics and kinetics of chemical reactions and mass transport. A series of calculations were performed
with a reactive transport program Crunch Flow, which gave us a chance to compare simulation results of pH and porosi-
ty profiles in the caprock in the acidified reservoir water and in non-acidified reservoir water.

Findings. The results of the modeling show that the injection of CO, can potentially have a significant effect on the ca-
prock by changing the porosity due to the dissolution and precipitation of minerals, but that impact is limited to a zone
from several decimeters to several meters of the caprock. After modeling, we observed that pH variations along the profile
are much smaller in amplitude in the non-acidified water reservoir than in the acidified water reservoir. On the other hand,
the impact on porosity by the non-acidified water reservoir is greater than by the acidified water reservoir.

Originality. The impact of the diffusion of dissolved CO, in the caprock is limited in vertical extension. The ampli-
tude depends essentially on the pH of the water in the reservoir at the interface with the caprock. In this scenario, the
consequences of the long term CO, influence on the caprock integrity appear to be small, especially in the context of
carbonate-dominant storage systems.

Practical value.The obtained results will help us to predict what will happen with the carbonate caprock minerals,
when CO, will be injected underground.
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Statement of the problem and its relation to China
important scientific and practical tasks. The world’s 36,60%
consumption of energy increased rapidly in the past cen-
tury, with a large portion of the usage coming from the
combustion of carbon-based fossil fuels such as coal, pe-
troleum and natural gas. Carbon dioxide (CO,) which
causes greenhouse effect is typically formed via the com-
bustion of fossil fuels. Excess levels of CO, in the atmos-
phere could lead to an increase in the average global tem- Saudi
perature and lead to adverse climatic changes. World CO, -
emissions are expected to double by the year 2030 if no 1.50%

USA
16.40%

specific policy initiatives and measures are taken. The
quantities of stationary CO, emissions for world’s regions Canada Kosea Tapan
are shown in fig.1 as a proportion of the total 2010 statio- 1.50% 1700, 1-70% 230%  3.40%

nary emissions.

The distribution of stationary CO, emission sources
by industry sector is shown in fig. 2 [2]. Power plants
dominate the statistics with 54% of all identified statio-
nary CO, emission sources. The next highest category is
the cement industry with its 15% of all sources and the
gas processing sector with its 12%.

Fig. 1. CO, emission sources by geographical region [1]

Sequestration of anthropogenic CO, emissions remains
an important and viable strategy in the worldwide effort to
reduce the human contribution to climate change. The via-
bility of newly constructed power plants largely depends
upon the available method of sequestering the significant
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portion of the CO, they generate. The need for technolo-
gies capable of accomplishing this task is apparent.

The capture and sequestration, or secure storage, of
CO; released by power plants and steel/cement factories
can be perceived as a long term strategy towards signifi-

cant reduction in CO, emissions.

Power
58%

Refineries
5%

processing
13%

Fig. 2. Distributions of CO; emission sources by industry
sector

Analysis of recent researches and publications,
which discuss current issues. For the last years various
CO, capture methods and power generation technologies
were examined with respect to net power generation effi-
ciency, amount of CO, captured, and scale-up considera-
tions. The capture methods investigated membrane tech-
nologies for both pre- and post-combustion separation of
CO, and adsorption/absorption technologies. Also, ad-
vanced power generation technologies evaluated were:
oxy-combustion, chemical-looping combustion (CLC),
natural gas reforming combined cycle (NGRCC), and in-
tegrated gasification combined cycle (IGCC).

The general sequestration areas that were examined
in the literature review included oceanic storage, geolog-
ic storage, and mineralization.

Geologic methods of sequestration involve the capture
of CO, emissions from the waste streams of fossil-fuel burn-
ing power plants, or other high volume CO, producing
plants, and subsequent compression for transportation to a
suitable disposal site for pressurized injection [3]. In the
geologic medium, suitable disposal sites include oil/natural
gas wells that are either under producing or no longer in
production, un-mineable coal seams, deep saline aquifers,
and deep ocean injection, where pressure and temperature
boundaries maintain CO, in its liquid phase. Each of these
methods presents some unique benefits and challenges.
Fig. 3. shows the phase diagram of CO, [2].

