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«Nanotechnologies in Construction» is a peer-reviewed journal.

The main aim of the Journal is to provide information support for the process of invention and practical application of sci-
ence intensive technologies (mostly nanotechnological products) in construction, communal and housing services, joint areas
(industry, power et al.).

The main tasks:

«  Providing scientists and specialists from different countries with the opportunity to publish the results of their research and
receive information about modern technologies and materials, high-performance equipment in construction, communal and
housing services, joint areas (industry, power et al.).

- To provide information support and participate in the events (forums, conferences, symposia, workshops, exhibitions,round
tables etc) devoted to nanoindustry and problems of application of nanoindustry in construction and housing and communal
services, which are perspective and of great importance.

The Journal has been published since 2009. Frequency: bimonthly.

These are the topics of the papers published in the journal: creation of new functional materials; nanostructured systems
strength and penetrability formation theory development; the problems of nanomaterials and nanotechnologies implementation
in construction and building materials; diagnostics of building systems nanostructures and nanomaterials; technologies aimed
at studying nanomaterial properties; technological principles of nanostructures creation (liquid melts, sol and gel synthesis). The
topics may be different, directly or indirectly related to the areas mentioned above.

The journal can also publish: original papers; reviews; discussing materials, comments, other information materials.
The language of publication: English; Russian.

The edition’s readers and authors are:

« students, lecturers, post-graduates and people working for doctor’s degree;

« scientists and specialists of research institutes and nanotechnological centers;

« heads and specialists of the institutions, organizations and factories from the sphere of construction and housing and com-
munal services;

+  scientists and specialists of the industries which are adjacent to construction;

« experts of the enterprise-producers manufacturing nanoindustrial output.
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HAHOTEXHOJIOTMWX B CTPOUTENbCTBE: HAYYHbIN MHTEPHET-XKYPHA
NANOTECHNOLOGIES IN CONSTRUCTION
NANOTEKHNOLOGIIV STROITEL'STVE ISSN 2075-8545 (online)

«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.

OCHOBHOI1 LieNblo XXypHana ABnsaeTcA MHGpopMaLMOHHOe obecrneyeHne NpoLecca CO3faHNA U BHeAPEeHUA B Mpe HayKo-
eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3agaun:

« [pepocTaBrieHrie yYeHbIM 1 CrelmnannucTam 13 pasHblX CTpaH BO3MOXHOCTM Ny6MKoBaTb pe3ynbTaTbl CBOMX UCCIef0BaHWUI
1 nosyyatb MHGOPMALIMIO O COBPEMEHHbBIX TEXHONOMMAX 1 MaTepurarnax, BbiIcokoaddeKTrBHOM 060pyaoBaHMM B 0611aCTLN CTPO-
NTENbCTBA, XUINLLHO-KOMMYHASIbHOTO XO3ANCTBA, CMEXHbIX OTpacsiel (MPOMbILLIEHHOCTH, SHEPreTUKN 1 ap.).

«  WHdbopmaumoHHaa noanepKKa 1 yyactme B MeponpusaTuax (bopymax, KoHbepeHUMaAX, CUMMNOo3nyMax, CEMUHapax, BbiCTaBKax,
KpYrblX CTONax U T.4.) 0 HAHOVHAYCTPUU U MPUKIAAHbIM BOMPOCaM HAHOTEXHONOTMMIA B 061aCTV CTPOUTENBCTBA U XKUSNLLHO-
KOMMYHaNbHOTO X03ANCTBa, UMEIOLLMX aKTyalbHOe 1 NepcrneKTUBHOE NPaKTUYecKoe 3HaYeHue.

KypHan nspaetca c 2009 ropa. NepnoanYHOCTb — 6 HOMEPOB B oA,

B xypHane ny6nunkyiorca pa6oTbl o cieAyloWmnM TeMam: CoO3AaHNne HOBbIX GyHKLMOHaNbHbIX MaTepuanos; pa3paboTka Teo-
pyn $OPMMPOBAHMA MPOYHOCTU N HEMPOHULLAEMOCTV HAHOCTPYKTYPUPOBAHHBIX CMCTEM; NPOGIEMbl MPYIMEHEHUA HaHOMaTepw-
arnoB 1 HAHOTEXHOMOT U B CTPOUTENbCTBE U CTPOMUTENbHBIX MaTepuranax; AUarHOCTVIKa HAaHOCTPYKTYP U HaHOMaTepranoB CTpou-
TeNbHbIX CUCTEM; TEXHONOTUW UCCIIe[0BaHNA CBOMCTB HAHOMATEPMASIOB; TEXHONOTMMYECKME NPVHLMMbBI CO3AaHUA HAHOCTPYKTYP
(pacnnasbl, 30Nb-renieBbli CMHTE3 U Ap.). TemaTnKa CTaTell MOXeT OblTb UHOW, MPAMO U KOCBEHHO CBA3AHHOW C MEPEUNCIIEHHBIMA
HanpasieHNAMM.

KypHan npuHMmaet K ny6nukaumnm: opurviHanbHble cTaTbi, 0630pbl, ANCKYCCMOHHbIE MaTepurasbl, KOMMEHTapun, Apyrue nH-
bopmaLMoHHbIe MaTepranbl.

A3bIK N3paHNA: PyCCKNN; aHIMNNCKNIA.

ABTOpamMu 1 YMTaTENAMU N3AAHUA ABNAIOTCA:

+  CTYAEHTbI, NperofasaTeny, acnpaHTbl U JOKTOPaHTbI BY30B;

+  Y4YeHble 1 CeunanmncTbl HayYHO-NCCIE[0BATENbCKUX UHCTUTYTOB U HAHOTEXHOMOTMYECKIX LIEHTPOB;

«  PYKOBOAMTENW U CMELMaNNCTbl YUPEXAEHNI, OPraHmn3aLmin 1 NPeanpuaTUin CTPOUTENBHOTO KOMIIEKCA U XKUULLHO-KOMMY-
HasIbHOrO XO3AICTBa;

+  y4eHble U CNeLNanncTbl CMEXHbIX CO CTPOUTENIbCTBOM OTpacheit;

«  3KCMepTbl GYPM-NPOUN3BOAUTENEN NPOLAYKLN HAHOVHAYCTPUN.

PEOAKLMA

IMABHbIV PEAAKTOP - I'YCEB Bopuc BnagumupoBsuy, -p TexH. Hayk, npodeccop, 3aBeayowuii kageapon «CTpouTenbHble matepu-
anbl U TEXHONOMMN» POCCMINCKOrO yHMBEpCUTETa TPAHCNOPTa, Npe3naeHT POCCMNCKon nHxeHepHom akagemmm n MexgyHapoaHON NHxe-
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ABSTRACT

Introduction. The research is aimed at obtaining a lime composition and coating based on it for the restoration of cultural heritage
sites. Materials and methods. We used for study slaked lime (fluff) with an activity of 83%. Sunbo PC 1021 (a superplasticizer based
on polycarboxylate ether), MasterGlenium 115 and Sika ViscoCrete-226 P were used as plasticizing additives. The cohesive strength
of the coatings was determined by the axial tensile strength. Rheological properties were assessed by plastic strength, which was
determined using a KP-3 conical plastometer. Results and discussions. It was revealed that the introduction of polysaccharide ad-
ditives contributes to a sharp increase in plastic strength compared to the control composition. The additive Sika ViscoCrete-226 P
has the greatest plasticizing effect. It was revealed that the qualitative mineralogical composition of lime composites is the same.
However, analysis of X-ray diffraction patterns indicates an increase in the intensity of CaCO, reflections, which indicates an increase
in the carbonization front. Control samples contain higher amounts of portlandite. A slight increase in the width of the CaCO, peaks
is observed, which indicates the possible introduction of organic molecules into the calcite composition. A change in the parameters
of the crystal lattice was established in samples prepared with slaked lime in the presence of polysaccharides. Conclusion. The ab-
sence of chemical interaction between lime and polysaccharides has been established. It has been shown that coatings based on
lime compositions with the addition of polysaccharides are characterized by higher cohesive strength. A change in the parameters
of the crystal lattice was established in samples prepared with slaked lime in the presence of polysaccharides.

KEYWORDS: lime binder, polysaccharides, structure formation, plastic strength, cohesive strength.
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INTRODUCTION

Lime compositions are widely used for the restoration
of cultural heritage sites [1, 2]. To increase the dura-
bility of coatings based on lime finishing compositions,
various modifying additives are introduced into their
formulation. To increase the durability of lime coatings,
works [3] proposed introducing synthesized hydrosilicates
(HSS), silicic acid sol [4—7], synthesized hydroalumino-
silicates [8], and organomineral additives [9, 10] into the
formulation. To restore historical masonry, it is proposed

© Loganina V.l, Garkina I.A.,, Tkach E. V., Stepina |. V., 2024

in [11—14] to use lime compositions, the formulation of
which includes metakaolinite. Of interest is the use of
polysilicate mortar in lime compositions for restoration
and finishing of building walls. Polysilicates are a disper-
sion of colloidal silica in an aqueous solution of alkali
metal silicates. Studies have shown the effectiveness of
using polysilicate mortar in lime compositions as a modi-
fying additive [15, 16].

In [17, 18], a proposal was made to use lime compo-
sitions in the formulation of which organic components
(polysaccharides, proteins and fatty acids) are introduced
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as part of the implementation of restoration projects.
The authors determined that the introduction of animal
glue as an additive increases the mechanical strength of
the solution by 2 times, increases the carbonization front
by 2 times, and reduces porosity and pore size. In the Old
World, plant extracts, glutinous rice, fruit juices, oils,
and animal fats were added to slaked lime to improve
the properties of lime mortars and plasters [19—20]. For
example, in his book De Architectura, Vitruvius indicated
that oil (Oleo subacta) should be added to lime to make
the mortar waterproof. In the Americas, there is ample
ethnohistorical, archaeological and analytical evidence
for the use of plant extracts by the ancient Maya stone-
masons.

Despite a significant amount of research devoted to
methods for increasing the durability of lime composites,
many issues of ensuring their durability, especially during
the restoration of cultural heritage sites, remain unsolved.
It is of interest when developing a formulation for a lime
composition to use a biomimetic method, which consists
in obtaining a lime composite with meso-nanostructural
characteristics corresponding to calcite biominerals. This
will significantly increase the operational durability of the
restoration material.

MATERIALS AND METHODS

The work used slaked lime (fluff) with a true density
of 2230 kg/m?, bulk density of 280 kg/m?, activity of 83%,
with a specific surface area Ssp of 559 m?/kg.

Water-soluble modified polysaccharides Atren Cem
LV and Atren Cem NV (TU 2458-062-63121839-2014)
were used as an organic additive.

The additives used as plasticizing additives were
RS 1021 (superplasticizer based on polycarboxylate
ether), MasterGlenium 115 and Sika ViscoCrete-226 P.
The amount of plasticizer was 1% by weight of lime. The
water-lime ratio W/L in all compositions was W/L = 1.0.
Additives were introduced along with the mixing water.

Table 1

Nanobm

The cohesive strength of the coatings was deter-
mined by the axial tensile strength on samples measuring
10x10x%50 mm and calculated using the formula

R, =—, 1

where P is taken to be the destructive force, N; F is
cross-sectional area of the sample before testing, m?>.

Rheological properties were assessed by plastic
strength, which was determined using a KP-3 conical
plastometer.

Studies of the mineralogical composition were car-
ried out using a D8Advans powder diffractometer (Ger-
many), (CuKa radiation, sample rotation, continuous
(1 deg/min), step-by-step (0.02° step, 10 s exposure)
modes in the angle range 20 = 5°—100°) [17]. When
identifying phases, we used the ICDD PDF2 and Crys-
tallography Open Databasel

RESULTS

It has been established that the introduction of the
addition of Atren Cem LV and Atren Cem HYV polysac-
charides contributes to a sharp increase in plastic strength
compared to the control composition by 1.5 times at the
time of mixing. The introduction of Sunbo PC 1021 plas-
ticizer into the lime mixture helps reduce plastic strength.
At the time of mixing, the plastic strength of the control
composition was 105 kPa, and with the addition of Atren
Cem LV and the plasticizer Sunbo PC 1021 — 58 kPa.
The plasticizing effect of the Sika ViscoCrete-226 P ad-
ditive at the initial moment of hardening is the same as
the effect of the Sunbo PC 1021 additive, however, after
8 hours of hardening, the plasticizing effect of the Sunbo
PC 1021 additive decreases, the plastic strength of the
composition becomes equal to the composition with the
MasterClenium 115 additive, while compositions with
with the addition of Sika ViscoCrete-226 P they retain
a low plastic strength of 85 kPa (Table 1).

Plastic strength of lime composition with the addition of polysaccharides Atren Cem LV

Compound Plastic strength value, kPa

Lime+water, W/L=1.0 105
composition with the addition of Atren Cem LV 1% by weight of lime, W/L = 1.0 149
composition with the addition of Atren Cem LV and plasticizer Sunbo RS 1021,

_ 58
W/L=1.0
composition with the addition of Atren Cem LV and plasticizer MasterClenium 76
115, W/L=1.0
cocTtas ¢ nooaskoii Atren Cem LV u mactugukaropoM Sika ViscoCrete-226 P,
W/L = 1,0 composition with the addition of Atren Cem LV and plasticizer Sika 56
ViscoCrete-226 P, W/L=1.0
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In Fig. 1-3 show diffraction patterns of the samples —  composition is the same. However, analysis of diffraction
control and with the additive. Analysis of the data given  patterns indicates an increase in the intensity of CaCO,
in Table 2 indicates that the qualitative mineralogical  reflections, which indicates an increase in the carboniza-
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Fig. 1. X-ray diffraction pattern of lime composite (control composition)
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Fig. 2. X-ray diffraction pattern of lime composite (with the addition of Atren Cem HYV polysaccharide)
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Fig. 3. X-ray diffraction pattern of a lime composite (lime slaked in the presence of the addition of Atren Cem HV

polysaccharide)
Table 2
Mineral content of lime composites
Mineral content(peak intensity ratio)
Compound
CaCO,(I/Ic) Ca(OH),(I/Ic) SiO,(I/Ic)

control 87.4064% (3.74) 3.1247% (3.530) 4.1834% (4.810)

Slakedin the presence 92.2662% (3.490) 2.1550% (3.840) 2.1778% (4.520)
With additive 88.8736% (3.74) 2.9287% (3.840) 2.9404%(4.810)

Crystal lattice parameters
CaCo, Ca(OH), SiO,
control
a 4.98700 3.58440 4.90000
c 17.05800 4.89620 5.40000
Slaked in the presence of an additive
a 4.99100 3.58620 4.91580
c 17.06200 4.88010 5.40910
With additive

a 4.98700 3.58620 4.91000

c 17.05800 4.88010 5.40000
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tion front. The control samples contain a larger amount of
portlandite, amounting to 3.1247%. In samples prepared
with lime slaked in the presence of an additive, the con-
tent of portlandite is only 2.155% and in samples prepared
with an additive — 2.9404%. Obviously, due to the water-
retaining effect of the additive, more favorable conditions
are created for the carbonization of lime. The amount of
calcite in control samples is 87.4%, in samples prepared
with slaked lime in the presence of an additive — 92.266%
and in samples prepared with an additive — 88.87%.

Due to the amorphous structure, organic substances
are not identified on the x-ray diffraction pattern.

A slight increase in the width of the CaCO, peaks is
observed, which indicates the possible introduction of or-
ganic molecules into the calcite composition. A change in
the parameters of the crystal lattice was established in the
samples, especially those prepared with lime slaked in the
presence of polysaccharides. Samples of limestone based
on lime, slaked in the presence of polysaccharides, dem-
onstrate higher crystal lattice parameters ¢ and a com-
pared to calcite of the control composition (Fig. 1-3, and
Table 2). This indicates the presence of organics in the
form of intracrystalline occlusions in the sample.

Additionally, IR transmission spectra of the samples
under study were obtained (Fig. 4) using an FSM 1201 IR
Fourier spectrometer (Infraspek LLC, Russia). The sam-
ples were prepared in the form of tablets pressed with
potassium bromide at a mass ratio of x:10x, where x is the
mass of the initial sample, 10x is the mass of KBr. The
samples were not degassed during the pressing process.

v

Measurements were carried out in the spectral range 450—
4050 cm~! with a spectral resolution of 4 cm~'. For ease of
perception, the IR spectra were normalized and additively
shifted relative to the zero point along the ordinate axis.

Analysis of the IR spectra presented in Fig. 4 shows
that the studied samples 2 and 3 are characterized by the
presence of a significant number of absorption modes
corresponding to their expected chemical composition —
Ca(OH), + CaCO,. The infrared absorption spectra with
maxima at 1424 cm™' are due to the CO, group in calcite
crystals. There is also an intense narrow absorption band
in the region of 876 cm™', characteristic of calcite. The
higher intensity of the peak in the region of 876 cm™!
indicates a higher content of calcite in the sample with
the addition of Atren Cem HV. Obviously, due to the
water-holding capacity of polysaccharides, more favor-
able conditions are created for the carbonization of lime.

Analysis of the IR spectra shows that sample 3 is
characterized by the presence of a number of absorp-
tion modes corresponding to organic components, as
evidenced by the C—H stretching vibration bands at 2970
and 2870 cm™'.

The pronounced intensity of the absorption band with
a maximum of 1650 cm~', corresponding to the defor-
mation vibrations of H—O—H, indicates the presence of
water in an unbound form in the water-soluble modified
polysaccharide Atren Cem HV (sample No. 1) and in
the control sample (without additive) (sample No. 2).
The introduction of the Atren Cem HV additive (sample
No. 3) does not lead to the emergence of new vibrational
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Fig. 4. IR transmission spectra of the studied samples: 1 — water-soluble modified polysaccharide Atren Cem HV;

2 — control composition; 3 — composition with the addition of polysaccharide Atren Cem HV
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Table 3
Tensile Strength of Lime Specimens
Compound Tensile strength, MPa
Curing age 28 days
Control (lime+water) 0,22
Composition with the addition of Atren Cem LV in an amount of 1% by weight of lime 0,24
Curing age 3 months
Control (lime+water) 0,264
Composition with the addition of Atren Cem LV in an amount of 1% by weight of lime 0,47
Composition with the addition of Atren Cem LV in an amount of 0.5% by weight of lime 0,379

modes or a noticeable shift in the absorption maximum of
those already present, which suggests the absence of their
chemical interaction. An interesting feature of sample
No. 3 is the almost complete disappearance of the ab-
sorption peak at 1650 cm~' and a noticeable increase in
the intensity of the absorption band 3100—3650 cm',
corresponding to the symmetrical stretching vibrations of
OH groups and Ca—OH. This feature, apparently, may
indicate that the introduction of a polysaccharide additive
into slaked lime helps to reduce the concentration of free
water in the material.

The results of assessing the cohesive strength of coat-
ings are given in Table 3.

The results obtained indicate that lime compositions
with the addition of Atren Cem LV polysaccharides are
characterized by higher cohesive strength. As the age of
hardening increases, the increase in cohesive strength of
samples with the addition of synthetic polysaccharide
Atren Cem LV is more pronounced. Thus, at the age of
28 days of hardening, the cohesive strength of samples
based on the control composition is R 0.22 MPa, and with
the addition of a polysaccharide — 0.24 MPa. At the age
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CTpyKkTypoo6pa3oBaHMe N3BeCTKOBbIX KOMMNO3VTOB
c po6aBKamu nonvcaxapupos

BaneHTuHa MiBaHOBHa JloraHuHa'* (2}, UpnHa AnekcaHgpoBHa lapbkuHa' (), EBreHna BnagnmuposHa Tkau? (0},

WpwuHa BacunbeBHa CtenunHa?

' MeH3eHCKMI roCYyAapCTBEHHDbIN apXUTEKTYPHO-CTPOUTENbHBIV YHUBEpcUTeT, [MeH3a, Poccna
2 HaumoHanbHbIN nccnenoBaTenbckmii MOCKOBCKMI rOCyapCTBEHHDbIV CTPOUTENbHBIN YHBepcuTeT, MockBa, Poccua
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AHHOTALINA

BBepgeHue. VccieqoBaHvie HanpaBneHo Ha NoyyYeHne N3BECTKOBOrO COCTAaBa U MOKPLITUS HA ero OCHOBE AJ1sl pecTaBpaLyii O6beKToB
KynbTypHOro Hacneaus. MaTepuanbl n meTtogbl. B paboTe npriMeHANN ralieHyo n3BecTb (MyLLOHKa) akTUBHOCTbIO 83%. B KauecTBe
nnacTrorumpyroLLyx 4o6aBoK NpuMeHanv fobasku Sunbo PC 1021 (cynepnnactuédmkatop Ha OCHOBE NOMKapOOKCHNaTHOro 3¢umpa),
MasterGlenium 115 u Sika ViscoCrete-226 P. KoresnoHHyto NpoYHOCTb NOKPbITUIA Onpesensnm no nokasaTesto NPOYHOCTY Ha 0CeBOe
pacTaxkeHune. Peonormyeckne CBOMNCTBa OLEHMBAsM MO NoKa3aTesnto NaacTMYeCcKom NPOYHOCTY, KOTOPYIO onpeaensanm C MOMOLbIo
KoHUuyeckoro nnactomerpa Kr-3. PesynbTaTbl n 06cyKaeHNA. BbiABeHo, 4To BBeeHUe [Jo6aBKM Noimcaxapuaos cnocobctayet
pe3KOMy MOBBILLIEHMIO MIACTMYECKON MPOYHOCTU MO CPABHEHNIO C KOHTPOJIbHbIM COCTaBOM. Hanbonbwym nnactudrumpyowmnm
3bdekTom obnagaet fobaska Sika ViscoCrete-226 P. BbisiBNeHO, UTO KaUeCTBEHHbI MUHEPaNormMyeckunin COCTaB N3BECTKOBbIX KOM-
MO3MTOB OfNHAKOBbIN. OHAKO aHAIN3 PEHTTEHOrPaMM CBUAETENbCTBYET 06 YBENINYEHNN MHTEHCMBHOCTM oTpaxeHuin CaCO,, uto
CBUAETENbCTBYET 06 yBENMUeHUr GpoHTa KapboHM3aLmn. B KOHTPONbHbIX 06pa3Lax coaepKUTcs Gosbliee KONMUYECTBO NOPTIAHAUTA.
HabniopaeTca HekoTopoe yBennyeHne wipykbl inkos CaCO,, uTo CBUAETENbCTBYET O BO3MOXHOM BHEAPEHIV OPraHNYECKX MOMEKy
B COCTaB KasibLuUTa. YCTAaHOBJIEHO M3MEHEHME NapaMeTPOB KPUCTANNIMUECKO peLleTK B 06pasLiax, MPUroToBAEHHbIX Ha N3BECTY,
ralleHHOW B NpUCYTCTBMM Nonncaxapugos. BoiBogbl. YCTaHOBIEHO OTCYTCTBUE XMMUYECKOTO B3aMOAENCTBUNA MeXay N3BECTbIO
1 nonvcaxapugamu. lokaszaHo, YTO MOKPbLITUSA HA OCHOBE M3BECTKOBbIX COCTABOB C A06ABKOW MOSIMCAXapu0B XapaKTepusyoTcs
6onee BbICOKOI KOre3VIOHHOM MPOYHOCTbIO. YCTAaHOBIEHO U3MEHEHWEe NMapaMeTPOB KPUCTaNIMYeckol pelleTk B obpasuax, npu-
rOTOBJIEHHbIX Ha M3BECTU, FalleHHON B NPUCYTCTBMMN NONMCaxapuaos.

KJTIOYEBDIE CJIOBA: n3BecTKOBOE BsiXKyllee, Nonncaxapuibl, CTPYKTypoobpa3oBaHme, niacTmyeckas NpoYyHOCTb, KOre3moHHas
NPOYHOCTb.

BNNATOAAPHOCTMW: PaboTa BbiNnonHANACk B paMKax BbiNofHeHWs rpaHTa OTpacneBoro KoHcopumyma «CTpoUTeNibCTBO 1 apXmUTeK-
Typa» Ha npoBefeHne dyHAaMeHTaNnbHbIX U NPUKNaAHbIX HayYHbIX uccnegoBaHmuin (orosop Ne MIYAC/K-24).

ana uMTUPOBAHUA:

JNloranuHa B.M., FapbkuHa W.A., Tkau E.B., CtennHa W.B. CTpyKTypoobpa3oBaHme 13BECTKOBbIX KOMMNO3UTOB C fo6aBKaMu nonmcaxa-
pugos // HaHoTexHonornm B ctpoutenbetae. 2024. T.16, N93. C. 211-217. https://doi.org/10.15828/2075-8545-2024-16-3-211-217. -
EDN: DDCSZB.

BBEAEHUE

JIST pecTaBpalliy I POKOEe ITpUMEHEHNE HaXOIsIT
Z[I/BB@CTKOBBIC coctaBhl [1, 2]. ST TTOBBINIEHUS
CTOMKOCTY TTOKPBLITHIT HA OCHOBE M3BECTKOBBIX OTJIE-
JIOUHBIX COCTaBOB B UX PELENTYPy BBOAST pa3INuHbIe
MonuduIMpytolme 100aBKu. 151 TIOBBIIIIEHUS CTOMKO-
CTU U3BECTKOBBIX IMTOKPHBITHIA B padboTax [3] mpemIokeHO
BBOJUTH B pELIENITYPY CUHTE3UPOBAHHBIE TUIPOCHIINKA-

© JloraHuHa B.M., TapbkinHa U.A., Tkau E.B., CtennHa U.B., 2024

1Bl (I'CK), 3011 KpeMHMEBOM KUCIOTH [4—7], cuHTe-
3UPOBAaHHBIC TUAPOATIOMOCIINKATHI [8], opraHoMMHe-
panpHbIe 106aBKH [9, 10]. 17151 BOcCTaHOBIICHMS ICTOPH-
yecKuX Kiajgok B [11—14] npemmaraeTcs UCITOIb30BaTh
M3BECTKOBOE COCTaBHI, B PEILIETITYPY KOTOPBIX BBEICH
MeTakKaoauHUT. [IpencTaBiseT nHTepec MpUMeHeHUE
B M3BECTKOBBIX COCTaBaX IJI PeCTaBpalliM U OTHCIKHU
CTEH 3IaHU MTOJUCIIIMKATHOTO pacTBopa. [lommcmnm-
KaTHI IIPEICTABIISIIOT COO0M TUCIIEPCUI0 KOJUTOUMTHOTO
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KpeMHe3eMa B BOTHOM PacTBOPE CHIIMKATOB IIEIOTHBIX
MeTtajuioB. [IpoBemeHHBIC MCCIeIOBAHUS TTOKA3aIH 3¢-
(beKTMBHOCTD MPUMEHEHUSI TTOIMCIIMKATHOTO pacTBopa
B U3BECTKOBBIX KOMIIO3HUIINASIX B KAUeCTBE MOIU(PUIIN-
pyroieit nodasku [15, 16].

B pa6ore [17, 18] BHeceHO npemIoKeHE B paMKax
peam3a pecTaBpalliOHHBIX IIPOCKTOB HCTIOIb30BaTh
M3BECTKOBBIE COCTABBI, B PELIENITYPY KOTOPBIX BBOISTCS
OpraHmYeCcKne KOMIIOHEHTHI (TTOJIMcaxXapuIbl, OCJIKHI
¥ KUPHBIC KNCIOTHI). ABTOpaMU OIIpeeIeHO, YTO BBE-
JICHIE XXUBOTHOI'O KJIesI B KAYeCTBE 1OOABKU ITOBBIILIAET
MEXaHNIEeCKYIO IIPOYHOCTD PAacTBOpA B 2 pa3a, YBeJIMUN-
BaeT B 2 paza (ppoHT KapOOHM3AINY, YMEHBIIIACT ITOPH-
crocTh 1 pa3mep 1mop. B Ctapom CBete pacTUTETBHBIC
9KCTPAKTHI, KJICHKUI prc, (DPYKTOBBIC COKM, MaclIa, X1-
BOTHBIC KM PBI JOOABJISIIN B TAIIICHYIO U3BECTh TS YIIyd-
IIICHUST CBOMCTB M3BECTKOBEIX PACTBOPOB U IITYKATYPOK
[19—20]. Hamrpumep, B cBoeli kHUTe «De Architectura»
Butpysnii ykasan, uro macio (Oleo subacta) ciemyet
IO0ABIIATH B NU3BECTh, UTOOHI CACIATh M3BECTKOBBINA pac-
TBOp BOIOHEIIPOHHUIIAeMBIM. B AMeprKe nMmeeTcs m1o-
CTAaTOYHO STHOMCTOPUUICCKUX, apXCOJOTMICCKIX 1 aHa-
JINTUYECKUX CBUIETEIHCTB UCTIOIB30BAHMST SKCTPAKTOB
pacTeHMIT IpeBHUMM KaMCHIIMMKAMU Maiisl.

Hecmotps Ha 3HAUNTETLHBIN 00BEM HCCIICIOBAHUIA,
TOCBSIIIEHHBIX METOJAM IOBBIIICHMUS CTOMKOCTH M3-
BECTKOBBIX KOMITO3UTOB, MHOTHE BOTIPOCHI O0CCTICUCHUS
MX CTOMKOCTH, OCOOCHHO IIPU pecTaBpalliii 00BEKTOB
KYJIbTYPHOTO HACJICOUSI, OCTAIOTCS HEPACKPBITHIMU.
[IpencraBisieT MHTEpEC MIPU pa3pabOTKE peLeTYPHI U3-
BECTKOBOTO COCTaBa MPUMEHEHNE OMOMUMETUICCKOTO
CIToc00a, 3aKJTFOYAOIIErocs B TIOJMYICHUN N3BECTKOBOTO
KOMITIO3HUTa C ME30-HAaHOCTPYKTYPHBIMU XapaKTePUCTH -
KaMM, COOTBETCTBYIOIIMMHI KaJIbIIUTOBEIM OMOMIHEpa-
J1aM. DTO TTO3BOJIMT 3HAYUTEILHO MTOBBICUTH SKCILIya-
TAlIMOHHYIO CTOMKOCTD PEeCTaBpallMOHHOTO MaTepHraJa.

MATEPUAJIbl U METOAbI UCCNEAOBAHUNA

B pabote npuMeHsIM rameHylo u3BecTb (ITyIoHKa)
MCTUHHOM IJIOTHOCTBIO 2230 Kr/M3, HACBIITHOM IUIOT-
HOCThIO 280 Kr/M?, aKTUBHOCTBIO 83%, C yOeIbHOI I10-
BEPXHOCTBIO S 559 MZ%/KT.

B kadecTBe OpraHMYECKOI JOOABKH MTPUMECHSIIN
BOIOPACTBOPUMBIC MOTU(HUIIMPOBAHHBIC TTOJICAXA-
punsl Atren Cem LV u Atren Cem HV (TY 2458-062-
63121839-2014).

B kauectBe turacTuuIMpPYOMINX 100aBOK TIpU-
MeHsu 1o6aBku Sunbo PC 1021(cynepmiactudu-
KaTop Ha OCHOBE MoJiMKapOokcuiaaTHOro adupa),
MasterGlenium 115 u Sika ViscoCrete-226 P. Konu-
YeCcTBO IUIAaCTU(UKATOpa cOCTaBisio 1% OT Macchl
n3BecT. BomonsBecTtkoBoe oTHomeHUe B/U Bo Beex
coctaBax coctaBisiziio B/U = 1,0. JlobaBKu BBOOWUIINICH
BMECTE C BOIOIT 3aTBOPCHMUSI.

Kore3noHHYI0 TPOYHOCTh MOKPBITUI OIPeaesin
10 MOKAa3aTeJI0 IIPOYHOCTU Ha OCEBOE PACTSIKEHUE
Ha obpasnax pasMepoMm 10x10x50 MM ¥ BBEIYMCIISUIN
1o popMyIe

R, =- (1)

raoe P — paspymatomas cuna, H; F — rutomanp mo-
[EPEYHOro CeYeHus1 00pasLia 10 UCIIBITAHUS, M.

Peonornyeckue cBoiCTBa OLICHUBAIM MO MTOKA3aTe-
JIIO TUTACTUYECKOM TMTPOYHOCTH, KOTOPYIO OTIPEIEIISIIN
C MOMOIIbI0 KoHNYecKkoro mactomerpa KII-3. Uc-
CJICIOBAaHMSI MIHEPAJIOTUIECKOTO COCTaBa MIPOBOIMIIHN
Ha riopo1koBoM audpakromerpe D8Advans (I'epmaHmst)
(m3nmyuenne CuKa, Bpamerue odpasia, HeIIPePhIBHBINA
(1 rpax/muH), romraroBerii (mmar 0.02°, sxkcno3utms 10 ¢)
peXUMBI B MHTepBaie yrioB 20 = 5°—100°) [17]. [Tpu
naeHTHOUKAINT (a3 Ncrmob3oBaiu KaptoteKy ICDD
PDF2 u Crystallography Open Databasel

PE3YJIbTATbI

YcTaHOBICHO, YTO BBeAeHUE JOOABKH ITOJIMCAXa-
punoB Atren Cem LV u Atren Cem HV criocob¢eTBy-
eT Pe3KOMY IOBBIIIICHUIO TIACTUYECKON TTPOYHOCTH
IT0 CPaBHEHMIO ¢ KOHTPOJIBHEIM COCTaBOM B 1,5 paza
B MOMECHT 3aTBOpeHUsI. BBemeHne mractudukaropa
Sunbo PC 1021 B u3BeCTKOBYIO CMECh CITOCOOCTBYET
CHIDKCHUIO TUIACTUICCKON TTPOYHOCTH. B MOMEHT 3a-
TBOPECHMS TUTACTIYECKAs IIPOYHOCTh KOHTPOJIBHOTO CO-
craBa cocrtapisiia 105 xI1a, a ¢ nodaskoit Atren Cem LV
n actuduxkaropom Sunbo PC 1021 — 58kITa. ITnactu-
dunmpyrommii 3¢ dexr nodaBku Sika ViscoCrete-226 P
B HAYATHHBIM MOMEHT TBEPICHMS OMMHAKOB ¢ 3(h(PeKTOM
no6askut Sunbo PC 1021, omHaKo CITycTsI 8 9acoB TBep-
IeHUs acTudnnpyomuit apdekT modaBku Sunbo
PC 1021 cumxaeTcs, TiacTuaecKast TIpoYHOCTb COCTaBa
CTAaHOBUTCS PaBHOI cocTaBy ¢ mobaBkoii MasterCle-
nium 115, B To BpeMsT KaK cOCTaBbI ¢ J0oOaBKoit Sika
ViscoCrete-226 P coxpaHSIOT HU3KYIO IIJIaCTUYECKYIO
IIPOYHOCTH, paBHYIO 85 KIla (Tabm.1).

Ha puc. 1-3 mipeacrasiaeHbl audpakTorpaMMBl 00-
pa3loB — KOHTPOJBHOTO U C T00ABKOI. AHAIN3 TaH-
HBIX, IIPUBEICHHBIX B Ta0J. 2, CBUOCTEIBCTBYET, UTO
Ka4yeCTBCHHBI MIUHEPAJTIOTHICCKII COCTaB OMMHAKO-
BEII. OmHAaKO aHAN3 AU(PAKTOTPaMM CBUIETEIBCTBYET
00 yBeM4eHnM MHTeHCHBHOCTH oTpaxenuit CaCO,, uto
CBUIETEIBCTBYET 00 YBeIMUeHUH (PpoHTA KapOOHM3a-
. B KOHTPOIBHBIX 00pa3ax COmepKUTCS OOIIbIIee
KOJIMYECTBO MOPTIAaHANTA, cocTasistiomee 3,1247%.
B o6pasmax, mpUTroTOBICHHBIX Ha M3BECTH, TalllCHHOM
B IIPUCYTCTBUU TO0ABKH, COIEPKaHMEe TIOPTIIAHINTA CO-
craBiisieT Bcero 2,155% u B oOpasLax, IpUTroTOBIEHHBIX
¢ no6aBkoii, — 2,9404%. OueBUIHO, BCIAEACTBIE BOIO-
VIePXKUBAOIIETO ACHCTBUS MOOABKU CO3MAIOTCS OoJiee
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Tabauya 1
InacTuueckasi NPOYHOCTH U3BECTKOBOTO COCTABA ¢ 100aBKoii moymcaxapuaos Atren Cem LV
3Hauenue
Cocras IIACTHYECKOM
npoyHocTH, klla

H3zsectp+Boma, B/U = 1,0 105
cocraB ¢ mobaBkoit Atren Cem LV 1% ot maccel m3Bectu, B/U = 1,0 149
cocraB ¢ mobaBkoii Atren Cem LV u mmactudukaropom Sunbo PC 1021, B/ = 1,0 58
cocraB ¢ mobaBkoii Atren Cem LV u mmactudmkaropom MasterClenium 115, B/ = 1,0 76
cocTas ¢ mo6askoii Atren Cem LV u mactugukaropom Sika ViscoCrete-226 P, B/ = 1,0 56

0JIarOINPUSITHBIE YCIOBUS 1JIsI KAPOOHM3ALIMU U3BECTH.
KonunuecTBo KalblMTa B KOHTPOJBHBIX 00pa3Lax co-
craBiseT 87,4%, B 00pa3lax, IPUTOTOBJIEHHbBIX HA 13-
BECTH, TAIlICHHOM B IIPUCYTCTBUN 100aBKM, — 92,266%,
1 B oOpasiax, MpUroTOBJIEHHBIX ¢ 100aBKOii, — 88,87%.

OpraHnJecKue BellecTBa BCJICACTBIE aMOpP(HOI
CTPYKTYPbI HE UAEHTUDULIMPYIOTCS HA PEHTIEHOTPaMME.

Ha6ogaercst HEKOTOpOe YBEIMUEHUE IIUPUHBI ITH-
koB CaCO,, 4TO CBUIETENLCTBYET O BO3MOXHOM BHE-
JPEHUU OPTaHMYECKKUX MOJIEKYJI B COCTaB KaJIbLIUTA.
YcTaHOBAECHO U3MEHEHNUE MMapaMeTPOB KPUCTAJLIAYE-
CKOI pellIeTK! B 00pa3iax, 0COOEHHO ITPUTOTOBIEHHBIX
Ha U3BECTH, TAllIEHHO B IIPUCYTCTBUU ITOJIMCAXaPUIOB.
O0pa3Lbl U3BECTKOBOIO KAMHS HA OCHOBE M3BECTH, Ta-
LIEHHOU B MPUCYTCTBUU MOJMCAXapUIOB, IEMOHCTPH -
pYIOT GoJiee BBICOKME IapaMeTphbl KPUCTALINYECKOM
PELIETKH 10 CPABHEHUIO C KAJIbIUTOM KOHTPOJBHOIO
coctaBa (puc. 1—3 u Tadi. 2). DTO CBUACTCIBCTBYET
0 HAJIMYUU OPraHUKU B BUIE BHYTPUKPUCTAIUIMYECKUX
OKKJIIO3UIi B 0Opa31iie.

JlonmonHutenbHo ObLIM TOaydeHbl MK-criekTpbl
MIPOITyCKAHUS MCCIIeTyeMbIX 00pa3ioB (puc. 4) Ha MK-
®ypre-criekrpomerpe ®CM 1201 (OO0 «MHDpacnek»,
Poccus). O6pa3msl TOTOBWIIN B BUAC IIPECCOBAHHBIX
¢ OpoMMIOM KaJIus TabJIETOK IIPY MAaCCOBOM COOTHOIIIE-
Huu x: 10x, TIe x — Macca ucxomgHoit HaBecku, 10x — mac-
ca KBr. Jlerazauust 06pa3siioB B Mpolecce MpeccoBaHUs
HE OCYIIeCTBIIsUIach. M3MepeHNsT TPOBOAMIIN B CIIEK-
TpasibHOM nauarasone 450—4050 cM~! co crieKTpasbHBIM
paspemenueM 4 cm~'. Jlnsg ynodcrsa Bocrpusitus MK-
CITEKTPBI HOPMUPOBAIMCH W AITUTUBHO CMEIIIAINCh OT-
HOCHUTEJIFHO HYJICBOM TOYKH IT0 OCH OpIWHAT.

Anam3 UK -criekTpos, rpeacTaBieHHBIX Ha puc. 4,
ITOKA3bIBACT, UTO IIJIS UCCIIeIyeMbIX 00pa31ioB 2 1 3 Xa-
PaKTepHO HAJIMUKE CYIIICCTBEHHOTO YKCiIa MO ITOTJIO-
IIEeHUS, OTBEUAIOIINX MX OXHMIAEMOMY XUMHICCKOMY
cocraBy — Ca(OH),+CaCO,. Criektpbl ”H(pPaKpacHOTro
MOIJIOIIEHNS ¢ MaKcuMyMaMu Tipu 1424 cMm~!' 00yciioB-
senbl CO, — rpynmnoii B Kpucrauiax Kaabuura. Takxe
AMeeTCs MTHTCHCUBHAS Y3Kasl TT0JIoca ITOTJIONIECHMS B 00-
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Puc. 3. Iudppakrorpamma u3BeCTKOBOr0 KOMIIO3UTa (M3BECTb, FAIIEHHAS B PHUCYTCTBHH

nob6asku noaucaxapuaa Atren Cem HV)

nactu 876 cM~!, xapakTepHast Ul KalbLuTa. bosbiinas
MHTEHCUBHOCTb KA B o0yactu 876 cM~! cBUIETE Ib-
CTBYET O OOJIBIIIEM CONIEep:KaHNU KaJTbLINTa B 0Opasiie
¢ no6askoii Atren Cem HV. OueBuaHo, BCieacTsue
BOIOYICPKUBAMOIIECH CITOCOOHOCTH IIOJIMCaXapuIoB
co3maroTcs 0oee 6IaroNpUSITHRIC YCIIOBHS IS Kap0Oo-
HU3AILINT U3BECTH.

Ananu3 MK-crieKTpoB nmokKasbsIBaeT, 4TO IJIsI 00-
pasiia 3 XxapakKTepHO HaJIMYIMe YKCIIa MOJ ITOTJIONICHUS,
OTBEYAOIINX OPTAaHMYECKUM KOMIIOHEHTaM, O YeM CBU-

TIETEITLCTBYIOT ITOJIOCH BAJICHTHBIX Kostebanmnii C—H mpu
2970 1 2870 cm~ .

BripaxkeHHasI ”HTEHCUBHOCTD ITOJIOCHI TIOTJIOIIICHUST
¢ MakcuMyMoM 1650 cMm™!, oTBeualonias geopMaLoH-
HBIM KoJieOanmsiMm H—O—H, yka3pIBaeT Ha IIPUCYTCTBHUE
B BOIIOPACTBOPUMOM MOIM(UILIMPOBAHHOM ITOJICAXapHIe
Atren Cem HV (o6pazer Ne 1) 1 B KOHTPOJILHOM 00pa3-
e (6e3 modaBkm) (o6pazer] No 2) Boibl B HECBI3aHHOM
uzne. Beenenne nooasku Atren Cem HV (o6pazerr Ne 3)
He TIPUBOINT K BOSHIKHOBCHUIO HOBBIX KOJIEOATEIbHBIX
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Tabauuya 2
ConepKaHue MUHEPAJIOB B M3BECTKOBBIX KOMIIO3UTAX
= ConepXanue MUHEPAIOB (OTHOLIEHNE HHTEHCUBHOCTH ITHKOB)
ocTaB
CaCO,(1/1¢) Ca(OH),(1/I¢) Si0,(I/Ic)
KOHTPOJIbHBII 87,4064% (3,74) 3,1247% (3,530) 4,1834% (4,810)
Tamexas B npucy- 92,2662% (3,490) 2,1550% (3,840) 2,1778% (4,520)
CTBUM J100ABKU
C no6aBKoit 88,8736% (3,74) 2,9287% (3,840) 2,9404%(4,810)
ITapameTpbl KpUCTALIMYECKOH PeIeTKH
CaCo, | Ca(OH), | Si0,
KOHTPOJIbHBIN
a 4,98700 3,58440 4,90000
C 17,05800 4,89620 5,40000
lamennas B NPUCYTCTBHM T00ABKH
a 4,99100 3,58620 491580
C 17,06200 4,88010 5,40910
C n00aBKoit
a 4,98700 3,58620 4,91000
C 17,05800 4,88010 5,40000
g L L 4
5 |5 AR A A
é" E P Pl A
g L A gie /!
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Puc. 4. UK-cnekTpbl NpoNMyCKaHus UCCJIeayeMbIX 00pa3noB: 1 — BOIOpPacTBOPUMBIA MOAU(DULIMPOBAHHBII MOJIMCA-
xapug Atren Cem HV; 2 — KOHTpoIbHBIN cOCTaB; 3 — cocTaB ¢ 1ob6aBKoii moiaucaxapuna Atren Cem HV

MOJI MJIX 3aMETHOMY CMEILEHUIO MaKCMMYyMa TOLJIOLLIe-
HUS yKe IMPUCYTCTBYIOLIMX, YTO ITO3BOJISIET TOBOPUTH
00 OTCYTCTBMM MX XMMHYECKOI0 B3aumoaeiictsust. Mnre-
peCHOI 0COOEHHOCTRIO 0Opa3iia Ne 3 SBysIeTCs mpakThJe-
CKU TTOJTHOE MCYE3HOBEHME MUKa nortomieHns 1650 cm™!
M 3aMETHOE YBEJIMYEHNE MHTEHCUBHOCTH I10JI0CHI IIOIJIO-
mennst 3100—3650 cM~!, oTBeyaromieil BAJIEHTHBIM CUM-

MeTpraHBIM KojiebanmsiMm OH-rpyrm 1 Ca—OH. [lanHas
0COOEHHOCTD, I10 BCEI BUAMMOCTU, MOXET YKa3bIBaTh,
4YTO BBeIeHUE JOOABKU MOJMcaxapyia B ralleHylo 13-
BECTh CIIOCOOCTBYET YMEHBILIEHNIO KOHLIEHTPALII BOIbI
B CBOOOIHOM BHUIE B MaTepuaJe.

Pe3ybTaThl OLIEHKKM KOT€3MOHHOM IIPOYHOCTH 110~
KPBITUIA IIPUBEAEHBI B TA0. 3.
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Tabauuya 3
ITpouHoCTb NPH PACTSKEHUH H3BECTKOBBIX 00Pa3L0B

Cocras IIpoynocTb npu
pactsukennn, MIla
Bo3spact tBepaenus 28 cyTok
KoHTponbHbI# (M3BeCTb+BOIA) 0,22
Cocrtas ¢ go6askoit Atren Cem LV B KonmmmdaectBe 1% OT MacChl M3BECTH 0,24
Bo3pacr TBepaenns 3 mecsana
KoHTtponbHbIii (M3BecThb+BOIA) 0,264
CocraB ¢ 1o6askoii Atren Cem LV B kosmuectse 1% OT Macchbl U3BECTU 0,47
Cocras ¢ gob6askoii Atren Cem LV B koimuectse 0,5% ot Macchl M3BeCTU 0,379

[MonmydeHHBIC pe3yabTaThl CBUACTEIBLCTBYIOT, UTO M3~
BECTKOBBIE COCTaBHI C TOOABKOM ITOJIMCAaXapuIoB Atren
Cem LV xapakTepusytorcst 60j1ee BEICOKOI KOTe3MOHHOM
MPOYHOCTRIO. [1o Mepe yBemmIeHMsT BO3pacTa TBEPACHUS
POCT KOTE3MOHHOM MTPOYHOCTU 00pa3IioB ¢ J00aBKOit
cuHTeTUYecKoro noiaucaxapuga Atren Cem LV nposB-
JISIeTCsT B OOJbIIE cTereHU. Tak, B Bo3pacTe 28 CyTOK
TBEPICHUS KOTe3MOHHAST IIPOYHOCTH 00pa3IoB Ha OC-
HOBe KOHTPOJIBHOTO cocTaBa cocTaBiisgeT R 0,22 MI1a,
a ¢ nobaskoii monucaxapuna — 0,24 MITa. B Bo3pacte
3 MecsIIeB TBepICHUS Pa3IUuns B 3HAUCHHSIX KOTE3M-
OHHO TIPOYHOCTHU MPOSIBIISTIOTCST B OOJIBIIICH CTETICHM.
Kore3noHHas IIpOYHOCTH KOHTPOJIBHBIX 00Pa3IIOB CO-
crasisier 0,264 MIa, a 00pa3nos ¢ 1o6aBkoit Atren Cem
LV B konuuectBe 1% ot maccel usBectu — 0,47 MIla,
¢ nob6aBkoit Atren Cem LV B konmmuectse 0,5% oT Macchl
n3sect — 0,379 MI1a.

CMNCOK NCTOYHUKOB

BbiBOJbl

Pe3ynbTaTsl IMIpoBeaeHHBIX NCCICIOBAaHUMN CBUIE-
TEJIBCTBYIOT 00 OTCYTCTBUM XMMHUUYECKOTO B3aUMOICH-
CTBHSI MEXXIY MU3BECTHIO U Mojmcaxapugamu. I[TokaszaHo,
YTO M3BECTKOBBIC COCTABHI C JOOABKOI ITOJIMCaXapu-
OB XapaKTepHU3YIOTCsT O0jice BEICOKOM KOTe3MOHHOM
IIPOYHOCTBIO, 00YCIIOBICHHOM OOJIBIITNM COIEepPKaAHIEM
KaJIbIINTA. Y CTAaHOBJICHO M3MEHEHHE ITapaMeTPOB KPH-
CTaJUTMIECKOM pelIeTKN B 00pa3iiax, IPUTOTOBICHHBIX
Ha U3BECTH, TAIIICHHOM B TIPUCYTCTBUU OJINCAXapUIOB.
O06pa31bl U3BECTKOBOTO KaMHSI HA OCHOBE M3BECTH, Ta-
IIEHHOU B IMIPUCYTCTBUM TIOJIMCAXapHUIOB, TEMOHCTPH-
pYIOT O0Jiee BBICOKME TTapaMeTphl KPUCTALUIMICCKOMN
PEIIeTKH TI0 CPAaBHEHMIO ¢ KAJIbLIMTOM KOHTPOJIBHOTO
COCTaBa, UYTO CBUACTEIBCTBYET O HAJIMIMK OPTaHUKH
B BHIIE¢ BHYTPUKPUCTAITNICCKIX OKKITIO3MIA B 00pa3Iie.
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Modern strategies for the creation of polymer coatings.
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ABSTRACT

Introduction. Coatings on hard materials are widely used in many industries. Coating technologies help prevent or reduce corro-
sion, contamination and biofouling, chemical and structural degradation, and wear and tear of external surfaces due to exposure to
the elements and natural environments. The range of materials used for functional coatings is quite wide: from organic polymers to
hybrid composites and inorganic nanoparticles, depending on the desired properties and functionality of the final product. Despite
the excellent anti-corrosion characteristics of non-polymer coatings, their usage causes environmental damage. Organic coatings
are among the most widely used. Such compositions are applied in liquid form; organic solvents are one of the main components.
Environmental concerns have encouraged the development of alternative technologies. The main areas for development are avail-
ability of raw materials and the cost of environmentally friendly coatings. Results and discussion. The review substantiates the
relevance of research on the development of multifunctional polymer-based coatings. The market for polymer coatings is presented.
Methods of surface protection, types of coatings formed, their main components, features of the formation of coatings, the influ-
ence of various factors on the formation of polymer coatings, including methods of preparation and pre-treatment of the protected
surface are presented. Methods for preventing corrosion are discussed in detail, as well as the main directions in the development of
anti-corrosion coatings based on various protective mechanisms. The characteristics of the main components of protective coatings
are given. The issue of destruction of polymer coatings depending on the operating environment is considered in detail. The types
of media, their influence and mechanisms of action on protected objects are considered. Factors and mechanisms of destruction of
polymer coatings, methods for preventing degradation of coatings are listed. The latest technologies for the formation of protec-
tive polymer coatings are highlighted. Conclusion. Currently, coatings provide a wide range of quality indicators. An important
characteristic of modern coatings is minimal negative impact on the environment, which requires an integrated approach to the
design and production of coatings.

KEY WORDS: adhesion, protection, corrosion, coating, polymer, solvent, thermosetting resin.
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3. DESTRUCTION OF POLYMER COATINGS

Deterioration of organic coatings can be superficial in
the form of cosmetic defects and defects leading to corro-
sion. An important aspect of the development of highly
effective anti-corrosion coating systems is the study of the
interaction between coating components and the study of
the fundamental physical and chemical mechanisms of
coating degradation during operation [225].

Anti-corrosion coatings are exposed to various en-
vironments and factors: water, soil, atmosphere and ul-
traviolet radiation. The specific requirements for coating
systems are determined mainly by environmental factors
and elements interacting with the coating during opera-
tion, as well as the time of their exposure. For example,
coatings in the industrial sector are exposed to chemicals
and rain, while coatings buried in soil interact with bac-
teria and moisture.

"The end. Parts |, Il have been published in the journal “Nanotechnologies in construction”. 2024.V. 16. N2 1, Ne 2.
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3.1. Classification of media

During operation, anti-corrosion coatings are exposed
to environments with varying aggressiveness. The classifi-
cation of environmental conditions by type of exposure is
given in state standard 34667.5-2021 (ISO 12944-5:2019)
“Paint and varnish materials. Protection of steel structures
from corrosion using paint and varnish systems” [226].
The standard describes the environmental effects on steel
structures that are exposed to the atmosphere, submerged
in water or buried in the ground. The standard provides
a classification system based on corrosivity categories for
different environmental conditions. Classification of en-
vironmental conditions is necessary for the selection of
protective systems.

Atmospheric corrosion is a process that occurs on
a metal surface under the influence of air moisture. The
corrosion rate increases under the influence of the fol-
lowing factors:

— with increasing air humidity;

— when condensation forms;

— with an increase in the amount of pollution in the
atmosphere, aggressive pollutants react with the sub-
strate and form deposits on the surface.

Corrosion develops intensively at relative air humidity
above 80% and temperatures above 0 °C. If air pollution
is high or hygroscopic salts are present, corrosion also
occurs at lower humidity.

Climate determines air humidity and temperature.
In cold or dry climates, corrosion processes are slowed
down. The highest corrosion activity is observed in hot,
humid and maritime climates. The determining factor is
the humidity period — the time the structure is exposed
to high humidity.

Corrosion processes are affected by the placement of
structural elements. Outdoor structures experience differ-
ent climatic conditions and cycles: rain, sun, pollutants
in the form of gases, aerosols, etc. The presence of shelter
smoothes out the impact of climatic factors. Indoors there
is virtually no atmospheric pollution, but the rate of cor-
rosion can increase due to insufficient ventilation, high
air humidity and condensation.

In environmental conditions, the corrosiveness is quite
low compared to the industrial atmosphere and marine
climate. Industrial environments are characterized by high
concentrations of atmospheric particulates, soot, sand and
sulphate salts. Rain with high levels of sulfur dioxide in the
atmosphere forms acid rain and the coating becomes acidic.
The marine atmosphere is characterized by a very high con-
tent of aggressive Cl-ions, which cause pitting corrosion.

The rate of corrosion processes in water is affected by:
— type of water — fresh, brackish or salty;

— oxygen concentration in water;

— type and concentration of substances dissolved in water;

— water temperature.

Underwater flora and fauna accelerate corrosion.

There are three different zones for immersion of struc-
tures in water:

— underwater zone;

— intermediate (or level-fluctuating) zone, the water lev-
el on the structure changes due to natural or artificial
factors that increase corrosion due to the combined
effects of water and the atmosphere;

— zone of splashes and variable wetting, the structure
wetted by waves and splashes experiences high corro-
sion stress, especially when exposed to sea water.
The splash zone is an extremely hostile environment,

combining an oxygen-rich atmosphere with a continu-
ous spray of electrolytes from the sea. The degradation
of coatings in the splash zone is accelerated by ultraviolet
radiation and mechanical stress caused by constant alter-
nation of periods of wet and dry conditions.

Corrosion in the soil depends on the type of soil and
is determined by the content of minerals, their types, the
presence of organic substances in the soil, the content of
water and oxygen, the degree of aeration, and the pres-
ence of bacteria.

Structures submerged in water or buried in soil may be
damaged by sand, gravel or rocks, biofouling.

3.2. Mechanisms of destruction

Corrosion is a process that occurs during the physical
and chemical interaction of a metal with the environment.
For corrosion processes to occur, an electrolyte solution and
a metal conductor are required between two separate areas
with different potentials, that is, the anode and the cathode.
Besides iron and steel, other examples of corrosion products
are green patina on copper and white rust on zinc.

As a result of corrosion processes, anodic and cathodic
regions are formed on the steel substrate. At the cathode,
oxygen is reduced on the catalytically active surface of
the oxidized metal predominantly to hydroxo ions (reac-
tion 3), but other reaction products such as peroxides,
superoxides and radicals can also be formed. Several
corrosion reactions occur at the anode, resulting in the
formation of Fe" ions and electrons (reaction 4).

2H,0 (1) + O, (aq) +4e~—»40H" (aq), 3)
Fe (s) - Fe?* (aq) + 2¢. 4)

Iron (IT) hydroxide then oxidizes into iron oxides to
form green hydrated magnetite: FeO« Fe,0,+H,0:

6Fe(OH), (aq) + O, (aq) »
4H,0(1) + 2FeO«Fe,0,+H,0. 5)

Hydrated magnetite is unstable and decomposes into
black magnetite:
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FeO«Fe,0,+H,0 (s) » FeO+Fe,0, (s) + H)O. (6)
In the presence of oxygen, black magnetite oxidizes
into a stable red-brown hydrated hematite (Fe,O,« H,0)

called rust:

4FeO * Fe 0, (s) + 60, (aq) + 3H,0~

- 6Fe,0,*H,0 (s). (7)
General reaction

4Fe (s) + 30, (aq) + 3H,0 (1) ~

- 2Fe,0,*H,0 (s). (8)

The driving force for corrosion (Figure 14) for steel
is the potential difference between the anodic and ca-
thodic sites. The overall electrical equilibrium potential of
a galvanic cell is determined by the difference in standard
potentials between the anodic and cathodic reactions of
the half-cell: E°| and E°, , respectively.

Red?

3.3. Factors of destruction

Under atmospheric conditions, the coating is exposed
to various factors, which leads to the formation of cos-
metic defects: loss of gloss, color change and chalking.

Most cosmetic defects are caused by degradation of the
binder under the influence of UV radiation [227—228].
More serious problems are cracks in the coating and loss
of adhesion.

Since adhesion reduction occurs before corrosion oc-
curs, it is important to know the mechanisms responsible
for the reduction of adhesion between an organic coating
and a metal substrate [229]. For example, in atmospheric
conditions, zinc coatings can peel off due to poor curing
conditions, which subsequently leads to compromised
corrosion protection. The mechanism responsible for the
decrease in adhesion is “wet adhesion”, i.e. adhesion of a
coating to a metal substrate in the presence of water [229].
Water vapor always eventually penetrates the coating. Wa-
ter molecules at the interface between the coating and the
substrate bind hydrogen ions and neutralize the adhe-
sion forces between the coating and metal oxides [230].
A small number of polymer-metal bonds are suitable to
withstand hydrolysis over a long period of time. Thus, in
a humid environment, adhesion weakens, an electrolyte
solution is formed at the interface, and as a result, corro-
sion processes are initiated. Using FTIR-MIR methods,
the thickness of the safe water layer was determined, and
it was also discovered that this layer accumulates with
increasing potential. Several layers of coating are required
to inhibit water accumulation [231—233]. The process of

Y
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Fig. 14. Scheme of corrosion processes on steel
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water accumulation at the coating-substrate interface is
confirmed by studies of water absorption in adjacent and
free films. Water absorption in adjacent areas of coat-
ings is higher than in the corresponding free films [234].
Based on the magnitudes of metal-adhesion interaction
energies (in the range of about 25 kJ/mol or lower) and
metal-water interactions (binding energies in the range
of 40—65 kJ/mol), water displacement of the coating is
likely [235].

3.4.Types of destruction
Filiform corrosion

In humid atmosphere conditions, filamentous cor-
rosion is a relevant mechanism for the degradation of
organically coated metals. Although filamentary corrosion
is often observed on organically coated aluminum parts,
magnesium and cold-rolled steel are no exception. Fili-
form corrosion usually occurs on microscopic scratches
or coating defects. Filiform corrosion is usually superficial
and consists of thin filamentous deposits, especially pro-
gressing under the coating along the surface. Corrosion
threads can be thought of as a corrosion head followed
by a tail, which are porous corrosion products. Oxygen
acts exclusively on the active corrosion head [236]. Dif-
ferential aeration is observed as oxygen and water enter the
corrosion head through diffusion through the porous tail
[237]. The only effective method of preventing filament
corrosion is to dehydrate the filament head by reducing
the relative humidity to approximately 60%. Multiple
layers of coating, low water vapor transmission and in-
hibitors slow but do not prevent filamentous corrosion
in environments where humidity cannot be controlled.

Degradation of submerged coatings

In systems with embedded organic coatings, the most
important and common forms of visible failure are blis-

tering and delamination (Figure 15). The differential in-
teraction of hydroxyl ions with the metal substrate leads
to either cathodic swelling or cathodic delamination.
The formation of bubbles is the result of osmotic pres-
sure due to the high solubility of the cathodic reaction
products in water. As a result of the resulting alkaline
environment, due to the presence of cathode reaction
products, bonds are broken at the coating-metal interface,
which leads to delamination.

The alkaline environment under the peeling coat-
ing and in the cathode areas is associated with the main
corrosion processes of steel in seawater. The presence of
defects in the protective coating contributes to a more
active impact of the environment on the steel. This is how
a galvanic cell with anode and cathode regions is formed.
The steel dissolves in the anodic region. The oxidized
metals then catalyze cathodic reactions, the anodic re-
action being balanced by the cathodic reaction. Under
natural conditions, the cathodic reaction will involve the
reduction of oxygen [238].

Cathode stratification

In the case of an anti-corrosion coating with defects,
in practice, corrosion begins much faster than for a coat-
ing without defects. The basic principles of cathode dis-
section are generally described [239]. It is believed that
the cause of delamination is the so-called cathodic polar-
ization caused by the action of hydroxyl ions or chemical
reactions. Oxygen and water necessary for depolariza-
tion of the cathode region penetrate through the coating
or along the coating-substrate interface. Then oxygen
diffusing to the damaged areas enters into the oxidation
reaction Fe>* - Fe3*,

Researchers have paid much attention to studying the
transport of water, oxygen and cations through organic
coatings onto a metal substrate. It has been shown that
typical organic coatings are sufficiently permeable to water
and oxygen, and therefore are not able to inhibit delami-

Delamination

0, HO

Formation
of bubbles

OH"

/{,,a Fe®*
e"'_jI’ .

Foundation

Fig. 15. Sketch of delamination and swelling of the coating
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nation [240—241]. The transfer of ions from the environ-
ment to the metal surface is carried out through discrete
channels with low resistance in the coating. The presence
of alkali metal ions and OH ions leads to the formation
of an alkaline environment under the coating and in the
cathode region the pH can reach 12—14 [242—243]. Dif-
fusion of cations to neutralize the charge of hydroxyl ions
is usually the rate-limiting step. It has been proven that
the transport of cations along the coating-steel interface
occurs much faster than through the coating. The de-
lamination of the coating is controlled by the diffusion
of cations [244—245]. This hypothesis is confirmed by
the dependence of the separation rate on the hydrated
size of the cations. However, a slight change in the rate
of delamination in a more stable silane-modified epoxy
coating showed that interfacial transport itself does not
determine the rate of cathodic segregation.

In cathode blisters under the coating, high alkalinity
causes degradation of the coating. However, the exact
mechanism has not yet been described. According to
[246], the mechanisms of loss of adhesion between the
substrate and the coating in an alkaline environment can
be divided into three groups: “reduction of the oxide layer,
chemical degradation of the polymer, interfacial fracture.”
The first way of forming areas of delamination is prefer-
able [246]. Based on this mechanism, the degradation
of epoxy and thermosetting acrylic and polybutadiene
coatings on cathode-protected steel is described. Accord-
ing to the diagram, such processes are quite predictable
for iron at pH = 14 and at cathode potentials less than

960 mV SHE. In situ X-ray photoelectron spectroscopy
measurements confirmed that, in an alkaline environ-
ment, significant reduction of iron oxide is only possible
at cathode potentials less than 800 mV SHE [247—248].

During operation, the polymer matrix of the coat-
ing undergoes chemical decomposition; at elevated pH,
saponification occurs. Similar cases have been described
with coatings based on polyethylene, polybutadiene and
epoxy resins on cathode-protected steel [249]. For exam-
ple, degradation by saponification in the case of polybu-
tadiene coatings is accelerated at pH > 11.8. Studies have
shown that the area of initial destruction of the polymer
coating is located near the metal surface [250]. The radi-
cals HO*", OH and O* formed during the reduction of
oxygen are the main factor in the degradation processes
of the organic layer [251].

Schemes of cathode stratification mechanisms based
on literature data are shown in the Figure 16.

In the area of the defect, due to the presence of water,
oxygen, and electrolyte ions, a galvanic cell is installed.
The resulting hydroxyl ions lead to high alkalinity in the
area and reduced adhesion between the substrate and
coating. Internal stresses in coatings, temperature and
humidity changes that arise during the curing of the resin
accelerate corrosion processes. The rate of separation in
alkaline solutions [252—253] is significantly lower.

Damage and subsequent detachment of the organic
coating from the metal surface occurs in various ways: in
the form of cathode dissection, in the form of filamen-
tous corrosion, or when these processes occur together.
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Fig. 16. Delamination of the coating after damage
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Delamination of organic coatings on surfaces treated with
chromate or phosphate is a consequence of dissolution of
the conversion layer. It has been proven that delamina-
tion of epoxy coatings on chromated steel is caused by
deterioration of the conversion coating itself. Cathodic
conditions under the epoxy coating reduce Cr®* —» Cr**.
In the case of phosphate conversion coatings, similar
processes occur [254]. Experimental data confirm a re-
duction in coating peeling under cathodic conditions in
the presence of phosphate-containing pigments [255].
However, the characteristics of phosphate-pigmented
coatings under cathodic conditions ensure that the binder
is resistant to alkali displacement at the coating-steel in-
terface. The decrease in the rate of delamination in the
presence of phosphate-containing pigments is explained
by the deposition of a phosphate layer on the cathode
sites and the polarization of the cathode reaction [256].
Among the factors of cathodic stratification of coatings,
one can also highlight the degradation of polymers as a
result of oxidative processes and interaction with active
intermediate products, such as H,0, and HO,, and OH
radicals. It is stated that their action is more destructive
to the coating than the resulting alkaline environment.

Cathode bubble formation

The formation of blisters is the first visible sign of in-
adequate protection of the anti-corrosion organic coating.
The formation of bubbles on defect-free coatings is de-
scribed by the following stages: swelling, expansion due to
swelling, gas formation and subsequent osmotic processes
[257]. It is water-soluble contaminants on the surface of
the substrate that are responsible for the formation of os-
motic bubbles. Research has been carried out to determine
the maximum permissible concentrations of pollutants; in
research studies there are significant discrepancies in the
limits of the permissible amount of water-soluble pollut-
ants on the substrate before applying coatings.

The fundamental model for the degradation of de-
fect-free organic coatings on steel in a neutral electro-
Iyte assumes the formation of cathode swelling after the
transfer of ions along conductive paths. It is assumed that
water-soluble cations diffuse through the coating in low
cross-linked or low molecular weight regions. The deg-
radation of a defect-free coating under the action of a
neutral electrolyte can be summarized in the following
stages (in Figure 17, the number in the circle corresponds
to the stage number):

Stage 1 — pathways develop under the influence of
water in hydrophilic regions or regions with low cross-
linking density;

Stage 2 — electrolyte ions diffuse along conductive
paths to the surface of the substrate;

Stage 3 — formation of anodic areas on the surface of
the substrate;

Stage 4 — formation of cathode sections on the pe-
riphery of the tracks;

Stage 5 — Na™ ions diffuse to the cathode sites to neu-
tralize the charge along the coating-substrate interface;

Stage 6 — alkalinity of the environment promotes
cathode stratification;

Stage 7 — water passes through the coating to the cath-
ode areas due to the hygroscopicity of the material in the
cathode areas;

Stage 8 — bubbles enlarge and merge.

However, studies have not established the mechanism
and reasons for the formation of cathode bubbles, their
relationship with certain areas at the coating-substrate
interface, such as interfacial microvoids or defects in the
structure of the substrate surface. Cathode bubbles can
form near the exposed arca and on damaged areas of the
coating. The damaged area may be a coating defect (pores
and microvoids) or an area with low cross-link density.
The liquid in neutral blisters is slightly acidic or neutral,
while the liquid in cathode blisters is strongly alkaline.

CONCLUSION

Protective coatings are one of the most effective, cost-
effective and simple strategies for preventing damage.
In particular, anti-corrosion protection of coatings is
based on barrier properties, self-healing, active corro-
sion inhibition, anodic passivation and cathodic protec-
tion. Polymer coatings protect a larger tonnage of metal
compared to other anti-corrosion methods. While coat-
ings were originally developed solely to protect metals
and alloys from corrosion, there is now a need to develop
coatings that provide a wide range of quality properties
and minimal negative impact on the environment, which
requires an integrated approach to the design and pro-
duction of coatings. In combination with this, it is nec-
essary to develop modern methods for determining the
characteristics of coatings by their morphology, chemical
and physical properties and corrosion behavior. In ad-
dition, the vast majority of research in coating develop-
ment has been conducted ex sifu. In this regard, to fully
investigate the properties and mechanisms of coatings,
ideally there should be a synergistic use of methods to
study the properties and mechanisms of coatings, as well
as to obtain a deep mechanistic understanding at differ-
ent length scales — studying the behavior of the coating
in situ. Future research should focus on investigating the
cause-and-effect relationships between metal surface
properties, moisture penetration, and corrosion rates to
develop a multiscale, quantitative, and simulation model
to evaluate the anticorrosion properties and durability of
organic coatings.

Nanotechnology has great potential for creating
highly effective anti-corrosion coatings: increasing wa-
ter adsorption/absorption, thermomechanical proper-
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Fig. 17. Mechanism of destruction of defect-free organic coatings on steel in a neutral electrolyte environment

ties, adhesion to the substrate, ultraviolet resistance
and chemical resistance, wear resistance, electrical
conductivity, cross-linking density, uniformity and
biocompatibility. The use of nanomaterials in organic
coatings significantly improves barrier properties by re-

ducing porosity and increasing the tortuosity path for
corrosives. The development of environmentally friendly
polymers, nanoparticles and corrosion inhibitors is a
promising solution for creating more environmentally
friendly nanocomposite organic coatings.
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AHHOTALMA

BBepeHue. [oKpbITUA Ha TBEPAbIX MaTepuanax LWNPOKO NCMOMb3YTCA BO MHOMMX OTPAC/AX NPOMBILLIEHHOCTU. TeXHONOrMm Ha-
HeceHVA MOKPbITUI CMOCOBCTBYIOT NPefOTBPALLEHMIO UM YMEHBLLEHUIO KOPPO3U1U, 3arpA3HEHUSA 1 6100BpaCTaHMsA, XMMUYECKON
N CTPYKTYPHOW gerpagaumm, N3HOCa BHELIHMX MOBEPXHOCTEN 13-3a BO3AENCTBMA SN1eMEHTOB 1 NPUPOAHbIX ycnoBui. CnekTp nc-
nosb3yeMblX MaTepranos Ana GYHKLUMOHANbHbIX MOKPLITUA AOCTAaTOUHO WMPOKUIA: OT OpraHNYeCcKrX NoanMMepoB Ao rmépuaHbIX
KOMMO3MTOB 1 HEOPraHNYeCKNX HAHOYACTNL, B 3aBYCUMOCTM OT XKefaeMblX CBONCTB U GYHKLMOHANBbHOCT KOHEYHOro NpoayKTa.
HecmoTps Ha OTNIMYHbIE aHTUKOPPO3MOHHbIE XapPaKTEPUCTUKM HEMOMMMEPHbBIX MOKPLITUIA, MX UCMONb30BaHE HAHOCUT SKONOr-
yeckuin ywep6. Hanbonee wrpokoe npruMeHeHMe NOyYnv opraHuyeckune NoKpbITuA. Takre coCcTaBbl HAHOCAT B XuaKon dopme,
OpraHMyeckrie pacTBOPUTENN B HUX ABMSAIOTCA OLHUM U3 OCHOBHbIX KOMMOHEHTOB. DKOJornyeckre TpeboBaHmsa crnocobcTBoBanu
pa3paboTKe anbTepHATUBHBIX TEXHONOT M. [JOCTYNMHOCTb CbIpbA U CTOMMOCTb 3KOJIOrMYECKM YNCTOTO NMOKPbITUA ABMSAIOTCA OCHOB-
HbIMU HarnpaBs/ieHVsAMU pa3paboTok. OCHOBHasA YacTb. B 0630pe 060CHOBaHa aKkTyallbHOCTb UCC/IEA0BAHMI MO pa3paboTke MHOro-
bYHKLMOHANbHbIX MOKPBITUI Ha OCHOBE NONMMepoB. [peAcTaBfieH PbIHOK NONIMMEPHbIX MOKPbLITUIA. [prBeaeHbl MeToab! 3aLuTbI
NMOBEPXHOCTU, TUMbl GOPMUPYEMbIX MOKPBITUN, UX OCHOBHbIE KOMIMOHEHTbI, 0CO6EHHOCTY GOPMUPOBAHNA NMOKPbITUIA, BIUAHME
pa3nnuHbIX GakTopoB Ha GOPMMPOBAHME NMOAMMEPHbIX MOKPLITUN, BKOUAA METOAbI MOAFOTOBKU 1 MPeaBapuTesibHON 06paboTKm
3aLyLaemon noBepxHoOCTU. Mogpo6bHO paccMOTPEHbI MeTOAbI NPefoTBPALLEHUA KOPPO3UN, @ TAKXKE OCHOBHbIE HamnpaBneHys B pas-
paboTKe aHTMKOPPO3UIHbBIX MOKPLITUIA, OCHOBaHHbIE HA Pa3/IMYHbIX 3aLUMTHbIX MexaHu3Mmax. [priBefeHbl XapaKTepUCTUKN OCHOBHbBIX
KOMTMOHEHTOB 3aLUMTHbIX MOKPbITUIA. [oAPOOHO PacCMOTPEH BOMPOC Pa3pyLUEHNA NOMMEPHbIX MOKPBITUI B 3aBUCMMOCTM OT CpeAbl
3KCMNnyaTauum. PaccMOTpeHbI TUMbI CPef, MX BAUAHKE Y MEXaHU3Mbl AeCTBUA Ha 3alumiLaemMble 06beKTbl. [epeuncneHbl pakTopsbl
N MeXaHV3Mbl pa3pyLLeHs NOIMMEPHbIX MOKPbITU, MeTOAbl NPeAoTBPALLEHMA Aerpagauun NoKpbITHiA. BelgeneHbl HoBelwme
TexHonornv GopMrMpPOBaHMSA 3aLUNTHBIX NOTIMMEPHbIX MOKPLITWIA. 3aKntoueHune. B HacTosLlee BpeMs NOKpbITUA obecneunBaoT
LUMPOKUI CNEKTP KaueCTBEHHbIX NMoKa3aTesiel. BaXKHOM XxapakTeprCTUKON COBPEMEHHDbIX MOKPbITUI ABAAETCA MAUHUMAaNIbHOE Hera-
TVBHOE BO3/eNCTBIE Ha OKPY»KatoLLYI Cpefy, UTo TpebyeT KOMMIEKCHOrO NOAXOAA K MPOEKTUPOBAHMIO 1 NMPOW3BOACTBY MOKPbITUNA.

KJTIOYEBDIE CJIOBA: apre3us, 3almta, KOppo3us, MOKPbITUE, MONMMEpP, PaCTBOPUTENb, TEPMOpPeaKTUBHAA CMOna.

ana UMTUPOBAHUA:
Buxapesa W.H., AHTrnuH B.E. CoBpemeHHble cTpaTernn ¢opmMmnpoBaHua NoaMMepHbix Nokpbituii. Yactb Il // HaHoTexHonorum
B cTpouTenbctae. 2024. T. 16, N2 3. C. 218-226. https://doi.org/10.15828/2075-8545-2024-16-3-218-226. — EDN: CYSLIB.

