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RESEARCH FOR THE SELECTIVENESS OF EMULSION SYSTEMS
WITH §10, NANOPARTICLES

EXTENDED ABSTRACT:

Over the past five years, due to the macroeconomic situation, there have
been significant changes in the different industries [1—2]. The main changes
concern the optimization of production and the need to increase the efficiency
of technological processes [2]. As for Russia, the changes caused significant im-
pact on the oil and gas industry as a whole and led to reduced share of foreign
technologies in oil companies’ portfolios. That mainly led to increased demand
for domestic technologies and, as a result, to significant increase in the number
of research and development (R&D) projects aimed at creating innovative devel-
opments and improving existing technologies [3]. But any R&D process in heavy
and production industries takes some time: on the average it takes 3—5 years to
conduct laboratory, bench and pilot tests for a potential industrial launch after
the results have been monitored.
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At present, the developments of domestic R&D projects launched in 2014—
2015 are entering the field trial stage or industrial implementation in Russia
with the potential international commercialization [3].

One of such project was launched in 2015 by the authors who were a part of
a group of scientists and engineers in the field of colloidal chemistry and the de-
velopment of oil and gas fields. The goal of the project is to increase the efficiency
of physicochemical methods to impact on the oil and gas reservoir, and the main
task is to develop innovative and environmental water-blocking agents based on
the use of silicon dioxide nanoparticles (Si0,) [4—8].

The article presents the results of the experimental research that studied the
selectiveness of emulsion systems modified with SiO, nanoparticles. The method
to perform filtration experiments on cores of rocks with different saturation of
a porous medium, as well as the method to prepare samples of cores, fluids and
process fluids for conducting filtration experiments have been described. The ba-
sic filtration-capacitive parameters of the studied objects were determined, the
effect of various emulsion systems modified with SiO, nanoparticles on the perme-
ability of rock cores was revealed. According to the research results it was found
that the saturation of rocks is the most important factor for the water-blocking
properties of the new emulsion systems modified with SiO, nanoparticles.

Key words: nanoparticles, silicon dioxide, emulsion system, reservoir stimu-
lation, oil production, selective treatment.
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oday in the world one of the main R&D trends in the development

of oil and gas fields is the application sphere of nanoscale particles
of various minerals. That improves the efficiency of technologies for en-
hanced oil recovery, intensification of oil production, well killing opera-
tion and well construction processes [9—21].

In order to study the impact selectivity of emulsion systems with SiO,
nanoparticles (ESN) on the rocks of oil and gas reservoirs, filtration ex-
periments were carried out on cores with different saturations. In the labo-
ratory the first set of cores was artificially saturated with a model of res-
ervoir water which residual oil saturation which was at least 20% , and the
second set of cores was saturated with predominantly reservoir oil which
residual water saturation was at least 20% . All experiments were carried
out at reservoir thermobaric conditions of the Tournaisian stage of the Ab-
dylovskoe oil and gas field.

Preparation of core material, formation fluids
and emulsion systems with nanoparticles

The experiments simulated the initial reservoir conditions that are typi-
cal for the studied object. Samples of core material collected from the studied
interval of the Abdylovskoe oil and gas field were used as objects of impact.

Surface oil samples taken from the well of the Abdylovskoe oil and gas
field were used as formation fluids (Table 1).

Table 1
The main physical parameters of surface samples of oil
from the Abdylovskoe oil and gas field

Name of the field | Temperature, °C | Viscosity, mPas | Specific Gravity, g/cm3

Abdylovskoe 27 10,3 865

0Oil samples were placed in a metal container made of stainless steel
and heated to a temperature that was 20% higher than the reservoir tem-
perature. At this temperature the oil was kept for 3 hours with occasional
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stirring. Then it was cooled to reservoir temperature and filtered through
a porous medium. Oil was considered to be suitable for testing if filtration
did not fade when passing through a cylindrical core sample. Next, the den-
sity and viscosity of the obtained sample of oil were determined at reser-
voir temperature.

For studies performed on water-saturated samples and for residual
water saturation modeling aqueous solution of CaCl, was used as oilfield
water model (Table 2).

Table 2
The main physical parameters of well-killing fluid
of the Abdylovskoe oil and gas field

Name of the field
Abdylovskoe 1,4 1,125

Viscosity, mPa-s Specific Gravity, g/cm?

Preparation of core material for filtration studies was carried out ac-
cording to OST 39-195-86 «Oil. Method for determining the coefficient of
oil displacement by water in the laboratory».

Two samples of ESN-1 and ESN-2 with a volume water content of 81.5
and 71% respectively were selected as the objects of research (Table 3).

Table 3
Short charasteristics of emulsion systems with SiO, nanoparticles

Colloidal SiO, Model of the well killing
I G L0 nanoparticles, vol. % fluid, vol. %
ESN-1 0,5 81,5
ESN-2 1,0 71

Read more about the physical properties of the ESN [8].

Methods of filtration experiments to study the selectiveness

of emulsion systems with §i0, nanoparticles

Filtration experiments were performed on core samples with differ-
ent saturation of a porous medium: for ESN-1 on oil-saturated sample, for
ESN-2 on water-saturated sample.
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The studies were conducted under reservoir thermobaric conditions of
the studied object. The rate of liquids was selected as much as possible tak-
ing into account the technical capabilities of the equipment and measuring
instruments.