Deep saline aquifers are widespread in many parts of
the world, and their use needs fewer costs on infrastruc-
ture associated with pipeline construction. The storage
capacity of saline aquifers is high, with a global capacity
estimated between 300 and 10,000 GtCO, [4]. Residence
time in saline aquifers is long ranging from hundreds to
several thousand years [5], depending on the local hydro-
logic gradients. Such aquifers are typically not suitable
for irrigation and other uses, so injection of CO, into
them has limited environmental impact and less likely to
present a problem for potential future use.

Coal bed injection involves the injection of CO, into
deep coal seams, where the combined influence of physi-
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cal trapping from low permeability surroundings and
physical or chemical adsorption to the coal structure
serves to contain the injected gas [6]. As an additional
benefit, the possibility of a recoverable reserve of me-
thane presents an attractive economic solution.
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Fig. 3. CO, phase diagram

Oil and Gas Reservoir Injection. Both depleted and
active fossil fuel reservoirs are potential storage space for
CO, in underground formations. CO, may be injected di-
rectly into a depleted or inactive reservoir without expec-
tation of any further oil production, or the CO; injection
may result in enhanced oil/gas recovery and simultane-
ous CO, sequestration. CO, may also be injected into
producing oil and gas reservoirs, where CO,-enhanced
oil recovery and CO,-enhanced gas recovery will offer an
economic benefit.

Oil and gas

> Salt cavern
reservoir

Fig. 4. Options for storing CO; in deep underground
geological formations

Deep ocean injection, as a sequestration method, uti-
lizes the ocean as a storage medium for containing either
gaseous or liquefied CO,. Injection of gaseous CO, to the
ocean occurs at depths between 500 and 2,000 meters be-
low the ocean surface and works on the principle that the
injection gaseous CO, will diffuse into the seawater and
react to form carbonates which will then settle to the bot-
tom [7]. The other form of deep ocean injection is to in-
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ject liquefied (compressed) CO, at a depth greater than
3,000 meters where the density difference between the
ocean water and the liquefied CO, will cause the CO, to
settle downward where it will form a pool on the ocean
floor. Research is ongoing to determine the effects of se-
questering CO, through this method. Currently it is pre-
dicted that diffusion of the CO, pool into the deep ocean
waters will cause the oceans pH to decrease leading to an
acidic ocean as well as the potential for an early release
of the CO, back to the atmosphere.

Unsolved aspects of the problem. Because of the
scope of the investigation, the field of options had to be
reduced. The deep saline aquifer injection was pursued
because they are very common in location and would not
require large transport distances from existing sites, has
high storage capacity, has long retention times, does not
present unreasonable environmental risks, and utilizes
mature and well known technology.

The injected CO, is usually at supercritical condi-
tions. Under these conditions, the fluid properties of CO,
are similar to both a liquid phase (density 200...900
kg/m®) and a gas phase (low viscosity). Also, CO, is very
soluble in water. Its migration in porous media (reser-
voirs and caprocks) containing water involves capillary
effects. Since CO, is less dense than water, it will rise in
the reservoir. A fraction of this CO, will be trapped in the
porosity (capillary trapping or hydrodynamic trapping)
and the rest will reach the structural trap (or stratigraphi-
cal trap) constituted by the caprock. The caprock will
therefore be in physical contact with the CO, during most
of the storage lifetime.

Any heterogeneity in the caprock, such as small
cracks or fractures, will facilitate the migration of CO,
into the caprock. The behavior of these preferential
pathways and the reactivity with the CO,-rich fluids is
critical for the understanding of the evolution of the con-
finement properties of the caprock. In this connection,
the dissolution of the mineral phase constituting the ce-
ment of the rock (e.g. carbonates) can potentially open or
close the porosity and affect the permeability as well as
create cracks and fractures.

