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«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.

OCHOBHOI1 LieNblo XXypHana ABnsaeTcA MHGpopMaLMOHHOe obecrneyeHne NpoLecca CO3faHNA U BHeAPEeHUA B Mpe HayKo-
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X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3agaun:
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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;
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TO AUTHORS AND READERS

The journal "Nanotechnology in Construction" has been
ranked second in the RSCI SCIENCE INDEX for the topic
of "Construction and Architecture" in 2023!

Dear authors and readers of the journal “Nanotechnologies in Construction”!

We inform our readers that the ranking of journals for the year 2023, as published on the website of the
Scientific Electronic Library eLibrary.RU, has been released. The indicators for the journal “Nanotechnology
in Construction”in the SCIENCE INDEX ranking for the year 2023 (as of 09.17.2024) are as follows:

« 2" position out of 94 journals in the SCIENCE INDEX ranking for the category “Construction. Architecture”;
« 248" position out of 3,981 journals in the overall SCIENCE INDEX ranking;
+ percentile in the SCIENCE INDEX ranking is 7%.

The link: https://www.elibrary.ru/title_profile.asp?id=28655
Our congratulations to the authors and readers on this achievement!

“This result was achieved thanks to the active contribution and support from the editorial board members
and the effective partnership with the experts of the Association of Science Editors and Publishers (ASEP).
The high-quality materials provided by the authors, their adherence to the editorial board’s requirements,
the comprehensive review process by our reviewers, and the highly professional and responsible approach
of the editorial staff have all played significant roles in this achievement.”

The motto of the journal since its foundation is “GIGA success is being built from NANO’, and it has become
more and more a reality over the past 16 years.

Many thanks to everyone who is engaged in the production of the journal, as well as to the leading Russian
and foreign scientists and specialists who use the materials of the journal in their research works!

We invite leading scientists and specialists to publish materials about their research.
We hope for further fruitful cooperation.

If you have any questions, please contact us via e-mail: info@nanobuild.ru

Publishing House of the journal "Nanotechnologies in Construction

Nanobuill
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+ 2-e mecto 13 94 nsgaHun B pentrHre SCIENCE INDEX no Tematuke «CTpontenbCTBO. ApXUTEKTYpay;
«  248-e mecTo 13 3981 nzpaHui B obLiem pentuHre SCIENCE INDEX;
+ npoueHTunb B pentrHre SCIENCE INDEX - 7%.

Ccbinka - https://www.elibrary.ru/title_profile.asp?id=28655
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Bornbluoe cnacn6o Bcem, KTO y4acTBYeT B BbINyCKe »KypHasa, a TakKe BeAyLUM POCCUACKUM 1 3apy6eXHbIM
YUYeHbIM 1 CneumanmcTam, KOTopble KCMNOsb3yT MaTepurasbl XypHana B cBovx nybnvkaymsx!
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ABSTRACT

Introduction. Currently, research and development in the field of nanomaterials science is being conducted worldwide. The ra-
tionale for developing innovative energy-saving materials based on gypsum binders for buildings and structures with optimized
carbon dioxide (CO,) emissions allows us to consider underburnt ash and slag mixtures as a promising technogenic product that
allows us to comprehensively solve technological, economic and environmental problems in the construction industry. The study
of the possibility of synthesizing promising mineral compositions based on underburnt products isolated from non-recyclable ash
and slag mixtures (ASM) of coal-fired power plants ensures the development of a base of design and engineering solutions for
buildings and facilities with rational energy consumption and optimized CO, emissions using gypsum nanomaterials with unique
properties. Materials and methods. In the study, technogenic carbon (underburning) was isolated from ash and slag mixtures
by flotation enrichment using reagents (flotators). Results and discussions. The results of the study of energy-efficient gypsum
composites based on a technogenic carbon modifier confirm its active participation in the processes of structure formation and
crystallization of nanostructured building materials with high-tech characteristics. Conclusion. The research results obtained in
the field of developing innovative, energy-efficient, cement-free building materials can contribute to an increase in the level of
knowledge and the development of innovative approaches in construction materials science. These findings will be useful for
subsequent implementation in the construction industry. The research topic is in line with the implementation of state programs,
including the Strategy for Scientific and Technological Development of the Russian Federation.

KEYWORDS: carbon footprint, cementless compositions, ash and slag waste, underburning, nanoreinforcement.
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INTRODUCTION

he construction industry and science, namely ma-

terials science, play an important role in the field of
sustainable development related to ensuring the safety and
cleanliness of the natural environment, energy efficiency
of construction projects and technologies, reusable use
of resources in the creation of infrastructure facilities and
the formation of a favorable, comfortable and unique hu-
man habitat [1—4]. It is the materials science approaches
to the processes of synthesis of materials [3—6] based
on the management of the processes of structure for-

mation through the organization of a multi-level system
for managing their properties. Therefore, the structural
characteristics of building composites currently have a de-
cisive influence on the quality of materials and products
obtained on their basis [4].