3. PA3PYLUEHUE NOJIMMEPHbIX MOKPbITUN

Pa3pymienne opraHMYecKUX MOKPBITUIT MOXKET
OBITH TOBEPXHOCTHBIM B BUIIE KOCMETHUYCCKUX Oe(eK-
TOB 1 Je(EKTOB, MPUBOIIIINX K KOPPO3nu. BaskHBIM
ACIIEKTOM Pa3pabOTKMU BHICOKO3(h(HEKTUBHBIX aHTH -
KOPPO3UOHHBIX CUCTEM MOKPHITUI SIBISIFOTCS UCCIIe-
MOBaHME B3aUMOICHCTBHSI MEXKIY KOMIIOHEHTaMH T10-
KPBITUI 1 U3y4eHNEe (DYHIAMEHTAIBHBIX (DU3MUICCKIX

U XMMHMYECKUX MEXaHU3MOB IeTpagalluy MOKPBITUIA
BO BpeMs aKcITyaTauum [225].

AHTUKOPPO3UOHHbBIE TTOKPBITHUS IIOABEPraloTCs BO3-
JIEACTBUIO PA3IMYHbBIX Cpell U (PaKTOPOB: BOIbI, [IOYBHI,
atMocdepsl U yabTpadroaeToBoro usayyeHus. Kou-
KpeTHbIEe TPeOOBAHUSI K CUCTEMAaM ITOKPBITUI OIpee-
JISIIOTCS. B OCHOBHOM (DaKTOpaMU OKpYXKaloLleil cpe-
JIbI U 3JIEMEHTOB, B3aMMOIEUCTBYIOLIUX C ITOKPBITUEM
BO BpeMsI 3KCIUIyaTallni, a TaKXKe BpeMeHEM HX BO3-

" OKkoHuaHue. YacTb |, Il onybnmkoBaHbl B XXypHane «<HaHoTexHOorMmn B cTponTenbcte». 2024. T. 16. N2 1, N 2.
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nericteus. Hanmpumep, NOKpbITUS B TPOMBIILIEHHOM
CEKTOpe MOABEPraloTCs BO3AECUCTBUIO XUMUKATOB U 10~
K81, TOTA KakK MOKPbITUSI, 3apbIThie B TTOYBY, B3aUMO-
JIECTBYIOT ¢ OAKTEpUSIMU U BJIarOi.

3.1. Knaccudmkauyuma cpep

B mipoliecce sKcITyaTallii Ha aHTUKOPPO3UOHHBIS
TOKPBITUS BO3ACUCTBYIOT CPEIbI C Pa3IMIHON arpec-
cuBHOCThIO. Kimaccudukamnms yciIoBUT OKpyKaro-
el cpenpl 1Mo TuIry Bo3aeiicteust mpuBeneHa B TOCT
34667.5-2021 (ISO 12944-5:2019) «Matepuabl J1ako-
KpacoyHbIe. 3allliTa CTATbHBIX KOHCTPYKIIUI OT KOp-
PO3MU IPU MOMOIIHU JIAKOKPACOYHbBIX CUCTEM» [226].
CTaHIapT ONMMCHIBAeT BO3ACHCTBIE OKPYKAIOIICH CpeIbl
Ha KOHCTPYKLIUY U3 CTaJl, HaXOMIsIIecs B aTMoche-
pe, moTrpy:KeHHBIC B BOAY WJIM 3ariy0JIcHHBIC B TPYHT.
B cranmapre mpencTaBicHa cUCTeMa KJIacCH(DUKAIINH,
OCHOBaHHas Ha KATETOPHSIX KOPPO3HMOHHOM aKTUBHOCTH
IUTST pa3HBIX YCIIOBHIT OKpy:Katomeii cpenbl. Kinaccudpm-
KaIus YCJIOBUI OKPYKAIOIIeH cpeabl HeOOXOMMMa ISt
BBIOOpA 3AITUTHBIX CHCTEM.

Ammocghepras Koppo3uss — TIPOIIECC, TTPONCXOISIITNIA
Ha METaJUIMIECKOM TTOBEPXHOCTH TP ACHCTBUU BIIarn
Bo3myxa. CKOpPOCTh KOPPO3HUH YBEININBACTCS IO BO3-
TIEUCTBUEM CIICIYIONINX (PAaKTOPOB:

— TIpU YBEJIWYCHHNU BIAXKHOCTU BO3IyXa;

— TIpu oOpa3oBaHMU KOHICHCATA;

— TIpU YBEIWYCHUM KOJMYCCTBA 3aTpsI3HCHUI B aT-
Mocdepe arpecCUBHBIC 3arps3HSIONINE BEIIeCTBA
BCTYITAIOT B PEAKIIMIO C MIOIIOXKOI 1 00pa30BBIBAIOT
OTJIOKCHMST Ha TIOBEPXHOCTH.

MHTEeHCHBHO KOpPO3MUs pa3BUBACTCS TIPU OTHOCH-
TEJIbHOM BJIAXKHOCTHU Bo3ayXa Bbiiie 80% U TemMIieparype
Boire O °C. ITpu BEICOKOIT 3aTpsSI3HEHHOCTH BO3IyXa UJTH
TIPUCYTCTBUU TUTPOCKOITMIHBIX COJICH KOPPO3US BO3-
HUKAaeT W IIpH 00JIee HU3KOM BIAXKHOCTH.

Kimmmat ompenernsieT BIaskHOCTb U TEMIIEPaTypy BO3-
myxa. B xomomHOM MM CyXoM KJIMMaTe KOPPO3UOHHBIS
poIiecchl 3aMeieHbl. Hanboree BeICOKast KOppO3u-
OHHAasI aKTUBHOCTh HAOIIOHACTCS B JKapKOM, BIIaSKHOM
1 MopckoM KimMate. OtpenessiiomnM (haKTOpOM CITy-
JKUT TIEPUOL BIAKHOCTH — BPEeMsI BO3IEHCTBISI BEICOKOI
BIIAXKHOCTH Ha KOHCTPYKIIUIO.

Ha Koppo3noHHBIE IIPOIIECCH BIUSET pa3MelleHIe
3JIEMEHTOB KOHCTPYKIMK. KOHCTpYKIINM Ha OTKPHI-
TOM BO3[yXe MCHBITHIBAIOT Pa3HbIC KIIMMAaTHICCKUE
YCIIOBHS W IIMKJIBL: JOXIb, COJTHIIE, 3aTPSI3HSIONINE
BeIlleCTBA B BUIE Ta30B, adpo3oiieil u T.1. Hammane
YKPBITHUS CTJIAXKWBACT BO3MCHCTBUE KINMAaTUICCKUX
daxkTopoB. B 3akpbiTOM moMenieHUU atMochepHoe
3arpsI3HEHME TTPAKTHIECKU OTCYTCTBYET, HO CKOPOCTh
KOPPO3UHU MOXET YBEIMUNBATHCS M3-32 HEAOCTATOTHOM
BEHTWJISILINY, BEICOKOI BJIaXKHOCTH BO3IyXa U 00pa3o0-
BaHMs KOHICHCATA.

B ycnoBusix okpyxkarolei cpenbl KOppo3uOHHas
arpecCMBHOCTD 10 CPAaBHEHMIO C TPOMBILIJIEHHON aT-
Mochepoii U MOPCKUM KJIMMAaTOM JOBOJbHO HU3Kasl.
ITpombliiIeHHBIE Cpelibl XapaKTepU3YIOTCS BICOKOM
KOHILIEHTpaLMe TBepAbIX YacTULl B aTMOchepe, Caxu,
rnecka u cyjbgaTtHbIx cosieit. JloXXIb ¢ BHICOKMM COIep-
KaHHWeM JIUOKCHUIa cepbl B aTMoc(pepe oopa3yeT KUcC-
JIOTHbBIE TOXXAM, U TIOKPBITUE MOMNAAAeT B KUCTYIO CPEy.
Mopckas atmocdepa xapakTepu3yeTcsl 0O4eHb BbICOKMM
comep:kaHUEM arpecCUBHBIX HOHOB Cl~, BEI3BIBAIOIINX
TOYEYHYIO KOPPO3HIO.

Ha cxopocTh KOppO3MOHHBIX MMPOLIECCOB 8 800¢€ BIIN-
SIIOT:

— TUM BOJbI — MIpeCHasi, COJIOHOBATasl WX COJIEHasI;

— KOHIEHTpalMs KUCI0POa B BOJE;

— TUII U KOHLIEHTpALIMsl pACTBOPEHHBIX B BOJIE BEILIECTB;

— TeMrepaTypa BOJbI.

YcKopsTIoT KOppo3uio ToABOAHbIE hiopa u hayHa.

Broigensior Tpy padHble 30HbI MOTPYKEHUSI KOH-
CTPYKLUI B BOLY:

— TIOJABOJHAs 30Ha;

— TIPOMEXYTOYHasl (MJIA ¢ KoJcOaHUeM YPOBHSI) 30Ha,
YPOBEHb BOJIbl HA KOHCTPYKILIMM MEHSETCS U3-3a
€CTEeCTBEHHbIX WJIM UCKYCCTBEHHBIX (PaKTOPOB, YBE-
JIMYMBAIOIIMX KOPPO3UIO 13-32 KOMOMHUPOBAHHOTO
BO3/EICTBUS BOIBI M aTMOCHEDHI;

— 30Ha OpbI3r U IEPEMEHHOTO CMauYMBaHMSI, CMaulBae-
Masl BOJIHAMM 1 OpbI3raMu KOHCTPYKIIUSI UCTIBIThIBA-
€T BBICOKOE KOPPO3MOHHOE HaIpsiXKeHUe, 0COOEHHO
OpU IEUCTBUU MOPCKOM BOJIBI.
30Ha OPHI3T MIPEACTABISIET COOOM Upe3BBEIYATHO

arpecCcuBHYIO Cpely, MOCKOJIbKY couyeTaeT O0oraTyto K1c-

JIOpOIoM aTMOcGepy M HEMPEPbIBHBIE OPBI3THU JIEKTPO-

JIMTOB 13 Mopsl. Jlerpagalus MOKPLITUA B 30HE OPBI3T

YCKOPSIETCS MO IeHCTBUEM YIbTPadHOIeTOBOTO U3-

JIyYeHMST 1 MEXaHWUYECKOTO HAIpsSIKEHUSI, BBI3BAHHOTO

MOCTOSIHHBIM YepeIOBaHUEM MEPUOIOB BJIarU U CYXOCTH.
Kopposust B pyHTe 3aBUCUT OT THUIIA IMOYBbI 1 OTIpe-

JIEJIIeTCs coiepXKaHUEM MUHEPaTbHbBIX BEILIECTB, UX BU-

JIOB, HAJIMYMEM B TPYHTE OpraHUYECKUX BELIECTB, CO-

Jiep>KaHWeM BOJIbl Y KMCJIOpOoaa, OT CTEIeHU adpalliu,

HaJnyueM OaKTEpUil.

KoHcTpyKiyu, norpy>KeHHbIE B BOY WUJIU 3apbIThIE
B IOYBY, MOTYT ITOCTPanaTh OT MecKa, rpaBUsl UJIM KaM-
Heil, buooOpacTaHusl.

3.2. MexaHN3Mbl AeCTPYKLN

Koppo3sust — mporiecc, BOSHMKAIOIINI TTPU (hU3UKO-
XUMIYIECKOM B3aMOICHCTBIM METaJlJIa C OKPYKaroIIeit
cpenoii. st mpoTeKaHWsT KOPPO3UMOHHBIX IPOIIECCOB
HEOOXOIUM pacTBOP 3JICKTPOIUTA U METAJUTMICCKUMA
IIPOBOIHUK MEXIY IBYMSI OTIECIBbHBIMU O0JIACTSIMU
C pa3HBIMHU TTOTEHIINAIAMH, TO €CTh aHOIOM M KaTOIOM.
IToMmMo Kesae3a U cTaiu, IPYTUMHU IIPUMepaMU TIPO-
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IYKTOB KOPPO3WH SIBJISTFOTCS 3eJIcHas TaTWHA Ha MeOu
u Oemast pxKaBUMHA Ha IIMHKE.

B pesynbraTe KOppO3MOHHBIX TIPOIIECCOB HA CTallb-
HOM MOIJIOXKE 00pa3yloTCs aHOMHBIC M KAaTONHBIC
obnactu. Ha xaTome KMCIOpPOI BOCCTaHABIMBACTCS
Ha KaTaJTUTUIeCKN aKTUBHOI MOBEPXHOCTU OKMCIICH-
HOTO MeTaJlla TIPEUMYIIECTBEHHO IO TUAPOKCOMOHOB
(peaxitust 3), HO MOTYT 00OpPa30BBIBATHCS U APYTHE TIPO-
IYKTHI peaKInu, TaKne KaK MePOKCHUIBI, CYTICPOKCHUIBI
¥ paguKaibel. Ha aHome mponcxoanT HeCKOIbKO PeaKIIii
KOPPO3UH, PE3YIBTaTOM KOTOPHIX SIBJISIETCSI 00pa3oBa-
Hue noHoB Fe? u a1ekTpoHoB (peakius 4).

2H,0 (1) + O, (aq) + 4e~~ 40H" (aq), )

Fe (s) » Fe?* (aq) + 2e- 4)

3artem ruapokcun xkene3a (11) oKucIsieTcsT B OKCHIBI
KeJie3a ¢ 00pa3oBaHUEM 3€JIEHOTO TUAPATUPOBAHHOTO
marHeruta: FeO«Fe,0,«H,0:

6Fe(OH), (aq) + O, (aq) ~

- 4H,0(1) + 2FeO+Fe,0,+H,0. (5)
I'mapaTUpOBaHHBI MATHETUT HECTAOWIIEH U pa3-

JlaraeTcs Ha YepHBIl MAaTHETUT:

FeO«Fe,0,+H,0 (s) » FeO+Fe,0, (s) + HO. (6)

B npucyTcTBMM KMCIIOPOAA YEPHbBIA MATHETUT OKHUC-
JISIeTCS B CTaOMJIbHBINA KPACHO-KOPUYHEBbIN THAPATH-
posanHbiit rematut (Fe,O,« H,0), HasbiBaeMblii pXaB-
YUHOIA.

4FeO * Fe,0, (s) + 60, (aq) + 3H,0 -

- 6Fe,0,+ H,0 (s). 7
OO61as peakms

4Fe (s) + 30, (aq) + 3H,0 (1)~

- 2Fe, 0, H,0 (s). 8)

JBrKyteit crnoit Kopposuu (puc. 14) mas cranmm
SIBJISIETCSI PA3HOCTb MOTEHLIAAJIOB MEXIAY aHOIHBIM
1 KaTOTHBIM ydacTKaMu. OOIINiA ITOTEHIINAT SJICKTPH-
YECKOTO PAaBHOBECHSI TAJTbBAHMIECKOTO SJIEMEHTA OTIpe-
IIeJIsIeTCsI pa3HUIIeH CTAaHIAPTHBIX ITOTCHIINAIOB MEXKITY
AHOMHOIA ¥ KaTOIHOM peakUMAMY nonysnemenra: E°
n E°, | COOTBETCTBEHHO.

3.3. GakTopbl AeCTPYyKUMN

B atMocdepHBIX YCITOBUSIX TTOKPHITHE TTOIBEPracT-
CsI BO3ICUCTBHUIO Pa3IMIHBIX (DAKTOPOB, YTO IIPUBOIUT
K 00pa30BaHUIO0 KOCMETUUECKUX Me(MEKTOB: IOTEpE
Oyecka, I3MECHEHUIO IIBETA U MEJICHHIO. BOIbITMHCTBO

[C]

Fe(OH),

Fe(OH):—>Fex0s|

Kannsa Bogpl,

cofiepalljas
3NeKTPOSIUThI

0O;
Mognoxka
Lenctene aHopa KaTo,qgaﬂ peakuuvs
BbI3bIBAET MATTUHI obpasyet
KOppO3WK xenesa rMAPOKCU-NOHBDI

Puc. 14. Cxema KOppO3MOHHBIX MPOIECCOB HA CTAJIN
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KOCMETUYECKUX Me(PEKTOB BEI3BAHO PA3JIOKCHUEM CBSI-
3ylomiero 1moxu aeiicteueM Y®-usnydenud [227—228].
Bosee cepbe3HBIMU TTPOGIEMAMU SIBJISIIOTCSI TPEILMHBI
B ITIOKPBITUHU U TIOTEPSI ArE€3UNL.

[TOCKONBKY CHUXEHHE aAre3Uy IIPOMCXOIUT 0 Ha-
CTYILIEHUsI KOPPO3UHU, BaXKHO 3HATh MEXaHU3MbI, OT-
BETCTBEHHBIE 33 CHIKEHUE a[re3un MEXKIy OpraHude-
CKIM TTOKPBHITHEM ¥ METAJUTMYECKON TTOMIOXKKOM [229].
Hanpumep, B aTMOC(epHBIX YCIOBUSIX LIMHKOBBIE T10-
KPBITUSI MOTLYT OTCJIaMBaTbCS M3-3a HECOOIOMEHUS
YCJIOBUIA OTBEPXKIEHMSI, UTO B JalbHEMIIIEM IIPUBO-
JIUT K HAPYLIECHUIO 3alIUThl OT KOPPO3uU. MexaHu3M,
OTBETCTBEHHbII 32 CHUXKEHUE aAre3uu, — «MOKpasi
afre3usi», T.e. aare3ust MOKPHITUS K META/UIMYECKOM
MOJIJIOXKKE B IIPUCYTCTBUU BOAKI [229]. BoasHble mapbl
B KOHEYHOM MTOTE BCETaa IMIPOHMKAIOT Yepe3 MOKPhI-
Tre. MoJIeKyIIbl BOIbI HA TPAaHMIIE pa3/iesia MEXIY I10-
KPBITUEM U ITOUIOXKOM CBSI3bIBAIOT MOHBI BOIOPOAA
¥ HUBEJIHUPYIOT CUJIbI CLUEIUIEHUSI MEXIY ITOKPBITUEM
¥ okcumamMu MetayitoB [230]. BeimepXuBaTh THIPOIIN3
B TeUEHUE JIMTEJBHOTO IIepHUOoaa BPEMEHH IIPUTOIHO
He0O0JIbIIOE KOJUYECTBO MOJIUMEP-METAIMYCCKUX
cBs3eit. TakuM 06pa3oM, BO BIAXKHOMU Cpele aare3ust
cirabeeT, Ha TpaHUIIC pas3mesia oOpa3yeTcsT pacTBOP
9JIEKTPOJINTA, B PE3yJIbTaTe KOPPO3UOHHBIE IIPOLIEC-
cbl manumupytorcst. C momombio MetogoB FTIR-MIR
ompejesieHa TOIIIHA 0€30IIaCHOIO CJIOSI BOIbI, a TAKXKE
0OHAapYXEHO, YTO TOT CJIOM HAKAILJIMBACTCSI C YBEIMYe-
HUeM noTeHuuana. Jas MHrnoupoBaHus HAKOILIEHUS
BOJIBI HEOOXOAMMO HECKOIBKO CI0EB MOKPHITHS [231—
233]. IIponecc HaKOIICHUS BOABI Ha TpaHMIIe pa3aeia
MMOKPBITHE-IIOAJIOXKKA ITOATBEPKACH MCCIEIOBAHUSIMM
BOJOITOTJIOIICHUS B IIPUJICXKAIINX I CBOOOTHBIX TUICH-
Kax. BomormoroiieHue B mpujiexaniux 001acTsx I10-
KPBITUI BBILIE, YeM B COOTBETCTBYIOIINX CBOOOIHBIX
rieHKax [234]. OcHOBBIBAsICh Ha BEJIMUYMHAX DHEPTUIA
B3aMMOJIEICTBUI MeTaJUI-aare3us (B AMana3oHe OKOJIO
25 x/I>x/MOJTh WJIN HIKE) W B3aUMOICHCTBUI MeTaIlI-
BoJa (HEPTrUM CBI3U B auamna3oHe 40—65 kJIxx/Moib),
BBITECHEHME ITOKPHITHUS BOIO BIIOJIHE BEpOSITHO [235].

3.4. Tunbl gecTpyKuumn
Humesuonas xoppo3us

B ycioBusix Bi1axkHO# aTMOC(EpBI aKTyaTbHBIM M-
XaHU3MOM JeTpamallii MeTaJIJIOB C OPTaHUICCKUM IT10-
KPBITHEM SIBJISIETCS HUTEBUIHAS KOPPO3Us. XOTS HUATE-
BHUIHAS KOPPO3USI YaCTO HAOJIOMACTCS Ha ATFOMITHUEBBIX
IEeTalIsIX C OPTAHUYECKUM TTOKPBITAEM, NCKITIOUCHIE
HE COCTaBJISICT U MarHUEeBasI M XOJIOTHOKATaHas CTalb.
HureBumHas Koppo3ust OOBITYHO BO3HUKAET HA MUKPO-
CKOTIMYECKUX MapalmHax W ge(peKTax MoKpeIThs. Hu-
TEeBUIHASI KOPPO3HS OOBITHO SIBJISICTCS TIOBEPXHOCTHOM
1 TIPEICTaBISICT COOOI TOHKME HUTEBUIHBIC HAJICTHI,
0OCOOCHHO MPOTPECCUPYIONINE MO TTOKPHITUEM BIOJH
rmoBepxHocTH. KOppo3noHHBIe HUTH MOXHO pacCMaTpH-
BaTh KaK KOPPO3MOHHYIO TOJIOBKY, 32 KOTOPOIi CIIeAyeT
XBOCT, TIPEICTABJISTIOIINI COOO0I TTOPUCTHIC TTPOTYKTHI
Koppo3uu. Kucmopon neficTByeT NCKITIOUNTETFHO Ha aK-
TUBHYIO KOPPO3MOHHYIO ToJIOBKY [236]. HabGmomaercs
mrddepeHInAaTbHAs ad3parnsl, TOCKOIbKY KICIOPOI
1 BOIA TTOCTYITAI0T K KOPPO3MOHHOI TOJIOBKE TTOCPEI-
cTBOM Iuddy3nu yepe3 mopucThiil XBocT [237]. Enun-
CTBEHHBIM 3((MEKTUBHBIM METOIOM TIPEIyIIPEXKICHUS
HUTEBUIHON KOPPO3UU SIBIISICTCS 00€3BOXKMBAHUE TO-
JIOBKU HUTH ITyTeM CHIDKCHUSI OTHOCUTEIBHOM BIaXK-
HOCTH ITpuMepHO 10 60%. HeckoIbKO ClI0eB IMTOKPLITHSI,
HHU3KOE IIPOIyCKaHWe BOMASHOTO TTapa M HaJIMIe WHT Y-
OMTOPOB 3aMEUISIIOT, HO HE TIPeIOTBPAIIaloT HUTCBHI-
HYIO KOPPO3HIO B cpelax, Ilie BIaKHOCTh HEBO3MOXHO
KOHTPOJIMPOBATh.

Jleepadayus noepyjceHHbIX NOKPbIMULl

B cucremax ¢ morpy>keHHBIMU OpPTaHUIECKIUMH T10-
KPBITUSIMUI HanboJIee BaXKHBIMU 1 PacIIpOCTPaHCHHBIMM
dopMamMu BUIMMOTO pa3pylIeHUs SIBIISIIOTCS 00pa3o0-
BaHUe ITy3bIpeit u pacciaoeHue (puc. 15). PasmmaHoe
B3aNMOIEUCTBIE TUAPOKCIIIHBHBIX HOHOB C METaJUIIIe-
CKOI1 TTOIIJIOKKOM TIPUBOIUT JIMOO0 K KATOMHOMY B3IYTHIO

PaccnameaHue

0,, H,0

O6bpaszogaHue
Ny3bIPbKOB

.+ OcHoBa "

Puc. 15. Dcku3 pacciioeHns v B3AYTHS MOKPHITHS
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11100 K KaToOHOMY paccioeHuio. O0pa3zoBaHue y3bIpeit
SIBJISIETCSL PE3YJILTATOM OCMOTUYECKOTO JABICHUS BBUILY
BBICOKOI PaCTBOPUMOCTH B BOJIE TIPOAYKTOB KaTOITHOM
peakuuu. B pe3ynbraTe 00pa3ylolieiics eJI0YHOM cpe-
JIbI OJ1aT0HAPs HAJIMYKIO IIPOAYKTOB KATOAHOM peakLiun
MIPOUCXOIUT Pa3pbiB CBSA3El Ha rpaHUILIE paszeiia I10-
KPBITHE-METAJLI, YTO IIPUBOAUT K PACCIIOCHUIO.

LlenouHast cpena 1o OTCIANBAIOILIMMCS IIOKPBITUEM
U B KATOIHbBIX 00JIACTSIX CBSI3aHA C OCHOBHBIMU KOPPO3U-
OHHBIMU MPOLIECCAMU CTAIA B MOPCKOI1 Boe. Hanuune
JIe(dEKTOB B 3alUTHOM IIOKPHITUH CIIOCOOCTBYET OoJiee
AKTUBHOMY BO3IEHCTBHIO OKPYKAIOLLEH CpeIbl HA CTaIb.
Tak mporcxoauT 06pa3oBaHKe TaIbBAHUYECKOM STUEHKI
C aHOIHOM U KaTomHo# objactsamu. CTanab pacTBOPSI-
€TCS B AaHOIHOM 00/1aCT. 3aTeEM OKUCIIEHHbIE METAJLIbI
KaTaJIM3UPYIOT KATOAHBIC PeaKLIMU, aHOAHAS PeaKLusI
YpaBHOBEILKMBAETCS KaTOAHOM peakiiueil. B ecrecTBeH-
HBIX YCJIOBMI KaTOAHAs peakiiyst OyIeT BKII0YaTh BOC-
cTaHOBJIeHUE Kucaopoa [238].

Kamoonoe paccroenue

B ciyyae aHTUKOPPO3MOHHOTIO MOKPBITUS € AedeK-
TaMU Ha IIPaKTUKE KOPPO3USI HAYMHAETCSI TOpas3ao Obl-
cTpee, 4yeM 1151 6e31eeKTHOTrO MOKPhITHS. OCHOBHbBIE
TIPUHIIUITEI KATOTHOTO PAacCIIOCHUS B IICJIOM OITHMCAHBI
[239]. Cuurator, 4TO IPUIMHOMN PACCITOCHUS SIBIISICTCS
TaK Ha3bIBaeMasl KaTOMHAs MOJIsIpU3aliusi, BbI3BaHHAsI
JIEHACTBUEM M'MIPOKCUIBHBIX MOHOB WIM XUMUYECKIMU
peakuusiMu. HeoOxonumble 1jist AENONSIPU3ALIUNA Ka-
TOIHOM 00JIACTH KUCIOPOI U BOIA IIPOHUKAIOT Yepe3
MOKPBITHE WX BIOJIb IPAHULIBI Pa3eiia TOKPhITUE-ITO/I -
Joxka. 3ateM n1ubGYHIMPYIOLINNA K MOBPEXASHHBIM
y4acTKaM KHUCJIOPOJ BCTYIIAeT B PeaklUi0 OKUCIEHUS
Fe**— Fe’*.

UccnenoBarensiMu 60JIblIOEC BHUMAHUE yAEJIEHO
M3YYEHUIO TPAHCIIOPTa BOIBI, KMCIOPOAA U KATUOHOB
yepe3 OpraHUYeCcKue IMOKPBITUS HAa METAJUIMYECKYIO
mo10XKy. I1okazaHo, YTO TUIIMYHbIE OPraHUYECKHE
MOKPBITHUS JOCTATOYHO IPOHULIAEMBI JIJIS1 BOIbI Y KICJIO-
poza, IO3TOMY He CITIOCOOHBI MHIMOMPOBATh PACCIOEHLE
[240—241]. ITepeHOC MOHOB U3 OKPYKAIOWIE Cpeabl
Ha ITOBEPXHOCTh METaJlIa OCYILUECTBIISIETCSI 110 IUCKPET-
HbIM KaHajIaM C HU3KKUM COIPOTUBICHUEM B IIOKPBITUH.
[IpucyrcTBrE MOHOB LIEI0YHbBIX MeTaL10B 1 OH-1oHOB
MPUBOIUT K 0OPA30BaHUIO IEJIOUYHOM Cpelbl MO I10-
KPBITHEM U B KATOAHOM y4acTke pH MoxeT pocturaTh
12—14 [242—243]. Inddy3uss KaTHOHOB JUIsT HEUTpa-
3al1u 3apsiia TUAPOKCUIbHBIX MOHOB OOBIYHO SIBJISICTCSI
JIMMUTUPYIOLIUM 3TartoM. JloKka3aHo, 4To IepeHOoC KaTh-
OHOB BIOJIb IPAHUIIbI Pa3/iejia TOKPHITHE-CTaJlb IIPOUC-
XOIUT HAMHOTIO OBICTpee, YeM Yepe3 MOoKphITHe. Paccio-
€HUE ITOKPBITUSI KOHTpoupyeTcs auddy3ueii KaTuOHOB
[244—245]. [ToaTBepKmaeT 3Ty TUIIOTE3Y 3aBUCUMOCTD
CKOPOCTH PaCCIIOEHUS OT TUAPATUPOBAHHOTO pa3Mepa

KatrnoHOB. OMHAKO He3HAYNUTEIbHOEe M3MEHEHHE CKO-
pOCTH pacciaoeHUs B 00jiee CTaOMIBHOM SITOKCHUIHOM
ITOKPHITUN, MOTU(PUIIMPOBAHHOM CHJIAHOM, ITOKA3aJIo,
YTO caM IT0 cebe MexKa3HBII TPAHCIIOPT He OIIpeesieT
CKOPOCTh KaTOTHOTO PACCIIOCHMSI.

B xaTomHBIX OIMCTEpaxX MOM IMIOKPBITHEM BEICOKAS
IIEeJIOYHOCTD SIBJISICTCSI TIPUUYMHONM Aerpamaliiy Io-
KpeITHsL. OMHAKO TOYHBIN MEXaHW3M TT0Ka He OIMCaH.
MexaHU3MBI TTIOTePU CLETICHUST MEXIY MOMIOXKOM
1 TIOKPBITEM B IIEJIOYHOM Cpele COTIacHO pabote
[246] MOXHO pa3aenuTh Ha TPU TPYIIIILL: «<YyMEHbIIECHKE
OKCUITHOTO CJIOSI, XMMHWYECKasl JeTpamais IoJIuMepa,
MexXKba3HbI repesioM». [1epBuIil MyTh 06pa3oBaHUS 00-
JIACTel pacCIOeHUs SIBIISIETCS IIPEANIOUYTUTEIbHBIM [246].
Ha ocHoBaHMM 3TOTO MeXaHM3Ma OTIMCaHa JeTpagalins
STMOKCUIHBIX U TEPMOOTBEPKAAEMBIX AaKPUJIOBBIX U T10-
JTMOYTaaMEeHOBBIX IIOKPBITUIA Ha KATOXHO-3aIMNIIICHHOM
crayu. CoryracHO IuarpaMme, TaKue IIPOLeCChl BITOJTHE
IIpeacKa3yeMHbl I kejesa mpu pH = 14 u ipu kaTon-
HBIX MoTeHLunazax MeHee 960 MmB CBII. U3mepeHus
in situ peHTTEHOBCKOI (DOTORJIEKTPOHHOM CIIEKTPO-
CKOTHEH TTOATBEPOIIN, UYTO B IIECJIOUYHOM cpeie 3Ha-
YUTEIbHOE BOCCTAHOBJICHNE OKCHIA KeJIe3a BO3MOXHO
TOJILKO IIPU KaTOIHBIX MoTeHIInanax MmeHee 800 mB CBI1
[247—-248].

IMommMmepHast MaTpHUIIa TOKPHITUS TIPU SKCILTyaTa-
IIUY TIOABEPTraeTCs XUMUICCKOMY Pa3IOXEHUIO, TIPH
MMOBBIIIeHHBIX pH TIponcxoaut omputeHne. I1ogoOHBIE
CJIyJad OIMCAHEKI C IIOKPBITASIMU Ha OCHOBE TTOTNATHIIC-
Ha, TTOTNOyTaareHa W SITOKCUIHBIX CMOJT Ha KaTOIHO3a-
UIIeHHOU ctanm [249]. Hampumep, pa3ioxkeHne myTeM
OMBIICHUSI B CJTydae IMTOKPHITHI U3 TTOMOyTaareHa YCKO-
pserca nipu pH > 11,8. McciiemoBaHus mmoxkasaiu, 4To
00J1acTh TTIEpBOHAYAIBHOTO pa3pyIICHHS ITOTUMEPHOTO
ITOKPBITUS HAXOIUTCST BOJU3M IMTOBEPXHOCTH MeTajlia
[250]. O6pasylomuecsd Mpu BOCCTAHOBIEHUN KUCIIO-
pona pamukansl HO,”, OH u O, 4BI410TCSA OCHOBHBIM
(axTOpOM IerpamalOHHBIX TTPOIIECCOB OPTaHMIECKOTO
cios [251].

CxeMbl MEXaHU3MOB KaTOJHOTO PACCIOEHUs, OC-
HOBaHHBIC Ha JIMTePATYPHBIX JAHHBIX, IIPUBEICHBI
Ha puc. 16.

B obnactu nedekra B CBSI3U ¢ IPUCYTCTBUEM BOJIBI,
KHCJIOPOJa, MOHOB 3JICKTPOJIMTOB YCTaHABIMBACTCS
raJbBaHM4YecKas stuetika. O0pa3yrommecs: THIPOKCHITb-
HBIC MOHBI IIPUBOISIT K BEICOKOI IIEJIOYHOCTH B 00JIaCTH
1 CHIDKCHUIO CIETIICHUS MEXKITY TTOIJTOXKKOM 1 TTOKPBI-
THeM. Bo3HUKIME B IIpoliecce OTBEPKICHUST CMOJIBI
BHYTPECHHUE HAIIPSKEHUS B MOKPBITUAX, ITePEITamgbl
TeMIIepaTyp M BIAXKHOCTU YCKOPSIIOT KOPPO3MOHHBIC
rmpoirecchl. CKOPOCTh PACCIIOCHHUS B IIICIOYHBIX PACTBO-
pax [252—253] 3HaUNTETHLHO HITKE.

[MoBpexneHme 1 IOCIeAyIOIIee OTCIOCHE OpTaHM-
YeCKOTO MOKPHITUS OT METAJNIMICCKOM ITOBEPXHOCTH
IIPOMCXOIUT PAa3IMIHBIMU CITOCOOAMM: B BIIC KATOIHO-
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MNpopyKTbl KOPPO3UK

Puc. 16. Paccioenne mokpbITHs MOCJI€ NOBPEXKIECHUS

TO pacCIOCHNUS, B BUIE HUTEBUIHOM KOPPO3UH WU TIPU
COBMECTHOM MPOTEKAHUHN 3TUX IIPOIleccoB. PaccioeHme
OpPraHNYCCKUX ITOKPHITHIT Ha TIOBEPXHOCTSIX, 00pabOTaH-
HBIX XpOMAaTOM WIH (pocdaToM, SIBISIETCS CICACTBUEM
pacTBOpeHUSI KOHBEPCUOHHOTO CiI0sI. Jloka3aHo, 94TO
pacciioeHe SIMTOKCUIHOTO ITOKPHITHS Ha XpOMaTHPOBaH-
HOM CTaJIM BEI3BAHO Pa3pyIICHNEM CaMOTO KOHBEPCHUOH-
HOTO TTOKPHITHSI. KaTomHbIE YCIIOBUS IO SIIOKCHIHBIM
MMOKpHBITHEM BoccTtaHaBauBaoT Cro™ - Cr3*. B ciyuae
(ochaTHBIX KOHBEPCUOHHBIX ITOKPBITUI IIPOTEKAIOT
AHAJIOTUYHEIE TIpoLecchl [254]. DKcriepuMeHTaIbHbIE
MaHHBIC TTOATBEPKIAIOT YMEHBIICHNE OTCIaMBaHUS
TIOKPHITUS B KATOTHBIX YCIOBUSX B IIPUCYTCTBUHU (hOC-
darconmepxkammx MUrMeHToB [255]. OnqHako XapakTe-
pucTUKU hochaTHO-MTUTMEHTUPOBAHHBIX ITOKPBITUMA
B KaTOIHBIX YCIIOBHSIX 00€CIIEUNBAIOT CTOMKOCTH CBSI-
3YIOIIETO K BEITCCHCHUIO IIEJIOYN Ha TPaHUIIe pas3mesa
THOKpHEITHE-CTab. CHIDKEHNE CKOPOCTU PACCIIOCHUS
B TIPUCYTCTBUM (pocdaTcomepKammx MMT'MEHTOB 000-
CHOBaHO ocaxmeHueM (ocdaTHOTO CI0sT Ha KATOTHBIX
yJacTKax M MoJIsIpu3anneil KaTogHoi peakunu [256].
Cpenu (paKTOpOB KaTOTHOTO PACCIOCHUS TTOKPBITUMA
TaK>Ke MOXXHO BBIICITUTH IETPagalliio IIOJIMMEPOB B pe-
3yJIBTaTe OKUCIUTEBHBIX ITPOLIECCOB U B3aUMOJEICTBUE
C aKTUBHBIMHU TTPOMEXYTOYHBIMHU TIPOTYKTAMU, TAKUMI
kak H,O, nu HO,, panukanamu OH. YTBepxnaercs, 4to
WX IEHCTBHE O0JIee pa3pyIINTEIbHO TS IIOKPBITHS, YeM
o0Opa3yromrasics ImeIoYHast cpefa.

Kamodnoe obpazosarue ny3vipei
OO6pa3oBaHue B3IYTHI CIYKUT TIEPBBIM BUAMMBIM

IIPU3HAKOM HEMOJHOLEHHOM 3alllThI AHTUKOPPO-
3MOHHOTI'O OPraHM4Y€CKOro nmoKpbITHUA. 06]:)8.30B3HI/I€

IMy3bIpeii Ha 0e30e(eKTHBIX ITOKPBITUSIX OMICHIBACT-
csI CICAYIOIINMHA CTaIUSIMU; HaOyxaHWe, pacIInpeHmne
n3-3a HaOyXaHMs, 0Opa3oBaHME ra3a U MOCICAYIOIINe
OCMOTHYECKMeE TIporecch [257]. UMeHHO BOIOpacTBO-
pUMBIe 3aTrPSI3HUTEIN Ha TTOBEPXHOCTH CyOCTpaTa oT-
BETCTBEHHBI 32 0O0Opa30BaHME OCMOTUUYCCKUX ITy3BIPCA.
[IpoBeneHs! MccaeI0BaHMS TI0 OIIPEIEICHIIO IIPEISTHFHO
IOITYCTUMBIX KOHIICHTPAIINIA 3aTpsSI3HSIONINX BEIIECTB,
B MICCIIEIOBATEILCKIX Pab0TaX BCTPEUAIOTCST 3HAUNTEThb-
HBIE PACXOXICHUS MPEICIIOB TOITyCTIMOTO KOJIMIeCTBa
BOJIOPACTBOPUMBIX 3arpsI3HSIONINX BEIECTB Ha ITOI-
JIOXKKE 0 HaHEeCEHUSI TTIOKPBITHIA.

I[IpuHuunuanbHas MOAEb Aerpagauun 0e3nedeKxT-
HBIX OPTAaHNYECKUX ITOKPHITHIT Ha CTaJI B HEUTPAIIBHOM
SIIEKTPOJINTE MpeaIojaracT oopa3oBaHne KaTOTHOTO
B3IyTHSI TIOCTIE TICPEHOCA MOHOB TT10 IIPOBOISIINAM ITYTSIM.
[IpenmomnaraeTcs, YTO BOXOPACTBOPUMBIC KATUOHKI TH (-
GyHOMPYIOT Yepe3 MMOKPHITHE B HU3KOCIITUTHIX VIIM HU3-
KOMOJIEKYJISIPHBIX 00JacTsx. Jlerpaganuio 6e31eheKTHO-
TO TIOKPBITHUS TIPH IEACTBUU HERTPATBHOTO SJICKTPOJIATA
MOKHO 00OOIIIUTE CICAYIOIINMU CTanusIMK (Ha puc. 17
HOMeED B KPYXKKE COOTBETCTBYET HOMEPY CTalHN):

1 cTamust — IMIPOBOASIINE ITYTH Pa3BUBAIOTCS IO
BIUSTHHAEM BOABI B TUAPOMPUIBHBIX 0071aCTIX UIN 00-
JIACTSIX C HU3KOM TNIOTHOCTBIO CIITNBKH;

2 cramusl — WOHBI 3JeKTpoauTa TuhOYHIUPYIOT
ITO TIPOBOISIIIIAM IIYTSIM K TTIOBEPXHOCTH MOIOXKH;

3 cTamust — 00pa3oBaHNE aHOMHBIX YYACTKOB Ha T10-
BEPXHOCTH TTOIJIOXKKH;

4 cTamust — oOpa3oBaHMe KaTOTHBIX YYACTKOB Ha TIe-
pudepum nyreii;

5 ctagug — noHBI Na™ mud@yHIUpPYIOT K KaTOTHBIM
yJacTKaM 1T HEUTpaau3allny 3apsiaa BOOJIb TPAHUIIEI
pasmesia TOKPBITHE-TIOUTOKKA;
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Puc. 17. Mexanuam aectpykuun 0e3nedeKTHbIX OPraHMYeCKMX MOKPBITHIA HA CTAJIM B Cpejie

HEUTPAJIBHOIO JJIEKTPOJIUTA

6 cTaaud — CJIOYHOCTb CPCAbl CHOCO6CTBYCT KaTrona-
HOMY pacCCJIOCHUIO;

7 ctagus — Boda TIPOXOOUWT Y€PE3 IMOKPBITHE K KATOI -
HBIM Y4aCTKaM 3a CYCT TMIPOCKOMMWMYHOCTHU MaTC€pHrajia
Ha KaTOAHBIX yJyacTKax,

8 CTaaud — IIy3bIpU YBEJINYNBAIOTCA U CJIIMBAIOTCA.

O,I[HaKO B MUCCJIICAOBAHUAX HE YCTAHOBJICH MCXaHU3M
1 IIPUYNHBI OﬁpaSOBaHI/IH KaTOOHbIX Hy3I>IpeI71, X B3a-
HNMOCBA3b C OINIPCACICHHBIMM Y4aCTKaMM Ha I'paHUIC

pasziena MOKpPhITUEe-TIOIOKKA, TAKUMU KakK MexdhaszHble
MUKPOITYCTOTHI WU NeheKThI B CTPYKTYPE MMOBEPXHOCTU
TOUTOXKKY. KaTomHbIe my3bIpy MOTYT 00Pa30BaThCS PSIIOM
C OTKPBITHIM YYaCTKOM M Ha TIOBPEXIEHHBIX yIaCTKaX 1M0-
KpbITust. [TOBpeXIEHHBIN yIaCTOK MOKET OBITh Ie(heKTOM
TIOKPBITHS (TTOPBI U MUKPOITYCTOTHI) MJIA YIaCTKOM C HU3-
KO TIJIOTHOCTBIO CIIMBKU. 2KMIKOCTh B HEUTPATBHBIX
OyMcTepax ciaboKuMCIasi WK HelTpasibHasl, B TO BpeMs
KaK KUIIKOCTb B KATOTHBIX OJTMCTEPAX CHITLHO IIIEJIOYHAsI.
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3AKJIIOMEHUE

3alIUTHBIE TTOKPBITUS — OIHA M3 caMbIX 2 deK-
TUBHBIX, 9KOHOMUYHBIX U MPOCTBIX CTPpATeTUI MPeaoT-
BpalleHus yiiepoa. B yacTHOCTU, aHTUKOPPO3UOHHAsT
3allUTa MMOKPBITUII OCHOBaHA Ha OapbePHBIX CBOMCTBAX,
CaMOBOCCTAHOBJIEHUM, aKTUBHOM WHTUMOUPOBAHUU
KOppO31U, aHOJIHOM MaccuBalMK U KaTOAHOM 3aIlluTe.
[TonumepHble TOKPBHITUS 3aIUIIAIOT OOJbIIYIO YaCTh
MeTaJjljia 1Mo TOHHAXY 10 CPaBHEHUIO C APYTUMU aHTU-
KOpPpO3UOHHBIMU MeTonamu. [lepBoHavyaibHO MOKPHI-
THS ObLIM pa3paboTaHbl UCKIIOUMTEIbHO s 3a1AThI
METAJJIOB U CIJIaBOB OT KOPPO3WHU, B HACTOSIIIIEE BPEMSI
CYILIECTBYET MOTPEOHOCTh B pa3pabOTKe MOKPBHITUMA,
o0ecrneuynBaronX LIMPOKUIA CIIEKTP KauyeCTBEHHbBIX
nokasaresieil U MUHUMAaJIbHOE HETaTUBHOE BO3NIECTBIE
Ha OKpPYXalollylo Cpeay, 4To TpeOyeT KOMIIJIEKCHOTO
noaxoaa K MpoeKTUPOBAHUIO U MTPOU3BOICTBY MOKPHI-
TUIi. B COBOKYIMHOCTU ¢ 3TUM HEOOXOIUMO pa3BUTHE
COBPEMEHHBIX METOAOB OIPEIEICHUS XapaKTepUCTUK
TMOKPBITHI IO UX MOP(OIOTUH, XUMUISCKUM U HU-
3UYECKUM CBOMCTBAM U KOPPO3MOHHOMY MMOBEIECHMUIO.
K TomMy e mopaisitoliee O0JAbIIMHCTBO UCCIEI0Ba-
HUH B pa3pab0TKe MOKPBLITUI MPOBOAUIIOCH ex Sifu.
B cBs131 ¢ 3TUM [UJIS1 TOJTHOTO MCCEN0BaHUS CBOMCTB
¥ MEXaHU3MOB IMOKPBLITUI B MIease 10JKHO ObITh 00€e-
CIIEYEHO CUHEPTeTUYECKOE MCIT0JIb30BaHUE METOIOB

CMUCOK NCTOYHUKOB

HWCCIeTOBaHUS CBOMCTB U MEXaHU3MOB MOKPBITUI,
a TakKe JJIsI TTOJIy4eHUsI TJIyOOKOTOo MEXaHUCTUYECKO-
ro MOHMMAaHUS B pa3IMYHbIX MaciITabax IIUHbI — U3-
yYeHUE MOBEACHUS MOKPBITUS in situ. JlanbHeimne
HCCIIeI0BaHMs JOJIKHbBI ObITh HAMpaBJIeHbI HA U3yYEeHUE
MPUUYMHHO-CJIEICTBEHHBIX CBSI3€ MEXy CBOMCTBAMU
MOBEPXHOCTU MeTajlJ1a, MPOHUKHOBEHHUEM BJIaTU U CKO-
POCTBIO KOPPO3UHU IJIsI pa3pabOTKU MHOTOMACIITAOHOIA,
KOJIMYECTBEHHON U UMUTALIMOHHOU MOAEIN OLEeHKHU
AHTUKOPPO3UOHHBIX CBOMCTB U 10JITOBEYHOCTU Opra-
HUYECKUX MOKPBITUI.

HanotexHonorum 061a1a0T OOJIBIINM TTOTEHIIMATIOM
IIJIST CO3MAaHMS BRICOKOA(M(MEKTUBHBIX aHTUKOPPO3MOH-
HBIX TTOKPBITHIA: TTIOBBIIIAIOT aICOPOIIMIO,/TIOTIOIICHIE
BOJIbl, TEPMOMEXAaHUYECKME XapaKTePUCTUKU, aATe3UI0
K TIO[UVIOXKE, YCTOMUMBOCTD K YJIbTpa(roaeTOBOMY 13-
JIYYEHUIO U XUMUYECKYIO CTOMKOCTh, UBHOCOCTOMKOCTb,
3JIEKTPONPOBOIHOCTD, TJIOTHOCTh CILIMBAHUSI, OTHOPO/I -
HOCTb U OMOCOBMECTUMOCTb. M crosib30BaHWE HAHO-
MaTepuaJoB B OPraHUYECKUX MOKPBITUSIX 3HAUUTEHHO
yJIydyuiaeT 0apbepHble CBOMCTBA 32 CYET YMEHbBILIECHUST
MOPUCTOCTU U YBEJIMYEHMST U3BUJIMCTOTO MYTU LTSI KOP-
PO3MOHHO-aKTUBHBIX BelllecTB. Pa3zpaboTka akoaornye-
CKM YHCTBIX MOJMMEPOB, HAHOUYACTULl 1 UHTUOUTOPOB
KOPPO3UU SIBJISIETCS MEPCIIEKTUBHBIM pellIeHUEeM IS
co3iaHus 00J1ee 3KOJOTMYHBIX HAHOKOMITO3UTHBIX OpP-
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ABSTRACT

Introduction. To restore and develop the Solovetsky Islands road network concrete slabs could be used. Currently, compositions
with additives of industrial waste, including micro- and nanoscale, are being actively introduced to improve the performance
characteristics of the road slabs. For the Arkhangelsk region, saponite-containing waste from the mining industry could be used
as a material. At the same time, one of the ways to accelerate the process of gaining strength of composites is steaming. However,
studies related to the effect of temperature and humidity treatment on the hardening process of a composite with a highly dis-
persed saponite-containing material (SCM) have not been previously studied. It is known that the process of moisture sorption with
a finely dispersed additive allows controlling structure formation during concrete hardening, improving its operational character-
istics. However, under conditions of high humidity, the quantitative content of tempering water, calculated based on the value of
water absorption of the SCM, can significantly change and affect the process of gaining the strength of the composite. Therefore,
the purpose of this research is to study the effect of temperature and humidity treatment on the strength gain of fine-grained
concrete with the addition of SCM. It has been established that the accelerated method of concrete hardening has only a positive
effect on the formation of a strong and dense structure. However, in the case of using highly dispersed saponite-containing mate-
rial as an additive, the opposite effect (decrease in strength) associated with sorption properties and features of its structure can
be observed. Methods and Materials. The SCM recovered from the recycled water was dried to constant weight and dispersed on
a planetary ball mill. Particle size was determined by dynamic and electrophoretic light scattering, and specific surface area was
determined by nitrogen sorption (BET theory). The strength of samples of fine-grained concrete of the control and experimental
(with the addition of SCM) compositions was gained in two ways: under normal conditions and by an accelerated method using
steaming. Strength tests of cube samples with dimensions of 70x70x70 mm were carried out on an automatic test press accord-
ing to GOST 10180. The microstructure of the samples was examined by scanning electron microscopy. Results and Discussion.
The separated, dried and ground saponite-containing material (powder) had an average particle size of 445+40 nm and a specific
surface area of 50 670+10 m?/kg. In continuation of the studies, control (FGC) and test samples of fine-grained concrete (FGC_ ) were
made. The amount of a highly dispersed additive was introduced into the concrete mixture based on previously obtained results of
kinetic studies of the water absorption process of saponite-containing material. The determination of the strength characteristics
of 1-FGCand 1-FGC__, hardening under normal conditions, was carried out on day 28. Samples of 2-FGC and 2-FGC__, a day after
sealing with water, were placed in a steaming chamber. After the expiration of the holding time, they were gradually cooled and
their strength characteristics were determined. It has been established that the accelerated method of gaining strength of fine-
grained concrete, by steaming, has a positive effect only on control samples. For a composite with the addition of SCM, temperature
and humidity treatment has the opposite effect. Thus, the dynamics of strength gain of 1-FGC and 1-FGC__ are of the same type.
At the initial moment of time, an active site of strength gain is observed, but on day 7, the compressive strength of the samples of
the experimental composition is 40% higher than that of the control one. At the accelerated curing method in the first two hours
(isothermal heating stage), an active strength increase was observed in 2-FGC and 2-FGC__. The subsequent curing of the control
specimens has a linear dependence with a gradual increase in strength to the design strength in six hours. For 2-FGC__, after two
hours of steaming, the strength sharply begins to decrease, and after six hours - visible destruction of the concrete structure occurs.
Consequently, prolonged temperature and humidity exposure of concrete with highly dispersed SSM admixture leads to a decrease
in the strength characteristics of the specimens. Most likely, it is connected with moisture oversaturation of the composite structure.
Therefore, in continuation of the research, electronic photographs were taken of the microstructure of concrete after three hours of
holding in the steaming chamber. Thus, the microstructure of 2-FGC__ is mainly represented by spongy particles, and the number of
formed needle-like (tobermorite crystals) — decreased significantly, compared to the control. A significant formation of voids in the
experimental sample is also observed, which can be attributed to defects in the structure of the obtained composite. In addition,
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saponite has a three-layer crystalline structure, and the distance between its packets can easily change, since only Van-der-Waals
forces condition the connection between them. This can lead to significant swelling of SCM under the action of moisture and create
excessive pressure in the microstructure of hardening fine-grained concrete, causing the destruction of the internal structure with a
subsequent decrease in strength characteristics. Therefore, in continuation of the research, the following experiment was performed:
a suspension of saponite-containing material was placed in a glass-measuring cylinder and water was added to it. The swelling data
obtained showed that all samples of highly dispersed SCM actively absorbed water. Thus, after 30 minutes the material increased
in volume by 3.6 times, and after three hours — by 5.5 times, compared to the original. Conclusion. An important practical conclu-
sion of the presented experimental results is the following provision: in the case of using a highly dispersed addition of saponite-
containing material to obtain fine-grained concrete, it is impossible to change the curing conditions of the samples from normal
to accelerated method by steaming them. In the latter case, after exposure of experimental samples to temperature and humidity
for two to three hours there is a loss of their strength properties. This fact is associated with the processes of saturation of saponite
particles with water and their subsequent significant swelling.

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

KEYWORDS: saponite-containing material, steaming, temperature and humidity treatment, fine-grained concrete, highly dispersed
additive, swelling, compressive strength.
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INTRODUCTION

he Solovetsky Islands are the most popular and

sought-after historical and cultural complex of the
Arkhangelsk region [1, 2]. In order to preserve and de-
velop the cultural and natural heritage of the archipelago,
the Government of the Russian Federation, by Order
No. 163-r dated 05.02.2016, approved an action plan,
which is being implemented with the support of the Min-
istry of Construction of the Russian Federation and in-
cludes the modernization of the engineering, housing and
communal and social infrastructure of the island.

An important component for the implementation of
this plan is the development and restoration of the road
network of the archipelago, associated with the recon-
struction and rehabilitation of existing facilities, construc-
tion of new permanent and temporary transport highways
[3]. For example, concrete slabs can be used to restore and
develop the road network of the Solovetsky Islands. These
prefabricated, constructed from individual products, road
pavements are manufactured in factories with observance
of technological rules and concrete care regimes, ensur-
ing their necessary quality. The advantage of reinforced
concrete slabs is the possibility of traffic movement im-
mediately after the pavement construction [4, 5].

Currently, to improve the performance characteris-
tics of concrete products, compositions with additives of
industrial wastes [6—8], including micro- and nano-level
[9—14], are actively introduced.

An important economic component of this approach
is associated with the use of local (locally distributed) raw

material base. For example, for the Arkhangelsk region
as such a material can be used saponite-containing waste
from the mining industry. The effectiveness of its use in
compositions with cement has been proved by a num-
ber of studies. Thus, in [15, 16] it was found that when
obtaining fine-grained concrete, the addition of highly
dispersed saponite-containing material (SCM), reduces
binder consumption due to the chemical transforma-
tion of compounds that are part of rock minerals [17,
18], and increases performance characteristics such as
strength, frost resistance and water resistance. Therefore,
the possibility of using fine-grained concrete with SCM
additive for the production of road slabs is of particular
importance from both economic (reduction of cement
consumption) and environmental (utilization of indus-
trial waste) points of view. Steaming is one of the ways to
accelerate the strength gain process of composites. This
makes it possible to significantly reduce the production
time of concrete products without reducing their quality
and increase the volume of products. However, studies
related to the effect of temperature and humidity treat-
ment on the hardening process of a composite with the
addition of saponite-containing material have not been
studied before. At the same time, it was established [19]
that the sorption of moisture by a highly dispersed SCM,
which controls the structure formation during concrete
hardening, makes it possible to improve the performance
characteristics of the composite. In addition, when de-
signing the composition of the product, the quantitative
content of the mixing water is calculated based on the
amount of water absorption of saponite-containing ma-
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terial, which optimizes the content of the aqueous phase
in the system. However, in conditions of high humidity,
this ratio can change significantly and affect the process
of gaining strength of the composite.

Therefore, the purpose of this work is to study the effect
of temperature and humidity treatment on the strength
set of fine-grained concrete with the addition of saponite-
containing material.

Studies [20] have shown that under normal hardening
conditions, the formation of tricalcium silicate (C,S) leads
to the formation of weakly crystalline calcium silicate hy-
drates (C—S—H) followed by the formation of portlandite
[21, 22]. An increase in ambient temperature causes the
bonds in C—S—H to become unstable [23], and at 70°C —
C,SH crystals are formed, the accelerated formation of
which leads to a decrease in the mechanical properties of
the composite. This negative effect can be compensated
by reducing the Ca/Si ratio, which is achieved by increas-
ing the microdisperse component in the concrete mixture.

In addition to calcium hydrosilicate crystals, which
are the main strength carriers, fibrous tobermite-like
compounds are also formed in concrete. Currently,
there are many works devoted to the artificial synthesis
of tobermorite crystals [20, 24]. Therefore, the effect of
high temperatures on the processes of its formation is well
studied. It has been established that crystal formation
occurs at 160—180°C, and heating to 300°C turns tober-
morite into riverside. In the case of prolonged treatment
with saturated steam (on the first day of concrete hard-
ening), tobermorite at a temperature of 15°C is replaced
by xonotlite [25]. Therefore, the accelerated method of
concrete hardening should have only a positive effect on
the formation of a strong and dense structure. However,
if a highly dispersed saponite-containing material is used
as an additive the opposite effect (decrease in strength)
may be observed, associated with sorption properties and
features of its structure.

METHODS AND MATERIALS

MATERIALS: To conduct research, experimental
samples of saponite-containing suspension were taken
from a tailings dump at a depth of one meter. Then, SCM
was isolated from recycled water by the method of electro-
Iyte coagulation based on the transfer of highly dispersed
solid phase particles to a state close to isoelectric.

For the manufacture of samples of fine-grained con-
crete, portland cement CEM II/A-S 32.5N from the
manufacturer “Eurocement” was used as a binder. The
filler is medium — sized sand from the “Kenitsy” deposit,
Arkhangelsk region. The sealing water is tap water, con-
forming to GOST 23732-2011.

METHODS: The saponite-containing material iso-
lated from recycled water was dried in a “BINDER”
drying cabinet to a constant mass at a temperature of

105°C. To obtain a highly dispersed solid phase, a me-
chanical dispersion method and a planetary ball mill
“Retsch PM100” were used. The grinding of the ma-
terial was carried out for 90 minutes at a rotor rotation
speed of 420 rpm using grinding media in the amount of
20 pieces made of carbide tungsten (balls with a diameter
of 20 mm).

The particle size was determined using the Delsa Nano
Series Zeta Potential and Submicron Particle Size Analyz-
ers (“DelsaNano”) submicron particle Size analyzer by
measuring dynamic and electrophoretic light scattering.
The resulting highly dispersed sample was characterized
by nitrogen sorption on the “Autosorb-iQ-MP” analyzer
according to the value of the specific surface of the SSp
(BET theory).

The modulus of size and the true density of sand
were determined according to GOST 8735-88, and the
true density of saponite-containing material according
to GOST 21216-2014. The chemical composition of the
SCM was determined on an X-ray fluorescence analyzer
“Metexpert”.

The production of samples of fine-grained concrete
of control and experimental (with the addition of SCM)
compositions was carried out according to standard meth-
ods. The strength set of the samples was determined in
two ways: under normal conditions (a cabinet chamber
“KNT-60" was used to store concrete and cement samples
with automatic temperature and humidity maintenance)
and by an accelerated method using steaming (universal
steaming chamber “KUP-1" according to GOST 9758-86
and GOST 25485-89).

Strength tests of cube samples with a size of
70x70%x70 mm were carried out on an automatic test press
“TP-1000” (compressive strength according to GOST
10180). The compressive strength was determined as the
arithmetic mean of three parallel measurements.

To study the microstructure of fine-grained concrete
samples by scanning electron microscopy, a Zeiss Sigma
VP electron microscope (CCU “Arctic” at the M.V. Lo-
monosov NArFU) was used.

RESULTS AND DISCUSSION

The isolated, dried and crushed saponite-contain-
ing the material (in powder form) had an average par-
ticle size of 445440 nm and a specific surface area of
50 670+10 m?/kg.

The true densities of sand (modulus of size M, = 2.21)
and SCM were 2640 kg/m® and 2630 kg/m?, respectively.

A certain elemental composition (Table 1) of the sap-
onite-containing material, and in terms of oxides, showed
that the main components of the analyzed sample are
oxides of silicon, magnesium and iron.

From the presented data, it follows that saponite-
containing material does not contain elements harmful
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Table 1
The elemental composition of SCM and in terms of oxides
Element Mg Al Si K Ti Cr Mn Fe Ni Sr
Content, % 22.00 | 4.82 | 46.89 | 2.21 5.45 1.19 0.23 0.35 | 16.30 | 0.39 0.17
Oxide MgO | ALO, | SiO, | K,O CaO | TiO, | CrO | MnO, | Fe,O, | NiO SrO
Content, % 19.80 | 494 | 5443 | 1.44 4.14 1.08 0.36 0.77 | 12.65 | 0.27 0.11

to human health, the concentration of which exceeds the
maximum-permissible values.

In continuation of the research, control (FGC) and
experimental (with the addition of SCM) samples of fine-
grained concrete (FGC_ ) were produced, the compo-
sitions of which are shown in Table 2. The amount of a
highly dispersed additive that was introduced into the
concrete mixture was calculated based on previously ob-
tained results of kinetic studies of the water absorption
process of saponite-containing material [19]. The unifor-
mity of mixing of the highly dispersed mineral additive
with the initial raw materials was achieved by sequential
mixing of the binder and filler with the addition of SCM.

As noted above, the strength set of the samples
was carried out in two ways: under normal condi-
tions (1-FGC; 1-FGC_ ) and accelerated, by steam-
ing (2-FGC; 2-FGC_ ) at a temperature of 80°C for
six hours. The strength characteristics of 1-FGC and
1-FGC__ were determined on day 28 (design age).

Samples of 2-FGC and 2-FGC__, a day after sealing
with water, were removed from metal molds and placed
in a steaming chamber. After the expiration of the expo-
sure time, the samples were gradually cooled, wiped with
a dry cloth to remove excess moisture and their strength
characteristics were determined.

The dynamics of the strength gain of fine-grained
concrete of experimental and control compositions is
shown in Figure 1.

Thus, the accelerated method of gaining strength of
fine-grained concrete, by steaming, has a positive effect
only on control samples. For a composite with the addi-
tion of SCM, temperature and humidity treatment has
the opposite effect.

The results obtained (Fig. 1) showed that the dynam-
ics of the strength gain of samples hardening under nor-
mal conditions is of the same type for both experimental
and control formulations. At the initial moment of time
(7 days), an active area of strength gain is observed. How-

Table 2
Composition of fine-grained concrete samples
Composition for the production of one m? of concrete mix, kg .
Sample Density, kg/m3
cement sand water SCM
Control, FGC 557 1380 283 — 2107
Experienced, FGC 557 1358 390 22 2292
a b
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Fig. 1. Dynamics of strength gain of fine-grained concrete samples during hardening: a) under normal conditions;
b) accelerated method (steaming); 1 — control composition; 2 — experimental composition
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Fig. 2. The appearance of the samples after steaming the composition: a) control; b) experimental

ever, already on day 7, the compressive strength of the
samples of the experimental composition is 40% higher
than that of the control one. The design strength (for
28 days) for 1-FGC was 28.94 MPa (class B20), and for
1-FGC_ —44.28 MPa (class B30). It is worth noting that
the introduction of a highly dispersed saponite-containing
additive contributes to an increase in the strength class
of concrete and leads to a reduction in the cement com-
ponent.

With the accelerated hardening method, the dynamics
of strength gain of 2- FGC__has an excellent character.
So, in the first two hours (the isothermal heating stage),
an active area of strength increase is observed in both
samples. Moreover, for an experienced person, this area
is characterized by greater intensity. The subsequent hard-
ening of 2- FGC has a linear relationship with a gradual
increase in strength to the design strength in six hours.
For 2-FGC__, after two hours of steaming, the strength
begins to decrease sharply, and after six hours, a visible
destruction of the concrete structure occurs (Fig. 2).

Studies have shown that the isothermal heating stage
has a positive effect on the strength set of 2-FGC__sam-
ples only in the initial period (within two hours). Pro-
longed steaming of this concrete leads to a decrease in
the strength characteristics of the prototypes, which is
most likely due to moisture saturation of the composite
structure.

In order to explain the sharp decrease in the strength
of concrete with highly dispersed saponite-containing
admixture, photographs were taken of the microstructure
of the samples after three hours of conditioning in the
steaming chamber “KUP-1” (Fig. 3).

Scanning electron microscopy (SEM) of the compos-
ites, which gained design strength after 28 days, showed
that the structure of the experimental and control samples
is represented in the form of conglomerates of particles
and hydrosilicate neoplasms, the size of which varies from
2 to 20 microns. In both materials, there are spongy, with
developed microporous surface, and needle-like parti-
cles. Moreover, the number and length of the latter in
the structure of the experimental sample increases almost

2 times compared to the control sample. Additional for-
mation of needle-shaped crystals indicates the presence
of submicrocrystals of hydrosilicates of the tobermorite
group, which are formed in the presence of highly dis-
persed saponite-containing additive and play the role
of an additional binder. After temperature and humidity
treatment of fine-grained concrete with high-dispersed
admixture, its microstructure was represented mainly by
spongy particles, and the number of formed needles — sig-
nificantly decreased compared to the control one. There
is also observed a significant formation of voids in the
experimental sample, which can be attributed to defects
in the structure of the obtained concrete.

It is known that saponite has a three-layer crystalline
structure, and the distance between its packets can easily
change, since the connection between them is condi-
tioned only by van der Waals forces. This fact can lead
to significant swelling of highly dispersed clay powders
under the action of moisture (water).

Such swelling of fine mineral admixture particles cre-
ates overpressure in the microstructure of the curing com-
posite. This process causes the destruction of the internal
structure of fine-grained concrete with SCM and leads to
a decrease in its strength characteristics during steaming.

In the continuation of research to confirm the above
hypothesis, the following experiment was performed,
a 2 g weight of saponite-containing material was placed
in a glass-measuring cylinder with a volume of 50 cm? and
20 ml of water was added. The obtained reaction mixture
was intensively stirred by shaking and allowed to stand for
30, 90, 180 min (Table 3).

The obtained data (Table 3) showed that all samples
of highly dispersed saponite-containing material actively
absorbed water. Thus, after 30 minutes the material in-
creased in volume by 3.6 times, and after three hours — by
5.5 times, compared to the initial one.

CONCLUSION

An important practical conclusion that can be made
because of the presented experimental results is the fol-
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The control structure Experienced personnel

Fig. 3. Microstructure of fine-grained concrete samples during hardening:
a) under normal conditions; b) accelerated method (steaming)

Table 3
The change in the amount of swelling of saponite-containing material from time to time
. . The volume of the SCM suspension, cm? Change in the volume
Exposure time, min 5
dry water-saturated of the SCM, cm:
30 2.2 7.9 5.7
90 2.4 9.6 7.2
180 2.0 11.0 9.0

lowing provision: in the case of using a highly dispersed  sure of experimental samples at temperature and humid-
saponite-containing material additive to produce fine- ity for two or three hours there is a loss of their strength
grained concrete, it is impossible to change the conditions  properties. This fact is associated with the processes of
of curing of samples from normal to accelerated method  saturation of saponite particles with water and their sub-
by steaming them. In the latter case, already after expo-  sequent significant swelling.
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AHHOTALMA

BBegeHwme. [1517 BOCCTaHOBNEHMSA U Pa3BUTUA OPOXKHON ceTyt CONOBELIKNX OCTPOBOB MOTYT ObITb UCMONb30BaHbl 6ETOHHbBIE MANTHI.
B HacToAwee Bpema OnA ynyylweHnsa SKCMayaTauMOHHbIX XapaKTePUCTUK SOPOXKHbIX NMUT akTUBHO BHEAPAIOTCA COCTaBbl C [0-
6aBkaMu OTXOLOB NPOM3BOACTB, B TOM UMCIIE MUKPO- M HAHOYPOBHSA. [1ns ApxaHrenbcKol 0651acTy B KauecTBe Takoro matepuana
MOXET MPUMEHATCA CaNOHUTCOAEPKALLMIA OTXOA FOPHOAO0GbIBaIOLLEN MPOMBILLIEHHOCTW. [Py 3TOM OAHUM 13 CNOCOBOB YCKOPEHNS
npouecca Habopa NPOUYHOCTU KOMMO3UTOB ABNAETCA NponapusaHune. OLHAKO NCCNeOBaHUSA, CBA3aHHbIE C BAUAHMEM TeMrepa-
TYPHO-BIaXXHOCTHOW 06PaboTKM Ha NpoLecc TBepAEHMA KOMMNO3UTa C BbICOKOAMCNEPCHbIM CaNoOHMUTCOAEPXKALLMM MaTepuanom
(CCM), paHee He 6bn1 n3yyeH. M3BecTHO, UTO NpoLecc copbumm Bnaru BbICOKOAMCNEPCHO 406aBKOW NO3BOMAET YNPaBATb CTPYK-
Typoob6pa3oBaHveM Npu TBEpAEHNN 6ETOHa, yNyyLLas ero SKCryaTaLMoHHble XapakTepucTUky. OfHaKo B YCIOBUAX MOBbLILIEHHON
BNA>KHOCTMN KONMYECTBEHHOE CoepKaHme BOAbl 3aTBOPEHMA, pacCYMTaHHOE NCXOAA 13 BennunHbl BogonornouweHna CCM, moxeT
3HAUMTENbHO N3MEHUTBCA U OKa3aTb BAIMSAHME Ha NpoLecc Habopa NPOYHOCTM KoMMno3uTa. [lo3ToMy Lienbio AaHHON PaboTbl AB-
NIAETCA U3yyeHrie BNVAHWA TeMnepaTypHO-BIaXKHOCTHO 06paboTKM Ha HaboP MPOUYHOCTU MeSIKO3ePHUCTOro 6eToHa ¢ 4OOaBKOM
CCM. YcTaHOBNEHO, UTO YCKOPEHHbIV MeTo TBepAeHVsA GEeTOHa OKa3blBAET TOMbKO MONIOXKUTENbHBIV 3GdeKT Ha dopmmnpoBaHme
NPOYHON 1 NNOTHOW CTPYKTYpPbl. OAHAKO B C/lyyae UCMOMb30BaHMUsA B KauecTBe J00aBKM BbICOKOAUCMEPCHOMO CanoHUTCOAepKa-
Lero MaTepurana MoXeT HabnogaTbCa 1 06paTHbIN 3PdEKT (CHUKEHNE NPOYHOCTN), CBA3AHHDBIN C COPOLMOHHBIMI CBONCTBAMM
1 0CO6eHHOCTAMM ero CTPyKTypbl. MeTogabl 1 maTepuanbl. BoigeneHHbi 13 o6opoTtHoi Bogbl CCM BbiCyLLMBany fo NOCTOAHHOM
Maccbl U AUCNeprupoBan Ha NiaHeTapHoOW LWapoBon MenbHuLe. Pa3mep yacTuy onpegenany METOAOM U3MePEHUA AUHaMmnYe-
CKOTO 1 311eKTPOdOPETNYECKOrO CBETOPACCEAHUSA, @ BENTMUNHY YAENbHOW NOBEPXHOCTU — METOLOM copbuun a3oTa (Teopus B3T).
Habop npouHocTr 06pa3LioB MeNIKO3epHUCTOro 6eTOHa KOHTPObHOIO U onbITHOrO (¢ fob6aBkoit CCM) cocTaBOB OCYLLECTBAANN
ABYMs Coco6amm: B HOpMasibHbIX YCIIOBUAX U YCKOPEHHBIM METOLOM C MOMOLLbIO NponaprBaHuA. VicnbiTaHWsa Ha MPOYHOCTb 06-
pa3LoB-KyboB pasmepom 70x70x70 MM NPOBOAMIIV Ha aBTOMAaTMYeCKOM UcnbiTaTenibHom npecce no FOCT 10180. ViccnenoBaHue
MUKPOCTPYKTYpbl 06pa3L0B OCYLLEeCTBAAIN METOLOM PAaCTPOBON IEKTPOHHON MUKpOCcKonuu. PesynbTraTbl u o6cyxaeHue. Bol-
JeNEeHHbIN, BbICYLUEHHBbI 1 M3MeSIbYEHHbIV CaNOHUTCOAEPKaLLMI MaTepuan (B Bue NOPOLLIKA) obnafan cpefgHUM pasMepom YacTuL,
445440 HM 1 ypenbHOW NOBePXHOCTbI0 50670+10 M?/Kr. B npopomkeHune nccnegoBaHnii 61y M3rotoBneHbl KOHTPOsbHble (M3B)
1 onbITHblE 06pa3Lbl MenkosepHuUcToro 6etoHa (M3bccm). KonnuecTBo BbicoKoAMCNEePCHOM J06aBKM BBOAWN B GETOHHYIO CMeCb
Ha OCHOBE paHee MoJTyYeHHbIX Pe3yNbTaTOB KMHETUYECKMX NCCefoBaHMI NpoLecca BOAOMOMMOLWEHNA CanoHNTCOAepKaLlero
MaTepuana. OnpefeneHre NPOYHOCTHbIX xapakTepucTnk 1-M3b n 1-M3b_, TBepAeloLmx B HOPMasbHbIX YCNOBUAX, MPOBOAMUIN
Ha 28 cyTkun. Obpasubl 2-M3b 1 2-M3B_ ciycTs cyTKM noc/ie 3aTBOPeHMs BOAOM NOMELLani B NPonapoYHyio kamepy. Mo ncreueHunn
BPEeMeHU BbIAEPXKKN X MOCTEMEHHO OXNaXKAanu 1 onpeaenany NPOUYHOCTHbIE XapaKTEPUCTUKWN. YCTAHOBNEHO, UTO YCKOPEHHbII
cnoco6 Habopa NPOYHOCTY MENKO3ePHUCTOro 6eTOHa NyTem NPonapuBaHNsa NONOXKNTENIbHO AeNCTBYET TONIbKO Ha KOHTPOJIbHbIE
o6pasubl. na komnosuTta ¢ gob6askon CCM TemnepaTypHO-BNaXXHOCTHasi 06paboTKa OKa3blBaeT NPOTVBOMONIOXKHOE AeiCTBME.
Tak, AaMHammka Habopa npoyHocTn 1-M3b 1 1-M3B_ meeT OAHOTUMNHDIN XapakTep. B HauanbHbIi MOMEHT BpemeH) HabnofaeTca
aKTUBHbI y4acTOK Habopa MPOYHOCTM, HO Ha 7 CYTKM NMPOYHOCTb NP CKaTum y 06pasLoB OMnbITHOro coctaBa Ha 40% BblLle, Yem
Y KOHTposibHoro. Mpn yckopeHHOM crnocobe TBepfeHus B NepBble ABa Yaca (CTagusa U30TepMMYecKoro nporpesa) Habnogancs
AKTMBHbIII YUaCTOK MOBbIWEHUA NPOYHOCTU y 2-M3B 1 2-M3b__ . Mocnepyowee TBepaeHNe KOHTPO/IbHbLIX 06Pa3sLOoB NMeeT nn-
HelHYy10 3aBUCUMOCTb C NOCTEMEHHbIM MOBbILLEHEM MPOYHOCTM AO MPOEKTHOW 3a LWeCTb YacoB. [Ana 2—M35((M CrycTA ABa vaca
nponaprBaHUA MPOYHOCTb Pe3KO HaUYMHAET CHMXKATbCA, a CNYCTA LWeCTb YaCoB — HACTyMnaeT BUAMMOE paspyLleHmne CTPYKTYpbl
6eToHa. CnepoBaTenbHO, MPOLOSIKUTENIbHOE TEMINEePaTYPHO-BNaXKHOCTHOE BO3[AeCTBYE HAa BETOH C BbICOKOAMCMNEPCHOM A06aBKOW
CCM npurBOAUT K CHUXKEHMIO MPOYHOCTHBIX XapaKTepUCTVK 06pa3LoB. BeposiTHee BCero, 3To CBA3aHO C NepeHachIWeHneM Blaromn
CTPYKTYpbl KOMMNo3uTa. [103TOMYy B MpOAOIKeHE NCCIefoBaHNI ObiNn chenaHbl SNeKTPOHHbIe poTorpadrm MUKPOCTPYKTYpPbI
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6eToHa Nocnie TPeX4YacoBOro BblAePKMBaHNA B NPOMNapPoYHOI Kamepe. Tak, MMKpOCTpyKTypa 2-M3b__ , B OCHOBHOM, NpeAcTaBe-
Ha ry6uyaTbiM1 YacTULIAMK, @ KONMYeCTBO 06pa30BaBLLMXCA UTONbYaTbIX (KPUCTanioB TobepmMopuTa) 3HaUNTENIbHO YMEHbLUMIIOCh
Mo CpaBHEHMIO C KOHTPONbHbIM. HabniogaeTcsa Takxke 3HauUUTeNbHOe 06pa3oBaHMe B OMNbITHOM 06pasLie NycToT, KOTOPble MOXHO
OTHeCTU K filedeKkTam CTPYKTYpbl MOSTyYeHHOro KOMMo3uTa. Kpome Toro, CanoHUT MeeT TPEXCITONHYI0 KpUCTaNIMYeckyto CTPYKTYpY,
a paccTosiHMe MeXy ee NakeTamMyl MOXET NIErKO U3MEHATbCA, TaK KaK CBA3b MeXXAY HUMYK 0BycCnaBnmBaloT TOSIbKO cunbl BaH-gep-
Baanbca. 9To MoXeT NpUBOANTb K 3HaunTenbHoMy HabyxaHuio CCM nop feicTBrem Bnaru 1 co3naBatb U3ObITOUHOE faBneHne
B MUKPOCTPYKTYpe TBEPAEIOLLEro MefIKO3epHNCTOro 6eToHa, Bbi3biBas pa3pyLlleHne BHYTPEHHeN CTPYKTYPbl C NOCeyoWwmnm
CHVXKEHVIEM NMPOYHOCTHbBIX XapaKTepucTuK. No3TomMy B MpofoKeHre NCcCnefoBaHnii 6bin BbINMOMHEH CliedyowWwnii SKCNeprYMEHT:
HaBeCKy CanoHUTCOAePKaLlero MaTeprana noMeLany B CTEKNAHHbIN MePHbIA LMANHAP 1 4o6aBNANY B Hero Bofbl. [lonyyeHHble
JaHHble No HabyxaHWIo NoKasanu, YTo Bce NPobbl BbICOKOAUCMEPCHOMO CaNoOHNTCOAEPKALLEro MaTepmana akTMBHO NornoLanm
Bogay. Tak, yepes 30 MUHYT MaTepuan yBenmumica B ob6beme B 3,6 pasa, a CnycTa Tpy Yaca — B 5,5 pasa, No cpaBHEHMIO C NepBOHa-
YanbHbIM. 3aKnoueHune. BaxkHbl NpaKkTUYeCKNin BbIBOA NPeACTaBNeHHbIX SKCMepUMeHTaNbHbIX pe3ynbTaToB ABMAAET crefylolee
MoJsIoXKeHMe: B CJlyyae UCMONb30BaHMsA BbICOKOAVCNEPCHOW f00aBKM CanoHUTCOAePKaLLEero mateprana s rnonyyeHns Menkosep-
HMCTOro 6eToHa, Helb3sA MeHATb YCNOBUA TBepAeHNA 06Pa3LI0B C HOPMalbHbIX Ha YCKOPEHHBIN CMOCO6 NyTeM UX NponapuBaHus.
B nocnepHem cnyyae nocrie BblAePXKKM OMbITHbIX NPO6 Npu TemnepaTypHO-BNaXXHOCTHOM BO3AeNCTBUN B TeUeHUe ABYX-TPex
4acoB MPOUCXOANUT NOTEPA UX MPOYHOCTHBIX KauecTB. [JaHHbI/ GaKT CBA3aH C MpoLeccaMm HacblWEeHNA YacTuL, CanoHMNTa BOAOWA
1 nocneayoLWwmnm NxX 3HaUnTeNIbHbIM HabyxaHreM.