A crucial aspect of geologic sequestration is the lea-
kage potential of CO, out of the target formation. From a
global perspective, leakage of CO, from reservoirs would
make CO, sequestration less effective, or even ineffective.

Leakage can occur through the caprock on top of the
storage aquifer, it may also occur through a faulted zone,
especially when the fault covers all the geological layers
from the surface to the basement rock. Leakage through
the caprock can basically occur by three processes: 1)
diffusion through the pore system, 2) capillary transport
through the pore system, 3) multiphase migration
through a micro-fracture network, or by a combination of
any of these.

Furthermore, leakage could occur through abandoned
wells. Abandoned wells may act as a bypass to the at-
mosphere if these were not sealed properly. The aban-
doned well leakage of CO, can occur via any of several
possible pathways along a well (fig. 5): a) leakage be-
tween the cement and the outside of the casing, b) be-
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tween the cement and the inside of the metal casing,
c¢) within the cement plug itself, d) through deterioration
(corrosion) of the metal casing, e) deterioration of the
cement in the annulus, f) leakage in the annular region
between the formation and the cement [8].
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Fig. 5. Possible leakage pathways in an abandoned well

Formulation of the problem. In this article we tried
to understand how destabilization of chemical equili-
brium can potentially damage the caprock.

Statement of main research data with substantia-
tion of scientific results. We performed several simula-
tions of caprock changes during CO, underground geo-
logical storage, considering initial porosity 15%, diffu-
sion coefficient 10" m/s, temperature 80°C, storage time
up to 2000 years. A series of calculations were per-
formed with reactive transport program Crunch Flow [9—
10]. We tried to compare simulation results of pH and
porosity changes in the caprock of the acidified water re-
servoir and non-acidified water reservoir.

After modeling, we observed that pH variations along
the profile are much smaller in amplitude in the non-
acidified water reservoir (ranging between 6.0 and 6.52)
than in the acidified water (ranging between 4.7 and 6.6)
fig. 6 and fig. 8.

The non-acidified water impact on porosity (ranging
between 15.0 and 16.3) is greater than this of the acidi-
fied water (ranging between 15.0 and 15.8) fig. 7 and
fig. 9. However, no decrease of the porosity is observed
in the first meter of the caprock under the non-acidified
water reservoir.

Conclusions. Under the assumptions and the initial and
boundary conditions considered here, the impact of the dif-
fusion of dissolved CO, in the caprock is limited in vertical
extension. The amplitude depends essentially on the pH of
the water in the reservoir at the interface with the caprock
(increase in caprock porosity in the first centimeters is high-
er for the non-acidified water reservoir). In these scenarios,
the long term consequences of the CO, perturbation on the
caprock integrity appear to be small, especially in the con-
text of carbonate-dominant storage systems.

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2012, N2 5



®I3BNKA TBEPAOTIO TINA, 3BATAYEHHA KOPUCHUX KONANWNH

Caprock (m)

Caprock (m)

— - =100 years — — = 500 years == 1000 years 2000 years

Fig. 6. pH profiles in the caprock in the acidified water reservoir
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Fig. 7. Porosity profiles in the caprock in the acidified water reservoir
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Fig. 9. Porosity profiles in the caprock in the non-acidified water reservoir

(from several centimeters to several meters). The results of

So, the results of the modeling show that the injection of
CO, can potentially have a significant effect on the caprock
by changing the mineralogy and changing the porosity due
to the dissolution and precipitation of minerals. Although,
the impact on the caprock is limited to the narrow zone
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the modeling show that the impact of the reactivity with
CO; rich fluids with the carbonate minerals potentially in-
duces significant changes of porosity. Nevertheless, this
reactivity is limited to the first centimeters of the caprock.
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Mera. I'eonoriune 38’s3yBanHs CO, 103BoIIsIE Bimpa-
3y MOM’SIKIIYBaTd TNI00AMbHUI BIUTUB HAa HABKOJMIIHE
CepeIOBUINE IIIIXOM BHIANICHHS BEIHKUX 00’€MiB IIbO-
ro ra3y 3 armoctepu. ['0lOBHOIO METOIO i€l CTATTi €
omiHKa (paKTOPiB, 10 BIUIMBAIOThH Ha iH €Kl 1 30epiraH-
H CO, y rMOOKUX COJIOHMX BOJOHOCHHX TOPH30HTax
Ta MPOTHO3 PYHHYBaHHS MOKPHBAIOYUX MOPIJ Yy pe3yiib-
TaTi nectadinizallii XiMiYHOT pIBHOBATH.

