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ABSTRACT: Colloidal systems in form of emulsions or suspensions are widely used in various of industries including oil-gas fields
development industry. Invert emulsions and suspensions are actively applied in fields development, including enhanced oil recovery,
intensification of oil production, drilling and wells workover. Results of laboratory tests for studying physical properties of hetero-
geneous systems as an emulsion system with nanoparticles and emulsion-suspension system with nanoparticles are presented
in this paper. Having unique physical and chemical properties these systems can be effectively applied in upstream of oil and gas
as a water-limiting agent or blocking pack with reversible effect. In framework of this research, laboratory tests for evaluation of
the influence of the new systems on filtration characteristics of hydraulic fractures are carried out. Laboratory tests are planned in
accordance with requirements of international standards and conducted under the closest conditions to subsurface thermal and
pressure conditions of formations Sty Abdylovskoe, S, Yugomashevskoe and YuS-2 and YuS-4 of Tortasinskoe oil-gas fields. Based
on the results, permeability and conductivity indexes of the models of hydraulic fractures before and after filtration of the new
types of colloidal systems are calculated. In order to evaluate an efficiency of the new systems and to study a possibility to regulate
its blocking properties an analysis of the impact made by a type and a quantity of nanosized solids on to the blocking properties is
carried out. An optimal concentration of nanoparticles in the compositions for a range of formation conditions of particular carbon-
ate and sandstone subsurface reservoirs of oil-gas fields of Russian Federation are represented in this paper.
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INTRODUCTION gas enterprises for new water-blocking agents and tech-
nologies of its application in hydraulically fractured wells
[10—14]. For example, to date, in Russian Federation

most of the oil and gas companies established an internal-

urrent worldwide level of development of experi-
mental methods for simulation of liquids filtration

in porous media provides opportunity to study filtration
processes with a high degree of similarity to natural condi-
tions of subsurface formations [1—9]. Continuity of im-
provement and development of this direction of experi-
mental researches determined by progress of governmen-
tal standards in the area of environmental engineering and
human health safety, as well as supported by the internal
requirements of industry enterprises to the quality of the
laboratory test results and growth of the demand of oil and

regulative requirements to the list and methods of labora-
tory tests for new chemical products. In the framework
of these requirements, a new chemical products for use
in subsurface formations must be tested on the subject
of compatibility with technological liquids, formation flu-
ids, as well as evaluated from the point of view of impact
on to the filtration-capacitance characteristics of rocks
in the closest conditions to the conditions of subsurface
formation.
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Research results represented in this paper obtained
in framework of leading the research-industrial pilot
projects for implementation of water-limiting agent in
the form of emulsion system with nanoparticles [15—18],
and blocking agent in the form of emulsion-suspension
system with nanoparticles [19] on the several oil-gas fields
of Russian Federation. Geological and physical character-
istics of the oil-gas bearing formations considered oil-gas
fields are described by significant differences in forma-
tion temperatures 22 to 98°C and formation pressures
8 to 39 MPa. With the task of simulation of the hydraulic
fractures under formation conditions the proppant grade
CarboProp 16/20 for the formations STyr Abdylovskoe,
S;asn Yugomashevskoe and CarboProp 20/40 for the for-
mations YuS-2 and YuS-4 of Tortasinskoe oil-gas fields
have been used.

METHODS AND PROCEDURES

On the materials and technological liquids preparation
stage to the laboratory tests the following colloidal systems
have been prepared: emulsion system with nanoparticles
(ESN) applied as a water-limiting agent in intensifica-
tion of oil production and the enhanced oil recovery;
emulsion-suspension system with nanoparticles (ESS)
applied in drilling and wells workover. The data about
the content of liquid and solid phases in the compositions
is shown in table 1.

Brief characteristics of subsurface formation condi-
tions for Abdylovskoe, Yugomashevskoe and Tortasinskoe
oil-gas fields is shown in the table 2.

Table 1

Nanobm

Method for calculation of the density of proppant pack

Calculation of the density of proppant pack is con-
ducted in accordance with the Russian governmental
standard GOST R 51761-2013 «Alumosilicate proppant.
Technical requirements» [20]. Tests and calculations are
conducted with taking into account the Russian govern-
mental standard GOST 8.417-2002 «Interstate standard.
State system for ensuring uniformity of measurements.
Units of measure» [21].

Experiments for calculation of the density of prop-
pant pack are carried out in room temperature. A 150 cm?
of test sample was poured into a funnel, the outlet
of which is closed by a rubber locking ball. A calibrated
cylinder was placed under the center of the outlet of the
funnel. Moving the rubber ball to the left or right, the en-
tire volume of proppants was released into the cylinder.
The excess proppant in the calibrated cylinder was care-
fully removed with a glass plate along the cylinder edge
without shaking and tamping. A calibrated cylinder with
a sample and a glass plate was weighed, and the weight
in grams was recorded.

The density of proppant pack p,___is calculated by
the following equation (1):

m__—m.
pHCH = %: (1)
where m_— total cylinder mass with sample and
plate, g;

m, — total dry cylinder mass with plate, g;
V — cylinder volume, cm’.

Content of silicon dioxide nanoparticles and water in composition of laboratory samples

Sample codename Content of nanoparticles, vol. % Content of well-Killing fluid, vol. %
ESN-1 0,5 81,5
ESN-2 1,0 71
ESS-1 0,5 89,5
ESS-2 1,5 85,5

Table 2

Brief characteristics of subsurface formation conditions for Abdylovskoe, Yugomashevskoe

and Tortasinskoe oil-gas fields

Oﬂ;lg;;:ield Formation Rock type Ef:ﬁi:i’vﬁf;&els- Temperature, °C I;::Egzzt

Abdylovskoe STyr Carbonates 8.0 27 16/20
Yugomashevskoe Seash Carbonates 8.0 22 16/20

Tortasinskoe YuS-2/YuS-4 Sandstones 35.5/39.5 97.8/98 20/40
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The arithmetic mean of the results of two parallel tests
was taken as the result of the experiment.

According to the experiment results, the pack density
of CarboProp brand proppants of the 20/40 fraction was
1.52 g/cm?, the 16/20 fraction was 1.26 g/cm?.

Method for calculation of the residual conductivity
of hydraulic facture model

Hydraulic facture model conductivity experiments
were conducted in accordance with the international stan-
dard ISO 13503-5:2006 [22].

Before the experiments, the Ohio core plates and
a technical water solution (2% aqueous solution of po-
tassium chloride) were prepared.

The plates were placed in a special cell, a void space
between the cell walls and the core plates was filled with
a two-component sealant. Next, the cell was vacuumed
for an hour, then placed in a heating oven with a tempera-
ture of 75°C for 4 hours for vulcanization of the sealant.
After extraction from the heating oven, excess of the seal-
ant was removed from the core plates, leaving a thin layer
at the ends of the core plates.

In order to prepare the technical water solution,
a 2% aqueous solution of potassium chloride was vacu-
umed for 3 hours, then nitrogen was saturated for at least
1 hour. This procedure was performed at least 3 times.