KJTKOYEBDIE CJIOBA: canoH/TCOAepKaLLmMii MaTepurarn, NponapriBaHue, TemnepaTypHO-Bla)KHOCTHaA 06paboTKa, MENKO3epHUCTbII
6eTOH, BbICOKOAMCNepcHas AobaBKa, HabyxaHne, MPOYHOCTb Ha CxKaTume.

BJIATOOAPHOCTU: NccnepoBaHue BbinonHeHO Npu drHaHcoBoW nofaepxke PHO B pamkax HayuyHoro npoekra 23-13-20013
«[PyHTO6ETOHbI Ha OCHOBE OPraHOMVHEPaIbHOrO PeakTUBHOIO CBA3YOLLEro ANA YCUIEHNA NCTOPUYECKNX AOPOMHBIX KOHCTPYKLINIA
ConoBseLKoro apxunenara».

AnAa UMTUPOBAHUA:

Mopo3osa M.B. BiusaHve TeMnepaTypHO-BNaXXHOCTHOM 06paboTKN Ha HABOP MPOYHOCTM MENKO3ePHMCTOro 6eToHa ¢ fo6aBKoM
canoHuTCcoaepallero matepuana // HaHotexHonorunu B ctpoutenbcTse. 2024. T. 16, N2 3. C. 227-234. https://doi.org/10.15828/2075-

8545-2024-16-3-227-234. - EDN: DXLKDK.

BBEAEHUE

COJIOBeLIKne OCTpOBa SIBJISTIOTCS] HA0O0JIee TTOIYJIsIP-
HBIM 1 BOCTPEOOBAHHBIM MCTOPUKO-KYJIBTYPHBIM
KOMITJIEKCOM ApxaHTeabcKoii odmacTu [1, 2]. C nenbio
COXpaHEHUS W Pa3BUTHUsS KyJIBTYPHOTIO U IIPUPOTHOTO
Hacienus apxurenara [IpaButenbcTBoM Poccmiickoit
Depnepauuu pacnopskeHreMm Nel163-p or 05.02.2016 1.
OBLT YTBEPKACH TUTAH MEPOIIPUSITUI, KOTOPHIN peaji-
3yeTcsI TIpu noanep:kke MuHcTpost Poccuu n BKiTtouaeT
MOIEPHU3ALNIO MHKEHEPHO, XKIJINIITHO-KOMMYHAJTb-
HOH M COIMATbHON MHQPPACTPYKTYPHI OCTPOBA.

Baxxnoii coctaBisiioleit 1151 BBIMOJTHEHUST JTaHHOTO
TUTaHA SIBJISICTCS Pa3BUTHE M BOCCTAHOBJICHHE TOPOKHOM
CETH apxmIlesiara, CBI3aHHOE C PEKOHCTPYKIIMEH 1 BOC-
CTaHOBJICHHEM MMEIOIINXCS 00BEKTOB, CTPOUTEILCTBOM
HOBBIX TTOCTOSTHHBIX M BPDEMEHHBIX TPAHCTIOPTHBIX Ma-
ructpaneii [3]. Tak, HarpuMep, TSI BOCCTAHOBIIEHUS
¥ Pa3BUTHSI TOPOKHOM ceTH COJIOBELIKMX OCTPOBOB MO-
TYT OBITH UCITOJIb30BaHbl OETOHHbBIE TIJTUTBI. DTH cOOP-
HBIE, yCTpaBaeMbIe 13 OTICIbHBIX U3 JOPOKHBIC
TIOKPBITHS M3TOTABIMBAIOTCS Ha 3aBOJaX C COOTIONCHN -
€M TEeXHOJIOTUICCKUX TIPaBUJI U pEeKMMOB yxoma 3a Oe-
TOHOM, 00ECITCUYNBAIOIINX UX HEOOXOIMMOE KaueCTBO.
[MpenmyIecTBOM TOPOKHBIX JKeJIe300€TOHHBIX TUIUT
SIBJISIETCSI BO3MOXKHOCTD IBVKCHUS TpaHCIIOPTa cpa3y
TocJie yCTpolicTBa IMOKpeITHA [4, 5].

B Hacrosmiee BpeMsT IS YIy4YIIeHUs 9KCIUTyaTa-
IIMOHHBIX XapaKTePUCTUK OCTOHHBIX M3ICINI aKTHB-
HO BHEIPSIOTCSI COCTaBBI ¢ JOOABKaMM OTXOIOB IIPO-
MU3BOACTB [6—8], B TOM 4McCJie MUKPO- U1 HAHOYPOBHSI
[9—14].

BaxxHast 5KoHOMITUECKast COCTABIISIOIIAsI TAKOTO TIOM -
XOJIa CBsI3aHa C MCITOJIb30BaHNEM MECTHOM (JIOKAJIBHO
PpacIIpoCTpaHEeHHOM) ChIPbeBOIT 6a3bl. Tak, mist ApxaH-
TeJTbCKO 00JIACTH B KAYECTBE TAKOTO MaTeprajia MOXET
MIPUMEHSTCSI CATOHUTCOAEPKAIIUI OTXOA TOPHOIOOBI-
BaloIIeH TTPOMBIIIUICHHOCTH. D(D(HEKTUBHOCTD €TO MC-
MOJIb30BaHUS B KOMITO3ULIMSIX C LIEMEHTOM ObLjIa TOKa-
3aHa psamoM ncciaenoBanuil. Tak, B [15, 16] yctaHoBIIeHO,
YTO TIPU TTOJTYICHUN MEIKO3epHUCTOrO OeTOHA J0OaBKa
BBICOKOIMCITIEPCHOTO CAaTIOHUTCOICPIKAIIIETO MaTepraja
(CCM) cHImKaeT pacxo BSLKYIIETO 3a CUET XMMITIECKOM
TpaHchOpMaIN COCTUHEHW, BXOISAIINX B COCTAB MHU-
HepaJIoB TOPHOI TTopobl [17, 18], 1 MOBBITIIAET KCILTY-
aTallMOHHBIC XapaKTePUCTUKH, TaKNe KaK IIPOYHOCTD,
MOPO30CTOMKOCTh M BOIOHEIIPOHUIIAeMOCTb. [1oaTOMYy
BO3MOXHOCTb IIPUMEHEHMST MEJIKO3EpPHUCTBIX OETOHOB
¢ modaskoit CCM 11 TIpOM3BOACTBA JOPOKHBIX TUIUT
IIproOpeTacT 0cob0e 3HAUCHNE KaK ¢ SKOHOMNIECKOM
(CHIDKEeHME pacxofa IIEMEHTa), TaK U ¢ 9KOJOTUIECKOM
(YTWIM3aLMs OTXOIOB IIPOU3BOMICTB) TOUYEK 3PCHUS.

ODHUM M3 CIOCOOOB YCKOPEHMS Mpoliecca Habo-
pa IPOYHOCTH KOMITO3UTOB SIBJISICTCS IIPOTIapUBaHME.
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DTO TTO3BOJISICT 3HAUNTEIILHO COKPATUTh CPOKHU M3TO-
TOBJICHUSI OCTOHHBIX M3ICIINI, He CHIKAST X KAYeCTBO,
¥ YBEIIMIUTH 00beM NponyKinnu. OaHaKO UCCIICIOBaHNS,
CBSI3aHHBIC C BIMSHUEM TEMIICPATyPHO-BIAXKHOCTHOMN
00pabOTKHM Ha TIPOIIeCC TBEPACHMST KOMIIO3UTA C T00aB-
KOU CaITOHMUTCOIepKaIllero MaTepuraia, paHee He ObUTH
n3ydeHbl. BMecTe ¢ Tem ycTtaHoBiieHo [19], uTO cop6-
us BiIaru BeicokonucriepcHbiM CCM, yIIpaBIsioneit
CTPYKTYpOOOpa3oBaHMEM IIPHU TBEpACHUM OETOHA, T10-
3BOJISICT YIIYUIIIUTh SKCIUTyaTallMOHHBIC XapaKTepUCTUKI
KomITo3uTa. Kpome Toro, mpu IpoeKTHPOBaHUH COCTaBa
W3IEINST KOTUISCTBEHHOE CoMepKaHMe BOIBI 3aTBOpe-
HUS pACCUUTHIBAETCS NCXOMS U3 BEIMYNHBI BOIOITOTIIO-
IIEHMS CATTOHUTCOIEPXKAIIETO MaTepraia, Py KOTOPOM
MOCTUTAIACh ONTUMU3ALINS CONEPKaHMSI BOTHOU (passl
B cucteMme. OMHAKO B YCIOBUSIX IMMOBBIIICHHON BJIaXK-
HOCTH JaHHOE COOTHOIICHNE MOXKET 3HAUMTCIILHO M3-
MEHUTBCS] ¥ 0KA3aTh BIMSTHIE Ha TIpoIiecc Habopa IIpod-
HOCTH KOMIIO3HTA.

[TosTOMY meNbI0 TAaHHOM PAadOTHI SIBIISICTCS M3y4e-
HUE BIMSHUS TEMITepaTyPHO-BIaXXKHOCTHOM 00pabOTKM
Ha HA0Op MTPOIHOCTU MEIKO3EPHUCTOr0 OETOHA C II0-
0aBKOI CAaITTOHUTCOMEPKAIIETO MaTepraa.

B uccnemosanusx [20] mokazaHo, YTO B HOPMaTbHBIX
YCIOBHSIX TBePICHUSI 00pa30BaHUE TPEXKAJIbIINEBOTO
cumikara (C,S) mpuBoauT K (POPMUPOBAHUIO CIA0OKPU-
CTaJUIMIECKMNX TUAPaToB crmmKaTa Kanblius (C—S—H)
¢ TIOCJIeAYIOINM 00pa3oBaHueM TTopTiaaHauTa [21, 22].
[ToBrITIICHIE TeMITepPaTypPhl OKPYKAIOIIEH CpeIbl IIPUBO-
IIAT K TOMY, 9TO cBsI3u B C—S—H cTaHOBSTCS HEyCTOM-
yuBbIMU [23], a mpu 70°C — 00pa3yroTcsT KpUCTAJUTBI
C,SH, yckopeHHOoe (OpMUPOBAHKE KOTOPBIX MPUBO-
AT K CHIDKCHUIO MEXaHNUYECKIX CBOMCTB KOMITO3MTA.
JaHHOE HEeraTUBHOE IEHCTBHE MOXHO KOMIICHCHPOBATh
3a cueT yMeHbIIeHUs Ca/Si OTHOIIIEHUS, 9YTO JOCTHUTA-
eTCS IyTeM YBSITMICHIS MUKPOINCIIEPCHOM COCTABIIS-
1o11ei B 06TOHHOM cMecH.

KpoMe KpHUCTaIOB TMAPOCUIMKATOB KaIbIIUS,
KOTOpBIC SIBIISIIOTCSI OCHOBHBIMM HOCHUTEISIMU ITPOY-
HOCTH, B OeTOHE TaKKe (hDOPMUPYIOTCS BOJIOKHUCTBIC
TOOEepMOpPUTONOA00HBIE coequHeHUsI. B HacTosIee
BpeMsI CYIIECTBYET MHOXKECTBO padOT, TTOCBSIIICHHBIX
MCKYCCTBEHHOMY CUHTE3MPOBAHNIO KPUCTAIOB TO-
6epmopuTa [20, 24]. [ToaTOMYy BIUSIHAE BEICOKMX TEM-
TepaTyp Ha IIPOIIeCCHl ero 00pa30oBaHMUs JOCTATOYHO
XOPOIIIO U3YYeHO. YCTAaHOBJICHO, YTO (pOpMHUPOBAHIE
KpucTauioB npoucxoaut mpu 160 — 180°C, a Harpesa-
aue 1o 300°C mpeBpalraeT TOOepMOPUT B PUBEPCANINT.
B ciygae rmpomomKuTeTbHOM 00pab0TKM HACKIIIICHHBIM
napoM (B MiepBble CYTKU TBEPACHHUS OETOHA) TOOEPMOPUT
mpu TeMriepaType 150°C 3ameniaeTcss KCOHOTIATOM [25].
ClenoBaTeIbHO, YCKOPSHHBIM METO TBEPACHMS OETOHA
IOJKCH OKa3bIBATh TOJIBKO ITOJIOXKUTEIBHBIN 3P deKT
Ha (hopMHUpOBaHHWE TIPOYHON U ITJIOTHOM CTPYKTYPHI.
OpmHako B clTydae MCIOJIb30BaHUS B KaUeCTBE TOOABKH

BBICOKOIMCITIEPCHOTO CATIOHUTCOIEPKAIIIETO MaTepraa
MOXET HabJtonaTbcs U 00paTHbIN 3P @HeKT (CHUXEHUE
TIPOYHOCTH), CBSI3aHHBII ¢ COPOLIMOHHBIMI CBOMCTBAMK
1 OCOOCHHOCTSIMH €TI0 CTPYKTYPBHI.

METOZAbl U MATEPUAIJIbI
Martepumanbi

Jlitst IpOBEIEHNST MCCIIETOBAHUIA OITBITHBIE TTIPOOBI
CarnoHUTCOAEPXKAIIIEH CYCITIEH3UN OTOMPAINCh U3 XBO-
CTOXpaHWINIIA Ha TiyorHe 1 MeTp. 3aTeM BBIIEISIIA
CCM n3 000pOTHOI BOIBI METOIOM 3JIEKTPOJMTHOM
KOaryJIsIuM, OCHOBAHHOM Ha MepPeBOJE BHICOKOIM-
CIIEPCHBIX YACTHUII TBEPIAOH (a3bl B COCTOSTHHE, OJIM3KOE
K M302JIEKTPUYECKOMY.

J1J1st M3roTOBIEHNST 00PaA3I0B MEJIKO3EPHUCTOTO
0OeTOHA B KQUECTBE BSIKYIIETO OBLI MCIIOJIB30BaH MOPT-
maraueMmeHT LHIEM 11/A-111 32,5H nipon3BomuTenst «EB-
POLIEMEHT». 3aIOJIHUTEIb — IIECOK CPEIHEN KPYITHOCTH
MecTopoxaeHnsa «KeHub», ApxaHreJbcKas 001acTb.
Bona 3aTBOpeHNs — BOIOIIPOBOIHASI, COOTBETCTBYIOIIAST
I'OCT 23732-2011.

MeTtopgbi

BrimeneHHBIN 13 000POTHOI BOIBI CATIOHUTCOICP-
KAl MaTeprajl BRICYIIMBAIM B CYITMIBHOM IIKady
¢upmbl «BINDER» 1o moctostHHOIT MacChl pu TeM-
nepatype 105°C. s mojrydeHusT BBICOKOIMCIIEPCHOI
TBepmoit (ha3bl MCIIOIB30BAIM METOI MEXaHNIECKOTO
MHCTICPTUPOBAHMS U TUTAHETAPHYIO IIAPOBYIO MEIBHUILY
«Retsch PM100». M3MenbueHne MaTepraja OCyIIecT-
BIISITTIOCH B TeueHUe 90 MUH TIpH CKOPOCTH BpaIICHMUS
potopa 420 00/MWH ¢ UCIIOJb30BAHNEM MEITIOIINX TeJl
B KosmmaecTBe 20 IIT., BRITOJHEHHBIX N3 KapOWIBOJIb-
dpama (mmmapsr mmamerpom 20 MMm).

Pa3mMep gacTull onpenensui Ha aHaIu3aTope pa3Me-
pa CyOMUKPOHHBIX YaCTHII M A3eTa-ToTeHIraza Delsa
Nano Series Zeta Potential and Submicron Particle Size
Analyzers («DelsaNano») MeTOIOM MU3MEpEeHUs UHA-
MMYECKOTO U 3JIeKTPODOPETUIECKOTO CBETOPACCESTHUS.
IMoxyueHHBII BEICOKOIMCIICPCHBIN 00pa3ell oxapak-
TEpU30BaAI METOAOM COPOIINM a30Ta Ha aHAJIM3aTope
«Autosorb-iQ-MP» 1o BenmmunHe yaeabHOM MTOBEPX-
HOCTH Syﬂ (teopust BOT).

Momaynb KpyITHOCTHA ¥ UCTUHHYIO TJIOTHOCTD TIeCKa
onpeaensu o FOCT 8735-88, a ICTUHHYIO INTIOTHOCTH
canoHurcoaepxaiiero Mmarepuana — mo 'OCT 21216-
2014. Xumnueckuii coctaB CCM ornpeaenstyii Ha peHT-
reHo(IyopecIieHTHOM aHaIM3aTope «MeTDKCIepT».

H3sroroBieHne 00pas3ioB MEIKO3EpPHUCTOTO OeTOHA
KOHTPOJIBHOTO 1 OBITHOTO (¢ 1o6aBkoit CCM) cocra-
BOB OCYIIIECTBJISIJIH 10 CTAaHIAPTHBIM MeTonnKaM. Habop
IIPOYHOCTH 00PA3IIOB OIPEACIISUIN ABYMSI CITOCOOaMMU:
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B HOPMAaJIBHBIX YCIIOBUSIX (MCIIOIB30BaIN KaMepy-IIKad
«KHT-60» pyist xpaHeHus: o6pa31oB 6eToHa U LIeMEH-
Ta ¢ aBTOMaTUYECKUM TOAIepKaHUEeM TeMIIepaTyphl
¥ BJIAXKHOCTH) W YCKOPECHHBIM METOIOM C ITOMOIIIBIO
TporapuBaHUs (KaMmepa IIpoIrapoyHasi yHUBepcaabHast
«KVYII-1» mo T'OCT 9758-86 u 'OCT 25485-89).

McnbeiTaHusa Ha IPOYHOCTH 00pa3110B-Ky0OB pa3-
MepoM 70X70X70 MM TPOBOAMIIN HA aBTOMAaTUYECKOM
ucnbItareabHOM TIpecce « TTI1-1000» (TpoyHOCTh Ha cXa-
e 1o T'OCT 10180). ITpemes TpoYHOCTH IIPU CXKATUHI
OIIpeleISIIN KaK cpemHee apudMeTHIeCKOe IO TPEeM
TapaijIeIbHBIM U3MEPEHUSIM.

st mccaemoBaHUS MUKPOCTPYKTYPBI 00pa3IioB
MEJIKO3epHUCTOTO OETOHA METOIOM PAacTPOBOM 3JICK-
TPOHHOI MUKPOCKOITMU MCITOJIb30BaIN SJICKTPOHHBIN
MUKpockoIr «Zeiss Sigma VP» (LIKIT «Apktuka» mpu
CADY umenn M.B. JloMmoHOCOBa).

PE3YJIbTATbI U OBCYXAEHUE

BrigeneHHbIi, BEICYILIEHHBIN U M3MEIbYEHHBIN carlo-
HUTCOIEPXKAIINii MaTepHal (B BUIE ITOPOIIKa) 00Iama
cpeaHnM pa3MepoMm yactull 445+40 HM 1 yeabHOI TTo-
BepxXHOCTBIO 5067010 M?/KT.

HcTUHHBIC TUIOTHOCTHU TIecKa (MOIYJIb KPYITHOCTH
M, =2,21) u CCM cocrasum 2640 kr/m* n 2630 kr/m’,
COOTBETCTBEHHO.

OrnpeneneHHbIN 2JIEMEHTHBIN cocTaB (Tab. 1) carmo-
HUTCOIEPKAIIIETo MaTepraja, U B IIepecueTe Ha OKCHIEI,
T0Ka3aJjl, YTO OCHOBHBIMH COCTABJISTIOIIMU aHATU3H -
pyeMOIi TIpOOHI SIBIISIIOTCSI OKCHUIBI KPEMHUSI, MaTHUS
M 3Kesesa.

W3 mpencTaBieHHBIX JaHHBIX CJICIYET, YTO Callo-
HUTCOIEPKAIINil MaTepyal He CONEePKUT BPEIHBIX TSI
3IIOPOBBS UeJIOBEKA SIIEMEHTOB, KOHIICHTPALINS KOTOPBIX
TIPEBBIIIACT MPEACTHHO-I0ITYCTUMBIC 3HAUCHUS.

B npomoirkeHme nccieqoBaHMi OBUTH M3TOTOBJICHBI
koHTposbHBIe (M3B) 1 ombITHBEIE (¢ H0OaBKoit CCM)
00pasibl MeKo3epHucToro 6eroHa (M3b_ ), cocrasbl
KOTOPBIX IIPEACTaBICHBI B Ta0II. 2. KommmdecTBO BBICOKO-
IHUCIIEpCHOI MOOABKM, KOTOPOE BBOIWIIN B OCTOHHYIO
CMECh, PACCUNTHIBAJIN Ha OCHOBAHWHN paHee ITOTyIeHHBIX
pe3yabTaTOB KMHETHIECKUX MCCIICIOBAaHUI TIpoliecca
BOJIOTIOTJIONICHUS CAITOHUTCOAEPKAIIETO MaTepraia
[19]. PaBHOMEpHOCTD CMEIIEHUSI BRICOKOIUCIICPCHOM
MIHEPaAJTBHON T00aBKY C ICXOTHBIMU CBIPEEBEIMU KOM-
ITOHEHTAMU JOCTUTAJIN ITOCIICIOBATSIFHBIM ITepEeMEIITH -
BaHWEM BSDKYIIETO U 3aIIOTHUTES ¢ mobaBkoit CCM.

Kak yxe oTMeuanoch BbllIe, HA0OP MPOYHOCTU 00-
pas3IIoB OCYIIECTBIISUIN ABYMSI CITOCOOAMM: B HOpMaJlb-
HbIX ycoBusAX (1-M3b; 1-M3b_ ) 1 yCKOpEHHBIM ITyTeM
nponapuBanus (2-M3b;2-M3b_ ) npu temnepatype
80°C B TeueHure mectu 9acoB. OmpeaeaeHne IPOYHOCT-
HBIX Xapakrepuctuk 1-M3b u 1-M3b_ nipoBoauiu
Ha 28 cyTKu (IIpOeKTHHBIN Bo3pact). O6pasusl 2-M3b
n2-M3b__ crycTs CyTKM 1ociie 3aTBOPEHMS BOIOK 13-
BJICKAJIN 13 METAJUTMICCKUX (POPM M ITOMEIIAIH B IIPO-
ImapoyHyto Kamepy. [1o ncreueHUn BpeMeH! BEIIECPK-
K1 00pa3IIbl ITOCTEIIEHHO OXJIAXIAIN, OOTHPAIA CyXOi
TPSIIKOI C IeJIbIO YIaJeHUS JINITHEH BIard 1 oIpeie-
JISUTA X TIPOYHOCTHBIC XapaKTePUCTUKM.

JwmHaMmKka Habopa IMPOYHOCTH MEIKO3EPHUCTOTO
0OeTOHA OITBITHOTO I KOHTPOJIBHOTO COCTABOB IPUBEACHA
Ha puc. 1.

Takum o6pa3oM, yCKOpeHHBIH criocod Habopa Ipoyd-
HOCTH MEJIKO3¢PHUCTOTO OETOHA ITyTeM MPOIIapUBaHUS
ITOJIOKUTEILHO NEHCTBYET TOIBKO Ha KOHTPOJIBHBIE 00-
pasipl. g kommio3uta ¢ nod6askoit CCM temmepatyp-
HO-BJIaXXHOCTHAsI 00paboTKa OKa3bIBacT MPOTUBOIIO-
JIOXXHOE JIeliCTBUE.

[ToxygeHHBIC pe3yabTaThl (pUC. 1) MOKa3aau, 4TO
IWHAMHUKa Habopa IMTPOIHOCTU 00Pa3II0B, TBEPACIOIINX

Tabauya 1
DnemenTHblii coctaB CCM u B nepecyere Ha OKCH/IbI
DiemMeHT Mg Al Si K Ca Ti Cr Mn Fe Ni Sr
Conepxanue, % 22,00 4,82 46,89 2,21 5,45 1,19 0,23 0,35 16,30 0,39 0,17
Okceup MgO | ALO, | SiO, K,0 CaO TiO, CrO | MnO, | Fe, O, | NiO SrO

19,80 4,94 54,43 1,44 4,14 1,08 0,36 0,77 12,65 0,27 0,11

Conepxanue, %

Tabauuya 2
CocTaB 00pa3i0B MEJKO3EPHUCTOr0 OE€TOHA
Cocras Ha noayuenne 1 m> 6eTOHHOIT cMecH, KT I110THOCTD,
Oopaszen 0
leMEeHT ecoK BOZA CCM KI/M
KonTponbHbiit, M3b 557 1380 283 — 2107
OnbitHbliA, M3B 557 1358 390 22 2292
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Puc. 1. lnnamMuka Ha0opa MPOYHOCTH 00PA3I0B MEJKO3EPHUCTOr0 0ETOHA NPH TBEPAEHHH: ) B HOPMaJIbHBIX YCJI0-
BUSIX; 0) YCKOPEHHBIM CIIOCOOOM (ITpoItapuBaHue); | — KOHTPOJIbHBIN COCTaB; 2 — OIBITHBIN COCTaB

B HOPMAJTBHBIX YCIIOBUSIX, IMEET OMHOTUITHEII XapaKTep
KaK IIST OIIBITHOTO, TaK 1 IUIST KOHTPOJIBHOTO COCTaBOB.
B HavanbpHBINT MOMEHT BpeMeHH (7 CYT.) HaOIIOOacTCsT
aKTHBHBIN yJacTOK Habopa mpoyHocTr. OmHAKO yXe
Ha 7 CYTKM IIPOYHOCTH IIPU C3KATUM Y 00pa3IIOB OITBIT-
Horo cocrtaBa Ha 40% Bblllie, YeM y KOHTPOJIbHOTO. I1po-
eKTHas TTPOoYHOCTh (Ha 28 cytkm) mist 1-M3b coctasuma
28,94 MIla (xnacc B20), a mis 1-M3b_ — 44,28 MIla
(xmacc B30). CTOUT OTMETUTBD, YTO BBEICHHUE BHICOKOIM -
CTIEpCHOM CAITOHUTCOIEPXKAIIel T00aBKM CIIOCOOCTBYET
TOBBIIICHUIO KJIacca IMPOYHOCTU OETOHA U BEIET K CO-
KpallleHUIO IIEMEHTHOM COCTaBIISIIOIICH.

IIpu yckopeHHOM crioco0e TBepAeHUST TMHAMUKA
Habopa npoyHoctn 2-M3b_ nmeer oTaMYHBIi Xapak-
Tep. Tak, B iepBhIe ABa Yaca (CTagus U30TepMUIECKOTO
TporpeBa) HaOIOOAaeTCs aKTUBHBIA YIaCTOK TTOBHI-
IIEHUSI TPOYHOCTU Yy 00oux obpasuoB. [Ipuuem mis
OITBITHOTO 3TOT YIaCTOK XapaKTePU3YyeTCsT OOJbIICH
nHTeHCUBHOCTBIO. [Tocnenytomee TBepaenne 2-M3b
nMeeT JUHEIHYI0 3aBUCUMOCTD C ITOCTETICHHBIM I10-
BBIIIICHUEM IIPOYHOCTH A0 IIPOSKTHOM 3a IIeCTh YacOB.
Hna 2-M3b_ crycrs nBa yaca nmponapuBaHus Mpoy-
HOCTB pe3KO HaUMHAET CHUKATBLCS, a CITYCTS IIECTh

YacoB HACTyMHaeT BUANMOE pa3pylieHUEe CTPYKTYPHI
6eToHa (puc. 2).

HccnemoBaHUs MoKa3aid, YTO CTaIus M30TEPMU-
YeCKOTO HarpeBa MOJOXWTEILHO BIUSICT HA HabOOp
NPOYHOCTH 00pasuos 2-M3b_ TOJIbKO B HaYaIbHbIA
rmepuon (B TeUeHUE ABYX 4acoB). [IpomomkuTebHOe
IIporapuBaHe TOr0 OETOHA TIPUBOIUT K CHIDKCHUIO
IIPOYHOCTHBIX XapaKTePHUCTUK OIBITHBIX 0O0PA3IIOB, UToO,
BEepOSATHEE BCETO, CBSI3aHO C IIEPEHACHIIIICHNEM BIIarOi
CTPYKTYPBI KOMITO3UTA.

C 1embio 00BSICHEHUS pe3KOTO CHIDKCHUS TIPOYHO-
CTH OETOHA C BRICOKOIMCIIEPCHO CaITOHNTCOAepKAaIIeit
n006aBKoM ObUIM caeaHbl (poTorpadu MUKPOCTPYK-
TypBI 00Pa3IIOB MOCJE TPEXIACOBOTO BEIICPKUBAHUS
B riportapouHoii Kamepe «KYII-1» (puc. 3).

PacTtpoBas anekrpoHHass Mukpockomnus (POM)
KOMITO3UTOB, HAOpaBIINX ITPOCKTHYIO IIPOYHOCTH Yepe3
28 cyTOK, TTOKa3aja, YTO CTPYKTypa OITBITHOTO W KOH-
TPOJILHOTO 00PAa3IIOB IIPEICTaBIeHa B BUIE KOHTIIOME-
paToOB YaCTHIL 1 HOBOOOPA30BaHUI THIPOCHINKATOB,
pa3mep KOTophIx Koyebsnetcd ot 2 1o 20 MkM. B 060-
X MaTepHuaiax IMPUCYTCTBYIOT TyOUYaTHIe, ¢ pa3BUTOMN
MUKPOIIOPUCTOM TTOBEPXHOCTHIO M UTOJIhYAThIC YACTH -

Puc. 2. BHemnuii i 00pa3ioB Nocie NponapuBaHus COCTaBa: a) KOHTPOJIbHOI'O; 0) OIBITHOIO
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KoHTpobHbIii cocTaB

OnbITHBI cOCTaB

Puc. 3. MukpocTpyKTypa 00pa3ioB MeJIKO3epHUCTOrO 0ETOHA NPU TBEPAEHUH:
a) B HOpMAaJIbHBIX YCIOBUSIX; 0) YCKOPEHHBIM CITIOCOOOM (ITporapuBaHue)

el [TpraemM KOTMIECTBO U IUIMHA TTOCICIHUX B CTPYK-
Type OIIBITHOTO 0Opa3ila Bo3pacTaeT IOYTH B 2 pas3a
IO CPaBHEHUIO ¢ KOHTPOJBbHBIM. JlOMMOTHUTEIBHOE
00pa3oBaHMEM KPHUCTAJLIOB UTOIbYATON (DOPMBI CBU-
IEeTEIBbCTBYET O MIPUCYTCTBUU CYOMUKPOKPHUCTAJIIOB
TUIPOCUIINKATOB TPYIIITEI TOOEPMOPHUTA, KOTOPBIE 00-
pa3yioTcs B MPUCYTCTBUH BBHICOKOAMCIICPCHOM caIto-
HUTCoOIepXalleil 100aBKUA U UTPAIOT POJIb TOTIOTHH-
TEJIFHOTO CBS3YIOIIETO.

ITocne TemnepaTypHO-BIaXXHOCTHOI 00pabOTKHU
MEIKO3EPHUCTOTO OETOHA C BEICOKOIUCIIEPCHON M10-
0aBKOi1 ero MUKPOCTPYKTYpa ObLIa TIpeIcTaBiIeHa, B OC-
HOBHOM, TYOUaTBIMM YaCTUIIAMU, a KOJIMIECTBO 00pa-
30BaBIINXCST UTOJBYATHIX 3HAYUTEIPHO YMEHBIIMIOCH
TI0 CPaBHCHMIO ¢ KOHTPOJBHEIM. HabmomaeTcst Takke
3HAYUTEIbHOE 00pa3oBaHUE B OMBITHOM 00pa3Ile Mmy-
CTOT, KOTOPBIC MOKHO OTHECTH K Ie(heKTaM CTPYKTYPBI
TOJIy4eHHOTO OETOHA.

M3BecTHO, 9TO CAITOHUT UMEET TPEXCIOMHYIO KPH-
CTaJUIMIECKYIO CTPYKTYPY, IPUIEM PACCTOSTHUE MEXKITY
ee ITaKeTaM1 MOKET JIETKO M3MEHSIThCS, TaK KaK CBSI3b

MEXIy HUMU 00yCIIaBIMBAIOT TOJBKO CWIBI BaH-mep-
Baanbca. JlaHHBIN (DaKT MOXET IIPUBOIUTH K 3HAUU -
TeJIbHOMY HaOyXaHWIO BEICOKOAMCITEPCHBIX TIMHUCTHIX
TTOPOIITKOB TIOJT IeMCTBUEM BIIard (BOIBI).

Takoe HabyxaHMe YaCTUIl TOHKOAUCIICPCHOM MM -
HEepaJbHOM T00AaBKU CO3daeT M30BITOYHOE MaBICHUE
B MUKPOCTPYKTYpE TBEPACIOIIETO KOMITO3UTA. DTOT
IIPOIIeCC BHI3BIBACT pa3pylIeHNE BHYTPECHHEH CTPYK-
TypBI MeTKo3epHucToro 6eToHa ¢ CCM m mpUBOIUT
K CHIKCHUIO €TO TIPOYHOCTHBIX XapaKTePUCTUK TP
IIpoTapUBaHUM.

B nmpomoskeHUM MCCITeTOBaHMI IJTST TTOATBEPKICHIST
BBIIIIE BBICKA3aHHOM THIIOTE3bI OB BRITIOJTHEH CIICAYIO-
WA SKCITEPUMEHT: HaBECKY CAaIIOHUTCOACPIKAIIIETO Ma-
TepHaja Maccoil 2 T MOMEIIAIN B CTEKIITHHBIN MePHBII
IUIMHAP 00beMoM 50 cm® 1 moGaBisu B HETO 20 MIT
Bombl. [TomydyeHHYIO peakKIIMOHHYI0 CMeCh MHTCHCHB-
HO TIepeMEIINBAIN IyTeM BCTPSIXUBAHUS M OTCTaUBAIN
B TeueHue 30, 90, 180 muH (Tab. 3).

IMomygyernHsle maHHbIe (TA0OJ. 3) ITOKA3aId, 9TO BCE
IIPOOBI BBICOKOIMCIIEPCHOTO CATTIOHUTCOICPKAIIETO Ma-
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Tabauuya 3
M3meHeHue BeJMYMHbI HAOYXAHUS CATIOHUTCOAEPKALIEr0 MaTePHa/a OT BpeMeHH
O6bem naseckn CCM, cm’ N3menenne oobema CCM,
Bpems BbiepKKN, MUH p
CYX0ro BOJIOHACBIIIEHHOTO M
30 2,2 7,9 5,7
90 2,4 9,6 7,2
180 2,0 11,0 9,0

TepuaJia aKTUBHO TTOIJIomany Bomy. Taxk, gepe3 30 MUHYT
MaTepual yBeJIMUMIcd B 00beMe B 3,6 pasa, a CIIyCTsI Tp1
gaca — B 5,5 pasa, 0 CpaBHCHUIO C TICPBOHAYATIEHBIM.

3AKJIIOMEHUE

BaxkHbIii mpakKTU4YEeCKU BBIBOJ, KOTOPHIM MOXHO
cleaaTh Ha OCHOBAHUM MPENCTaBIEHHbBIX SKCIIEPUMEH-
TaJIbHBIX PE3YJILTATOB, SIBJISET CAEAYIONIEE MOJTOXKEHUE:
B CJTy4yae MCIOJIb30BaHUSI BBICOKOIMCIIEPCHOM 10OaBKU

CAITOHUTCOEPKAIIIETO MaTepyaIa IJIsT TTOJTyICHMS MEII-
KO3EpHHUCTOTO OETOHA HEJIb3ST MCHSITh YCIIOBHS TBEPIC-
HHS 00pa3IioB ¢ HOPMaIbHBIX Ha YCKOPEHHBIN CITOCO0
IIyTeM WX IIpolapuBaHus. B mmociemHeM ciaydae yxe
ITOCJIe BBIIEPKKH OITBITHBIX TIPOO IIPU TeMITepaTypHO-
BJIAXKHOCTHOM BO3ICICTBUM B TCUCHUE IBYX-TPEX YaCOB
IIPOMCXOIUT TIOTEPs MX IIPOYHOCTHHIX KauecTB. JdaH-
HBII (haKT CBSA3aH C IpolleccaMy HACBHIIICHMST YaCTHII
CaIllOHUTA BOIOU U TTOCTCAYIONINM UX 3HAUYNTECIIbHBIM
HaOyXaHUEM.
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ABSTRACT

Introduction. Currently, the development of composite systems doped with nanoparticles and based on liquid crystal (LC) media
is being actively pursued. The latter, having unique properties, can be used to improve various LC devices. For this purpose, it is
very important to investigate the mechanism of change in the properties of liquid crystal systems from the size and concentra-
tion of nanoparticles. Recently, a sufficient number of methods have been applied to measure the flow of liquid or gas based on
different physical principles. Information about the average mass flow rate of a liquid or gas can be obtained by a measurement
method based on steady-state heat injection into the flow. The average flow velocity can be measured by electromagnetic and
ultrasonic sensors, while the average volume flow rate can be measured by hydrodynamic (aerodynamic) as well as mechanical
turbine methods. In heat transfer and mass transfer, convective motion in a fluid medium plays an important role in the vast major-
ity of natural phenomena and technological processes. Many processes of convective mass transfer and heat transfer in chemical,
petrochemical, construction, nuclear and other industries are carried out in heat pipes. Up to the present time the question about
efficiency of heat pipes application with bodies from composite materials also remains open. In the presented work the following
objectives were set: to assemble an experimental setup to study the thermal effect (flow), to conduct studies of temperature change
on the surface of the conductor of the compound based on nanoparticles of liquid crystals and viscosity of liquid crystals from
the concentration of nanoparticles. Methods and Materials. In this experimental work, a heat flux acts in the region of the outer
boundary of the conductor. Note that the redistribution of the thermal field is influenced by such processes as heat conduction and
heat transfer. To observe the thermal effect, compounds based on liquid crystal nanoparticles were used. Nanostructured liquid
crystal systems have a unique property as fluidity inherent in ordinary liquids. For opaque conductor walls, a method for determin-
ing the direction of heat flow is proposed. Earlier experimental studies have shown that temperature measurement is possible only
by pyrometric method. Therefore, the redistribution of temperature change on the conductor flow surface was recorded using an
optical pyrometer that perceives thermal (infrared) radiation. In this work, a compound based on liquid crystal nanoparticles, namely
with the addition of cholesteryloleate, was used as a base. Results and discussion. In the course of the study, temperature depen-
dences in the heat flow zone of the conductor in the absence and in the presence of liquid motion were experimentally obtained.
Dependences of temperature change on the surface of the conductor with compounds based on nanoparticles of liquid crystals
have been measured. Inhomogeneous redistribution of the thermal field is shown. The results of the study of the dependence of
the viscosity of nematic liquid crystals on the concentration of nanoparticles are presented. Conclusion. The above data show
that the thermal effect on the surface is not uniformly distributed. For visualization of the thermal effect, compounds based on
nanoparticles of liquid crystals turned out to be more effective. A technique has been developed to determine the direction and
calculate mathematically the magnitude of the liquid heat flux in the opaque conductor flow. It should be noted that the viscosity
of liquid crystals changes when nanoparticles are coupled.

KEYWORDS: viscosity, fluid motion, liquid crystals, concentration, nanostructured systems, nanoparticles, conductor, temperature,
temperature inhomogeneity, thermal effect.
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INTRODUCTION

anostructured and highly dispersed systems and

have chemical, electrical, magnetic, mechanical,
optical and other properties. The formation of nanostruc-
tured systems can lead to changes in physical properties,
namely: change the strength, yield strength, heat capacity,
temperature, magnetic transitions, etc. Therefore, hav-
ing unique properties, can widely attract the attention
of specialists in physics, chemistry, materials science,
biology [1-3].

It is now known that the flow of liquids and gases
through water, oil and gas pipes is encountered in many
different areas of industry. The physical and chemical laws
of flow of liquids and gases play an important role in the
separation process.

In opaque conductors, the task of determining the
direction, measuring the magnitude of the fluid flow and
the flow rate of the fluid volume in the conductors arises.
There are several ways to determine the thermal effect and
temperature [4—8]. In this work, the thermal effect was
measured by pyrometric method.

Consider two bodies, bring them into contact and
heat them.

We know that the temperature will change in time.
The contact of the bodies leads to an increase in the
motion of the smallest particles, and accordingly there
will be an exchange of energy between the smallest par-
ticles. The exchange of energy transferred between tiny
particles from a hotter body to a colder one is called heat
effect (flux). Thus, heat spreads from a point of higher
temperature to a point of lower temperature in all direc-
tions. For the thermal effect to occur in different surfaces
of space, it is enough to create different temperatures in
these surfaces with the presence of a temperature dif-
ference [9—13].

Heat pipes are the most important elements of ther-
mal power plants, which are self-contained, hermetically
sealed, two-phase heat transfer devices. Let us enumerate
their advantages: simplicity of construction; ability to
withstand large heat flows at insignificant temperature
differences; small mass; heat pipe can operate in a wide
temperature range; in addition, the thermal conductive
properties of heat pipes are higher than those of the most
thermally conductive metals [14—19].

The principle of operation of heat pipes is that heat
transfer occurs due to the fact that the liquid is vaporized
in the hot section of the pipe, then condensed in the cold
section. The liquid returns to the evaporator due to capil-
lary forces [18—23].

The difficult problems encountered in creating heat
pipes are material compatibility.

Research and repair of pipelines using composite ma-
terials proves to be highly effective [24—28].

METHODS AND MATERIALS

In all bodies, heat transfer depends on temperature
redistribution. For the appearance of heat redistribution,
a temperature difference is necessary.

To study the heat effect, an experimental setup is as-
sembled which consists of a thermostat, a heater and a
thermocouple. Water in the thermostat at constant tem-
perature is passed through the conductor. A plate heater is
used to heat an area of the outer surface of the conductor
flow. The temperature in the heated area is determined
by a thermocouple whose readings are displayed on mul-
timeters [29—31].

In the experiment, a heat flux acts in the conduc-
tor area. Note that the redistribution of the thermal field
is influenced by such processes as heat conduction and
heat transfer. In heat conduction, heat transfer occurs at
the molecular level between different parts of bodies. In
Brownian motion of molecules, atoms or nanoparticles
colliding with each other, energy transfer takes place be-
tween molecules, atoms or nanoparticles respectively.
When a current flows through a conductor, power is re-
leased, while the current density also increases and all this
leads to an increase in heat generation and temperature.

To utilize the redistribution of heat in conductors in
calculations, we propose an expression of Fourier’s law:

q=-pT,

where 3 — is the heat conduction coefficient; 7— tem-
perature.

As a result of non-uniform heating of the conductor,
heat flows are observed. Redistribution of the temperature
field is a rather difficult task. Earlier experimental studies
have shown that temperature measurement is possible
only by the pyrometric method. According to the pyro-
metric method, the sample under study should be covered
with a thin layer of material.

To observe the thermal effect, compounds based on
liquid crystal nanoparticles were used. Liquid crystals
have a unique property such as fluidity, which is inherent
in ordinary liquids.

Based on the electronic spectra, the sizes of liquid
crystal nanoparticles were calculated to range from 1.7 nm
to 4 nm. The compounds themselves are presented in
Table 1.

Table 1 shows that cholesteryloleate was used to ob-
tain liquid crystal compounds in all ratios, to the base of
which various acids were added in different quantitative
ratios. In this work, the liquid crystal nanoparticle based
compound numbered I was used.

The following scheme was used to obtain the experi-
mental compounds. At the beginning, all compounds
in the ratios presented in Table 1 were placed in a glass
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Table 1
Name of mixture components
Mixtures Liquid crystal compounds Quantitative ratios of compounds
1 Cholesteryloleate and hexyloxybenzoic acid 6:2
11 Cholesteryloleate and nonyloxybenzoic acid 3:1
111 Cholesteryloleate and butyloxybenzoic acid 5:2

vessel. In the first case, the particles were stirred with
a special glass stick, and the compounds were brought to
a homogeneous mass. The second case allowed to obtain
a homogeneous distribution of nanoparticles. In the third
case, the prepared compounds were heated to the tem-
perature until complete melting.

RESULTS AND DISCUSSION

The obtained compounds were deposited as a thin film
on the surface of the conductor (approximately 10 um).
Further on the surface of the conductor, heat dissipation
was carried out with the formation of multiple colors.
Measurements were carried out using an optical pyrom-
eter, with the heating region taken as the origin of the
report.

At the place where heating is carried out, heat absorp-
tion occurs. At the same time, the heat field rushes away
evenly and gradually. Recall that the distribution of heat
is affected by thermal conductivity and heat transfer.

We measured the dependences of temperature change
on the surface of the conductor with compounds based on
liquid crystal nanoparticles. As a result of the experiment
we obtained three dependences of temperature change on
the surface of the conductor in the heating zone and in
the cooling zone.

Fig. 1 shows the graph of temperature change depen-
dence in the conductor heat effect zone in the absence of
liquid motion.

Fig. 2 shows the graph of dependence of temperature
redistribution in the conductor heat effect zone when
there is fluid motion.

The graphs presented in Figs. 1 and 2 have nonlinear
dependences, and all curves have a well-defined maxi-
mum, which shifts in the heat effect zone in the presence
of fluid motion [32, 33].

From Fig. 3 we can see that at the place where the
cooling of the conductor flow is carried out, the graph
of the temperature redistribution dependence has asym-
metric changes.

Thus, from the conducted experimental studies we
obtained the presence of the thermal effect of the liquid
[34]. As a result, we note that in the presence of fluid
motion and in the absence of fluid motion there is a non-
uniform distribution of the temperature field.

The velocity of liquid motion was calculated by the
following formula:

v=0/S, 1

where Q — fluid volume flow rate, m3/s; S — conductor
cross-sectional area, m?.
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Fig. 1. Graph of dependence of temperature change in the conductor heat effect zone in the absence of fluid motion
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Fig. 2. Graph of temperature change dependence in the conductor heat flow zone in the presence of fluid motion
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Fig. 3. Graph of dependence of conductor temperature change in the cooling zone

The heat flux flow rate was calculated by the formula:
o=Vn, (2

rae V — liquid volume, m3; # — time, s.

To observe the direction of thermal effect, we mathe-
matically calculated the values of liquid velocity v and lig-
uid volume flow rate Q using the above formulas [35]. The
obtained values are presented in the following Table 2.

Using Table 2, we constructed spectra (Fig. 4) of tem-
perature redistribution on the surface of the conductor
for different velocities of fluid motion. The first spectrum
corresponds to the velocity v, = 0.0995 m/s, the second
spectrum corresponds to the velocity v, = 0.0331 m/s and
the third spectrum v,=1.660 m/s.

Table 2
Characteristics of fluid velocity and fluid volume flow
rate

Velocity of the fluid, Fluid volume flow rate,
v, m/s 0-10-5, m*/s
0.0995 1.66
0.0331 5.00
1.6600 0.83

From Fig. 4, we can see that with increasing values of
fluid velocities the spectra of temperature redistribution
and thermal effect narrows.
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Fig. 4. Temperature redistribution spectra on the con-
ductor surface for different fluid velocities

The following graph shows the dependence of the
heater power on the conductor surface on the liquid flow
velocity (Fig. 5).

As can be seen from Fig. 5, to maintain a constant
temperature with increasing velocity, it is necessary to
increase the heater power. Up to a velocity of 0.155 m/s,
a linear dependence is observed, with further increase
in the values of flow velocity, the graph becomes more
gentle. Probably, at this point the mode of liquid move-
ment changes.

Analyzing the obtained dependencies, we can math-
ematically calculate the value of the liquid flow [36].

Consider a liquid with temperature 7, which moves in
a conductor with transverse surface .§. The temperature
change of the liquid along the conductor is equal to:

dT = (t,x) 22—:dE+:—idx,

dT BT+Bde
dx 8t dxdt

Since dx/dt = v, then dT/dt = (0T/ot + 0T/ox)v.

where 07/0t — is the particle derivative of temperature
by temptation; (07/0x)v — is the convective term charac-
terizing convective heat exchangers.

If the temperature remains constant in time 07/0t = 0,
then we obtain the expression:

8?"_1 dT

. 3
dx v dt 3

According to equation (3), the more the fluid is in mo-
tion (increasing velocity), the less heat exchange with the
external environment occurs, as shown in Fig. 5. The de-
pendence of the heater power for maintaining a constant
temperature on the surface of the flow conduit on the
fluid flow velocity is characterized at first by a very rapid
increase in power, and then has a linear evolution (de-
creasing power). This is probably due to the fact that the
more the fluid is in motion, the more heat is exchanged
by convection.

When heat transfer occurs, multiple colors appear on
the surface of the conductor.

Fig. 6 shows the image when there is no fluid move-
ment on the conductor.

15 r Prw

16

14

12

10 r

v, my/s

0,6 0,8 1 1,2

Fig 5. Graph of dependence of the heater power on the conductor surface on the fluid flow velocity
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Fig. 7. Image of heat flow in the presence of fluid motion

If there is fluid movement in the conductor, heat flow
occurs and the image changes (Fig. 7).

From Fig. 7, it can be seen that white color fits the
cold zone and blue color fits the warm conductor zone.

Further additionally, the effects of viscosity of lig-
uid crystals from the concentration of nanoparticles are
considered in this work. For this purpose, nematic liquid
crystals with addition of nanoparticles (7a—Si) with dif-
ferent concentrations have been considered in the study.
Here is the structural formula of nematic liquid crystal
4-nitrobenzylidene-4’-heptoxyaniline: C.H ,—O—-CH ,—
N = CH-CH,—NO,.

The concentration of nanoparticles was varied from
0.25% to 3%. Using a laser analyzer, the sizes of Ta—Si
nanoparticles were determined. The average diameter of 7a—
Si nanoparticles was found to be about 8 nm. Table 3 shows
the results of measurements of viscosity of nematic liquid
crystals from the concentration of 7a—Si nanoparticles.

It can be seen from Table 3 above that the viscosity of
liquid crystals increases with increasing concentration of
Ta—Si nanoparticles.

CONCLUSIONS
The compounds based on liquid crystal nanoparticles,

namely cholesteryloleate and hexyloxybenzoic acid, were
more effective in observing the heat flux.

Table 3
Results of nematic liquid crystal viscosity measurements
on the concentration of 7a—Si nanoparticles

concell\lltz:'[:l(t)il:)alllrtll;lfSi, % VIEBIE ), 7 7240
Liquid crystal
0.25 315.1
0.50 354.7
1.00 374.6
2.00 385.2
3.00 433.4

The above data show that the thermal effect on the
surface is not uniformly distributed. Note that the induced
local temperature change on the surface of the conduc-
tor shows the asymmetry of the temperature field. This
further proves the existence of heat flow effect.

As a result of the experimental study, the local tempera-
ture change of the conductor flux surface has been shown.

The above method can be applied to effectively deter-
mine the flow direction in the case of opaque conductor
walls.

Compounding of nanoparticles leads to a change in
the viscosity of liquid crystals.
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AHHOTALMA

BBegeHue. B HacToALLee BpemMA aKTUBHO 3aHMMAIOTCA pa3paboTKON KOMMO3UTHBIX CUCTEM, [JOMMPOBAHHbIX HAHOYACTMLIAMU U Ha
ocHoBe xuakokpurctannuyecknx (KK) cpep. MocnepHune, obnagas yHKanbHbIMU CBOMCTBAMU, MOTYT MPUMEHATHLCA [J1A COBEPLUEH-
CTBOBaHMA pa3nnyHbix KK-ycTponcTs. [1nA 3Toro oueHb BaXkHO NCC/Ief0BaTb MEXaHU3M M3MEHEHWA CBONCTB XUAKOKpUCTannye-
CKUX CMCTEM OT pa3mMepoB 1 KOHLIEHTPaLMK HaHovacTuL,. B nocnegHee Bpema npumeHAeTCA JOCTaTOYHOE KONMYeCTBO METOA0B
LNA N3MEePEHUNA NOTOKA XKMAKOCTU UM ra3a, OCHOBaHHbIX Ha pa3HbiX GU3nyeckux npuHLmnax. Mupopmaumio o cpegHemM MaccoBOM
pacxofe XUAKOCTV VAN ra3a No3BOJIAET NONyUYnTb METOA N3MEPEHNA, OCHOBAHHDBIN Ha CTaLMOHAPHOM UHXKEKLMI TEMa B MOTOK.
CpefHI0t0 CKOPOCTb NOTOKA NMO3BONIAT N3MEPUTb SIEKTPOMArHUTHBIE 1 YNIbTPA3BYKOBbIE AATUNKM, @ CPeHUI 06BEMHDIN PacXon
- rMAPOAVHAMUYECKUIA (a3POANHAMUYECKIN), @ TaKXKe MEXaHUYECKUNA TYPOUHHbIN MeToAbl. B npouecce TennonepeHoca 1 macco-
nepeHoca KOHBEKTUBHOE BUXKEHME B XKUAKOW Cpefie UrpaeT BaXkHYIO POJib B NOAABAOLEM OONbLUMHCTBE MPUPOAHbIX ABMEHWIA
N TEXHONOrMYecKnx npoueccos. MHorne npouecchl KOHBEKTMBHOIO MaccomnepeHoca 1 TenaonepeHoca B XMMUYeCKon, HedpTexu-
MUYECKOW, CTPOUTESNTIbHO, aTOMHON 1 APYTMX OTPACAX MPOMbILLNIEHHOCTN OCYLLECTBAAITCA B TeNoBbIX Tpy6ax. [lo HacToALlero
BPEMEHMU TaK>Ke OCTAeTCs OTKPbITbIM BOMPOC 06 3GPEKTVBHOCTU NPUMEHEHNA TEMIOBbIX TPY6 C KOpNycaMmn U3 KOMMO3MLNMOHHBIX
MaTepuanos. B npeactaBneHHon paboTe Gbinv NocTaBneHbl CieayoLme Lenn: cobpaTb SKCNePUMEHTaNbHYIO YCTaHOBKY Al U3yye-
HUA TennoBoro 3¢dekTa (NOToKa), NPOBECTU NCCIeAOBaHUA N3MEHEHMA TeMMNepaTypbl Ha MOBEPXHOCTU NMPOBOAHMKA COeANHEHNA
Ha OCHOBE HAaHOYACTUL, XKUAKNX KPUCTAOB U BA3KOCTU KUAKNX KPUCTANIOB OT KOHLEHTpaumm HaHovacTuy. MeTtoabl n matepu-
anbl. B faHHo 3KcnepumMeHTanbHo paboTe B 06/1aCTU BHELLHEW rPaHLbl MPOBOAHMKA AENCTBYET TeMI0BON NOTOK. OTMETUM,
UTO Ha NepepacnpepeneHie TEMNOBOrO NOMA BIMAIOT TaKMe NPOLECChl, Kak TENIONPOBOAHOCTb U TennooTaava. [Ansa HabnogeHna
Tennosoro 3¢pdeKTa NCNonb30BanNCb COeANHEHNA Ha OCHOBE HAHOUACTUL, XKUAKMX KPUCTanIoB. HAHOCTPYKTYpPHbIe CUCTEMbI XKNJ-
KUX KPUCTanIoB 06/1afaloT TakKUM YHMKalbHbIM CBOMCTBOM, KaK TEKYUYeCTb, MPUCYLLUM OObIUHBIM XUAKOCTAM. [nA HeNnpo3payHbIxX
CTEHOK MPOBOAHKA MPeLIoXeH CNocob onpeAeneHna HanpaseHys TEMSIOBOro NOToKa. PaHee NpoBefeHHble SKCNepriIMeHTasbHble
nccnefoBaHUA NoKasanu, 4To M3MepeHne TemnepaTypbl BO3MOXHO TOJIbKO MMPOMETPUYECKM MeToAoM. MNosTomy nepepacnpe-
AeneHre n3MeHeHNA TemnepaTypbl Ha MOBEPXHOCTN MNOTOKa NPOBOAHMKa 3adUKCUPOBAHO C MOMOLLbIO OMTUYECKOro NMPOMETPa,
BOCMPVHMMAlOLLEro TennoBoe (MHppakpacHoe) n3nyyeHve. B gaHHol paboTe B KaueCcTBE OCHOBbI UCMOMb30BaIOCh COEANHEHNE
Ha OCHOBE HaHOYACTWL XKULKUX KPUCTAINIOB, @ UMEHHO C AobaBneHreM xonectepunonearta. PesynbraTtbl n o6cyxaeHune. B xone
nccnefoBaHNA SKCNepUMeHTanbHO MOJTyYeHbl 3aBUCMMOCTY TeMnepaTypbl B 30He TEMNI0BOro NOTOKa NPOBOAHMKA MPU OTCYTCTBUN
1 NPY HaNNYMKN ABUMKEHNA XKULKOCTU. VI3MepeHbl 3aBUCMMOCTY M3MEHEHNA TeMnepaTypbl Ha MOBEPXHOCTU NPOBOAHMKA C COefu-
HeHMAMYM Ha OCHOBE HaHOYaCTUL, XMUAKUX KpUCTannoB. [lokasaHo HeogHOPOAHOe NepepacnpefeneHve Tennosoro nons. Mpep-
CTaBneHbl pe3ynbTaTbl MCCIEA0BaHMA 3aBUCUMOCTN BA3KOCTU HEMATUYECKUX KUAKNX KPUCTAINIOB OT KOHLIEHTPALMN HaHOYacTuL,.
3aknioyeHume. [prBefeHHble Bbillle AaHHbIE NMOKa3biBaAIOT, YTO TENNOBOW 3PPEKT Ha MOBEPXHOCTU pacnpepesieH HepaBHOMEPHO.
[na Bu3yanm3saumm Tennosoro s¢pdexta 6onee 3¢pHeKTUBHbIMU OKa3anncb COEAVHEHUA Ha OCHOBE HaHOUACTUL, KUIKUX KPVCTaIOB.
Pa3zpaboTtaHa meTofMKa, No3BoNALLWaA ONpPeAenvTb HarnpaBneHNE U BbIYMCIUTD MaTEMATUYECKIN BETMUVHY TEMIOBOIO NOTOKA XNf-
KOCTW B HEMPO3PAYHOM NMOTOKE NPOBOAHUKA. OTMETMM, UTO MPY COEANHEHMN HaHOUYACTMIL, BAZKOCTb XUAKUX KPUCTANINIOB MEHAETCA.

KJTKOYEBDIE CJIOBA: BA3KOCTb, AiBV/XKEHME XUOKOCTU, XULKMNE KPUCTaIbl, KOHLEHTPaLUA, HAHOCTPYKTYPHbIE CUCTEMbI, HAHOYa-
CTVLBI, NPOBOAHMUK, TEMMNEpPaTypa, TemrnepaTypHas HEOLHOPOAHOCTb, TEMIOBOMN 3PdEKT.
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TEXHOJIOMMU MPOU3BOJACTBA CTPOUTE/IbHbIX MATEPUAJIOB Y U3JENTNN

BBEAEHUE

HaHocTpyKTypHbIE 1 BBICOKOIMCIIEPCHBIE CUCTEMBbI
00J1a1a10T XUMUYECKUMU, DJIEKTPUUECKUMU, MAaTHUTHbI-
MU, MEXaHUYECKUMHU, ONTUYECKUMU U IPYTUMU CBOM-
ctBamu. OOpa3oBaHNE HAHOCTYKTYPHBIX CICTEM MOXKET
MPUBECTU K U3MEHEHUIO (PM3UYECKUX CBOMCTB, @ UMEHHO
M3MEHUTD Mpeaes MPOYHOCTHU, TEKYUECTH, TETIIOEMKOCTb,
TeMIlepaTypy, MarHUTHBIE TTEPEXOIbI U T.1I., TO3TOMY, 00-
Jlafgast yHUKaJIbHBIMU CBOMCTBAMMU, IIIMPOKO MPUBJIEKAIOT
BHUMAaHUE CIIELUAIMCTOB B 00J1aCTU (DU3UKU, XUMUMU,
MaTepuanoBeneHus, ouonoruu [1-3].

B Hacrosiiee BpeMst U3BBECTHO, UYTO TEUEHUE KUTKO-
CTel M ra3oB MO BOJOMPOBOIHBIM, HEDTEITPOBOIHBIM
M Ta30IPOBOIHBIM TPyOaM BCTPEUaeTCss BO MHOTHX 00J1a-
CTSIX TIPOMBIIIIICHHOCTH. PU3NKO-XUMIYECKIE 3aKOHBI
TEeYEHUS XUIKOCTEU U Ta30B OKa3bIBAIOT BAXKHYIO POJIb
Ha IpoTeKaHue mpolecca pa3aeaeHus.

B Henpo3pauHbIX MPOBOAHUKAX TOSIBJISIETCS 3aa4a
orpeAesieHrs HalpaBJIeHUs, U3MEPEHUsI BEJIMUMHBI T10-
TOKA XMAKOCTU U pacxoja MoTokKa oobeMa KUIKOCTU
B MPOBOIHUKAX. MIMeeTcsl HECKOJIbKO CIIOCOOO0B OMpe-
JleJIEHUS TeruioBoro addekra u TemnepaTtypsl [4—8].
B nanHoii pabote nzmepeHue TernaoBoro 3¢ gexra npo-
BOJIMJIOCH TTMPOMETPUUECKUM CITIOCOOOM.

PaccMmoTtpum nBa Tesa, NpuBeaeM MX B COITPUKOCHO-
BeHUE 1 OyJeM HarpeBaTh.

MpbI 3HaeM, 4To MpU BTOM TeMmreparypa OyaeT u3-
MCHSTBCSA BO BpeMeHU. COIMPUKOCHOBEHME TEJI TIPH-
BOJIMT K YBEJIUUYECHUIO NBVKEHUST METbYaIIMX YACTULI,
M, COOTBETCTBEHHO, OyIeT MPOUCXOAUTh OOMEH IHEP-
THUEH MEXIy MelTbYalImuMu yacTuiiaMu. OOMeH 3Hep-
THUEH, TIepeIaBacMOM MEXXIY MeJIbYauIIMMU YaCTULIAMI
OT OoJiee ropsiuero Tesa K 60jee X0JI0AHOMY, Ha3blBalOT
TEIUTOBBIM 3 (pekToM (ImoTokom). Takmm obpa3om, Te-
MJ10Ta pacCIpoOCTPaHSIETCsI OT TOUKM C 00Jiee BICOKOM
TeMIIepaTypoil K TouKe ¢ 60Jjiee HU3KOU TeMmepaTypoit
BO BceX HampaBjieHUsX. JJ1s BOBHUKHOBEHUS TETJIOBO-
ro adeKTa B pa3IMUHbIX TOBEPXHOCTSIX MPOCTPAHCTBA
JIOCTaTOYHO B 3TUX ITOBEPXHOCTSX CO3/1aTh Pa3HbIE TEM-
TepaTyphl ¢ HAIMINEM Pa3HOCTH TemIepaTyp [9—13].

TennoBblie TpyObl — BaXKHEUIIME 2JIEMEHTBI TEILIO-
9HEPTeTUYECKUX YCTAHOBOK, MPENCTaBISIONIe CO00M
ABTOHOMHBIC, TePMETUIHO-3aMKHYTEIC, TBYyX(a3HbIC
Teruionepenatoune ycrpoictna. [lepeuncaum npeumy-
IIECTBEHHbIE TOCTOMHCTBA: MPOCTOTA KOHCTPYKIIMHU,
CIMOCOOHOCTD BbIIEPKMBATh OOJIBILINE TEIJIOBbIE TOTOKHU
MpU HE3HAYUTENIbHBIX MTepernagax TeMIepaTypbl, HEOO I b-
111ast Macca, TerioBas Tpyoa MOXeT padoTaTh B IIMPOKOM
MHTepBaje TeMIepaTyp, K TOMY K€ TeTUIONPOBOISIIE
CBOWCTBA TEIJIOBBIX TPYO BBILIE, YEM Y CAMBIX TEIIO-
TIPOBOAHBIX MeTaJUIOB [14—19].

[TpuHUMIT AEHICTBUS TEIJIOBBIX TPYO 3aKII0YAETCS
B TOM, UTO MEPEHOC TEILJIa TPOUCXOAMT 3a CYET TOTO, YTO
B FOpsTYeM ydacTKe TPYObl XKMIKOCTb UCMapsIeTCs, MO-

TOM KOHIEHCHUPYETCsI Ha XOJIOAHOM ydacTke. 2KMIKoCTh
BO3BpaIlacTCs B UCTIAPUTEITb 33 CUST KATTMIIISIPHBIX CUJT
[18—23].

[Ipu co3maHuM TEIIOBBIX TPYO BO3ZHUKAIOT TPYIHO
peliaeMble ITPOo0IEMbI — 3TO COBMECTUMOCTDb MaTePUAJIOB.

HccnenoBaHue U peMOHT TPYOOIIPOBOIOB € UCIIOJIb-
30BaHMEM KOMITO3UTHBIX MATEPHUAJIOB JOKA3BIBAET CBOIO
BBICOKYIO 3(D(DeKTUBHOCTD [24—28].

METOAbl U MATEPUAJDbI

Bo Bcex Tenmax mepeHoC TETUTOTHI 3aBUCHUT OT TIEpe-
pacripeaesieHus TeMITepaTypsl. [JTsl TTOABIEHUS TIepe-
pacripeeJIeHsT TEIIOTH HeOOXO0AMMa pa3HOCTh TEM-
reparyp.

Jtst m3ydeHnsT TeTutoBoro 3¢ dekTa codpaHa dKCIIe-
pUMEHTAIbHAS YCTAHOBKA, KOTOPAst COCTOUT M3 TEPMO-
cTara, Harpesarelsl M TepMornapbl. Boma B TepmocTtaTe
IIPU TTIOCTOSTHHOM TEMITEpaType MPOITyCKAETCS Uepes
MIPOBOMHUK. [IJTsT HATpeBaHMS yJaCcTKa BHEIITHEN TTOBEPX-
HOCTU IOTOKA IIPOBOAHMKA MCIIOJIb3YETCsI HArpeBaTe/lb
¢ macTuHoi. TeMItepaTtypa B 06J1aCTH Harpesa OIpe-
JIEIISIETCS TEPMOIIAPOIi, TIOKA3aHMS KOTOPOI BRIBOISATCSI
Ha MyJIBTUMETPHI [29—31].

B skcrnieprMeHTe B 30HE TIPOBOJHUKA JIEHACTBYET TE-
IJI0BOM TTOTOK. OTMETHM, UTO Ha TIepepacIpee/ieHIe
TETUIOBOTO TTOJISI BIAUSIOT TAKUE IIPOIECCHI, KAK TEITIO-
MTPOBOIHOCTH M TETUIOOTHaYa. [1pu TETUTONPOBOIHOCTH
MIEPEHOC TETUIOTHI IIPOUCXOAUT HA MOJIEKYIISIPHOM YPOB-
HE MEXIy pa3JIMYHbIMU YacTsaMmu Tej1. I1pu 6poyHOB-
CKOM JIBIKEHUU MOJIEKYJI, aTOMOB VI HAaHOYACTHIIL,
IIPY CTOJIKHOBEHWH IPYT C APYTOM IIPOUCXOINT ITEPEHOC
SHEPTUU COOTBETCTBEHHO MEXKIY MOJIEKYIAMI, AaTOMAMMU
M HaHovyactruiamu. Korma 1mo mpoBOJHUKY TEUeT TOK,
BBIIEIISIETCS MOIITHOCTh, TIPA 9TOM TUIOTHOCTH TOKA TaK-
K€ YBEJIMIMUBAETCSI, ¥ BCE OTO MTPUBOIUT K YBETMICHIIO
BbIIEJICHUS TEIJIOTHI M TEMIIEPATYPhI.

J1JIs ICTIOIB30BaHMS TIEpEPACTIPENEICHUS TETUIOTHI
B IIPOBOIHMKAX B pacyeTax HaMU MIPEIIOKEHO BhIpaXke-
Hue 3akoHa Oypee:

q=-pT,

rae 5 — Koa((PUIIMEHT TeIIONPOBOTHOCTH; T — TeM-
reparypa.

B pe3ynbpTaTe HepaBHOMEPHOTO HAarpeBaHMS IIPOBO-
JTHUKA HaOTIOMAIOTCS TETUIOBEIC TTOTOKM. [lepepacrtipene-
JICHHE TeMIICPaTyPHOTO ITOJIS SIBIISICTCSI JOBOJIBHO CIIOXK-
HoIi 3amadeii. PaHee mpoBeieHHBIE 9KCTICpUMEHTAIbHEIC
HCCIIeIOBaHMS TTOKA3aJIi, UTO U3MEPEHIE TEMIICPATyPEI
BO3MOXHO TOJBKO TTHPOMETpUIeCKUM MeTomoM. Co-
[JIACHO TTMPOMETPUUCCKOMY METOIY, UCCIICTYEeMBIN 00-
pazell JOJDKEeH IMOKPHIBAThCS TOHKUM CJIOEM MaTepHalia.

Jlnst HaOmoaeHUS TeTUIOBOro 3 deKTa NCIT0Ib30Ba-
JINCh COCTMHEHUS HA OCHOBE HAHOYACTHUII KUIKUX KPH-
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Tabauya 1
HaumeHnoBaHue coeIMHEHHIi HA 0OCHOBE HAHOYACTHIIL JKHAKIX KPUCTAJLIIOB
KosmuecTBeHHbIE COOTHOLIEHUS
Ne CoenuHeHus XKUAKMX KPUCTAILIOB .
coeMHEeHMi
| XonecTepuiojieat U TeKCUJIOKCUOEH30MHAasl KUCI0Ta 6:2
11 XonecTepuiiojieaT U HOHWJIOKCHUOEH30HasI KMCI0Ta 3:1
111 Xonecrepuiiojieat v OYTUIIOKCMOEH30HAsI KUCIOTa 5:2

cTaioB. Knakue KpucTajuibl 00/1analoT YHUKATbHBIM
CBOMCTBOM, TAKMM, KaK TeKy4eCTh, KOTOpas Mpucylia
OOBIYHBIM XXKUIKOCTSIM.

Ha ocHoBaHMU 371€KTPOHHBIX CITEKTPOB OBUIN pac-
CUMTAHBI pa3Mepbl HAHOYACTUI] XKUIKUX KPUCTAJIOB
B ipeaenax ot 1,7 mo 4 um. CaMu coequHEeHUs TIpe-
CTaBJICHBI B Ta0I. 1.

M3 1aba. 1 BugHO, 4TO AJIs1 MOJyYeHUS COSAUHEHU I
KMIKUX KPUCTAJUIOB BO BCEX COOTHOIIEHUSIX TIPUMEHSIIT-
Cs XOJIECTEPUIIOJIeaT, B OCHOBY KOTOPOTO T00ABISIINCH
pa3IMYHbIe KUCIOTHI B pa3HbIX KOJIMYECTBEHHBIX CO-
OoTHolIeHUsIX. B maHHoit paboTe MCIoIb30BaIOCh CO-
eIMHEeHEe Ha OCHOBE HAHOYACTUIL XKUIKIX KPUCTAJIJIOB
nog Homepowm 1.

JI1s TI0JTyYeHUST SKCITIepUMEHTATBbHBIX COeTMHEeHUI
WCITOJIb30BajIach cieaylomias cxema. B Hayase Bce co-
eIMHEHW B IIPeICTaBJIeHHBIX B Ta0J1. | COOTHOIIEHUSIX
TTOMEIAJINCh B CTEKJISTHHBIN cocyn. B mepBoM ciydae
YaCTULBI IePEeMEIINBAINCh CIIEIMAIbHON CTeKJISTHHOM
TAJIOYKOM, M COeTMHEHNST TOBOIVIIMCH 10 OTHOPOITHOM
Macchl. BTopoit ciy4aii To3BOIMIT OJIYYUTh OTHOPO/ -
HOe pachpeelieHe HaHoJacTuIl. B TpeTbeM cityyae
IPUTOTOBJIEHHBIE COeAMHEHNSI HAarPEBaIMCh JI0 TEMIIE-
paTyphl 10 MOJTHOTO pacIuIaBIIeHUS.

PE3YJIbTATbl U OBCYXXAEHUE

[MTonyueHHBIC COeOMHECHUSI HAHOCUIINCH TOHKOM
IUICHKOM Ha TOBEPXHOCTH IIPOBOAHUKA (TIPUOIN3H-
TteabHO 10 MKM). [latee Ha MTOBEPXHOCTH IIPOBOTHUKA
OCYIIECTBIISITIACH TEIUTOOTaaYa ¢ 0O0pa30BaHNEM MHOTO-
KPacOYHBIX IIBeTOB. MI3MepeHMs ITpOBOIMIINCE IIPH T10-
MOIIIM ONITUIECKOTO IMMMPOMETPA, 3a HaYaJIo OTYeTa B3sITa
00J1acTh HarpeBa.