Metoauka. YHACIIIOK BETUKOI MacIITaOHOCTI MPOEK-
TIB Ta IOBI'MX XPOHOJOTTYHUX PAMOK, CHOTOJHI BaXKKO BH-
Buath BB cekBectpanii CO, y COJOHHUX BOJIOHOCHHX
TOPU30HTAX 3a JIOIIOMOTOI0 JTA0OPATOPHHUX 1 TIOIBOBHX HO-
CITiKEHB, IO BUKOHYIOTBCS Y KOPOTKi TepMiHH dacy. Jlis
BUPIIICHHS TUTaHb, IO TIOB’s3aHi 3 TOUUIBHICTIO Ta PH3HU-
koM 3akagyBaHHI CO, miJ 3eMJII0, MU BHKOPUCTAIIH T'eo-
XiMi9He TIporpamMHe 3a0e3MeYeHHs, IO BPaXOBYE TEPMO-
JIVHAMIKy ¥ KIHETHKY XIMIYHHMX pEakIiii Ta MacomepeHe-
cennsi. Cepist po3paxyHkiB OyJia 37ificHeHa 3a JI0NOMOTOI0
nporpamu Juisi peaktuHoro TpaHcnopty Crunch Flow, mo
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JIAJI0 HaM MOMJIMBICTH TOPIBHATH PE3yJIbTaTH MOJEITIO-
BaHHS 3MiHM KHCJIOTHOCTI ¥ TIOPHCTOCTI Y TTOKPHBAIOYHX
MOPOJIaXx CXOBHIIA 13 MTiABUIIICHOO KHUCIIOTHICTIO BOJJOHOC-
HOTO TOPH30HTY Ta Y CXOBHIII O€3 IiJBHIIEHOI KUCIOTHO-
CTi.

PesyabraT. PesynpTat MOJENIOBaHHS I0Ka3alu,
o in’exkiii CO, MOTEHIIHHO MOXYTh YAHHUTH BILTHB Ha
MOKPUBAIOYi TIOPOJIH, 3MIHIOIOYH X TOPHCTICTh 32 paxy-
HOK PO3YHMHEHHS Ta OCAJKCHHS MIHEpPATiB Y 30HI Bif Je-
KUTBKOX JCIIMMETPIB 10 KiTbKOX MeTpiB. [licis Mmopaerro-
BaHHS MU BHSBWIH, IO 3MiHa pH B3m0OBX mpodimto 3Ha-
YHO MEHINA 33 aMILTITYIOF0 B HETIiJKUCIEHOMY CXOBHIII,
HIK y TOMY, IO Ma€ MiABHUIEHY KUCIOTHICTH. 3 iHIIOTO
00Ky, BIUIMB Ha MOPHUCTICTh IMOKPHUBAIOYHX TOPiT y BO-
IOHOCHMX IuTacTax Oe3 MIABMINEHOT KHCIOTHOCTI Olb-
IIMHA, HK Y THX, [0 MAKOTh MiIBUIICHY KHCIOTHICTD.

HaykoBa HoBHM3HAa. BrumB nudysii po3dunHEeHOro
CO, Ha MOKpUBaKOYi MOPOAM Ta HOro BEepTHKAIbHE MO-
IIMPCHHS € 0OMEXKEHHUIA, a aMILTITy]a CYyTTEBO 3AJICKUTh
Bi pH BOIM y BOJJOHOCHOMY IUTACTI HA KOHTAKTI i3 MOK-
pHUBaIOYOI0 MOPOAOID. TakuM YMHOM, HACTIIKU BILUIUBY
TpuBasnoro 36epiranas CO, Ha MUTICHICTh TOKPHBAIOYUX
TIOPi/ € HEBENUKUMH, OCOOIHMBO IUIT YMOB i3 TOMiHyBaH-
HSIM Y CHCTeMi KapOOHATIB.