After the preparatory work, the tests to determine
the residual conductivity of the models of hydraulic frac-
tures (proppant pack) were started in the order described
below.

An Ohio core was placed in the cell for mesuring
the conductivity of the proppant pack, CarboProp grade
proppant of the appropriate fraction with the required
concentration of proppant was poured between the plates.

Nanob%

The calculation of the amount of proppant was performed
according to the equation (2):
M =6,452.C )

where M — proppant mass, g;

C — proppant load, kg/m?.

A cell with proppant and core was placed in a press,
strain gauges, fluid supply tubes and differential pressure
sensors were connected. Then a heating and stabiliza-
tion of the entire system to formation temperature was
performed. A scheme of the model of hydraulic fracture
(proppant pack) is shown in Fig. 1.

Next, the initial loading of the system to 6,9 MPa was
performed, and the assembly was checked for leaks with
a pumping pressure of 3,45 MPa. After checking for leaks,
the proppant pack was saturated with a solution of po-
tassium chloride. After holding for 12 hours, the width,
conductivity and permeability of the proppant pack were
measured at different flow rates of the technical water
solution.

The filtration characteristics of the proppant pack
were determined for an hour (until the pressure drop
was established). The conductivity of the proppant pack
was measured at flow rates corresponding to a pressure
drop of 0.01 to 0.03 kPa. Conductivity was calculated by
the equation (3):

kW, =5.554+u+Q+L/AP 3)
where kWy — proppant pack conductivity, um?ecm;
u — test fluid viscosity at test temperature, cps;

Q — rate, cm?/min;
AP — pressure drop (differential pressure), kPa;
L — length between ports, cm.

Outlet

.
N RN RSN E RSN N AR SRR AR nn e

Fig. 1. Scheme of the model of hydraulic fracture (proppant pack)
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Permeability was calculated by the equation (4):
k=100epwe Qe Le[we(AP)s WYy] (4)

where k — proppant pack permeability, um?;

u — test fluid viscosity at test temperature, cps;

Q — rate, cm®/min;

AP — pressure drop (differential pressure), kPa;

L — length between ports, cm;

Wy — proppant pack width, cm;

w — cell width, cm.

Next, the closing pressure was raised to an effec-
tive closing stress of 20 MPa, followed by exposure for
48 hours. The width, conductivity and permeability of the
proppant pack were measured at different pumping rates
of the technical water solution. The conductivity and
permeability of the proppant pack were calculated using
equations (3) and (4).

Next, the blocking composition was pumped in a vol-
ume of 200 cm?. Performed a technical pause for 2 hours.
Then, the proppant pack was washed by filtering the tech-
nical water solution in a volume of 1000 cm?® at a flow
rate of 5 cm?/min with a gradual increase in pressure at
the inlet into proppant pack to the maximum pressure or
water breakthrough with recording of dynamics.

The conductivity and permeability of the proppant
pack were measured at various flow rates of the techni-
cal water solution. The filtration characteristics of the
proppant pack were determined within an hour (until
the pressure drop was established). The conductivity and
permeability of the proppant pack were calculated using
equations (3) and (4).

After measuring the conductivity and permeability of the
proppant pack, the system was converted to atmospheric
conditions, the cells were disassembled and cleaned.

Based on the measured conductivity and permeability
before and after filtration of the blocking agent, the coef-
ficients of restoration of the conductivity and permeability
of the proppant pack were calculated using equations (5)
and (6):

KBy, = kW,,/ kW,,, (5)
Ks,=k,/k,, (6)

where I(BWy — coefficient of restoration of the con-
ductivity, %;

KB, — coefficient of restoration of the permeability, %;

kWy , — conductivity of the proppant pack before filtra-
tion of blocking agent, um 2« cm;

kWyZ — conductivity of the proppant pack after filtra-
tion of blocking agent,

um?ecm;

k, — permeability of the proppant pack before filtration
of blocking agent, um?;

k, — permeability of the proppant pack after filtration
of blocking agent, um?>.

Filtration experiments (proppant pack flooding) were
performed on the PIK-API-RP-61 software and measur-
ing complex designed to measure the following filtration
characteristics of proppant pack in required thermal and
pressure conditions:

— Long-term conductivity measurement;

— Residual conductivity measurement;

— Residual permeability measurement;

— Tests of blocking compounds and destructors under
formation conditions;

— Crush resistance.

The measuring complex allows testing at a closing
pressure of up to 100 tons, a maximum pumping pres-
sure of 10 MPa and a temperature of 150°C.

RESULTS AND OBSERVATIONS

In order to study the water-limiting properties of the
ESN used in the intensification of oil production and
enhanced oil recovery, two experiments were conducted
to determine the residual conductivity of hydraulic frac-
ture models of Yugomashevskoe and Abdulovskoe oil-
gas fields. In these experiments, the pore pressure was
3.45 MPa. The experimental conditions and the con-
centration of nanoparticles in the ESN-1 and ESN-2
systems are shown in Tables 1 and 2. Photographs of dis-
assembled hydraulic fracture models after tests are pre-
sented in Fig. 2.

The results of experiments to study the water-limit-
ing agent ESN influence on the filtration characteristics
of fracturing models of Abdylovskoe and Yugomashevskoe
oil-gas fields are shown in table 3 and Fig. 3.

According to the results of filtration experiments, it
was determined that ESN systems significantly limit fil-
tration of water in highly permeable hydraulic fracture
models fixed with CarboProp proppant fraction 16/20
(Fig. 3). The reduction in conductivity and permeability
of hydraulic fracture models is as following: for ESN-1 —
23 times; for ESN-2 — 18 times.

In order to study the blocking properties of the ESS
used in the drilling and well workover, two experiments
were conducted to determine the residual conductivity
of hydraulic fracture models of Tortasinskoe oil-gas field.
In these experiments, the pore pressure was 3.45 MPa.
The experimental conditions and the concentration
of nanoparticles in the ESS-1 and ESS-2 systems are
shown in Tables 1 and 2. Photographs of disassembled
hydraulic fracture models after tests are presented in
Fig. 4.