At the first stage, the well-killing fluid was filtered in the forward di-
rection of at least 3 pore volumes until the pressure gradient was stabilized,
and the phase permeability was determined. At the next stage pumping of
the ESN was performed in the opposite direction, and then was 4 hours ex-
posure.

At tth next stage well-killing fluid was pumped in the forward direc-
tion, at least 3 pore volumes, until the pressure gradient was stabilized and
the phase permeability was determined.

As a result of the experiments, the following parameters were deter-
mined:

1) Phase permeability before and after filtration of ESN;

2) Dynamics in pressure gradient;

3) Residual resistance factor.

The phase permeability was calculated by the following formulas:
K, = (Q,*n,*])/(AP*F), (1)
K, = (Q,*n,*)/(AP *F), 2)

Where K, K — phase permeability for kerosene and water, mkm?;
Q_, Q_ —rate of kerosene and water, cm?/s;

1., b — viscosity of kerosene and water, mPa*s;

AP, — pressure gradient, 10° Pa;

F — sample cross-sectional area, cm?;

1 — sample length, cm.

The dynamics in the pressure gradient is the dependence of the pres-
sure gradient on the volume of the injected fluid (vol. porous).

The residual resistance factor is a parameter characterizing the multi-
plicity of changes in the permeability of the core sample after filtration in
comparison with the initial one.
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The residual resistance factor (R_, — dimensionless quantity) is calcu-
lated by the following formula:

ROCT - Rnpl/ Rnpz’ (3)
where R‘.Hp — permeability before ESN injection, mD;
Knpz - perrlneability after ESN injection, mD.

Results of filtration experiments that studied the selectiveness
of emulsion systems with §i0, nanoparticles

In the first experiment an emulsion system ESN-1 was pumped into
a water-saturated sample of core from the Tournaisian stage of the Abdy-
lovskoe oil and gas field. The main characteristics of the core are presented
in table 4.

Table 4
Main characteristics of the core (Abdylovskoe oil and gas field)
Name of the field Por?s1ty Perm?ablllty Length, cm | Diameter, cm
by air, % by air, mD
Abdylovskoe 12,2 12,0 4 2,7

The experiment was carried out at 27°C. Reservoir pressure was
13,8 MPa. The viscosity and density of formation water were 1,38 mPa-s
and 1,125 g/cm?3 respectively.

The results of measurements of the filtration parameters of the core
sample after injection of the ESN-2 emulsion system are presented in Table
5. The dynamics in pressure gradient and permeability during injection of
formation water before and after pumping of the emulsion system ESN-2 is
shown in Fig. 1 and 2. The dependence of the residual resistance factor on
the pressure gradient is shown in Fig. 3.
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after injection of the emulsion system ESN-2
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Fig. 3. Dependence of the residual resistance factor of the emulsion
system ESN-2 on the pressure gradient

Table 5

The results of measurements of filtration parameters
after injection of the emulsion system ESN-2

Number of Injection rate, | Pressure gradi- | Permeability, | Residual resis-
measurement ml/min ent, MPa/m mD tance factor
1 0,008 4,00 0,08 124,0
2 0,017 7,31 0,09 110,2
3 0,025 7,84 0,10 99,2
4 0,033 12,15 0,11 90,2

From the analysis of the results of the experiment, it follows that the
studied type of the emulsion system ESN-2 has a significant impact on the
filtration characteristics of the rock core. The decrease in water permeabil-
ity of the core after the injection of the ESN-2 emulsion system reaches
124 times. With a further threefold increase in the pressure gradient, no
significant increase in permeability was observed.
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In the second experiment, an emulsion system ESN-1 was pumped into
the oil-saturated sample of core from the Tournaisian stage of the Abdy-
lovskoe oil and gas field. The dependence of the residual resistance factor
on the pressure gradient is shown in Fig. 6.

Table 6
The results of measurements of filtration parameters
after the injection of the emulsion system ESN-1

Name of the field | Porosity by air, % Permfeablhty Length, cm | Diameter, cm
by air, mD
Abdylovskoe 10,9 8,0 3 2,7

The experiment was carried out at 27°C. Reservoir pressure was 8 MPa.
The oil viscosity was 10,36 mPa-s.

The results of measurements of the filtration parameters of the core
sample after injection of the ESN-1 emulsion system are presented in Ta-
ble 7. The dynamics in pressure gradient and permeability during injec-
tion of formation water before and after pumping of the emulsion system
ESN-2 is shown in Fig. 4 and 5. The dependence of the residual resistance
factor on the pressure gradient is shown in Fig. 6.

Table 7
The results of measurements of filtration parameters
after the injection of the emulsion system ESN-1
Number of Injection rate, Pres.sure Permeability, Re.sidual
measurement ml/min R mD resistance
MPa/m factor

1 0,004 10,03 0,12 9,8

0,008 13,20 0,18 6,6

3 0,017 16,90 0,29 4,1

From the analysis of the results it follows that the saturation of the po-
rous medium is crucial for the rheology of ESN and has a significant im-
pact on the ability of emulsion systems with nanoparticles such as ESN to
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Fig. 6. Dependence of the residual resistance factor of the emulsion
system ESN-1 on the pressure gradient

limit the filtration of fluids in rocks. The decrease in the core permeability
of oil after the injection of the ESN emulsion system at the peak reaches only
9 times, and a further increase in the pressure gradient from 10 to 16 MPa/m
leads to a significant increase in permeability from 0,1 to 0,3 mD.