IpakTnyna 3HaynmicTb. OTpuMaHi pe3yabTaTH J0-
3BOJISITh HaM IPOTHO3YBaTH 3MiHYy KapOOHAaTHHX HMOKPH-
BAIOYHX MOPif y pa3i miazemHoro 3akagyBaHHs CO,.

Karouosi cioBa: coproui kopuchi konanunu, 0ioKCUH
gyaneyro, emicis, 36 's13Y8aHHsL, COJIOHI 60OOHOCHI NIACMU,
pisHogaea, nopucmicmo, ouQ)y3zis

Henab. 'eonormdeckoe cpsaspiBanue CO, MO3BOJIACT
cpa3y cMmsrdaTh riio0aqbHOE BO3AEHCTBHE HA OKPYXKAIO-
IIyI0 CpeAy IyTeM yIaleHHs OOJBIINX OOBEMOB 3TOTO
rasa u3 armochepnl. [JTaBHOH LEIbI0 3TON CTAThH SIBJIS-
eTcs olleHKa (haKTOpPOB, BIMSIONIMX HA MHBEKLUH U Xpa-
HeHusi CO, B riyOOKHX COJIEHBIX BOJOHOCHBIX TOPU30H-
Tax M MPOTHO3 Pa3pyIIEHHUs MOKPBIBAIOIINX MTOPOJ B pe-
3yJIbTaTe JecTaOMiIM3anuy XMMUYECKOTO PaBHOBECHS.

MeTtoauka. Benencteue 60ibinoii MacmtrabHOCTH TIpo-
€KTOB U JIOJITUX XPOHOJIOTHYECKHX PAMOK, CErOHsI TPYAHO
n3y4aTh BiusHHE cekBecTpau CO, B COJICHBIX BOAOHOC-
HBIX TOPH30HTaX C TOMOILBIO JTA0OPAaTOPHBIX U TOJEBBIX
UCCIIEIOBaHUM, BBIIOJIHAEMBIX B KOPOTKME CPOKM BPEMEHH.
Jlns pemeHus BOIPOCOB, CBS3aHHBIX C 11€1€CO00Pa3HOCTHIO
u prckoM 3akauku CO, 1oj1 3eMITI0, MBI HCIIOIb30BAJIH T€0-
XMMHYECKOE TPOrpaMMHOE OOECIHEUeHHE, YUNTHIBAIOIIEE
TEPMOANHAMUKY ¥ KHHETHKY XMMHYECKHX PEAaKINH U Mac-
ccorreperoc. Cepust pacdeToB ObLIa OCYIIECTBICHA IIPH
TTOMOIITH TTPOTPaMMBI TS peakThBHOTO Tpancnopra Crunch
Flow, 4ro namo Ham BO3MOXHOCTb CPABHHUTH PE3YJIbTAThI
MOJCIIMPOBaHUA U3MCHCHUS KUCJIIOTHOCTHU M IMMOPUCTOCTU B
TMOKPBIBAIOIIUX MNOpPOAax XpaHWJIHIIA C MOBBIIIEHHON KH-
CJIOTHOCTBIO BOZIOHOCHOTO TOPH30HTAa U B XpaHWIMIIE 0e3
TMOBBIIIEHHON KUCIIOTHOCTH.