Ha Mecre, rme ocyIecTBIsSIeTCSI HarpeB, TIPONUCXOINT
TTorIoIIeHUe Terwia. [1py 3ToM TerIoBoe ToJie YCTPeMIIsI-
€TCsI POBHO U TTOCTeTIcHHO. HarmoMHMM, 9TO Ha pacripene-
JICHHE TeTUIa BIMSIOT TeILIOTIPOBOTHOCT M TEIIOOTIAYA.

Hamu 0bUIM M3MepeHbl 3aBUCUMOCTH U3MEHCHUS
TeMITepaTypbl Ha TTOBEPXHOCTH TIPOBOTHUKA C COCIU-
HEHUSIMHM Ha OCHOBE HAaHOUYACTHII KUIKUX KPUCTAJITIOB.
B pe3ynbTare 3KcIeprMeHTa HOJYIMINA TP 3aBUCHMO-
CTU U3MEHECHMSI TeMIIepaTyphl Ha TOBEPXHOCTH IIPOBO-
MTHUKA B 30HE HATPEBAaHUS U B 30HE OXJIAXKICHUS.

Ha puc. 1 npuBeaeH rpauk 3aBUCUMOCTHU U3MEHEe-
HHS TeMIIepaTyphl B 30HE TETUIOBOTO 3¢hdeKTa IIpOBO-
ITHUKA B OTCYTCTBUU IBVKCHUS KUIKOCTH.

Ha puc. 2 mpencraBieH TpadUK 3aBUCUMOCTH
repepaciupeneyieHusT TeMIIepaTyphl B 30HE TEIZIOBOTO

N
_UD
("]

T,C

RN

d

-5 -4 -3 -2 -1

Puc. 1. Ipadmk 3aBuCUMOCTH H3MEHEHHUS TEMIIEPATYPHI B
JKEHUS KUIKOCTH

30He TeII0Boro 3¢)(ekTa MPOBOIHNKA B OTCYTCTBUH JBH-

http://nanobuild.ru

237 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

2024; 16 (3):
235-242

Nanobuli

TEXHOJIOMMU MPOU3BOJACTBA CTPOUTE/IbHbIX MATEPUAJIOB Y U3JENTNN

T 32
T/T max
: - \
—~r N,
“,
=
_.-o-—"—/ —r
oS
;2
-5 -4 -3 -2 -1 m | 2 3 4 X.em 5

Puc. 2. I'paduk 3aBUCMMOCTH H3MEHEHHS TEMIIEPATYPHI B 30HE TEIJIOBOTO MMOTOKA MPOBOJHUKA B MPUCYTCTBUM JIBIIKE-

HUA 2KUIKOCTH

w

T/Tmin

[t

o]

-6 -5 -4 -3 -2 -1

Puc. 3. I'paduk 3aBuCHMOCTH H3MEHEHHS TEMIIEPATYPHI MPOBOTHUKA B 30HE OXJIAXKICHHUS

addeKTa IPpOBOTHNKA, KOTIA IPUCYTCTBYET IBUKCHIE
KHUIIKOCTH.

IIpencraBiaeHnbie Ha puc. 1 1 2 TpadUKu UMEIOT He -
JIMHEHBIC 3aBUCUMOCTH, U Ha BCEX KPUBBIX NMMECTCS
YeTKO BBIpaskeHHBIIT MAaKCHUMyM, KOTOPBI B 30HE Te-
TUT0BOTO 3(hheKTa B IPUCYTCTBUHU IBYDKCHUS KIUIKOCTH
cMmemaerces [32, 33].

W3 puc. 3 BUmHO, 9YTO HAa MECTE, II¢ OCYIIECTBISICTCS
OXJIAXKICHIE ITOTOKA IIPOBOIHUKA, Tpa(prK 3aBUCUMOCTHI
TepepacIpeieJIieHIST TeMIIepaTyphl IMEeT aCCUMETPHY-
HBIC U3MCHCHMUS.

Takum o6pa3oM, U3 TIPOBEACHHBIX SKCIIEPUMCH-
TaJIbHBIX UCCIICAOBAHUI MOYYMIA HAJTUINE TeTUIOBO-
ro addekra xunkoctu [34]. B pe3ymbpTaTe oTMETHM,
YTO TIPU HAJTMINHU IBYKCHUS SKUIKOCTH U B OTCYTCTBUU

JNBUKEHUS XUIKOCTUA HaOII0MaeTCs HEpaBHOMEPHOE
pacripenejieHrue TeMIepaTypHOTO TTOJsI.

CKOpOCTh IBUKEHUST XKUAKOCTA PACCUUTAIIN TIO CJIe-
nywouieit dopmyiie:

v=0/s, (1)

rae Q — pacxoj MoToka o0beMa XKUIKOCTH, M?/C;
S — 1mI0LIAAb [TOIIEPEYHOrO CEUEHUS IIPOBOAHUKA, M2,

Pacxon TemaoBOro moToka paccuymTanu Imo Gop-
MyJIe:

o=V, 2

rae V' — o0beM KUIKOCTH, M>;  — BpeMsl, C.
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Tabauuya 2
XapakTepucTUKH CKOPOCTH JABMXKEHHS M PACX0/1a MOTOKA
00beMa JKHUIAKOCTH

CKOpOCTH IBHKEHHUS Pacxox noroka o0bema

KUAKOCTH, U, M/C Kugkoerd, Q-10-3, m2/c
0,0995 1,66
0,0331 5,00
1,6600 0,83

st HaGmoaeHUsI HarpaBJIeHUs TeII0BOTO 3 deK-
Ta MaTEeMaTHYECKM PACCUYMTAJIN IO BHIIIEITOKA3aHHBIM
(opmyTamM BeTMUYMHBI CKOPOCTH JIBVKCHUS XXUIKOCTH
U U pacxon moTtoka oobeMa xuakoctu Q [35]. IMomy-
YeHHBIC 3HAUCHMST TIPEACTABIICHBI B CICAYIOMICH Ta0I. 2.

Hcmonb3yst Tab1. 2, TOCTPOMIIN CIIEKTPHI (puc. 4)
TepepacIipeieJICHAsI TEMIIepaTyp Ha TIOBEPXHOCTH IPO-
BOIHUWKA IIJIS PAa3IMYHBIX CKOPOCTEI TBUKCHUS KU -
KocTu. [lepBoMy CIIEKTPY COOTBETCTBYET CKOPOCTD U, =
0,0995 M/c, BTOpOMY CITEKTPY COOTBETCTBYET CKOPOCTh
v,=0,0331m/c n TpeTbeMy criekTpy — v,=1,660 M/c.

W3 puc. 4 BUIHO, UTO C ITOBHIIIICHIEM 3HAYCHUIT CKO-
pocTeit IBIKeHUS XKUIKOCTU CIIEKTPHI ITIepepacIipeeie-
HUS TeMIIepaTyp U TeII0Boi 3(pdeKT cykaeTcs.

B caemyromem rpadguke mpuBeaeHa 3aBUCHMOCTD
MOIITHOCTHY HarpeBaTeIsl Ha TOBEPXHOCTH IMPOBOTHUKA
OT CKOPOCTH MOTOKA XUAKOCTH (pHC. 5).

Kax BumHO 13 puc. 5, TS TTOmIepKaHMs IIOCTOSTHHOM
TEMIICPATyPHI C YBEIMICHUEM CKOPOCTH HAIIO YBEIMUM-
BaThb MOIMHOCTH HarpeBaTens. 1o ckopoctu 0,155 m/c
HaOIIOmacTCs TMHETHAS 3aBUCUMOCTbD, TIPU JaJbHE-
IIeM YBSIMICHNH 3HAYCHUI CKOPOCTHU TTIOTOKA TpaduK
CTaHOBUTCSA OoJiee moloruM. Bo3aMOXHO, B 3TOM TOUKE
M3MEHSICTCST PEXKUM ITBUKCHMS KUITKOCTH.

Puc. 4. CnekTpsl nepepacnpeeieHis TeMIEPATYP
HA MOBEPXHOCTH MPOBOTHUKA [Tl PA3JMYHBIX CKOPO-
CTeii IBUKEHHS XKUIKOCTH

AHaIM3MUpYysI TTOTyYeHHBIC 3aBUCUMOCTH, MOKHO Ma-
TEMAaTUIEeCKHN BEIIUCIUTD BEJIMINHY ITOTOKA KUIKOCTH
[36].

PaccMoTpuM XKUIKOCTH ¢ TemiepaTypoii 7, KOTo-
past IBUKETCS B IIPOBOMTHUKE C TTOIIEPETHOM TTOBEPX-
HOCTBIO S. 3MeHeHe TeMITepaTyphl XKUIKOCTH BIOJTb
IIPOBOIHMKA PAaBHO:

dT = (t,x) 22—:dE+:—idx,

dT BT+Bde
dx 8t dxdt

P, BT

18

16

14

12

10

v, M/c

1 1 1

3 L .
0,2 0,4

i ’

0,6

038

1,2

»

Puc. 5. Ipaduk 3aBMCUMOCTH MOITHOCTH HArpeBaTEIsl HA IOBEPXHOCTH MPOBOAHUKA OT CKOPOCTH MOTOKA JKHUAKOCTH
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Taxk xak dx/dt = v, Torna dT/dt = (0T/ot + 0T/ox)v,

rae 07/0t — mpon3BOIHAS TEMITEPATYPHI IO MCKYIIIE-
HI10; (07/0x)U — KOHBEKTUBHBIN WICH, XapaKTePU3YIO-
W KOHBEKTUBHBIC TETIIOOOMEHHUKH.

Ecnu temmiepatypa ocTaeTcst TOCTOSTHHOM BO BpeMe-
HU, TO 07/0t = 0, TOTIAa TIOJIyYNM BEIpaKCHUE:

aT 1 dT

— = 3)

dx v dt

CornacHo ypaBHEeHHIO (3), 9eM OOJIbIIe KUIKOCTh
HaXOJUTCS B NIBUXKEHUU (yBEJIMUEHUE CKOPOCTU), TEM
MEHBIIIE TPOUCXOIUT TETUIOOOMEH C BHEIIHEN Cpeloi,
Kak TI0Ka3aHo Ha puc. 5. 3aBUCUMOCTh MOITHOCTH Ha-
rpeBatesis sl HOAIEPXKAHUS OCTOSTHHOW TeMIIepaTyphl
Ha TTOBEPXHOCTHU MOTOKOIIPOBOAHUKA OT CKOPOCTH TO-
TOKA XUAKOCTU BHaJajle XapaKTepu3yeTcs O4eHb ObI-
CTPBIM POCTOM MOIIIHOCTH, a [ajlee UMEET JUHEHHYIO
9BOJTIONUIO (YMEHBIIIEHNE MOIITHOCTH ). Bo3MoXHO, 3TO
CBSI3aHO C TEM, YTO YeM OOJIbLIE XKUIKOCTb HAXOIUTCS
B ABUXKEHUU, TEM OOJIbIIE TPOUCXOAUT OOMEH TeTia
MyTeM KOHBEKIIUU.

ITpu TerooTnaye Ha MOBEPXHOCTU MTPOBOJHUKA TTO-
SIBJIIIOTCS MHOTOKPACOYHBIE 11BETA.

Ha puc. 6 mokasaHo u3zobpaxkeHue, KOria HET IBU-
XKEHUS XKUJIKOCTU IO MPOBOJHUKY.

Ecnu B IpOBOMTHUKE MTPOUCXOIUT JBUXKEHUE KUIKO-
CTH, TO UMEET MECTO TEILUTOBOU MOTOK U U300pakeHue
TIpY 3TOM MeHseTcs (puc. 7).

W3 puc. 7 BUAHO, 4TO G€I0MY LIBETY TTOAXOAUT XO-
JIOOHAS 30HA, a CMHEMY LIBETY MOAXOIUT TeTias 30Ha
MPOBOJHUKA.

Janee MOMOJHUTENBHO B JaHHOM paboTe pac-
CMOTpPEHBI BIUSTHUS BSI3KOCTH XKUIKUX KPUCTAJJIOB
OT KOHIIEHTpalMy HaHo4acTull. JIIst 3Toro B paMKax
HCCIIENOBAaHNS OB PACCMOTPEHBI HEMATUUECKIE JKIUJI-
KHe KPUCTAJUIBI ¢ mobaBieHrneM HaHodacTull (7a—Si)
C pa3IMYHBIMM KOHLIEHTpauusiMu. [1puBengem cTpyk-
TYPHYIO (DOPMYJIy HEMATHUECKOTO XKUAKOI0 KpUcTaLia
4-HUTPOOEH3MWINAEH-4’ -TeNTTOKCUaH IV H: C7H1 5—0—
CH,—N=CH-CH,-NO,.

MsMeHsaIM KOHIEeHTpanuio HaHodacTulr ot 0,25
110 3%. C moMOIIbBIO JIa3epHOTO aHaJIM3aTopa OIpeIe-
JIVUTA pasMepbl HaHodacTull Ta—Si. CpeqHuii [uaMeTp
HaHovacTull Ta—Si momy4ausicst okoyio 8 HM. B Ta6m. 3
MpUBEACHBI Pe3yJIbTaThl U3MEPEHUI BI3KOCTU HEMa-
TUYECKUX XKUIKAX KPUCTAUIOB OT KOHIIEHTPAIlMA Ha-
Houactuil Ta—Si.

Tabauya 3
Pe3syabraThl u3MepeHuii BA3KOCTH HEMATHYECKUX JKHUJI-
KHX KPUCTAJJIOB OT KOHIIEHTpauuu HaHovacTui Ta—Si

Konnenrpamus Bsaskocts, 5, mIla-c

nanovactun Ta—Si, %

Kungknii kpucramn

0,25 315,1
0,50 354,7
1,00 374,6
2,00 385,2
3,00 433,4

Puc. 6. 300paxkeHune TenioBoro
IMOTOKA IPH OTCYTCTBMM Harpesa
U IBM2KEHUS ZKUAKOCTH

Puc. 7. U300pa-
JKEHHe TEIT0BOro
MOTOKA B HAJTMYHH
JBHKEHUS JKH/I-
KOCTH
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W3 mpuBeaeHHOI BEIIIIE TaOJI. 3 BUTHO, UTO C YBEIIH-
YeHWeM KOHIICHTpauy HaHodacTull Ta—Si BSI3KOCTh
KUIKAX KPHUCTAJUIOB YBEIMINBACTCS.

BbIBOJbl

ITpu HAGMIOAEHNY TETUIOBOTO MMOTOKA O0Jiee apdek-
TUBHBIMHM OKAa3aJIMCh COCIMHCHMS Ha OCHOBE HAHOYA-
CTULL XKUAKUX KPUCTAIOB, @ UMEHHO XJIeCTepuiojiear
¥ TeKCUIIOKCMOCH30ITHAsT KUCIIOTA.

[IpuBeneHHBIC BHIIIEC TaHHBIC TTOKA3BIBAIOT, YTO TE-
TUTOBOM 3(h(PeKT Ha IIOBEPXHOCTH pacHpeneeH HepaBHO-

CMNCOK NCTOYHUKOB

MepHO. OTMETHM, YTO BBI3BAHHOE JIOKATPHOE M3MEHEHIE
TeMITepaTyphl Ha IIOBEPXHOCTH ITPOBOIHIKA ITOKA3BIBACT
HECHMMETPUIHOCTD TEMIIEPATYPHOTO TOJISL. DTO elle pa3
JTOKA3bIBaCT CYIlecTBOBaHME 3(h(EKTa TETUIOBOTO ITOTOKA.

B pesynbrare 3KCreprMeHTaIbHOTO UCCICIOBAHUS
OBLTO TTOKA3aHO JIOKAJIPHOE M3MEHEHUE TEMIICPaTyPhI
ITOBEPXHOCTH ITOTOKA IIPOBOTHMKA.

IIpuBeneHHbI cIOCOO MOXHO MPUMEHUTD 1S 3(]-
(eKTUBHOTO OTpeaeIeHUsI HallpaBIeHUsI IIOTOKA B CITy-
Yyae HEeIPO3PaYHBIX CTCHOK ITPOBOTHUKA.

CoennHeHNe HAHOYACTHIL IIPUBOINUT K U3MECHEHUIO
BSI3KOCTH SKUIKNX KPUCTAJIOB.
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (WUT), is a state

key university directly affiliated to the Ministry of
Education of the People’s Republic of China. WUT is
among the first batch of universities which have entered
the national “211 Project” and China’s “Double-First
Class” Initiative. WUT is jointly developed by the
Ministry of Education and the Ministry of Transport.
As the university directly affiliated to the Ministry
of Education which cultivates the largest number
of talents in three major industrial sectors, namely,
building and construction materials, transportation,
and automobile industries, WUT becomes an important
base for the cultivation of high-level scientific talents and
technological innovation for the three industrial sectors.
WUT has three campuses, including Mafangshan
campus, Yujiatou campus and the South Lake campus,

with a total land area of 2.67 million square meters and
a total gross floor area of 1.95 million square meters.
Currently, WUT has over 50,000 faculty and students,
24 academic schools, 4 National Technology Innovation
Bases and 4 modern libraries with a collection of
3.61 million books. Since 2000, WUT has been awarded
over 20 national science and technology prizes, ranking
in the forefront of all Chinese colleges and universities.
In 2019, WUT was listed in Times Higher Education
World University Rankings, U.S. News Best Global
Universities Rankings, Shanghai Jiao Tong University’s
Academic Ranking of World Universities and QS Asia
University Rankings.

Since the founding of New China, WUT has cultivated
more than 600,000 senior professionals. In the past
decade, the first-time employment rate of graduates has
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remained above 95%, and about 55% of total employment
join world’s top 500 enterprises and fields of strategic
emerging industries.

Over the years, WUT has formed educational ideology
system with distinctive characteristics, with the lofty ideal
of “Building an excellent university to win worldwide
recognition and admiration”, the spirit of “Sound in
morality, broad in learning and pursuing excellence”, the
principle of “Taking students’ cultivation as our essence,
and taking academic development as our priority”, and the
educational concept of “Implementing excellent education,
nurturing excellent talents and creating an excellent life”.
Guided by the WUT Charter approved by the Ministry of
Education, WUT is committed to the modernization of the
governance system and capability, aiming to rank among
the world-class universities with distinctive features.

MSE Discipline of Wuhan University of Technology

Founded in 1958, the Materials Science & Engineering
(MSE) discipline of Wuhan University of Technology
(WUT) was supported in priority through the “State
211 Project for Higher Education Universities” from
1995 to 2015, and has been supported via the “World-
Class University & World-Class Discipline” development
plan of China since 2016. WUT’s MSE ranks A+ among
172 leading universities in China (No.l alongside MSEs
of Tsinghua University and Beihang University) in the
4t round national discipline evaluation organized by the
Ministry of Education in 2017, and is world top 1%o in
Clarivate Analytics’ Essential Science Indicators.

WUT’s MSE owns 1 member of Chinese Academy of
Sciences, 3 members of Chinese Academy of Engineering,
3 members of Academia Europaea, 1 member of the
Royal Academy of Belgium, 1 member of the World
Academy of Ceramics, 1 fellow of the Australian Academy
of Technology and Engineering, 10 fellows of the Royal
Society of Chemistry, American Physics Society and
American Ceramic Society. It also owns 23 national high-
level talents including recipients of the National Natural
Science Foundation of China for Distinguished Young
Scholars (equal of NSF Career Awards), and 22 national
high-level young talents.

WUT’s MSE has established 2 state key laboratories,
the State Key Laboratory of Advanced Technology for
Materials Synthesis and Processing and the State Key
Laboratory of Silicate Materials for Architectures.
The State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing was evaluated
“Excellence” among 21 state key laboratories in MSE in
2018. It also has built 2 state international joint-research
laboratories, and 4 bases of foreign outstanding expertise-
introduction for discipline innovation (also known as
“111 Project”).

International School of Materials Science
and Engineering

The International School of Materials Science
and Engineering (ISMSE) was selected into the list
of “Network of International Centers for Education”
supported by the State Administration of Foreign Experts
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Affairs and Ministry of Education of P. R. C. in June 2015
as one of the 16 international schools all over the country.

Driven by the “National innovation driven
development strategy” and the great demand for
national higher education reformation, ISMSE is
devoted to building a world-leading MSE discipline
through optimizing a high-level research and teaching
team, constructing an innovative training pilot zone and
establishing an innovative talents training system. Guided
by the idea of “enterprise cooperation, international
cooperation and research cooperation”, ISMSE organized
21 mentor teams lead by academicians or distinguished
professors and 4 interdisciplinary innovation and
entrepreneurship training teams.

Aiming at leading the world’s building materials and
new materials in the 21st century, ISMSE values the
innovative ability as one of the core capabilities and reform
the innovative talent training system of the bachelor
program, master and PhD program and international
program. ISMSE provides students with a comprehensive
curriculum, which covers materials science, life science,
energy science, environmental science, information
science and advanced manufacturing science. To expose
all students to international experiences, joint training
programs were created in cooperation with world-
leading universities. Furthermore, ISMSE built a variety
of platforms for students’ all-round development, such
as Distinguished Scholars Forum, International Vision
Forum, Quality Education Seminar and Material
Advantage WUT Chapter. The Material Advantage WUT
Chapter was awarded Chapter of Excellence Award in the
past 5 years from 2018 to 2022.

State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology for
Material Synthesis and Processing was approved by the
State Development Planning Commission in 1987. After
state inspection, it was opened for the public in March
1990. The laboratory is under the direct administration
of the Ministry of Science and Technology. Currently,
Professor Gu Binglin, an academician of the Chinese
Academy of Sciences, is the Chair of the laboratory’s
academic committee, and Professor Fu ZhengYi, an
academician of the Chinese Academy of Engineering, is
the Director of the laboratory. The laboratory is located in
the Wuhan University of Technology, and it is a state key
laboratory that specializes in the field of new materials.
The Department of Materials Science and Engineering at
the Wuhan University of Technology has been classified
as a first-class State Key Discipline, included in the
national “985” project of “Build a world-class discipline
program,” and is ranked as A+ in the fourth round of
national discipline evaluation. Aiming at the global
frontier research of materials science and addressing the
primary national needs, this laboratory provides a world-
class platform for materials compounding and preparation
technology, for developing advanced composite materials
for national major projects and pillar industries, and for
providing support at the national strategic level. Original
and systematic research results, with international impact
in transformative technologies, frontier new materials,
and interdisciplinary fields, have been reported in this
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laboratory, and therefore, it leads the international
development in several strategic frontier new materials.
The laboratory fosters the development of global
first-class research talent through advanced scientific
research in the field of materials science and technology.
In addition, the laboratory has created a culture of
international collaborative innovation and has carried out
“Win-Win” international cooperative research, thereby
enhancing the international influence, attractiveness, and
cohesion of the laboratory. The laboratory has achieved
a historic breakthrough in the evaluation of the State Key
laboratories in the field of materials science.

Centering on the overall vision and objectives, the
laboratory focuses on the establishment and development
of multi-component, multi-scale, and multi-level
composite principles and material design theories that
are built on core research platforms comprising material
gradient composite technology, in-situ composite
technology, nanocomposite technology, and their
integrated innovations. Currently, research on five key
materials, including advanced composite materials for
national major projects and pillar industries, efficient
energy conversion and storage materials for new energy
technologies, nanocomposite biomaterials for life
sciences, information functional materials for information
technology, and frontier new materials for transformative
technologies, is being carried out in this laboratory.
Therefore, the laboratory has established the following
five distinctive research directions: gradient composite
technology and new materials, in-situ composite
technology and new materials, nanocomposite technology
and new materials, transformative technology and frontier

Nanob%

new materials, and material composite principles and
material design.

The laboratory has an active and innovative research
team that mainly comprise young and middle-aged
researchers. There are hundred permanent staff members,
including one academician of the Chinese Academy of
Sciences, two academicians of the Chinese Academy of
Engineering, one academician of the Royal Academies
for Science and the Arts of Belgium, two academicians
of the European Academy of Sciences and Arts, one
academician of the Australian Academy of Technology
and Engineering, one academician of the World Academy
of Ceramics, twelve national level researchers, one chief
scientist of the National “973” program, five recipients
of the national “Outstanding Youth Science Fund,” and
thirty recipients of the “national talent Support Plan”. etc.
This laboratory has been actively supporting outstanding
scholars to visit and conduct collaborative research
worldwide in world-class universities and research
institutions. In recent years, the laboratory has sent several
outstanding young scholars to world-class international
universities for more than one year to conduct visits and
collaborative research.

The laboratory emphasizes global academic exchange
and collaboration. In the last five years, we have hired
twenty-five international scholars as honorary and
visiting professors in the main research areas, with an
aim to create cordial working conditions for world-
renowned scientists to conduct collaborative research in
the laboratory.

The laboratory has carried out substantial “Win-Win”
collaborations with the University of Michigan; Japan
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Aerospace Exploration Agency (JAXA); the Institute
for Materials Research, Tohoku University (Japan);
the Materials Research Center, University of Oxford
(UK); Composites Research Center, the University of
California (US); and the National Institute of Fuel Cells
(Canada), among other internationally renowned research
institutions. The Ministry of Science and Technology
has established the “International Joint Laboratory
of Advanced Technology for Materials Synthesis
and Processing,” which is one of the first thirty-three
international joint laboratories in China. Additionally, the
State Administration of Foreign Experts Affairs and the
Ministry of Education have jointly formed three discipline
bases supported by the Program of Innovation and
Talent Introduction, namely “New Material Composite
Technology and Advanced Functional Materials,”
“Advanced Preparation Technology and Application
Engineering of New Functional Thin Film Materials,”
and “Innovation and Talent Introduction Base of Life
Composites.” Relying on these important international
collaboration platforms, the laboratory has undertaken
several state key projects with international collaborations
and achieved fruitful results in international collaboration
and exchanges.

Currently, the laboratory has a floor area of
25,350 square meters, with several advanced materials
synthesis and processing instruments, as well as state-
of-the-art instruments specializing in materials structure

analysis, characterization, and performance testing.
The total estimated value of the instrumentation asset is
approximately 430 million RMB.

Introduction to the State Key Laboratory of Silicate
Materials for Architecture

The State Key Laboratory of Silicate Materials for
Architecture was authorized by the Ministry of Science
and Technology of China (MoST) in October 2011, and
passed the expert acceptance of MoST in July 2013.
The laboratory aims to solve the major fundamental
theories and common key technology issues during
the preparation and service process of silicate materials
for architectures, develop low environmental load
preparation methods and energy efficiency enhancement
theories, research and develop high performance and
multifunctional building materials to support major
engineering construction and the development of
green, energy-saving and intelligent building systems,
and provide new theories, new methods and common
key technologies for achieving long-term stability and
recycling of building materials and structures.

The main research directions of the laboratory
comprise the low environment load preparation, the
functional design and regulation, the service behavior
and life extension principles as well as the recycling design
of silicate materials for architecture.
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2023 International Seminar on Interdisciplinary Materials

The Laboratory shares a construction area of 12 500 m?
and lots of professional research equipment worth more
than 100 million RMB, forming a research platform
including eight professional secondary laboratories and
one public experiment center. The research platform
is able to support the research of the science and
technology in the field of thermal equipment, cement
and cementitious materials, concrete, glass, ceramics,
film and coating, wall and road materials.

The Laboratory is open to both domestic and
international applications, and values domestic and
international academic exchanges and cooperation.
Relying on the laboratory, the “International Science
and Technology Cooperation Base for Environmental
Friendly Building Materials” was established and
was identified as a model of international science and
technology cooperation base by MoST in 2013.

The innovation achievements of scientific research of
the laboratory contribute a lot to the national economy
and social development, including providing key
technical support for the construction of national major
infrastructures, boosting the structural transformation
and technological upgrading of traditional building
materials industry, and promoting the implementation
of energy saving and emission reduction strategies.

Contact information
Postal Code: 430070

Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China

Introduction to Interdisciplinary Materials

The scientific journal Interdisciplinary Materials
(ISSN: 2767-441X) was launched by Wuhan University
of Technology and John Wiley & Sons, Inc in Dec, 2021.

Interdisciplinary Materials is an open-access, peer-
reviewed, and rapid-publication journal focusing on the
interdisciplinary researches between materials science
and other disciplines, such as physics, chemistry,
mathematics, mechanics, biology, energy, environment,
information, engineering, etc. The journal aims at
reporting cutting-edge developments across science and
technology around the world.

Interdisciplinary Materials is expected to take an
interdisciplinary, frontier, and integrated approach
to all areas of materials research while cultivating the
exchange of ideas between scientists involved in the
different disciplines. Readership includes physicists,
chemists, mathematicians, mechanics, biologists, and
energy, environment, materials scientists, engineers from
academia and industry as well as policymakers.

The first issue was published in Jan, 2022. It has
been included in the Emerging Sources Citations Index
(ESCI), Ei Compendex and Directory of Open Access
Journals (DOAJ) databases.

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn
Contacts: Zhao Xiang, Zhou Lihu
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YXAHbCKUN TEXHONMOTMYECKUA YHUBEPCUTET

YXaHLCKI/Iﬁ TexHoJormdeckuii yausepcuteT (YTY) —
HaIlMOHAJIBHBIN CTPaTeTUICCKII YHUBEPCUTET IO,
MIPSIMBIM yIIpaBlieHeM MUHUCTepCTBAa 00pa30BaHUS.
SBsieTcss OMTHUM M3 TIEPBBIX YHUBEPCUTETOB, BOIIICT -
X B TOCYOAapCTBEeHHBIC TTporpaMMhbl «211 Project»
u «Double-First Class» m1st coneificTBIS pa3BUTHIO YHU-
BEPCUTETOB U HAYIHBIX HAIIPABJICHUIL MUPOBOTO YPOBHSI.
YTY 6b11 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHUCTEPCTBOM TpaHCITOpTa. Tak Kak
YHUBEPCUTET ITOMUNHSICTCS HAIIPSIMYI0O MUHUCTEPCTBY
00pa30BaHMsI, KOTOPOE PACTUT M Pa3BUBACT TaJaHTIIN-
BBIC KaIphl B 00JIACTU CTPOUTEIIHCTBA M CTPOUTEIIHHBIX
MaTepuaioB, TPAaHCIIOpPTa U aBToMobOuiIecTpoeHus:, YTV
CTaJI BaXKHBIM LIEHTPOM ITO TTOATOTOBKE HAYYHBIX KAIpOB
¥ TEXHOJIOTMYCCKUX MHHOBAIIMOHHBIX Pa3pabOTOK ISt
3THUX TPeX KPYITHEHIITNX ITPOMBIIIJICHHBIX CEKTOPOB.

YHuBepcuTeT BKIIOYaeT 3 KamIryca: MadaHrmmaH,
KOm3uTay u CaydJleiik, B 001l CIIOKHOCTH 3aHUMAIO-
IIUX TT0MIaab 267 TeKTapoB O0IIeH MIOMIANBIO 3MaHUI
1,95 muin M2, B HacTosiee Bpemst B YTV pabotaior Gojiee
50 THIC. YeJTOBEK ITepCcOHAla 1 CTYICHTOB, 24 aKameMu-
yeckue mKoJbl, 4 HarmoHambHBIX TEXHOJIOTUYECKUX
WHHOBAIIMOHHBIX IIEeHTpa U 4 COBpeMeHHbIe OMOINO-
teku ¢ pormoMm B 3,61 mutH uzganuii. C 2000 roma YTY
ynoctouscst 20 TocyapcTBEHHBIX HAIIMOHATTBHBIX HAyU -
HBIX U TEXHUUECKUX TIPEMUT, 3aHUMas TIEPBbIE TTO3UTTNN
B PEUTHHTE BCEX KUTAWCKUX YHUBEPCUTETOB U KOJIJIE -
xkeit. B 2019 rony YTY 66Ut BKITIOUEH B peiiTuHTH Times
Higher Education World University Rankings, U.S. News
Best Global Universities Rankings, Shanghai Jiao Tong
University’s Academic Ranking of World Universities
and QS Asia University Rankings.
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C MmomeHTa obpaszoBanus Hosoro Kurag YTV noa-
rotoBwt 6osiee 600 ThIC. BEICOKOTIPO(eCCHOHATBHBIX
CITeIIMATNCTOB. B TeueHMe OCIeTHIX eCSITH JICT IIPO-
LIEHT BIIEPBEIC TPYIOYCTPOCHHBIX BEIITYCKHUKOB OCTACT-
cs1 cBbilIe 95% u cocTaBiisieT 0KoJIO 55% OT Bcex TPYHOyY-
CTPOCHHBIX BEITTYyCKHIUKOB B MEXKIYHAPOTHOM PEUTHHTE
«Top 500 koMIaHMT ¥ HOBBIX OTpaciieii».

Ha nipotsskennn mHorux jet YTV chopmupoBan
OTJIUYMUTEIIHFHYIO MICOJIOTHUIO CUCTEMBI 00Opa30BaHMS
C BBICOKMMM HaeajaMu «ITocTpoeHNsT OTIIMIHOTO YHU-
BepCHUTETA IUIST 3aBOCBAaHUS BCEMHPHOTO TIPU3HAHUS
¥ BOCXUIICHUS», CIeOys IeBU3Y «BBITh HpaBCTBEHHO
HETIOKOJIeOMMBIM, PAa3HOCTOPOHHUM B YICHUM, CTPEMSI-
IIUMCS K COBEPIICHCTBY», a Takxke mpuHIuMny «Caenarb
BOCITMTAaHHUE CTYICHTOB HaIllel CYIIHOCTHIO, a aKaje-
MUYECKOE Pa3BUTHEC — MIPUOPUTETOM». YHUBEPCUTET
BOILTOIIAET 0OPa30BaTeIEHYIO KOHIICTIIINIO «BHEAPECHIE
OTJIMYHOTO 00pa30BaHMS, BOCITUTAHUE TICPBOKIIACCHBIX
KaIpOoB M CO3MaHNE IMPEeKPaCHOM XK13HN». PyKOBOICTBY-
sicb Xaptuein YTV, yrBepxkaeHHOW MUHUCTEPCTBOM
obpaszoBaHusi, YTV BoBeueH B MOJAEPHU3ALINIO CUCTE-
MBI TOCYIapCTBEHHOTO PETYINPOBAHUS C IICJIBIO 3aHSITh
CBOE MECTO Cpelr YHUBEPCUTETOB MHUPOBOTO YPOBHSI
C OTIIMYUTEIbHBIMU TIPU3HAKAMMA.

3paHue Koprnyca Hay4yHOro HafnpaB/eHs
«MaTtepnanoBegeHune n nHXeHepHoe aeno» (MUL)
YXaHbCKOro TeXHOJIOrM4eCcKoro yHmBepcmrera

OcHoBanHoe B 1958 romy B YTV HayuHOe HaIpaBJie-
Hue «MarepuajioBeieHre U MHXeHepHoe neio» (MU /)
TIPUOPUTETHO MOAIEPKUBATIOCH TOCYIapCTBEHHOM MPO-

rpaMMoii «211 TIPOEKTOB UIST YHUBEPCUTETOB» («State
211 Project for Higher Education Universities») B ieproxn
¢ 1995 o 2015 roxpl, a ¢ 2016 roma moamep:kKa crajia
OCYLIECTBIISIThCS uepes TuiaH pa3putuss KHP «YHusep-
CHTETBI MUPOBOTO YPOBHS U HAYYHBIC HATIPABICHUS MHU-
posoro ypoBHsI» («World-Class University & World-Class
Discipline»). PeTHHT 3TOTO HampaBICHUS COCTABIISICT
A+ cpenn 172 Begymux yHuBepcuTeToB B Kutae (Ne 1
HapaBHE C 3TUM HaIlpaBJICHHEM B YHUBepcUTeTax TIiH-
xya u belixaH) B 4-0M payHJie OLIEHK!, OPTAaHU30BAHHOM
MunuctepcTBoM obpazoBaHus B 2017 roay, a Takke
BXoauT B ToIl 1% B MexayHaponHblii cucteme Clarivate
Analytics’ Essential Science Indicators.

B passutue MUJI BoBneueHsl: 1 unen Kuraiickoit
akajgeMuu Hayk, 3 wieHa Kwuraiickoit mHXKXeHepHON
akamemuwu, 3 wieHa EBpomneiickoii akageMun, 1 4ieH
benbruiickoii KopojeBcKoil akageMuu, 1 wieH Mexmy-
HapOIHO aKaJIeMUU KepaMUKH, | CTUTIeHaAaT ABCTpa-
JIMMACKOM aKageMN¥ TEXHOJIOTHI 1 nHxxeHepun, 10 cTu-
nmeHanatoB KoposieBcKoro XMuMmUIecKoro ooIecTna,
AmepukaHcKOro oduiectBa (pu3MKu 1 AMEpPUKaAHCKOTO
obmecTBa Kepamuku. Takke B MU/I paboraroT 23 Ku-
TaCKUX BEICOKOTIPO(hECCUOHATBHBIX COTPYIHUKA, He-
KOTOPBIC M3 KOTOPHIX SIBJISIOTCS CTUTIeHIataMu Harrm-
oHaybHOTO (poHma National Natural Science Foundation
of China for Distinguished Young Scholars (aHasormueH
pemun NSF Career Awards), n 22 KUTaiiCKIX MOJIOIBIX
CTEeUATACTA.

7151 comeicTBUSA pa3BUTUIO HAYYHOTO HATIPABICHUS
MU 66111 OCHOBAHBI 2 TOCYIAPCTBEHHBIX KITIOUEBBIX
naboparopun: 'ocygapcTBeHHas1 KiitoueBas jadbopa-
TOPHUSI TIEPEIOBBIX TEXHOJIOTUI CMHTE3a U 00pabOTKN
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marepuajoB u ['ocynapcTBeHHast KilrodeBasi 1aboparto-
pusl CUJIMKATHBIX MaTepUaJIoB IUIsl apXUTeKTyphbl. [lep-
Bast JIa0OPaTOPUS MOIYYUIIA OLECHKY «IIPEBOCXOIHO»
cpeau 21 rocynapcTBEHHOM KJIIOUEBO JJabopaTopuu
o MU/I B 2018 romy. [ToMrMO 3TOTO, OBIIN ITOCTPOE-
HbI 2 TOCYAaPCTBEHHBIX MEXIYHAPOIHBIX JIA00paTOPUL
JUISI COBMECTHBIX MCCIIENOBAaHUIA U 4 6a3bl BHEAPEHUS
3apy0eKHBIX KOMIETEHIMI KaK MHHOBALlMOHHOTO
COCTaBJISIOIIETO HAyYHOU 001acTh (M3BECTHBIN KakK
«111 Project»).

MexxayHapogHas WKosa MaTepuanoBeeHns
" NHXXeHepun

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
keHepHoro aena (MILIMIM/I) Oplia BKIIIOUeHA B CITHCOK
«CeTn MEXIyHApPOIHBIX 00pa30BaTEIBHEBIX IIEHTPOB»
npu momaepxkke ['ocymapcTBeHHON agMUHUCTPAIAN
KHP no neram nHOCTpaHHBIX 9KCIEPTOB 1 MuHuUCTEp-
ctBa obpasoBanusg KHP B utone 2015 roma Kak ogHa
13 16 MeXIyHAPOIHBIX ILIKOJI 110 BCEii CTpaHe.

PykoBomcTBysich «HammmoHanpHOM cTpaTerneit pas-
BUTHUS, OPUCHTHPOBAHHOM Ha MHHOBAIIUI» 1 OOJIBIIIYIO
MOTPeOHOCTh B pepOpMUPOBAHUM HAITMOHATBHOM CHU-
creMbl Bhicuiero odpaszosanusi, MILIM W] ctpemuTtcs
co31aTh Beayllee B Mupe HanpasieHue MU nyrem
TIPUBJICYCHUS MCCIEIOBATEIBCKOTO 1 TIPEToaaBaTelb-
CKOTO COCTaBa BHICOKOTO YPOBHSI, CO3TaHMS NMHHOBA-
OUOHHOM MMJIOTHOM 30HBI 00Oy4YeHUS W (hOPMUPOBA-
HUSI THHOBAIIMOHHOM CUCTEMBI TTOATOTOBKY TAJIAHTOB.
PyKOBOICTBYSCH UIEAMU «COTPYIHUUIECTBA TIPEIIIPH-

SITUI, MEXITYHAPOIHON KOOIIepalli ¥ COTPYTHUYECTBA
B obsactu uccneposanuii», MIIIMW]I opranusosana
21 TpyIIITy HACTaBHUKOB ITOJ PYKOBOICTBOM YICHBIX VI
BHUIHBIX ITIPO(ECCOPOB, a TAKKE 4 MEKIUCITUTIINHAPHEIC
TPYIIIBI IO OOYYECHUIO MHHOBAIIMSM U IPEIIIPUHIMA-
TEJIbCTBY.

CTpeMsiCh CTaTh BEAYIIIUM MHPOBBIM pa3padoTIn-
KOM CTPOUTEIbHBIX MaTePUAIOB M HOBBIX MaTepHaIOB
B 21 Beke, MILIMUW /I ouleHMBaeT MHHOBAIIMOHHBIC
CIIOCOOHOCTH KaK OTHY U3 KITFOYEBBIX BO3MOXKHOCTE
1 TIPOBOAUT peopMUpOBaHIEC MHHOBAIIMOHHOM CH-
CTEeMBI TTOATOTOBKM KaApOB B paMKax IIPOTpaMMEI Oa-
KaJaBpraTa, MarucTpaTypsl M TOKTOPAHTYPHI, a TAKXKe
MeXAyHapOomgHOU mporpamMmbl ooyueHust. MIIMUW]
IIpeIaraeT CTyIeHTaM BCeOObEeMITIONIYIO YIeOHYIO TIPO-
rpaMMy, KOTOpasi OXBaThIBacT MaTepHUaIOBEICHHE, CCTE-
CTBEHHBIC HAyKM, OTPACJICBBIC SHEPTeTUICCKIE HAYKH,
HayKu 00 OKpyxXalollei cpene, MHDOPMATHUKY 1 U3yde-
HME TIepeIOBEIX ITPON3BOICTBECHHBIX TEXHOIOTHIT. YTOOKI
ITO3HAKOMUTH BCEX CTYACHTOB C MEXKIYHAPOTHBIM OIThI-
TOM, PEaM3yIOTCsSI COBMECTHBIC TTIPOTPAMMBI OOYICHUS
B COTPYIHUYECTBE C BEAYIITMMU MUPOBBIMU YHUBEPCHUTE-
tamu. Kpome toro, nipu MILIMUW ] co3gaHo HECKOJIBKO
IaTopM IJIsI BCECTOPOHHETO Pa3BUTHUS CTYICHTOB,
Takux Kak @opyM BEIIAIOIINXCS UCCIIenoBaTeneil, Mex-
IYHAPOIHBINA (POPYM 10 BUICHUIO OYIYIIErO Pa3BUTHS,
CeMmHap OIICHKM KadecTBa oOpa3oBaHmst, CTymeHYe-
ckoe HayuyHoe obmectBo (CHO) marepmanoBeneHUs
YXaHBCKOTO TexHoJormueckoro yausepcurera. CHO
MaTepHaroBeIeHUs IATh JieT noapsia ¢ 2018 mo 2022 rox,
ymoctauBaeTcst Harpanbl Chapter of Excellence Award.
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lfocypapcTBeHHas cTpaTternyeckas naboparopus
nepcneKTUBHbIX TEXHOJIOTUIA CMHTe3a 1 06paboTKMN
maTepuanoB (YXaHbCKUI1 TeXHONOrnYecknn
YHUBEPCUTET)

locynapcTtBeHHast KiawoueBas JlabopaTopusl mep-
CMEKTUBHBIX TEXHOJOTUI CUHTE3a U 00pabOTKU MaTe-
puanoB OblIa yTBepxaeHa ['ocymapcTBEeHHON KOMUC-
cueil TuraHupoBaHUs pa3Butus B 1987 romy. Ilocie
roCcy1apCTBEHHOU MHCIIEKIIUU OHA OblIa OTKPBITA IS
obmectBeHHOCTH B Mapte 1990 roma. JlabopaTtopus Ha-
XOJIUTCS B HEMOCPEICTBEHHOM BeIeHUM MUHUCTEepCTBA
HayKU ¥ TeXHOJIOTMHU. B HacTosimmee Bpemst mpocdeccop
I'y bunnuHb, akanemuk Kuralickoil akaaeMuu Hayk,
SBJISIETCS MpeaceaareyieM akageMuyeckoro Komurera
nmabopatopun, a mpodeccop @y Uskon U, akamemuk Ku-
TaliCKOM MHKEHEPHOU aKaIeMHH, SIBIISIETCSI IUPEKTOPOM
naboparopun. Jlaboparopusi pacriojioXeHa B YXaHbCKOM
TEXHOJOTMUYECKOM YHUBEPCUTETE U SBJISIETCS KJIOYe-
BOM rocymapcTBeHHOU jJabopaTtopueit, cieluaanu3u-
pyroIieiicss B 00J1acTH HOBBIX MaTepuaioB. PaKkyIbTeT
MaTepUaIOBEICHUST Y MHXXEHEPHOTO JieJla YXaHbCKOTO
TEXHOJOTUYECKOTO YHUBEpPCUTETA ObLI KJIacCUPULIU-
POBaH KakK MepBOKIJIACCHOE TOCYIapCTBEHHOE KJII0YEBOE
Hay4yHOe HallpaBjIeHUE, BKIIOUEHHOE B HALIMOHAIbHBI
npoeKT «985», «Co3maHue y4eOHOI TporpaMMbl MU-
POBOTO YPOBHS» M MOJIYYMII OIICHKY A+ B YCTBEPTOM
payHIie HallMOHAJIbHOM OLIEHKW HAayYHbIX HAIpaBJICHUI.
CTpeMsICh K TT100aTbHBIM TTePEIOBBIM MCCICIOBAHUSIM
B 00J1aCTU MaTepuaIoOBEACHUSI U YIOBJIETBOPSISI OCHOB-
Hble HallMOHAJIbHbIE TTOTPEOHOCTH, BTa JabopaTOpUs
TIpeACTaBIsACT cO00It TIaThopMy MUPOBOTO Kitacca ISt
TEXHOJIOTUM KOMITAYHAUPOBAHUSI U TTOATOTOBKM Ma-
TepUaJIoB, JIs pa3pabOTKU MepeaoBbIX KOMITO3UTHBIX
MaTepuayioB ISl KPYITHBIX HALIMOHAJbHBIX TPOEKTOB
M OTpaciiell MPOMBIIIUIEHHOCTH, a TaKXe JJISI OKa3aHUSs
MOIePKKY HA HALIMOHAJIbHOM CTPaTeTMYeCKOM YPOBHE.
JlaGopaTopust coobuimnaa 00 OpUTMHAIBHBIX U CUCTE-
MaTUYECKUX pe3yjbTaTax UCCAeIOBaHUN C MeXIyHa-
POIHBIM YYacTUEM B 00JaCTU TpaHC(HOPMALIMOHHBIX
TEXHOJIOTUIA, MePEeIOBbIX HOBBIX MATEPUATIOB U MEXKIUC-
LUTUIMHAPHBIX 00JacTei, M MO3TOMY OHA BO3IJIABJISIET
pa3pabOTKy HECKOJbLKUX CTPATeTUYECKUX MEPETOBBIX
HOBBIX MaTepraJioB Ha MEXAYHAapOAHOM ypoBHe. Jla-
0GopaTtopus COCOOCTBYET Pa3BUTUIO MTEPBOKIACCHBIX
HMCCIIeN0BaTeIbCKUX TaTaHTOB BO BCEM MUpPE MOCPE-
CTBOM TI€pEIOBBIX HAyYHBbIX UCCIEAOBaHMI B 00J1aCTH
MarepuagoBeneHus U TexHojoruii. Kpome toro, nabopa-
TOPUS CO31aJ1a KYJIBTYPY MEXIYHAPOIHBIX COBMECTHBIX
WHHOBALIMI M MpoBeJia MEXIyHAPOAHbIE COBMECTHbBIE
WICCIICAOBAHMS T10 TIPUHITAITY «Win-win», TeM caMbIM
YKPEIMUB MEXIYHAPOIHOE BIUSIHYE, TTPUBJIEKATEIbHOCTD
U CILJIOYEHHOCTH JJabopatopuu. JlabopaTopust nodbunach
MCTOPMYECKOTO MPOPhIBA IO OLIEHKE KITIOYEBBIX TOCYIap-
CTBEHHBIX JJabopaTopuii B 00J1aCTU MaTepUaTOBEACHMSI.

CocpemoTOYMBIINICEH Ha OOIIEM BUICHUM U IIETISIX,
Jabopatopust GOKycHpyeTcs Ha CO3MaHNHI 1 Pa3paboTKe
MHOTOKOMITOHEHTHBIX, PA3HOMACIITAOHBIX U MHOTOCJION -
HBIX KOMITO3UTHBIX MaTePUaIOB Y TEOPUHU ITPOEKTUPOBA-
HUS MaTEepUaJiOB, U3YYEHHUE KOTOPBIX CTPOUTCSI HA OC-
HOBHBIX UCCIEI0BATENCKUX I1aT(hOpMaX, BKIIOYAIOIINX
TEXHOJIOTHIO TPAJMEHTHBIX KOMITO3UTHBIX MaTEpHaJIOB,
TEXHOJIOTMIO M3TOTOBJEHUS KOMITO3UTHBIX MaTepUaJIOB
«B MOMEHT 00pa30BaHUs», HAHOKOMITO3UTHYIO TEXHO-
JIOTMIO M MHTErpUpOBaHHbIE MHHOBaLMKU. B HacTrosiee
BpeMsI TIPOBOJISATCS UCCEIOBAHMS TISITU KJTIOUEBbIX MaTe-
pUAJIOB, B TOM YMCJIE TIEPETOBBIX KOMIIO3UTHBIX MAaTEPH-
aJIoB JIJ1s1 KPYIHBIX HAIMOHAJIBHBIX TTPOEKTOB 1 OMTOPHBIX
oTpacJeit, MaTepuanoB s 3(PGHEeKTUBHOTO MIpeodpas3o-
BaHUS U XpaHEHUSI SHEPTUU IS HOBBIX 9HEPTeTUYECKUX
TEXHOJIOTUI, HAHOKOMITIO3UTHBIX OMOMAaTEpUAaIOB 1151
€CTECTBEHHBIX HAyK, UH(OPMALIMOHHBIX (DYHKIIMOHATIb-
HBIX MaTepHUAaIOB TSI MH(MOPMAITMOHHBIX TEXHOJIOTUMA
U TIepeIOBbIX HOBBIX MAaTePUAIOB JJ1s1 TpaHC(hOpMalK-
OHHBIX TexHoJIoTuii. Takum 006pazom, 1adbopaTtopust ycra-
HOBUJIA CJIEAYIONIUE MATh OTIMUUTEIbHBIX HAMpaBJIeHU I
KCCIIeIOBAHMI: TPAJUEHTHAs KOMITO3UTHAS TEXHOJIOTUS
1 HOBbIE MaTepuUaJibl, TEXHOJIOTUSI UBTOTOBJIEHUSI KOMITO-
3UTHBIX MaTEPHAJIOB «B MOMEHT 00pa30BaHUSI» 1 HOBBIE
MaTepuajbl, HAHOKOMIO3UTHasI TEXHOJIOTUSI 1 HOBbIE
MaTepuaibl, Mpeodpasytoliasi TEXHOJIOTUS U MIEPeIOBbIe
HOBbIE MaTepuaJbl, a TAaKXKe MPUHIIAIBI KOMIO3UTHbBIX
MaTepuasioB U IU3aliH MaTepUaioB.

B nabGoparopuu paboTaeT akTUBHAsI U MUHHOBALIMOH-
Has McclieoBaTeIbCKas rpyIIa, COCTOsIIIast B OCHOBHOM
W3 MOJIOJIbIX MCCieoBaTeieil u ucciaenonarelieit cpe-
Hero Bo3pacTta. 100 mMOCTOSTHHBIX COTPYIHUKOB, B TOM
yucie 1 akagemMnk Kuraiickoif akameMuu Hayk, 2 aka-
nemuka Kuraiickoii mHxXeHepHOU akageMuu, 1 akange-
MUK KoposieBckoii akaneMuit HayK v UICKYCCTB benbruu,
2 akageMuKa EBporreiickoit akageMu HayK 1 ICKYCCTB,
1 akagmeMuK ABCTpaJIMACKON MHXKEHEPHO-TEXHOJOTH-
yecKoi akagemu, 1 akageMuk BceMupHoil akaneMun
KepaMuKH, 12 rcciaenoBaresieii HAlMOHAIEHOTO YPOBHS,
1 rnaBHBIN HayyHbI! coTpynHUK HalmoHanbHOM npo-
rpaMMBI «973», 5 cTUTIEHAMATOB HaIlMOHAILHOTO (DOHIA
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«Outstanding Youth Science Fund» u 30 cTumieHnmaToB
«HanmoHanbHOTO TIIaHA TTOANEPKKU TaJTaHTOB» U T.I.
JlabopaTopust aKTUBHO TTOAICPKUBACT BHITAIOIINXCS
YYICHBIX, KOTOPBIC TIPUE3KAIOT U IIPOBOMISIT COBMECT-
HBIC MCCIICA0BAHMS IO BCeMY MUPY B YHUBEPCUTETaX
¥ UCCIIEIOBATEIbCKINX MHCTUTYTAX MIPOBOTO YPOBHSI.
B mociename roman 1abopaTopus HalpaBuila HECKOTb-
KO BBIIAIOIINXCST MOJIOABIX YUCHBIX B MEKIYHAPOITHEIC
YHUBEPCUTETHI MIPOBOTO YPOBHSI 00JIee YeM Ha OIMH TOII
IUIST TIPOBEICHMST COBMECTHBIX MCCIICTOBAHUIA.
Jlaboparopust nenaet yrmop Ha ri1o0ajibHbIM aKageMu-
YeCKUi1 00OMEH M COTPYTHUUYECTBO. 3a MOCICTHUE MSTh
JIET MBI TIPUHSIIN Ha padboTy 25 3apyOeKHBIX YUEHBIX
B KaUeCTBE MTOYCTHBIX M IIPUIIAIICHHBIX TTPO(hecCcopoB
B OCHOBHBIX 00JIaCTSIX UCCIICIOBAHMIA C IIEJTBIO CO3MAHMS
OJIAaTOIIPUSATHBIX YCIIOBUI paOOTHI TSI BCEMUPHO M3BECT-
HBIX YUEHBIX M POBENEHUSI COBMECTHBIX UCCIIETOBAHUI
B 1aboparopun. JlJabopaTopus Halagmia B3auMOBBITOI-
HOE COTPYTHUUYECTBO ¢ MUYINTAHCKIM YHUBEPCUTETOM;
SITTOHCKMM areHTCTBOM a3pOKOCMHUUCCKIX CCIICIOBAHIIA
(JAXA); MHcTUTYyTOM MaTepraioBeecHUsT Y HUBEpCUTETA
Toxoky (Anonus); LleHTpom HccienoBaHus MaTepuaioB
Okcdopnckoro yanBepcuteta ( Bemmkoopuranus); LlieH-
TPOM HCCJICIOBaHMS KOMITO3UTOB KamdopHuiickoro
yuuBepcuteTa (CIIA) 1 HalmmoHaabHBIM MHCTUTYTOM
TOIUTMBHBIX 31eMeHTOB (KaHama), a Takske ¢ IpyruMu
BCEMUPHO M3BECTHBIMM HAYYHO-HCCIICA0BATCIIHCKIMH
yapexxneHnsIMA. MUHUCTEpCTBO HAYKW U TEXHOJIOTHIt
coznano «MeXXIyHapOIHYIO0 COBMECTHYIO JTAOOPaTOPHUIO
TIepeIOBBIX TEXHOJIOTUI CUHTE3a 1 00pabOTKH MaTepy-
aJIOB», KOTOPAs SIBJISICTCST OMHOI M3 TIePBHIX 33 MEXKITy-
HapOIHBIX COBMECTHBIX Jaboparopuii B Kurtae. Kpome
toro, ['ocynapctBeHHast anmuHuctpanust KHP no nenam
MHOCTPAHHBIX SKCIIEPTOB 1 MUHNCTEPCTBO 00Pa30BaHMS
COBMECTHO C(pOPMUPOBAIIH TPU HAYIHbIC 0a3bI, TTOIACP-
kuBaeMble [IporpaMMoit ”HHOBAIIMIT W pa3BUTUS Ta-
JIAaHTOB, a MMEHHO «HOBBIe KOMITO3UTHEIC MaTepPUAJTBI
¥ TIepenoBbie (PYHKIIMOHAIBHEIC MaTepualbl», «Ilepe-
TOBBIC TEXHOJIOTMH ITIOATOTOBKH 1 ITPUKIIATHOTO ITPOCK-

TUPOBAHKS HOBBIX (DYHKIIMOHAIBHBIX TOHKOILUICHOUHBIX
MaTepHanoB» 1 «/IHHOBALIMK 1 TAaJIaHTbI /IS YBEJIMUCHUS
CpOKa CIIyKObI KOMITO3UTOB». OIUpPasch Ha 5TU BaxKHBIE
m1aThOPMbI MEXIYHAPOIHOIO COTPYIHMUYECTBA, J1a00-
paTopus OCYLIECTBIIA HECKOJIbKO KJIIOUEBBIX TOCydap-
CTBEHHBIX IIPOEKTOB ¢ MEXIYHAPOIHBIM COTPYIHUYE-
CTBOM M JOOMJIACH IUTOMOTBOPHBIX PE3Y/IHTATOB.

B Hacrosiee BpeMs IUIOLIALb Ja00paTOPUU COCTAB-
JisteT 25 Thic. 350 M2, ¢ OCHAIIIEHMEM COBPEMEHHBIM 000-
pPYAOBaHUEM ISl CMHTE3a U 00pabOTKM MaTepUasioB,
a TaKxXKe CaMbIMM COBPEMEHHBIMU MPUOOPAMMU JIJISI aHA-
JIM3a CTPYKTYpPhl MaTepUAIOB, XapaKTepUCTUKU U Te-
CTUPOBaHUSI IPOU3BOAUTEIbHOCTU. OOIIast OLEHOYHAS
CTOMMOCTb OCHAIlIeHUsI 1a00pPaTOPUU COCTABISIET IIPU-
om3uTenbHO 430 MITH I0oaHeH.

3HakomcTBO c focygapcTBeHHON Ko4eBom
na6opartopuei CcMANKaTHbIX MaTepuanos
ANA apXUTEKTYpbl

T'ocynapcTBeHHas KitoueBast JlabopaTopust CUIIMKaT-
HBIX MaTepUaJIOB IJIST apXUTEKTYPHI TTOJTYIIyIa OMOOpEHIE
IUTST OTKPBITHST MUHHICTEPCTBOM HAYKM 1 TeXHUKM Knrast
(MHTK) B oktsi6pe 2011 roma, a B utose 2013 roma mpo-
nuia akcreptusy MHTK. JlabopaTopust pa3BuBaeT oc-
HOBHBIC (DyHIAMEHTAIBHBIC TCOPUH 1 OOIIINE KITIOUCBEIC
TEXHOJIOTMIECKIE BOIIPOCHI B TIpoIiecce pa3padbOTKU 1 BO
BpEeMsI CpOKa CITy>KObI CHITMKATHBIX MATCPUAJIOB JIJIST apXHU-
TEKTYPHI, pa3pabaThIBacT METOIbI IIPOM3BOICTBA C HU3KOM
Harpy3Koil Ha OKPYKaIOIIyI0 Cpedy 1 TEOPUN TIOBBIIIIC-
HUS BHEPro3PEeKTUBHOCTU, UCCIIEAYET U pa3padaThi-
BaeT BBICOKOA(D(EKTUBHBIC I MHOTO(DYHKIIMOHATHHEIE
CTPOUTEJIbHBIE MAaTepUabl IJIs1 TOAIEPKKU OCHOBHBIX
WHXEHEePHBIX KOHCTPYKINI, pa3padaThIBaeT KOJIOTIIC-
CKU YMCTBIC, SHEProcOeperaronie M MHTEIUICKTyaIbHbIC
CTpOUTEIbHBIC CCTEMBI, a TAKXKE TIpeyiaracT HOBhIE TEO-
Py, HOBBIC METOIBI 1 OCHOBHBIC KITIOUEBBIC TEXHOJIOTHI
JIJIS1 JOCTUXKEHMST AOJITOCPOYHOM CTAOUJIBHOCTH U Tiepe-
PpabOTKI CTPOUTEIIEHBIX MAaTepHUAIOB ¥ KOHCTPYKIIHIA.

OCHOBHBIMH HaIpaBICHUSIMH pabOTHI 1ab0opaTo-
pUM SIBJISTFOTCS] MICCIICIOBAHMS TS CHUKCHUS HATpy3KU
Ha OKPYKaIoIIyIo cpeay, PYHKIMOHAIBHOE ITPOSKTUPO-
BaHWE U PETyJIMPOBAHME, NCCICIOBAHUS «IIOBCICHUSI»
MaTepHuaJioB BO BPeMsI CPOKA CIYKOBI U TTPUHIIMITHI
MIPOUTCHUST CPOKA CIIYXKOBI, a TAKKE TepepaboTKa CH-
JINKATHBIX MaTePHUAJIOB IUISI CTPOUTEIILCTBA.

JlaGoparopust 3anumaert riomanb 12 500 m?> 1 ocHa-
eHa PO eCCUOHATIEHBIM MCCIIEA0BATEILCKIM 000pY-
IIOBaHUEM CTOMMOCTHIO 0ojiee 100 MIJITTMOHOB I0aHei,
00pa3ys McCIenoBaTeIbCKYIO IIaTMopMy, BKITIOYAIO-
Y0 BOCeMb ITpoeCcCHOHATBHBIX BTOPUYHBIX JJabopa-
TOPUI U ONWH OOIIECTBEHHBIN SKCIIEpUMEHTATbHBINA
meHTp. MccnenoBarenbckas miatopMa MMeeT MOIII-
HOCTH TS TIPOBEICHUS MCCIIEAOBAHUI B 00JIACTH HAYKH
1 TEXHUKU TETUIOBOTO 000PYIOBaHUSI, IIEMEHTA U BSKY-
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2023 International Seminar on Interdisciplinary Materials

IIMX MaTeprajaoB, OeTOHA, CTeKIIa, KepaMUKHU, TIJICHOK
¥ TIOKPHBITUIA, CTEHOBBIX ¥ OPOKHBIX MaTePHUAJIOB.
JlabopaTopus mOCTyITHA KaK IJIsT KMTAMCKMX, TaK
¥ U1 MeXXKIYHApOIHBIX 3agBOK U HaIleJeHa Ha BHY-
TPEHHUE U MEXIYHApOIHbIe aKaJeMUUeCcKre OOMEHbBI
U coTpyaHuuecTBo. Ha 6a3e nabopaTopuu Obu1a co3naHa
«MexnyHapomHast 0a3a HayIHO-TEXHIIECKOTO COTPY/I-
HUYECTBA B 00JIaCTH 9KOJIOTUICCKI YNCTHIX CTPOUTEITb-
HBIX MaTepuaoB», KoTopas B 2013 roxy 6bu1a onpene-
neHa MHTK B kauecTBe Moaenn MeXXKIyHapOIHOI Oa3bl
HAYIHO-TEXHUYECKOTO COTPYIHUICCTBA.
MHHOBaLIMOHHbBIE JOCTHUXKEHMSI HAYYHBIX UCCIEA0-
BaHUI 1a0OpaTOPUM BHOCST OOJBIION BKJIad B HALIUO-
HaJIbHYI0 SKOHOMWKY 1 COITMATbHOE Pa3BUTHE, BKITIOUAS
TIpeIOoCTaBICHNE KITIOUEBO TEXHNICCKOM MOIIEPKKH
IUISI CTPOUTEILCTBA OCHOBHOM HAIIMOHAIBHOI MHMpa-
CTPYKTYPBI CTpPaHBI, CTUMYJIUPOBAHUE CTPYKTYPHBIX
peoOpa3oBaHU U TEXHOJIOTHUECKON MOIEPHU3AIINN
TPATUIIMOHHOM IIPOMBIIIICHHOCTH CTPOUTEIHHBIX Ma-
TEPUAJIOB, a TAKKE CONEIICTBHE BHEAPCHMIO CTpaTeT it
3HEProcOepeKeHNs M COKPAIICHUIO BEIOPOCOB.

3HakomcTBO ¢ xKypHanom Interdisciplinary Materials

Hayunsrii xxypHai Interdisciplinary Materials (ISSN:
2767-441X) Gbu1 3anylleH YXaHbCKUM T€XHOJIOTHUYE-

KoHTakTHas
nHpopmalma

YXaHbCKNI TEXHONOrMYeCKNii yHnBepcnTeT
430070, Kutain, npoBrHUua Xy6er, I. YxaHb,

panoH XyHriaH, 122 Jlyoww Poyg,
Ten: 86-27-87884448; ®akc: 86-27-87879466

E-mail: skiwut@whut.edu.cn

CKMM YHUBepCcUTETOM coBMecTHO ¢ John Wiley & Sons,
Inc B nekabpe 2021 roxa.

Interdisciplinary Materials — 3To peneH3UpyeMBbIit
JKYpHaJI OTKPBITOTO JOCTYIIA ¢ OBICTPOI ITyOIMKALINCHA
crareil, (hOKyCUPYIOIINiicS Ha MeXIUCINIIMHAPHBIX
HCCIICIOBAHMSIX MEXKIY MaTepHAIOBEACHIEM U IPYTUMK
TUCIUTUIMHAMHY, TAKUMH KaK (PU3UKa, XUMUSI, MaTeMa-
THKAa, MEXaHWKa, OMOJIOTHS, SHEPTeTUKA, OKPYysKaIOIIast
cpena, nHMopMaIs, MHxXKeHepus u T. 1. 2KypHai cTpe-
MUTCSI TIPEICTABIISITE MHMOPMAIIIIO O TIEPEIOBBIX pa3-
paboTKax B 00J1aCTH HAYK! 1 TEXHUKH TI0 BCEMY MUPY.

Oxupaetcd, uto Interdisciplinary Materials Oynet uc-
IO TH30BaTh MEXKIUCIUIIIMHAPHBINA, 0COOBII TTepeIoBOit
1 KOMIIJICKCHBIH TTOIXO0I KO BCEM 00JIacTSIM MaTepua-
JIOBEJICHUSI, OMHOBPEMEHHO CITOCOOCTBYSI OOMEHY HIe-
SIMHM MEXIY YICHBIMY, 3aHUMAIOIINMUCS Pa3TAIHBIMU
HAMpaBJICHUSIMU MUCCIIEMOBAaHUN. AyIuTOpUS KypHaia
OymeT BKITIOYATh YUCHBIX-(DU3UKOB, XUMHUKOB, MaTeMa-
TUKOB, MEXaHUKOB, OMOJIOTOB, CIICIIMAIMCTOB B 00JIACTH
SHEPreTHKM, OKPYKAOIIei cpembl, MaTepUaIOBEICHUSI,
WHXXCHEPOB-TCOPETUKOB U IMPAKTUKOB, a TAKKE TTOJIH-
THYCCKUX IeSTEIICH.

[lepBEIii BEITTYCK XXYypHaJjia BBIIICT B CBET B STHBape
2022 rona. 2KypHan BKJTIoYeH B 6a3b1 naHHbIX Emerging
Sources Citations Index (ESCI), Ei Compendex
u Directory of Open Access Journals (DOAJ).

KoHTakTHble nnua: Ixkao Canr, Ixoy Jluxya
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The study of CO, impact on the formation of nanoscale
structures and the physical and mechanical properties
of concrete
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ABSTRACT

Introduction. In the context of the global fight against climate change, the reduction of CO, emissions and its utilization is a topical
theme. One of the promising directions is the utilization of CO, in construction, in particular, in concrete production. The present
research investigates the effect of carbon dioxide on the formation of nanoscale structure and physical and mechanical properties
of concrete mixtures. Methods and Materials. A special unit for mixing cement, sand, water and CO, under pressure was developed
for the research. The obtained concrete specimen were subjected to compressive and flexural strength tests using MATEST E161-03N
automatic dual range testing press. The microstructure of the specimen was also analyzed using scanning electron microscope (SEM).
Discussion. The experimental results showed that the introduction of CO, into the concrete mixture promotes the formation of
nanoscale structure, which improves its strength properties up to a certain pressure. With further increase in pressure, deterioration
of these characteristics is being observed. Additional mixing time and increase in water volume also affect the strength of concrete
and its microstructure. Conclusion. The use of CO, in concrete production can significantly reduce the carbon footprint of construc-
tion materials and improve their physical and mechanical properties due to the formation of nanoscale structure. Further research
and optimization of mixing parameters are necessary to create stronger and more stable concrete mixtures.

KEYWORDS: nanoscale structure, carbon dioxide utilization, concrete strength, carbonization, carbon dioxide, ecology.
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INTRODUCTION plant, nuclear power plant, hydroelectric power plant,

etc.) and emissions obtained during the life cycle of goods

Today, one of the world trends aimed at improving the
standard of living and preserving the planet is the fight
against climate change and its consequences, which is
also due to the great challenge of the strategy of scientific
and technological development of the Russian Federation
(Presidential Decree No. 642 of 01.12.2016), associated
with the depletion of natural resources and environmen-
tal degradation [1]. This is directly related to the carbon
neutrality of production activities and compensation of
enterprise emissions through carbon-negative projects
and technologies. Enterprise emissions are divided into
three categories: direct emissions during production;
emissions obtained due to energy consumption (coal

© Zalyatdinov A.A., Kamenov R.U., Rechenko D.S., 2024

(purchase of raw materials, delivery, storage, use, dis-
posal, etc.). The last two categories are indirect emissions
and require serious systematic development of carbon
accounting. It should be noted that the first category,
which includes greenhouse gases, is the most significant
and manufacturing companies are focused on reducing
this category. At the same time 77.9% in the structure
of emissions is energy, 11.8% — industry (production),
5.7% — agriculture and 4.6% — waste, and in the struc-
ture of emitted gases carbon dioxide (CO,) makes 79.2%,
methane (CH,) — 14.5%, nitrogen oxide (N,0) — 4.2%,
hydrofluorocarbons (HFC) — 1.9%, perfluorocarbons
(PFC) and sulfur hexafluoride (SF6) 0.1% each [2]. As
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can be seen carbon dioxide CO, or carbon dioxide in the
total volume of emissions occupies a large part and this is
without taking into account the minor categories, that is,
the collection, storage and utilization of carbon dioxide
is today an urgent task.

Modern technologies allow to effectively capture emis-
sions and retain in any state, but the main task is their uti-
lization and application in various industries, for example,
in the manufacture of fire extinguishing agents, refriger-
ant, soda ash, salts, etc., but this is a very small amount
of carbon dioxide processing. Therefore, the development
of carbon dioxide utilization technology is an urgent task.

Concrete, as one of the most common materials in
the construction industry, has strength, durability and
adaptability, which makes it an essential part of modern
construction [3—13]. This report takes into account both
traditional concrete manufacturing methods and modern
technologies, including additives and admixtures that help
to improve its properties and enhance the requirements
that concrete must meet.

Basic requirements in the manufacture of concrete:

1. The main objective of the concrete manufacturing
process is to create a material with optimum strength and
durability, capable of withstanding the stresses of service
conditions;

2. The process must comply with strict standards and
regulations set by the construction industry to ensure
safety, reliability and quality of structures;

3. The proportioning of each component must be ac-
curate and in accordance with established proportions to
ensure optimum physical and chemical properties of the
concrete mix;

4. Concrete must be subjected to certain conditions
of temperature and humidity during setting and curing to
ensure optimum material properties.

Adherence to the above objectives and requirements
in the concrete manufacturing process is a key aspect to
create a quality and reliable construction material that
can meet the needs of a variety of projects and ensure
their durability.

To achieve the above requirements, the concrete
manufacturing process begins with carefully selected and
proportioned raw materials and supplies. The quality and
characteristics of each component will play a crucial role
in shaping the final properties of the concrete mixture.

According to GOST 27006-86 “Concretes” selected
composition of concrete components including cement,
sand, crushed stone and water in the ratio of 1:1,9:3,7:0,5
respectively. This standard allows on the basis of visual
control to make changes in the amount of dosed water,
so for further work by experimental method was deter-
mined the following ratio of concrete mixture components
1:1,9:3,7:1.

Cement production based on the use of CO, as one of
the components of the formulation is a new and promising

technology, not yet implemented on an industrial scale,
but has great potential. Carbon dioxide is captured im-
mediately after its release, compressed into a liquid and
then transported via pipeline to a storage facility right at
the concrete production site [14, 15].

The hardening of concrete when CO, is added in-
volves a process called carbonization. This process is
a chemical reaction between carbon dioxide (CO,) and
cement hydrates formed during concrete hardening.
Carbonization leads to a change in the nanoscale struc-
ture of concrete, which ultimately increases its strength
and durability.

When CO, penetrates the concrete, it reacts with cal-
cium oxide hydrate (Ca(OH),), which is a byproduct of
cement hydration. The result of this reaction is the forma-
tion of calcium carbonate (CaCO,):

CQ(OH)Z +C02 —>CQC03 +H20 (1)

Calcium carbonate is denser and less soluble than cal-
cium oxide hydrate, which contributes to the hardening
of the concrete structure.

At the nano level, carbonation leads to changes in
the porous structure of concrete. Calcium oxide hydrate
occupies more volume and has a looser structure, while
calcium carbonate has a denser and more compact crystal
lattice. Carbonization fills the pores and micro-cracks
in concrete, which reduces its porosity and increases its
density.

This process also affects the structure of the cement
stone. Due to the formation of calcium carbonate at the
nanoscale, the pore volume is reduced, which limits the
access of water and other potentially harmful agents inside
the concrete. This reduces the rate of degradation of the
material and increases its durability.

In addition, the formation of calcium carbonate can
facilitate the creation of new microstructural bonds be-
tween cement particles. These bonds improve the overall
mechanical integrity of the concrete, making it more re-
sistant to mechanical stress and deterioration.

To this day, several countries in the world are actively
developing this technology. For example, the Canadian
company CarbonCure Technologies has developed a tech-
nology that allows the production of concrete with CO,,
which is injected in controlled doses into the mixer sup-
plying the stone-forming machine. When CO, is added
to the concrete during mixing, it interacts with water to
form carbonate ions, which rapidly interact with calcium
ions released from the cement, resulting in the formation
of calcium carbonate (limestone) minerals, forming a
nanostructure. The conversion of CO, into solid calcium
carbonate minerals allows it to bind in the concrete and
never be released back into the atmosphere [16—21], with
the nanoscale structure yielding an increase in concrete
strength. A similar technology has been proposed by

http://nanobuild.ru

250

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (3):
249-256

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

American engineers from Solidia Technologies, but for
fast-setting concrete [24].

A team of American researchers from Los Angeles is
working on a unique solution, which consists in creating
a closed-loop process that involves capturing carbon from
power plant pipes and using it to create a new building
material — carbon dioxide concrete for 3D printing [22,
23]. Employees of the American Purdue University have
developed a technology that allows the concrete mixture
to absorb CO, much stronger due to titanium dioxide,
which, when mixed with the concrete solution, reduces
the size of calcium hydroxide molecules, which increases
the volume of absorbed carbon dioxide.

In the research of scientists from a Japanese university,
a process has been developed to produce concrete that
affects the environment in several ways at once. The new
material is made from old concrete debris that is often
discarded, which extends the life of the old materials, and
the process takes place at lower temperatures, while the
CO, with which it is mixed can be obtained either from
industrial exhaust or directly from the air [25—27].

Based on the research results of various scientists,
it can be concluded that the capture and utilization of
CO, in concrete production has great potential to reduce
greenhouse gas emissions and create environmentally
friendly building materials. New technologies, not only
reduce the negative impact on the environment, but also
improve the quality and durability of concrete. According
to some reports, such technologies can reduce CO, emis-
sions by up to 30% and increase strength by about 10—19%
compared to classical technology. Increased compressive
strength also allows producers to optimize their mixes by
reducing the amount of cement while maintaining physi-
cal and mechanical properties. On average, ready mixed
concrete producers can reduce the amount of cement by
5—8%, but the main challenge today is to set up a plant
to prepare the mix with CO,.

The effect of CO, application in concrete produc-
tion, in particular on the change of mixture properties
requires research, which is possible only if a special
plant for mixing cement, water sand and carbon di-
oxide in liquid state is created. To date, there are no
such installations, so the objectives of this work are the
design and manufacture of the installation for obtaining
concrete mixing mixture, obtaining concrete mixture of
various formulations and research of their physical and
mechanical properties.