Conclusion

The results of experimental studies have shown that emulsion systems
modified with colloidal silicon dioxide nanoparticles have a high ability to
limit the filtration of water in fractured porous media. At the same time,
injection of emulsion systems into cores of rocks with predominant oil sat-
uration does not lead to a significant decrease in permeability and with an
increase in pressure drop in the system leads to the restoration of perme-
ability to oil.

The high water-limiting ability of new emulsion systems with nanopar-
ticles reduces the permeability of predominantly water-saturated rocks by
124 times and leads to the attenuation of the process of filtering water in
fractured-porous media.
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The absence of a relatively high blocking effect when emulsion systems

with nanoparticles are pumped into oil-saturated rock cores and restoring
the permeability of rocks to oil with increasing pressure gradient indicates
the selectivity of the new emulsion systems.

The research results confirm the high potential use of the new emul-

sion systems modified with colloidal silicon dioxide nanoparticles as selec-
tive water-blocking agent to increase the efficiency of oil and gas field de-
velopment processes.
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UCCNE[JOBAHUE CENEKTUBHOCTU AEUCTBUA 3MYJIbCUOHHbIX
CUCTEM C HAHOYACTULIAMM SIO0,

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

Ha nporsskeHNM MOCJeTHUX ISATH JIET B CBA3M C MAKPOIKOHOMUYECKOMH CHUTY-
anueil MPOU3ONLIN 3HAYNTEJIbHbIE IEPEeMEeHbI B MMPOMBINIJIEHHOCTH PA3JIUYHBIX OT-
pacaeii [1, 2]. OcHOoBHBIE MepeMeHbI CBA3AHBI C OMITUMU3AI[Mel MMPOU3BOACTBA U He-
00XO0MMMOCTHIO yBeJu4YeHUA 3(P(PEeKTHBHOCTH TEeXHOJOTHYECKUX IpoieccoB [2].
IIpumenuTensno ¥ Poccuu mepeMeHbI OKa3ajii 3HAUNTEJIbHOE BIUSHUE HA HedTe-
ra3oBYIO0 OTPACJb B I[€JIOM U NMPUBEJIH K CHUKEHUIO TOJHU 3apy0e:KHBIX TeXHOJOTUN
B moprdeaax He(PTIHBIX KOMIIAHNI, YTO IIPUBEJIO K YBEJIUUYEHNIO CIIPOCa HA OTede-
CTBEHHbIE€ TEXHOJOTHU M CBA3AHHOMY C 3TMM PE3KOMY POCTY KOJHMYECTBA HAYYHO-
HCCJIe0BATEJIbCKUX U ONMBITHO-KOHCTPYKTOPCKUX pador (HUOKP), nanpaBiaeHHBIX
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Ha CO3[laHWe WHHOBAIIMOHHBIX Pa3pa0OTOK M COBEPIIEHCTBOBaHNE CYIIECTBYIOIIUX
TexHoJorui [3]. Ho mxi060ii mporecc HUOKP B TAXKeabIX U TOOBIBAIOIINX OTPACTAX
NMMPOMBIIILJIEHHOCTH TpeOyeT BpeMeH! — B cpeaHeM 3—5 JIeT Ha IIpoBeJdeHue jJadopa-
TOPHBIX, CTEHTOBBIX M ONIBITHO-IIPOMBIILIeHHBIX HcnbIiTanui (OIIN) pazpaboTok ais
HX BO3MOJKHOTO IIPOMBINIJIEHHOTO 3aIyCKa IMocjJe MOHUTOpPHHTA pe3dyasTatoB OIIN.

B macroamee Bpema pa3padoTku oreuecTBeHHbIX npoekToB HUOKP, 3amyineH-
HbIX B 2014—2015 rogax, BeixoaaTt Ha ctraguio OIIN uiu mpoMbINIJI€eHHOTO BHEAPEHU S
B Poccuu ¢ moTeHIInajioM K MesKIyHapOaHOM KoMMepuaausanuu [3].

OpmuH 13 TAKMX MPOEKTOB ObLI 3amynieH B 2015 rogy aBTopamMu JaHHOM CTATHH B CO-
CTaBe KOMAH/IbI YY€HbIX H HHKEHEPOB B 00JIACTH KOJLIOUTHOW XMMHUHU U Pa3paboTKH He-
¢hrerazoBrix MecToposkaeHuii. Ilebi0 MpoeKTa ABIAIETCS MOBhIIIeHne 3(P(HEeKTHBHOCTH
TEeXHOJIOTHI (PM3NKO-XUMHIECKOTO BO3/IeIICTBUS Ha He(PTEra30HOCHBIN IIJIACT, & OCHOB-
HO¥H 3aadyeil — Moa00pP MHHOBAIIMOHHBIX M 9KOJOTHYHBIX BOIOOTPAHNYNBAIONIUX areH-
TOB Ha OCHOBE IIPMMEeHEeHHU A HAHOYACTHUI AByOKHCcH Kpemuus (Si0,) [4—8].