PesyabraTbl. Pe3ynbraThl MOAEIMPOBAaHUS IOKa3a-
11, 9T0 nHbEeKIuH CO, NOTEHIINATIBHO MOTYT OKa3bIBATh
BIIMSIHUE Ha MOKPBIBAIOIINE ITOPOJBI, U3MEHSIS HX TTOpHC-
TOCTh 3a CUET PACTBOPEHHS M OCAXKICHUS MHHEPAJIOB B
30HE OT HECKOJBKHX JELUMETPOB 1O HECKOJBKHX MET-
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poB. ITocne MoxenupoBaHUS Mbl OOHAPYKHIH, YTO U3-
MeHeHue pH Bronb npo¢uis 3HAYNTENEHO MEHBIIE IO
aMIUTUTYyJe B HEMOJKHCICHHOM XPaHWIMILE, YeM B TOM,
YTO MMEEeT MOBBINIEHHYIO KHCIOTHOCTh. C Ipyroi cro-
POHBI, BJIMAHUE HA MOPUCTOCTH MNOKPLIBAIOIIUX MTOPOJ B
BOJIOHOCHBIX IIIacTax 0e3 IOBBIMIEHHOH KHCIOTHOCTH
OoJibIe, YeM Y MMEIOIIHX MTOBBIIICHHYIO KUCJIOTHOCTb.
Hayunas HoBusHa. Brusiaue miuddysun pactBopeHHO-

BIUsIHUS JATenbHOrO Xxpanenus CO, Ha HENOCTHOCTh T10-
KPBIBAIOIINX TIOPOJT SABJISFOTCS HEOOIBIITMMH, OCOOSHHO ISt
YCJIOBHIA C JOMUHUPOBAHHEM B CUCTEME KapOOHATOB.
IpakTnyeckast 3HAYAMOCTD. [lomyueHHBIC pe3ysbTa-
ThI MO3BOJIIT HAM IPOTHO3UPOBATh M3MCHCHUE KapOoHAar-
HBIX TIOKPHIBAOIIMX TIOPOJ IIPH 1o3eMHO# 3akaduke CO,.
KawueBsie cioBa: coprouue nonesHvle uckonaemovie,
OUOKCUO Yenepood, dIMUCCUS, CBA3bIBAHUE, COJIeHble 8000-

ro CO, Ha MOKPHIBAIOIINE TIOPOABI W €ro BEPTHKAIHEHOE
pacrpoCTpaHEeHNE OTPAHNYCHO, a AMILTUTYIA CYIIECTBEHHO
3aBUCHUT OT pH BOJBI B BOZOHOCHOM IIIACTE HA KOHTAKTE C
MOKpBIBatoOIe mopomoi. TakuM 00pa3oM, IOCIIEICTBUS
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INFLUENCE OF CRYOTREATING ON CHANGE OF PROPERTIES
OF SYNTHETIC DIAMONDS AND EFFICIENCY OF THEIR
APPLICATION IN DRILLING TOOLS

Iesn. OreHka BAMSHUS MOBBIIICHUS IPOYHOCTH CUHTETUYECKUX alMa30B B Pe3yNbTaTe M3MEHEHUS UX HCXOIHOTO
HANPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS IIOCIC KPHUOTCHHOW O0OpabOTKH Ha pabOTOCIOCOOHOCTH MOPOAOPa3Py-
IIAIOIIEr0 MHCTpyMeHTa. B xauecTBe 00bekTa McciaeJOBaHUH ObUIN BBHIOpaHBI CHHTETHYECKUE TEPMOIPOYHBIEC aJIMa3bl
ACI160T 3eprucroctsio 355/300 MKM.

Metoaunka. B crathe npennoxeHa METOAUKA OLIEHKH IPOYHOCTU CUHTETHUECKUX alMa30B IIPU OAHOOCHOM C)KaTUH
JI0 U TIOCTIe KPUOTEHHOH 00paboOTKH B Cpefie JKUAKOTO a30Ta. Vi3MeHeHrne NCXOIHOTO HAIPSKEHHO-Ie(OPMHUPOBAHHOTO
COCTOSIHUSI aJIMa30B, CIIOCOOCTBYIOIEE ITOBBIIICHUIO WX MPOYHOCTH B pe3ylbTaTe KPHOTEHHOW 00pabOTKH, OCHOBAaHO
Ha HEMOHOTOHHOM WM3MEHEHHH MHTETPATbHONW MHTEHCHBHOCTU NU(PPAaKINOHHOW cocTaBirttonier muaun Koccens, 00y-
CIIOBIIGHHOM H3MEHEHHEM Ne(peKTHON CTPYKTyphl. PaboTOoCIIOCOOHOCTH aiMa3HOTO MOPOIOPa3pyLIAIOIIET0 HHCTPY-
MEHTa OIICHHWBAJIACh 0 pe3yabTaTaM HCCIIEIOBAHUN N3HOCOCTOMKOCTH MMIIPETHUPOBAHHBIX OYPOBBIX KOPOHOK M 3HEP-
TeTUYECKUX 3aTpar npu OypeHHH UMH TOPHOM ITOPOJIBL.