The results of experiments to study the influence
of the blocking agent ESS on the filtration characteris-
tics of fracturing models of Tortasinskoe oil-gas field are
shown in table 4 and Fig. 5.
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Sample ESN-1

Sample ESN-2

Fig. 2. Visual appearance of ESN-1 and ESN-2 inside the disassembled hydraulic fracture models

Table 3

Assessment of ESN influence on the filtration characteristics of fracturing models of Abdylovskoe
and Yugomashevskoe oil-gas fields

Effective Conductivity, mD «m Permeability, Darcy Permeability
somills TN ressure reduction
name fraction s ’ Before After Before After : ’
MPa times
ESN-1 16/20 8 76738 3331 1131 49 23
ESN-2 16/20 8 86307 4809 1365 77 18
86307 _
76738 | I
£ r———— 3 I I
= | | | |
£ | | | | 2 Before
= | | | |
= | | I |
5 | | I | W After
5 | I I I
s | | I I
© | | I
| : | [
I 3331 | | 4809 |
ESN-1 ESN-2

Fig. 3. Assessment of ESN influence on the conductivity
of fracturing models of Abdylovskoe and Yugomashevskoe

oil-gas fields (CarboProp 16/20)
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Sample ESS-1 Sample ESS-2

Fig. 4. Visual appearance of ESS-1 and ESS-2 inside the disassembled hydraulic fracture models

Table 4
Assessment of ESS influence on the filtration characteristics of fracturing models of Tortasinskoe oil-gas field
Effective Conductivity, mD «m Permeability, Darcy Permeabil-
e Bopran pressure ity reduc-
name fraction MPa ’ Before After Before After R, (s
ESS-1 20/40 19.9 2430 36 397 6 66
ESS-2 20/40 19.9 2480 10 389 2 237
A
2430 2480
————— =1 r———==-—-"
r | | |
i : : :
£ : | | |
a | : : : —Before
Z | | | ! o
Z | | m After
E : | | |
c |
S ! : | |
' | | |
| | | |
' | | |
I 36 k 1 10 |
ESs-1 ESS-2

Fig. 5. Assessment of ESS influence on the conductivity of fracturing
models of Tortasinskoe oil-gas field (CarboProp 20/40)

According to the results of filtration experiments, it CONCLUSION
was determined that ESS systems effectively block filtra-
tion of water in highly permeable fracturing models fixed The results of the series of carried out filtration ex-
with CarboProp proppant fraction 20/40 (Fig. 5). The  periments made it possible to study and evaluate wa-
reduction in conductivity and permeability of hydrau-  ter-limiting and blocking properties of colloidal sys-
lic fracture models is as following: for ESS-1 — 68 and  tems in forms of emulsion and emulsion-suspension
66 times; for ESS-2 — 238 and 237 times, respectively. systems with a content of solid nanosized particles
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up to 1.5 vol. %. It was determined that the filtration
of ESN and ESS systems in models of superconducting
hydraulic fractures with permeability from 397 Darcy
with proppant CarboProp fraction 20/40 for Tortasin-
skoe field up to 1365 Darcy with proppant CarboProp
fraction 16/20 for Abdylovskoe and Yugomashevskoe
oil-gas fields leads to a significant decrease in filtra-
tion parameters of the proppant pack for an aqueous
solution of potassium chloride. Thus, a reduction in
conductivity of hydraulic fracture models for proppant
16/20 is 23 times for the ESN-1 sample and 18 times
for the ESN-2 sample. For the proppant fraction 20/40
a reduction in conductivity is 66 times for the ESS-1
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PE3KOME: KonnovgHble cucteMbl B BUAE SMYNbCUIA UM CYCNEH3UIA HALWAN WNPOKOE NPUMEHEHNE B Pa3fIYHbIX OTPACAX Npo-
MBbILUSIEHHOCTY, B TOM YMCJIE B OTPACN Pa3paboTKy HedTEra3oBbIX MECTOPOXKAEHMUN. OBpaTHbIE SMYNbCUM 1 CYCMEH3MN aKTUBHO
NPVYMEHSIOTCA B MpoLieccax pa3paboTKy MECTOPOXKAEHNIA, BKIOUas Takue HamnpaBsneHus, Kak yBesimueHme HedTeoTaaum niacTos,
UHTeHcbUKauua Jo6blun HedTH, CTPOUTENBCTBO M NMOA3EMHbBIN PEMOHT CKBaXVH. B faHHOI cTaTbe NpefcTaBfieHbl pe3ynbTaTbl
N1abopaTOPHbIX SKCMEPVMEHTOB MO NCCIeA0BaHNI0 GU3NYECKUX CBONCTB reTepOreHHbIX CUCTEM [IBYX TUMOB: SIMY/IbCMOHHAas CUCTEMA
C HAHOYACTULLAMY; SMYTIbCYOHHO-CYCMNEH3MOHHAsA CUCTEMA C HAHOYACTMLAMN. [laHHbIe KOMoVAHbIE CUCTEMbI 06/1afjaloT YHMKaNbHbIMI
bUBNKO-XVIMUYECKMU CBOVMCTBAMU 1 MOTYT ObITb 3GPEKTUBHO NPUMEHUMBI B TPOLIECCaxX Pa3paboTKy MECTOPOXKAEHNIA B KaUecTBe
BOJOOMPAHNYMBAIOLLETO UM GNTOKMPYIOLLETO areHToB 06PaTMMOro AeicTBUs. B paMKax NpoBeAeHHbIX JJabopaTopHbIX IKCMEPUMEHTOB
npov3BefieHa OLIeHKa BINAHSA HOBbIX CUCTEM HA GUNBTPALIMOHHbIE XapaKTEPUCTUKM MOAENEl TPELLVH MMapaBIMyeckoro pas3pbisa
nnacra. SKCNepuMeHTbl MOCTaB/IeHbl B COOTBETCTBUN C TPEGOBaHUAMY MEXAYHAPOAHbIX CTAHAAPTOB U BbIMOJIHEHBI B YCJIOBUSAX,
MaKCMManbHO NPUONMXKEHHbIX K NIacTOBbIM TePMOBapMUecknum ycnoBram o6bekToB Gy A6pynosckoro, C,,  fOromawesckoro
1 0C-2, OC-4 TopTaCMHCKOro MecTopoXKaeHuii. Mo pesynbTaTam SKCNEPUMEHTOB paccumTaHbl KO3dGdULMEHTbI MPOHNLIAEMOCTHY
1 NPOBOANMOCTI MOAENE [0 U nocse GUbTpaLrm KOINOUAHbIX CUCTeM HOBOTO Tuna. C LieNibio OLeHKM TEXHOJIOTMYHOCTY HOBbIX
CUCTEM V1 BO3MOXKHOCTV PETYIMPOBAHUSA TaMMOHUPYIOLMX CBOMCTB MPOBEAEH aHANU3 BAUAHNWSA BAA U KOJIMYECTBA TBEPAbIX HaHO-
pa3MepHbIX YacTuL, Ha BroKMpytoLLre CBONCTBa cucTeM. [pefcTaBneHbl ONTUMAabHbIE KOHLIEHTPaALMM HAHOUYACTL B KOMMO3ULIMAX
ANA Pa3fINYHbIX YCIIOBUI KapOOHATHBIX 11 TEPPUreHHbIX MIacTOB HedTEra3oBbIX MecTopoXKaeHuii Poccuinckon Oepgepaumm.