B craThe mpencraBieHBI pe3yabTaThl IKCIEPUMEHTAJIBLHOTO HMCCIEeTOBAHUSA Cce-
JIeKTUBHOCTH JEeHCTBUA 3MYJIbCHOHHBIX CHCTEM, MOAM(MUIIMPOBAHHBIX HAHOUYACTHU-
namu Si0,. PackpeiTa MeToauKa NMpoBefieHnsa (PuIbTPAIMOHHBIX JKCIIEPUMEHTOB Ha
€CTeCTBeHHBIX KepHaX IOPHBIX MOPOJ C PA3JINYHON HACHIIIEHHOCTHIO MOPHCTOM cpe-
IIbI, 2 TAKIKE METOIUKA MOJATOTOBKH 00Pa3I0B KEPHOB, (hJIIOMI0B M TEXHOJOTUUYECKHX
SKMIKOCTEH K MPOBeAeHNI0 (PUIBTPAIMOHHBIX dJKcIepuMeHToB. OnpeneaeHsl 6a30BbIe
(buIbTPAIMOHHO-eMKOCTHbIE MapaMeTPhl U3yJYaeMbIX 00'b€KTOB, BHIABIIEHO BJINTHUE
Pa3IUYHBIX 3MYJIbCHOHHBIX CHCTeM, MOTU(HUIHMPOBAHHBIX HaHoYacTunamu Si0,, Ha
IMIPOHUIIAEMOCTH KePHOB ropHbIX mopox. Ilo pesyrpraTam ncciiegoBaHui yCTAHOBJIEHO,
YTO BOJTOHACHINEHHOCTh TOPHBIX MOPO/I ABJIAETCS ONPEISIIIONINM (paKTOPOM A BBI-
6opa HOBBIX IMYJIbCHOHHBIX CHCTEM, MOAM(PUIMPOBAHHBIX HaHOYacTHaMu Si0,,.

KaroueBslie caaoBa: HAHOUACTUITHI, KOJLJIOUAHASA IBYOKNUCh KPEMHU S, 9MYJIbCH-
OHHAafA CHCTeMa, NHTeHCU(PUKaIua fo00bIuYr He(dTH, ceieKTUBHAS 00padoTKa.
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a CerOHAIIHUN TeHb B MUPE OJHUM 13 OCHOBHBIX TpeHI10B HYOKP
B chepe paspaboTKu HEPTAHBIX 1 Ta30BbIX MECTOPOMKIEHUN SBJIISA-
eTcs 00JIacTh IPUMEeHeHs HAaHOPa3MepPHBIX YaCTHUIL PA3JINYHBIX MIHEPAJIOB
IS TOBBIMIEHUA 3(P(PEKTUBHOCTU TEXHOJOTUN MHTEeHCUDUKAIIUU TOOBIUU
He()TU U YBEJIUUEHUA He(PTEeOTIauM IIJIaCTOB, a TAKKE IPOI[eCCOB CTPOUTEIb-
CTBa U TJIYIIeHUA cKBaKuH [9—21].
C meJibio OIEHKU CEJIEKTUBHOCTU BO3IENCTBUSA dMYJIbCUOHHBIX CHUCTEM
c nanouacrunamu Si0, (9CH) Ha ropabie IOPOALI HEPTEra30HOCHBIX ILJIACTOB
OBLIIY TPOBEIEHBI (DUIBTPAIIMOHHBIE DKCIIEPUMEHTHI HA KepHAaX C Pa3IMUHOM
BOJIOHACHIIIIEHHOCThI0. IlepBBIfi KOMIIJIEKT KEPHOB B JIAOOPATOPHBIX YCJIO-
BUAX HNCKYCCTBEHHO HACBHIIAJICA MOJEJILIO TJIACTOBON BOJBI C OCTATOUHOM
HedTeHaChIIIeHHOCThI0 He MeHee 20% , a BTOPOM KOMILJIEKT KEPHOB HaChI-
I1aJIcA MIPENMYIIeCTBeHHO IJIaCTOBOM HE(PTHIO C OCTATOYHOM BOTOHACHIIIIEH-
HocThIo He MeHee 20% . Bce sKciepuMeHTHI IPOBOAUINCH IPU TepMOobapuue-
CKUX YCJOBUAX IIJIACTOB TypHEHCKOTo Apyca AOIyJI0BCKOT0 He(PpTErazoBOTo
MEeCTOPOKICHUA.

MoaroToBKa KEpPHOBOro MaTepuana, nnacToBbiX (hnMA0B
W 3MYNbCUOHHBIX CUCTEM C HAHOYACTULLAMM

IIpu mpoBemeHNNT SKCIEPUMEHTOB MOAEJINPOBAINCH HaUaJIbHBIE IIJIACTO-
BBIE YCJIOBUSA, XapaKTepHbIe IJI N3yJaeMoro o0beKTa. B KauecTBe 00bEKTOB
BOBIEMCTBUS MCIOJb30BAJNChL 00Pas3Ilbl KEPHOBOT'O MaTepuaJjia, OTOOpaHHbIe
U3 UCCJaeayeMOTo nHTepBasa AGIyJIOBCKOT0 He(pTerasoBoro MeCTOPOKICHUA.

B kauecTBe ILIACTOBBIX (PIIOUIOB HCIIOJb30BAJNCh ITOBEPXHOCTHLIE
MpoObI He()TH, OTOOPaHHBIE U3 CKBaKUH AOIYJIOBCKOTO MECTOPOKICHUS
(tabu. 1).