METHODS AND MATERIALS

In the segment of concrete mixing devices there is
no equipment capable of mixing the concrete mixture
under pressure, so on the basis of the selected produc-
tion method the design of concrete mixer according to
the scheme (Fig. 1)

Fig. 1. Design of concrete mixer for obtaining the
mixture under pressure: 1 — lid attached to the
container with pins; 2 — cylinder-shaped container;

3 — paddles (two-level); 4 — motor; 5 — pin holes for
connecting the lid and the container through the collar;
6 — tap connecting to the vacuum pump; 7 — vacuum
pump; 8 — manometer; 9 — tap for supplying water
saturated with CO,; 10 — plug

The pressurized concrete mixer is a cylinder-shaped
steel container with a volume of 25 liters, which is de-
signed to operate at pressures up to 70 atm. Inside there
are two-level paddles for mixing the concrete mixture,
which are connected to the motor shaft. The tank is
mounted on a pivoting base, which will allow this struc-
ture to be tilted together with the motor to extract the
mixture. The outside of the tank has threaded holes for
sensors, taps and plugs.

As a result of the design and development, a pressur-
ized concrete mixing unit was manufactured (Fig. 2). The
unit is capable of mixing concrete, in the required volume,
which is 30 kg of dry mix.

Two main molds were used to make concrete test
specimens for the research:

1. Square molds with sides 100x 100%x 100 mm: These
molds are designed to determine the compressive strength
of concrete. This size allows the production of specimens
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Fig. 2. Concrete mixer for pressurized mix production

that meet the test standards and ensure uniformity of re-
sults.

2. Rectangular molds with sides 70x70%280 mm:
These molds are used to determine the flexural strength of
concrete. Their size ensures proper distribution of stresses
during testing and allows accurate determination of the
strength characteristics of the material.

All molds for the specimens were selected in accor-
dance with the requirements of GOST 10180-2012 [28],
which guarantees the accuracy and comparability of the
results obtained.

Sample fabrication process

The process of manufacturing the control concrete
samples included several steps that ensured the accu-
racy of component dosing, quality mixing and proper
introduction of carbon dioxide. These steps are described
below:

1. Equipment preparation and inspection:

All equipment, including the concrete mixer, sample
molds, and component measuring tools, was thoroughly
checked to ensure that it was clean and working properly
before starting. This avoids contamination of the mix and
ensures accurate measurements.

2. Calculating the quantity of components:

The quantities of cement, sand, water and carbon di-
oxide were calculated according to predetermined pro-
portions. This ensures that all specimens are made from
the same mix, which is important for comparability of
test results.

3. Loading the components into the concrete mixer:

Pre-weighed portions of cement and sand were
loaded into the concrete mixer. These components were
mixed for a certain time to achieve homogeneity of the
dry mix.

4. Addition of calculated amount of water:

After mixing the dry components, the calculated
amount of water was added to the concrete mixer.
The water was added gradually to avoid lump formation
and to ensure uniform distribution of liquid throughout
the mix.

5. Mixing:

The mixture of cement, sand and water was mixed in
the concrete mixer until a homogeneous mass was ob-
tained. The mixing time was strictly controlled to ensure
uniform distribution of all components.

6. Carbon dioxide injection:

After the homogeneity of the mixture was achieved,
the calculated amount of carbon dioxide was pumped
into the concrete mixer. The injection process was carried
out under pressure, allowing the CO, to distribute evenly
throughout the concrete mass and interact with the mix
components.

7. Final Mixing:

After the injection of carbon dioxide, the mixture was
again mixed for a certain time. This ensured complete
interaction of CO, with the concrete components and
promoted the formation of nanoscale structure.

8. Pouring the ready-mixed concrete into the molds:

The ready-mixed concrete was poured into the pre-
pared molds. For this purpose, special tools were used to
ensure uniform filling of the molds without formation of
voids and air pockets.

The obtained specimens were tested on MATEST
FE161-03N (automatic dual-range test press) to measure
the compressive and flexural strength of cement stone.
Table 1 summarizes the results of the concrete specimens
in compression and flexural tests.

It should be noted that mix 6 is a standard mix,
i.e. mixing was done in air. Mixes 8, 9, 10 were mixed
at different pressures of CO,, in these mixes with increas-
ing pressure of gas injection the mixture at the output
was dry and it was decided to increase the volume of
added water by 5% in mixes 11, 12 and 13. In mixes 14,
15, 16 we increased the mixing time to find out whether
the mixing time will affect the strength characteristics
of concrete, these mixes were also mixed at different
pressures of CO,.

The experimental results are shown in Fig. 3 and 4.
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Table 1
Test results of concrete specimens in compression and bending

Average strength. Ri
Batch Water volume. 1 Time. min CO, pressure. atm
in compression. ¢ on bending. o,
1 3.9 5 0 52.40 1.65
2 3.9 5 10 58.43 1.74
3 3.9 5 20 35.65 1.03
4 3.9 5 30 51.25 1.18
5 4.1 5 10 47. 66 1.52
6 4.1 5 20 27. 56 1. 00
7 4.1 5 30 34. 16 1.03
8 4.1 10 10 25. 36 0. 86
9 4.1 10 20 6.95 0.16
10 4.1 10 30 14. 35 0.45
70

58,43

Voltage kN

0 10 Pressure MPa 20 30

—&—C02 —@— CO2+water —@— CO2+water+t

Fig. 3. Results of compression tests on spicemens

DISCUSSION addition, increasing the mixing time in mixes 8, 9 and 10
also shows a slight decrease in concrete strength. These
The experimental results showed that CO, pressure  results suggest that the control of CO, pressure, water
affects the strength characteristics of concrete mortar.  volume and mixing time are important factors that can
Increasing the pressure up to 10 atmospheres leads to the ~ affect the strength properties of concrete mortar. Further
greatest improvement in strength. However, at pressures investigation and optimization of these parameters may
of 20 atmospheres and above, the strength characteris-  lead to a stronger and more stable concrete.
tics begin to deteriorate. Additionally, it was found that It is important to note that in this study, strength prop-
increasing the volume of water added by 5% in mixes 5,6  erties were evaluated based on compressive and flexural
and 7 leads to deterioration in strength characteristics. In  test results only. For a more complete and accurate analy-
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Voltage kN

—8—C02

Pressure MPa

—®— CO2+water

20 30

—®— CO2+water+t

Fig. 4. Results of bending tests of specimens

sis, additional studies should be conducted for other types
of loads such as tension and delamination, as well as in-
creased pressure, as an increase in strength performance
can be seen from Fig. 3 and 4.

In general, the results of this experiment suggest the
influence of CO, pressure, water volume and mixing time
on the strength characteristics of concrete mortar. Further
research and optimization of these factors may help to
develop more efficient and stronger concrete composi-
tions, thus reducing cement costs for product production.

CONCLUSION

The international community’s common goal of reduc-
ing greenhouse gas emissions is also contributing to the
development of CO, capture and storage technologies. The
joint action of many countries is aimed at reducing CO,
emissions by 2050, which makes such innovative approach-
es in concrete production even more relevant. CO, capture
and storage in the concrete production process represents
a promising and important technology that can reduce the
negative environmental impact of this greenhouse gas and
achieve more sustainable and eco-friendly construction.

As part of the design and fabrication of the concrete
mixer, a structure was developed consisting of a cylinder-
shaped container, blades for mixing the concrete mixture,
a motor and additional parts. All components were in-
corporated into drawings that served as the basis for the
fabrication of the equipment.

The design and manufacture of concrete is a complex
and demanding process that requires adherence to strict
requirements, careful monitoring and the use of the right

equipment. Optimizing the concrete manufacturing pro-
cess in accordance with the specified requirements and
component calculations results in a quality and reliable
product.

During the testing of concrete specimens, the com-
pressive and flexural strength of 110 specimens were
measured and evaluated. The results showed that CO,
pressure and water volume have an influence on the for-
mation of nanoscale structure and strength characteris-
tics of concrete mortar. Increasing the CO, pressure up
to 10 atmospheres leads to an improvement in strength,
but at 20 atmospheres the strength starts to deteriorate.
At 30 atmospheres, the strength increases markedly rela-
tive to a mix at 20 atmospheres. Increasing the volume
of water added by 5% did not show a noticeable increase
in strength. Increasing the mixing time also showed no
significant improvement in strength.

Concrete carbonization is an effective and modern
technology that combines both the current needs and
requirements of the concrete industry, allowing to ob-
tain better quality products, saving cement and energy
resources, and at the same time combines the utilization
of waste from solid fuel combustion, taking a direct part
in solving environmental problems of the planet.

The use of CO, in concrete production is a promising
technology that can not only reduce the carbon footprint
of construction materials, but also improve their physi-
cal and mechanical properties through the formation of
nanoscale structure. Further research and optimization of
mixing parameters will make it possible to create stronger
and more stable concrete mixtures, which is important for
the sustainable development of the construction industry.
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AHHOTALMA

BeepeHue. B ycnosuax rnobanbHol 60pbObl C M3MEHEHVeM KNMaTa akTyaslbHbIM ABNAETCA CHUXKeHVe Bbibpocos CO, n ero ytu-
nn3aums. OAHVM 13 NePCreKTUBHbIX HAaMNpaB/IeHN ABAETCA Ucnofb3osaHue CO, B CTPOMTENbCTBE, B YaCTHOCTH, B MPOM3BOACTBE
6eToHa. Hactoswan ctatba nccnepyer BANAHWE JUOKCMAA yriepoda Ha GopMUpoBaHMe HaHOPa3MEPHON CTPYKTYpPbl U Gpr3NKO-
MeXaHMYecKne CBONCTBa OETOHHbIX cmecel. MeToabl n maTepuanbl. 1A nccnefgoBaHuin 6oina paspaboTtaHa cneunanbHas ycTa-
HOBKa A/A CMelLVBaHWA LeMeHTa, necka, soapl n CO, noa nasneHuem. MonyyeHHble 06pasLbl 6eToHa NofgBepranncb NCMbITaHNAM
Ha MPOYHOCTb MPU CKaTUW U N3rnbe C NCNoNb30BaHMEM aBTOMATMYECKOro ABYXAMANa3soHHOro ncnbitatenbHoro npecca MATEST
E161-03N. Takxe npoBeAeH aHann3 MUKPOCTPYKTYPbl 06pa3LiOB C MCMOIb30BAHUEM CKaHUPYIOLLEro 3JIEKTPOHHOIO MUKPOCKOMNa
(C3M). O6cyxpeHne. PesynbTaTbl SKkCNEpPUMEHTOB NoKasanu, 4To BeeaeHne CO, B 6€TOHHYI0 CMeCb CMOCo6CTBYeT GOPMUPOBAHMIO
HaHOPa3MepHON CTPYKTYPbI, YUTO yNyyLIaeT eé NPOYHOCTHbIE XapaKTePUCTUKN JO onpeaesnieHHoro aasnexusa. MNpun gansHenwem
yBeNMyeHnmn faBneHnsa HabnopaeTca yxyaweHre 3TUX XapakTepucTuK. [lononHuTelbHoe Bpems NepeMeLlBaHusA 1 yBENNYeHe
obbema BObl TaKxKe BUAIOT Ha MPOYHOCTb 6TOHa 1 ero MUKPOCTPYKTYpy. 3akntodeHne. VicnonbsosaHne CO, B npon3eoacTse
6eTOHa MOXET 3HAUNTENbHO CHU3UTb YINEPOAHbIN Cflef CTPOUTENIbHbIX MaTEPUANIOB 1 YNyYLLNTb NX GU3MKO-MeXaHUYeCK e CBON-
CTBa 3a cyeT GOPMMPOBAHUA HAHOPA3MEPHOW CTPYKTYpbI. JanbHenwe nccneaoBaHmns 1 oNTMM3aL s NapameTpoB CMELLNBaHNA
Heo6XoAUMbI AN1A Co3aaHuUs 6osiee MPOYUHbIX U CTABUNIbHBIX OETOHHbIX CMECeN.

KJTIOYEBDIE CJIOBA: HaHOpa3MepHas CTPYKTYpa, yTUAN3aLmua ANOKCUAa yrinepoaa, NPoYHOCTb 6eToHa, KapOoHM3auma, ANOKCUE,
yrnepoga, 3Kosnorus.

ana uMTUPOBAHUA:

3anatamHos A.A., KameHos PY.,, Peuerko [1.C. iccnegosaHue BnnaHna CO2 Ha dopmmpoBaHme HaHopasMepHO CTPYKTYpPbl 1 GU3UKO-
MeXxaHu4eckre cBoncTBa 6eToHa // HaHoTexHonorum B ctpoutenbcTee. 2024. T.16, N° 3. C. 249-256. https://doi.org/10.15828/2075-
8545-2024-16-3-249-256. — EDN: DZJPZF.

BBEAEHUE

CCFO,Z[HH OIHUM W3 MUPOBBIX TPEHIIOB, HATIPABJICH-
HBIX Ha TTOBBIIIICHUE YPOBHSI 3KM3HH U COXpaHCHNE
TUTAHETHI, SIBIISIETCS O0ph0da ¢ M3MEHEHHEM KJImMaTa
M €TO MOCJICACTBUSIMU, UTO TaKKe 0OYCIIOBIICHO 0OOJIb-
IIIMM BBI30BOM CTPAaTeTHM HAYYHO-TEXHOJIOTHIECKOTO
pasputust P® (Yka3s IIpesugenta PO ot 01.12.2016
No 642), cBsI3aHHBIM C MCTOIIEHKEM IIPUPOIHBIX pPe-
CYpPCOB U YXYAIIEHUEM DKOJIOTUH [1]. DTO HaIpsIMYyIO
CBSI3aHO C YTJICPOTHON HEUTPATBbHOCTHIO IIPOU3BO/I-
CTBEHHOU NIEeSITeILHOCTH M KOMITCHCAIeil BRIOPOCOB

© 3anatguHoB A.A., KameHos PY., Peuerko [.C., 2024

MPEIIPUSTUIA 32 CUET YIIEPOIHO-OTPULIATEIbHBIX IIPO-
€KTOB Y TEXHOJIOTUIA. BBIOPOCKI ITpearpusITUs pa3neisi-
10T Ha TPU KATETOPUU: IIPSIMbIE BBIOPOCHI ITPY IIPOM3BO/I -
CTBE; BEIOPOCHI, MOJIyYEHHBIE U3-3a IIOTPEeOICHMS SHEP-
rvu (yroipHas ctanumst, ADC, [DC u T.11.), 1 BEIOPOCHI,
[MOJIyYEHHBIE B TEUEHUE XU3HEHHOIO LIMKJIa TOBAPOB
(3aKymKa CHIpbsI, TOCTaBKa, XpaHeHUE, NCIIOJIb30BaHNCE,
yTUIM3alus 1 T.4.). JIBe MocaeqHnX KaTeropruu OTHO-
CATCS K KOCBEHHBIM BBIOPOCAM U TPEOYIOT CEphEe3HOM
CHCTEMHON MpOopabOTKU y4yeTa yIiIePOAHBIX €AUHUILI.
CTOUT OTMETUTD, YTO MepBasi KATeropusi, K KOTOPOi
OTHOCST ITAPHMKOBBIE ra3bl, CaMasi BeCoMasl M KOMIIa-
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HUM-TIPOU3BOIUTENIN HalleJIeHBI CETOIHSI Ha YMCHbB-
LIeHre UMEeHHO AaHHoii Kateropuu. [1pu stom 77,9%
B CTPYKTYpE BBIOPOCOB COCTaBJISIET dHepreTnka, 11,8% —
MIPOMBILUIEHHOCTh (IIPOM3BOACTBO), 5,7% — cellbcKoe
XO3SICTBO U 4,6% — OTXOMbL, a B CTPYKTYPE BbIOpACHIBA-
eMBbIX ra3oB nuokceus yrepona (CO,) cocrasiser 79,2%,
metan (CH,) — 14,5%, oxcun nnasora (N,0) — 4,2%,
ruapodropyriepoast (I'OY) — 1,9%, nepdropyriepo-
net (ITOY) u rexcadropun cepet (SF,) —no 0,1% [2].
Kax BunHo, nnokceun yriepona CO, uim yrieKucniora
B 00111eM 00beMe BHIOPOCOB 3aHMMAET OOJIBIIYIO YacTh
¥ 3TO 0e3 yueTa BTOPOCTEIIEHHBIX KaTeTOpHii, TO €CTh
cbop, XpaHeHNE 1 YTUIN3ALMS YIIICKUCIOTHI SIBIISICTCS
CErofHs aKTyaJIbHOM 3agadeil.

CoBpeMeHHBIC TEXHOJIOTUH TTO3BOJISIOT 3P (OEKTUBHO
yIIaBIUBATh BEIOPOCH U YIEPKUBATh B IFOOOM COCTO-
STHUM, HO TJIaBHOM 3amadeil IBISICTCS MX YTUIM3AIINS
¥ TIPUMEHEHIE B Pa3IMIHBIX OTPACIISIX, HAIIpUMep, B 13-
TOTOBJICHUU CPEICTB TYIICHUS IToXapa, XJIamareHTa,
KaJIbIIMHUPOBAHHOM COMBI, COJICH M T.A., OMHAKO 3TO
OYCHDb HE3HAYUTEIBHBIN 00heM MepepadbOTKH YIICKIUC-
soTel. [To3TOMY aKTyaabHOM 3amadeii IBIsIeTCS pa3pa-
00TKAa TEXHOJIOTUM YTWIN3AINN JTUOKCUIA YTICPOIa.

BeToH Kak OIMH 13 CaMbIX pacIpOCTPaHEHHBIX MaTe-
pPHUAJIOB B CTPOUTEIIBHOI MHAYCTPHUH 00IamaeT MPOIHO-
CTBIO, JOJITOBEUHOCTBIO M aMaIITUPYEMOCTBIO, UTO JeIacT
€r0 HEOThEeMJIEMOM YaCThI0 COBPEMEHHOTO CTPOUTEITb-
ctBa [3—13]. B 1aHHOM OTYeTe yUTeHBI KaK TPagUIIOH-
HBIC METOIBI U3TOTOBJICHUS O€TOHA, TaK I COBPEMCHHBIC
TEXHOJIOTWH, BKJII0Uast J0OaBKHA 1 IIPUMECH, CITOCO0-
CTBYIOIIINE YIIYYIIICHHUIO €T0 CBOMCTB 1 YIIYUIIICHUIO TPe-
00BaHUIi, KOTOPBIM OETOH JOJKEH COOTBETCTBOBATD.

OcHOBHBIE TPeOOBAaHMSI TP U3TOTOBJICHNH OCTOHA:

1. 'maBHOI1 1IeJIbIO TIPOLIecca U3TOTOBJICHUSI OeTOHA
SIBIISICTCST CO3IaHME MaTepHaa ¢ ONTHUMAIbHOM TIpod-
HOCTBIO U IOJITOBEYHOCTHIO, CITOCOOHOTO BBIICPXKUBATH
Harpy3KH1 B YCIIOBUAX 9KCILTyaTalllH.

2. [Iporiecc TOKEeH COOTBETCTBOBAThH CTPOTUM CTaH-
JapTaM 1 HOpMaTWUBaM, YCTAHOBJICHHBIM B CTPOUTEIIb-
HOW MHIYCTPUH, YTOOBI 00ECTICUNTh O€30ITaCHOCTD, Ha-
JIEKHOCTh 1 Ka9eCTBO KOHCTPYKIINIA.

3. Jlo3aupoBaHME KaXI0ro KOMITOHEHTA JTOJDKHO OBITH
TOYHBIM M COOTBETCTBOBATH YCTAHOBJICHHBIM IIPOIIOP-
UM, 9TOOBI 00ECIICYNUTh ONTUMANIbHEBIC (PU3MIEeCKIE
¥ XMMHWYECKHE CBOMCTBA OCTOHHOI CMECH.

4. BeToH MOKEeH HAXOIAUTHCS IO OTIPEeIeICHHBIMU
YCIIOBUSIMHU TEMIIEPATypPhl U BIAXKHOCTH BO BpeMsI CXBa-
TBHIBAaHUS W 3aTBEPACBAHUS, YTOOBI 00ECIICUYNTH OMITHU-
MaJIbHBIC CBOIICTBA MaTepHraJa.

CobmogeHne yKa3aHHBIX Iejieil 1 TpeboBaHMit
B IIPOIIECCE M3TOTOBJICHUS OETOHA SIBJISIETCS KITFOUeBBIM
ACIIEKTOM [IJIST CO3MaHMSI KAYeCTBEHHOTO M HAIIEsKHOTO
CTPOUTEIIFHOTO MaTepHaia, CIIOCOOHOTO YIOBICTBOPUTh
TOTPEeOHOCTH Pa3HOOOPA3HBIX ITPOCKTOB U 00ECTICUNTh
WX JOJITOBEYHOCTb.

JIns1 mocTUXKeHUs BbllLIeyKa3aHHBIX TPEOOBAHUIMA TTpo-
11eCC M3roTOBJEHUsI OeTOHA HAUMHAETCS ¢ TIIATEJbHO
Moa0OPAHHOTO U JO3UPOBAHHOTO ChIPhSI 1 MaTEPUAJIOB.
KauecTBo 1 xapakKTepruCTUKM KaxKI0T0 KOMITIOHEHTA Chl-
rpaloT pelawliyio pojib B POpMUPOBAHUN KOHEUHBIX
CBOICTB OETOHHOI CMECH.

ITo TOCT 27006-86 «beToHBI» ITOJ00paH COCTaB
KOMITOHEHTOB 0€TOHA, BKJIIOYAIOLIMM 1IEMEHT, MEeCOK,
mebeHb ¥ Boay B cootHomrenuu 1:1,9:3,7:0,5 cooTBeT-
CTBeHHO. JIaHHBII cTaHAAPT NOMYCKAaeT Ha OCHOBE BU-
3yaJIbHOTO KOHTPOJISI BHOCUTh U3BMEHEHUS B KOJIMUECTBE
OT OO3WPOBAHHOM BOOBI, TO3TOMY U JAJIbHEUIIIEH pa-
0OOTBI BKCTIEPUMEHTAIbHBIM METOIOM ObLIO OTpeseie-
HO CJIeAyIoNIee COOTHOIIEHE KOMITOHEHTOB OETOHHOM
cmecn 1:1,9:3,7:1.

[TpounsBozncTBO 11IeMeHTa Ha OcHOBE npuMmeHenus CO,
B Ka4eCTBE OJIHOTO U3 KOMITOHEHTOB PELICHITYPHI SIBJISIETCS
HOBOM 1 TIEPCTIEKTUBHOU TEXHOJIOTUEN, TTOKA EIIIE HE BHE-
NPEHHO! B MPOMBIIIIEHHOM MacllITabe, HO UMEIOIIeit
0O0JIbIION MOTEeHLIMAJ. YTJIIEKUCbIN Ta3 yJIaBIuBaeTCs
cpazy mocjie ero BbIOpoca, CXXMMaeTcsl B XKUJIKOCTb U 3a-
TE€M TPAHCIIOPTUPYETCS 10 TPYOOIIPOBOAY B XpaHUJIUILLIE
MpSIMO Ha MecTe TTPOou3BoICTBa beToHa [14, 15].

Ynpounenue 6etona npu nobasnenun CO, cBsasa-
HO C TIPOIIECCOM, Ha3hIBaeMbIM KapOOHU3ALMEIH. DTOT
MpoLecc MPeACTaBIsIeT COO0N XUMUYECKYIO PEAKIIUIO
Mexy nuokcuiom yrepona (CO,) v rugparamMu LieMeH-
Ta, o0pa3yoIIUMUCS TIpU 3aTBepaeBaHun 6etoHa. Kap-
OoHM3alMs TPUBOAUT K UBMEHEHUIO HAHOPA3MEPHOI
CTPYKTYpbI OETOHA, UTO B KOHEYHOM MTOTE TTOBBIIIAET
€ro MPOYHOCTb U AOJITOBEYHOCTb.

Korzma CO, npoHuKaeT B GETOH, OH pearupyer ¢ Tu-
aparom okcuna Kanbuus (Ca(OH),), Kotopblii sBiseTcs
MOOOYHBIM MPOAYKTOM TUIpaTalluu LieMeHTa. Pe3yib-
TaTOM BTOI peaKIU SIBJIsIeTCS oOpa3oBaHue KapOoHaTa
kanbuus (CaCoO,):

CQ(OH)Z +C02 —>CQC03 +H20 (1)

KapOoHat kanbuus sBisieTcst 60j1ee IJIOTHBIM U Me-
Hee pacTBOPUMBIM, UeM TUIpPAT OKCHUAA KaJIbLIUs, YTO
CIIOCOOCTBYET YIIPOYHEHUIO CTPYKTYPhl O€TOHA.

Ha nHanoypoBHe KapOoHU3aLMsl IPUBOAUT K U3MeE-
HEHUSIM B IOPUCTOM CTPYyKType OeToHa. ['mapaT okcuna
KaJIbLIMS 3aHUMAaeT OoJIbille 00beMa U UMeeT 0oJiee phIX-
JIYIO CTPYKTYPY, B TO BpeMsI KaK KapOoHAaT KaabLUsI 00-
Jagaet 0oJiee IIOTHOM U KOMITAKTHON KPUCTANIMYECKOM
peuretkoii. [1pu kapOoOHM3ALMK TTPOUCXOIUT 3aTIOTHE -
HUE ITOP U MUKPOTPEIIMH B OETOHE, YTO YMEHBIIIAET €rO
MOPUCTOCTh U TOBBIIIAET IVIOTHOCTb.

DTOT Ipoliecc TaKKe OKA3bIBAET BIMSHUE HA CTPYK-
Typy LIeMEHTHOT0 KamHsl. BeiencrBue oOpa3oBaHus Kap-
OoHaTa KaJlbliMsl HA HAHOYPOBHE YMEHbIIAEeTCsSI 00beM
MOp, YTO OTPAHUYMBACT JOCTYI BOJABI U IPYTUX ITOTEH-
LIMAJIbHO BPETHBIX aTeHTOB BHYTPb O€TOHA. DTO YMEHb-
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IIaeT CKOPOCTh Ierpagalliil MaTepraia 1 MOBBIIIACT €TO
JIOJITOBEYHOCTb.

Kpowme Toro, o6pazoBaHue kapOoHaTa KaJblMs MO-
JKET CITOCOOCTBOBATH CO3MAHUIO HOBBIX MUKPOCTPYK-
TYPHBIX CBI3€H MEXKIy YaCTUIIAMH IIEMEHTA. DTH CBSI3HN
VIIYYIIIaf0T OOIIYIO MEXaHMUECKYIO 1IeJIOCTHOCTh OETOHA,
Iientast ero 0oJiee YCTOMUYMBBIM K MEXaHUTIECKIUM HaTrpy3-
KaM 1 U3HOCY.

Ha ceromHsImHMIT 1eHb HECKOJIBKO CTpaH B MUpPE
aKTUBHO pa3BHBAIOT 3Ty TEXHOJIOTHIO. TaK, HaIIpuMep,
KaHanckas komnanust CarbonCure Technologies pa3pa-
00Tajia TeXHOJIOTHIO, TTO3BOJISIIOIIYIO BEIITYCKATh OETOH
¢ CO,, KOTOpBHIii BBOXUTCS KOHTPOJIUPYEMBIMH T03aMU
B CMECHTEIb, CHAOXKAIOIINI KaMHEe(OPMOBOIHYIO Ma-
mmHy. Korna CO, no6assieTcs K GETOHY BO BpeMs CMe-
IIMBaHMS, OH B3aMOICUCTBYET C BOIOI, 00pa30BEIBast
MOHBI KapOoHaTa, KOTOPHI OBICTPO B3aUMOICIHCTBYET
C MOHAMU KaJIbIINSI, BEICBOOOKIACMBIMU M3 IIEMCHTA,
YTO TIPUBOIUT K 00pa30BaHUIO MUHEPAJIOB KapOoHa-
Ta KaabLus (M3BECTHSIKA), (DOPMHUPYST HAHOCTPYKTYPY.
Kongepcus CO, B TBepaible MUHEPaJIbl KApOOHATA KaJlb-
s TIO3BOJISIET €MY CBSI3BIBAThCS B OCTOHE M HUKOTHA
He BBICBOOOXIAThCS 00paTHO B armocdepy [16—21],
TIpY 5TOM HaHOpa3MepHasl CTPYKTypa JaeT IOBHIIIICHIE
npouyHocTu 6etoHa. [TogoOHYI0 TEXHOIOTUIO TIPeIJIo-
KT aMepUKaHCKUe MHXKeHepsl u3 Solidia Technologies,
HO JUTSI OBICTPOCXBATHIBAIOIINXCS OETOHOB [24].

KoManma aMepnKaHCKHMX UcciemoBareseil u3 Jloc-
AHIXeIeca paboTaeT Hal YHUKAIBHBIM PEIICHHUEM,
3aKJTIOYAIOIIMMCS B CO3TAaHNU 3aMKHYTOTO IIpoIiecca,
BKJTIOUAIOIIETO 3aXBaT yIiepoaa Ha Tpydax 3JIeKTpo-
CTAaHIIMK U €TO MCIOIb30BaHUE TIPU CO3TAaHUN HOBO-
T0 CTPOMTEILHOIO MaTepHalia — YIJIeKMCI00eToHa
s 3D-tiedatu [22, 23]. COTpyIHUKM aMePUKAHCKOTO
Purdue University pa3paboTaayd TeXHOJOTHIO, TT03BO-
JISTIONIYIO0 OETOHHOM CMEeCH 3HAYNUTEIBHO CUJIBbHEE TT0-
rouatk CO, 3a CYET TMOKCH THTaHa, KOTOPbIA MpU
CMEIIIMBAHUN C pACTBOPOM OETOHA YMEHBIIIACT pa3Mep
MOJICKYJI THAPOKCHUIA KAJTBIINS, YTO YBETMINBACT 00BEM
TIOTJIONIAeMOTO YIJIEKMCIIOTO ra3a.

[Ipu MccnenoBaHUSIX YUCHBIX U3 SITOHCKOTO YHU-
BepcHUTETa pa3padoTaH IpoIlecc MOJydeHNs OeTOHa,
KOTOPBIN BO3IEIICTBYET HA OKPYKAIOIIYIO CPEIy Cpa3y
HECKOJIEKMMMU criocobaMu. HoBbIit MaTepralt mpon3Bo-
IUATCS M3 CTAPBIX OCTOHHBIX 00JIOMKOB, KOTOPBIC 9aCTO
BBIOPACBIBAIOTCS, UTO IIPOIJICBACT CPOK CIIYKOBI CTAPHIX
MaTepHaJioB, a MPOIECC IMIPOTEKAET IIpU 00JIce HU3KUX
Temneparypax, npu 3tom CO,, ¢ KOTOPBIM OH CMEIIH-
BacTCsI, MOXET OBITh TIOJIyUEH KaK M3 IIPOMBIIIJICHHBIX
BBIXJIOITOB, TaK W TIPSIMO M3 Bo3ayxa [25—27].

[To pe3ynbTaTaM MCCIEIOBAHUIA PAa3IMUHBIX YICHBIX
MOXHO CIIeJIaTh BBIBOI O TOM, UTO yJaBJIMBaHUE U UC-
nonb3oBanue CO, B IPOU3BOICTBE GETOHA UMEET 6OJIb-
IIIOM TTOTEHIINAJ TSI COKPAIIICHUS BELIOPOCOB ITAPHUKO-
BBIX Ta30B U CO3MAHUS SKOJIOTUUECKHN YUCTBIX CTPOU-

TeJIbHBIX MaTepUasoB. HOBbIE TEXHOJIOTHUN TTO3BOJISIOT
HE TOJIBKO CHU3WUTH HETATUBHOE BO3IEHCTBIE HA OKPY-
JKaIOIIYIO CPey, HO 1 TIOBBICUTEL Ka4eCTBO M IIPOYHOCTh
6eroHa. I1o HEKOTOPBIM TaHHBIM, TTOIOOHBIE TEXHOIOTUN
THO3BOJIAIOT YMEHBIIUTD BHIOpock! CO, 10 30% 1 1oBbI-
CHTBH MPOYHOCTH NpuMepHO Ha 10—19% 110 cpaBHEHNIO
C KJIaCCMY€eCKOI TexHosoruei. IToBbIIeHe IPOYHOCTH
Ha CXXaTHe TAKXKE IMO3BOJISIET IIPOU3BOIUTENSIM OIITUMU-
3MPOBATh UX CMECU YMEHBIIIEHNEM KOJIMYECTBA LIEMEH -
Ta TIpY COXpaHEHUM (PU3NKO-MEXaHUYECKUX CBOWCTB.
B cpenHeM, mpon3BOAUTEIM TOTOBOTO CMEIIAHHOTO Oe-
TOHA MOTYT YMEHBIIIUTH KOJMYECTBO LiIeMeHTa Ha 5—8%,
HO TJIAaBHOM TTPOOIEMOI CETOMHS SIBJISIETCS CO3IaHNE
YCTaHOBKM TS TIOITOTOBKY CMECH C COZ.

Bmusinue npumenenust CO, B Ipon3BoaCTBe GeToHa,
B YaCTHOCTH, Ha N3MEHEHNE CBOVICTB CMECH, TPeOYET MC-
CJIeOBaHMI, KOTOPBIE BO3MOXKHBI TOJBKO TIPU CO3IaHUNA
CreraabHON YCTAaHOBKY I CMEIIMBAHMS LIEMEHTA,
IeCKa, BOJBI M YIVIEKKCIIOTO ra3a B KMIKOM COCTOSTHUH.
Ha cerogHsIHmii 1eHb HE CYIECTBYET ITOTOOHBIX yCTa-
HOBOK, TIO3TOMY 3ajad4aMi JaHHOU pabOThI SBJISTIOTCS
MMPOEKTUPOBAHKE Y N3TOTOBJIEHUE YCTAHOBKU TSI TTOJTY-
yeHHUs OETOHHOIIEPEMEIIMBAIOIIEA CMECH, TTOJTydeHrE
OETOHHOI CMECH PAa3IMYHBIX PELIETITYP U NCCIIETOBAHNE
X QU3NKO-MEXaHMYECKIX CBOVICTB.

METOAbl U MATEPUAJDbI

B cermeHTe GeTOHOIIEpEeMEIIMBAIOIINX YCTPOMCTB
HE CYIIeCTBYeT 00OPYIOBaHMSI, CITOCOOHOTO IepeMeIIT-
BaTh OETOHHYIO CMECh ITOJT JaBJIEHNEM, ITO3TOMY Ha OC-
HOBE BEIOPAaHHOTO METOMIA IIPOM3BOICTBA pa3paboTaHa
KOHCTPYKIIMST OETOHOMEIIAIKH 110 cxeme (puc. 1).

BerornoMemnanka s MOJIYYCHUSI CMECH IO JaB-
JICHUEM TIPEICTaBIISICT CO00i eMKOCTD M3 CTAJIN B BHUIIEC
ITMHIpa 00heMOM 25 I, KOTopasl pacCUrTaHa IJIs pa-
60ThI o gaBiieHueM 1o 70 atM. BHYTpU ycTaHOBIEHBI
IIBYXYPOBHEBBIC JIOITACTH JIJIsI TIepEeMEIIMBAaHIS OCTOH-
HO# cMeCH, KOTOPBIE COCIMHEHBI C BaJIOM IBUTATEIIS.
EMKOCTB ycTaHOBJIEHA Ha TTOBOPOTHOM OCHOBAHUH, YTO
IIPY 3KCIUTyaTalluY TTIO3BOJIUT HAKJIOHSTH TaHHYIO KOH-
CTPYKIIMIO BMECTE C IBUTATEJICM JIJIST U3BIICUCHUS CMECH.
CHapyX1 eMKOCTHA UMEIOTCSI OTBEPCTHUSI C pe3b00it IS
JMATYNKOB, KPAaHOB U 3aTTYIIKH.

B pe3ynbpTaTe IpoeKTUPOBAHMS U pa3pabOTKI U3T0-
TOBJIEHO OETOHONEpPEMEIIMBaIOIIee YCTPONCTBO, pabo-
TafoIIee oI JaBiieHreM (puc. 2). YcTaHOBKA CITOCOOHA
MPOBOAUTHL 3aMeChbl OETOHA B HEOOXOAUMOM OObEME,
KOTOpBHIN cocTaBisgeT 30 KT CyX0il CMECH.

711 mpoBeaeHUS NCCIeOBAHUI NCIIOIb30BAINCH
JIBe OCHOBHBIC (DOPMBI JIJIST M3TOTOBJICHUST KOHTPOJIBHBIX
00pa31oB O0eToHa:

1. KBanpatusie popmbl co croponamu 100x 100X
100 mm: DT (popMBI IpeagHA3HAYEHBI JIJTS OTIpeesie-
HHS TIPOYHOCTH OETOHA TIpU CxKaThu. JlaHHBII pa3zmep
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4
5

Puc. 1. KoHcTpyKnus 6e TOHOMEIIAIKH 11l OJTydeHHsT
cMecH Noj AaBjieHnneM: 1 — KphIliKa, MPUKPeIUIsSIoNa-
SICSI K EeMKOCTH C TIOMOIIIBIO ITTU(MTOB; 2 — eMKOCTb

B hopMe IUIMHAPA; 3 — JIONACTU (ABYXYPOBHEBHIE);
4 — nBUTATENb; 5 — OTBEPCTUS MO IITUMTHI IJIs CO-
€IMHEHMS KPBIIIKYA U eMKOCTHU Yepe3 MaHXKeTy,

6 — KpaH, COeIMHSIIONINI ¢ BAKYyM-HacoCoM; 7 — Ba-
KyyM-Hacoc; 8§ — MaHOMeTp; 9 — KpaH 11 mogayu
Bozbl, HackieHHo# CO,; 10 — 3aryiika

TIO3BOJISET MOJIYIaTh 00pa3IIbl, COOTBETCTBYIOIIME CTaH-
JapTaM VCIIBITAHWI 1 00eCIIeYNBAOIIE OMHOPOTHOCTh
pe3yIIbTaTOB.

2. IlpsmoyroJibHbie opmbl co cToporamu 70 %70 X
280 MM. DT (DOPMBI HCITOIB3YIOTCS VTSI OTIPEACIICHIUS
npouHocTy 6eToHa npu uzrnde. Mx pasmep odbecrneurBa-
€T MPaBUJIbHOE pacIipeie/icHIe HATIPSKEHUI BO BpeMs
HWCIBITAHUI 1 TI03BOJISICT TOYHO OIPEIEIUTD IIPOYHOCT-
HBIC XapaKTePUCTUKH MaTepHaa.

Bce ¢popmbl mist 06pa3iioB ObUIN TTOA0OPaHBI B COOT-
BeTcTBUY ¢ TpeboBanmsiMu TOCT 10180-2012 [28], uTo
TapaHTUPYeT TOYHOCTh U COTIOCTABUMOCTb ITOTYICHHBIX
pe3yIIbTaTOB.

Mpouecc nsrotoeneHus o6pasuyos

[Ipor1iecc M3roTOBICHNST KOHTPOJIBHBIX 00pa3IoB Oc-
TOHA BKJTIOYAJI HECKOJIBKO 3TAroB, KOTOPBIC 00eCTICUr-

Puc. 2. Beronomemasnka 115l OJy4eHHSI CMeCH
MOJ JABJICHHEM

BaJI TOYHOCTh JO3MPOBAHUSI KOMIIOHEHTOB, KAUECTBEH-
HOE€ CMEILIMBAHKME U MPaBUIbHOE BBEACHME AMOKCUIA
yriepoaa. DT 3TaIlbl OMUCAHbBI HIXE:

1. IToaroroBka 1 mpoBepKa 000PyIOBAHMS

Ilepen HauamoM pabOTHI Bce 000pYAOBaHUE, BKIIOYAS
GeToHOMENIAJIKY, (DOPMBI 1JIs1 00Pa3LOB M UHCTPYMEHThI
JUTSL U3MEPEHUST KOMIIOHEHTOB, ObUIO TIIATEIbLHO IIPO-
BEPEHO Ha IPEAMET YUCTOThI U pabOTOCIIOCOOHOCTH.
DTO MO3BOJISIET U30€KATh 3arpsSI3HEHMSI CMECU U 00€e-
CIIeYMBAaeT TOYHOCTb U3MEPEHMIA.

2. PacyeT KoJIM4ecTBAa KOMIIOHEHTOB

KoauuecTBO LIeMeHTa, MeCKa, BOALI U JUOKCUIA
yIjIepoaa PacCUUThIBAIIOCHh B COOTBETCTBUHU C 3apaHee
YCTAHOBJIEHHBIMU IIPOITOPLUSIMU. DTO TapaHTUPYET,
4yTO BCe 00pa3ibl OYAYyT M3TOTOBJICHBI U3 OMHOM U TOI
K€ CMECH, YTO BAXKHO JJISI COITIOCTABUMOCTHU PE3YJIbTATOB
HUCTIBITAHUIA.

3. 3arpy3Ka KOMIIOHEHTOB B 0€TOHOMEIIAJIKY

B GeToHOMeIIAJIKY 3arpyKallCh IIPeABAPUTEIbLHO
B3BEILIEHHBIE MOPLIMU LIEMEHTA U IecKa. DTH KOMIIO-
HEHTHI IIEPEMEIIMBAINCH B TEUEHUE OIPEAEICHHOIO
BPEMEHMU JIIST JOCTUXKEHUSI OMHOPOIHOCTH CYXOil CMECH.

4. TobaBeHHe pacyeTHOTO KOJINYECTBA BOIBI

[Tocrne nepeMenIMBaHUs CyXUX KOMIIOHEHTOB B 0€TO-
HOMEIIAJIKY 100aBJISIIOCh PACUETHOE KOJIMYECTBO BOIbI.
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Bona no6asmisizack mocTerneHHO, YTOOBI 130exXaTh 00-
pa30BaHUS KOMKOB M 00ECIICYNTh paBHOMEPHOE pac-
TpeaeaeHIe KUIKOCTH TI0 BCelt CMECH.

5. CmemmBaHue

CMech IIeMeHTa, TIeCKa 1 BOOBI IIEpeMeITnBaiach
B OETOHOMeETIIAJIKE IO TTOJTYICHUST OMHOPOIHOMN MACCHI.
BpeMs cMemmmBaHUS CTPOTO KOHTPOIMPOBAIOCH, UYTO-
OBI TapaHTHPOBATh PABHOMEPHOE pacIipeie/icHIe BcexX
KOMIIOHEHTOB.

6. 3akaJyka yrJIeKucJIoro rasa

IToce moCTIXeHNWST OMHOPOTHOCTA CMECH B OETO-
HOMEIIAJIKY 3aKaYNBaJIOCh PACUYCTHOE KOJIMIECTBO I~
okcuga yriepomna. [Ipoiiecc 3aKauKy TTPOBOIMIICS IO
JaBJIE€HUEM, YTO 1103B0JIsAI0 CO, pABHOMEPHO pacripe-
IEJISITBCS 110 BCel Macce 0eTOHA M B3aMMOIEICTBOBATh
C KOMITOHEHTaMHU CMECH.

7. OKoHYaTEIbHOE CMEIINBAHNE

ITocne 3akayky AUOKCHUIA YIJIepoma cMeCh CHOBA
TepeMeIIiBaiach B TCUCHUE OTIPEICICHHOTO BpeMEHM.
D10 00€CIIEYNBAIIO MTOJTHOE B3aMMOIENICTBUE CO2 C KOM-
TIOHEHTaMHU 0€TOHA 1 CIIOCOOCTBOBAIO (hOPMUPOBAHHIO
HaHOPa3MEPHOU CTPYKTYPHI.

8. 3a;imBka rotoBoro 6erona B (hopmbl

l'oToBast 6eToOHHAsI CMeCh 3aIMBaIach B IIOATOTOB-
JIeHHBIC (OPMBI. JIJIST 3TOTO MCTIOIB30BAINChH CITCIIN-
aJIbHBIC MHCTPYMEHTBI, 00CCIICUNBAIOIINE PABHOMEPHOE
3anojHeHue ¢popmM 0e3 00pa3oBaHUS ITyCTOT U BO3MYIII-
HBIX KAPMAaHOB.

HcrmeITanne MorydeHHBIX 00pa3iioB IIPOBOIIIIOCH
Ha ycraHoBke MATEST E161-03N (aBTOMaTU4eCKUiA
IBYXIMAIa30HHBIN UCITBITATeIBHBIIN TIPecc) IS M3Mepe-
HUS TIPOYHOCTH LIEMEHTHOTO KaMHSI Ha CXXaTHe 1 U3THO.
B Ta61. 1 mpuBeneHbl pe3yabTaThl UCIIBITAHNUN OETOHHBIX
00pas10B NpU CXKATUU U U3ruode.

Tabauya 1

CremyeT OTMETUTb, YTO 6 3aMeC SIBJISIETCS. CTaHAApT-
HBIM, T.€. TIepeMeIlIMBaHNE TIPON3BOAMIIOCH B BO3MYIITHOM
cpene. 3amecHl 8, 9, 10 mepeMenIMBaINCh TIPU Pa3HBIX
nasneHusax CO,, B JaHHBIX 3aMecax MpH yBETUYEHUN
TTaBJICHUS 3aKaYKU Ta3a CMECh Ha BBIXOJE MOJIyJalach
CyXOi1 1 OBUIO TIPUHATO peleHne B 3amecax 11, 121 13
YBEJIMYNUTH 00BbEM 100aBIIsIeMOit Boabl Ha 5%. B 3amecax
14, 15, 16 yBennumiIn BpeMs ITepeMEIIMBAHUS, YTOOBI
Y3HATh, TTIOBJIMSICT JIX BpeMs TepeMeIINBaHUS Ha TIPOY-
HOCTHBIC XapaKTepUCTUKI OETOHA, TAHHBIC 3aMEChI TAKKE
NePEMEIIMBAIMCH PK pa3HbIX AaBieHusax CO,

Pe3ynbraThl aKcIieprMeHTa IPUBEICHBI Ha puc. 3 1 4.

OBCYXAEHUE

Pe3ynbTaThl 9KCIIepMMeEHTA ITOKa3aau, 4To JaBJie-
Hue CO, BIMAET Ha IPOYHOCTHBIE XapaKTEPUCTUKH
OETOHHOTO pacTBOpa. YBelmdeHue nasieHus 1o 10 aT-
Mocdep MPUBOINUT K HAMOOJIbIIIEMY YIYUIIEHHUIO TTPOY-
Hoctu. OgHako Tpu masieHnn 20 atMocdep U BHINIE
MPOYHOCTHBIE XapaKTEPUCTUKN HAYMHAIOT YXYIIIAThCS.
JIOTIOJTHUTETBHO BBISIBJIIEHO, UTO YBeJIWYEeHNE 00beMa
nmobaBisieMoi Boasl Ha 5% B 3amecax 5, 6 1 7 IpUBOINAT
K YXYIIIEHHUIO TIPOYHOCTHBIX XapaKTepucTuK. Kpome
TOTO, YBEeITMYECHNE BpeMEHH TIepeMelIBaHus B 3aMecax
8, 9 1 10 TakKe IEMOHCTPUPYET HEKOTOPOE YMEHbIIIE-
HUE MPOYHOCTU OETOHA. DTU Pe3yIbTAThI TTO3BOJISIOT
clesaTh BBIBOI, 4TO KOHTPOIb naBieHus CO,, oobeMa
BOJIBI M BpeMEHU NepeMEIIMBaHUS IBJISIOTCS BAXKHBIMU
daxkTOopaMu, KOTOPbIE MOTYT BJIIMSITh HAa TIPOYHOCTHEIE
CBOIcTBA OETOHHOTO pacTBopa. JlanbHelilee ucciaeno-
BaHVE U ONTUMU3ALMS TUX MapaMeTPOB MOTYT MPU-
BECTH K CO3JaHUNIO O0Jjiee TPOYHOro U CTabMIILHOTO
OeToHa.

Pe3yJI]>TaT]>l HCIBITAHUSA 0€TOHHBIX 06pa3uon IpH C2KATHU U H3ruoe

3amec O0bem BoIbI, J Bpems, mun Hasaesme CO,, Cpompad nposHocTs, K12
C LS Ha CXKaTHe, 0, Ha M3rU0, 0,
1 3,9 5 0 52,40 1,65
2 3,9 5 10 58,43 1,74
3 3,9 5 20 35,65 1,03
4 3,9 5 30 51,25 1,18
5 4,1 5 10 47,66 1,52
6 4,1 5 20 27,56 1,00
7 4,1 5 30 34,16 1,03
8 4,1 10 10 25,36 0,86
9 4,1 10 20 6,95 0,16
10 4,1 10 30 14,35 0,45
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Puc. 4. Pe3yabTaTsl HCIBITAHUIA 00PA30B HA H3THO

BaxxHO OTMETUTH, YTO B JaHHOM HUCCIEIOBAaHUN
TMPOYHOCTHBIE XapaKTePUCTUKU OILIEHUBAJICH TOJIBKO
Ha OCHOBE Pe3yJIbTaTOB MCITBITAHMS Ha CXKaTHE U U3-
ru6. J1s1 6osiee MOJHOTO ¥ TOYHOTO aHaIM3a CIeayeT
MOTIOJTHUTEIBHO TIPOBECTH MCCICIOBAaHUS Ha APYTrue
BUIBI HATPY30K, TaKMe KaK PacTSIKEHUE W PACcCIOCHHE,
a TakKKe YBEJIWUMUTH JaBJICHUE, TaK KakK 1Mo puc. 3 u 4
BUIEH POCT IMTPOYHOCTHBIX XapaKTEPUCTHUK.

B 1e1oM, pe3yiabTaThl JAHHOTO SKCIIEPUMEHTA T10-
3BOJISIOT C/IENATh BBIBOM O BivsiHuM daBjieHus CO,, 00b-
eMa BOJIBI ¥ BpeMeHU TiepeMeITMBaHNS Ha IIPOYHOCTHBIE

XapaKTepUCTUKN OETOHHOTO pacTtBopa. JdampHelimme
HCCIICIOBAHNS W ONITUMU3AIMS 3TUX (PAKTOPOB MOTYT
ITOMOYb pa3paboTaTh 00jee 3(PPEKTUBHBIC W TTPOUYHBIC
KOMITO3UIINN OETOHA, UYTO TTO3BOJIUT CHU3UTH PACXOIbI
IIEeMEHTA Ha TIPOM3BOICTBO U3ICIIHIA.

3AKNIOYEHUE
006112 11e)Th MEXKIYHAPOIHOTO COOOIIIECTBAa IO CO-

Kpalni€HHIO BbI6pOCOB ITapHMWKOBBIX I'a30B TaAKXKE CITO-
CO6CTByeT Pa3BUTHIO TEXHOJIOTUIA YJ1aBJIMBaHUA U XpaHC-
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Hus CO,. CoBMeCTHBIE IEHCTBUA MHOXECTBA CTPaH Ha-
NpaBJIeHbl Ha coKpaluenue Beiopocos CO, x 2050 roxy,
YTO JIeJIaeT TaKe MHHOBAIIMOHHBIC TTOIXOMBI B TIPOM3-
BOJICTBE OeTOHA ellle OoJsiee aKTyaalbHBIMU. YJIaBiIuBa-
Hue u xpanenue CO, B mpolecce Mpou3BoACTBa OETOHA
TIPEICTABIISIIOT COOOM TTEPCTIICKTUBHYIO 1 BAXKHYO TEXHO-
JIOTHIO, CTIOCOOHYIO CHU3UTH HETaTUBHOE BO3ICUCTBIC
3TOTO ITAPHUKOBOTO Ta3a Ha OKPYKAIOIIYIO CPEIy U 10-
CTHYh OO0JIee YCTOMIMBOTO M 9KOOE30IIaCHOTO CTPOU-
TEJTbCTBA.

B pamkax pa3pabGoTKu ¥ U3roToOBJIEHUSI OETOHOME -
IIaJIKW OBI1a pa3paboTaHa KOHCTPYKIUS, COCTOSIIAS
U3 eMKOCTU B hopMe UWJIMHAPA, JTOMMACTeN JJIsl epe-
MEIIMBaHUS OCTOHHOM CMeCH, IBUTATENST M JOTIOTHU -
TeJbHBIX IeTajcii. Bce KOMITOHEHTHI OBUTH BKITIOUCHBI
B YepTEXKM, KOTOPHIC CITYKIJIA OCHOBOI TSI U3TOTOBIIC-
HUSI 000pyIOBaHUS.

Pa3paboTka 1 M3roToBIcHIE OCTOHA SIBIISIETCS CIIOXK-
HBIM U OTBETCTBEHHBIM IIPOIIECCOM, KOTOPBIN TpeOyeT
COOITIOIEHNSI CTPOTHUX TPEOOBAHU, TIIATETLHOTO KOH-
TPOJISI ¥ MCTIOJIB30BAaHMS IIPABUIIBHOTO 000PYIOBaHUS.
OnTuMur3anus IIporecca N3roTOBICHUST OETOHA B CO-
OTBETCTBUM C 3aJaHHBIMU TPEOOBAHUSIMHU U pacyeTa-
MU KOMITOHCHTOB TTO3BOJISICT ITOJYINTh KaueCTBCHHBII
W HaJIeXHBIN IIPOAYKT.

B xone ncnibiTaHnit 66 TOHHBIX 00Pa3L0B IIPOBEACHO
n3MepeHHne U olleHKa IpoyHocTH 110 00pa3moB mmpu
cXaTUU 1 U3rnoe. Pe3yrbTaThl MoKas3anm, 94To JaBJIcHUE
CO, 1 00beM BOIbI UMEIOT BIMSHUE HAa (DOPMUPOBAHKE

CMUCOK NCTOYHUKOB

HaHOpa3MePHOI CTPYKTYPHI U IIPOYHOCTHBIC XapaKTepH-
CTHKM OETOHHOTO pacTBopa. YBenuuenue nasienus CO,
1o 10 atMocdep TIPUBOIUT K YIYYIICHUIO TIPOYHOCTH,
Ho nipu maBiaeHUM 20 aTMocdep MTPOYHOCTh HAUMHAET
yxynmatbes. Ilpu gaBnenun 30 atmocdep IIPOYHOCTH
3aMETHO YBEJTMUMBACTCS OTHOCUTEIIBHO 3aMeca, IIPOBO-
numoro Tipu gasiaenun 20 atmocdep. YBeandeHnue o0b-
eMa q00aBJIsieMOl BoAbI Ha 5% He IMOKa3ajiu 3aMETHOTO
pocTa IPOYHOCTH. YBEIMUCHUE BPeMEHU TIePEeMETIIIH -
BaHUS TaK3Ke HE ITOKA3aJI0 CYIIECTBEHHOTO YIIyUIICHUS
IIPOYHOCTH.

Kap6onusanmsa 6etoHa — a(ppeKTUBHAS U COBpE-
MCHHas TEXHOJIOTHS, coucTaiomas B cebe TeKyIIne
HYXIBI U TPpeOOBaHMSI OCTOHHON IMPOMBIIIJICHHOCTH,
TTO3BOJISIOIIAS TIOJTYyIaTh O0JIee KaUeCTBEeHHBIC M3IEIHSI,
SKOHOMMIO IIeMEHTa M SHEPTeTUIECKUX PECYypPCOB M B
TO X€ BpeMsI COBMeEIAlomasi B ceo¢ yTUIN3AIUIO OT-
XOHOB OT CXKUTAHUS TBEPAOTO TOIUIMBA, TPMHIUMAOIIIAS
MIPSIMOE yIaCTHE B PEIICHUHN SKOJOTHMUCCKHX IIPO0IeM
TUTAHETHI.

Hcnonbsoanue CO, B IpoM3BOACTBE G€TOHA MTpe-
CTaBJISIET COOO1 IMTePCIIEKTUBHYIO TEXHOJIOTHIO, CITOCO0-
HYIO HE TOJIbKO CHU3UTD YIJICPOIHBIN CJIeT CTPOUTEIb-
HBIX MaTepHaIoB, HO 1 YIIYUIINTh NX (DU3UKO-MeXaHIe-
CKIe CBOMCTBa 3a cueT (popMUPOBAHUS HAHOPA3MEPHOM
CTPYKTYpHI. JaabHeIe ucciaeToBaHus U ONITUMM3a-
LIVST TTapaMeTPOB CMEIITMBAHUS TTO3BOJIAT CO3IaTh OoJIee
IIPOYHBIC W CTAOMJIbHBIC OCTOHHBIC CMECH, UTO BaKHO
IIJIST YCTOMIMBOTO Pa3BUTHS CTPOUTEIIBHON MHIYCTPHUU.
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ABSTRACT

Introduction. As nanotechnology continues to evolve and its industrial applications expand, the need for effective data manage-
ment, analysis, and dissemination is becoming more urgent. Management analytics has emerged as a critical new interdisciplinary
field in current business environments, enabling organizations to leverage data-driven insights for informed decision-making and
strategic planning. Methods and materials. This study reviews and analyzes research in the interdisciplinary field of management
analytics for the period from 2021 to 2023. To conduct bibliometric analysis, data from various sources were used, including aca-
demic publications, monographs, reviews, reports, etc. Through a systematic review of the relevant literature, this study aims to
provide insight into key topics, methodologies and outcomes in the field of management analytics, as well as to identify directions
for future research directions. Results: according to the results of the analysis, it was found that the main source of articles in this
area is the Journal of Management Analytics. The total number of publications on this topic for the period amounted to 83 units,
the total number of citations for a certain time period has been increasing. The leading countries in terms of the number of citations
of academic articles on the topic under study are the United States, India and China. Discussion. So far, the interdisciplinary field
of management analytics has not been widely discussed in academic circles. However, leading countries in the world in terms of
the number of academic articles and citations are at the forefront of this emerging field. This should be taken into account espe-
cially in the development of the nanosystems and nanomaterials industry, which is one of the priority areas for the development
of science and technology, where management analytics technologies will be in demand and can provide competitive advantages
to companies. Conclusion. The importance of the new interdisciplinary field of management analytics will continue to grow.
In the course of the study, it was found that this emerging field has been increasing its popularity and it could be an effective tool
for organizations in the nearest fu-ture.

KEYWORDS: management analytics, interdisciplinary field, bibliometric analysis, nanotechnologies.
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INTRODUCTION

In the rapidly evolving landscape of modern business,
the integration of data-driven methodologies with
strategic management practices has become increasingly
vital (1, 2). This fusion has given rise to the field of man-
agement analytics, which harnesses the power of data
analytics, statistical modeling, and business intelligence
to inform managerial decision-making and drive organi-
zational success (3, 4). The processes of convergence, that
is, the convergence of previously unrelated sciences, are
becoming increasingly important in our time, achieve-

© LuY.,, Ivanov L.A., Wang F,, Pisarenko Zh.V., Ye C., 2024

ments in certain fields are based on advanced research in
other fields and are applicable to them. This is especially
important for implementation and use in making manage-
ment decisions in industries where innovative areas are
used, such as nanotechnology.

As businesses generate vast amounts of data across
various processes and functions, the need for advanced
analytical methods to extract actionable insights has never
been more pressing (5, 6, 7, 8). Management analytics
offers a systematic approach to analyze and interpret this
data, enabling organizations to optimize their operations,
enhance performance, and gain a competitive edge in
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today’s dynamic market environment (9). For countries
with transitive economies, Management analytics plays a
special role, as it allows you to process a lot of data with
greater speed and accuracy and make the right manage-
ment decisions, which ultimately increases the competi-
tiveness of domestic companies.

The field of management analytics encompasses a di-
verse array of approaches, including descriptive analyt-
ics, which focuses on summarizing historical data to
identify patterns and trends; predictive analytics, which
leverages statistical techniques and machine learning
algorithms to forecast future outcomes (10, 11, 12,13);
and prescriptive analytics, which provides recommen-
dations for decision-making based on optimization and
simulation models. By leveraging these analytical tools
and techniques, organizations can gain valuable insights
into their business processes, customer behavior, mar-
ket trends, and competitive landscape, enabling them
to make informed decisions and drive business growth
(14, 15, 16, 17).

Despite the growing importance of management
analytics, there remains a need for comprehensive litera-
ture analysis to understand the current state of research,
identify emerging trends, and uncover gaps in existing
knowledge. This bibliographic analysis aims to address
these needs by synthesizing and analyzing the existing
literature on management analytics. By systematically
reviewing the relevant literature, this study seeks to pro-
vide insights into the key themes, methodologies, and
findings in the field of management analytics, as well as
to offer recommendations for future research directions.
Through this analysis, we aim to contribute to the ongo-
ing dialogue and advancement of knowledge in the field
of management analytics.

The structure of the paper is as follows. Section 2 de-
picted the current status of management analytics. Sec-
tion 3 introduced the method used. Section 4 illustrates
the descriptive analyses. Section 5 explores the network
analyses. Section 6 offers the discussions. Section 7 is
the conclusion.

THE CURRENT STATUS OF MANAGEMENT ANALYTICS

The current status of management analytics reflects a
dynamic landscape shaped by the increasing adoption of
data-driven decision-making across various industries
and sectors. Organizations are leveraging advanced ana-
Iytics tools and techniques to extract actionable insights
from vast and diverse datasets, with the aim of enhanc-
ing operational efficiency, driving innovation, and gain-
ing a competitive edge in the market (18, 19, 20).

One prominent trend in the current status of manage-
ment analytics is the proliferation of big data and analytics
technologies. With the exponential growth of data gener-
ated by digital technologies, organizations are investing

heavily in data infrastructure, analytics platforms, and
talent to harness the potential of big data for strategic
decision-making (21, 22). This includes the adoption of
cloud-based analytics solutions, machine learning al-
gorithms, and artificial intelligence (Al) capabilities to
analyze and interpret large volumes of structured and
unstructured data (23, 24, 25).

Another key aspect of the current status of man-
agement analytics is the integration of analytics into
core business functions and processes. Analytics is no
longer confined to specialized departments or roles but
is increasingly embedded into day-to-day operations
across all levels of the organization. This integration
enables real time monitoring, predictive modeling,
and prescriptive recommendations to drive informed
decision making and strategic planning (26, 27). Such
integration is particularly important for organizations
implementing innovative nanotechnologies in a variety
of industries. For example, in medicine, nanotechnol-
ogy and management analytics technologies, which use
large data sets, can combine to create therapies that can
be precisely tailored to the individual needs of patients.
Decision-making is based on better and more accurate
patient data through the development of low-cost, pas-
sive, intelligent sensor devices based on nanotechno-
logy (28).

Moreover, the current status of management analytics
underscores the importance of data governance, privacy,
and ethics. As organizations collect and analyze sensi-
tive data, there is a growing emphasis on ensuring data
security, compliance with regulations such as General
Data Protection Regulation (GDPR), and ethical use
of data (29, 30). This includes implementing robust data
governance frameworks, establishing clear data privacy
policies, and fostering a culture of responsible data stew-
ardship within the organization (31, 32).

Overall, the current status of management analytics
is characterized by rapid advancements in technology,
evolving organizational practices, and an increasing rec-
ognition of the transformative potential of data-driven
decision-making. As organizations continue to embrace
analytics as a strategic imperative, the field of manage-
ment analytics is poised for further growth and innovation
in the years to come.

METHODOLOGY

Bibliometrics is a discipline that utilizes mathematical
and statistical methods to quantitatively analyze detailed
information from books and other communication media.
Techniques, such as bibliographic coupling, co-citation
analysis, co-authorship networks, and keyword co-occur-
rence analysis, were used to examine the selected papers
(33, 34, 35). The data for the preparation of this review
article were obtained from open sources.
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DESCRIPTIVE ANALYSIS
Main Information About Data

Table 1 presents descriptive statistics pertaining to the
selected search records for subsequent analysis. In the
field of management science spanning the years 2021 to
2023, a total of 83 articles were published in the Journal of
Management Analytics. The mean citations per document
stand at 2.07. These publications are classified into three
types: 74 ‘articles’, 1 ‘article; early access,” and 8 ‘reviews’.
Combined, these publications feature 374 Author’s Key-
words. Additionally, they involve 220 unique authors, of
whom only 8 have contributed single-authored articles,
totaling 36 such documents. On average, each publication
involves 2.65 authors or 3.04 co-authors, with a Col-
laboration Index of 2.86, indicative of the significance
of collaborative research within management analytics.

Year-wise publication trend

Figure 1 illustrates that 2021 marked the peak year for
published articles, totaling 32 articles. Subsequently, over
the ensuing two years, the number of published articles
declined, with 5 articles in 2022 and 26 articles in 2023.

Most Relevant Sources

To find relevant publications on management analyt-
ics, we examined the peer-reviewed scholarly Journal of
Management Analytics, which covers a range of topics
related to analytics, decision-making, and management.

Tablel
Main Information About Data
Description | Results
Main information about data
Timespan 2021:2023
Sources (Journals, Books, etc.) 1
Documents 83
Average years from publication 2.07
Document types
article 74
article; early access 1
review 8
Document contents
Author’s Keywords (DE) 374
Authors
Authors 220
Author Appearances 252
Authors of single-authored documents 8
Authors of multi-authored documents 212
Authors collaboration
Single-authored documents 9
Authors per Document 2.65
Co-Authors per Documents 3.04
Collaboration Index 2.86

35 32

20
15

10

2021

Annual Production

m— Articles

30 \5 26
25

2022

2023

Fig. 1. Annual Production of the Articles, 2021—2023
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Journal of Management Analytics has become the most
prominent publication in the field of management analyt-
ics with 83 articles. Therefore, we used these 83 articles
as research samples (Table 2).

b3

chine learning,” “deep learning,” “genetic algorithm,”
“supply chain,” and others.

Then, after identifying the most common words and
expressions, we ranked them by the frequency of their

appearance in the studied array of articles.

Table 2 The next step is to determine from which countries the
Most Relevant Sources research of scientists has the largest number of citations.
Sources Articles Table 3
JOURNAL OF MANAGEMENT 0 Most Frequent Words
ANALYTICS Words Occurrences
Inventory 9
Most frequent words Machine learning 6
The most frequently used words and expressions in ac- Deep learning 4
ademic articles on a specific topic show the key concepts, Genetic algorithm 4
themes, and ternynology that are centra.l to that ﬁelq of Supply chain 4
research. Analyzing the word frequencies can provide -
insights into: Fundamental theories and models, emerging Data envelopment analysis 3
trends and hot topics, etc. (36) Decision making 3
Figure 2 displays the word cloud derived from 83 ar- Deterioration 3
ticles, whereas Table 3 lists the most commonly encoun-
tered terms within the compiled articles. Through both Game theory 3
visual and tabular representations, it becomes evident Rework 3
that “inventory” emerges as the most frequently cited Supplv chai ; 3
term, followed by other prominent terms such as “ma- upply chain managemen
group decision making
data envelopment analysis__

airline envirenmental efficiency

hacklngglng

advertisement- and green-sensitive deman

covid-19gg

ensem"lﬁ'e"l%’i"r’ﬁi"ﬁﬁ

industry 4

adjacent utility value 5,

supply chainrework

game tllenrvdeen |éar|||ng o

""‘“‘"“"““‘“‘“"”"’!IBIIBIIB algorithm

cdecision making
wavcommumeaiot grirfcial Intelligence

dynamic vehicle routing problem
structural equation modeling

aliribute exiraclion
association I'IIBSm

adoption anteceden airline sustainab

agriculiure
Ilealtlleare

advance payment

ieature selection

Blﬂl‘llll'allllll

decision analms

IIIIIIISIW
reliability
mangular fuzzy number

Fig. 2. Word Cloud from Relevant Articles
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Most cited countries

Table 4 presents the top 10 countries representative of
their citation performance, showcasing both their total
citation counts and average article citation counts. While
the United States leads in total citations, it ranks third in
average article citation. INDIA secures the second posi-
tion in total citations but lags in average article citation,
standing at eighth. China holds the third position in total
citations, with these three nations holding a substantial
lead over others. Moreover, BRAZIL boasts the high-
est average number of article citations, despite ranking
fifth in total citations. These countries have significantly
contributed to the field of management analytics, with
additional noteworthy contributors including IRAN,
PHILIPPINES, SRI LANKA, among others.

NETWORK ANALYSIS
Conceptual Structures
Figure 3 depicts the co-word analysis network com-

prising 8 keywords, organized into 4 clusters. The ini-
tial cluster encompasses 2 key terms, namely “inven-

Nanob%

Table 4
Countries: most cited articles
Country T ot.a ! IXIretli.ac‘igee
Citations o
Citations
USA 258 14.33
INDIA 158 5.85
CHINA 97 4.85
IRAN 47 11.75
BRAZIL 24 24.00
PHILIPPINES 17 8.50
SRI LANKA 15 15.00
MALAYSIA 11 11.00
SWEDEN 10 10.00
CANADA 4 2.00

tory” and “deterioration.” Following suit, the second
cluster features 2 keywords, “supply chain” and “game
theory.” The third cluster comprises 2 keywords: “en-
semble learning” and “feature selection.” Lastly, the

feature selection

det

en ble learning

iInventory

indgry ?

‘geory

supply chain

Fig. 3. Keyword: Co-occurrence Network
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fourth cluster incorporates 2 keywords: “industry 4”
and “0.” These primary keywords shed light on promi-
nent research themes and con-tent in recent years, while
also emphasizing the interconnectedness of these topics
within the domain of management science and its affili-
ated areas.

Figures 4 present thematic maps derived from au-
thors’ keywords and indexed keywords. These thematic
networks are instrumental in revealing inherent link-
ages within a subject, uncovering latent patterns, and
pinpointing pivotal concepts or components, thereby
enhancing comprehension of the composition and
framework of a particular theme. In Figure 4, a the-
matic network is depicted, showcasing the intercon-
nections among review articles concerning management
science, with these themes categorized into 10 clusters.
From the visualization, it’s apparent that subjects like
inventory, deep learning, decision-making, and genetic
algorithms are focal points within the domain of man-
agement science.

Collaboration Structures
Figure 5 displays the collaborative bond among na-

tions. Based on this collaboration, these countries are
primarily segmented into four groups. China exhibits the

highest central value within this network, succeeded by
Australia, Denmark, and the United States.

DISCUSSION
Applications and Use Cases

One of the central themes in discussions about
management analytics is the myriad of applications
across different industries and organizational functions.
Participants often share examples of how analytics is
being used to optimize business processes, improve
decision-making, enhance customer experiences, and
drive innovation. Case studies and real-world examples
are frequently cited to illustrate the practical impact of
analytics in various contexts (37, 38, 39). Convergence
of nanotechnology and data driven analytics is the case
(40, 41).

Technology and Tools

Discussions about management analytics also delve
into the latest technologies and tools shaping the field
(42). Participants may explore emerging trends such as
artificial intelligence, machine learning, predictive analyt-
ics, and big data platforms. They may discuss the benefits

genetic algorithm

DN

machine leamning

supply clusin marzgament

smply chain

deep leaming

Fig. 4. Thematic Network
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Fig. 5. Country Collaboration Map

and limitations of different analytics tools, as well as con-
siderations for selecting the most appropriate technology
stack for specific use cases (43, 44).

Data Governance and Ethics

Another important topic in discussions about manage-
ment analytics is data governance, privacy, and ethics.
Participants often examine the ethical implications of data
collection, storage, and analysis, particularly in relation
to issues such as data privacy, consent, and bias (45, 46).

It is crucial that management analytics tools for nano-
technology requires special knowledge and skills, taking
into account the specifics of know-how, trade secrets, etc.
Experts in this field need not only a deep understanding of
the technical aspects of nanotechnology, but also the ability
to effectively work with big data and apply modern methods
of modeling and analysis. They also need ethical skills when
dealing with information. Therefore, it is necessary to pay
attention to the lack of publications on training personnel
in management analytics, especially in the field of informa-
tion security at innovative enterprises (47).
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YnpaBneH4YyecKasa aHanInTuKa:
6ubnnomeTpnUyecKknn aHanuns
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4 YHVBepCUTET MeXayHapogHoro 6usHeca 1 SKOHOMKKWY, MekrH, Kntan

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: ziiyuu@gmail.com

AHHOTALMA

BBepeHue. 1o Mepe ganbHenwero pa3BuTUA HAHOTEXHONIOMMI 1 PACLUMPEHMUA CNEKTPA UX NPUMEHEHWI B MPOMbILLIEHHOCTU MO-
TPebHOCTb B 3PpHEKTUBHOM YNPaBNEHUN AAaHHBIMU, X aHaNM3e 1 PacnpOCTPaHEHUN CTAHOBUTCA BCe Gonee aKTyasbHOW. Ynpas-
NleHYeCKan aHaNMTVKa BbICTYMaeT HOBbIM Pa3BMBaIOLLMMCA MEXANCLMIIVIHAPHBIM HarpaBneHneM, KOTOpoe No3BosiAeT KOMNaHNAM
MNCNONb30BaTb AaHHbIE ANs NPUHATAA 060CHOBAHHbIX PELLEHWNIA U CTpPaTerMyeckoro ninaHupoBaHus. MeTogbl u maTepuanbl.
B naHHOM nccnefo-BaHuy NpoBeaeH 0630p 1 aHanM3 UCCIeA0BaHN B MeXAnCLUNIMHapHoi obnactn Management Analytics
(AHanUTVKa MeHegXMeHTa) 3a nepuog ¢ 2021 no 2023 rr. ina npoBefeHns 6UOIMOMETPNYECKOrO aHanm3a UCMob30BaNnChb AaH-
Hble U3 Pa3NINYHbIX ICTOYHUKOB, BKJIIOUas HayuHble NyOnMKaLumm n3 nepuogmnyecknx nsgaHuii, MoHorpadum, 063opbl, oT4eTbl 1 Mp.
MyTem cuctemaTyeckoro 063opa COOTBETCTBYOLLEN NUTEPATYPbl AAHHOE UCCNIEA0BAHME HaNPaBIeHO Ha To, YToObI AaTh NPeAcTaB-
JIEHVE O KIIIUEBbIX TEMAX, METOLOJNOIMSAX 1 pe3yribTaTax B 06/1acTy ynpaBneHYecko aHanMTUKK, a TakKe BblSIBUTb HamnpaBfeHns
Ana Oyaylimx HanpaBieHWn nccnefoBaHW. Pe3ynbTaTbl: MO pe3ynbTaTam NPOBELEHHOrO aHam3a YyCTaHOBIEHO, YTO OCHOBHBIM
WCTOYHUKOM CTaTbell No AaHHOMY HanpasneHuto snseTca KypHan ynpasneHueckon aHanutukm (The Journal of Management
Analytics). Obwee konmuecTBo Ny6MKaLMiA NO YKazaHHON TeMe 3a Nepuog cocTaBuno 83 eanHuULbl, obLiee KONMYeCcTBO LUTUPO-
BaHWI Ha onpefeneHHOM BPEMEHHOM MPOMEXYTKe yBeNn4MBanoch. Begylwmmm ctpaHamy no KONMYeCTsy LUTUPOBAHMI HaYUYHbIX
ny6nvkaumin no nccnepgyemon tematuke asnsatca CLUA, MHana n Kutain. finckyccus. Moka mexancumnivHapHoe HanpasieHne
«YnpaBneHYecKas aHanMTVKa» He Tak YacTo pacCMaTPUBAETCA B HayUHbIX Kpyrax. OfHaKo BefyLlye CTpaHbl No obLemy Konmyectsy
HayuHbIX My6MKaLWA 1 LUTUPOBaHMIO B MUPE NNAMPYIOT U B JaHHOM HOBOM HanpaBieHUn. 3To crieflyeT yumTbiBaTb OCO6eHHO
npu pasBuUTUM NHAYCTPUN HAHOCMCTEM Y HAHOMAaTEePUanoB, ABNALENCA OQHUM 13 NPUOPUTETHBIX HanpPaBeHNN Pa3BUTMA Ha-
YKW 1 TEXHOMNOT WA, FAe TEXHOMNOMMY YNpaBleHUYeCKo aHanuTKn 6yayT BOCTpe6oBaHbl U MOryT 06ecrneyrBaTb KOHKYPEHTHble
npenmMyLiecTBa KOMNaHnaAM. BbiBogbl. 3HaUMMOCTb HOBOIO MEXAMNCLUMNIMHAPHOIO HanpaBieHNA ynpaBfieHYeCKoW aHanUTUKm
6yneT npofonxKatb pacTu B 6ygyLiem. B xoae nccnegoBaHuvs 6bl10 YCTaHOBIEHO, UTO YNpaB/ieHYecKas aHanuTrKa CTaHOBUTCSA BCe
6onee BOCTpebOBaHHbIM HanpasieHeM 1 3PeKTUBHBIM MHCTPYMEHTOM AJiA opraHu3auuii. Ee 3HaueHve 3aknioyaeTcs B TOM, UTO
OHa 06ecneyrBaeT KOMMNaHNAM BO3MOXHOCTb NMPUHNMAaTb 0O0CHOBaHHbIE PELEHNS Ha OCHOBE OObLUNX AAHHbIX 1 NpeAnonaraet
npaKkTU4eckoe NpuMeHeHne B pasnnyHbIx chepax brsHeca.