KNIOYEBDIE CJIOBA: HaHOYaCTWLbl, BYOKMNCb KPEMHMA, SMYNIbCUOHHAA CUCTEMA, SMYJTIbCMOHHO-CYCNEeH3MOHHasA CMCTeMa, rnapo-
pa3pblB nnacTa.
ANA UMTUPOBAHMUA: Ceprees B.B., LLlapanos PP, Kyabimos A.lO., 3elirmaH t0.B., MyxameTwuH B.LL. SkcnepumeHTanbHoe nccneno-

BaHMe BNVAHUA KOMTOUAHbIX CUCTEM C HAHOYACTULAMM Ha GUNBTPALIMOHHbBIE XapaKTePUCTUKU TPELLMH rmapaBanyeckoro pas3pbisa
nnacta // HaHoTexHonorum B ctpoutensbcrae. — 2020. — Tom 12, N2 2. - C. 100-107. - DOI: 10.15828/2075-8545-2020-12-2-100-107.

BBEJEHUE

COBpeMeHHHﬁ MHUPOBOI YPOBEHb Pa3BUTUS IKC-
MepUMEHTAJbHBIX METOIOB MOIEIMPOBAHUS
buIbTpaK KUOKOCTEH B MOPUCTHIX cpelax MO3BO-
JISIET UCCIIEIOBATh IIPOLIECCH (DUIBTPALINN C BHICOKOM

CTEIICHBIO TPUOIMKEHHOCTH K TIPUPOTHBIM YCIIOBHUSIM
3aJIeraHus IMOA3eMHBIX TU1acToB [ 1—9]. ITocTossHHOE CO-
BEepIIICHCTBOBAHWE U Pa3BUTHE TaHHOTO HaIIpaBICHUS
SKCIIEPUMEHTAIBHBIX NCCIICIOBAHUI 00yCIaBIMBaeTCs
COBEPIICHCTBOBAHNEM TOCYIapCTBEHHBIX CTAHIAPTOB
B 00JIACTU TIPOMBIIIVICHHON 0€30TaCHOCTH U OXPaHBI
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OKpyXalollei cpelibl, a TaKXKe MOIIepXKUBAETCS Tpe-
0OBaHUSIMU MPOMBILJIEHHBIX TTPEATIPUSITUAN K KAaUeCTBY
pe3yJIbTaTOB JIAOOPATOPHBIX UCCIENOBAHUM U MTOCTO-
STHHO pacTyILIUM CHpPOCOM HedTerazomno0biBaolieii
MPOMBILLJIEHHOCTU Ha pa3paboTKy HOBBIX BOIOOTpa-
HUYMBAIOIIUX COCTABOB U TEXHOJIOTUI UX TTPUMEHEHUST
B ckBaxkmHax ¢ I'PIT [10—14]. K npumepy, Ha ceron-
HAIIHUHT OeHb, B Poccniickoii Denepaliny OOIBITNH-
CTBO TPEANPUITHI HehTEra3oqo0kBaAMOIICH TIPO-
MBIIIJIEHHOCTU YCTAaHOBWIY JIOKaJIbHO-HOPMAaTUBHbIE
TpebOoBaHUS K MEPEUHIO U METOIMKAM J1abopaTOPHBIX
WUCIBITAHU HOBBIX XMMUYECKUX MTPOAYKTOB. B pamkax
JMIaHHBIX TPEOOBAHUI HOBass XMMUYECKash MPOAYKIIUS,
npeaHa3HauYeHHas U1 3aKa4KU B TTOJ3EMHbIE IJIACTHI,
NIOJIKHA OBITh UCMBITAHA HA TIPEIMET COBMECTUMOCTU
C TEXHOJIOTUYECKUMM KUJIKOCTSIMU, TIACTOBBIMU (PJI1O-
UaaMu, TOPHBIMU MOPOAAMU U PACKJIMHUBAIOIIUMU
MaTtepuajiaM, a TaKXe OlleHeHa C TOUYKU 3pEHUS BIIUSI-
HUS Ha (QWIHTPAIIMOHHO-EMKOCTHBIC XapaKTEPUCTUKI
tpewuH ['PIT B ycnoBusx, MakcuMaabHO IPUOIUXKEH-
HBIX K IJIACTOBBIM.

Pesynbrarhl ucciaenoBaHuii, MpeacTaBIeHHbIE B CTa-
Th€, MOJYYEHbl B paMKaxX peajnu3allui OIbITHO-TIPO-
MBIIUIEHHBIX TPOEKTOB 110 BHEAPEHWIO BOIOOTPAHUYN-
BAIOIIIETO areHTa B BUJIE 9MYJbCUOHHOM CUCTEMBI C Ha-
Houactumamu [15—18], a Takke GJIOKHUPYIOIIETO areHTa
B BUJIE 9MYJIbCUOHHO-CYCITIEH3MOHHOM CUCTEMbI C HAHO-
yactuiamMu | 19] Ha psime HedTera3oBBIX MECTOPOXKICHUIA
Poccwniickoit ®enepamnuu. I'eomoro-dusniaeckne xapak-
TePUCTUKU HE(DTETa30HOCHBIX IJIACTOB paccMaTprBae-

Tabauya 1

MBIX MECTOPOXKICHUI XapaKTePU3YIOTCS 3HAUNTESIBHOMN
pa3HUIEH B MJIACTOBLIX TeMIlepaTypax oT 22 1o 98°C
u mapieHnsx ot 8 1o 39 MPa. C 11ebio MoaemMpoBaHUS
IJIACTOBBIX YCIOBUH TPEIINH THMAPABIMIECKOTO pa3phiBa
miacta (I'PIT) B akcIiepruMeHTaX IPUMEHSIICS IIPOITAHT
Mapku CarboProp dpakunu 16/20 mist 00beKTOB CTyp
Abnynosckoro u C;, - FOromaiueBcKoro MecTopoxie-
auii, CarboProp ¢pakuuu 20/40 mist mactoB FOC-2,
FOC-4 TopTacMHCKOTO MEeCTOPOKICHUS.

METOINYECKASA
N IMOATOTOBUTEIBHAA YACTb

Ha sTare moaroToBKu MaTepraaoB M TEXHOJIOTIC-
CKUX XHMIKOCTEH K IIPOBEACHUIO SKCIIEPUMEHTOB IIPO-
W3BOIVIIN IIPUTOTOBJICHUE CIICAYIOMINX JJA00PAaTOPHBIX
00pa3IoB KOJUTOMIHBIX CUCTEM: SMYILCMOHHAS CUCTEMA
¢ HaHOYacTUIaMU IByokucH KpemMHus (DCH), mpu-
MeHsIeMasl B KaueCTBEe BOJOOTPAaHMINBAIOIIETO arcH-
Ta B TEXHOJIOTUSIX MHTCHCU(UKAIINKA JOOBIYN HEDTH
1 YBeJIMUICHMS He(PTEOTHAUN; SMYITLCHOHHO-CYCIICH3M -
OHHas CHMCTeMa ¢ HaHOYACTUIIaMU IBYOKHMCU KPEMHUS
(BCC), npumeHsIeMast B Ka4eCTBE OJIOKMPYIOIIEH TTauKy
B IIpOIIleccax CTPOUTEILCTBA M MTOA3EMHOIO PEMOHTA
HEeTSIHBIX U Ta30BBIX CKBaXXWH. MHGbopMamus 1o co-
Iep>KaHWIO BOMHOM 1 TBepHoii (pa3 B cocTaBax 0Opas3IioB
npuBeaeHa B Taou. 1.