IIpoOnI He(pTU mOMeEINAJIN B MeTAJLIMUeCKNII KOHTeHHep U3 Hep:KaBelo-
el cTaJIu U HarpeBaJIUd 0 TeMIIepaTyphl, IpeBblimiaomieir Ha 20°C miacTo-
Byi0. IIpu sToii Temmeparype He@Th BbIZEPKUBATIN B TeUueHIe 3 UaCOB IIPHU
MIePUOAUUECKOM IIepeMeInuBaHuu. Jlajiee ee oxXJaKIaIn OO0 IMJIACTOBOM TeM-
mepaTypbl 1 GUIBTPOBAIN Yepe3 HMOpUCTyio cpeny. Hedrs cunramacs npu-
TOJHOM AJISI MCIIBITAHUM, €CJAN IPU IPOXOKICHUN UYepes MUINHIPUUECKIH
oOpaserr KepHa (puiabTpanud He 3aTyxaja. [lajiee ompeneadaan MJIOTHOCTh
U BSIBKOCTH MOJIYUEHHOI IPo0bI He()TH IPH IIJIACTOBOI TeMIIepaType.
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Taobnuua 1
OcHoBHBIE (pu3NUYECKHE TapaMeTPhl MIOBEPXHOCTHBIX P00 HedTH
AOIyJIOBCKOTO MECTOPOKICHU T

Mecropos:xkaenue | Temmeparypa, °C | Baskocrs, mIla-c | IlmorHOCTB, KI/M3

AOnys10BCKOE 27 10,3 865

I uccyieJOBaHUM Ha BOMOHACHIIIIEHHBIX 00pasax U MOAEJIUPOBaAHUSA
OCTaATOUYHOII BOJOHACKIIIEHHOCTH B KaueCcTBe MO/JEJIN IIJIaCTOBOI BOALI IIPHU-
MEHAJIN BOLHBIN pacTBOp Xaopuzaa Kanbnua CaCl, (tabi. 2).

Tabauua 2
OcHoBHBIE (hU3NUYECKHE IAPAMETPHI IIJIACTOBBIX BOJI
AOIyJI0BCKOTO MECTOPOKICHUS

MecTopo:xaeHue Baskocts, mlla-c IInoTHOCTH, KT/M3

AGnynoBckoe 1,4 1125

IToaroToBKY KepHOBOTO MaTepuajia K GUIbTPAIMOHHBIM MCCIeT0BAHI-
sam aposoxuau coraacao OCT 39-195-86 «Hedrs. MeTon onpeneneHus Ko-
s PuIleHTa BEITeCHeHU S He(TU BOJLO B IAOOPATOPHBIX YCIOBUAX » .

B kauecTBe 00BEKTOB HCCJIeZOBaHUI ObLIM BBIOPAHBI ABa oOpasIiia
amyabCcuOHHLIX cucTeM ICH-1 m 9CH-2 ¢ 00beMHBIM BOIOCOIEP;KaHUEM
81,5 u 71% coorBeTcTBeHHO (TabJ1. 3).

Tabauua 3
KpaTkaa xapakTepucTHKA YMYJIbCHOHHBIX CHCTEM
C HAHOYACTHUI[AMH KOJIJIOMIHOM IBYOKNCH KPEMHHIA

ConepixaHue KOJJIOUTHBIX
Conep:xanue Moaeaun
Tun ICH HAHOYACTUIL IBYyOKUCH KPEeMHU, . o
% ob. ILJIACTOBOM BOIBI, % 00.
9CH-1 0,5 81,5
9CH-2 1,0 71
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IlogpoOHasa mH(@OpMAINA O (PU3UUYECKUX CBOMCTBAX MCCJIeLOBAHHBIX
ICH mnpezncrasieHa B padore [8].

Mertoauka nposeeHuns (pUALTPALUOHHDBIX IKCNEPUMEHTOB N0 U3YUYEHUID
CEeNeKTUBHOCTU AeMCTBUSA 3IMYNIbCUOHHBIX CUCTEM C HAaHOYaCcTULLAMU

PuabTpannoHHble SKCIIEPUMEHTEI IPOBOAUINCH Ha 00pasIiaX KepHOB
C Pas3JIMYHOI HACBIIIEHHOCTHIO U IIPOHUIIAEMOCTLIO IIOPUCTOI Cpenbl: IJIs
ICH-1 ma He(TeHachIIIIeHHOM 00pa3siie, a aasa JCH-2 Ha BogoHaCKIIIIEeHHOM.

HccaemoBaHuA IPOBOAUINCEH IIPHU IIJIACTOBLIX TEPMOOAPUUECKUX YCJIO-
BUAX nM3ydyaeMoro oobeKkra. O0beMHBIE PAaCXOAbl JKUAKOCTEM BBIOMPATINCH
MaKCHUMAaJIbHO BO3MOYKHBIME C YU€TOM MEeXaHNUYEeCKIX CBOMCTB KePHOB, TeX-
HUUYECKUX BO3MOXKHOCTEHN 000PYJOBAHUSA U CPEACTB NU3MEPEHUIA.