KITIOYEBbBIE CJTOBA: ynpasneHueckasa aHanuTrka, MexancumnimHapHasa o6nactb, 6ubnnomeTpuyeckmnii aHanms, HAHOTEXHONOT UK.

ana uMTUPOBAHUA:
Ny A1., MsaHos J1.A,, Ban ®., MucapeHko XK.B., Me Y. YnpasneHueckas aHanuTuka: 61bnmomeTpuyecknii aHanus // HaHotexHonorum
B cTpouTenbctae. 2024. T. 16, N2 3. C. 257-266. https://doi.org/10.15828/2075-8545-2024-16-3-257-266. - EDN: GWTOFD.

BBEOEHUE HUS TIpHoOpeTaeT IepBocTeicHHOe 3HaueHue (1, 2).
DTH TIporecCchl IPUBEIN K BOSHUKHOBEHNIO HOBOM 00-

OBICTPO MEHSIIOIIEMCS JIaHAIIadTe COBPEMEHHOTO  JIACTH — YITPABJICHYCCKOM aHAIMTHKH, TIE NCTIOIb3YIOTCS
OM3HeCca MHTETPaIldsl MECTOMOJIOTHI, OCHOBAaHHBIX  BO3MOXKHOCTH aHAJIM3a JaHHBIX, CTATUCTUICCKOTO MO-

Ha JaHHBIX, C MIPAKTUKAMH CTPATeTUUECKOTO yIpaBie-  ISIMPOBAHUS 1 OM3HEC-aHAIMTHKY I IIPUHSITHS 000-
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CHOBaHHBIX YIIPaBJICHUYCCKUX PEIICHUI U BHOCST BKJIAM
B ycrrex opraauzanuu (3, 4). [Ipoliecchl KOHBepIeHIINH,
TO €CTh COIDKEHUS paHee OTICIBHBIX He CBSI3aHHBIX HAyK
TIPUOOPETATOT B HAIIIE BpeMsI Bce OOJIbIIce 3HAUCHNE, T0-
CTIDKCHUS B OTIEIBHBIX 001aCTSIX OCHOBAHBI Ha TICpeIo-
BBIX MICCJICIIOBAHMSIX B OTHEBHBIX 00JIaCTSIX U IIPUMEHU -
MBI K HUM. OCOOEHHO 3TO BaXKHO IIJIST BHEIPEHUS U MIC-
TIOJTH30BAHYSI TIPH TIPUHSITUH YIIPABICHUCCKIX PEIICHMIA
Ha TIPOM3BOJICTBAX, T/IE UCITOIB3YIOTCSI MTHHOBAIIMOHHEIC
HaIpaBJICHNUs, TaK1e, KaAK HAHOTEXHOJIOT .

ITo Mepe TOro Kak KOMIaHUN TeHEPUPYIOT OTPOMHBIC
00BEMBI JAHHBIX 10 Pa3TMIHBIM MpolieccaM 1 (DyHKIIN-
SIM, TIOTPEOHOCTB B TIEPEIOBBIX AHATUTHYCCKIX METOIAX
JUTSI M3BJICUCHMS TTOJIe3HOM MH(OPMAIINN CTAHOBUTCS KaK
HUKOLIa akTyaubHoi (5, 6, 7, 8). B maHHOM KOHTEKCTe
METOIBI YITPaBICHICCKOM aHAIMTUKY TIPEUIAraloT CUCTe-
MaTHYECKUI TTOAXOM K aHAIM3Y W MHTEPIPETAIINH STUX
TAHHBIX, TIO3BOJISIST OPTraHM3AINSIM ONITHMU3UPOBATh CBOM
oIepaIii, TOBBICUTH IIPON3BOAUTEILHOCTD 1 TIOJTYIUTh
KOHKYPEHTHOE IIPEUMYIIIECTBO B COBPEMEHHOM TMHAMITI-
HOM peIHOYHOM cpeze (9). st cTpaH ¢ TpaH3UTUBHBIMU
SKOHOMMKAMH YITpaBIcHIECKAs aHATUTIKA UTPACT OCO-
OCHHYIO POJIb, TaK KaK MTO3BOJISET C OOJIBIIICH CKOPOCTHIO
¥ TOYHOCTBIO 00pabaThIBaTh MHOKECTBO TAHHBIX 1 IIPH-
HUMATh ITPaBUJIbHBIC YITPABJICHUCCKIE PEIICHNS, UTO YBe-
JIMYMBAET B KOHCYHOM UTOTe KOHKYPEHTOCIIOCOOHOCTD
HaIIMOHAJTLHBIX KOMITAHUA.

O061acTh yIpaBiIeHUIECKOI aHATUTUKI OXBAaTBIBACT
IMUPOKUI CTIEKTP ITOAXOI0B, BKITIOUAS OIHICATCIIHHYIO
AHAJINTUKY, KOTOpast (GOKyCHpyeTcsI Ha 0000IIeHNH
WCTOPUICCKUX TAaHHBIX JJIST BBISIBJICHUS 3aKOHOMEP-
HOCTEH M TCHACHIINIA; PeANKTUBHYIO aHAJTUTUKY, B KO-
TOPOI NCITOIB3YIOTCST CTATUCTUUCCKIIE METOIBI M aJITO-
PUTMBI MAIIMHHOTO OOYYCHMSI [IJIST TIPOTHO3MPOBAHUS
oymymux pesyabratoB (10, 11, 12, 13), n npeanmceiBa-
FOIIYIO aHAJIUTHKY, Ha 0a3e KOTOPOU MPEIOCTABIISIOT-
¢ peKOMEHIAIINH 10 TIPUHITUIO PEeIleHNIT Ha OCHOBE
OINTUMM3AIIMOHHEBIX 1 MMUTAIIMOHHBIX Mozeneit. Mc-
TIOJIB3YS OTH aHAJTUTUYECKIE MHCTPYMEHTHI M METOIHI,
OpTaHU3aIlMM MOTYT ITOJYIUTh HEHHYIO0 MH(MOPMAIIIIO
0 CBOMX OM3HEC-TIpolleccax, IMOBEACHNN KIMECHTOB,
PBIHOYHBIX TCHACHIINSIX U KOHKYPECHTHOU cpefie, 9TO
TO3BOJISICT UM IIPUHUMATh 00OCHOBAHHBIC PEIICHUS
¥ CTUMYJIMPOBATh pocT 6usHeca (14, 15, 16, 17).

HecMmoTtpst Ha pacTyiee 3HaYCHIE HOBOTO MEXIHC-
OUTDTMHAPHOTO HAIIPaBJICHUS YIIpaBJIeHUECKOM aHAJIM -
THUKU, COXpaHsIeTCs TOTPEOHOCTH BO BCECTOPOHHEM aHa-
JIA3¢ TUTEePATYPHI VTSI IOHMMAaHUS TEKYIIETO COCTOSTHUS
WCCIICAOBAHMIA, BBISIBJICHHST HOBBIX TCHICHITNIA 1 BBISIB-
JICHUs TIPO0OEIIOB B CYIIECTBYIOIINX 3HAHUSX. JlaHHBII
oubnuorpaduuecKnii aHaaIU3 HalpaBjIeH Ha yIOBJIET-
BOpEHHE 3THX IIOTPEOHOCTEH IMyTeM CHTEe3a U aHaIr3a
CYIIIECTBYIOLIECH JTUTEPaTyPHI IO YIIPABICHICCKON aHa-
mmTuke. Ha ocHOBe crcTeMaTHIecKOro 0030pa coOT-
BETCTBYIOLLEH JINTEPATYPHI TaHHAsI paboTa HaIlpaBJIeHa

Ha TO, YTOOBI TaTh MPEICTaBICHNE O KITIOUEBBIX TEMaX,
METONOJIOTHSIX W PE3YJIbTaTaX HAYIHBIX MCCIICTOBAHUIA
B 00J1aCTH YITpaBJICHUCCKOM aHAJTUTHUKH, a TAKXKE TIPeII-
JIOXXWUTH peKOMEHIAIINY 110 OyIYIIUM HaIlpaBICHUSIM
1 BO3MOXXHBIM TeMaTHKaM HayIHBIX ccienoBanmii. [1o-
CPEICTBOM aHAIM3a NMEIOIITNXCS HAyIHBIX ITyOTUKAIIA
aBTOPHI ITOCTAPATINCh BHECTH CBOI BKJIA B TIOCTOSTHHBIIA
IAAJIOT W TIPOABIKEHNE 3HAHUI B 00JIACTH YITpaBJIeH-
YeCKOI aHAJIMTUKU.

CtpyKTypa pabOThI BHIIJISIAUT CICAYIOIIM 00Pa30M.
B pasmene 2 onmchIBaeTCsS TEKYIEe COCTOSTHIE MCCTIe-
JIOBaHUI 10 HATIPABJIEHUIO «yIIpaBIeHYeCKast aHAINTH -
Ka». B TpeTbeM pasmesie mpemcTaBicHa UCIIOIb3yeMast
MeTonoiorus. B pasnerne 4 poBeleH onmycaTeIbHBIN
oubmorpadmueckuii anaims. Pasmen 5 mocssiieH certe-
BOMY aHaJIM3y MyOIMKAIIMOHHOM aKTMBHOCTHU. B mrectom
paszzelre aBTOPHI IPEACTaBUIN OOCYKICHNUE TTOTYICHHBIX
pe3ynbTaTtoB. Pasnen 7 — 3akioueHuUe.

COBPEMEHHOE COCTOAHUE YMPABJIEHYECKOW
AHANTUTUKN

Texywmuii UHTEpeC K TeMaTUKe YIIPaBIeHYECKOM
AHAJIUTUKU OTpaXkaeT IMHAMUYHBIA TaHamadr, cdop-
MHUPOBAHHBIA PACTYIIINM BHEIPEHUEM TIPUHSITHS pe-
LICHUI B pa3IMYHBIX OTPACIISIX M CEKTOPAX DKOHOMUKU
Ha OCHOBE 0OJIbLINX JaHHBIX. OpraHn3aluy UCIIOIb3YIOT
IepeaoBbie aHATUTUYECKNE UHCTPYMEHTBI M METObI
JUTSI M3BJICUEHMSI TTOJIE3HOM MH(MOPMALIMY U3 OOIIMPHBIX
1 Pa3HOOOpa3HbIX HA0OPOB JAHHBIX C LIEJIbIO IOBBILLIE-
HUS OITepallioHHON 3(D(hEeKTUBHOCTH, CTUMYJTMPOBAHUS
MHHOBALIM U MMOJIyYeHUsI KOHKYPEHTHOTO IIPEUMYILIe-
ctBa Ha peiHKe (18, 19, 20).

DTO 0IHA U3 CAMbBIX 3aMETHBIX TEHICHIIUI B PA3BUTUI
HaIpaBJIeHUs YIIPABICHUYECKOM aHATUTUKU — LIUPOKOE
pacnpocTpaHeHUe TEXHOIOTMIA OOJIbIIMX JAHHBIX 1 aHa-
JIMTUKU. B CBSI31 ¢ 9KCIIOHEHLIMATIBHBIM POCTOM JaHHbIX,
reHepUpPYEMbIX LIU(PPOBLIMU TEXHOJOTUSIMU, OPraHu-
3allMY BKJIaAbIBAIOT 3HAYUTEIbHbIE CPEICTBA B MH(ppa-
CTPYKTYPY JaHHbBIX, AaHAIUTUYECKUE IIaT(DOPMbI 1 TIOUCK
TaJaHTOB, YTOObI UMETh BO3MOXKHOCTU UCIIOJIb30BaTh
MOTEHIMAIT OOJIbIIKMX JAHHBIX [UIS IIPUHSITUSI CTPATET U -
YeCKMX perreHmit (21, 22), 9To BKIIIOUaeT B ceOs, TIpesKIe
BCEro, BHEAPEHKE 00JIAYHbIX AHAIUTUYECKUX PELICHUIA,
aJIrOPUTMOB MAIIMHHOIO O0Y4YeHHUsI U BO3MOXHOCTEM
uckyccTBeHHOro unreiuiekra (M) st aHaausa v uH-
TepIpeTanuy OOJIbIINX 00bEMOB CTPYKTYPUPOBAHHBIX
1 HECTPYKTYPHUPOBAHHBIX TaHHBIX (23, 24, 25).

Elle omHMM KITIOYEBBIM ACIIEKTOM PACTYILETO NHTE-
peca K TeMaTUKe YIIPaBJIeHY€CKO aHATUTUKHU SIBJISICTCS
MHTErpaLus aHAIUTUKY B OCHOBHBIE OM3HEC-(DYHKIUN
1 IIPOLIECCHI B KOMIIAHKSIX PAa3HBIX OTpacieil. AHAIUTHKA
0oJIbllIe HE OrPAHUYMBAETCS IPUMEHEHUEM B CIIELIU-
aJIM3UPOBAHHBIX OTAEJIAX WK OTAEIbHBIX OU3HEC-TIPO-
1reccax, a Bce Jalle BHEAPSICTCS B PYTUHHBIC OTIePaIliN
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Ha BCEX yPOBHSX OpraHu3aiuu. Takas nHTerpamnusi rmo-
3BOJISIET OCYHIECTBIISIT MOHUTOPUHT PaOOTHI OPTaHU -
3a1lMU B PeXKUME PeaTbHOTO BPEMEH!, TTIPOTHO3HOE MO-
JETMPOBAHNE U TIPEAMUCHIBAIOIINE PEKOMEHIAINHN TSI
TIPUHSTHSI 0OOCHOBAHHBIX PEIICHUI U CTPATErMIECKOTO
mwiaHupoBaHus (26, 27). B coBpeMeHHbIX YCIOBUSIX HH-
Terpanusi 0COOEHHO BaxKHa JIsI OPTaHU3aINii, BHEIPSI-
IOIIMX THHOBAIIMOHHbBIE HAHOTEXHOJIOTUU B PA3TMIHBIX
OTpacIsIX TPOMBIIIUIEHHOCTH. Hampumep, B MenuinHe
HAHOTEXHOJIOTUU Y TEXHOJIOTUHU YITPaBICHUYECKON aHa-
JIUTUKW, UCTIOJIB3YIOIINE OOJBIITNE MACCUBBI JaHHBIX,
MOTYT UCTIOTh30BaTHCSI COBMECTHO TSI CO3MAHUST METO-
JIOB JIEUEHUSI 3200JIeBaHU I, KOTOPbIE MOTYT OBITH TOUEY-
HO aIalITUPOBAHbI K MHANBUIYAIBHBIM MTOTPEOHOCTSIM
manueHToB. [IpuHSITHE pellieHnt B TAaKOM ciTydae OyneT
OCHOBBIBAThCS Ha 6aze 0oyiee COBEPIIEHHBIX TOUYHBIX
JMAHHBIX O TIAIMEHTAX OJ1aroaapst pa3padboTKe HEMOPOTHX
TTACCUBHBIX WHTEJUIEKTYAJIbHBIX CEHCOPHBIX YCTPOMCTB
Ha OCHOBE HAaHOTEXHOJIOTHUH (28).

Bonee Toro, mpucrasibHOE BHUMAaHUE K TEME YIIPaB-
JIEHYECKOM aHAJIUTUKU U CBSI3aHHBIX C 9TUM BO3MOX-
HOCTe1 TTOJUePKUBACT BAYKHOCTh KOHTPOJISI YITPABIICHUS
JAHHBIMU, BOTIPOCOB KOH(MOUIEHIIMAIBHOCTU U I hpO-
Boii aTuku. [1o Mepe Toro Kak opraHu3aIy cCoOoONparoT
7 AaHATM3UPYIOT KOH(PUIEHIMAIBHBIE TaHHBIE, BCE OOJIb-
1ee BHUMaHUE yIessIeTcsT 00ecredeHn o 0e30MacHOCTH
JAHHBIX, COOMOACHUIO TAKUX HOPMATUBHBIX aKTOB, KaK,
HammpuMep, «O0IInil perJIaMeHT 10 3alIUTe TaHHBIX»
(GDPR), unn 3THIHOMY MCIIOJB30BAaHUIO TaHHBIX
(29, 30). D10 BKITIOUACT B CeOST BHEIPECHNE HAICKHBIX
CTPYKTYp YTIpaBJICHUS TAHHBIMU, YCTAHOBJIEHUE YETKUX
TMOJIUTUK KOH(MPUACHIIMATLHOCTA TaHHBIX U PA3BUTHE
KYJIBTYPBI OTBETCTBEHHOTO YIIPaBJICHUST TAHHBIMU B Op-
ranm3anuu (31, 32).

B tiesiom, Texyiiee BHUMaHMe K TeMAaTUKeE YITPaBIeH-
YECKOU aHATMTUKU OOYCIOBIIEHO OBICTPHIM Pa3BUTHEM
TEXHOJIOTUIA, Pa3BUTHEM COBPEMEHHBIX OPTaHN3alIOH-
HBIX TTPAKTUK W PACTYIINM TIPU3HAHUEM TpaHchopma-
IIMOHHOTO TTOTeHIINAJIA TIPUHSITUS PEIICHUI Ha OCHOBE
naHHbIX. [To Mepe Toro Kak opraHu3aium MpoIoJKaloT
WCTIOJIb30BaTh AHAJIUTUKY B KAUECTBE CTPATETMUECKO-
TO UMIIEpaThBa, 00JIACTh YIIPABICHIECKONW aHATUTUKI
B OJKaiiieit mepcrnekTuBe OyneT Bce bosee BocTpedo-
BaHa B HAYYHOM COOO0IIIeCTBE U B OM3HECeE.

METOAOJ1IOIrnA

BubamomMeTpust — 3TO IMCIMUILUIMHA, B KOTOPOIT UC-
TOJIB3YIOTCS MaTeMaTUIECKIE W CTATUCTUIECKIEC Me-
TOIBI 1T KOJTMISCTBCHHOTO aHAIN3a 1 JeTaIN3alliui
nHGOPMALINHY 13 KHUT, OYMaXKHBIX 1 3JICKTPOHHBIX 13-
TAHUU M OPYTUX CPEeICTB KOMMYHUKAWU. s m3yde-
HUST OTOOPaHHBIX IyOIMKAINIA B JAHHOM HUCCIICIOBAHUN
OBLIN MCITOJIB30BaHbI TAKIE METOIBI, KaK YCTAHOBJICHUE
6moIorpadMIecKoii CBI3U (aHAIN3 IUTUPYEMOCTH IS

YCTAaHOBJICHUSI OTHOIIIEHHUSI CXOJCTBA MEXKIY TOKYMEH-
TaMu), aHaJIM3 COBMECTHOTO IIUTUPOBaHUsI, POPMUPO-
BaHUeE ceTeil cCoaBTOPCTBaA (KoJjutabopanus) U aHaIn3
COBMECTHOTO TIOSIBJICHUS KITIOUEBBIX cJIoB (33, 34, 35).
JlaHHbIe JUIST TTIOATOTOBKY JaHHOW 0G30pHOM cTaThu
OBLIM TTOJYYEHBI M3 OTKPBITBIX UCTOYHUKOB.

OMUCATEJIbHbIN AHANU3
OcHoBHaA HOpPMaALMA O AAHHbIX
B Tabn. 1 npencraBieHa onucaTtebHask CTaTUCTU -

Ka, OTHOCAIIasACA K BBI6paHHbIM 3aIIiCsAM I10 ITOUCKY
I IMTOCTICAYIOMIECTO 6I/I6JII/IOM€T]:)I/I‘ICCKOFO aHaJIn3a.

Tabauya 1
O000menHas uHGopMaIMs 0 TAHHBIX
Onucanne Pe3ynbrat
O6mas nnopmanus

BpemeHHO# MHTepBa 2021-

P P 2023
Wcrounuku (KypHasIbl, KHUTY 1 T.1I.) 1
JOKyMEHTBI 83
CpenHee KOJTUYECTBO JIET C MOMEHTA 207
MyoIMKaIuu ’

Turbl TOKyMEHTOB
Cratbs 74
CtaTbsl C paHHUM JIOCTYIIOM 1
O030pHas cTaThs 8
Conepxanne J0KyMeHTa
ABTOpPCKUE KJIIOUEBBIE CI0BA 374
ABTOpBI
KonnyecTBo yHUKATbHBIX aBTOPOB 220
(6e3 MoBTOpPEHUIt)
OO0111ee KOIMIeCTBO aBTOPOB 252
KonyecTBO aBTOPOB B CTaThsIX g
0e3 COaBTOPOB
KonnuecTBo aBTOPOB B CTaThSIX p
C CoaBTOpaMU
CotpynHuyecTBo (K0J11a00paius) aBTOPOB

KonmaecTBO JOKYMEHTOB C OTHUM 3
aBTOPOM
KonuyecTBo aBTOPOB Ha ONMH 265
JOKYMEHT ’
KomaecTBo cOaBTOPOB Ha OMUH 3.04
JIOKyMEHT ’
MNHpekc coBMecTHOI paboThI 786
(KosutabopalmoHblii UHAEKC) ’
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B nipenmeTHOIT 0b1acTi MeHeIKMeHTa 3a Tepuog ¢ 2021
o 2023 rom B HAYIHOM KypHalle «AHaTUTHKA MEHEI -
kMeHTa» (Journal of Management Analytics) OBLTO o1y~
OJIMKOBaHO B 001l coXXHOCTH 83 cTaTthu. CpegHee
KOJIMYECTBO LIMTUPOBAHUIA Ha OOUH JOKYMEHT 3a 3TOT
nepuon coctaBuiio 2,07. HalineHHbIe TyOIMKaIiy MOX-
HO pa3Ie/INTh YCJIOBHO Ha TPU OCHOBHBIX TUIIA: 74 TIy0-
JINKAIIAY OTHOCSATCS K OTIPEACICHUIO «CTaThsI», OMHA
MyOoIMKalMsT — O3HAKOMUTEIbHAS BEPCHS CTaThbU WIIN
«CTaThsl C pAHHUM JOCTYIIOM» U 8 IMyOJIMKAIil — «00-
30pHbBIE CTaThbi». B 00111€11 COBOKYITHOCTH 3TH ITyOJIMKAa-
WU COAepKaT UTOTO 374 aBTOPCKUX KITIOUEBHIX CIIOBA.
Kpowme Toro, B BEIOpaHHOM MacCHBE CTAaTe yIaCTBYIOT
220 yHUKAJIbHBIX aBTOPOB, M3 KOTOPBIX TOJIEKO 8 aBTOPOB
SIBIISIIOTCSI €IMHCTBEHHBIMM aBTOPAMM CTaTei, TO €CTh
HE UMCIOT COABTOPOB B OITyOJMKOBAHHBIX CTaThSIX, TIPH
3TOM BCETO JOKYMEHTOB C €AMHCTBCHHBIM aBTOPOM
B Hallleil BBIOOpKe OKa3zaioch 36. B cpeaHeM B Kaxmoii
myOIMKALUY y4acTBYIOT 2,65 aBTopa mwiu 3,04 coaBTopa,
a MHAEKC KoJabopaluu paBeH 2,86, 4TO CBUAETE/Ib-
CTBYET O 3HAYMMOCTU COBMECTHBIX MCCIICAOBAHUIA B 00-
JIACTH YIIPABICHICCKON aHATUTUKH.

TeHgeHUMA pacnpeeneHns ny6nukayuia no rogam

Ha puc. 1 nokazano, uto 2021 rof cTaj MMKOBBIM TO-
JIOM TIO TTyOJIMKAIIMOHHOM aKTUBHOCTHU MCCIICIYEMOI CO-
BOKYITHOCTH CTaTeii, BCEro OBLIO OIMyOIMKOBaHO 32 cTa-
ThU. B manpHelineM, B TeueHNE TTOCIEAYIOIINX IBYX JIET
KOJIMIECTBO OIMYOIMKOBAHHBIX IO TaHHOUW TeMaTHKE
cTaTell COKpalllajloch: 5 cTaTeil ObLJIO OMyOJIMKOBAHO
B 2022 romy u 26 crareii B 2023 rony.

Haunb6onee peneBaHTHble NICTOYHUKU

YroObI HAWTH pelieBaHTHBIE MyOJMKALIUM 110 YIIPaB-
JICHYCCKOI aHAJIUTHUKE, MBI U3YIUJIN PEeICH3UPYEMBbIiA
Hay4HBII XKypHai Journal of Management Analytics, Ko-
TOPBII OXBATHIBACT PSII TEM, CBSI3aHHBIX C AaHATUTUKOM,
MIPUHSTHEM PEIICHUIA 1 yIIpaBieHneM. 2KypHair «YTpaB-
JIEHYEeCKas aHAJIMTUKA» SIBJISIETCST Ha CCTOMHSIITHUIM TeHb
CaMbIM U3BECTHBIM M YBaKaeMBIM M3TaHUEM B 00JIaCTH
yIIpaBJIcHIECKON aHATUTUKHU. B maHHOM XXypHajie MBI
BBISIBIUIM 33 UCCJICAYEeMBI MIEPUOI UTOTO 83 CTaThU.
[ToaTOMY MBI HCITOJTB30BaJIA 3TU 83 CTAaThbU B KAUeCTBE
HCCIIeTOBATEIbCKON BBIOOPKY (Ta0M. 2).

Tabauya 2
Hau0onee peieBaHTHbIE HCTOYHUKH
KonmuectBo
HNcTounnk .
crarei
JOURNAL OF MANAGE- 23
MENT ANALYTICS

Haunb6onee yacTo BcTpevawLymecs cnoBa
1 Bblpa)keHus

HawnbGonee yacto HCITOJIb3YEMBIC CJIOBA U BbIPAXKCHUA
B HAYYHBIX CTATbAX I10 OHpeHCHCHHOﬁ TEME IMOKa3bI-
BalOT KJIIIOYEBBIC KOHUCTIIINM, TEMbI U TCPMMWHOJIOTUIO,
KOTOPLIC ABJIAIOTCA HEHTPAJIbHBIMU IJIA 3T 0i1 0bacTu
UcclienoBaHUA. AHAINU3 YaCTOTHOCTHU CJIOB U BbIpaxe-
HUI MOXET IaTh IIpeacTaBJICHUEC O CbYHI[aMCHTaJ'II)HBIX

35 32
30
25
20
15
10

2021

Annual Production

m— Articles

25 26

2022

2023

Puc. 1. InnaMuka KoJIM4eCTBA OMyOJIMKOBAHHbIX cTaTeii, ea. 2021—2023 rr.
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Puc. 2. «O01aK0» CJIOB U BBIPAKEHHUIA U3 PeIeBAHTHBIX IMyO KA

TEOPUSIX U MOJIEJISIX, HOBBIX TCHACHIMSIX U Hauboee
aKTyaJIbHbIX TeMax u 1p. (36)

Ha puc. 2 mokazaHo «06J1aK0» CJIOB U BBIpaXKeHU,
chopMHpOBaHHOE Ha OCHOBE aHaIM3a 83 cTaTeil U3 Ha-
et BBIOOPKM, B TO BpeMsl Kak B TaOJI. 3 TiepeuncIeHbI
HanboJiee 4YacTo BCTPeyaroInecs: TCPMUHBI.

3aTeM, rmocjie BBISIBICHUST HanboJiee 9acTo BCTpe-
YaIOUIUXCS CJIOB Y BBIPAKEHMI, MBI TIPOBEJN MX paH-

Tabauya 3
Hawn6oee yacTo BcTpeyaronmecs CJI0Ba U BbIPAXKEHUsA
Ci0Ba U BbIpazKeHUs HEEe
TOSIBJIEHU S
WuBeHTapu3zamms 9
ManimHHoe 00ydeHue 6
I'nybGokoe obyueHune 4
I'eHeTnyeckuit airopuT™ 4
Llenouka nmocraBokK 4
AHanu3 cpenbl GyHKIUOHUPOBAHUS 3
[Mpunsarue petreHuit 3
VYxynieHnue 3
Teopus urp 3
IlepenenniBaTh 3
ViIpaBieHue 1enoYKaMy IOCTaBOK 3

KUPOBAHME T10 YACTOTE UX MOSIBJICHUS B UCCIEAYEMOM
MacCHUBE CTaTeH.

biaronaps kak Bu3yajabHOMY, TaK U TaOJIUUHOMY
MpeacTaBIeHUIO CTAHOBUTCS OYEBUAHBIM, UTO «MH-
BeHTapU3aus» (COCTaBICHNUE TIEPEUHST) CTAHOBUTCS
HanboJee 4acTo UCMOJIb3yEeMbIM aBTOPAMU B CTAThIX
TEPMUHOM, 33 KOTOPBIM CJIEAYIOT IPYr1e 4acTO UCITOJb-
3yeMBIe TePMHHEBI, TAKNE KaK «MAITUHHOE O0YICHIME»,
«TJTy00KO€ 00yUyeHUEe», «TeHETUYECKUI aITOPUTM», «11e-
ITOYKa TIOCTaBOK» W APYTHE.

Crenyrommuii mar — oIpeaesieHre, U3 KaKuxX CTpaH
KCCIEA0BAHUS YUEHBIX UMEETCS Haubobllee KoJIuye-
CTBO LIUTUPOBAHUM.

Haun6onee yutupyembie cTpaHbl

B Tab61. 4 mpencraBiIeHBI ASCATh CTPaH, aBTOPHI
13 KOTOPBIX SBIISIIOTCS HamboJjiee MMOKa3aTeIbHBIMU
10 IUTUPYEMOCTH B 00JIACTH YIIpaBJIeHUECKOM aHaJI-
THKH, IEMOHCTPHUPYSI KaK 00IIee KOJTMISCTBO IIUTHPO-
BaHWI1, TaK U CPeIHEE KOJTMICCTBO IIUTUPOBAaHUIA. B TO
BpeMst Kak CoenuHeHHBIC [1ITaThl AMEPUKU TNINPYIOT
I10 OOIIIEeMY KOJTMIEeCTBY IIUTUPOBAHUI, OHM 3aHUMAIOT
TPEThE MECTO TI0 CPpeaHE MUTUPYeMOCTH cTtateil. MH-
VST 3aHUMAaeT BTOPOE MECTO IO OOIIEeMY KOJTUIECTBY
LMUTHPOBAHMI, HO OTCTAET IO CPEAHEMY KOJUIECTBY
LIUTUPYEMOCTH CTaTeil, 3aHMMasT BocbMoe MecTo. Ku-
Talt 3aHUMAaeT TPEThe MECTO IT0 OOIIEMY KOJMICCTBY
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CETEBOW AHANN3

KoHuenTyanbHble CTPYKTYpbl

Ha puc. 3 IIpEACTaBJIICH CETeBOI aHAJIN3 CJIOB U BBI-
]:)a)KeHI/IfI, BKJIIOYAIOIIMI BOCEMb OCHOBHBIX KJIIOUEBBIX

CJIOB U Bpra)KeHHfI, OpraHM30BaHHLBIX B 4 KiracTepa.

INepBoHaYaNBHBIN KiIacTep BKIIOYACT B CeOs 2 KITIO-

YEBBIX TEPMMHA, & UIMEHHO «3aITachl» U «YXYIIIEHUE.
Crenyst 3ToMy IIpUMepY, BTOPOI KJIacTep COMEPXKUT

2 KIJTIOYEBBIX CJIOBA: «OEITOYKa ITOCTaBOK» N «TCOPUI

urp». TpeTuii KJacTep COCTOUT U3 TaKUX KITIOYEBBIX
CJIOB: «aHcaMmbJieBoe oOyueHue» (00yuyeHre Ha OCHOBE

aJTOPUTMUYECKUX KOMITO3HUIINIA) W «BEIOOP MpU3HA-

KOB». HakoHeII, 4eTBepTHIl KJTacTep BKIIIOYAET B CeOS

CJICOYIOIINME IBa KITIOYEBBIX CJIOBA: «HHI[YCT]DI/IH 4» 1 «0».
DTN OCHOBHBIE KJTIOUYEBBIE CJIOBA IIPOJIMBAIOT CBET HA OC-

HOBHBIC TEMBI 1 COOCP2KaHNEC MCCJIENOBAHUN MOCIETHNX

Tabauya 4
CTpanoBoii aHAIN3: caMble IUTHPYEMble CTATbH
HaumeHnoBanue Bcero Cpenmice
. | KOJIHMYECTBO
CTPaHbI HUTHPOBAHMIA .
HUTHPOBAHUIA
CIIA 258 14.33
Nuannga 158 5.85
Kwurait 97 4.85
WUpan 47 11.75
bpazunus 24 24.00
DOuannnuHbl 17 8.50
pu Jlanka 15 15.00
Manaiizuga 11 11.00
IBenunga 10 10.00
Kanana 4 2.00

JIET, 4 TAKKE IMOAJYEPKMUBAIOT B3AUMOCBA3b 9TUX TEM B 00-

nutupoBaHuit. O6paTM BHUMAaHKE, YTO UMEHHO 3TH
TPH CTPaHBI UMEIOT CYIIIECTBEHHOE TTPECUMYIIICCTBO Hall
npyrumu. O6paraet Ha cebst BHUMaHue bpaswmmms ¢ ca-
MBIM BBICOKMM CPEOHUM KOJMIECTBOM IIMTHUPOBAHUI
cTaTeil, HeCMOTPS Ha TO, YTO 3aHMMAET JIUIIb IISITOC Me-
CTO 10 O0IIIeMY KOJIMUECTBY IUTUPOBaHMUM. TakKe CTONT
BBIICINTDH 3HAYNUTEIBHBIM BKIIAI B pa3BUTHE O0JIACTH
yIIpaBJIeHYECKON aHAIMTUKN YICHBIX M3 TaKNX CTPaH,
Kak Upan, @mwmrmmuns 1 [ pu-Jlanka.

JIACTU HAYYHOTO HAITPABIICHUST MEHEIKMEHT 1 CMEXKHBIX
C HUM 00J1aCTSIX.

Ha puc. 4 nipeacraBiaeHbl TeMaTUYECKHAE KapThI,
ITOJTYYCHHBIC TI0 aBTOPCKUM KJTIOUEBBIM CJIOBAM W MH-
IEKCUPYEMbIM KJTIOYEBEIM CJTIOBaM. DTH TeMaTUUICCKIE
CETH UTPAIOT BaXXHYIO POJIb B BRISIBIICHUHM HEOThEMJIC-
MBIX CBSI3€i BHYTPU IIPEIMETA, BBISIBICHUN CKPBITBIX
3aKOHOMEPHOCTEN 1 BBIIEIEHUN KITI0UEBBIX KOHIIETTIINIA
WM KOMIIOHEHTOB, TeM CaMbIM YIIydIlast IOHUMaHWe
KOMITO3UIINN U CTPYKTYPBI KOHKPETHOI TeMbI. M300pa-
JKEeHHas Ha puc. 4 TeMaTu4IecKasl CeTh IeMOHCTPUPYET

@

y
en ble learnin
" g

L 4 i
feature selection

indgry

supply chain

ory

geory

Puc. 3. KiroueBbie ci10Ba: ceTeBoii
aHAJIM3 COBMECTHOTO NMOSBJICHUS
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Puc. 4. TemaTu4yeckas ceTh

B3aMOCBSI3U MEXIY 0030pHBIMU CTAThSIMH, OTHOCSIIIIN-
MHCS K TeMaTHKe MEHEIKMEHTA, C pa3aeIcHNeM 3THX
TeMaTtuK Ha 10 xkactepoB. M3 Bu3yanm3amuy BUIHO, YTO
TaKWe HalpaBJieHUs, KaK MHBEHTapu3allns, TITyooKoe
oOydJeHUe, TIPUHSATHE PEIICHUI 1 TeHETUIeCKIE ajiro-
PUTMBI SIBIISTIOTCSI IICHTPAJIbHBIMU TOYKAMU B 00JIaCTH
HAyIHOTO HampaBJIcHNUS MCHEIKMEHTA.

CTPYKTYypbl COBMeCTHol1 pa6oTbl (popmupoBaHme
ceTell COQABTOPCTBA)

Ha puc. 5 npencrasieHa mmoaydeHHasI O pe3yJibTa-
TaM aHaJIM3a CBSI3b COABTOPOB MEXKAY cTpaHamu. Mc-
XOJIS U3 UMEIOIINXCS JAHHBIX, CTPaHBI YCIOBHO MOXHO
pa3nesnTh Ha YeThIpe cerMeHTa. Kuraii neMmoHcTpupyer
CaMylo BBICOKYIO IIEHHOCTD B TIOJTy4€HHOI CeTH, Ha BTO-
pPOM MecTe oKa3zajach ABCTpaINs, 3aTeM ClienytoT JJaHus
u Coennuennsble LITaTel AMepUKN.

OBCYXAEHUE
O6nacTu npuMeHeHUA 1 CLieHapuy NCNoJib30BaHUNA

OmHOI 13 LIEHTPATBHBIX TEM B IUCKYCCUIX 00 YIIpaB-
JICHYECKOI aHAJINTUKE SIBJISIETCS BO3MOXHOCTD €€ MHO-
JKECTBEHHOTO MPAKTUIECKOTO TIPYIIOKCHUS B Pa3Ind-
HBIX OTPACIISIX M OPTaHU3AIIMOHHBIX (DYHKIIASIX KOMIIa-
HUI. Y9aCcTHUKY (COABTOPHI) YaCTO Ha ITPUMepax MoKa-
3BIBAIOT, KaK YIIpaBJICHUCCKAsT aHAIMTUKA MCITOJIb3YeTCS
IUTSI ONTUMU3AIINH OM3HEC-TIPOILIECCOB, VIYIIICHUS ITPO-

Liecca IPUHATHS PELLICHUI B OpraHU3aLMK, TOBBILICHUST
KayecTBa 00CIyKMBAHUS KJIMEHTOB U CTUMYJIMPOBAHUS
MHHOBauMii. [l MTocTpaluy MpakKTUYECKOIo BO3-
JIEUCTBUS yIPaBICHUYECKOM aHAIUTUKU B Pa3JIMYHbIX
KOHTEKCTAX YaCTO MPUBOASATCS TeMATHUECKIE UCCIIEN0-
BaHUS 1 Ketickl (37, 38, 39): HarpuMmep, YCITeITHBIC TP -
Mepbl KOHBEPreHIIMY HAHOTEXHOJIOIMI U aHAJIUTUKU,
OCHOBAHHOIT Ha OOJBIINX JaHHBIX (40, 41).

TexHonorum n NHCTPYMEHTbI

JncKyccun 00 yripaBiieHUeCKOM aHATUTHKE B HAyd-
HBIX CTaThSIX TAKKE YIIIYOJISTFOTCS] B UCTIOJIB30BaHME HO-
BEUIIINX TEXHOJIOTUI 1 MTHCTPYMEHTOB, (hOPMUPYIOIINX
9Ty MEXIUCIUIUIMHAPHYIO 0071acThb (42). YIacTHUKH
IUCKYCCUI MOTYT U3yYNTh HOBBIC TCHICHIINN, TaK1E
KaK NCKYCCTBCHHBIN MHTEIJICKT, MAIIMHHOE O0yJYeHNE,
MIPeOIUKTUBHAS aHAJIUTUKA U TUIAT(POPMBI OOJIBIITNIX
maHHBIX. OHU MOTYT TaKKe 00CYKIaTh ITPEUMYIIIECCTBA
1 OTPAaHMYCHUS PAa3INIHBIX aHATTUTUICCKUX MHCTPY-
MEHTOB, a TaKxXKe cooOpakeHUsI 110 BEIOOpY Haubosiee
TTOIXOMISIIIETO TEXHOJIOTMUECKOTO CTeKA TSI KOHKPETHBIX
CIIcHApHeB NCITOIb30BaHU (43, 44).

ynpaBneHMe AaHHbIMU N 3TNYECKNe acneKTbl

E1ie omHoI BaxKHOM TeMOM B IUCKYCCHUSIX 00 yIIpaB-
JICHYECKOI aHAJIMTUKE SIBJISIETCS YIIPABJACHUE JaHHBIMU
C TO3ULIMY KOHDUACHIIMATLHOCTUA U TUKU. YUaCTHUKU
4acTo pacCMaTPUBAIOT BO3MOXHbIE ATUUECKUE TTOCEe -
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Puc. 5. Kapra Me:KcTPaHOBOrO COTPYIHHYIECTBA

CcTBUS cOOpa, XpaHEHUs U aHAJIM3a JaHHBIX, OCOOEHHO
B OTHOLIEHUM TAKKX BOIIPOCOB, KaK KOH(MUIEHINAb-
HOCTb JAHHbIX, COIJIACUE U MIPEAB3SITOCTD (45, 46).

ITpyHLUIIMATIBHO BAaXHO, YTO MCIIOJIb30BAHUE UH-
CTPYMEHTOB YIIPaBJIEHYECKOM aHATUTUKU 11 HAHO-
TEXHOJIOTUIi TpeOyeT crelaabHbIX 3HAHUI 1 HABLIKOB
C y4eTOM crelu@uKu HOy-Xay, KOMMEPUYECKOM TaiiHbI
u T.0. CreuuaancTbl B 9TOM 001aCTH J0JIKHBI 001a1aTh
HE TOJIbKO [JTYOOKUM ITOHUMAHUEM TEXHUYECKUX acIIeK-
TOB HAHOTEXHOJIOTUI, yMeTh 3P (PeKTUBHO paboTaTh
¢ 60JIbIIMMU OOBbEMAaMU JAHHBIX, IIPUMEHSITh COBPE-
MEHHBIE METOIbI MOJICIMPOBAHMSI 1 aHAIM3a, HO 1 00J1a-
JaTh 3TUYECKUMU HaBbIKAMU PabOThI ¢ MHMOPMALIKEiA,
IIO3TOMY CJIEAYeT TAKXKe O0PaTUTh BHUMAHKE HA MaJloe
KOJIMYECTBO (HEOOXOAMMOCTD) ITyOIMKALIMIA O IIOATOTOB-
Ke IIepcoHaa Ijisi paboThl B 00J1aCTH YIIPABIEHYECKOM
AHAJIUTUKU C YYETOM CIIELIM(MDUKHU ITPOU3BOACTBEHHBIX
MpOLECCOB, MHGOPMALIMOHHOM 6€30ITaCHOCTU B 00J1a-
CTU HAHOTEXHOJIOIMI, OCOOEHHO HAa MHHOBALIMOHHBIX
npearpusaTusx (47).

3AKJTIOMEHUE

B 3axmmoueHMe cieayeT OTMETUTD, UTO YIIpaBIcHYC-
CcKasl aHaJIMTUKA TIpeICTaBIsieT OO0 MOIIHBIN HA0Op

CMNCOK NCTOYHUKOB

WHCTPYMEHTOB UISI OPTaHU3AIINI, CTPEMSIIINXCS MC-
ITOJTb30BaTh ITOTCHIIMA TIPUHATHS PEIIICHII HAa OCHOBE
TaHHBIX. braromapss mHTerpauy mepeaoBhIX TEXHOIO0-
TWii, TAKNX KaK UCKYCCTBEHHBIN MHTEIJICKT, MAITMHHOE
00yJYeHMe 1 aHAJIUTHKA OOJBIINX JaHHBIX, YIIpaBIICH-
YyecKast aHaJIUTAKA TTO3BOJIICT OpraHU3alMsIM IT0IyJaTh
LIEHHYIO0 MH(POPMAIINIO, ONITUMHU3UPOBATh OIIePAILIUK
A CTUMYJIHpPOBaTh MHHOBaMu. OgHAKO, HECMOTPS
Ha OYCBUIHBIC IIPCUMYIIECTBA YIIPABICHYCCKOM aHa-
JIMTUKH, pean3allnsl ee TOJTHOTIO IMOTeHIINANa TpeOy-
eT IIPEOmOJICHUS pa3InIHBIX ITpobiaeM. [1o Mepe Toro
KaK OpTaHMU3alliM IPOIOJIKAIOT BHEAPSTH YIIPABICH-
YeCKYIO aHAJINTUKY, BaXKHO YICIATH IIEPBOOUYCPEIHOE
BHUMaHWE WHBECTUIIASIM B WHGPACTPYKTYPY JaHHBIX,
pa3BUTHE TAJJAHTOB U KYJIBTYPHYIO TpaHC(OpPMAIIUIO.
PasBuBast KyabTypy, OCHOBaHHYIO Ha MAaHHBIX, U UH-
BECTUPYSI B IPaBWJIBHBIN CTEK TEXHOJIOTHI, OpTaHM3a-
IIUA MOTYT OTKPBHITH HOBBIC BO3MOXHOCTH JJISI POCTa,
3(hHEKTUBHOCTH U KOHKYpeHTOCImocobHocTn. Kpome
TOTO, TIO MEpe Pa3BUTHSI OOIACTH YIIpaBICHICCKOM aHa-
JINTUKY KpaitHe BaXKHO OBITH B Kypce HOBBIX TCHICHITNIA
1 JIYYIINX IIPaKTUK, a TAKKe IIOCTOSTHHO TIepecMaTpu -
BaTbh 1 COBEPIICHCTBOBATh aHAIMTUYCCKIE CTPATETUN
IUIST YAOBICTBOPEHUST MEHSIIOIINUXCST TTOTPEeOHOCTEH
OusHeca.

1. Ivanov L.A., Xu L.D., Bokova E.S., Ishkov A.D., Muminova S.R. Inventions of scientists, engineers and specialists from
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ABSTRACT

Introduction. Small innovative enterprises are able to solve the problems of technological support of the construction sector.
A special place is occupied by enterprises created on the basis of the results of intellectual activity (RIA) of higher educational insti-
tutions. The activities of small companies created with the participation of universities have a number of advantages. The scientific
and educational environment creates additional opportunities for small businesses in conducting research and development, as
well as opens up access to human resources. An example of the commercialization of RIA is the technological developments based
on nanomaterial of St Petersburg University enterprises in solving the problem of abandonment of orphan wells, which contribute
to the pollution of groundwater. Methods and materials. Abandoned wells are abandoned according to “standard designs” that
provide for the abandonment of only the wellbore limited by the inner diameter of the casing pipes, and do not contain techni-
cal solutions for the elimination of behind-the-casing flows. Results. An ownerless well, after its abandonment according to the
“standard project’, continues to contaminate groundwater, but on a permanent basis, since repeated abandonment of such wells
is practically impossible. Each such “abandoned” well is an officially created channel for groundwater contamination in the long
term. Discussion. The article contains an analysis of the existing technology of abandonment of wells, including ownerless ones,
as well as the justification of the futility of its use to eliminate sources of groundwater pollution. An alternative solution based on
the use of modern nanomaterials is proposed. Conclusion. Examples of successful application of the proposed technology with
the use of cemented nanomaterials for the liquidation of emergency wells in the North-West region are given. Based on the study,
conclusions and recommendations are made.

KEYWORDS: small innovative enterprises, nanomaterials, orphan wells, cement stone leaching, behind-the-casing flows, sources
of groundwater pollution, reservoir pressure, standard projects, «<Plug-back mixture LP».
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INTRODUCTION

he competitive environment presupposes the acti-

vation of enterprises in the scientific and technical
sphere, where the key role is assigned to small innovative
enterprises (SMEs). A special place is occupied by en-
terprises created on the basis of the results of intellectual
activity (RIA) of higher educational institutions. The ac-
tivities of small companies created with the participation
of universities have a number of advantages. The scien-
tific and educational environment creates additional op-

portunities for small businesses in conducting research
and development, as well as provides access to human
resources (training and advanced training on the basis
of the university). Universities actively use the resource
base in priority scientific areas not only to conduct fun-
damental research, but also to stimulate the technological
processes of SIE [1—4]. For example, the Sparrow Hills
Innovation and Technology Centre is being developed at
Moscow State University, and the leading science park
with modern unique equipment is being developed at
St. Petersburg State University.
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An example of the successful implementation of tech-
nological innovations in the construction sector is the
activities of such enterprises as the Geological Centre of
St. Petersburg State University and the Water Centre of
St. Petersburg State University. The direction of research
and commercialization of intellectual property lies in the
plane of technological support for projects in petroleum
geology, ecology, modeling of groundwater reserves,
elimination of the consequences of emergencies due to
oil spills, alternative energy, new waterproofing materials
and other areas in construction.

New solutions for the environmental protection of
water wells are associated with the use of innovative
technologies of insulation materials. The problem of
groundwater pollution became especially relevant in the
post-perestroika period, when many wells that had own-
ers who previously controlled their condition turned out
to be ownerless. These were wells of all categories: water
intake, parametric, prospecting, exploratory, operational,
mothballed and abandoned. Today what is important is
not why and how this happened, but the fact that the wells
left unsupervised and collapsing in the bowels of the earth
cause irreparable damage to groundwater [2, 9].

Over the past decade, work has been carried out in
various regions of the Russian Federation to identify and
eliminate ownerless wells, mainly water intakes. But the
question arises, how exactly are the wells abandoned, and
are the sources of groundwater pollution really eliminated
with their abandonment?

METHODS AND MATERIALS
Causes of behind-the-casing flows in wells

A source of natural (groundwater) water pollution is
defined as “a source that introduces chemical, biologi-
cal or physical pollutants into surface or groundwater”.!

It can be seen from the definition that the phrase
“source of pollution” does not quite apply to ownerless
wells, since drilled wells are only conducting channels
through which substances polluting groundwater move
from the source towards the aquifer. Therefore, the main
task that must be solved during the abandonment of a
well is the isolation (elimination) of all channels created
in the rock mass during drilling and arrangement of wells.

Such channels include: the internal space of the pro-
duction (filter) string, connected to the aquifer through its
perforated part or open wellbore, and the behind-the-cas-
ing space, bounded by the walls of the well and the casing
string along their outer diameter. Since the main feature
by which ownerless wells are found and fixed are pipes of
various diameters located in the ground, sometimes ac-

companied by the remains of pavilions or concrete rings,
then not just wells, but wells with non-recoverable casing
pipes are subject to liquidation [15, 16].

To eliminate the possibility of pollutants penetrating
into the aquifers, it is necessary to fill the annulus of the
well, as well as the internal space of the casing pipes, with
a sealed non-destructive material.

Traditionally, it is believed that such a material is oil-
well cement slurries [6—8, 15—16, 18], but inspections of
production wells for the tightness of their behind-the-
casing space indicate the opposite.

Let us consider the conditions for the formation of ce-
ment stone in the annulus space at the stage of drilling and
well construction, as well as the causes for the inevitable
occurrence of behind-the-casing flows in wells when using
cement slurries as an insulation material.

High-quality insulation of casing strings and separa-
tion of productive formations is a condition for long-term
trouble-free operation of wells. Interlayer inflows and an-
nular flows that appear at the initial stage of well operation
are the result of the formation of a microannular space
at the rock-casing contact already at the stage of cement
stone formation [10].

During drilling and wellbore formation, the existing
balance of stresses in the rock mass is disturbed, but is
compensated by the hydrostatic pressure of the drilling
fluid injected into the well during drilling. Properly se-
lected drilling fluid parameters eliminate the negative
impact of both rock and reservoir pressures on the well
walls. During the construction of wells in the intervals
determined by the design solutions for their construction,
casing pipes are installed, designed mainly for fixing the
walls, and in production wells also for the installation of
water-lifting equipment. To separate the horizons pen-
etrated by the well, oilwell cement slurries are traditionally
used, as a result of the crystallization of which cement
stone is formed in the behind-the-casing space.

It is generally accepted that during casing cementa-
tion, the cement slurry delivered to the casing space in-
stead of the flushing fluid used in drilling maintains the
stress balance established in the rock mass and, conse-
quently, excludes the negative impact of reservoir pres-
sure on the forming cement stone [5, 13]. But that’s not
the case. The hydrostatic pressure created by the cement
slurry in the casing space decreases after the beginning
of its crystallization and after 4—5 hours has almost zero
values (Fig. 1) [12, 17].

This means that after the hydrostatic pressure of the
cement slurry drops below the bedded pressure, com-
pressive pressure is exerted on the forming cement stone
from the aquifer, and it contributes to the formation of
a microannular space in contact with water-bearing rocks

! National Standard of the Russian Federation GOST R 59053-2020. Environmental protection. Protection and rational use of waters. Terms

and definitions.
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Fig. 1. Change in the hydrostatic pressure of the cement slurry in the time range after the beginning

of its crystallization

[12]. Under the influence of reservoir pressure, the leach-
ate from the aquifer rushes into this micro-ring space,
impairing the adhesion of the forming cement stone to
the rocks located higher in the section (Fig. 2).

After cementation of the casing space in the process
of further drilling of the well to the design depth, casing
pipes and cement stone are subjected to dynamic loads
by rotating drill pipes, which contributes to the formation

=

7

P, —Pst - static pressure
— Pp - pore pressure

P,
P., —Pres- reservoir pressure

Permeable collector

Impermeable rocks
(waterproof)

Permeable collector

Fig. 2. Formation of cement stone in the space behind the column
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of microcracks already at the casing pipe-cement stone
contact. Thus, already at the stage of drilling and arrange-
ment of the well, conditions are created for the occurrence
of behind-the-casing flows in its behind-the-casing space.
Over time, the aggressive action of formation filtrates con-
tributes to the leaching of cement stone and transforma-
tion of microcracks into full-fledged cracks with gradual
destruction of cement stone. Since cement-based harden-
ing cement slurries are used in all wells without exception,
the destruction of cement stone in the behind-the-casing
space is a natural and inevitable phenomenon. The period
of occurrence of behind-the-casing flows depends only on
the values of reservoir pressures of the exposed horizons,
the quality of the cement slurry and the technology of its
delivery to the behind-the-casing space.

Knowing what behind-the-casing isolation technolo-
gies were used in the construction of hydrogeological
wells and wells for solid minerals (especially in the post-
perestroika period), it can be unequivocally stated that
wells that have been in operation for more than 10 years
already have behind-the-casing flows. The only exception
is the case when water-sensitive clay rocks are present in
the geological section opened by the well, which, when
interacting with water, swell and fill the voids formed in
the space behind the casing during the destruction of the
cement stone.

RESULTS AND DISCUSSION

Abandonment of wells according to standard
designs

Most ownerless wells intended for abandonment have
a service life of more than 25 years, that is, all of them
have behind-the-casing flows.

In order to officially abandon a well, it is necessary
to develop design documentation for its abandonment
[14], and this requires initial technical information about
it. As a rule, there is no technical documentation for an
ownerless well. Pre-project inspection of ownerless wells is
reduced to determining the coordinates of the discovered
wellhead, visual inspection of casing pipes coming to the
surface, measuring their diameters and current depths.
The rest of the parameters necessary for the development
of design solutions can be found in the record cards that
are stored in geological funds. However, it is not pos-
sible to find these cards for all wells, and the information
indicated in them does not always coincide with the data
obtained during a visual inspection of the well. As a rule,
special work on the wellbore survey in order to determine
the actual depth and structure is not carried out before
the development of design solutions for its abandonment.
Therefore, the initial data for the development of projects
for the abandonment of ownerless wells are conditional,
as well as the design solutions themselves.

The only (and very old) regulatory legal act that reg-
ulates technical solutions for the abandonment of all
wells (except for oil and gas wells) in order to “... prevent
pollution and salinization of aquifers through the well, as
well as undesirable mixing of waters of different quality
and depletion of aquifers during gushing” — these are the
“Rules for liquidation plugging of boreholes for various
purposes, backfilling of mine workings and abandoned
wells to prevent pollution and depletion of groundwater.
1967 (hereinafter referred to as the “Rules”) [16]. But
it also defines the abandonment of a well as “...Filling
the wellbore (full plugging) or part of it (partial plugging)
with cement, clay or other impermeable material...” [16].
And, although the Rules contain sections devoted to
the elimination of behind-the-casing flows in wells with
non-recoverable casing, the wording used allows un-
scrupulous designers to justify a technology convenient
for the Customer in order to save on the abandonment
of wells that are no longer needed by anyone. After all,
the abandonment of an ownerless well alone is an or-
der of magnitude cheaper compared to the complete
abandonment of a well, which includes the insulation
of the annulus.

Technical solutions for well abandonment according
to the “standard design” are as follows:

— development of the wellbore and its cleaning from de-
bris that has accumulated there or has been artificially
created, from the wellhead to the real bottom;

— cleaning of casing pipe walls from corrosion and flush-
ing of the entire wellbore after the above operations;

— disinfection of the aquifer followed by backfilling of
the sand and gravel mixture into the perforated part
of the filter column (at the interval of the aquifer);

— filling of the wellbore with backfill material (usually
cement mortar);

— wellhead arrangement, including digging a pit around
the casing pipe (pipes if more than one string enters
the surface); cutting these pipes below the surface level
and welding the cut pipe(s) with a metal plate; erection
of a concrete bollard with an appropriate identification
plate. [21].

The final document fixing the abandonment of an
ownerless well is an act signed by the parties involved in
this process, on the basis of which information on the
elimination of the source of groundwater pollution is
transmitted to the authorities.

From the described technology, it is obvious that de-
sign solutions for the abandonment of ownerless wells,
in which there are non-recoverable casing pipes, are
reduced only to the liquidation of their wellbores. The
need to insulate the behind-the-casing space of the well
is not mentioned in the “standard designs”, technical
solutions for the elimination of behind-the-casing flows
are not being developed, no work is being carried out in
the behind-the-casing space of wells.
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Clause 22 of the Rules states: “Wells that have opened
several aquifers with different chemical compositions and
with different groundwater pressures shall be plugged by in-
stalling cement bridges at the intervals of aquicludes that sep-
arate the aquifers... The number of cement bridges is equal to
the number of aquifers” [16]. As you know, nothing is the
same in nature, heads of groundwater are always different,
which means that it is necessary to design the installa-
tion of bridges in all wells that have opened aquifers. But
it is this clause 22 that is used to justify the exclusion of
behind-the-casing insulation during well abandonment.
It is enough to substantiate, based on modern hydrogeo-
logical studies, that there are (conditionally) no regional
aquicludes, and the horizons included in the conditionally
combined aquifer complex have similar heads and chemi-
cal composition, and the work to eliminate behind-the-
casing overflows can be excluded from the design solu-
tions. And if we rely not only on modern research, but also
look at the stock materials (reports compiled 50—60 years
ago), it turns out that the same aquifers present in the
region had not only aquicludes, but also different static
levels and chemical composition of water [16]. In addition
to the information already available, the number of wells
drilled in this region over the past 50 years (including
those that have already been abandoned) and the similar-
ity of the parameters of the aquifers included in the joint
complex become quite explainable.

It is worth recalling that the lack of insulation of the
casing space in wells contributes to the entry of pollut-
ants into the aquifers not only from the horizons located
downstream of the section, but also from the surface of
the earth: during snow melting, with rain streams [21].
And the presence of behind-the-casing water manifesta-
tions (griffins) in the wells that have opened the pres-
sure horizon contributes to a change in the hydraulic pa-
rameters of all overlying permeable horizons, increasing
groundwater levels, and thereby complicating construc-
tion work (for example, the city of Velikiye Luki, Pskov
region) [20].

What can happen (and is happening) with wells aban-
doned according to “standard designs” in the long term
is shown in Figure 3.

Abandonment of the wellbore does not eliminate the
entry of pollutants into the aquifers through the behind-
the-casing space from pollution sources located both
at depth and on the surface. Only one channel through
which toxic substances enter aquifers is being eliminated.
The main channel — the behind-the-casing space of the
well — remains open and accessible for the entry of pol-
lutants into groundwater. At the same time, the behind-
the-casing space of wells tends to increase in volume due
to the destruction of unstable rocks that make up the walls
of wells (Fig. 3) [21].

After signing the well abandonment certificate by the
parties involved in the process, the well receives the of-

Fig. 3. Consequences of well abandonment according to
the “standard design”

ficial status of abandoned, but at the same time there
retains the ability to move pollutants through the behind-
the-casing space. The probability of re-abandonment of
the well is zero, since it is possible to get into the wellbore
after its cementation only after the removal of the well-
head material (cement stone) from it, i.c. after its drilling,
but in old wells this is associated with the risk of violating
the integrity of the casing pipes [21].

Thus, wells, that are subject to abandonment but have
not yet been abandoned, can be considered temporary
conductors of pollutants, since under favorable circum-
stances they can be abandoned in full, i.e. with the sepa-
ration of horizons in the casing space of the well. As long
as the well is not abandoned, this possibility remains,
even if only theoretically. A well, in which only the well-
bore, i.c. the inner space of the casing pipes, has been
abandoned according to the “standard design”, becomes
a permanent conductor of pollutants into groundwater,
i.e. channels for the migration of substances polluting
groundwater remain and it is no longer possible to elimi-
nate them [21].

Thus, the abandonment of wells, including owner-
less ones, according to the “standard design” instead of
protecting groundwater leads to their further permanent
and irremediable pollution, but officially [21].

As an alternative to “standard projects” for the
abandonment of wells, including ownerless wells, de-
sign solutions are offered based on the technology of
abandonment of overflow wells with behind-the-casing
flows (griffins), which has been practiced in the North-
West region for more than 10 years [20]. The basis of
this technology is the nanomaterial “Plug-back mixture
LP”, which has proven itself very well in the liquidation
of overflowing wells with behind-the-casing flows. And
only thanks to this material, it became possible to repair
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and abandon wells that opened the pressure aquifer at
a depth of less than 30 m.

In its initial state, the “Plug-back mixture LP” is a vis-
coelastic mixture that is delivered to the area of the water
manifestation source, fills the pores and cracks of the
host rocks, colmating the latter. A distinctive feature of
the presented material is its ability to increase in volume
when in contact with water, displace water from pores and
cracks, filling the vacated space. [19]. In addition, when
entering a water stream (e.g., a stream of water moving in
a casing space and having a discharge at the wellhead or in
the overlying permeable horizon), the homogeneous mass
of the Plug-back mixture LP separates into small particles,
which rush along the flow into the reclaimed channels.
Gradually swelling and getting stuck in narrow places, and
then sticking to each other, the particles of the cement
mixture, as it were, gather again into a homogeneous mass
and colmate the channels through which the water moved.
Possessing good adhesive properties to casing metal and
rocks, Plug-back mixture LP forms a non-hardening,
hydrophobic shield that prevents the movement of filtrate
in the casing space. The shield being created is capable
of withstanding reservoir pressures of more than 5 MPa.
[20]. Technological properties of the Backfill Slurry make
it possible to liquidate and repair overflowing wells with
griffins, which have opened pressure horizons at a depth
of 10 m or more. The grouting material is resistant to
dynamic loads and, in the event of the latter (subsid-
ence of the soil, etc.), is able to independently fill newly
formed voids and (or) cracks, colmating them. A plastic
impermeable hydrophobic shield is created in the casing
space, separating the aquifers.

Over the 10 years of the technology’s existence, more
than 40 overflowing wells with behind-the-casing flows
have been repaired and abandoned, and in almost all
wells, the roof of the pressure aquifer lay at a depth of up
to 50 m. There were no negative results. There is expe-
rience in using plug-back mixtures LP as an insulating

material for casing pipes at the stage of construction of
water wells equipped on a pressure aquifer.

As a demonstration of the practical application of the
technology described above, we will limit ourselves to
just two examples.

The abandonment of the well in the city of Belozersk,
which opened the pressure horizon at a depth of 20 m, was
carried out according to the technology described above
using the “Plug-back mixture LP”. Since the wellhead
was lost due to the intensive development of the griffin
funnel, in order to prevent suffusion and further develop-
ment of the funnel, the latter was filled with gravel. And
to deliver the backfill material to the roof of the aquifer,
auxiliary wells had to be drilled. Figures 4—5 depict the
moment of maximum development of the funnel and the
site after the work on the localization of water manifesta-
tion [11].

In 2016, on the territory of a cottage village located in
the valley of the Setovka stream, during the drilling of an
exploratory water well (16 Polevoy Lane) from a depth of
9 m, there was an outpouring of water with a characteris-
tic smell of hydrogen sulfide, with a flow rate of 80 m*/h
and a static level of +15—17 m. In contrast to the case in
Belozersk, the flow rate of the well decreased over time,
and at the time of the beginning of the abandonment did
not exceed 25—30 m*/h. The work was complicated by the
low depth of the well, but the technology developed by
the specialists of the Geological Center of St. Petersburg
State University and the use of the nanomaterial “Plug-
back mixture LP” made it possible to eliminate water
leaks. Figures 6—7 depict the moment of the beginning
of water manifestation and the territory of the site after
the abandonment of the well and its arrangement [20].

METHODS AND MATERIALS

For the abandonment of abandoned wells in full,
i.e. isolation of all conductive channels that contribute

Fig. 4. Scale of development of the griffin funnel

Fig. 5. Area after well abandonment
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Fig. 6. Well under repair, 2016

to the entry of pollutants into aquifers associated with
a particular well the following technology is proposed.

Since casing pipes are installed in abandoned wells
and it is not possible to extract them, preliminary perfora-
tion of casing strings above the roof of the aquifer is nec-
essary to deliver the backfill material to the annulus. For
their perforation, it is proposed to use pipe cutters used in
the elimination of accidents in wells. Pipe cutters, by the
principle of their operation, allow you to form windows
along the circumference of the casing pipes. They are
easy to operate and, unlike shaped rotary hammers, do
not require special permits for their use. The width of the
formed windows is determined by the width of the pipe
cutter incisors and is within 10—12 mm, which is enough
to deliver LP backfill material to the behind-the-casing
space. If necessary, the number of process windows can
be increased to two or three.

The cement packer on the injection string (drill pipes
of the TBSU) is installed in the well above the process
window (if there are several of them, then higher than the
uppermost one) by 200—300 mm and expanded. A con-
fined space is created under the packer with an exit to the
pipe through technological holes.

Prior to the insulation works, the annulus tightness
is tested with a pressure of no more than 1 MPa, based
on the results of which a decision is made either to
carry out work on the insulation of the behind-the-
casing space, in the presence of behind-the-casing
flows, or to dismantle the injection equipment, in case
of establishing the fact of tightness of the behind-the-
casing space.

Only after the completion of all the above complex
of works should the wellbore be insulated. And as an in-
sulating material for the elimination of channels created
by a drilled well in a rock massif, which contribute to the

Fig. 7. Area after well abandonment, Oct. 2021

pollutions of groundwater, the technology prescribes the
use of the nanomaterial “Plug-back mixture LP”.

CONCLUSION

1. A well abandoned according to the “standard de-
sign”, i.e. without elimination of behind-the-casing flows,
continues to have a negative impact on groundwater.

2. When developing design solutions for abandon-
ment of wells with non-recoverable casing pipes, measures
should be taken to eliminate behind-the-casing flows.
And when they are abandoned, the behind-the-casing
space of wells should be insulated with an impermeable
nanomaterial “Plug-back mixture LP”, which ensures the
separation of aquifers in the long term.

3. It is necessary to review and revise the regulatory
document “Rules for liquidation plugging of boreholes
for various purposes, backfilling of mine workings and
abandoned wells to prevent pollution and depletion of
groundwater. 1967 and to make changes to the technol-
ogy of well abandonment taking into account modern
innovative technologies and experience in the use of the
nanomaterial “Plug-back mixture LP” in the abandon-
ment of overflowing wells and griffin formations.

4. For the period of work on the development and
approval of a new regulatory document defining the
technology of abandonment of wells with the mandatory
elimination of behind-the-casing flows, it is necessary to
suspend work on the design and abandonment of wells,
primarily ownerless wells.

5. The solution to the problem of environmental pro-
tection of boreholes is based on the technological in-
novations of the university’s SIEs: the development of
insulating nanomaterials capable of effectively solving the
problems of groundwater pollution.
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TexHONOrnM MmanbiX MHHOBALMOHHbIX NPeanpPuATNN
KaK pe3y/bTaT MHTeJIEKTYaIbHON AEeATENIbHOCTIA:
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AHHOTALMA

BBepeHume. Manbie MHHOBaLMOHHbIE NPeAnpPUATUA CMOCOOHbI pellaTb 3aaun TeXHONOrMYeckoro obecrneyeHuns CTpouTenbHoM
chepbl. Ocoboe MecTo 3aHUMatOT NPefnpPUATAA, CO3AaHHblE Ha OCHOBE pe3ysNibTaToB MHTeNNeKTyanbHon featenbHoct (PAL)
BbICLUNX YYeOHbIX 3aBefileHWI. [eATeNbHOCTb MasnbiX KOMMaHWIA, CO3AaHHbIX C yYacTUeM YHMBepCUTeToB, obnagaeT pagom npe-
umyecTs. HayuHas n obpasoBatesibHasA cpefia Co3faeT AONONHMUTENIbHble BO3MOXHOCTU AN Manoro 6usHeca B NpoBeeHNN Ha-
YUHbIX CCNIefoBaHNIA 1 Pa3paboToK, a Takke OTKPbIBAeT JOCTYN K KaapoBoMy noteHuwmany. lMpumepom kommepuvanusauuv PUL
BbICTYNAKOT TEXHONIOrMYeCKMe pa3paboTKn Ha OCHOBe HaHOMaTepwuana npegnpuatTuin CMN6IY B peweHnn npobnembl NMKBUAALNN
6eCX03HbIX CKBaXKNH, CMOCOOCTBYIOLLNX 3arpsA3HeHI0 Nof3eMHbIX Bod. MeToabl n maTepuanbl. JIMKBUAALMA 6€CX03HbIX CKBaXKUH
OCYLLeCTBAETCA MO «TUMOBbIM NMPOEKTaM», NpeayCcMaTPUBAIOLLMM IMKBUAALMIO TONIbKO CTBOJIA CKBaXVHbI, OFPaHNUYeHHOro BHY-
TPEeHHVM AnameTpom obcafHbIX TPYO, 1 He coflepKaT TEXHNYECKMX PeLleH ANA NMKBMAALMM 3aKOSIOHHBIX NepeToKoB. Pe3ynb-
TaTbl. becxo3Haa ckBaXkmnHa nocne ee NMMKBUAALMN NO «TUMOBOMY MPOEKTY» NMPOAOIKAET 3arPA3HATb NOA3EMHbIe BOAbI, HO YXKe Ha
NMOCTOAAHHOW OCHOBE, T.K. MOBTOPHas IMKBUAALMNA TaKNX CKBaXMH MPaKTUYeCK/ HeBO3MOXHA. Kaxaan Takaa «nMKBuaMpoBaHHas»
CKBaXKMHa — 3T0 oduLManbHO CO3AaHHbIN KaHan AnA 3arpA3HEeHNA NoA3eMHbIX BOA B ONITOCPOYHON NepcneKkTrse. O6cyKaeHue.
CTaTbA COAEPXKUT aHaNM3 CyLLecTBYOLWeNn TEXHONOTNW NINKBUAALNN CKBaXIMH, B TOM Ymncsie 1 6ecxo3Hblx, a TakKe 060CHOBaHMe
6ecrnepcneKTUBHOCTM ee NPUMEHEHNA ANA YCTPAHEHUA CTOYHUKOB 3arpA3HeHNsA noa3emMHbIx BoA. lMpeanaraeTca anbTepHaTBHOE
pellueHrie, OCHOBaHHOE Ha UCMOJIb30BaHNMN COBPEMEHHbIX HAaHOMaTepranoB. 3aKntoueHue. MpuBeaeHbl TPUMepPbI YCMEeLHOro npu-
MEHeHUA NpeanaraeMoi TeXHOMOrM C UCMOJIb30BAaHNEM TaMMOHaXKHbIX HAHOMATePUANoB ANA IMKBMAALMMN aBaPUIHbIX CKBaXKUH
B CeBepo-3anagHoMm pervoHe. Ha ocHoBe nccnefoBaHmA CaenaHbl BbIBOAbI U peKoMeHZaunun.

KJTIOMEBDIE CJZIOBA: Masble MHHOBALMOHHbIE NPeANPUATIA, HAHOMATEPUasbl, 6eCXO3HbIe CKBaXKVHbI, BblLLeMaunBaHNE LLEMEHTHOTO
KaMHs, 3aKOJIOHHblE MNEPETOKUN, NCTOYHUKI 3arPA3HEHNA NOA3EMHbBIX BOZ, M1aCTOBOE AaBNeHNe, TUMOBbIE NPOEKTbI, < TaMMOHaXXHasA
cmech JMM».

AnAa UUTUPOBAHUA:
TpudaHnues B.M., Tyaeaués A.B., ly3os A.10., Ny3o8B 0.H., Monakos H.A. TexHonornyn manbix MHHOBaLIMOHHbIX NPEANPUATUN Kak

pe3ynbTaT UHTENNeKTyanbHOW AeATENbHOCTU: MPUMEHEHV e HAHOTEXHOOTI NP IMKBMAALMM 6eCX03HbIX CKBaXKUH // HaHoTex-
Honoruu B ctpouTenbcTBe. 2024.T. 16, N 3. C. 267-275. https://doi.org/10.15828/2075-8545-2024-16-3-267-275. - EDN: DOZISZ.

BBEAEHUE

K‘(_)IHKypeHTHaH cpena mpearnosaraeT akTUBU3aLUIO
PEeANpUITUIL B HAYYHO-TEXHUYECKOM cdepe, Tae
KJII0ueBasi poJib OTBeIeHA MaJIbiIM MHHOBALIMOHHBIM
npenmpustasm (MUIT). Ocoboe MecTo 3aHNMArOT Tpe-
MPUSITHS, CO3IAHHbIE HA OCHOBE PE3YJIbTaTOB MHTE -

JIeKTyanpHOM mesaTenbHocT (PU/I) BBICIINX yIeOHBIX
3aBefcHM. JlesITe TbHOCTh MaJIBIX KOMIIAHW, CO30aH-
HBIX C Y9aCTHEM YHUBEPCUTETOB, 00JIaMaeT PSIIOM TIpe-
nmytecTs. HayaHas n oOpa3oBaTellbHAsI Cpela co3macT
TIOTIOJTHUTEIbHBIC BO3MOXKXHOCTH [IJIST MaJIOro OM3Heca
B IIPOBEIEHUM HAyYHBIX UCCAEN0BAaHUM 1 pa3pabOTOK,
a TaKXXe OTKPBIBAET JOCTYI K KaAPOBOMY MOTEHIIUATY
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(TToaroToBKa M MOBBIIICHUE KBAaTU(UKAIIMU Ha 0a3e
By3a). YHUBEPCUTETHI AKTUBHO HUCIOJb3YIOT Pecypc-
HyI0 0a3y 10 TPUOPUTETHBIM HAYYHBIM HaNpaBIeHUSIM
HE TOJIBKO JUTS IpOBeneHUs (hyHIaMEHTATbHBIX UCCITe-
JIOBAaHUM, HO 1 7151 CTUMYJIMPOBAHMS TEXHOJIOTUYECKUX
npoueccoB MUII [1—4]. Tak, B MI'Y passuBaetcsa NH-
HOBAlLlMOHHO-TEXHOJOTUYECKUI LIEeHTP «BopoObeBbl
ropel», a B CII6I'Y — Benymuii HaydHBIN TTapkK, o6ia-
JAIOIIUI COBPEMEHHBIM YHUKAJIbHBIM 000pYI0BaHUEM.

I[TprMepoM yCremHOro BHEAPEHUS TEXHOJOTnYe-
CKMX MHHOBAIIUI B CTPOUTENIFHON cepe BHICTYIIAeT
NesTeJIbHOCTh Takux npeanpusatuit, kak MUII «I'eo-
snormueckuii ueHTp CII6T'Y» u MUII «BomHblii IeHTP
CIIoI'Y». HanpaBieHusT ucclieMOBaHU 1 KOMMEPIIM-
anu3anuu PU]I exat B IJTIOCKOCTU TEXHOJIOTMYECKOTO
o0ecITeYeHIST TIPOCKTOB He(DTSTHOM TeOJI0THH, SKOJIOTHH,
MOJIEJIMPOBAHMS 3aM1acOB MOA3EMHBIX BOJ, JIMKBUIALIUNA
MOCJEACTBUIA UpE3BbIYAHBIX CUTYalIWii BCIEACTBUE pa3-
JIMBOB HE(TENMPOAYKTOB, aTbTEPHATUBHOMN 9HEPIeTUKMU,
HOBBIX TUIPOU3OJISIIMOHHBIX MAaTePUAIOB U IPYTUX Ha-
MpaBJIeHU B CTPOUTEbCTBE.