Kpatkas xapakTeprcTHKa IIaCTOBBIX yeaoBmit FOTo-
MalnIieBcKoro, A6aysoBckoro 1 TopracMHCKOTo HedTe-
ra30BBIX MECTOPOXICHMI ITpUBeIcHA B Ta0I. 2.

ConepxaHue HAHOYACTHIL ABYOKHCH KPEMHHS M BOJIbI B COCTABAX JA00PATOPHBIX 00Pa310B KOJUIOMIHBIX CHCTEM

HaumeHoBaHue o0pa3na

ConepxaHne HAHOYACTHIL
JIBYOKHCH KpeMHHs, % 00.

ConepxaHne MOIETH KUIKOCTH
niymenus, % o0.

BOCH-1 0,5 81,5
OCH-2 1,0 71

BCC-1 0,5 89,5
BCC-2 1,5 85,5

Tabauya 2

KpaTtkas xapakTepucTHKA IIACTOBBIX ycJaoBuii FOromamesckoro, A0ayJI0BcKOro

" Topracunckoro HedTerazoBsIx MeCTOPOKAEHUIA

ILnacTosoe 0 Opakuus
Mecropoxnaenne | O0bekr/miact | TopHbie MOpOIBI nasenne, MITa Temmepatypa, °C B —
AOnynoBcKoe CTyp Kap6oHaTHbIe 8,0 27 16/20
IOromaieBckoe Conm KapGoHaTHbIe 8,0 22 16/20
TopracuHckoe I0C-2/10C-4 TeppureHHble 35,5/39,5 97,8/98 20/40
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MeToauka onpeaeJacHust HACBINHOM MJIOTHOCTH npo-
MMaHTa

OrpenesieHe HACHIITHOM ITTOTHOCTH IIPOITAHTA TIPO-
pomuan corsacHo TOCT P 51761-2013 «ITpormaHTsl
amoMocminkatHele. Texunaeckue yciaoBust» [20]. Uc-
CJICIOBAHUS 1 pacdeThl BRIMOIHSINCH ¢ yaeToM [OCT
8.417-2002 «MexxTocymapcTBeHHBIH ctanmapT. ['ocymap-
CTBEHHAs CHCTeMa 00eCTICUeHNsI eIMHCTBA U3MEPCHMIA.
Enunanie! Benmnaun» [21].

DKCITepUMEHTHI T10 OTIPEIEICHIIO HACKITTHOM IIOT-
HOCTH IIPOTIaHTa IIPOBOAIUIN IIPU KOMHATHOI TeMIiepa-
Type. B BOpOHKY, BEIXOMHOE OTBEPCTHE KOTOPOIT OBLIO
3aKPBITO PE3MHOBBIM CTOTIOPHBIM ITAPHUKOM, HACHITIAIN
150 c™M?® mpo6BI Tt McnbITadHmii. T1o LEHTPOM BBIXOI-
HOTO OTBEPCTHSI BOPOHKM MOMEIAIN KaaTuOpOBaHHbIN
munuHap. [lepemenass pe3MHOBHIN ITAPUK BICBO WA
BIIPaBO, BEITYCKAJIN BeCh 00BEM ITPOITAHTOB B LIVUTMHIIP.
Mznuimmex mpomnaHTa B KaTMOPOBAaHHOM LIVUIMHIPE aK-
KypaTHO CHUMaJIA CTEKJISTHHOM TUIACTMHOMU 110 KPOMKE
MWIMHAPA 0e3 BCTPSIXUBAHUS U TpaMOoBaHMs. B3Bemm-
BaJIM KaJIMOpOBAaHHBIN UJIUHAP C IPOOOI U CTEKIISTHHOM
TUTACTMHOM, 3aITMCHIBAJIA MACCy B TpaMMax.

HacreImmHyto III0THOCTE O BBIYUCIISIIN 110 (hopMyIte

(1):
m_ —m

pﬂcn — 0.II. Lf o.C. . (l)

rie m — obIag Macca IUIMHIpa ¢ IPOOOT U TiTa-
CTUHOM, T;

m, — o0Ias Macca CyXoro IMJIMHIPA ¥ IUTACTHHEI, T;

V — 00beM LIMIMHIPA, CM>.

3a pe3ysibTaT ONpeneieHUil MPUHUMAIN CpeaHee
apudMeTUYeCKOe 3HaUCHUE PEe3yJIbTATOB ABYX I1apaj-
JICJIbHBIX UCITbITAHMIA.

[To pesynbraTaM MCCAEAOBAHUI HACBHIIHAS ILJIOT-
HOCTB TiporraHToB Mapku CarboProp dpakimu 20/40
cocraBmia 1,52 r/em3, a ppaxkumu 16/20 — 1,39 r/cm’.

HCI

MeToauka onpeesieHUs 0CTATOYHOI MPOBOAUMOCTH
mMozneu Tpemmunbl IPIT

DKCIEPUMEHTHI TI0 OTIPEACICHUIO TPOBOTUMOCTHI
monenu TpertuHbl ['PIT (rIpormanTHas ymakoBKa) IIpo-
BOAMJINCH corntacHo craraapry ISO 13503-5:2006 [22].

[lepen mpoBeneHNEM 3KCIIEPUMEHTOB TTPOM3BOIMIIN
TIOTOTOBKY ITacTUH KepHa «Ohio» 1 paboyero pacTBo-
pa — 2% BOIHBII PACTBOP XJIOPKIA KajIusl.

[IracTWHEI TTOMEIIaIN B CITEIIMAIBHYIO STICHKY, 3a-
TIOJTHSUTM TTYCTOTHOE IIPOCTPAHCTBO MEXIY CTCHKAMM
STYeHKM W TUIACTUHAMHU KepHA ITBYXKOMITOHEHTHBIM
repMeTUKOM. Jlajee BAKYyMUPOBAJIH STYCHKY B TCUCHHE
gaca, 3aTeM ITOMeIaIn B TepMoIIKad ¢ TeMIIepaTypoit
75°C Ha 4 yaca, 1151 ByJIKaHn3a1uu coctasa. [Tocie u3-

BJIEYEHUS TUIACTUH KepHa U3 TepMoInKada U3ITUIIKI
COCTaBa YIAISJINCh, OCTABJISASI TOHKUH CJIO O TopLiaM
oOpasua.

C 1eJIbI0 CHIKEHMST KOPPO3MOHHOM aKTUBHOCTH pa-
6ouero pacTBopa IPOBOAMIN BaKyyMupoBaHue 2% BOI-
HOTO pacTBOpa XJIOpUIa KalIus B TeYeHUE 3 4acOB, 3aTeM
MMPOU3BOAVIINA HACHIILIEHNE a30TOM B TeUeHHE He MeHee
1 gaca. /laHHYy¥O TIpOIIeAypy IPOBOIMIN HE MEeHee 3 pas.