PesyabTaThl. V3y4yeH xapakTep U3MEHEHHs CTaTUYECKOM MPOYHOCTH aJIMa30B U3 MPOOHI, OIBEPKEHHOM KpUOTeH-
HOH oOpabotke. [IpakTnueckuii HHTEpEC NPEICTABISIET CYILIECTBEHHOE MMOBBIIIEHNE 3HAYSHU I IIPOYHOCTH aJIMa30B Iy-
TEM HX IepepacipeielieH st B CTOPOHY yBEIMYEHHs! B Ipole 3epeH ¢ MpouHOCThI0 B quanasoHe 350H-500H. [{ns an-
Ma3oB C UCXOJHOU MpOoYHOCThIO 3epeH B auanasoHe S00H-550H poct sToro mokasaTens HE3HAYUTENEH, YTO MOXKHO
OOBSCHUTH HU3KUM YPOBHEM U3MEHEHHS HCXOIHOTO HANPSKEHHO-Ie()OPMUPOBAHHOTO COCTOSIHUSI KPHCTAJLIOB.

Hayunasi HOBH3HA. YCTaHOBIIEHO, YTO MOCIE HU3KOTEMIIEPATYPHOIO TEPMOLUKINPOBAHUS IPOUCXOIUT MOBBIIIE-
HUE CTaTUYECKOHN MPOYHOCTH CHHTETHUYECKIX aJMa30B, BEI3BAHHOE HEOOPATHMBIM M3MEHEHHEM MCXOTHOTO HATIPSIKCH-
HO-Ie(OPMUPOBAHHOTO COCTOSHUS KPHUCTAIUIOB, OOYCIOBICHHOE YIOPSAAOYCHUEM Ae(DEeKTHONW CTPYKTYPHI KPHUCTAIUIH-
YECKOM pelIeTKH.

IIpakTyeckasi 3HauMMocTh. [loka3zaHbl IpEeNMyIIECTBA MCIIONB30BAHNS METOJa KPUOTEHHON 00pabOTKHM CHHTe-
THYECKUX aJMa3oB Iepe] UX HCIOIH30BaHUEM IS OCHAIICHHUS alMa3HOTO MOPOAOpa3pyIIaloero nacrpymenTa. [o-
BBIIIICHHE CTATUYECKON MPOYHOCTH CHHTETHYECKUX aIMa30B, HCHOIB3YEMBIX Ul OCHAIICHHUS OYPOBBIX KOPOHOK, Oxa-
rojiaps UCIOJIb30BAaHMIO IAHHOTO METO/Ia, CIIOCOOCTBYET HOBBIIICHHIO NIOKa3aTelel uX paboToCnocoOHOCTH.
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IHocTanoBka mpobdaembl. CoBpeMeHHas! TEHIECHIMSA
pa3BUTHS nporiecca OypeHHsl TOPHBIX MOPOJ 3aKIIFOYASTCs

BO Bce 0Oojiee MIMPOKOM HCIOJBb30BAaHUM CHHTETHYECKUX
aIMasoB JUIA OCHAILEHHS OypOBOIO I€0JI0rOpa3Ben0vHOrO
uHCTpYMeHTa. [Ipu 3TOM ero paboTocrocOOHOCTH BO MHO-
T'OM 3aBUCHT OT Ka4ecTBa NPUMEHIEMBIX aJIMa30B.
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