HoBble penieHus1 3KOJ0rM4eckKoi 3amuThl BOIHbBIX
CKBaXXUH CBSI3aHbI C MPUMEHEHNEM MHHOBALIMOHHBIX
TEXHOJIOTUI M3OISILIMOHHBIX MaTepuaioB. [Ipobiema
3arpsi3HeHUS TOA3EMHbBIX BOJI cTaja 0C000 aKTyallb-
HOW B MOCTIEPECTPOCUHBII MEPUOA, KOTIa MHOXECTBO
CKBaXX1H, UMEBIIMX COOCTBEHHUKOB, KOTOPbIE MPEXKIE
OCYILECTBJISLIM KOHTPOJIb 32 UX COCTOSIHUEM, OKA3aJIUCh
0eCXO03HBIMHU. DTO OBLIM CKBAaXXMHBI BCEX KAaTCTOPUIA:
BO103a00pHbBIE, MapaMeTpuiyecKue, MOMCKOBbIE, pa3-
BEIOYHbIE, 9KCIUTyaTallMOHHbBIE, 3aKOHCEPBUPOBAHHbIE
¥ TUKBUAMpPOBaHHBIC. CeTomHs BaXKHO HE TO, IIOUEMY
M KakK 3TO MPOU30IILIO, a TO, YTO OCTaBLIMECS 0e3 Hal-
30pa 1 pa3pylaoimecs B Heapax 3eMJI CKBaXKUHbI Ha-
HOCSIT HEBOCIIOJTHSICMBII YPOH TTOI3eMHBIM BomaM |2, 9].

B nocnenHue necatuieTus B pa3IMuHbIX pErMOHaxX
P® mipoBomsiTcst pa®OTHI IO BEISIBICHUIO W JIMKBHIA-
LUK OECXO3HBIX CKBaXKWH, B OCHOBHOM, BOI03a00PHbIX.
Ho Bo3HuMKaeT Bomnpoc, KaKk UMEHHO JIMKBUIUPYIOTCS
CKBaXXMHBI U IEWCTBUTEIbHO JIM C UX JUKBUIALMEH
YCTPaHSIOTCS UICTOYHHUKH 3aTPSI3HEHUS TTOA3¢MHBIX BOIL?

MpununHbl 06pa3oBaHNA 3aKONOHHDBIX NEPETOKOB
B CKBa)KMHax

M cTouHUK 3arpsi3HeHUS IPUPOIHBIX (TTOX3EMHBIX)
BOJI OIPEIEIsIeTCS KaK «MCTOYHMK, BHOCSIIUI B 110-
BEPXHOCTHBIC WJIM TTOA3EMHBIC BOIBI XUMIUYICCKIE, OMO-
JIOTMYECKUE WK (DU3NYECKUE 3aTPSI3HUTEIN» .

W3 ompeneneHNsI BUTHO, YTO CIOBOCOYECTAHUE «HC-
TOYHUK 3arpsSI3HEHUS» K 0€CXO3HBIM CKBaXKITHAM HE CO-
BCEM TOIXOINT, T.K. TIPOOYPEHHBIC CKBAXKITHEI SIBIISTIOTCS

JIMIIIb TPOBOASIIIMMU KaHaJlaMU, 10 KOTOPBIM Bellle-
CTBa, 3arpsI3HSIONIME TTOJ3EMHbIE BOABI, TTEpEeMEIIal0T-
Csl OT UCTOYHMKA B CTOPOHY BOJIOHOCHOTO TOPU30HTA.
CremoBarellbHO, OCHOBHAS 3amada, KOTopasl JOJDKHA
pelaTbesl Mpu JIMKBUAALIMA CKBAXXUHBI, — 3TO U30JIsI-
us (ycTpaHeHHMe) BCeX KaHAJIOB, CO3MAaHHBIX B TOPHOM
MaccuBe Mpu OypeHUr U 00yCTPOMCTBE CKBAXKUH.

K Takum KaHamaM OTHOCSTCS: BHYTpPEHHeEe Ipo-
CTPAHCTBO 3KCIUTyaTallMOHHOU ((PUIBTPOBOIT) KOJTOH-
HbI, COEIMHEHHOE C BOJIOHOCHBIM TOPU3OHTOM 4Yepe3
ee nep@GopupoBaHHYIO YaCTh UJIU OTKPBITHIM CTBOJ,
U 3aKOJIOHHOE€ MPOCTPAHCTBO, OrPAaHUYEHHOE CTEH-
KaMM CKBaXXMHBI U KOJIOHHOI 00CaaHBIX TPYO MO UX
Hapy>XHOMY nuaMeTpy. Tak KaKk OCHOBHBIM IMpU3HA-
KOM, MO KOTOPOMY HaxonsT U (PUKCUPYIOT O€CXO3HbIE
CKBaXXMHBI, SIBJSIIOTCS TPYyObl pa3InyHbIX JUaMETPOB,
pacnojioXeHHbIe B 3eMJie, MHOTAA COMPOBOXIaeMble
ocTaTKamu MaBUJIbOHOB WJIM OETOHHBIX KOJIEL, TO JIMK-
BUJALIMM MOJIEKAT HE TPOCTO CKBAXKMHbBI, & CKBAXKUHbI
C HEeM3BJIEKaeMBbIMU 00CcagHBIMU TpyOamu [15, 16].

Jist ycTpaHeHUsT BO3MOXXHOCTHU TTPOHUKHOBEHU S
3arpsI3HAIONIMX BEIIECTB B BOJOHOCHBIE TOPU3OHTHI
HEo0XO0IMMO 3aTpyOHOE MTPOCTPAHCTBO CKBAXKMHBI TaK
Xe, KaK U BHYTPEHHEE MPOCTPAHCTBO 0OCAIHBIX TPYO,
3aMOJHUTh TEPMETUYHBIM HEpa3pylIalolMmMcs MaTe-
puaiom.

TpaaulMOHHO CYUTAETCS, YTO TAKMM MaTepuajoM
SIBIISTIOTCS] TAMIIOHAXKHBIC TIEMEHTHBIC PACTBOPHI [6—8,
15—16, 18], omHako 00CcaeI0BaHUS SKCITTyaTallMOHHBIX
CKBaXXWH Ha MPEIMET FepMETUYHOCTHU UX 3aKOJIOHHOTO
MPOCTPAHCTBA TOBOPST 00 OOpaTHOM.

PaccmoTpum ycioBust GopMupoBaHUS IEMEHTHOTO
KaMH$ B 3aTpyOHOM ITPOCTPAHCTBE HA CTAAUU OypeHUsI
1 00yCTpOMCTBAa CKBaXKMH, a TAKXKe MPUYMHBI HEU30EXK-
HOTO BO3HUKHOBEHMSI 3aKOJIOHHBIX TTIEPETOKOB B CKBa-
JKMHAaX MPU UCITOJb30BaHMU TAMIOHAXKHBIX LIEMEHTHBIX
pPacTBOPOB B KaYeCTBE U3OJISILIMOHHOTO MaTepuaia.

KauecTBeHHas1 n3oJsi1ust 00CaTHbIX KOJOHH U pa3-
001IeHNEe TTPOAYKTHUBHBIX IIJIACTOB SIBJISIETCS] YCIOBUEM
JIOJITOBEYHOI Oe3aBapUITHON 3KCIITyaTalliy CKBAXKMH.
IMosgBnsiolmecs: B HaYaJbHOUW CTaAUM SKCILTyaTalluu
CKBaXXMH MEXILJIACTOBBIE MEPETOKU U 3aTPYyOHbBIE Mepe-
TOKMU SIBJISIIOTCS pe3yJbTaToM (hDOPMUPOBAHUSI MUKPO-
KOJIbLIEBOTO MPOCTPAHCTBA HA KOHTAKTE «rOpHas Mo-
pona-obcaaHbie TPYObI» yKe Ha cTaguu (POPMUPOBAHUS
eMeHTHoro KaMH# [10].

I1pu 6yperHnu u GOpMUPOBAHUM CTBOJIA CKBASKUHBI
CYLIECTBYIOIIMI OajlaHC HAMPSIXKEHUI B TOPHOM Mac-
CUBE HapYyLIAETCsl, HO KOMIIEHCUPYETCS TUAPOCTATH -
YeCcKUM AaBjieHreM OypoBOTo pacTBOpa, HAarHETAEMOTO
B CKBaXXUHY Ipu OypeHuu. [1paBuibHO momoOpaHHBIC
rnapamMeTpbl 0ypoOBOIro pacTBOpa YCTPAHSIOT HEraTUBHOE

! Hatmonampusiit cranmapt PO TOCT P 59053-2020. Oxpana oxpyxaromieil cpensl. OXpaHa M palliOHAIBHOE WCIOIb30BaHUE BOJI.
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BO3JIEMICTBAE HA CTEHKM CKBaXXMHBI KaK TOPHOTO, TaK
¥ TTACTOBOTO maBieHmi. I1py coopy:keHUM CKBaXKUH
B MHTEPBAJIBI, OTIpeIieIeHHbIE TTIPOEKTHLIMU PEIICHUSIMU
IIJIST IX CTPOUTEILCTBA, YCTAaHABIMBAIOTCSI 0OCaTHEIC
TpyOBI, MpeaHa3HAYCHHEBIC B OCHOBHOM JUTSI KPETIICHUST
CTEHOK, a B OKCIITIyaTallMOHHBIX CKBaXKMHAX eIle U IS
MOHTaxa BOAONOIbEMHOTO 000pynoBaHus. J1Jist pazo6-
IIEHUS BCKPBITBIX CKBAXKWMHOM TOPU3OHTOB TPAIUIIIOH-
HO MCTIOJTB3YIOTCSI TAMITOHAXKHBIC IICMCHTHBIE PACTBOPHI,
B pe3yIbTaTe KPUCTAJIIN3AUH KOTOPBIX B 3aKOJIOHHOM
TIPOCTPaHCTBE (hOPMHUPYETCS IIEMEHTHBIN KaMEHb.
[TpuHATO CYNTATD, YTO TIPU IIEMEHTAIIUN 0OCATHBIX
KOJIOH TaMITOHAXXHBI pacTBOP, JOCTaBJIEHHBIN B 3a-
KOJIOHHOE MPOCTPAHCTBO CKBAXKWHBI B3aMeH MCITOJb-
3yeMOM TIpu OYpeHUH TTPOMBIBOYHOM KUIKOCTH, TIOI-
JIeP>KUBAET YCTAHOBUBIINIICS B TOPHOM MAacCHBE OajlaHC
HaTIPSLKEHUI U, CIIeIOBaTeIbHO, MCKITIOYaeT HETATUBHOE
BO3IEHCTBUE TIACTOBOTO MaBJICHUS Ha (DOPMUPYIOIITNTA-
cd LIeMeHTHBIN KaMeHb [5, 13]. Ho aT0 He Tak. 'mapo-
CTaTMYECKOE JaBJIEHNE, CO3JaBaeMOe LIEMEHTHBIM pac-

TBOPOM B 3aKOJIOHHOM IIPOCTPAHCTBE, ITOC/IC Havajla ero
KPUCTAJUTN3AIIN CHIKASTCS U 9epe3 4—5 9acoB UMEET
IMPaKTUYECKN HyJeBbIe 3HaueHus (puc. 1) [12, 17].

DTO 03HAYACT, YTO ITOCIIC TTAACHUS TUIPOCTATIIC-
CKOTO JTaBJICHUS IIEMEHTHOTO PacTBOPA HITXE IIACTOBO-
r0 Ha (DOPMUPYIOIINIACS IIeMEHTHBIN KaMeHb OKa3bIBa-
eTCs CKMMaloIIee aBJICHHIE CO CTOPOHBI BOMOHOCHOTO
TOPM30HTA, 1 OHO Ha KOHTAKTE C BOIOBMEIIAIOIINMHM
IIOPOIaMH CIIOCOOCTBYET 00pPa30BaHNI0 MUKPOKOJIb-
neBoro npoctpaHctsa [12]. ITox meiicTBUeM TLIaCcTO-
BOTO JaBJCHMS (DIILTPAT U3 BOZOHOCHOTO TOPM30HTA
YCTPEMIISIETCS B 3TO MUKPOKOJIBIIEBOE TIPOCTPAHCTBO,
VXyOIIas cleruieHne (hopMUPYIOMIETocs IIEMEHTHOTO
KaMHSI ¢ TOPHBIMU ITOPOJIaMHU, PACIIOIOXKEHHBIMU BBIIIIC
110 paspe3y (puc. 2).

ITocie meMeHTaIMM 3aKOJOHHOTO IIPOCTPaHCTBA
B IIpoliecce NabHEUIIIeT0 OYPEHMST CKBasKUHBI 10 TIPO-
eKTHOM TJIyOMHBI Ha 0OcaaHbIe TPYObl U LIEMEHTHBIN
KaMeHb OKa3bIBaIOT TMHAMWYCCKIE HaTPy3KU Bpalla-
o1uecs OypuiibHbIe TPYObl, YTO CIIOCOOCTBYET 0Opa-
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30BaHUI0 MUKPOTPEIIMH Y€ Ha KOHTaKTe «o0camHas
TpyOa-LieMeHTHBII KaMeHb». TakuM oOpa3oM, yxe
Ha cTaguy OypeHUs W 00yCTPOCTBA CKBaXKUHEI B €€
3aKOJIOHHOM TIPOCTPAHCTBE CO3MAIOTCS YCIOBUS TSI
BO3HUKHOBEHHUSI 3aKOJIOHHBIX TIepeTOKOB. C TeueHneM
BPEMEHHM arpecCUBHOE BO3IEMCTBIE TIACTOBBIX (DUJIb-
TPaTOB CITOCOOCTBYET BBIIICIAUYNBAHUIO IIEMECHTHOTO
KaMHS 1 TIpeo0pa30BaHNIO0 MUKPOTPEIIMH B TTOJTHOIICH-
HBIE TPEIIMHEI C TTOCTCIIEHHBIM pa3pyIIcHHEeM IIEMCHT-
HOTO KaMHsI. [TO0CKOIBKY TBEepACIONINE TAMITOHAXKHEIC
pPacTBOPHI HA IIEMEHTHOI OCHOBE MCITOJIB3YIOTCS BO BCEX
06e3 MCKITIOUCHMS CKBaXXIMHAX, TO pa3pylIcHUE IIEMCHT-
HOTO KaMHSI B 3aKOJIOHHOM IIPOCTPAHCTBE — SBJICHHE
3aKOHOMepHOe 1 Hems0exkHoe. CpoK BOSHUKHOBEHUS
3aKOJIOHHBIX MIEPETOKOB 3aBUCHUT JINIIb OT BEIMINH
TUTACTOBBIX JABJICHMIT BCKPBITBIX TOPM30HTOB, KAYECTBA
LEMEHTHOTO PacTBOpa U TEXHOJIOTUHU €TO TOCTaBKH B 3a-
KOJIOHHOE TIPOCTPAHCTBO.

3Has, KaKie TeXHOJOTUH U30JISIINN 3aKOJIOHHOTO
TIPOCTPAHCTBA UCTIOIH30BAIMCH TP COOPYKCHUM TH-
IPOTEOIOTMUCCKIX CKBAXKITH W CKBasKH Ha TBEPIbIC TT0-
JIe3HbIC MCKOITaeMbIe (0COOCHHO B TTOCTIIEPECTPOCUHBIN
TIepUOI), MOXKHO OMHO3HAYHO YTBEPKIATh, UYTO IKCILTya-
TpyembIe 6ojiee 10 IeT CKBaKMHBI YK€ MEIOT 3aKOJIOH-
HBIE TIEpeTOKN. EMMHCTBEHHOE NCKITIOUCHE — CITy4aid,
KOT/Ia B TEOJIOTTIECKOM pa3pe3e, BCKPBITOM CKBAKITHOIM,
TIPUCYTCTBYIOT BOIOYYBCTBUTEIIBHBIC TJTMHICTBIC TTOPO-
IIBI, KOTOPBIC TIPY B3aMMOICHCTBUAM C BOIOU HAOYXaloT
¥ 3aIIOJTHSIOT ITyCTOTHI, 00pa3yroIIrecs B 3aKOJJOHHOM
TIPOCTPAHCTBE IIPH Pa3pYIICHUN IIEMEHTHOTO KaMHSI.

PE3YJIbTATbI N OBCYXXAEHUE
JInkBnaaumaA cKBa)<vH no TUNOBbIM NPOeKTam

BobIIMHCTBO 0€CX03HBIX CKBAXKWH, IIPeAHA3HAYCH-
HBIX [UTS TUKBUOAIIAN, UMEET CPOK SKCITyaTalluy OoJee
25 meT, T.e. Bce OHM MMEIOT 3aKOJIOHHBIC TIEPETOKM.

Y1066 0O(puIMaTbHO JTUKBUAUPOBATH CKBAXUHY,
HEO0OXOIMMO pa3paboTaTh MPOCKTHYIO JOKYMEHTAIIAIO
Ha ee JIMKBUAauuio [14], a mrg 3Toro HeobXoaMMa MC-
XOmHAas TeXHUIecKast MHhopMaIns o Heil. TexHmueckast
TOKYMEHTAIIMS Ha OECXO3HYIO CKBaXXIHY, KaK IIPaBUJIO,
oTcyTcTByeT. [IpennpoekTHOE 0OCIemoBaHNe 6eCX03-
HBIX CKBaXXIH CBOIUTCS K OIIpeaeICHUIO KOOPIMHAT
00HaApYXKEHHOTO YCThs, BU3yaIbHOMY OCMOTPY BHI-
XOISIINX Ha TTOBEPXHOCTH 00CATHBIX TPYO, 3aMepy UX
IMaMEeTPOB U TeKYIUX TIyorH. OcTalbHBIC TTapaMeTpPHI,
HEOOXOMUMBIC TSI pa3paOOTKU MPOCKTHBIX PeIICHUH,
MOXXHO TIOITBITAThCS HAMTHU B YIETHBIX KapTOUKaxX, KO-
TOPBIC XPaHSITCS B Teosiormueckux (pormax. Ho He Ha Bce
CKBaXXMHBI YIaeTCS HATU 5TH KapTOYKH, a YKa3aHHAS
B HUX UH(OpMAaLKs HE BCETAA COBIIAJAET C JAHHBIMU,
TOJIYICHHBIMU TP BU3YAIbHOM OCMOTpPE CKBAKIHEI.
CrienmagbHBIX PabOT TI0 MCCIIETOBAHUIO CTBOJIA CKBa-

JKWHBI C IEJIbIO OTIpeaeIeHNsT (DaKTUICCKOM TITyOMHEI
1 KOHCTPYKIINH, KaK TIPABWJIO, HE TIPOBOIUTCS IO pPa3-
PpabOTKY ITPOEKTHEIX PEIIeHUI Ha ee JTMKBuaamnuo. [1o-
STOMY MCXOMHBIC TaHHBIC IJISI pa3pabOTKU IIPOEKTOB
Ha JIMKBUIAIINIO 0€CXO3HBIX CKBaXKWH YCIOBHBI, KaK
U CaM¥ IIPOCKTHBIC PEIIICHMSI.

EnuHcTBeHHBIN (M OYCHB CTaphlil) HOPMATUBHO-
IIPaBOBOM aKT, PETIIAMEHTUPYIOIINI TeXHIISCKIE pe-
IICHMS TI0 JIMKBUIAIINY BCeX CKBAXKMH (KpOMe CKBasKTH
Ha He(PTh U Ta3) B HEIAX «...npedomepauleHus: 3aepsasHe-
HUsL U 3aCONeHUsI B00OHOCHBIX 20PU3OHIOB Hepe3 CKBANCU-
HY, G MAaKice HeHceNamenbHO20 CMeuleHust 600 Pa3Au4HO-
20 Kauecmea u UcmoujeHust 6000HOCHbIX 20PU30OHMO8 NpU
goumanuposanuu» — 310 «IIpaBUia TMKBUOAIIOHHOTO
TaMITOHAXKa OYPOBBIX CKBAXKIH PA3IMIHOTO Ha3HAUCHUSI,
3aCHITTKA TOPHBIX BBIPAOOTOK M 3a0POIICHHBIX KOJIOAIICB
IS TIPEIOTBPAIIeHUS 3aTPSI3HEHUS W MCTOIICHUST TTOM-
3eMHBIX BoA. 1967 r.» (nanee — «[IpaBuna») [16]. Ho u on
JINKBUIALINIO CKBaXKHBI OTIPEICIISICT KaK «...3aN0AHEeHUe
CMB0AA CKBANCUHBL (NOAHBILL MAMAROHANIC) UAU YACIU €20
(Hacmu4HbLil MAMAROHAMIC) UEMEHMOM, 2AUHOU UAU OpYeUM
8000HenpoHuyaemvim mamepuanom...» [16]. 1 xors Ipa-
BUJIA colepxKaT pa3aebl, MOCBSIIEHHbIE TUKBUIALNN
3aKOJIOHHBIX ITEPETOKOB B CKBAXKITHAX C HEM3BIICKACMBIMIU
00CaTHBIMM TPyOaMU, UCTIONIb3yeMble (POPMYITUPOBKH
ITO3BOJISTIOT HEAOOPOCOBECTHRIM ITPOSKTUPOBIIIKAM 000-
CHOBATh YIOOHYIO T 3aKa3unKa TEeXHOJIOTHIO, YTOOBI
COKOHOMMUTDH Ha JIMKBUIALIUM HUKOMY YK€ HE HY>KHBIX
CKBaXXWH. Bemb MMKBUIALINS OMHOTO TOJIBKO CTBOJIA Oec-
XO3HOI CKBaXKMHBI Ha TIOPSIAOK JCIIEBIIC IO CPABHECHUTO
C MOJTHOM JTMKBUAALMEN CKBAXKMHBI, BKITIOYAIOIIEH N30~
JISILIMIO 3aTPYyOHOTO MPOCTPAHCTBA.

TexHmueckre pemieHnsT Ha TNKBUIAIINIO CKBaXKIH
O «TUITOBOMY MPOEKTY» CBOASTCS K:

— TIpopabOTKe CTBOJIa CKBAXKMHBI I OUHCTKE €T0 OT MY-
copa, KOTOPBII TaM CKOITHJICS MJIN OBLT MCKYCCTBEH-
HO CO3/1aH, OT YCThsI U 0 peaibHOTO 3a0051;

— YHUCTKE CTCHOK 00CaTHBIX TPYO OT KOPPO3UH U MPO-
MBIBKE BCETO CTBOJIA CKBaKMHBI TTOCIC TIEPEUNCIICH-
HBIX OIICpalINiA;

— paboTaM 110 Ie3nH(MEKINN BOTIOHOCHOTO TOPMU30HTA
¢ nocJjenyrouei 3achinnKkoi B nepoprupoBaHHYIO
4acTh (PMJIBTPOBOI KOJIOHHEI (B MHTEPBaJl BOMOHOC-
HOTO TOPM30HTA) TIeCUaHO-TPABUITHON CMECH;

— 3aITOJTHEHUIO CTBOJIA CKBAXKMHBI TAMITOHAKHBIM Ma-
TeprajioM (KakK MpaBUiIo, IIEMEHTHBIM PACTBOPOM);

— OOYCTPOMCTBY YCThSI CKBaXXMHBI, BKIIFOUYasl KOIIKY
mypda BOKpyT obcagHoM TpyOs! (TpyO, eciIr Ha T10-
BEPXHOCTB BXOIST 00JIee OTHOM KOJIOHHBI); OTpe3a-
HHE 3TUX TPYO HIKE YPOBHS TTOBEPXHOCTH U 3aBa-
puBaHMe 00pe3aHHOU TPYOHI (TPYO) METAIITTICCKOM
IUTACTUHOM; BO3BeACHNE OCTOHHOI TYMOBI C COOT-
BETCTBYIOIIIEH OTTO3HABATEIbHOM TaOIMUKOIM [21].
M TOroBBIM TOKYMEHTOM, (PUKCUPYIOIINUM JTUKBU-

A0 OECXO3HOM CKBaXKMHBI, SIBJISICTCS aKT, TTOMIIH-
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CaHHBIN YJACTBYIOIIMMH B 3TOM ITpOIIecCe CTOPOHAMMU,
Ha OCHOBAaHUM KOTOPOTO IlepenaeTcs MHMOpMaIIus
110 MHCTAHIIMSIM O JTUKBUAAIIMM NCTOUYHMKA 3arpsi3He-
HUSI TOI3¢MHBIX BOJI.

W3 onmcaHHOM TEXHOJIOTUY OYEBUIHO, YTO IIPOCKT-
HBIC peIICHUS Ha JIMKBUIAIINIO 0€CXO3HBIX CKBAaXXMH,
B KOTOPBIX IIPUCYTCTBYIOT HEM3BIIEKaeMbIe 00CaTHbIC
TpyOBI, CBOISTCS JINIIb K JTUKBUOAIINU WX CTBOJIOB.
O HeoOXOIMMOCTH MU30JISIIINHI 3aKOJIOHHOTO TIPOCTPaH-
CTBa CKBaXXMHBI B «TUIIOBBIX IIPOEKTaX» HE YIIOMIUHACT-
¢, TCXHIYECKUE PeIIeHNS Ha YCTpaHeHUE 3aKOJIOHHBIX
TIEPETOKOB HEe pa3pabaThIBAIOTCS, HUKAKUX padoT B 3a-
KOJIOHHOM IIPOCTPAHCTBE CKBaXKWH HE TIPOBOIUTCSI.

I1. 22 «I1paBu» timacut: «Ckeadcutbl, 8CKpbleuiUe
HEeCK0AbKO 8000HOCHbIX 20PU30HMOB C PA3AUMHBIM XUMU-
YeCKUM COCIMABOM U C PAMUMHbIMU HANOPAMU NOO3EMHbIX
800, MAMNOHUPYOMCS NYymeM YCMAHOBKU UeMeHMHbIX
MOCMO8 8 UHMEPBANax 6000yNOpos, KOMopbie pazoensiom
8000HOCHble naacmol... ducio yemeHmHbiX MOCIMO8 PABHO
uucy 6000HOCHbIX 20pu30Hmoé» | 16]. B mpupone, Kak u3-
BECTHO, HET HIYETO OMMHAKOBOTO, HATTOPHI TTOI3¢MHBIX
BOJI BCET/Ia pa3INyHEI, a 3HAYUT, HAZIO IIPOECKTUPOBATH
YCTaHOBKY MOCTOB BO BCEX CKBaXKMHAX, BCKPHIBIIIMX BOIO-
HOCHBIC TOpU30HTHL. HO MMEHHO 3TOT 11. 22 1 UCTIOJIB3Y-
eTCsI 71T 000CHOBAHUS MCKITIOUCHUST paOOT IO M30JISIIIAN
3aKOJIOHHOTO ITPOCTPAHCTBA IIPY JIMKBUIALINY CKBAXKITH.
HocTtaTouHo 060CHOBATh, OIMPAsICh HA COBPEMEHHEBIC
TUAPOTCOIOTUUCCKIE NCCICIOBAHMSI, YTO PETHOHAIb-
HBIC BOIOYIIOPHI (YCIOBHO) OTCYTCTBYIOT, a BXOMSIINE
B YCJIOBHO OOBEIMHEHHBIN BOMOHOCHBIM KOMIUIEKC TO-
PU30HTHI UMEIOT CXOXWE HATIOPHI U XUMUIECKUA CO-
CTaB, ¥ PAOOTEHI 110 YCTPAHECHMIO 3aKOJIOHHBIX TICPETOKOB
MOXHO MCKJTIOUMTH M3 IMPOCKTHBIX PEIIeHUA. A ecln
OITIPaThCS HE TOJIFKO HAa COBPEMEHHBIC MCCIICIOBAHNS,
HO ¥ 3aTJITHYTh B (POHIOBBIC MaTepUAJIbI (OTUYETHI, CO-
craBieHHbIe 50—60 JIeT Ha3a/), TO OKA3bIBAETCS, UTO TE XKe
caMble BOMOHOCHBIE TOPU30HTHI, IIPUCYTCTBYIOIINE B pe-
ruoHe, 50—60 jieT Ha3aa MMeJIU He TOJbKO BOIOYIIOPKI,
HO ¥ pa3HbIe CTATUIECKIE YPOBHU ¥ XUMIUIECKUIA COCTaB
Bombl [16]. JloGaBuM K yxKe uMmeroLieiicss nHdopMalun
KOJIMYECTBO CKBaXXWH, IIPOOYPECHHBIX B 3TOM PETHOHE
3a Te Xe 50—60 jeT (BKIouas 1 yKe IMKBUIUPOBAHHBIE).
CpaBHEHME TaHHBIX, TIOJYICHHBIX U3 (DOHIOBBIX MaTe-
PUAJIOB C COBPEMEHHBIMM HMCCIICTOBAHMSIMHI TTOI3EMHBIX
BOII, MOATBEPKIAIOT, YTO OOBEINHEHNE BOITOHOCHBIX
TOPU30HTOB IIPOMCXOIUT Yepe3 IPOOypPeHHBIC CKBAXKI-
HBI. A 3HAYUT, TEXHUYECKUE PEIICHUS TI0 YCTPAHCHUTO
3aKOJIOHHBIX TICPETOKOB B CKBAXKITHAX ITPH X PEMOHTaX
WUTH JIMKBUIALIAY JTOJDKHBI pa3padaThIBaTHCS B IIPOCKTaX
B 00s13aTETHHOM TIOPSIIKE.

He mumrHe OyaeT HATIOMHUTB, YTO OTCYTCTBUE U30-
JISIIIAY 3aKOJIOHHOTO TIPOCTPAHCTBA B CKBAXKMHAX CIIO-
COOCTBYET ITOCTYIICHUAIO B BOIOHOCHBIE TOPMU30HTHI 3a-
TPSI3HSIIOIINX BEIIECCTB HE TOJBKO U3 TOPU30HTOB, pac-
TOJIOXKEHHBIX HIKE TI0 pa3pesy, HO U C TTOBEPXHOCTH

3eMJIN: TIPU TasTHUM CHETA, C TOXKIIEBBIMU ITOTOKamu [21].
A HajImIme 3aKOJIOHHBIX BOIOTIPOSIBIICHU (TPH(POHOB)
B CKBaXXMHAX, BCKPBIBIIIUX HAIOPHBII TOPU30HT, CITO-
COOCTBYET M3MEHCHUIO THAPABINIECCKUX ITapaMeTPOB
BCEX BBIIIEICKAIINX IIPOHUIIAEMBIX TOPU30HTOB, YBCIIH-
YUBasi ypOBHU TPYHTOBBIX BOI M TEM CAMBIM OCJIOXKHSISI
IIpOBeICHNE CTPOUTEIIBHBIX padboT (Hampumep, T. Bemm-
kue JIyku, IIckoBckoit odmactu) [20].

To, 9To MOXET IPOUCXOOUTH (1 TIPOUCXOINT) C JIUK-
BUIMPOBAHHBIMH 110 «TUITOBBIM IIPOCKTaM» CKBasKMTHAMU
B OTIAJICHHOI TIEPCIIEKTUBE, ITOKA3aHOo Ha puC. 3.

JInkBumanus cTBOJIa CKBaXKWHBI HE YCTPaHSET I10-
CTYIUICHUE 3aTrpSI3HSIONINX BEIIECTB B BOOJOHOCHEBIC
TOPHU30HTEHI 110 3aKOJIOHHOMY ITPOCTPAHCTBY M3 MCTOU-
HUKOB 3aTPS3HEHUS, PaCTIOIOKEHHBIX KaK Ha TIIyOMHE,
TaK W Ha TTOBEPXHOCTH. JIMKBUANPYETCS TUITH OTUH
KaHaJl, IT0 KOTOPOMY TOKCUYHBIC BEIIECTBA IIPOHUKAIOT
B BOIOHOCHBIC TOPM30HTEI. OCHOBHOIM K¢ KaHall — 3a-
KOJIOHHOE TIPOCTPAHCTBO CKBAXKMHBI — OCTACTCS OTKPBI-
TBIM U TOCTYITHBIM IIJIsI TIOCTYIUICHUS 3aTPS3HSIONINX
BEIICCTB B ITOA3eMHEIC BOIbI. [Ip1 3TOM 3aK0IOHHOE
IIPOCTPAHCTBO CKBaXXWH MMEET TCHICHIINIO K YBEJIH-
YEeHUIO B 00bEME 3a CUCT pa3pylIeHUS] HEYCTOMUMBBIX
IIOPOI, CIIAaralolInX CTeHKHN CKBaxkuH (puc. 3) [21].

ITocne monmucaHus aKTa O TUKBUOALINM CKBAXKM-
HBI YY4aCTBYIOIINMU B TIPOIIECCE CTOPOHAMHU CKBaXKMHA
moyrygaeT o(UIMAIBHBIN CTaTyC JIUKBUINPOBAHHOM,
HO TIPHA TOM COXpaHSIET CITIOCOOHOCTD MepeMeIaTh 3a-
TPSA3HSIIONINE BEIISCTBA IO 3aKOJIOHHOMY IIPOCTPAHCTBY.
BeposaTHOCTE TTOBTOPHOI TUKBUOAITNN CKBAXKITHBI HyJIC -
Basl, T.K. ITOITACTh B CTBOJI CKBaXKMHEI TTIOCJIC €TO IIeMCH-
TaIlM MOKHO TOJIBKO TIOCIIC YIaJleHUS U3 HEeTO TaMIIO-
HaXXHOTO MaTepuaja (IIeMEHTHOTO KaMHsI), T.€. TTOCie
€ro pa30ypKH, HO B CTAPBIX CKBAXKMHAX 3TO COIPSIKEHO
C PUCKOM HapyIICHMS IIeJIOCTHOCTH 0OCaTHBIX TPyO [21].

Puc. 3. IlocaencTsusd MMKBUAALMY CKBAXKMHDI [10 «THIIO-
BOMY IPOEKTY»
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HMtak, cKBaXWHBI, MMOAJIeXalINe JTUKBUIAIINN,
HO elIle He JIMKBUIUPOBAHHBIC, MOKHO CINTATh BpEMEH-
HBIMH TTPOBOTHUKAMM 3arPSI3HSIONINX BEIIECTB, T.K. TIPH
0JIAaTONIPUSTHOM CTCUYCHUM OOCTOSITEIHCTB OHU MOTYT
OBITH TMKBUANPOBAHBI B ITOJTHOM 00BeMe, T.€. C pa3-
00IIICHIEM TOPU30HTOB B 3aKOJIOHHOM IIPOCTPAHCTBE
ckBaxkuHHBL. [ToKa cCKBaxkMHA He TMKBUINPOBAaHA, TaKasl
BO3MOXKHOCTB COXpaHseTCs, ITYCTh JaXe TCOPETUICCK.
CKBaXXnHa, B KOTOPO MO «TUTTIOBOMY ITPOEKTY» JIMKBU-
IUPOBaH TOJIBKO CTBOJI, T.€. BHYTPEHHEE IIPOCTPAHCTBO
00CamHBIX TPYO, CTAHOBUTCS ITOCTOSTHHBIM ITPOBOIHU-
KOM 3arpsI3HSIOIINX BEIIECTB B ITOA3EMHEIC BOIHI, T.C.
KaHAJIBI IJTST MUT AU 3arPSI3HSIOIINX ITOA3¢MHBIC BOIBI
BEIIIECTB OCTAINCh, M IMKBUIMPOBATD UX YKe HE TIpe-
CTaBJISIETCST BO3MOXHBIM [21].

Takum 06pa3oM, TMKBUOAIIAS CKBaKIH, B TOM YHC-
JIe 1 GECXO3HBIX, TI0 «TUTIOBOMY IIPOEKTY» BMECTO 3a-
IIUTHI TTOA3EMHBIX BOM IIPUBOAUT K MX JalbHEHIIIEMY
TIOCTOSTHHOMY ¥ HEYCTPAaHUMOMY 3arpsI3HCHMIO, HO Y3Ke
ounmansHo [21].

Kaxk axpTepHaTHBa «TUIIOBBIM IIPOSKTaM» Ha JTUKBH-
JIALNIO CKBAXXMH, B TOM YHCJIe M O€CXO3HBIX, TIpejiara-
FOTCSI IIPOEKTHEIC pEIIeHNSI, pa3paboTaHHbIC Ha OCHOBE
TEXHOJIOTUH JIMKBUIALINY N3JTUBAIOIINXCSI CKBAaXUH
C 3aKOJIOHHBIMHM TIepeToKamMu (TprudoHaMI), KOTopast
BOT yke 6osee 10 et mpaktukyetcs B CeBepo-3ana-
HoM perroHe [20]. OCHOBY 3TOi TeXHOJIOTUU COCTABIIS-
eT HaHomamepuan «TamnoHaxxkHast cMech JITT», KoTopbiit
OYCHB XOPOIIIO ceOsI 3apeKOMEHI0BA TIPU JIMKBUIAITAN
WM3TUBAIOIINXCS CKBAXKMH C 3aKOJIOHHBIMU TIEPETOKAMM.
U Tonpko G1aromaps 3ToMy MaTepHalry ITOsSIBUIACh BO3-
MOKHOCTB OCYIIECTBIISITE PEMOHT M JTUKBUIAIIAIO CKBa-
JKWH, BCKPBIBIINX HAIIOPHBIN BOMOHOCHBIN TOPU30OHT
Ha TiryomHe MeHee 30 M.

«TammoHaxxasa cMmech JITT» B UICXOTHOM COCTOSTHUU
TIPEACTABISIET COO0I BI3KOYIIPYIYIO CMECh, KOTOpas
MOCTABJISIETCS B 30HY MCTOYHMKA BOIOIIPOSBICHMS, 3a-
TIOJTHSIET TTIOPHI U TPEIIUHBI BMEIIAIOIINX TOPHBIX IT0-
poII, KOIbMaTupys nociaenaue. OTINIUTEILHON 0COo-
OCHHOCTBIO MIPEACTABISIEMOTO MaTepHaia SIBIIICTCS eTO
CITOCOOHOCTH YBEIMIMBATHCSI B 00heMe IMTPU KOHTAKTE
C BOJIOi, BEITECHSITh BOMY M3 TIOP M TPEIIMH, 3aITOTHSIS
coboit ocBoboauBIIEECS TTIPOCTpaHCTBO. [19]. Kpome
TOTO, TIPH TTONTAJaHUK B BOTHBIN ITOTOK (HAIIpuMep, Io-
TOK BOIBI, IBVDKYIIAICS B 3aKOJIOHHOM IIPOCTPAHCTBE
¥ UMCIOIINI pa3Tpy3Ky Ha YCThe CKBasKWHBI TN B BBI-
IIeJiexxarieM IIPOHUIIAeMOM TOPU30HTE) OMHOPOMTHAS
macca Tammonaxuoit cmecu JIIT pasgensiercss Ha ma-
JICHBKWE YACTUIKH, KOTOPHIC YCTPEMIISIOTCS T10 TIOTOKY
B HaMBITBIC KaHaBL. [TocTenmeHHO Habyxasl 1 3acTpeBast
B Y3KHX MeCTax, a 3aTeM HaJumas ApYT Ha apyra, Ja-
cTuyku TamMmnoHaxHoO# cMecu Kak Obl BHOBb cOOMpa-
FOTCSI B OMHOPOITHYIO MAcCy M KOJIbMATHUPYIOT KaHAJIbI,
110 KOTOPBIM JIBUTAach Boga. O0Iamass XOpourmMu aj-
Te3MOHHBIMU CBOMCTBAMM C METAJUIOM 00CaTHBIX TPYO

U ¢ TopHbIMU TIopoxamu, «TammoHaxHasa cmecu JII»
o0pa3yeT HeTBepAeIIInii, TUAPO(POOHEBIN 3KpaH, Ipe-
MATCTBYIOLIMI ABUKEHUIO (DUIbTpaTa B 3aKOJTOHHOM
mpoctpaHcTBe. Co3maBaeMbIil SKpaH CITOCOOCH BEIIEP-
JKMBATh IUIACTOBEIE AaBieHus oonee 5 MITa [20]. TexHo-
JIOTHUYECKHE CBOICTBA TaMITOHAXKHOM CMECH TTO3BOJISIOT
JIMKBUIMPOBATh M PEMOHTHPOBATH M3IMBAIOIINECS CKBA-
JKIHBI ¢ TPU(DOHAMY, BCKPBIBIIE HATTIOPHBIC TOPU30HTEI
Ha rimyoune oT 10 1 6osee M. TaMIOHaXKHBIM MaTepyal
YCTOWYMB K TMHAMWYECKAM Harpy3KaM 1 B CIIy4ae BO3-
HUKHOBEHMS TTOCICIHNX (IIpOCeqaHUs TPYHTA U TIp.)
CIIOCO0EH CaMOCTOSITEJIHHO 3aIOTHAThL BHOBB 00pa3y-
foIIrecs IyCTOTH M (MJIM ) TPEIIUHBI, KOJTbMATHUPYS UX.
B 3aK0JIOHHOM TIPOCTPAHCTBE CO3MACTCS TUIACTUIHBIN
HETpOHULaeMbIii TUAPOoGOOHBI 9KpaH, pa300IIAOIINIA
BOIOHOCHBIC TOPU3OHTHI.

3a 10 1eT cymecTBOBaHMUS TEXHOJIOTHU OBLIO OT-
PEMOHTHPOBAHO W JIMKBUANPOBaHO Oosce 40 m3mm-
BAIOIINXCSI CKBAaXXWH C 3aKOJOHHBIMH TIEPETOKAMMU,
1 TIPAaKTUIECKHU BO BCEX CKBAaXKMHAX KPOBJISI HATIOPHOTO
BOIOHOCHOTO TOPU30HTA 3aJierayia Ha TiryouHe 1o 50 M.
OTpHULIaTeTBHBIX PE3YIBTATOB HEe OBLIO. IMeeTcs OIbIT
ncnojb3oBaHusl TamnoHaxHbIX cMmeceid JITT B kaue-
CTBE U3OJISILIMOHHOIO MaTepuaja Jjisli 00CaTHbIX TPyO
Ha CTaIuU CTPOMTEIBCTBA BOI03a0OPHBIX CKBAKITHAX,
00ycTpanBaeMbIX Ha HAITOPHBII BOTOHOCHBIN TOPU30HT.

B xadecTBe AeMOHCTpAIINU TTPAKTUICCKOTO TIPH-
MEHCHMSI OTIMCAHHOM BBIIIIE TEXHOJIOTUU OTPAHUINMCS
JIVIITh ABYMST TIPUMEPaMU.

Jukeudauus ckeaxcunsl 6 2. benozepck, eckpuviguiei
HanopHulil 20pu30Hm Ha eaybutne 20 m, IPOBOINIACH
IO OTIMCAHHO BBIIIIE TEXHOJOTUH C MCIIOJIb30BaHIEM
«TammnonaxHoit cmecu JIIT». [TockoabKY yCThe CKBaXKM -
HBI OBUIO YTPAYeHO B CBSI3U C MHTCHCUBHBIM pa3BUTHEM
BOPOHKM rproHa, TO s IpenoTBpalieHust cyhdo3uun
1 JaIbHEUIIIETO pa3BUTHSI BOPOHKH TTOCIICIHIOIO 3aChI-
ITaJIV TpaBUEM. A IUIST JOCTAaBKHM TaMIIOHAXKHOTO MaTe-
puana B KPOBJIIO BOTOHOCHOTO TOPU30HTA IIPUIILIOCH
OypUTH BCIIOMOTaTeIbHbIe CKBaXXUHBI. Ha puc. 4—5 3a-
TeYaTicH MOMEHT MaKCUMAaJIbHOTO pa3BUTHUS BOPOHKH
M YIaCTOK TTIOCJIE TIPOBEICHHBIX Pa0OT IT0 JIOKATN3AITNN
BomoriposiBiaeHus. [11]

2016 rogy Ha TEPPUTOPUU KOTTEIKHOTO ITOCEIKA,
pACIIONIOKEHHOTO B oJIMHE pydbst CeToBKa, IIpu Oype-
HUU pa3BedOYHON cKBaXXWHHI Ha Bomy (IloieBoii mep.,
16) ¢ rnyOuHBL 9 M IPOU3OLLE U3JIUB BOAbI C XapaK-
TEPHBIM 3araxoM CEepoBOAOPOaa, ¢ nedbutom 80 M3/4
U cTaTudeckuM ypoBHeM +15—17 m. [Moapsimunku, Kak
5TO IIPUHSTO B MIOJOOHBIX CUTYAIINSIX, ICMOHTHPOBAIIN
YCTaHOBKY U Mcue3 . B otmmune ot ciryyas B 1. bemo-
3epcKe IeOMT CKBaXKMHEI ¢ TCUCHUEM BPEMEHU YMEHb-
IIajyicsi, ¥ Ha MOMEHT HaydaJjia JJMKBUAALIMA He TTPEBhI-
mai 25—30 m3/4. Kpome Toro, yaaaoch COXpaHUTD YCThe
CKBaXXWHBI I CBOEBPEMEHHO 3aChINIaTh BOPOHKY, 00-
pa30BaBIIIYIOCS Ha YCThe CKBaXXUHBI, TpaBueM. PaboTHI
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Puc. 4. Macmra0bl pa3BuTHsI BOPOHKH rpucdoHa

OCJIOXKHSUTMCH HEOOBIIION TTIYOMHOM CKBAXKIHEI, OIHA-
KO TeXHOJIOTHS, pa3padbortanHas crrienuamctamu OO0
«I'eonormueckmii mentp CII6IY», n ncConb30BaHUE
HaHoMaTepuaia « TamrmoHaxkHast cMech JITT» mo3Bommm
JIMKBUIMPOBATh BoporposiBieHus. Ha puc. 6—7 3are-
YaTJIICH MOMEHT Havajia BOIOIIPOSIBIICHUS 1 TEPPUTOPUST
y4JacTKa IocCJIe IMKBUAAIINY CKBaXKMHEI K €€ 00YCTPOii-
ctBa [20].

METO/Abl U MATEPUAIIDbI

Jns nukBuaaumuu 0€CX03HBIX CKBaXXMUH B MOJTHOM
o0beMe, T.€. U30ISILMU BCeX IIPOBOASIINX KAHAIOB, CIIO-
COOCTBYIONIIMX MOCTYIJICHUIO 3arpsI3HSIONIMX BEIIECTB
B BOOOHOCHBIE TOPU30HThI, CBSI3AHHBIX C KOHKPETHOM
CKBaXXMHOM, TpeaaracTcsl BOCIOJIb30BaThCs CIEAYIO-
1Iei TEXHOJIOTUEH.

Tak kak B TUKBUIMPYEMBIX O€CXO3HBIX CKBaXKMHAX
YCTaHOBJIEHBI 0OCaIHbIe TPYObI M U3BJIEYb UX HE TIPe/I-
CTaBJISIETCSI BO3MOXKHBIM, TO JJISI JOCTaBKM TaMIIO-
Ha)XXHOTO MaTepuajia B 3aTpyOHOE MPOCTPAHCTBO He-

Puc. 6. CkBaxuHa Ha cTaauu peMonTa, 2016 r.

Puc. 5. YyacTok nmoc.ie TMKBUIANNN CKBAKHUHBI

obxomrMa TpeaBapuTeabHas Iepdopais 00caTHbIX
KOJIOH BBIIIIE KPOBJIM BOIOHOCHOTO TOPM30HTA. 1 nx
repdopallny IIpeaIaracTcs UCIIOIb30BaTh TPYOOPE3Hl,
IIpUMEHSIEeMBbIe TTPU INKBUOAIINY aBapyii B CKBaXKITHAX.
Tpyb6opesbl, MO MPUHLKITY CBOEH pabOThI, MO3BOJISIIOT
dopMUpoBaTh OKHA MO OKPY>KHOCTU 0OCaTHBIX TPYO.
ITpocTHI B 3KCIUTyaTalliy M B OTIIMYUE OT KYMYJIITUBHBIX
rmepdopaTopoB He TPEOYIOT CITEIMATBLHBIX pa3peIleHMI
Ha ux ucnoinp3oBanue. lllupuHa hopMupyeMBIX OKOH
oIIpeeIIIeTCs IMMPIHON Pe3IoB Tpydope3a M HAXOMUTCS
B mipepenax 10—12 MM, 9TO TOCTATOYHO UIST TOCTABKU
TaMITOHaXHOTO Matepuaia JIIT B 3aKoToHHOE TTPOCTpaH-
ctBO. [Ip1 HEOOXOAMMOCTH KOJIMUIECTBO TEXHOJIOTHYC-
CKMX OKOH MOXHO YBEJIUIUTD IO IBYX WJIH TPEX.

TammoHaXXHBI TaKep Ha HaTHETaTeTbHOM KOJIOHHE
(oypumpHBIX Tpyoax TBCY) ycTaHaBIMBaeTCS B CKBAXKM -
HE BBIIIE TEXHOJOTUICCKOTO OKHA (eCIT MX HECKOJIBKO,
TO BBIIIE caMoro BepxHero) Ha 200—300 MM 1 pa3kumMa-
ercs. [Tom makepoM co3maeTcsl 3aMKHYTOE IIPOCTpaH-
CTBO C BBIXOIOM B 3aTPyObe Uepe3 TeXHOJIOTUIECCKIE
OTBEPCTHS.

Puc. 7. YuacTok nocje JMKBUIANUN CKBAXKUHDbI, 2021 1.
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[lepen mpoBeneHNEeM U3OJSIIMOHHBIX padOT IIPO-
BOJIMTCS UCTHBITAHUE TEPMETUYHOCTU 3aTPyOHOIO MpPO-
cTpaHcTBa AaBieHueM He 0ojiee 1 MIla, o pe3ynbraram
KOTOPOTO IMIPUHUMAETCS pellieHNe JIM00 O TTPOBEACHUN
paboT MO M30JSILUUKU 3aKOJJOHHOTO MPOCTPAHCTBA, MPU
HAJIMIMU 3aKOJOHHBIX TIEPETOKOB, JTUOO O TEMOHTAXKE
HarHETaTeJIbHOTO 000PYIOBAaHNS, B CIIydae YCTaHOBIIC-
HUS (haKTa TePMETUIHOCTH 3aKOJIOHHOTO IIPOCTPAHCTBA.

ToapKo 1TocIe BBRITIOTHEHMS BCETO TTePEeINCICHHOTO
KOMILIEKca padboT JOJKHA OCYIIECTBIISATHCS N30SI
CTBOJIa CKBaXKMHEIL. A B KaUeCTBE M30JISIIIMOHHOTO MaTe-
puaa i TNKBUIAIINN KaHAJIOB, CO3MaHHBIX TIPOOYpEH-
HO CKBaXXMHO B TOPHOM MAacCCHBE, CITOCOOCTBYIOIIINX
3arpSI3HEHUIO TIOI3EMHBIX BOM, TEXHOJIOTUEH TIPEIITICHI-
BaeTCs MCITOIh30BaHe HaHOMaTepraja « TaMIToHaKHasK
cmech JITT».

3AKJIIOMEHUE

1. CxkBaxknHa, TUKBUAMPOBAHHAS II0 «THUIIOBOMY
poeKkTy» [21], T.e. 63 ycTpaHeHUS 3aKOJIOHHBIX Iepe-
TOKOB, IIPOIOJIKAET OKA3bIBATh HETaTUBHOE BIIMSTHHC
Ha MOA3eMHbBIE BOJIbI.

2. Ilpu pa3paboTKax IMPOEKTHBIX peIICHUI Ha JINK-
BUIAIINIO CKBAaXXWH C HEM3BIIEKAaeMbIMU 00CAaTHBIMU
TpyOaMU IOJIKHBI TIPEIyCMATPUBATHCS MEPOIIPUSITUS
10 YCTPaHEHMIO 3aKOJIOHHBIX TIEPETOKOB. A TIPU MX JINK-

CMUCOK NCTOYHUKOB

BUIAIINN 3aKOJJOHHOE TTPOCTPAHCTBO CKBAXKIH TOJDKHO
M30JIMPOBATHCS HEIIPOHUIIACMBIM HaHOMAaTePHAJIOM
«Tammnonaxwuast cmech JITT», 9yTo obecrieunBaeT pas-
O0IIIeHNEe BOTOHOCHBIX TOPU30HTOB B JOJITOCPOTHOMN
TIepCIICKTUBE.

3. Heobxoamumo repecMoTpeTh 1 IiepepadoTaTh HOp-
MaTHBHBII TOKYMEHT «[IpaBmia TMKBAIAIIMOHHOTO
TaMITOHAaXa OYPOBBIX CKBaXXMH Pa3IMIHOTO Ha3zHaye-
HUSI, 3aCBIIIKM TOPHBIX BHIPAOOTOK M 3a0POIIeHHBIX
KOJIOAIIEB IJISI TIPEIOTBPALICHMS 3arpsSI3HeHUS U HC-
TOLUEHMS ITOA3EMHBIX BOA. 1967 I.» 1 BHECTH U3MEHE-
HUS B TSXHOJIOTHUIO JIMKBUIALINY CKBAXKUH C YICTOM
COBPEMEHHBIX MHHOBAIIMOHHBIX TEXHOJIOTUI M OIIBITa
NMpUMeHeHUd HaHoMaTepuaia «TaMItoHaXkHast cMeCh
JITT» 1Ipu TMKBUIAITMY U3TABAIOIINXCS CKBAXKWH U TPH-
¢oHOOOpa30BaHUIA.

4. Ha mepnon paboTt 1o pa3paboTKe U YTBEPKICHUIO
HOBOTO HOPMAaTHUBHOTO JOKYMEHTA, OIIPEICIISIONICTO
TEXHOJIOTUIO JTUKBUIAIINN CKBAXWH C 00sI3aTCITLHBIM
yCTpaHEHUEM 3aKOJOHHBIX IIEPETOKOB, HEOOXOIMMO
IIPUOCTAHOBUTH PAOOTHI TT0 ITPOCKTUPOBAHUIO W JIUK-
BUIAIINN CKBaXXWH, U B TIEPBYIO OUEPeIb, OCCXO3HBIX.

5. PelieHue 3amauyy 3KOJOTMYECKOM 3alUThI OYpo-
BBIX CKBaXKITH OCHOBAHO Ha TEXHOJIOTHICCKIX MHHOBA-
nusx yausepcuterckux MUII: pazpaboTke M30JISIMOH-
HBIX HAHOMAaTEPHAJIOB, CITOCOOHBIX 3(P(HEKTUBHO PeIIaTh
IIPOOJIEMBI 3aTPS3HEHMS ITOA3EMHBIX BOI.
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ABSTRACT

Introduction. The article discusses the current state of the possibilities to improve the efficiency of construction processes by using
fibre-reinforced concrete in the construction of transport and utility tunnels, as well as other critical building structures. The authors
present foreign experience with widespread use of fibre-reinforced concrete in transport construction, as well as few such cases for
domestic practice. The inconsistency of domestic experience with the modern state of art has been noted. The main blockers in the
development of the issue are under consideration, the theoretical approach and practical application are presented. Materials and
methods. The principal aspects of the current approach to the quality indicators of fibre-reinforced concrete and the classification
principles of fibre-reinforced concrete based on quality criteria, which are the basis for the normalization of material characteristics,
are described. The continuity of domestic and European regulatory documents is shown. Results. Illustrated examples of the pos-
sibilities of an optimization approach to the selection of structural solutions in the design of transport construction facilities used
in international practice are described. Conclusion. The argumentation in favor of technology development is shown. This opens
up possibilities for significant cost reduction justified by a scientific approach. In conclusion, the authors provide recommendations
on the general application of the promising material in the domestic practice.

KEYWORDS: fibre-reinforced concrete, dispersed reinforced concretes, composite materials, high-strength concrete, calculation
methods, stress-strain state, fibre, modified binders, tunnel, lining, load-bearing structures of underground construction facilities.
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INTRODUCTION

odern construction has been constantly improving,

materials and their properties are optimized, more
modern technologies are used, a fundamental analysis al-
lows us to apply more advanced methods of structural cal-
culations. One of the development vectors combined with
the latest achievements of science and technology is the
wider use of composite materials such as fibre-reinforced
concrete (FRC) [1, 2, 3]. These materials are a special
type of concrete in the volume of which metal or polymer
fibres of different geometries and characteristics [6, 7] can
be distributed by the method of dispersed reinforcement
[4, 5], i.e. the entire thickness of the concrete structure

© Rusanov V.E., Maslov PS., Alekseev V.A., 2024

during construction will be permeated with fibres located
in different directions and setting special properties of
the material.

At the present time a large number of different types
of fibres are used in fibre-reinforced concrete, the range
of which is constantly increasing and the properties of
already known fibres are being optimized [8]. The main
materials for fibre used in the dispersed reinforcement of
concrete include steel, glass, polymers (acrylic, aramid,
nylon, polypropylene, etc.), ceramics, asbestos, carbon,
and even natural fibres (wood, coconut, bamboo, etc.) [9].

However steel fibre is most often used in structural
concretes that take the main load in buildings and con-
structions. Although studies have been conducted on the
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use of polymer fibres with characteristics close to steel [2,
8, 10]. Structural fibre should have increased strength to
loads, have no shrinkage deformations and contribute to
increased crack resistance and wear resistance.

From the point of view of properties for concretes
of the most common classes B20—B40 the FRC is an
effective substitute for standard reinforced concrete and
allows to achieve the required physical and mechanical
properties of concrete structures giving at the same time
a number of positive properties:

— elimination of reinforcement work and reduction in
construction costs;

— eduction to shrinkage;

— resistance to cracking;

— high tear and tensile strength comparable to reinforced
concrete;

— increased modulus of elasticity;

— resistance to weathering influences and chemicals;

— high plasticity;

— impact resistance.

The use of FRC as load-bearing elements of precast
and monolithic structures and sprayed shells in under-
ground constructions looks especially promising.

It should also be noted that the properties of the fi-
nal material — FRC — are significantly influenced by the
characteristics of the binder and fillers used. On the basis
of the Department of Technology of Binders and Con-
cretes of the National Research University of MGSU
the authors conducted tests on the modification of the
binder for FRC with fillers having independent hydraulic
activity and a high degree of dispersion (microparticles
of selected mineral components with particle diameters
d95 = 6 and 9 microns with a content of nanoparticles
with average diameters of less than 0.1 microns to 10 and
5% respectively).

The introduction of micro- and nanoparticles with
specified grain granulometric parameters allows filling
the intergranular space of the standard Portland cement
fraction granules with particles comparable in size to the
volume of the formed pores, as well as contributing to the
sealing of capillary pores. When selecting the composi-
tion of a composite binder, the maximum filling of the
intergranular space with a micron filler in a given volume
without exceeding it, with the exception of the effect of
wedging large particles, should also be taken into account.
The nanoparticles in the filler, in their turn, fill the small-
est pores and contribute to the compaction of the cement
paste structure at the micro level. When fibre is introduced
into the modified concrete mixture, a more dense contact
arrangement of the “fibre — cement stone — grains of inert

aggregate” system occurs, which encourages a more active
involvement of fibre work in the operation of the concrete
structure during operation.

However, today there are no unambiguous regulatory
documents prescribing the cost of materials to obtain
a number of required characteristics of FRC, which is
especially true for complex work structures such as the
lining of underground constructions. Experiments on the
selection of compounds and some experimental data have
not been continued in the form of a completed document
that allows designing fibre-reinforced concrete structures
and establishing certain costs of the required components
for it. One of the goals of the intended scientific research
is to develop a regulatory framework for calculations and
standard technological maps in order to obtain FRC, in
particular for use in underground structures.

LLC Scientific and Engineering Center Tunnel As-
sociation and Scientific and educational Center Under-
ground Construction of the National Research Univer-
sity (MGSU) undertake scientific research on the use
of fibre-reinforced concrete in underground structures
and have their own developments in the calculation and
design of fibre-reinforced concrete structures, confirmed
by construction and operation practices. In addition, it
should be noted that global progress, constantly develop-
ing industry and the introduction of innovations in the
chemical industry make it possible to increase dramati-
cally the effectiveness of such technologies in the future.

THE SUBJECT OF THE STUDY

Tunnel linings constructed in a closed manner (circu-
lar and vaulted outlines) from the standpoint of structural
mechanics are statically indeterminate structural systems
operating overwhelmingly in conditions of off-center
compression with predominance of compression stress.
In such conditions, the strength and stress-strain proper-
ties of fibre-reinforced concrete (FRC) are realized most
effectively due to their special characteristics.

Fibre-reinforced concrete structures are able to be
loaded and resist deformation after the formation of
cracks in them without brittle destruction, while the
tensile strength of the FRC (marginal relative tensile de-
formations) can exceed the compressibility limit.

At the moment regulatory documents have been de-
veloped and are in force on the territory of the Russian
Federation that allow you to design effective tunnel struc-
tures made from FRC: SP 297!, SP 360%, STO NOSTROY
2.27.1253%. Moreover, there are regulatory guidance manu-
als, for example, “Guidelines for the design of concrete

! CIT 297.1325800.2017 — Koncrpykuun pubpodbeToHHBIE ¢ HeMeTaJumdeckoil ¢hubpoii. [1paBuna mpoektrpoBanus. M.: CTaHmapTuH-

dopm, 2017 rom.

2 CIT 360.1325800.2017 — Koncrpykiuu cranedudpoberontsie. [1paBuia npoektuposanusi. M.: Crannapturdopm, 2018 rom.
3 CTO HOCTPOWU 2.27.125-2013 — OcBoeHUe MOA3eMHOTO MPpOoCcTpaHcTBa. KOHCTPYKIIMU TPaHCIIOPTHBIX TOHHENEH 13 (hubpodeToHa.

[paBuia MpoeKTUPOBAHUS U MPOU3BOACTBA PAOOT.
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and reinforced concrete tunnel linings using composite
materials”, approved by the construction complex of the
city of Moscow. Technical specifications and quality con-
trol requirements for heavy and fine-grained steel FRC
are given in GOST R 59535% The codes of Rules SP 360
and SP 297 are entered into the List of documents in the
field of standardization, as a result of which, on a volun-
tary basis, compliance with the requirements of Federal
Law No. 384-FZ dated December 30, 2009 “Technical
Regulations on the safety of buildings and structures” is
ensured. With all the possibilities, the use of fibre-rein-
forced concrete for load-bearing structures of transport,
utility tunnels, as well as other critical building structures
of urban infrastructure isn’t widely spread in the domestic
construction practice.

ANALYSIS OF APPLICATION EXPERIENCE
AND DEVELOPMENT PROSPECTS IN THE RUSSIAN
FEDERATION

FRC is used to a much greater extent in European
countries where Spain [11, 12, 13], Italy [14, 15, 16, 17],
Portugal [18], Great Britain, Germany [19, 20, 21, 22],
Norway, Switzerland have the leading positions. Out-
side Europe, fibroblast is widely used in Australia [23,
24], Brazil, Peru, the USA [25, 26], Ecuador, and Japan.
Recently. The use of FRC for the fastening of transport
tunnels by shotcrete has become widespread in Turkey
[27, 28].

The widespread use of FRC is due to the high level of
scientific and technological progress in this field for the
past twenty years. The state-of-the-art technology allows
you to get significant advantages when using the material.
The resistance to the transverse force in the structure
increases to 57% depending on various parameters, while
the crack opening width decreases to 70% with delayed
crack formation in the area of action of the transverse
forces [29].

According to the Bulletin of the International Tunnel
Association for 2016 [30, 31], about 40 large projects were
implemented in the Italian metro until 2016 only for the
shield method of tunnel construction since the introduc-
tion of fibre-reinforced concrete in transport tunneling in
1982 (see Table 1). Lining structures with diameters from
4.8 to 14.3 m with reinforcement were used with only steel
fibre in 58 % of cases, with combined reinforcement “steel
fibre + steel reinforcement” in 39% of cases. One project
was implemented using polymer fibre reinforcement in
combination with steel reinforcement.

The wide practice of using fibre-reinforced concrete
also initiates the scientific and technical basis/arguments
of the applied selected technical solutions. As a result of

these works, it becomes possible to significantly reduce

the costs and refine the calculation methods. For exam-

ple, during the construction of the ninth metro line in

Barcelona, a technical solution (65 kg of fibre per 1 m? of

concrete), adopted on the basis of the calculation method

fib Model Code 2010 [32], which looked effective, was

refined according to the results of scientific work [33]

with a decrease in the amount of fibre reinforcement to

45 kg/m?.

The extensive experience of foreign colleagues dem-
onstrates the technical and economic efficiency of fibre-
reinforced concrete, especially in the tunnel construction
industry, which is achieved by:

+ reduction in labor costs for the manufacturing pre-
fabricated linings of the shield method of work and
monolithic linings of the mining method of work;

* increasing productivity (production speed with the in-
line method) in the production of prefabricated blocks
of linings for the shield method of work and reducing
the manufacturing time for monolithic linings with
the mining method of work;

* reduction in defect rate during production of pre-
fabricated blocks, as well as their transportation and
installation by a block loader.

To date, however, there has been no precedent in the
domestic tunneling industry in using fibre-reinforced
concrete tunnel linings at transport and even municipal
facilities.

Fibre-reinforced concrete tunnel structures were ap-
plied in the framework of experimental metro sections in
Moscow (fibre-reinforced shotcrete jacket of the distilla-
tion tunnel and lock blocks made of FRC) and St. Peters-
burg (3 rings of lining) [34, 35, 36, 37]. It is worth noting
that at the time of the construction of the experimental
sections, steel fibre was used, which, as of today, is not
suitable for load-bearing structures operating under stress
with off-center compression.

At the same time, it is noteworthy that the leader-
ship in the use of FRC belongs to Russian engineers
[38]. Vladimir Pavlovich Nekrasov at the beginning of
the 20" century (1907—1909) studied and patented the
composition of concrete reinforced with wire segments
(1925 monograph “The method of indirect concrete ar-
mament”).

The main problems of FRC implementation in under-
ground construction and in particular for the construction
of tunnel linings for various purposes are:

+ the lack of a precedent for using FRC structures on real
objects in the Russian Federation, and the presence
of two or three experimental sites carried out in the
90s — 2000s does not provide correct information on
the technical and economic efficiency of the material;

4+ TOCT P 59535-2021 — BeToHBI TsTXeNble U MEIKO3EPHUCTHIE, AUCIIEPCHO-aPMUPOBAHHBIE CTAIbHOMN (hubpoit. TexHrYecKue yCaoBusl.

M.: Crangaptundopm, 2021.

http://nanobuild.ru

278

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

2024; 16 (3):
276-287

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

Table 1

International experience in the use of prefabricated SFRC linings for transport tunnels [30]

Italy

Fu

Subway

Nanobull

No

Metrosud 1982

Heathrow Express 1994 | England Railway | 6.14 |0.22| Steel | No
Napoli metro 1995 Italy Subway | 6.40 |0.30| Steel | No
2nd Heinenoord 1999 | Netherlands | Road 8.30 |0.35| Steel | No
Jubilee Line Extension 1999 | England Subway | 4.90 |0.20| Steel | No
Essen 2001 | Germany | Subway | 8.00 [0.35| Steel | No
Oénzberg tunnel 2003 | Switzerland | Railway | 11.40 [0.30 | Steel No
Oénzberg-TBM 2003 | Switzerland | Railway | 12.20 [0.40 | Steel | Yes
Oénzberg-Shield 2003 | Switzerland | Railway | 12.20 [0.40 | Steel | No
Barcelona Metro Line 9 - Can Zam Stretch | 2003 Spain Subway | 11.60 [0.35| Steel | No
Channel Tunnel Rail Link (CTRL) 2004 | Eng. - Fran. | Railway | 7.90 [0.35| Steel | No
Heathrow Express Extension (HexEXx) 2005 | England Railway | 6.14 |0.22| Steel | No
Metropolitan Expressway CCSR tunnel 2005 Japan Road | 11.80 |0.45| Steel | Yes
Barcelona Metro Line 9 - Stretch I 2006 Spain Subway | 9.04 [0.32| Steel | Yes
Létschberg 2007 | Switzerland | Railway | 4.94 |0.22| Steel No
Beacon Hill Tunnels 2007 USA Road 7.30 |0.30| Steel | No
Madrid Metro 2007 Spain Subway | 9.00 [0.30| Steel | Yes
Line 1 of the Valencia Metro 2007 Spain Subway | 9.20 [0.40| Steel | Yes
Heathrow - PiccEx 2008 | England Subway | 4.80 |0.15| Steel | No
Heathrow Express Ext. Tunnel to T5 2008 | England Railway | 6.14 |0.22| Steel | No
Sao Paulo Metro Line 4 2009 Brazil Subway | 9.10 |0.35| Steel | No
Docklands Light Railway (DLR) Extension |2009| England Railway | 5.80 [0.25| Steel No
Malaga Rail Tunnel 2009 Spain Railway | 9.04 [0.32 |Synth.| Yes
The Clem Jones Tunnel - Clem 7 2010 [ Australia Road | 12.00 [0.40| Steel | Yes
Extension of the FGC in Terrassa 2010 Spain Railway | 6.60 [0.30| Steel | Yes
Keio line 2010 Japan Railway | 7.30 [0.30| Steel | Yes
Metropolitan Expressway 2011 Japan Road | 14.30 |0.45| Steel | Yes
Airport Link 2012 | Australia Road | 12.20 |0.40| Steel | No
Sagami Line 2012 Japan Road | 12.80 |0.50| Steel | Yes
Koishikawa Kasen 2013 Japan Railway | 7.30 [0.30| Steel | Yes
The Wehrhahn Line 2014 | Germany | Subway | 8.90 [0.30| Steel No
San Francisco Central Subway 2014 USA Railway | 5.96 [0.28 | Steel | Yes
Legacy Way 2015 | Australia Road | 12.00 |0.35| Steel | No
Metropolitan Expressway 2015 Japan Road | 13.10 |0.40| Steel | Yes
Doha Metro Red North Line 2016 Qatar Subway | 6.77 |0.30| Steel | No
Downtown Line 3 u.c. | Singapore | Subway | 6.36 [0.28| Steel | No
Thomson Line u.c. | Singapore | Subway | 6.36 [0.28 | Steel | No
Crossrail Wic: England Railway | 6.80 [0.30| Steel No
Brenner Base Tunnel u.c. | Italy-Austria | Road 6.00 |0.20| Steel | Yes
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poor awareness of design organizations and state
evaluation bodies of the possibilities, prospects and
conditions for the effective use of FRC, as well as the
lack of methodological developments in the design
and calculation of structures made of FRC;

the lack of equipment of the reinforced concrete
plants (dispensers, dispersants, special mixers),
including absence of special equipment for testing
fibre-reinforced concrete samples in quality control
laboratories;

the absence of accumulated statistics on testing of
FRC samples in the Russian Federation for various
classes of FRC; absence of practical base of lining
designs in conjunction with FRC classes;

the lack of specialized courses (lectures) on the FRC
construction of underground structures and tunnels
in universities.

Currently, structural fibre-reinforced concrete can be
classified as follows:

by type of concrete-matrix — made from concrete of
normal strength (up to B60); high-strength concrete —
HSC/HPC (B60-B100[150]); ultra-high-strength
concrete — UHSC/UHPC (above B150);

according to the type of fibre used — made of steel
(wire with bends R > 1200 MPa); polymer (straight
R > 800 MPa); a combination of microfibre and struc-
tural fibre;

by the type of reinforcement in the structure — fibre of
the same type; a combination of fibre of the same type
and rod reinforcement without prestressing; fibre of
two types (hybrid) and rod reinforcement without pre-

stressing; fibre of two types (hybrid) and prestressed
reinforcement;

by the nature of the work with cracks — with soften-
ing (conventional FRC); with hardening (high fibre
content in both normal strength FRC and HSC/HPC
or UHSC/UHPCQC).

Therefore, in connection with the peculiarities of the
nature of the work, the rationing of FRC by physical and
mechanical characteristics is carried out in two class-
es — the concrete (matrix concrete) class in compressive
strength B and the FRC class in residual tensile strength
BF.

The class of FRC in terms of residual tensile strength
BF is determined by testing samples-prisms with a cross
section of 150%150 mm, a length of 550...600 mm with
an incision in the center (see Fig. 1) either without inci-
sion, or round plates with diameter of 800 mm, thickness
of 75 mm [39]. During the tests, the applied load and the
opening width of the incision (in the case of a sample-a
prism with an incision) or the deflection of the sample
in the center (in the case of a sample-a prism without an
incision and a round plate) are recorded.

A special aspect of the tests is the use of special servo—
hydraulic equipment for loading and monitoring defor-
mations of samples, which has an almost instantaneous
response to changes in the stiffness of the sample due to
the formation of micro and macro cracks, which allows
you to record the descending sections (the softening stage)
in the Load-Strain graphs.

The diagram (Fig. 2) shows the test results of incised
prism samples, while the concentrated load scale F is re-

A

150 o

250 250

_75 75

[

150

25

Fig. 1. Example of a test scheme for a prism sample with an incision to determine the class of FRC in terms of residual

tensile strength BF
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Fig. 2. Scheme for determining the class of FRC by residual tensile strength BF based on test results of samples-

prisms with an incision

placed by the normal stress scale in the central section of
the sample oN, the CMOD scale (Crack Mouth Opening
Displacement) indicates linear deformations of the inci-
sion lower edge of the sample (modeling crack growth).
The strength corresponding to a small deformation (the
second group of limiting states) at CMODI1 = 0.5 mm
is indicated in the diagram as fR1. The strength corre-
sponding to the limit deformations (the first group of limit
states) at CMOD3 = 2.5 mm is indicated in the diagram
as fR3. Two indicators are used to normalize the FRC
class in terms of residual tensile strength BF: fR1, which is
recorded in the designation with a number rounded down
to the nearest normalized class; the ratio fR3/ fR1 with
range ranking and designation in Latin letters:
a—at0,5<f,/f, <07

b—at0,7<f,./f, <0)9;

c—at0,9<f,/f, <LL

d—at L1 <f, /f <13;

e—at1,3<f /T,

For example, in the diagram in Fig. 2, for the des-
ignated points fR1 and fR3, the class of FRC in terms
of residual tensile strength should be written as BF2.0b
(taking into account statistical processing of test results
for fR1 and fR3).

It should be noted that in SP 297, SP 360, with the
concept of European regulatory documents adopted by
the authors of the Joint Venture regarding the classifica-
tion of fibre-reinforced concrete, a typo was made in the
letter designation of the fR3/fR1 ratio ranges.

Thus, the full designation of the FRC class (without
specifying the brands for water resistance and frost resis-
tance) looks, for example, as follows:

SFRC B40 BF3.0b is a steel fibre-reinforced concrete
based on concrete B40 with a class of fibre-reinforced
concrete in terms of residual tensile strength BF3.0b;

PFRC B40 BF3.0b is a fibre-reinforced concrete based
on concrete B40 and polymer fibre, with a class of fibre-
reinforced concrete in terms of residual tensile strength
BF3.0b.

The advantage of this classification of FRC is the clearly
defined physical and mechanical characteristics of FRC
(before its manufacture) for a certain class, which can be
selected during the design and calculation of the FRC struc-
ture. In this case, designers do not need to decide what type
and dosage of fibre will be required to achieve the calculated
class of FRC, similar to the situation when designers do not
ask themselves what kind of crushed stone and sand must
be used to obtain concrete of a particular class.

Each class of FRC in terms of residual tensile strength
BF will correspond to a state diagram (material deforma-
tion diagram) (see Fig. 3, 4), which can be constructed
according to normalized strength and deformation pa-
rameters (Table 2).

Thus, when developing a statistical database for testing
fibre-reinforced concrete samples (in the conditions of the
Russian Federation), manufacturers of fibre-reinforced
concrete structures will understand which fibre and how
much of it is required to provide a particular class of fibre-
reinforced concrete.

In the world practice of using fibre-reinforced concrete
in tunneling and other areas of construction the following
areas are actively developed:

+ production of lightweight tunnel lining structures (re-
duction in the thickness of lining)[40];
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Fig. 3. Example of a diagram of the stress-strain state of
FRC (STO NOSTROY 2.27.125-2013)

reduction or elimination/exclusion of bar/core rein-
forcement for precast/prefabricated and monolithic
linings (significant reduction or complete exclusion
of the main longitudinal reinforcement, transverse
reinforcement, exclusion of structural reinforcement)
[41, 42];

production of high-strength and ultra-high-strength
FRC structures (hybrid FRC using two types of fi-
bre — microfibre and structural fibre) [43, 44];
production of bending structures (beams, slabs of large
spans) [42];

studies on the stress state of the elements in fibre-
reinforced concrete structures working on torsion [45];
research and development of effective anchoring de-
vices for steel wire fibre;

development of methods and techniques of fibre ori-
entation in structures in order to increase the effective-
ness of reinforcement [46];

development of new and improvement of existing
methods of FRC structures quality control;
improvement of FRC test methods for samples in or-
der to reduce the percentage of rejection, decrease the

G g Op
G 0=0, _ﬂ,g=R b G, ﬂ,0=0'ﬂ,2=R 1o
O Opm1
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—_— %)
- ber \. Rﬂ:r!