IToce ipoBeeHUS TOATOTOBUTELHBIX paboOT Ha-
YHAJIN TIPOBEJIEHUE TECTA TT0 OITPeIeTIEHIIO OCTATOYHOMN
npoBoguMocTu Moaenu TpeuuHsl ['PI1 B ykazanHom
HITKE TIOpSIIKE.

B stueiiky miist uccienoBaHusl MPOBOAMMOCTU MPO-
MaHTHOM yITaKOBKM moMemann KepH «Ohio», Mexmy
IUTACTUHAMM 3achlnaiay poranTt Mmapku CarboProp co-
OTBETCTBYIOIIEH (DpaKIIM ¢ HEOOXOAMMOI KOHIIEHTpa-
Lyei mporranTa. Pacuer KoqmyecTBa IpoIaHTa Mpoun3-
BOIMII 110 (hopmyie (2):

M_=6,452.C, )

rae M — Macca nmpornanTa, T,

C — Harpyska Ha IIpOIIaHT, KI/M>.

Slaeiika ¢ TIpOMaHTOM M KEPHOM ITOMeIIajiach
B IIpecc, TTOICOCAMHSIINCH TaTINKHU Ie(popMaIiu, Tpyo-
KU TIogavyu (IIronaa M JaTIMKHA U3MEepeHMsI Tiepernana
nmaBieHus. [Ipon3BoaMIn HarpeB U CTAOMITM3AIIAIO BCE
CHCTEMEI 10 TIJIaCTOBOM TeMmIiepaTyphl. CxeMa MOmeIn
tpemHEI ['PI1 (TTponmaHTHOI yITakKoBKM) IIpUBEIcHA
Ha puc. 1.

Harnee Ipon3BOIMIIN TIepPBOHAYATBHOE HATPY:KCHIE
CHUCTeMBI 10 3HaueHuii 6,9 MIla, mpoBepKy repMeTny-
HOCTHU COOPKM ¢ JaBiieHneM rpokauku 3,45 MITa. ITocre
IIPOBEPKN Ha TEPMETUYHOCTH HACKHITIIAIH TTPOITAHTHYIO
ITAYKy pacTBOPOM Xjtopuaa Kanus. [1ociie BeImep:KKT
B TeueHUE 12 9acoB IIPOBOIMIN M3MEPEHNE INPUHBI,
IIPOBOIMMOCTH 1 IIPOHUIIAEMOCTH ITPOITAHTHOM YIIaKOB-
KU TIPU pa3HBIX pacxomax IMPpOKaYKy padbodero (hIona.

DuabTpallMOHHBIC XapaKTePUCTUKU TTPOTaHTHOMN
YIIAaKOBKM ONpeaessuii B TeueHue 1 4 (o crabunusa-
MU Tieperana gasiaeHus ). [IpoBoIMMOCTE IIPOITaHTHOM
VIIAKOBKHU 3aMepsUI Ha CKOPOCTSAX IMOTOKa, COOTBET-
ctBylomux nepernany gasienus ot 0,01 mo 0,03 kIla.
[TpoBomMMOCTH paccUUTHIBAIH T10 (hopMmyite (3)

kW, = 5,554+ 1 Q+ L/AP, &)

rae kWy — TIPOBOIMMOCTH IIPOITAHTHOM IaYKH,
MKM? ¢ CM;

U — BSI3KOCTH MCITBITATEIBHOM KUIKOCTH TIPUA TEM-
repartype ucibiTanus, clls;

QO — pacxom, cM’/MUH;

AP — nepenan nasneHwus, klla;

L — nvHa Mexny mopTamu, CM.

[IpoHUIIAEMOCTh pacCUUTHIBAIACH ITO (popmyite (4):
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” Sgeiika
| Kepn

L~ [TponmaHT

L e e T R T

Puc. 1. CxemaTtnueckoe u3o0pakenue Moxean Tpemunsl I'PTI

k=100+uQ+Le[we(AP)+ W], (4)

rae k — IPOHULIAEMOCTD IIPONAHTHOM MauyKM, MKM?;

U — BSI3KOCTb UCIIBITATEIBHON KUIKOCTH TP TEM-
neparype ucnbrtanus, clls;

QO — pacxon, cM3/MUH;

AP — nepenan naBneHus, kl1a;

L — mymHa MeXXIy IopTaMu, CM;

W, — mmprHa MPOIaHTHO MavuKy, CM;

W — IIApUHA TICUKH, CM.

Hanee mpon3BOIIIIN TTIOOBEM AaBJICHUS CMBIKAHUS
TPEIIVHBI 10 BEJIMINHBI 3P (PEKTUBHOTO HATIPSKCHUS
cMBIKaHUs, pasHoro 20 MI1a, ¢ mocemyrorieil BEIIepK-
Kol B TeueHMe 48 yacoB. M3mepsuin mmpuHy, IIpoOBO-
IVMOCTB U TIPOHUIIAEMOCTH ITPOTIAHTHOI YIIAaKOBKH TIPU
Pa3HBIX pacxomax IMMPOKaYKy pabodero ¢uronma. Paccun-
TBIBAJI TIPOBOAMMOCTD M IIPOHMUIIAEMOCTD ITPOITAHTHOM
nagku 1mo popmymnam (3) u (4).

[anee rnpokaunBaiIy OJIOKMPYIOILINI COCTaB B 00beEME
200 cm?. TTponsBoIMIN TEXHUYECKMIA OTCTOM B TEYEHNE
2 9acoB M MIPOLIEAYPY TPOMBIBKY ITPOTIAHTHOM YITAaKOB-
KM IIyTeM (pUIbTpalini padodero pacTBOpa B 00beMe
1000 cm® mpu pacxone 5 cM?/MUH IPU MOCTEIIEHHOM
HapallMBaHWUM JABJICHUS Ha BXOJE B TPEIIUHY IO MaK-
CHUMAJIbHOTO WJIM TAaBJICHUS ITPOPBIBA BOIBI ¢ (DMKCALIMEH
IUHAMWKU TIpoIiecca.

ITpoBoamIm n3MepeHNe MTPOBOIUMOCTHI 1 IIPOHMIIA-
€MOCTH TIPOITAHTHOM YITAKOBKM TIPH Pa3HBIX pacxomax
poKadykuy padoudero daonnga. OribTpalliOHHBIC Xa-
PAKTEPUCTUKHU TIPOITAHTHON YIIAKOBKM OIIPEICIISLINCH
B TeueHMeE | 9 (10 yCTaHOBJICHHUS TIepertaaa TaBIeHUs).
PaccunTthBaay IpoBOIMMOCTD M IIPOHUIIAEMOCTB IIPO-
MaHTHOM mavku 1mo (popmynam (3) u (4).

ITocite 3amMepa IMPOBOIMMOCTH U IIPOHUIIAEMOCTH TIPO-
TTAHTHOM YITaKOBKY CHCTEMa IIepeBOIMIACH B aTMOChep-
HBIC YCJIOBYS, TIPOU3BOANIIN Pa300PKY M OUMCTKY STICHKI.