Ha mepBoMm sTame ocyirecTBaAgAach GUIALTPAIUA (PIOKULA, IIPEUMYIIe-
CTBEHHO HACBIIIIAIOIIEero KepH, B IPAMOM HaIPaBJIeHUN He MeHee 3 TOPOBBIX
00'beMOB 10 CTA0MIN3aI TPafueHTa AaBaeHusd. [IJIs yCI0BUA YCTaHOBUB-
mretica pUIALTPAIIUU OIpeneasaaach (pasoBas IPOHHUIIAEMOCThL. Jlajiee ocy-
mecTBaaIach 3akauka OCH B oOpaTHOM HampaB/JIeHNU U BBIAEPKKa KepHa
B TeueHUe 4 4.

Ha caexyroiieMm sTame uepes KepH IIpoKaumBajcsa (IO, IpenMylle-
CTBEHHO HACHIIAOIINII KePH, B IIPAMOM HAIIPaBJIeHUU, He MeHee 3 TOPOBBIX
00'beMOB, [0 cTaOMAM3AIuK IPagueHTa JaBJeHNI U pacCuuThIBaIach Gaso-
Bas IPOHUITAEMOCTEL 00pasIfa IMOPOAbI II0 COOTBETCTBYIOIIEeMY (hJIIOUIY.

B pesyibTaTe sKCIEepPHMEHTOB OBLIN OIpeaeeHbl CAeAYyIoIue mapa-
MEeTpHI:

1) paszoBasa IPOHUIIAEMOCTE 10 1 mocje puabrpanuu OCH;

2) IMHAMUKa U3MeHeHH!s IpagueHTa JaBJIeHN’d;

3) (paKTOp OCTATOUHOT'O COIIPOTUBJICHII.

das30BBIe IPOHUIIAEMOCTH PACCUNTLIBAINCH II0 (DOPMYJIAM:

K, = (Q,*1,*)/(AP*F), (1)
K, = (@Q,*1,*1)/(AP*F), (2)

rae K, K — ¢asoBble IPOHUIIAeMOCTH AJI HeTU U BOJBI, MKM?;
Q,_, Q, — pacxoasl He()TU U BOABI B YCIOBUAX DKCIIEPIMEHTa, CM>/C;
1, 1, — BABKOCTb He(DTH U BOABI B YCIOBUAX dKCIIEpUMEHTa, Mlla * c;
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AP, — nepenaj nasnenus, 105 Ila;
F — nutomaap momepevyHoro ceueHns oopasiia, cm?;
1 — nmuHa oOpasiia, cMm.

I[I/IHaMI/IRa I'pagreHTa OaBJEeHUA IIpeacTaBJIdeT co0oii 3aBUCHUMOCTD
I'pagmeHTa gJaBJeHNndA OT o0beMa 3aKaueHHOM JHKNIKOCTH. (I)aKTOp ocTaTou-
HOT'O COIIPOTUBJIEHUA — IIapaMeTp, XapaKTepI/ISYIOH_II/Iﬁ KPaTHOCTb M3MEHE-
HuA IIPOHUIIaeMOCTHN 06pa3ua KeépHa I10CJe O6pa6OTKI/I B CpaBHEHUMH C IIEPBO-

HaYaJIbHON.

ParTop ocTaTouHOro conporusienusa (R, — 6espasmepHasn BeaudunHA)
paccuuThIBaeTcd 1Mo hopmyie:

oCcT

R, =K,/

K.,
up

2

(3)

rue Rnp — IPOHUIAEMOCTh KE€PHAa J0 3aKaUuK peareHra, MKM?;
1
Rnp — IPOHUIIAEMOCTh KepHa II0CJIe 3aKaUuKy peareHra, MKMZ.
2

Pe3ynbTatbl (hUNLTPALMOHHBIX IKCNEPUMEHTOB N0 UCCNE0BaAHMNIO
CEeNIeKTUBHOCTH AECTBUA IMYNIbCUOHHBIX CUCTEM C HAHOYaCTMLLAMM

B nepBoM sKCcIIEpUMEHTE B BOJOHACHIIIEHHBIN 00pasel KepHOBOTO MaTe-
puaJjia TypHencKoro apyca AGIyJI0BCKOTO MECTOPOKACHUS ITPONU3BOAMUIACD
3axauka sMyJabcuoHHOU cucTeMbl JCH-2. OcHOBHBIE XapaKTePUCTUKU Kep-
Ha IIpeAcTaBJIeHbI B TA0JI. 4.

OcHoBHBIE XapaKTEePHUCTHUKHN 00pa3iia KepHa

AOIyJI0BCKOTO MECTOPOKICHU T

Taobnuua 4

IIponunnaemocTs
OtkpsiTas
MecTopo:xaeHnue o 110 BO3AYXY, dauna, cm Aunamerp, cm
MOPHCTOCTH, % 3 >
10~° MM
AGnyoBcKoOe 12,2 12,0 4 2,7
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IJKcIepuMeHT mpoBoaucsa mpu Temieparype 27°C. IliacToBoe maBie-
Hue 13,8 MIla. BA3K0oCTh U IIJIOTHOCTH IIJIACTOBOM BOZBI COCTABJIAJJIN COOT-
BercTBenHO 1,38 mIla'c m 1125 xr/m3.