Fig. 4. Example of a diagram of the stress-strain state of FRC (SP 360.1325800.2017)

Table 2

Values of regulatory resistances (Table 5.2.1. STO NOSTROY 2.27.125-2013)

B

0,5

1,0

1,5 2,0

2,5

3,0

35

4,0 4,5 5,0 55 6,0 6,5 7,0 7,5 8,0

Rrposn 1 Rposser

0,50

1,00

1,50 | 2,00

2,50

3,00

3,50

4,00 | 4,50 | 5,00 | 5,50 | 6,00 | 6,50 | 7,00 | 7,50 | 8,00

0,25

0,50

0,75 | 1,00

1,25

1,50

1,75

2,00 2,25 | 250275300 325|350 (375 4,00

0,35

0,70

1,05 | 1,40

1,75

2,10

2,45

2,80 | 3,15 | 3,50 | 3,85 | 4,20 | 4,55 | 4,90 | 5,25 | 5,60

Rr250 M RF25,50r

0,45

0,90

1,35 | 1,80

2,25

2,70

3,15

3,60 4,05 | 4,50 | 495|540 | 585 | 6,30 | 6,75 | 7,20

0,55

1,10

1,65 | 2,20

2,75

3,30

3,85

4,40 | 4,95 | 5,50 | 6,05 | 6,60 | 7,15 | 7,70 | 8,25 | 8,80

LN

0,65

1,30

1,95 | 2,60

3,25

3,90

4,55

520 585|650 | 7,15 | 7,280 (845|910 975 |10,40

Rro.s

0,33

0,67

1,00 | 1,33

1,67

2,00

2,33

2,67 3,00 | 3,33 | 3,67 | 4,00 | 4,33 | 4,67 | 5,00 | 533

0,17

0,33

0,50 | 0,67

0,83

1,00

1,17

1,33 1,50 | 1,67 | 1,83 | 2,00 | 2,17 | 2,33 | 2,50 | 2,67

0,23

0,47

0,70 | 0,93

1,17

1,40

1,63

1,87 2,10 | 2,33 | 2,57 [ 2,80 [ 3,03 | 3,27 | 3,50 | 3,73

Rrzs

0,30
0,37

0,60
0,73

0,90 | 1,20
1,10 | 1,47

1,50
1,83

1,80
2,20

2,10
2,57

2,40 2,70 | 3,00 | 3,30 | 3,60 | 3,90 | 4,20 | 4,50 | 4,80
2,93 | 3,30 | 3,67 | 4,03 | 440 | 4,77 | 5,13 | 5,50 | 5,87

o (R e >R

0,43

0,87

1,30 | 1,73

2,17

2,60

3,03

347 3,90 | 4,33 | 477 | 5,20 | 5,63 | 6,07 [ 6,50 | 6,93
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coefficient of variation, and improve measurement

accuracy [47].

As illustrative examples of the implementation of
research results in transport tunnels, the experience of
Spanish [41] and Italian [42] specialists in the “optimiza-
tion” of reinforcement in prefabricated and monolithic
tunnel linings should be noted (see Fig. 5, 6).

In the case shown in Fig. 5, there is a prefabricated
lining of a subway running tunnel in Spain. In the basic
version of traditional reinforcement, the amount of rebars
was approximately 150 kg/m?. The engineers offered to use
fibre-reinforced concrete based on class B45 concrete and
steel wire fibre in an amount of 45 kg/m? together with
rebars made of non-metallic reinforcement arranged lo-
cally along the transverse/annular and longitudinal /radial
faces of the blocks to perceive the thrust forces from the
jacks during shield moving and perception compressive
stresses formed in blocks from rock pressure (longitudi-
nal/radial faces).

The proposed technical solution made it possible to
eliminate the use of steel reinforcement with a simplifi-
cation of the shape of the core frames and by reducing
financial costs and labor resources in the manufacture of
rebar frames, achieve savings of up to 12% in the produc-
tion of blocks.

Stirrups @8 2 legs
331

In the case shown in Fig. 6, there is a monolithic lining
of a road tunnel in Turin (Italy). The basic version assumed
the conventional reinforcement of the lining with discrete
rebars, which is a labor intensive process at the stage of a
monolithic lining construction. After the feasibility study/
calculated justification of the “optimized” reinforcement, a
solution was proposed to exclude core reinforcement from
the arch and walls of the tunnel to the stress concentration
zone at the corners of the wall interface with the reverse
arch, as well as to exclude the core reinforcement in the
middle third of the reverse arch of the lining.

It is offered to implement the remaining core rein-
forcement in areas with a concentration of tensile stresses
in the form of flat frames, which can be prepared on the
construction site and delivered for installation in a tunnel
to the reinforcement site in order to minimize labor costs
and terms of construction.

The results achieved in the implementation of this
technical solution are as follows: 30% reduction in the
number of fittings as a whole (in total by weight of steel —
reinforcement + fibre); 75% reduction in core reinforce-
ment; significant simplification of reinforcement; elimi-
nation of the most labor-intensive process of the arch
reinforcement; reduction in the construction period of
the tunnel.
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Fig. 5. The experience of “optimizing” the reinforcement of the segmental lining (Spain)

http://nanobuild.ru

283

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (3):
276-287

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanob

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

transverse section

Minimum lining Maximum lining

transverse section

Bench

6365 [

6365 I | 1510

CONCLUSIONS

As the main conclusions, it should be noted:
currently, in the conditions of the Russian Federation,
there are no obstacles to design and produce FRC
structures for tunnels and underground structures;
steel fibre manufacturers are ready to supply the pro-
duction with enough amount of fibre;

the introduction of fibre-reinforced concrete in Rus-
sian conditions is hindered by the “fear of the new”,
little experience in working with FRC, poorly devel-
oped production technology of FRC structures and
their quality control;

Fig. 6. The experience of “optimizing” the reinforcement of the prefabricated lining (Italy)

reinforced concrete plants need to invest in re-equip-
ment for the FRC structures production — automatic
dispensers integrated into the technological process;
laboratories need special testing equipment with servo
hydraulics for quality control;

when using fibre-reinforced concrete structures, the
expected effect is mainly associated with a reduction
in labor costs for the manufacturing the reinforce-
ment products and reaches: 5...20% for prefabri-
cated FRC linings of the shield method; 10...30%
for monolithic FRC linings of the mining method,
as well as fibre-reinforced shotcrete supports and
primary linings.
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AHHOTALUMA

BBegeHue. B cTaTbe paccMaTprBaeTCA akTyaslbHOE COCTOAHME BO3MOXHOCTEN MOBbIWEHUA SPEKTUBHOCTM CTPOUTENBHBIX MPO-
LIecCOB C NMOMOLLbIO NpUMeHeHWsA GprOPOOETOHOB NPU CTPOUTENBCTBE TPAHCMOPTHDIX Y KOMMYHAJIbHbIX TOHHETEN, @ TaKkXKe APYyrnX
OTBETCTBEHHbIX COOPY>KEeHMIA. ABTOPaMU NpefCTaBneH 3apyOeXHbIii OMbIT LWMPOKOro NprMeHeHUA Gubpo6eToHOB B TPAHCMOPTHOM
CTPOUTENbCTBE, TaKXKe MPUBOAATCA MaNlOUMCIIEHHbIE CllyYar NpuMeHeHra Grbpo6eTOHOB B OTEUECTBEHHON NPaKTUKe, OTMeYaeTca
HeCOOTBETCTBYE OTEUECTBEHHOTO OMblTa COBPEMEHHOMY YPOBHIO TEXHUKU. MPUBOAATCA OCHOBHbIE 6NIOKMPATOPbI Pa3BUTHA pac-
CMaTpPMBaAEMOro BOMpoca, NpobnemaTrika TeopeTMyecKoro NoAxoaa 1 NpakTnyeckoro nprumeHeHus. Matepuanbi u metogbl. /13-
JIOXKEHbI MPUHLMNMANbHbIE aCMeKTbl COBPEMEHHOIO MOAXOAA K ONpeaesieHnto NoKasaTtenei Kayectsa Gubpo6eTOHOB 1 MPUHLKMMbI
Knaccudmkaumm GubpobeToHOB MO KaueCTBEHHOMY NMPK3HAKY, MOMOXEHHbIE B OCHOBY HOPMUPOBAHMA XapakTeprcTUK MaTepriana.
Moka3aHa NpeeMCTBEHHOCTb OTEUECTBEHHbIX 11 €BPOMENCKNX HOPMATHBHbBIX JOKYMEHTOB. PesynbTaTbl. OnucbiBaloTcA NnnoCTpu-
poBaHHble MPYMepPbl BO3MOXXHOCTEN ONTUMM3aLUOHHOTO NOAX0AA K BbIGOPY KOHCTPYKTMBHbBIX PELUeHU NPU MPOEKTUPOBaHNN
TPaHCMOPTHBIX COOPYXEHNI, MPUMEHSIOLLMECA B 3apyOeXXHON NpaKTuKe. 3aKkntoueHue. [lokasaHa aprymeHTauus B Nosb3y pa3BuTmaA
TEXHOMNOIUY, OTKPbIBAIOLLAA BOSMOXXHOCTM [i1A 3HAUMNTENIbHOMO COKPALLEHUNA 3aTpaT, 000CHOBaHHbIX Hay4YHbIM NOAXOLOM. B 3aKnto-
UeHvie aBTOPbl MPUBOAAT PEKOMEHAALIMN MO OCHOBHbIM HaMpaBieHWAM NPaKTNYECKOro Pa3BUTYA NEPCNEKTVBHOIO NCMOMb30BaHNA
MaTepuiana B OTeYeCTBEHHOW MpaKTUKe.

KJTIOYEBDIE CJTOBA: $p16p0o6eToH, ANCNepCHO-apMNPOBaHHbIE BETOHbI, KOMMO3MLMOHHbIE MaTepuasibl, BbICOKOMPOYHbIV OETOH,
METOZbl PACcYéTa, HanpAXeHHO-AePpOPMIPOBaHHOE COCTOAHME, PrbPa, MoandMLIMPOBaHHbIE BAXYLLME, TOHHENb, 06aenKa, Hecylne
KOHCTPYKLMU NOA3EMHbIX COOPY>KEHUIA.
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TenbcTBe. OnbIT M NepcnekTusbl // HaHoTexHonornn B ctponTenbcte. 2024. T. 16, N 3. C. 276-287. https://doi.org/10.15828/2075-
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BBEAEHUE U TEXHUKU SIBJSIeTCS OoJjiee IIMPOKOE IMIPUMEHEHUE
KOMITO3MIIMOHHBIX MaTepuaaoB, HalpuMep, TaKux,
Kak ¢pubpoodetonsl [0, 12, 13]. [Tomo6HBIE MaTepraIbI

MPEeICTaBIISIIOT CO00I 0COOBIN TN OeTOHA, B 00beMe

OBPEMEHHOEC CTPOUTECIIBCTBO IMMOCTOAHHO COBEP-
IIE€HCTBYETCA, ONITUMUIUPYIOTCA MaTEpUaJlbl

¥ UX CBOIMCTBA, UCITOJIL3YIOTCS 00JIce COBPEMCHHBIC
TeXHOJIOTUH, PYHIAMCHTAJIbHBIN aHaIN3 TTO3BOJISICT
TIPUMEHSTH 00Jiee TIPOTPECCUBHBIC METOIBI PACUCTOB
KOHCTpYKIMiA. OMHUM M3 BEKTOPOB Pa3BUTHUS B CO-
BOKYITHOCTH C ITOCJICTHUMHU IOCTHKCHUSIMU HAayKHN

© PycaHos B.E., Macnos I.C., Anekcees B.A., 2024

KOTOPOT'0 METOIOM AUCIICPCHOTO apMHUpPOBaHUA [4,
5] MOTYT pacIpeaeaaTbCsa METAITINIECKIE YUTH TIOJIH -
MEpHBIEC BOJIOKHA pa3HOI TeOMETPHH 1 XapaKTePUCTUK
[6, 7], T.e. Bcst Toma 6ETOHHOW KOHCTPYKIIMU TTPU
CTPOUTENIBCTBE OYICT MPOHM3aHa BOJIOKHAMU, PacITo-
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JIaTAlOIIMMUCS B pPa3HBIX HAIIPABICHUSIX U 3a0aI0IINX
0CO0OBIC CBOMCTBA MaTepuraa.

B Hacrosiiee Bpemst B pubpoOeToHaX TIPUMEHSIET-
cs1 0OJIBIIIOE KOJUYECTBO Pa3HBIX BUAOB (P1Op, HOMEH-
KJIaTypa KOTOPBIX ITOCTOSTHHO PACIIUPSICTCSI, CBOMCTBA
yKe M3BECTHBIX (PMOPOBOJIOKOH ONTUMU3UpYIoTcd [8].
K ocHoBHBIM MaTepuanam st GUOpbI, UCIOIB3YyEeMOM
B IMCITEPCHOM apMHUPOBAHUN OCTOHOB, OTHOCSITCSI CTAJIb,
CTEKJIO, TTOJTMMEPHI (aKpUJI, apaMUII, HEMJIOH, TOJIH-
TIPONWJICH U IIp.), KepaMHKa, acOoecT, YIIepoI 1 Jaxke
TIPUPOTHEIC BOJIOKHA (JIepeBO, KOKOCOBBII OpeX, 6aMOyK
u ap.) [9].

OnHaKoO B KOHCTPYKIIMOHHBIX OCTOHAX, KOTOPHIC
BOCIIPUHUMAIOT OCHOBHYIO HATrpy3Ky B 3MaHUSIX U CO-
OPYKCHMSIX, MCITOJIB3yeTCs Yallle BCero cTajabHas pu-
Opa, XOTs BeIyTCsS MCCICIOBAHUS I10 MCITOJIb30BAaHUIO
TMOJTUMEPHBIX (PHOPOBOJIOKOH € XapaKTepUCTUKAMU,
OIM3KUMU K cTajbHoil [2, 8, 10]. KoHcTpyKIIMOHHAsS
¢ubpa moykHa 00J1a1aTh MOBBIILIEHHON IIPOYHOCTHIO
K Harpy3KaM, He IMETh YCaIOYHBIX JehOpMaIlnii 1 CII0-
CcOOCTBOBATH ITOBBIMICHHON TPEITMHOCTONKOCTI W U3-
HOCOCTOWKOCTH.

C TouKM 3peHUsT CBOMCTB JIsi 0ETOHOB Hanbosee
pacripocTpaHeHHBIX KilaccoB B20—B40 ¢ubpobdbeToH
saBisgeTcs 3G (MEKTUBHON 3aMEHOI CTaHIAPTHOMY KeJe-
300€TOHY 1 TTO3BOJISICT TOOMBATHCS TPEOYEMBIX (PH3UKO-
MEXaHMIEeCKUX CBOMCTB OCTOHHBIX KOHCTPYKIIW, TIPU
9TOM IIPUIABAsT PSI IOJIOXKUTEIHBHBIX CBOMCTB:

— WCKITIOUCHUE apMaTypPHBIX pabOT 1 CHIDKCHNUE 3aTpaT

Ha CTPOUTEIBCTBO;

— CHIDXCHUE YCAIKM;
— YCTOMYMBOCTBH K TPEIIMHOOOPA30BaHUIO;
— BBICOKYIO TIPOYHOCTh Ha pa3phiB U pacTsKCHHUE,

CPaBHUMYIO C apMUPOBAHHBIM XKeJIe3006TOHOM;

— TIOBBIIICHHBIN MOIYJIb YIIPYTOCTH;
— YCTOMYMBOCTB K aTMOC(HEpHBIM BO3ICHCTBUSIM U XU -

MHWYECKUM BeIlleCTBaM;

— BBICOKYIO TUTACTUIHOCTE;
— yIApOIIPOYHOCTE.

Oc00eHHO TTePCIEKTUBHO BRITIISIINT MCITOIH30BaHIE
(p1bpobdeToHA B TTOA3EMHBIX KOHCTPYKIIUSIX B KAUECTBE
HECYIINX 3JICMEHTOB COOPHBIX M1 MOHOJIUTHBIX KOH-
CTPYKLNI, HAOPBIZTOETOHUPYEMBIX 000JI0YEK.

TakKe ciemyeT OTMETHUTh, YTO Ha CBOMCTBA KOHEYHO-
ro Matepuaiia — puopodeToHa — 3HAYNUTETHLHO BIUSIOT
XapaKTepUCTUKU MCITOIb3YEeMOTO BSIKYIIIETO BEIICCTBA
¥ HamoJIHUTeIel. ABTopaMu Ha 6a3e Kadeapbl TEXHO-
JIOTHH BSDKYIIUX BerecTB 1 6etoHoB HUY MI'CY mpo-
BOIWJINCH UCITBITAHUS TT0 MOTU(PUKAIIAN BSKYIIETO TSI
¢uOpoOETOHOB HAMOJHUTEISIMU, UMEIOIIUMHU CaMO-
CTOSITCIIPHYIO TUAPABINUYCCKYIO aKTUBHOCTD U BEICOKYIO
CTETICHb UCIIEPCHOCTU (MUKPOYACTHUIIBI TTOMOOPAHHBIX
MUHEPaTbHBIX KOMITOHEHTOB ¢ TMaMeTpaM1 YaCTHUI]
d95 = 6 1 9 MKM C cofepKaHUEM HAHOYACTHUL, UMEIOIIMX
cpennue guametpsl MeHee 0,1 mxm 10 10 1 5% cootser-

CTBEHHO). BHenpeHre MUKpoO- 1 HAHOYACTHII C 3a0aH-
HBIMU TPaHYJIOMETPUUCCKIMU MapaMeTpaMu 3¢peH Mo-
3BOJISICT 3aITOJTHITh MEXK3ePHOBOE ITPOCTPAHCTBO TPAHYIT
CTaHIAPTHOU (DPAaKIMU MOPTAAHILIEMEHTA YaCTUIIAMK
C pa3MepaMu, CPaBHIMBIMHU C 00BEMOM 00pa30BaHHBIX
ITOp, a TAKXKE CITOCOOCTBYIOIINX YIDIOTHEHMUIO KaITHJI-
JsapHBIX TTop. [1pn Tombope cocTaBa KOMIIO3UITMOHHOTO
BSDKYIIIETO TaKsKe JTOJDKHO YINTHIBATHCS MAKCUMAIbHOE
3aIIOJTHEHIE MEX3epHOBOTO ITPOCTPAHCTBA MUKPOHA-
TIOJTHUTEJIEM B 3aJaHHOM 00BbeMe 0e3 ero TIPeBBIIICHUS
¢ UCKIIIoYeHMeM 3 deKTa pacKIMHUBAHUS KPYITHBIX
yactui. ComepxKaliyecs B HaIIOJIHUTEIC HAHOYACTH -
IIBI, B CBOIO OUEpeIb, 3aITOTHSIOT CaMble MEJIKIE TIOPBI
1 CITOCOOCTBYIOT YIUIOTHEHUIO CTPYKTYPHI LIEMECHTHOTO
TecTa Ha MUKpoypoBHe. I1pu BBemeHNU B MOIU(DUIIN-
pOBaHHYIO OETOHHYIO cMeCh (PUOPHI ITPOUCXOIUT OoJiee
IUTOTHOE KOHTAKTHOE PACITOJIOXECHNE CUCTEMBI «(pro-
pa — MeMEeHTHBII KaMeHb — 3¢pHa MHEPTHOTO 3aII0THU-
TeJIsI», CIIOCOOCTBYIONIEee 60jice aKTUBHOMY BOBJICUCHHTO
paboThl GUOPHI B pabOTy OETOHHO KOHCTPYKIIUU MIPU
SKCIUTyaTalnH.

OmHaKo Ha CETOMHSAIITHUI IeHb OTCYTCTBYIOT OTHO-
3HAYHBIC HOPMATUBHBIC TOKYMEHTHI, Ha3HAYAIOIIE
pacxoIbl MaTepHAIOB IUTS TTOIYICHUS psima TPEOYeMBIX
XapaKTepUCTUK (PuOPoOETOHA, YTO OCOOEHHO BaXKHO
IIPY CJIOXKHOM paboTe KOHCTPYKIINIA, KaK, HaIIpuMep,
B 00feJIKE TTOM3eMHBIX cOOpyXeHmi. OIBITHI Tombopa
COCTaBOB M HEKOTOPHIC SKCIIEPUMEHTAIbHBIC TaHHBIC
HE TIOJTYIIJIN TIPOIOJIKCHUS B BUIEC 3aKOHYCHHOTO TOKY-
MEHTA, ITO3BOJISTIONICTO ITPOSKTUPOBATh (POPOOCTOHHEIC
KOHCTPYKIIMY 1 Ha3HadaTh IJIsI HETO OMpPeAcICHHBIC
pacxombl TPeOYyeMBIX KOMITOHEHTOB. OTHOM M3 LIENIbIO
IUTAHUPYEMBIX HayIHBIX U3BICKAHUU SIBIISICTCS pa3pa-
00TKa HOPMATUBHOI 0a3bl IJISI PACUETOB M TUIIOBBIX
TEXHOJIOTUYECKUX KapT C IeJbI0 TOIyIYeHUST pudpo-
0eTOHA, B YACTHOCTH, IJIsI IIPUMEHEHMST B TIOA3EMHBIX
KOHCTPYKITUSX.

000 «HUI1I «TonnenpHOM accoumanum» 1 HULL
«ITonzemuoe ctpourtenbctBo» HUY MI'CY npoBoadT
HayJIHBIC M3BICKAHUS TI0 MCTIOJIB30BaHUIO (hrOpPoOETO-
HOB B MTOA3€MHBIX KOHCTPYKLIMSAX U UMEIOT HAapaOOTKU
110 pacyeTy U IMPOeKTUPOBAHUIO (POPOOETOHHBIX KOH-
CTPYKIIWIA, TOATBEPXKICHHBIC OITBITOM CTPOUTEIHCTBA
" 3KcruTyatamui. Kpome Toro, ciemyeT OTMETUTh, UTO
IJIOOATBLHBIN TIPOTPEecC, TIOCTOSTHHO pa3BUBAIOIIASICS
IIPOMBIIIUICHHOCTD, BHEAPEHNE MHHOBAIINI XMMIYECKOM
WHIYCTPUH TTO3BOJISTIOT B OYIyIIIEM pe3KO MOBBICUTH 3(h-
(PeKTUBHOCTD TAKNX TEXHOJIOTHIA.

NPEAMET UCCNEQOBAHUA

ToHHeENBHBIE 00ACIKN, COOPYKaeMbIe 3aKPBITHIM
CIoco6oM (KPYroBOTO M CBOIYATOTO OUEPTAHMS) C TI0-
3UIINANA CTPOUTEIPHON MEXaHWKM, SIBJISTIOTCST CTATYICCKI
HEOPeaeTMMBIMI KOHCTPYKTUBHBIMU CUCTEMaMM, pa-
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OOTAIOIIMMM B TTOJABIISIIOIIEM OOJIBITMHCTBE CIIyJYacB
B YCJIOBHSIX BHEIICHTPEHHOTO CXKATHSI C TIpeodIamaHueM
HaIPsDKEHMH cXKaThsl. B TaKuX yeI0BUSIX IIPOYHOCTHEIE
u nechopMaTUBHBIC CBOIicTBA (hrdbpodeToHOB (PB) pea-
JIM3yIoTCd Hanboee 3 PEeKTUBHO 61aromapst X 0COOLIM
XapaKTepUCTUKAM.

DubpodeTOHHBIE KOHCTPYKIIUM CITOCOOHBI BOCITPU-
HUMATb Harpy3Ky U COIPOTUBISATELCS Ie(DOPMUPOBAHIIO
mocje GOpMUPOBAHUS B HUX TPEIIMH O€3 XPYITKOTO pa3-
PYIICHMS, TIpA 3TOM Tipeaelt pacTsekumoct Db (tipe-
IebHBIC OTHOCUTEIBbHEIC Ae(OpMaIIu PaCTSIKCHUS)
MOKET IIPEBHIIIATD TIPEIesT CXKMMASMOCTH.

B HacTosmee BpeMst Ha Tepputopun PD paspa-
0OTaHBI U ICHCTBYIOT HOPMATUBHBIC TOKYMEHTHI, T10-
3BOJISIONINE TIPOSKTUPOBATH 3(h(EeKTUBHEIC TOHHEIb-
Hbele KoHcTpykumn n3 ®b: CIT 297!, CIT 3602, CTO
HOCTPOM 2.27.1253, a TakXe HOPMATUBHO-METO-
INYeCKNe pyKOBOICTBa, HaIpuMep, «PyKoBoaCcTBO
0 MPOCKTHUPOBAHNIO OETOHHBIX M XKeJIe300€ TOHHBIX
TOHHEJIBHBIX 00ICIOK C MCITOJIb30BAHUEM KOMITO3UT-
HBIX MaTepHUAIOB», YTBEPXKICHHOE CTPOMKOMILIEKCOM
ropoga Mockssl. TexHuueckue ycjaoBusi U TpeOoBa-
HUS K KOHTPOJIIO Ka9eCTBA TSKEIBIX M MEIKO3CPHU -
CTBIX cTanedudpodeToHOB omydsmkoBaHbl B TOCT P
595354 Csonsl pasui CIT 360 u CIT 297 BBeneHbI
B IlepedyeHb TOKYMEHTOB B 00JIaCTH CTaHZAPTU3AIINH,
B pe3yNIbTaTe MIPUMEHEHUS KOTOPHIX Ha TOOPOBOJBHOM
OCHOBe obecrieunBaeTcs cobmoneHue Tpedopanmii Me-
nepanbHoro 3akona ot 30 mexadps 2009 r. N 384-D3
«Texanmyeckuit peraaMeHT O O€30MaCHOCTH 3MaHUMA
1 COOPYKCHUIN».

[Tpu Bcex CyIIecTBYIOIIMX BO3MOXHOCTSIX IIPUMEHE -
HUe (OPOOETOHOB ISl U3TOTOBJICHMS HECYIINX KOH-
CTPYKLWI TPaHCIIOPTHBIX, KOMMYHAJIBHBIX TOHHEJICH,
a TakoKe OPYTMX OTBETCTBEHHBIX COOPYKEHUIT TOPOICKOM
WHGPACTPYKTYPHI B OTEUECTBEHHOM ITPAKTUKE CTPOU-
TeJbcTBA (PUOPOOETOH pacIIpoOCTPaHEHO C1abo.

AHAJIN3 OMbITA NTPUMEHEHNA U NEPCMNEKTUBbI
PA3BUTUA B PO

DdubpobeTOH B 3HAYMTEIHHO OOJIBIIEH CTETIeHU
TIPUMEHSICTCS B €BPOICHCKUX CTpaHaxX, TIe JUINPY-
omye mo3uuuu 3anumaioT Mcmanmg [11, 12, 113],
Wramua [114, 115, 116, 117], IMopryranusa [118], Be-
mmkooputanus, ['epmanus [119, 20, 21, 22], Hopse-
rug, lBeiiapus. 3a npenenamu EBponsl pndopodeToH
IMPOKO mpuMeHsieTcs ABctpanueii [23, 24], bpa3u-

smeit, Iepy, CIIA [25, 26], DkBagopoM, AmnoHueit.
C HenaBHero BpeMeHU B TypLuu pacrnpocTpaHeHue
MOJIyYMJIO IpuMeHeHue PuopodeToHa B KPEeIUICHUU
TPAHCIIOPTHBIX TOHHEJICH METOIOM TOPKPETHUPOBAHUSI
[27, 28].

IIupokoe mpuMeHEeHNE O0YCIOBICHO BHICOKUM
YPOBHEM HAyIHO-TEXHUUECKOTO IIporpecca B ITOM
TeMe, IPOMU3OIICAIICTO 3a ITOCIeTHNE TBAIaTh JICT.
CoBpeMeHHBIN YPOBEHb TEXHUKH ITO3BOJISICT TIOJTY-
YUTh 3HAUNTEILHBIC TIPEUMYIIECTBA TP UCITOIb30Ba-
HuM Matepuaga. ConpoTUBICHUE MOIIEPEIHON CUITe
B KOHCTPYKLMHK IOBbIIIAETCS 10 57% B 3aBUCMMOCTHU
OT Pa3INIHBIX ITApaMETPOB, IMUPHHA PACKPBITHUS Tpe-
LIMH IIpY 3TOM YMeHblIaeTcs 10 70% mpu OTJI0XEHHOM
(dopMUpoBaHNM TPEIINH B 30HE NECHCTBUS ITOIIEPEIHBIX
cmi [29].

I1o nanHbIM OrO/UIeTeHsT MexxayHapoaHoi ToHHeb-
Hot Acconmarmu 3a 2016 rog [30, 31], ¢ Hayana BHeape-
HUST GUOPOOCTOHOB B TPAHCIIOPTHOM TOHHEJICCTPOCHUN
B 1982 roay Ha Merpormnonaurere Mranum go 2016 roga
TOJIBKO IUIST IIMTOBOTO CITOCO0A CTPOUTEIHLCTBA TOH-
HeJel peanm3oBaHo Topsiaka 40 KpyITHBEIX 00BEKTOB
(cMm. Tabi. 1). IlpuMeHsSIIUCh KOHCTPYKIIMU 00/1€710K
nraMmeTpamu ot 4,8 1o 14,3 M ¢ apMUPOBaHUEM TOITHLKO
cTajIbHOM (ubpoii B 58% cirydaeB, ¢ KOMOMHUPOBAHHBIM
apMHpOBaHUEM «CTajJbHas ¢ubpa + cTajabHas apMa-
Typa» B 39% ciaydaeB. OquH 0ObEKT ObLI pealn30BaH
C IpUMEHEHUEM apMUPOBAHUS TTOJIMMEPHOI (hrdpoit
B COUCTAHUM CO CTAIbHOI apMaTypOIi.

IIIupoxas mpakTuKa MpuMeHeHUsT prudpodeTo-
HOB MHUIIMHUPYET TaKXKe IIPOBeAcHINEe HAYIHO-TEX-
HUYECKOTO 0OOCHOBAHUS MMPUMEHEHUS BEIOpaHHBIX
TeXHUYECKUX pelllcHuit. B pe3ymbTaTte BHIITOTHEHUS
STHUX padOT MOSBJISICTCS BO3MOKHOCTD 3HAUNTEIEHOTO
COKpaIleHMs 3aTpaT, YTOUHEHHUS PacUYECTHBIX METO-
muK. Hampumep, mpu CTpOUTEIBCTBE NeBITOM TMHUT
MeTpo B bapceroHe mpuHSITOe Ha OCHOBE pacueTHOM
MeTonuku fib Model Code 2010 [32] TexHm4IecKoe pe-
menue (65 kr ¢udpsl Ha 1 M3 6eTOHA), BBIISIACBILIEE
5 hEKTUBHBIM, IO UTOTAM HayYHO pa®oThI [33] 6bLI10
YTOYHEHO CO CHMKCHMEM KOJIMUecTBa (GOPOBOTO ap-
MUpPOBaHUS 10 45 Kr/m>.

Hanpumep, npu crpouteabcTBe JImHUM 9 MeTpO
B bapcenoHne, mo nroram HaygYHO# pabOTHI, OCHOBaH-
HOI Ha pacdyeTHBIX MeTtonukax fib Model Code 2010
[32], yramoch onTUMHU3UPOBAThL GUOPOBOE apMUPOBaA-
Hue 0JIOKOB TOHHEJbHOU 00aeaku. McxoqHoe TexHU-
YeCcKOe pellIeHNe IIPEaIToIarajio apMIpoOBaHue 0JI0KOB

' CIT 297.1325800.2017 — Koncrpykuuu pudpodbeToHHBIE ¢ HeMeTaJumdeckoil ¢hubpoii. [1paBuna mpoektrpoBanus. M.: CTaHmapTUH-

dopm, 2017.

2 CIT 360.1325800.2017 — Koncrpykinu cranedubdpoberontsie. [1paBuia npoektupoBanust. M.: Ctangaptundopm, 2018.
3 CTO HOCTPOWU 2.27.125-2013 — OcBoeHUe MOA3eMHOTO MPOoCcTpaHcTBa. KOHCTPYKIIMU TPaHCIIOPTHBIX TOHHENEH 13 (hubpodeToHa.

IpaBuia MpoeKTUPOBAHUSI U TIPOU3BOACTBA PAOOT

4 TOCT P 59535-2021 — BeToHBI TsTXKeNbie U MEIKO3EPHUCTbIE, TUCIIEPCHO-apPMUPOBAHHBIE CTANTbHOU (hubpoit. TexHUYecKue YCIOBUS.

M.: Crangaptundopm, 2021.
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Tabauya 1

3apy0e:kHblii onbiT npuMeHenus coopubix CDB 061e10K 1151 TpaHCHOPTHLIX TOHHE €k [30]

IIpoerT ' Tox CrtpaHa 'Hasn. Dy M 'h, M| Tan ¢B'
Metrosud 1982 Hrtaana M 6.40 (0.30| C&®Bb
Heathrow Express 1994 AHTTHA 6.14 [0.22| C&b

Napoli metro

1995 HtanHs 6.40 (0.30| C&Bb

2nd Heinenoord

1999 | HugepaaHasl 8.30 [0.35| C&Bb

Jubilee Line Extension

1999 AHIIHA 490 (0.20| C®b

Essen

2001| TI'epmaHHA 8.00 (0.35| C&b

Oénzberg tunnel

2003 | IITBeHmapHA 11.40 |0.30| C®BE+C

Oénzberg-TBM

2003| IITBeHmapHA 12.20 |0.40| C®B+C

Oénzberg-Shield

2003| IlIBeHHapHA 12.20 (0.40| C®Bb

Barcelona Metro Line 9 - Can Zam Stretch

2003| HcmaHHA 11.60 [0.35| C&b

Channel Tunnel Rail Link (CTRL)

2004| AHrI - $p. 7.90 [0.35| C&B

Heathrow Express Extension (HexEx)

2005 AHIIHA 6.14 (0.22| C®b

Metropolitan Expressway Central Circular Shinjuku Route tunnel

2005 SnoHHA 11.80|0.45 | C@B+C

Barcelona Metro Line 9 - Stretch I

2006 HcmanHg 9.04 |0.32| C@®b+C

Latschberg 2007| IIBeHmapHA 4.94 (0.22| COB
Beacon Hill Tunnels 2007 CIIIA 7.30 [0.30 H/I
Madrid Metro 2007| HcmaHHA 9.00 |0.30| C®B+C

Line 1 of the Valencia Metro

2007 Hcnanusg 9.20 |0.40| C®B+C

Heathrow - PiccEx

2008 AHTIHA 4.80 [0.15| C&b

Heathrow Express Ext. Tunnel to T5

2008 AHTTHA 6.14 (0.22| C®B

Sao Paulo Metro Line 4 2009| BpazHiHA 9.10 |10.35| C®b
Docklands Light Railway (DLR) Extension 2009 AHIITHA 5.80 |0.25| C®B
Malaga Rail Tunnel 2009| HcmaHHA 9.04 |0.32

The Clem Jones Tumnel - Clem 7

2010| ABcTpamHd 12.00 |0.40| C®B+C

Extension of the FGC in Terrassa

2010 Hcmanus 6.60 |0.30| CP®BE+C

Keio line 2010 SInoHHS 7.30 |0.30| C®B+C
Metropolitan Expressway 2011 SAnoHus 14.300.45| CPB+C
Airport Link 2012| Asctpamui 12.20 (0.40| C®B
Sagami Line 2012 SIIOHHA 12.80 [0.50 | C®B+C
Koishikawa Kasen 2013 STOHHA 7.30 |0.30| COB+C
The Wehrhahn Line 2014| TepmaHHA 8.90 |0.30| CoB
San Francisco Central Subway 2014 CIIIA 5.96 |0.28 | C®B+C
Legacy Way 2015| AscTpanHi 12.00|0.35| C®b

Metropolitan Expressway

2015 SInoHHA 13.10 (0.40 | C@B+C

Doha Metro Red North Line

2016 Karap 6.77 [0.30| C&b

Downtown Line 3

H.B. CHHramnyp 6.36 (0.28| C&b

Thomson Line

H.B. | CHHramyp 6.36 10.28| C®b

Crossrail

H.B. AHTIHA 6.80 |0.30] C&b

Brenner Base Tunnel

EIE =R EREREEEEEERER R RRREERE R R E R R ERE

H.B. | T. - ARCTpHA 6.00 |0.20| C®B+C

(bubpoit ¢ 103UPOBKOIt 65 Kr/M3, IpenIoXKeHHOE OIl- .
TUMHU3WPOBAHHOE pPEeIIeHNEe — apMUpOBaHMe (UOpPOit
C IO3UPOBKOI1 45 Kr/m>.

OOIIMPHBII OIBIT 3apyOEKHBIX KOJIJIET CBUICTEIIhb- .
CTBYET O TEXHUKO-3KOHOMUUECKOU 3((HEKTUBHOCTHA
(p1dpodETOHOB, 0COOEHHO B TOHHEJIECTPOUTEITLHOM OT-
pacim, KoTopast JOCTUTaeTCs 3a CUECT:

COKpAILIeHUs TPya03aTpaT Ha U3TOTOBJIEHNUE COOPHBIX
001eJI0K IIIUTOBOTO CITOC00a paboT U MOHOJIUTHBIX
001eJI0K TOPHOTO criocoba padboT;

MMOBBIIIEHUS TTPOU3BOINTETHLHOCTH (CKOPOCTH TTPO-
M3BOACTBA IPU ITOTOYHOM METOJE) MPU MPOU3-
BOACTBE COOPHBIX OJIOKOB O0OEJIOK MIJISI IIUTOBOTO
crocoba paboT 1 cOKpalieHUsT BpeMeH! Ha U3TOTOB-
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JICHEe MOHOJIUTHBIX OOIEJIOK TP TOPHOM CITOCO0e

paboT;

* CHHIXEHHE MpoIleHTa OpaKa IMPHU MPOM3BOACTBE
COOPHBIX OJIOKOB, a TAKKE UX TPAHCITOPTUPOBAHUH
¥ MOHTaXe OJIOKOYKJIaTINKOM.

B oTeuecTBEeHHOM TOHHEIECTPOSCHUH IO HACTOSIIIICTO
BpEeMEHU HET IIpelieieHTa TpUMeHeHNS (DrOPOOE TOHHBIX
001IeJIOK TOHHEJICH Ha 00beKTaX TPAaHCIIOPTHOTO 1 JaXe
KOMMYHAJIBHOTO Ha3HAYCHMSI.

DubpoOdeTOHHBIC TOHHEIBHBIC KOHCTPYKIINHU TIPH-
MEHSIJTICH B paMKaX OITBITHBIX YYaCTKOB METPOTIOJIUTCHA
B MockBe ((hnbpoHaOPHI3TOETOHHAST pyOaIIKa mepe-
TOHHOTO TOHHEJISI U 3aMKOBBIe 010K 13 (prudpodeTo-
Ha) 1 Cankr-IleTepOypre (3 Kompia odaenkm) [34, 35,
36, 37], npu 5TOM Ha MOMEHT COOPYKEHUS OIBITHBIX
YJaCcTKOB MCIIOJIB30BaJIach CTabHas (pudpa, KoTopasd,
TI0 COCTOSTHIIO BOIIPOCA Ha CETOMHSIIHUI I¢Hb, HE SIB-
JISIeTCST pAallMOHAJIBHOM I IIPUMEHEHUS B HECYIIINX
KOHCTPYKILMAX, paOOTAOIINX B YCIOBUSIX HATIPSIKECH-
HOTO COCTOSTHHSI BHEIICHTPEHHOTO CXKATHSI.

B TO ke BpeMs mpuUMeUYaTeIbHO, YTO TIEPBEHCTBO
B mpuMeHeHnn OB puaamexxut Poccuiicknm nHxe-
Hepawm [38]: Bmamumup I1aBmoBrmu Hekpaco B Hauase
20 Beka (1907—1909) uccnemoBai 1 3araTeHTOBAJ COCTAB
0eToHa, apMUPOBAHHOTO OTPE3KaMHU ITPOBOJIOKU (MOHO-
rpacdug 1925 roma «MeToa KOCBEHHOTO BOOPYKEHUST
OeToHA»).

OcHOBHBIMHU TTpoGIeMaMu BHeApeHnst Db B momzem-
HOM CTPOUTEIBCTBE M, B YACTHOCTH, IS COOPYKCHUS
TOHHEJIBHBIX 00IEI0K Pa3TMIYHOTO Ha3HAYCHUS SIBIISI-
FOTCS:

* OTCYTCTBHE IIpELeICHTOB NCIoIb3oBaHUSI Pb KoH-
CTPYKLIMI Ha peaJlbHbIX 00BheKTaX B YCIOBUSIX PD,
a HaJJM4IHe IBYX-TPEX OIMBITHBIX YYaCTKOB, BBITIOJ-
HeHHBIX B 90-¢ — 2000-¢ rombl, He JaeT KOPPEKTHOMU
nH(pOpMaALIUM O TeXHUKO-3KOHOMUYECKOU 3(pdek-
TUBHOCTH MaTepHaa;

* cmabast OCBeIOMIICHHOCTD IIPOSKTHBIX OPraHU3aIIiA
¥ OPTaHOB TOCYIAPCTBEHHOI 3KCIIEPTU3HI O BO3MOXK-
HOCTSIX, TICPCIIEKTUBAX W YCIOBUSIX 3(D(HEKTUBHOTO
npumeHeHUs OB, a TakKe OTCYTCTBUE METOIOIOTH -
YeCKMX HapaOOTOK B YaCTH ITPOCKTUPOBAHMS 1 pac-
yeTa KOHCTpyKInii n3 Ob;

» orcyrcTtBue ocHammeHHoct! 32KBK (mo3aropsr, auc-
TIepraTophl, CIeIINATLHBIC CMECUTEIN ), B TOM YHCIIE
OTCYTCTBHE CIICIIMATLHOTO OCHAIICHUS IIJIsSI MCITHI-
TaHust GuOpPoOETOHHBIX 0OPA3LIOB B JTJA0OPATOPUSIX
KOHTpPOJIST KauecTBa;

* HET HaKOIUICHHOM CTaTUCTUKM I10 UCTIBITaHNSIM Pb
00pa3ioB B ycioBusix PD nist pa3nuyHbIX KJIacCOB
®B, He HapaboTaHa MpakTUYecKast 6a3a KOHCTPYK-
111 001e10K B yBs3Ke ¢ KiaccaMu Pb;

* HET CIeMaIN3NPOBAHHBIX KypcoB (Jiekumit) mo ®b
KOHCTPYKIIVSIM TTOI3EMHBIX COOPYKESHUIT I TOHHEIEH
B By3ax.

B HacTosiiee Bpemst 0000111eHHO KOHCTPYKIIMOHHBIS
GubpoOGETOHBI MOXHO KJIaCCU(ULIMPOBATD:

* IO TUITY OeTOHAa-MaTPUIIEI — U3 OeTOHA HOPMAaJTBHOM
npoyHoctu (10 B60); BEICOKOIIPOYHOIo GETOHA —
BIIB (B60-B100[150]); cBepXBBICOKOIIPOYHOTO Oe-
toHa — CBIIB (Berme B150);

* I10 TUIY NpUMeEHsIeMOU PUOPBI — U3 CTAJIbHOM (TIPO-
BOJIOUHOI1 ¢ orrrbamu R > 1200 MITa); monumMepHoi
(ripstmoit R > 800 MIla); komMOMHAIINT MUKPOGUOPHI
1 KOHCTPYKIIMOHHO (hHOPHI;

* 10 TMIIy apMHpPOBaHUs B KOHCTPYKIINU — (hubpa
OIOHOTO THIIAa; KOMOMHAIUS (pUOPHI OTHOTO THUITA
1 CTeP>XKHEBOTO apMHPOBaHMS 03 IpeaHaIpsKe-
HUs; Gubpa IByX TUIIOB (TMOPUI) M CTEPXKHEBOTO
apMUpoOBaHUs 0e3 MpeaHanpsLKeHus; ¢udpa aAByX
TIIOB (THOPU) W TIpeTHAIIPSLKeHHAST apMaTypa;

* 10 XapaKTepy pabOTHI C TPEITMHAMHU — C Pa3yIpod-
HeHreM (00braHEIN DB); ¢ ympouHeHMeM (00IbIIOE
conepxxanue Gpuopsl kKak B @B HopMabHOI TTpOY-
HoctH, TaK 1 B BI1b uimu CBIIB).

B cBs131 ¢ 0COOEHHOCTSIMU XapaKTepa padoThl, HOP-
MupoBaHue (pruOPoOETOHOB MO (PU3UKO-MEXaHUIECKUM
XapaKTePUCTUKAM OCYIIECTBIISICTCS IBYMSI KJIJacCaMM —
KJlaccoM O6eToHa (6eToHa-MaTpUIIbl) 11O TPOYHOCTHU
Ha cxatue B u knaccom pubpobeToHa Mo 0CTaTOYHOM
NPOYHOCTH Ha pacTsikeHue B.

Knacc ¢pubpobeToHa 1O OCTATOYHOU ITPOYHO-
CTU Ha pacTsikeHue B ompenensercs 1mo ucnbraHu-
IM 00pa3oB-TIpu3M cedeHrneM 150X 150 MM IJTMHOM
550...600 MM ¢ Hagpe3oM 10 LeHTpY (cM. puc. 1) win
0e3 Hagpe3a MO0 KPYTIIBIX TUIUT auaMeTpoM 800 MM,
tommuHOM 75 MM [39]. B xome ucnbiTaHnit UKCUPY-
I0TCS TIPUKIIagbIBacMast Harpy3Ka 1 ITMPUHA PACKPBITUS
Hazpe3sa (B ciIydae 00pa3iia-Tpu3Mbl C HaIpe3oM) JTI00
nporu6 odpasiua 1o HeHTpy (B ciiydyae oopasla-npru3Mbl
0e3 Hampe3a U KPYTJIOi TITUTHI).

OCOOCHHOCTBIO TIPOBEICHUS UCITBITAHUI SIBIIICTCS
HCTIOJIB30BaHME CITEIINAITBHOTO CEPBOTMIPABINICCKOTO
000pyIOBaHMS TSI HATPy:KeHUST M KOHTPOJIS 3a aedop-
MaIusIMA 00pa3IoB, 00JIaIA0IIEro MPAKTUIECKHA MTHO-
BEHHBIM OTKJIMKOM Ha M3MEHEHHUE KECTKOCTH 00pasna
BCIICACTBHE TIPOIIeCCOB (DOPMHUPOBAHMS MUKPO- M Ma-
KPOTPEIINH, YTO TTO3BOJISICT 3ahMKCHUPOBaTh Ha Tpadu-
Kax «Harpyska — Jledhopmanysi» HUCXOASIIIAE YIaCTKU
(cTammio pa3ynmpoOYHEHUS]).

Ha cxeme (puc. 2) mpuBeneHBI pe3yIbTaThl UCIThI-
TaHUN 00Pa3LOB-IIPU3M C HaApe30M, IIPU 3TOM IIKaja
coCpenoToYeHHOM Harpy3Ku F 3aMeHeHa mIKaixoil Hop-
MaJIBHBIX HAMIPSCKEHUH B IICHTPAIBHOM CEUCHUH 00pasma
0y, kana CMOD (Crack Mouth Opening Displacement)
o0o3HavaeT JMHelHbIe AedopMaliui HUXKHENR KPOMKHU
Hampes3a oOpasna (MOIeIMPOBaHUE POCTA TPEIITUHEI).
IIpouHOCTB, COOTBETCTBYIOIIASI MaJioi obacTu aedop-
Maiuit (BTopasi TpyIIa MpeaeIbHbIX COCTOSTHU), TIpH
CMOD, = 0,5 MM 0603HayaeTcs Ha cxeme Kak f . [Tpou-
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Puc. 1. IIpumep cxembl HCIIBITAHUS 00PA3LA-NPU3MbI C HAJAPE3OM IS ONpee/ieHus Kiacca (pudpodeToHa mo ocra-
TOYHOi IPOYHOCTH HA pacTskenne B,
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Puc. 2. Cxema onpenenenus knacca ¢pudpodeToHa Mo 0CTATOYHOM NPOYHOCTH HA pacTsukeHue B, Ha ocHoBe pe3y.ib-
TATOB UCIBITAHUS 00PA3IOB-TIPU3M C HAJIPE30M

HOCTb, COOTBETCTBYIOIIAA MPCACIbHBIM I[C(I)OpMaHI/IHM €MOro Kj1acca, COOTHOIIICHUEC fR3/ le C paHXKMPOBaAaHUEM

(TepBas rpyrima npeienbHbIX cocTognuit), mpu CMOD, = 1o imana3oHaM 1 0603HaYEHUEM JTATHHCKUMY OYKBaMU:
2,5 MM 0003HayaeTcs Ha cxeMe Kak f,. g Hopmupo- a—mnpu 0,5 <f./f, <0,7;

BaHMSI Ky1acca pudpoOeToHa Mo OCTATOYHOM MPOYHOCTU b—mnpu 0,7 <f,./f, <0,9;

Ha pacTspkeHue B, mcnonbsyiorcs npa nokasarens: f, c—mnpu 0,9 <f./f, <LIL;

KOTOPBIIi 3aMUChIBAETCS B 0003HAYEHUM YUCIIOM C OKPY- d—mpu 1,1 <f/f, <1,3;

TJIEHWEM B MEHbIIIYIO CTOPOHY /10 OJIMZKaM11Iero HOpMUPY- e—mpu 1,3 <f,/f, .
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Hampumep, Ha cxeme puc. 2 ist 0003HAYCHHBIX TO-
uek f,, u f, Kinacc pubpodeToHa 1o 0CTaTOYHOM POy -
HOCTH Ha PacTsKEHHE TOJDKEH ObITh 3amucaH Kak B.2,0b
(C y4ETOM CTAaTUCTUIECKOM 00pabOTKI pe3yIhbTaTOB MC-
NBITAHUU U le " fR3).

Heobxonumo orMetnts, uto B CIT 297, CIT 360 nipu
npuHsToit aBTopamMu CI1 KoHIIeIIUM eBPOITEHCKIX
HOPMATUBHBIX TOKYMEHTOB B YaCTU KJIaCCU(MDUKAITUN
(p1bpobEeTOHOB NOMyIIeHa orevyaTKa B OYyKBeHHOM 000-
3HAYEHUU TUATTA30HOB COOTHOIIEHUN fR3/ le.

Takum obpa3oM, TToIHOEe 0003HAUYeHME Kitacca pu-
OpobeToHa (6€3 yKazaHus MapoK IO BOJOHETIPOHUIIAE-
MOCTHU 1 MOPO30CTOMKOCTH) BBEITJISIAUT, HAIIPUMEP, KaK:

COb B40 B,3,0b — cmanepubpobemon na ocroge be-
mouna B40 ¢ knaccom ghubpobemona no ocmamouHoi npou-
Hocmu Ha pacmaxcenue B, 3,0b;

35 0,1

t-:,l()3

—1z
o

|

/ 1,5 35
/ Rpa 5

Rpps

Puc. 3. IIpumep aumarpaMmbl HANPSIKEHHO-1eGOPMHUPO-
BAHHOrO cocTosHus (huoOpodeTona
(CTO HOCTPOW 2.27.125-2013)

11Ob B40 B, 3,0b — gubpobemon na ocnoge bemo-
Ha B40 u noaumepnoii cpubpst, ¢ kraccom gpuobpobemorna
no ocmamouroil npourocmu Ha pacmsaycerue B,3,0b.

IIpeumyiecTBoM Takoi Kiiaccudukaumum puopo-
OeTOHA SBJISIOTCS YeTKO 0003HAUYeHHBIC (PU3NKO-Me-
XaHUUYeCKHE XapaKTepUCTUKU (pudpodeToHa (IO ero
M3TOTOBJICHUS) IUIST OMIPEIEICHHOTO KJlacca, KOTOPBIit
MOKET OBITh ITOT00paH IIPH IMMPOSKTUPOBAHUN U pacye-
Te GUOPOOETOHHON KOHCTPYKUMHU. [IpoeKTUpOBIINKY
B TAaHHOM CJIy9ae OCBOOOXIAIOTCS OT HEOOXOTUMOCTH
MIPUHSATUS PEeIIeHUST O TOM, KaKO THUIT U TO3MPOBKa
GuOphI TTIOTpedyeTCs IJIsT JOCTUKEHUSI TOA00paHHOTO
pacuetaMu Kiacca (pudopobeToHa, aHAJJIOTUYHO CUTya-
LIMU, KOTAA MPOEKTUPOBIIMKHU HE 3a1aI0TCS BOIIPOCOM,
KaKoi1 IIe0eHb U TIeCOK HeOOXOIMMO HCIIOIb30BaTh P
IIPOM3BOMICTBE, YTOOKI ITOJYINTH OCTOH TOTO WJIA MHOTO
KJjacca.

Kaxgomy kiaccy ¢pubpobeToHa M0 OCTaTOUYHOMI
MPOYHOCTH Ha pacTsbkeHue B OymeT cooTBeTCTBOBATH
IrarpaMMa COCTOSTHUSA (ImarpaMma aeOopMUPOBAHMS
Matepuana) (cM. puc. 3, 4), KoTopast MOXeT OBITh IT0-
CTpOEHA TT0 HOPMUPOBAHHBIM ITPOYHOCTHBIM U Aedop-
MAaTHBHBIM MOKa3aTessIM (Taor. 2).

Taxum o6pa3zom, mpu HapaOOTKE CTATUCTUYECKOM
0a3sl UCTIBITAHNN (hMOPOOETOHHBIX 0OPa3IOB (B YCIIO-
Busix P®) y mpousBoguteneit @b KoHCTPYKINIT BOSHUK-
HET MMOHMMaHNe, Kakast puodpa 1 KaKoe ee¢ KOJTMISCTBO
TpeOyeTcs MIsT 00eCIIeYeHHsT TOTO MM MHOTO KJlacca
¢ubpobeToHa.

B MupoBoii nipakTrkKe UCIoib30BaHus (pudpodeTo-
HOB B TOHHEJIECTPOCHUH 1 IPYTUX OOJIACTSIX CTPOUTEITh-
CTBa aKTUBHO Pa3BUBAIOTCS CIICIYIOIINE HAIIPABICHUS:
* IIPOM3BOICTBO 00JIETYCHHBIX KOHCTPYKIINA TOHHEITb-

HBIX 00/1e710K (YMEHbIIEHUE TOJIIMHBI O0AEIKN)

[40];

* COKpalllcHHNE WY NCKITI0UCHIE CTCPKHEBOTO apMM -
poBaHus 17151 COOPHBIX KU MOHOJIMTHBIX 00J1E/I0K (3Ha-
YUTEJbHOE YMEHBIIICHNE MJIN TIOJTHOE MCKITIOUCHIE
OCHOBHOTO TIPOIOJILHOTO apMUPOBAHUSI, TTOITeped-

Gp O
Opo=Cp=Rp Cpo=0p=Rp
G O
Epn Epn Emn €p Epn Emn Emn Ep
L Epnl | Em Emo  Em Em| || Em  Epo  Em
flkec e
I
b3
= R Jot U R P

Puc. 4. Ilpumep auarpaMm HanpszkeHHO-aedopMupoBaHHoro coctosHus ¢puodpoderona (CII 360.1325800.2017)
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Tab6a. 2
3HaYeHHns: HOPMATHBHBIX CONPOTHB.IEHHIH (Ta61. 5.2.1. CTO HOCTPO 2.27.125-2013)
B: 05 | 1,0 | 1,5 | 20 | 25 | 30 [ 35| 40 45 | 50 | 55 [ 60 | 65 | 70 | 7.5 | 80
Rrosn M Rrosser 0,50 | 1,00 | 1,50 | 2,00 | 2,50 | 3,00 | 3,50 | 4,00 | 4,50 | 5,00 | 5,50 | 6,00 | 6,50 | 7,00 | 7,50 | 8,00
a| 025050075 1,00 (12515 |1,75]200 225 |250]275]3,00] 325|350 | 3,75 ]| 4,00
b| 035070 | 1,05 | 1,40 | 1,75 | 2,10 | 2,45 | 2,80 | 3,15 | 3,50 | 3,85 | 4,20 | 4,55 | 4,90 | 5,25 | 5,60
Rr250 1 Rr255er c| 045090 | 135 | 1,80 | 225|270 | 3,15 | 3,60 | 405 [ 450 | 495 | 540 | 585 | 6,30 | 6,75 | 7,20
d|{ 055110 | 1,65|220(275]330]|385]|440 | 495 (5,50]6,05 (6,60 715] 7,70 825 | 8380
e| 065130195 260)|325|390 455|520 | 585|6,50 | 715|780 | 845 | 9,10 | 9,75 | 10,40
Rros 0,33 | 0,67 | 1,00 | 1,33 | 1,67 | 2,00 | 2,33 | 2,67 | 3,00 | 3,33 | 3,67 | 4,00 | 4,33 | 4,67 | 5,00 | 5,33
a| 017033050 (067|083 1,00 1,17 1,33 | 1,50 | 1,67 | 1,83 | 2,00 | 2,17 | 2,33 | 2,50 | 2,67
5023|047 | 0,70 | 0,93 | 1,17 | 140 | 1,63 | 1,87 | 2,10 | 2,33 | 2,57 | 2,80 | 3,03 | 3,27 | 3,50 | 3,73
Ryzs c¢| 030060090 | 1,20 | 1,50 | 1,80 | 2,10 | 2,40 | 2,70 | 3,00 | 3,30 | 3,60 | 3,90 | 4,20 | 4,50 | 4,80
d| 037|073 | 1,10 | 1,47 | 1,83 | 2,20 | 2,57 | 2,93 | 3,30 | 3,67 | 4,03 | 440 | 4,77 | 5,13 | 5,50 | 5,87
e| 043|087 | 1,30 | 1,73 | 2,17 | 2,60 | 3,03 | 3,47 | 3,90 | 4,33 | 4,77 | 5,20 | 5,63 | 6,07 | 6,50 | 6,93

HOTO apMHPOBAaHUSI, UCKITIOYCHNE KOHCTPYKTUBHOTO
apmupoBanus) [41, 42];

TIPOM3BOACTBO KOHCTPYKIINHA 13 BHICOKOIIPOYHOTO
¥ CBEPXBBICOKOIIPOYHOTO (hrbpodeToHa (THOPUI-
Horo ¢pubpodeToHa ¢ MPUMEHEHUEM JIBYX BUIOB (pu-
OpBI — MUKPOGHUOPHI M KOHCTPYKIIMOHHOM (PUOPHI)
[43, 44];

MIPOM3BOACTBO KOHCTPYKIIVI, pabOTAIONINX Ha M3TUO
(6anKu, TUTMTHI OOJIBIIINX TTIPOJICTOB) [42];
HCCIIeTOBAHMUS HATIPSKEHHOTO COCTOSTHMS BJICMEH-
TOB (PpOPOOETOHHBIX KOHCTPYKIINIA, paOOTAFOIITNIX
Ha KpydeHwme [45];

B P13010
«  m3oi]
GRTA ’In" i P3 3010 §‘}§‘;"S o8 P13010
Stirrups o t:\
08@20cm P4 3010 P2 3@10
2 legs :1£ I 8
] o “1010, 1016”
W 12 m e i . 142 .
< P33010
B P4 3010
tirmu 2 lef
331

HCCIIeIOBAHMS 1 pa3padoTKa 3(D(PEKTUBHBIX aHKEPYIO-
LLIKMX YCTPOMCTB ISl CTaIbHOM TTPOBOJIOYHOM (DUOPHI;
pa3paboTKa METOIOB U CITOCOOOB OPUEHTUPOBAHUS
GUOpPHI B KOHCTPYKIMSAX C LIEJTBbIO TTOBRIIIICHUS 3(]-
(GeKTUBHOCTH apMUpoBaHus [46];

pa3paboTKa HOBBIX U COBEPIIEHCTBOBAHUE CYLIECT-
BYIOIIMX METOIOB KOHTpPOJA KauectBa @b KoH-
CTPYKIIWNA;

COBEpIICHCTBOBaHNE MeTOIOB MCITBITaHNT Db 06-
paslIoB C 11eJIbI0 CHUXKEHUS MPOLIEHTa BbIOPAKOBKMU,
CHIDKCHMS KO3 (UITMEeHTa BapyaIliy, TTOBBITIICHUST
TOYHOCTHU U3MepeHuii [447].

Puc. 5. OnbIT «onTUMH3ALUK» APMHPOBAHUsA cOOpHOii 00aeakn (Mcnanus)
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B xadecTBe HATJISIMHBIX IIPUMEPOB PeaTn3alliiy pe-
3yJIbTaTOB UCCICIOBAHUN B TPAHCITOPTHBIX TOHHEIISIX
CJIeyeT OTMETUTD ONBIT UCHAHCKMX [41] 1 UTAIBSTH-
CKUX [42] crieunanicToOB 110 «ONTUMU3AINNI» apMU-
pPOBaHMST COOPHBIX 1 MOHOJUTHBIX 00IEJIOK TOHHEIICH
(cM. puc. 5, 6).

B cnyuae, nipencrtaBieHHOM Ha puc. 5, — cOopHas
00eTKa TIeperOHHOTO TOHHEIISI MeTponoanTeHa B Mc-
naHuu. B 6a30BoM BapraHTe TpaaUIIMOHHOTO apMHPO-
BaHUS KOJIMYECTBO CTEPKHEBOTO APMUPOBAHUS COCTAB-
Jsu10 ipuMepHo 150 kr/m3. MHxxeHepaMu ObLIO IIpes-
JIOXKEHO pellieHue TIPUMEHUTH (uOpoOETOH Ha OCHOBE
6eToHa Kjacca B45 u ctagbHOI TTPOBOIOYHON (PUOPHI
B KoJin4yecTBe 45 Kr/mM? B KOMOMHALIMY CO CTEPXKHEBBIM
apMUPOBaHUEM 13 HEMETAIITMIECKOM apMaTyphI, yCTpa-
MBAaEeMbBIM JIOKAITbHO — BIOJIb TTOIIEPEIHBIX/KOJIBIICBBIX
¥ TIPOIOJIBHBIX/panralbHBIX TpaHEeH 0J0KOB, IS BOC-
TIPUSITHS YCHINAN OT IIATOBBIX JOMKPATOB IIPH ITPOXOIKE

(TroTiepeyHbIe/KOTBIEBbIE TPAHU) Y BOCTIPUSITUU CXU-
MaIOIINX HATPSOKeHUH, (hOPMUPYIOITUXCS B OJTOKax
OT TOPHOTO JaBjieHus (TIPOAOIbHbIE/panuaibHbIE Tpa-
). [IpemyioxxeHHOe TEXHUIECKOe pellieHNe TT03BOJIMIIO0
UCKITIOUUTH MPUMEHEHNE CTATbHON apMaTyphl C yIIpo-
meHreM (POPMBI CTEPKHEBBIX KAPKACOB U 33 CUET CHU-
JKeHUST (QUHAHCOBBIX 3aTPaT U TPYIOBBIX PECYPCOB TIPU
M3TOTOBJIEHNY apMOKApPKAaCOB TOCTUYh SKOHOMUHU TIPU
TIPOU3BOJCTBE OJJOKOB /10 12%.

B cnyyae, ipeicTaBieHHOM Ha puc. 6, — MOHOJIUTHAS
001e1Ka aBTomopoXxkHOTo ToHHENIS B Typure (Mtamus).
Ba3oBbIil BapuaHT MIpeAroarai TpaAUuIIMOHHOE apMUPO-
BaHWE OOIEJIKN OTIEIbHBIMU CTEPKHSIMU, YTO SIBIISIETCS
TPYIOEMKUM TIPOIIECCOM Ha CTAJNM BO3BEIEHUSI MOHO-
JmTHOM obaenku. [1ocie pacueTHOro 000CHOBAHUSI «OTI-
TUMUA3UPOBAHHOTO» apMUPOBAHUS OBLIO TIPEIJIOKCHO
pelieHue 1Mo UCKITIOYeHUIO CTEP>KHEBOTO apMUPOBAHUS
B CBOJIE ¥ CTEHAX TOHHEJIS 10 30HbI KOHIIEHTPAIIMY Ha-

Minimum lining
transverse section

Maximum lining
transverse section

Bench

Invert

6365 6365 1510

1016 @ 200 mm

1920 @ 200 mm

Puc. 6. OnbIT «onTUMH3ANKMN> APMUPOBAHUs cOOpHOIi 00aeaku (M Tamms)
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MPSKEHWI B YTJIaX COMPSIKEHMS CTEH ¢ 00paTHBIM CBO-
IIOM, a TaKxKe UCKITIOUCHIE CTEPXKHEBOTO apMUPOBAHUS
B CpeIHEH TPETH 0OPaTHOTO CBOIA OOMEIKMN.
OcrTaBiieecs CTepXXHEBOE apMUPOBaHNE B 30HAX
C KOHIICHTpAIINEH pacTSITUBAIONINX HATIPSDKSHUI TIpeI-
JIOXKEHO pealn30BaTh B BUIE TUIOCKUX KapKacoB, KOTO-
pbIc BO3MOXKHO 3aroTaBIUBaTh Ha CTPOUTEIBHOM ILIO-
IIAagKe ¥ JOCTABISATh HAa MOHTAXX B TOHHEIb HA Y4aCTOK
apMUPOBAHUS C LEJbI0 MAaKCUMaJIbHOIO COKpAIeHUs
TPymO3aTpaT U CPOKOB IIPOU3BOACTBA PAOOT.
HOCTUTHYTBIE pe3yIbTAaTHI IPH PeaTu3allii TaHHOTO
TeXHUUYeCcKOTO peltieHus: 30% cokpallleHre KOJMIecTBa
apMaTypsI B IIeJIOM (CyMMapHO IT0 Macce CTaIl — apMa-
Typa + ¢ubpa); 75% cokpalleHue CTepKHEBOI apMary-
PBI; 3HAUUTEIHFHOE YIIPOIIeHNE apMUPOBAHUS; MCKITIO-
YeHHne HanboJlree TPYIOeMKOTO TIPOIIecca apMUPOBAHUS
CBOJIa; COKpaIlleHNe CPOKOB CTPOUTEIHLCTBA TOHHEIS.

BbIBOJbl
B xayecTBe OCHOBHBIX BBIBOIOB CIIEIYET OTMETHUTD:

* B HacTosIIee BpeMs B yciaoBusix Poccuiickoit Meme-
palny HEeT IPETISITCTBUMA K IIPOSKTUPOBAHUIO 1 IIPO-

CMUCOK NCTOYHUKOB

n3BoacTBY OB KOHCTPYKIIMIT TOHHEICH U TTOA3eM-
HBIX COOPY>KEHUIA;

MIPOU3BOINTEIN CTATEHOI (DOPHI TOTOBBI 00CCIICUNTh
MPOU3BOJCTBO TOCTATOUHBIM KOJUUYECTBOM (PUOPHI;
BHeIpeHUe (hMOPOOETOHOB B POCCUMCKIX YCIIOBUSIX
CHEPKUBAETCST «CTPAXOM HOBOI'O», MaJIbIM OTIBITOM
pabotsl ¢ @b, HeHaMAaXKeHHOM TeXHOJIOTHUEH ITPOn3-
BoncTtBa OB KOHCTPYKIIMIT 1 KOHTPOJIS MX Ka4eCTBa;
3aBojgaM KBK HeoOxoaumo BlIOXKEHHE CPEACTB
Ha I0OCHAIllEHUE CIIeMATM3UPOBAHHBIM 000PYI0-
BaHMeM I ipousBoncTBa @b KoHCTpyKIIMiA — aB-
TOMaTUYECKUE 103aTOPbl, UHTETPUPYEMbIE B TEXHO-
JIOTUYECKUI MPOLECC;

J1abopaTopusiM HEOOXOAUMO CIlellMabHOE UCTIbI-
TaTejibHOe 000PYIOBAHUE C CEPBOTUAPABINKON IS
KOHTPOJISI KaueCTBa;

P UCTIOJIb30BaHUU (pOPOOETOHHBIX KOHCTPYKIIUI
oXumaeMbIit 3(D(eKT, B OCHOBHOM, CBSI3aH C COKpa-
ILIEHMEM TPY103aTpaT Ha U3TOTOBJIEHUE apMaTypPHBIX
n3nennii u nocrturaet: 5...20% st coopHbix @b 06-
JIEJIOK IUTOBOro crocob6a; 10...30% mist MOHOIKT-
HBeIX DB 061€e710K TOpHOTO cIIocoba, a Takke Grodpo-
HaOpbI3rOETOHHBIX KpeTleil U IEPBUYHBIX O0JEIIOK.
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1.The editors are personally and independently responsible for the content of the materials published and recog-
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in the decision to publish.
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fragments to provide copyright protection.

3. The editors make fair and objective decisions, regardless of any commercial considerations and provide a fair
and efficient process for the independent review.

4. The editors evaluate manuscripts’ intellectual content without regard to race, gender, sexual orientation, reli-
gion, origin, nationality, and/or the political preferences of the authors.

5.The editors do not work with articles for which they have a conflict of interest.

6. The editors resolve conflict situations arising during the editorial process, as well as use all available means to
resolve these situations.

7.The editors of the journal publish information concerning corrections, rebuttals, and review articles in case the
need arises.

8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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The responsibility of the reviewers of the journal <Nanotechnologies in construction»

1. The reviewer evaluates his or her own availability before the examination of the manuscript and accepts materi-
als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

2. The reviewer must use the form created by the editors and delivered with paper. The reviewer may give ex-
tended review.

3. The reviewer notifies the editorial staff of any conflict of interest (if one exists) before the start of the review of
the paper.

In the case of the absence of any competing interests the reviewer should claim that by writing «The reviewer
declares the absence of any competing interests» in the review.

4.The reviewer does not send information about the article and or any of the data contained within the article to
any third party.

5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1. The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal <Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MNP HANIMYUMN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuyei XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIEH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ilenaeT BbIBOAOB O KAaUeCTBe CTaTbll HA OCHOBE CYObEKTUBHbIX JAHHBIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefakumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApPYLUeHNA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM peLueHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COLepKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHMYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [NaBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOoro xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b FMTABHOrO PefakTopa, YieHbl pefaKLNOHHONW KOMMeruun, aBTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpu HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
NHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBUI U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOJIAET APYIIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUNE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa faHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CroCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyuMBLINIA YyOeauTenbHOe CBUAETENbCTBO HapPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOTUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTU NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA Nniarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube aBTOPCKOE MPaBo OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XKepTBOW Nyarnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNeHna MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT NpefblayLyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3patenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 ynTaTenb 06A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLMi B )KypHane JeNCTBYIOLMX 3aKOHOB, MPaBW UAN NOO-
MEHUN 1N 06A3yt0TCA COObLLaTb O NOOBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpeod-
neHna (HapyLeHusa).

Pepakuwei xXypHana HesaMeaMTebHO NPOBOANTCA pacciefjloBaHMe Mo BCemM COOOLLEHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnn nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHui). Ecnv 31o TpebyeTca B COOTBETCTBMU C 3aKOHOAATENbCTBOM, MaTepuanbl NepeaaloTca B COOTBETCTBYOLNE
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3Mmn aBTOPOB pefakLma NpefoCcTaBiAeT pa3BepHyTbie 1 060CHOBaHHble OTBETbI, Mpuaras Bce ycu-
NnA anA paspeLueHna KOHGINKTHBIX CUTyaLmniA.
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The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons Attribution 4.0 International (CC-BY 4.0); agree to publish full texts (parts or metadata) of the paper in free
access in Internet at the official website of the edition (www.nanobuild.ru), citation systems (data bases). All that
authors indicate in the cover letter. More details about the license Creative Commons Attribution 4.0 International
(CC-BY 4.0) are available here https://creativecommons.org/licenses/by/4.0/.

When submitting articles to the journal, it is presumed that:
« the work has not been previously published in any other journal;
 thearticle is not under consideration in any other journal;
- all co-authors consent to the publication of the article;
. thereis implicit or explicit consent of the organization in which the study was conducted.

Information about the conflict of interest
The article should exclude any actual or potential conflict of interest. If there is no conflict of interest, you should
write that «the author declares no conflict of interest.»

When submitting a manuscript to the journal, authors should ensure that the content of the paper corre-
sponds the topic of the journal; the structure and the format of the paper meet the editorial requirements; all citations
are properly formatted and the source of tables and figures are shown (unless otherwise indicated, it is assumed that
the tables and figures created by the author).

Basic the sections of the journal:
- construction material science;
+ the study of the properties of nanomaterials;
- theresults of the specialists’and scientists’ researches;
« manufacturing technology for building materials and products;
- international scientific and technical cooperation;
« overview of inventions in the field of nanotechnology;
- development of new materials;
- rational use of natural sources;
- efficient use of recycled resources;
« the application of nanotechnology and nanomaterials in construction;
« system solutions for technological problems;
- inrelated sectors;
- forums, exhibitions, conferences and events in the area of construction and nanoindustry.

These are the topics of the papers published in the journal: creation of new functional materials; nanostruc-
tured systems strength and penetrability formation theory development; the problems of nanomaterials and nano-
technologies implementation in construction and building materials; cement and other binders with mineral and
organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
of laser sputtering; technologies aimed at studying nanomaterial properties; the systems of teaching the fundamen-
tals of nanotechnologies; technological principles of nanostructures creation (liquid melts, sol and gel synthesis).
The topics may be different, directly or indirectly related to the areas mentioned above.

The journal can also publish: original article, review article, editorial, discussion paper, individual bibliography, edi-
torial notes, book reviews, article reviews, etc.
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The structure of the paper
IN ENGLISH

NAME OF THE SECTION (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In English)

Authors’ first name and last name (In English)

place of employment of each author, city, country (In English)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
*Corresponding author: e-mail: XXXXXXXXXX

ORCID author:
first name and last name — https://orcid.org/xxxx-XXxx-XXXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows Russian and foreign
specialists to make conclusion about the quality of the content of the paper (extended abstracts must be informative,
original, novelty, contain main results of research, structured according to IMRAD (Introduction, Methods and Materi-
als, Results and Discussion), compact — 200-250 words) (In English):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In English)

Acknowledgments: (if available) (In English)

For citation: (In English)

Example.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko I.V. Nanostructured
foam ceramics for building purposes: production technology and applications. Nanotechnologies in Construc-
tion. 2021; 13(4): 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021

Text of the paper: (In English, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

« RESULTS

- DISCUSSION

- CONCLUSIONS

References (In English) (Vancouver Style)

Information about the author (authors) (In English)

— first name, last name (full);

- academic degree;

—-name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

- authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.
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Example.

Zhanna V. Pisarenko - Dr. Sci. (Econ.), Assistant Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russia,

z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In English):

author’s last name and initials; author’s personal contribution in article writing is briefly described (concept, col-
lection of materials, analytical work, article writing, scientific editing of the text, all authors made equal contribution
to preparation of the article, etc.).

Example.

Marina S. Morozova - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Elena V. Bokova - participation in development of curricula and their implementation; follow-on revision of
the text; final conclusions.

The authors declare no conflicts of interests.

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.

IN RUSSIAN

NAME OF THE SECTION (In Russian)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In Russian)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In Russian)

Authors’ first name and last name (In Russian)

place of employment of each author, city, country (In Russian)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
* Corresponding author: e-mail: xxxxxxxxxx

ORCID author:
first name and last name (In Russian) - https://orcid.org/xxxx-XxxX-XxXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows

Russian and foreign specialists to make conclusion about the quality of the content of the paper (extended ab-
stracts must be informative, original, novelty, contain main results of research, structured according to IMRAD (Intro-
duction, Methods and Materials, Results and Discussion), compact — 200-250 words) (In Russian):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In Russian)

Acknowledgments: (if available) (In Russian)

For citation: (In Russian)

Example.
Ona yntuposaHua: CunnuuH [.A., Laaxmetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HaYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHua // Ha-
HoTexHonoruu B ctpoutenbctae. 2021. T. 13, N2 4, C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-
213-221.

© authors, 2021
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Text of the paper: (In Russian, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSIONS

References (In Russian) (Vancouver Style)
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