[To nmosydeHHBIM pe3ysIbTaTaM MPOBOAUMOCTH U IPO-
HUIIAEMOCTH JI0 U TTOcsIe (DUIbTPAlliK OJIOKMPYIOIIETO
cOCTaBa MPOU3BOIUIICS pacueT Kod(hdOUIIMEHTOB BOC-
CTaHOBJICHUSI TIPOBOJAMMOCTHU U MPOHUIIAEMOCTH TIPO-
MMaHTHOM yrmakoBKu 110 dopmyiiam (5) u (6):

KBy, = kW, [ kW, (5)
Ks, =k, /k, (6)

rie KBkWy — K02(hOUIIMEHT BOCCTAHOBIIEHUS TPO-
BOIUMOCTH, %;

KB, — K05()(HUUMEHT BOCCTAHOBIEHUS TIPOHULIAE-
Moctu, %;

kWyl — IPOBOAMMOCTh Mojesin TpemuHbsl ['PII
10 IMPOKAYKHU OJIOKUPYIOILIEr0 COCTaBa, MKM? ¢ CM;

kWy2 — npoBoauMOCTb Moaesu TpetnHbl ['PIT mocie
IMPOKAYKU OJIOKUPYIOILIEr0 COCTaBa, MKM? s CM;

kl — npoHunaeMoctb Moaenu TpetnHbl I'PIT go mpo-
KauyKy OJIOKMPYIOIIETO COCTaBa, MKM?;

k2 — IIpoHMULIaeMOCTb Mojeu TpewmuHbl ['PIT mocie
MPOKAYKU OJIOKUPYIOLIEro COCTaBa, MKM?.

DubTpallMOHHBIE DKCIIEPUMEHTHI BBITIOJTHSIINCH
Ha OporpaMMHO-U3MepuTeabHoM KoMmiuiekce ITUK-
API-RP-61, npenHazHayeHHOM ISl U3MEPEHUS CIIEIY-
JOINX (VIBTPALIMOHHBIX XapaKTePUCTUK TTPOITaHTHOIM
VIIaKOBKHU B TePMOOAPUUECKHX YCIIOBUSIX:
— U3MepeHUe TOJTOBPEMEHHOM MPOBOINMOCTH;
— U3MepeHUe OCTaTOYHOU MPOBOANMOCTH;
— U3MepeHUe OCTAaTOYHOU MPOHUIIAEMOCTH;
— WCHIBITAaHUS OJIOKUPYIOIINX COCTABOB U JECTPYKTOPOB

B YCJIOBUSIX, MOACIMPYIOIINX IIACTOBEIC;
— COIPOTHUBIIEHUE pa3iaBINBaHUIO.

YcraHoBKa MO3BOJIIIa IPOBOAUTH UCHBITAHUS TIPU
JaBJieHUM cMbIKaHUs 10 100 TOHH, MaKCMMaJIbHOM JaB-
seaun mpokadku 10 MIla u remmeparype 150°C.
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PE3YJIbTATBI 1 HABJIIOAEHWA

C 1e1bI0 UCCIeNOBAHUST BOTOOTPAHUIMBAIOIINX
cBoiictB DCH, IprMeHsIeMOo#l B TEXHOJIOTUSIX WHTEH -
cudukanum 100U HeTH U yBeTMIeHNS HeTeoTnaun
TJIaCTOB, OBLTO MTPOBEICHO 1BA IKCIIEPUMEHTA TT0 OTIpe-
JIEJIEHUIO OCTATOYHOM TTPOBOIUMOCTH MOJIENIEH TPEIINH
I'PIT FOromarmeBckoro n AGIyJIOBCKOTO He(PTETa30BhIX
MEeCTOPOXJIeHU. B maHHBIX 3KCcTIepuMeHTaX MMOPOBOE

naBiieHue coctabiisio 3,45 MIla. YcinoBug npoBene-
HUS DKCIEPUMEHTOB M KOHIIEHTpallMsd HaHOYACTUIL
B cucteMax DCH-1 u DCH-2 npuBeneHsl B Ta6. 1 u 2.
®ororpacduu moxeneit TpemnH ['PIT mocne pazdopa
MIpeACTaBICHBI HA pucC. 2.

Pe3ynpraThl 5KCIEpUMEHTOB 110 MCCIICIOBAHUIO BIIH-
SHUS BogoorpaHnuunBalomiero arenta DCH Ha puiib-
TpallMOHHBIE XapaKTepUCTUKU Mopeseit TpeimuH ['PIT
MPUBENEHBI B Ta0JI. 3 1 Ha puc. 3.

Oo6pazen; DCH-1

O6pazerr DCH-2

Puc. 2. Baemanit DCH-1 n DCH-2 B Mmoaensax tpemun I'PII mocie pazoopa

Tabauya 3

Onenka siusanss OCH Ha dubTpanuonnbie xapakrepuctuku mozaeneii Tpemmua I'PIT FOromamesckoro

1 AOIYI0BCKOro He()Tera3oBbIX MeCTOPOKIEHMIA

Hauweno- | o | Hasrenne IIposonmmocts, M/I-m | Tlponnnaemocts, lapcu | Chmkenne
BaHMe 00- a l()mal:lTa B TpeIluHe, TMPOHUIIAEMO-
pasua p MIIa o ITocne o ITocne cTH, pa3

BDCH-1 16/20 8 76738 3331 1131 49 23
DCH-2 16/20 8 86307 4809 1365 77 18
A 86307
o o -
76738 I I
= r———-== - | |
x | : | |
£} | | | | =llo
5 | | |
g | : | [
g I | I | W nocne
g | | |
g | : | |
= : I I : Puc. 3. Ouenka paustanss DCH
I 3333 ' | 4809 | HA NPOBOIMMOCTDb MOJIEJI€il TPEeUH
L e 0 e I'PII A6aynosckoro u IOromamesckoro
3CH-1 3CH-2 HedTerazoBbIX MECTOPOXKAEHUI
(CarboProp 16/20)
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ITo pe3ymbpTaTaM MpoBedcHUS (PMIBTPAIIMOHHBIX
9KCIIEPUMEHTOB OIlpenesieHo, uTo cucteMbl DCH 3Ha-
YUTEIFHO OTPAHNYINBAIOT (DIIIBTPALINIO BOIBI B BBICO-
KOIIpoHUIIaeMbIX Mojaeisix TpemuuH ['PI1, 3akpernieH-
HbIX iponanToM CarboProp dpakuuu 16/20 (puc. 3).
CHIKeHe IPOBOANMOCTH 1 IIPOHMIIAEMOCTH MOJICIICH
tpemH I'PIT coctaBuio: ging DCH-1 B 23 pasa; aig
DCH-2 B 18 pas.