PesyabraTsl onpeseaeHna (pUIbTPAIIMOHHLIX IIapaMeTPOB 00pasia Kep-
Ha II0CcJIe 3aKauKU 9MYyJIbcOHHOU cucTemMbl JCH-2 mpeacraBiieHsl B TabJ. 5.
IuHaMuKa rpagueHTa JaBJIeHUA U IIPOHUIIAeMOCTH IIPU 3aKauKe ILJIaCTOBOM
BOJBI IO 1 TIOCJIe BO3AEMCTBUA 9MYJIbcOHHON cucTtemoit JCH-2 npuBemena
Ha puc. 1 u 2. 3aBUCHUMOCTD (paKTOpa OCTATOUHOT'O COIPOTUBJIEHUS OT Ipa-
I1eHTa JaBJIeHUA IIOKa3aHa Ha PUC. 3.

Taobnuua 5
PesyasTaThl N3MepeHU (PUIBTPAIMOHHBIX IIAPAMETPOB
IMOCJIe 3aKaYKH 9MYyJbCHOHHOU cucteMbl JCH-2

CrkopocTts I'paguent dazoBad dakTop
Homep 3aKaYKMH, IaBJIEHUS, IIPOHUIIAEMOCTH IO OCTATOYHOIO
MJI/MUH MIIa/m Boxe, 1073 mgm? CONPOTUBJIECHUS
1 0,008 4,00 0,08 124,0
2 0,017 7,31 0,09 110,2
3 0,025 7,84 0,10 99,2
4 0,033 12,15 0,11 90,2

N3 amanusa pesyJsbTaTOB KCIIEPUMEHTA CJeAyeT, YTO UCCIeAyeMBbIi
TUI SMYyJabcOHHOU cucTeMbl JCH-2 oxasbpIiBaeT 3HAUUTEIbHOE BJAUAHUE HA
(punabpTpanMoHHbIe MapaMeTPhl KEPHA TOPHBIX mopok. CHuKeHue IPOHUITae-
MOCTU BOJOHACHIIIIEHHOTO KepHAa II0 BO/JIe TToCJie 3aKaYKU dOMYJIbCUOHHOMN CH-
crembl OCH-2 mocturano 124 pas. Ilpu ganpHelilleM TPeXKPAaTHOM yBeJIU-
YeHUU TPaJreHTa AAaBJIEeHUA 3HAUUTEJIbHOTO YBEJWUYEHUA IIPOHUIIAEMOCTU
3auKCUpPOBaAHO He ObLIO.

Bo BTOpOM 3KCcHepuMeHTe B He(DTeHACBIIIIeHHLIA o0pasel] KepHa AOy-
JIOBCKOT'O MECTOPOKIEHUS IMPOU3BOAMIIACH 3aKaUKa 9MYJIbCUOHHOMN CHCTe-
MbI JCH-1. OcHOBHBIE XapaKTEPUCTUKM KepHa IpeicTaBJIEHBI B TabJI. 6.
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Puc. 2. JlunaMuka rpagueHTa JaBJIE€HUA U MPOHUI[AEMOCTH KepHa
ImocJie BO3eCTBUSA IMYJIbCHOHHOM cuctembl JCH-2
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Puc. 3. 3aBucumocTs (paKTOpa OCTATOYHOTO COIIPOTUBJIEHUS 3MYJIHCUOHHON CUCTEMBI
ICH-2 oT rpagueHTa 1aBJIeHUA

Tabauua 6
OcHoBHBIE XapaKTEePUCTHKHN 00pa3ia KepHa
AOIyJI0OBCKOTO MECTOPOKICHU T
IIponunaemocTs
OtkpsiTas
MecTopo:xaenue o 110 BO3AYXY, Hdauna, cm | Jlmamerp, cm
MOPHUCTOCTH, % 3 >
1073 MEM
AOnmynoBcKoe 10,1 8,0 3 2,7

IJKcHepuMeHT mpoBoaucsa mpu Temieparype 27°C. IliacToBoe maBie-
Hue 8 MIla. Baskocts Hedptu 10,36 mIla-c.

PesyabraTsl n3aMepeHn (PUILTPAIMOHHLIX IIapaMeTPOB o0pasia Kep-
Ha II0cJIe 3aKauKu 9MyJibcoHHOU cucTeMbl JCH-1 npencrasiiens B TadJ1. 7.
INuHaMuKa rpagueHTa JaBJeHUA U IIPOHUIIAeMOCTH IPU 3aKauKe ILJIaCTOBOM
BOJBI IO 1 IOCJIe BO3AEeMCTBUA 9MYJIbcoHHOU cucTtemoit JCH-1 npuBemena
Ha puc. 4 u 5. 3aBUCUMOCTD (paKTOpa OCTATOUHOT'O COIPOTUBJIEHUS OT Ipa-
IUEeHTa JaBJIeHNs MOKa3aHa Ha puc. 6.
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Taobnuua 7

PesyabraTsl udaMmepeHuit GUIbTPAIIMOHHBIX MIApaMeTPOB
mocJie 3aKaYKu 9MYJIbCHOHHOI cucteMbl JCH-2

CrkopocTts I'paguent dazoBasdg mpoHUILA- dakTop
Homep 3aKaYKH, JaBJIEHUS, eMoCTh o He(TH, OCTATOYHOIO
MJI/MUH MIIa/m 1073 mem? CONMPOTUBJICHUS
1 0,004 10,03 0,12 9,8
0,008 13,20 0,18 6,6
3 0,017 16,90 0,29 4,1

W3 ananusa PE3YJIbTATOB 9KCIIEPMMEHTAa CJIeayeT, UYTO HaCbIIIEHHOCTDb
HOpI/ICTOfI Cpeabl MMeEeT OoIIpeaeJadroInnee SsHaudeHnue aJjd 3(1)(1)GKTI/IBHOCTI/I IIpoO-
ABJIEHUA MN30JINPYIOIIUX CBOIICTB SCH, TO €CThb ORKa3bIBaeT CYIIIECTBEHHOE
BO3,ZIGfICTBPIG Ha CIIOCOOHOCTDH OMYJBCHOHHBIX CHCTEM C HaHOUYaCTHUIlaMM
OorpaHNYNBaTh (I)I/IJIpraI_II/IIO BOJBI B 'OPHBIX IIOPOAaX. CHm:xenue IIpoHUITA-

I'pamguent gaenennst, MITa/m
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Puc. 4. JlunamMuka rpagueHTa JaBJIE€HUA U MPOHUI[AEMOCTH KepHa
JTO M IOCJIe BO3IeHCTBUSA IMYJIbcHOHHOM cuctembl JCH-1
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Puc. 5. JlunaMuKa rpagueHTa JaBJIeHUA U IIPOHUIIA€MOCTHU KepHa
mocJie BO3AeiCTBHUA 9MYJIbcHOHHOM cuctembl JCH-1
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Puc. 6. 3aBucumocTs (hakTOpa 0CTATOYHOTO COIMIPOTHUBJIEHU S IMYJIbCUOHHOMN
cucremsl JCH-1 ot rpagneHTa naBjaeHud
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eMOCTHU KepHa o He)TH II0oCJe 3aKauKi d9MYJIbcruoHHO0I cucTteMbl JCH mpu
rpaguenTe gaBiaeHusa 10 MIla/m He npessimnaer 9,8 pas. [lanbHeliliee yBe-
JUYeHUne rpagrenTa gasjaeHusa 10 16 MIla/m mpuBesio K yBeINYEeHUIO IIPO-
Humnaemoctu ¢ 0,1 1072 10 0,3 + 1073 mxMm?2.

BoiBoabl

PesyabTaThl IIpOBeAeHHBIX 3SKCIEPUMEHTAJbHBIX MCCJIeJOBAaHUMN IIO-
Kasajii, YTO SMYJbCUOHHBIE CHCTEMBbI, MOAM(MPUIIMPOBAaHHBIE HAHOUACTU-
IaMu KOJJIOUAHOM ABYOKUCU KPEMHUS, 00JIafal0OT BHICOKOU CIIOCOOHOCTHIO
K OTpaHUYEeHUNIO (puIbTPAIX BOJABI B IIOPUCTHIX cpenax. IIpu saTom 3akauka
AMYJILCUOHHBIX CHCTEM B 00Pa3Ibl TOPHBIX IIOPOJ C IIPEUMYIIeCTBeHHO He-
(bTeHaCHIIIIEHHOCTHIO He MIPUBOAUT K CHUIKEHUIO IPOHUIIAEMOCTH, a C POCTOM
repenaja TaBJeHUA B CUCTEME CIIOCOOCTBYET BOCCTAHOBJIEHUIO HAaYAJbHOMN
MIPOHUIlaeMOCTH o0pasIia mo HedTu.

Bricokasa BomoOrpaHUUYMBAIONIAA CIIOCOOHOCTH HOBBIX 9MYJIbCUOHHBIX
CHUCTEM C HaHOYACTUIIAMHU OOecIieuMBaeT CHUKeHUEe IIPOHUIIaeMOCTH IIpe-
UMYIIEeCTBEHHO BOJOHACBIIIEHHBIX TOPHBIX ITOPOJ Ha 2 ImopAaKa u 0oJiee
U MIPUBOAUT K 3aTyXaHUIO IIpollecca (puabTpamuu BOJAbI B TPEHIMHOBATHIX
IIOPUCTHIX Cpeax.

OTcyTcTBUE CPAaBHUTEJIBHO BHICOKOTO OJIOKMPYIOIero aderra mpu 3a-
KauKe 9MYJIbCUOHHBIX CHUCTEM C HAHOUACTUIIAMU B He()TeHaCHIIIIeHHbIE Kep-
HbI TOPHBIX IIOPOJ 1 BOCCTAHOBJEHME ITPOHUIIAEMOCTU IO He()TU IPU YBEJU-
YeHUU I'PaiueHTa JaBJeHUA CBUIETEIbLCTBYET O CeJIEKTUBHOCTH ITPOABJIEHU A
OJIOKUPYIOMINX CBOMCTB UCCJIEIOBAHHBIX 9MYJIbCUOHHBIX CHCTEM.

PesgyabTaThl ucciegoBaHUU MOATBEP:KAAIOT BBICOKHUU MOTEHIIHAJI
K IpUMEHEHUNIO HOBBIX SMYJbCUOHHBIX CHCTEM, MOAU(MDUIIMPOBAHHBIX Ha-
HOYaCTUIIAMM KOJIJIOWUJHOU ABYOKUCHU KPEMHUA, B KQUeCTBE CEJIEKTUBHOTO
BOJIOOTPAHMWYMBAIOIIET0 areHTa AJIs MOBBINIEeHUA d3(P(PEeKTUBHOCTU PEryJn-
POBaHUA MPOIECCOB SKCILIyaTalluM CKBaAKUH U pa3paboTKu HedTerasoBbIX
MEeCTOPOKIeHU.
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