C menpro MUCCaeaoBaHUs OJIOKUPYIOIINX CBOMCTB
DCC, npuMeHgeMOIi B TIPOIIeccax CTPOMTEIBCTBA U MO~
3¢MHOT'O PEMOHTa He(PTSHBIX ¥ TA30BBIX CKBAXKIH, OBLTO
TIPOBEICHO JIBa SKCIIEPUMEHTA TT0 OTIPEICIICHIIO OCTATOI-

Nanob%

Hoii ipoBonuMocTu moaeneit TpeuuH I'PIT Topracunu-
CKOTO He(pTera3oBoro MeCTopoXaeHus. B maHHBIX 9KC-
nepuMeHTax ITOPOBOE JTaBJIeHNe cocTaBiisuio 3,45 MIla.
YcioBusI TIpOBEICHUS SKCITIEPUMEHTOB U KOHIICHTPALIHS
HaHouacTull B cuctemMax DCC-1 n DCC-2 npuBeeHbI
B Ta0:. 1 u 2. ®otorpacdum moxeeii TpemmH I'PTT mocite
pazbopa IIpencTaBiIeHbI Ha puc. 4.

Pe3ynpraThl 5KCIEpUMEHTOB 110 MCCIICIOBAHUIO BIIH-
sHUS 6mokmpyrotero areHTa DCC Ha GUIbTpallIOHHBIC
xapakTepuctuku moneseit tpeuyH I'PIT TopracuHckoro
HedTerazoBoro MeCTOpOXICHUS TIPUBEACHEI B Ta0J. 4
U Ha puc. 5.

Oo6pazen; DCC-1

Oopa3zen DCC-2

Puc. 4. Baemanii DCC-1 u DCC-2 B monensax Tpemmun I'PII mocie pazdoopa

Tabauya 4

Onenka Biusianst DCC Ha GpuabTpanMoHHbIe XapakTepucTHKU Moneeii Tpemud I'PIT

Topracunckoro Hed)Tera30Boro MeCTOPOKIEHHS

HaumeHo- Doaxiis JTaBieHue ITpoBomnmocts, M/l e M IIponnuaemocts, lapcu | Chmkenne
BaHHE 00- I l())nalll{Ta B TpelIuHe, TIPOHHUIIAE-
pasua p MIla o ITocne o ITocne MoCTH, pa3
DCC-1 20/40 19.9 2430 36 397 6 66
DCC-2 20/40 19.9 2480 10 389 2 237
+ 2430 2480
_____ - r——===-"
N | | |
| | | |
= : | | |
L | | | =ho
£ : | | |
S I | | : mMNocne
g | : : |
2 | | | |
S : | | |
| : : : Puc. 5. Ouenka Bmsans DCC
-S| (10 | HA NPOBOAMMOCTH MoJeNeil TpemuH
acc1 3CC-2 I'PII TopracuHckoro He)Tera3oBoro
Mectopoxaenus (CarboProp 20/40)
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I[To pesynbpraTaMm IpoBeaeHNUST (DUITBTPAITMOHHBIX 9KC-
TMEPUMEHTOB orpeneneHo, 4To cucteMbl DCC addek-
THUBHO OJIOKMPYIOT (DMIBTPAIINIO BOIBI B BEICOKOIIPO-
HuLaeMbix Moaesisax TpetuH ['PIT, 3akperieHHbIX TTpo-
maaToM CarboProp dpakumm 20/40 (puc. 5). CHIKeHIe
TIPOBOIUMOCTH W IIPOHUIIAEMOCTH MOJIEJIeil TpeIIunH
I'PIT cocrasaster: st DCC-1 B 68 u 66 pas; mia DCC-2
B 238 1 237 pa3 COOTBETCTBEHHO.

3AKTIOYEHUE

Pe3yabTaThl KOMITIEKCA ITPOBEACHHBIX (DIIIBTPAII-
OHHBIX 9KCIICPIMEHTOB ITO3BOJIMIIN UCCIICA0BATh 1 OlIe-
HUTH OJIOKUPYIOIINE CBOCTBA KOJJTIOMIHBIX CUCTEM,
TPEICTaBJICHHBIX SMYJIbCHOHHBIMU 1 SMYIbCHOHHO-
CYCITEH3MOHHBIMU CUCTEMaMU C COIePKaHIEM TBEPIbIX
HaHOpa3MepHBIX YacTull 10 1,5% 006. OmpeneneHo, 4To
dumpTpanus cuctem DCH u DCC B MOAEISIX CBEPXITPO-
BomuMbIX TperwH I'PIT ¢ mpormitaemoctsio ot 397 lapcu
npu riporntaHTe CarboProp dpaxmmu 20/40 mnsa Topra-
CHMHCKOTO MecTopoxaeHus 10 1365 Jlapcy ripy riporaHTe
CarboProp dpakumu 16/20 nist A6aysioBckoro u FOroma-

CIINCOK JIMTEPATYPLI

LIEBCKOTO MECTOPOXKIECHUIA IIPUBOIUT K CYLLIECTBEHHOMY
CHIDKEHUIO (DUIIbTPALIMOHHBIX [TAPAMETPOB IIPOIIAHTHOM
YIaKOBKU 10 BOAHOMY pacTBOpY xjiopuaa Kanus. Tak,
CHIIKEHME MPOBOAMMOCTHY Mozeneit TpemnH ['PTT mrg
nponanTa ppakumu 16/20 cocrasnsiet 23 pasa mj1st oopas-
ma OCH-1 n 18 pa3 ms oopasia DCH-2, a g mporanTa
dpaxumu 20/40 66 pas gist oopasua DCC-1 u 237 pa3 wis
o6pasia DCC-2. JlaHHbIe pe3yabTaThl CBUIETEIBCTBYIOT
0 IOTEHLIMAILHO BBHICOKOM TEXHOJIOrMYeCcKoi adek-
TUBHOCTH IIPUMEHEHUS pa3paboTaHHbIX cucteM DCH
1 DCC B TaKUX IIpolieccax pa3padoTKI MeCTOPOXKICHUIMA
KaK MHTeHCU(UKALVS J00bIYY He(TH, YBEJIUYEHIE He-
¢TeoTmaum, CTPOUTETBCTBO M TTIOA3EMHEIN pEMOHT He-
(bTIHBIX U ra30BbIX CKBAXWH. B 3aBUCHMOCTH OT 1ie/in
MIPUMEHEHUSI CUCTEM, PEllaeMbIX 3a1a4 U IUIACTOBBIX
YCIIOBUI ONTUMaIbHAS KOHUEHTPALMS HAHOYACTULL TS
DCH moxet HaxonuThes B nHTepBase ot 0,5 1o 1,0% 06.,
a st DCC B unrepsasie ot 0,5 10 1,5% 06. OgHako onTu-
MaJTbHBIC KOHIICHTPALIMK KaK TBePIOi, TaK 1 KUIKUX (a3
JAHHBIX CUCTEM [IOJIKHBI ObITh YTOYHEHBI 10 pe3yJIbTaTaM
OIBITHO-ITPOMBIIIEHHBIX UCIIBITAHUI U TPOMbILILIEHHO-
ro MacCIUTaOMPOBAHMS HOBBIX CUCTEM.
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