Materials science tasks in the field of composite syn-
thesis today provide for the establishment, provision and
maintenance of the required level of characteristics of ma-
terials as a system including a matrix (matrix material) and
reinforcing components (reinforcing materials). Targeted
management of the organization of multi-level reinforce-
ment is based, first of all, determined by the choice of
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components, their ratios and the method of reinforce-
ment at each scale level while maintaining their original
characteristics [7]. Moreover, according to P.G. Komok-
hov [8], it is the type of reinforcement that determines
the mechanism for forming a high-strength composite
structure. Dispersed strengthening of the binder matrix
of artificial stone at the nano- and micro levels with par-
ticles up to 1 um determines the strength and hardness
of the composite at the level of the matrix material. The
concentration of highly dispersed reinforcing material can
reach 20—25%. While the content of fibers that determine
the rigidity and strength of the composite at the micro-,
meso- and macrolevels can reach 75% or even more.

Dispersed (micro-) reinforcement of the binder
matrix in composites is known using polypropylene,
glass, basalt or metal fibers [6, 9], acting as microfiber.
Reinforcing components can also be filiform crystals of
hydrosulfoaluminates [10] carbides, oxides and other
compounds.

However, the adhesion of the fiber, as, for example,
in the case of using basalt fiber in a cement matrix, when
the fiber and cement stone interact at the interface around
the fiber, a shell is formed that prevents the adhesion of
the matrix and microfiber. G.I. Yakovlev proposed to
introduce dispersions of multilayer carbon nanotubes
into the composition of the fiber-reinforced concrete
mixture, which allow structuring the cement stone along
the surface of the reinforcing basalt fibers and thereby
develop the contact zone and ensure better adhesion of
the stone to the surface of the basalt microfiber. The adhe-
sive interaction of the reinforcing material and the matrix
determines the properties of the composite structure with
the involvement of structural elements of various sizes
in the work, as a result of which the composite works as
a single material.

High thermodynamic stability of nanocarbon rein-
forcing materials and anisotropy determine the efficiency
of their use in the composition of dispersion-reinforced
composites. However, their high cost and a number of
technological aspects hinder their widespread implemen-
tation in the construction industry.

It is of interest to use unburned coal as a fuleroid-like
reinforcing material, which has undergone high-tem-
perature treatment in thermal power plant boilers and
undergone physical and chemical changes. It is formed
during the combustion of solid fuel — brown and hard
coal, anthracite and is contained in the composition of
ash and slag mixtures of hydro-removal, generated as
waste at thermal coal power plants [9].

Since, according to various estimates, about 30 mil-
lion tons of coal combustion products are formed per year
during coal combustion in Russia alone, the feasibility of
using unburned coal in construction technologies is quite
high. So far, the utilization rate of fuel combustion prod-
ucts in our country as a whole does not exceed 10% [3, 9].

Coal ash is one of the largest-tonnage wastes generated
as a result of the operation of thermal power plants [14].
So far, the utilization rate of fuel combustion products
in our country as a whole does not exceed 10% [3, 7].
In this regard, work is currently being initiated to find all
possible effective areas for the use of ash and slag waste
from thermal power plants in industrial production [14,
15]. However, among them there are no developments yet
aimed at the utilization of unburned waste as a compo-
nent of binders and mixtures in the production of modern
composite materials. Most often, its use is limited to the
production of fuel briquettes or other similar materials
for combustion as fuel.

Research into the possibility of synthesizing promising
construction composites based on unburned coal products
isolated from non-recyclable ash and slag mixtures (ASM)
of coal plants can ensure a high level of energy efficiency
for construction facilities and their production processes.

The objective of this study was to synthesize innovative
energy-saving construction composites using enriched
underburnt — an isolated component of ash and slag mix-
tures. A hypothesis was put forward about the interaction
of the gypsum matrix, as the most comparable with the
fulleroid-like reinforcing carbon technogenic material,
the particles of which reach the nanoscale and can be
considered as a component of energy-efficient composites
for cost-effective production.

During the combustion of coal, various chemical
reactions occur in the composition of their mineral part,
resulting in the formation of a new technogenic raw ma-
terial that differs from natural raw materials in chemi-
cal and phase composition and has other technological
properties.

MATERIALS AND METHODS

In this study, technogenic carbon (underburnt) was
isolated from ash and slag mixtures by flotation enrich-
ment using reagents (flotators). The research used the
flotation method used in the mining industry for finely
dispersed coal sludge, in which flotation is carried out in
two stages.

The conducted studies have shown that multi-stage
enrichment and flotation of underburnt from the ZShS
TPP from the combustion of brown coals is character-
ized by a higher consumption of reagents in comparison
with the flotation of natural coals. This is an undoubted
confirmation of the change in the surface properties of
brown coal particles during their combustion.

Electron microscopic studies of the microstructure
of underburnt on a scanning electron microscope SEM
JEOL JSM-6610LV (Fig. 1) showed that their surface
is characterized mainly by increased porosity (Fig. 2),
determined by the degree of its thermal transformation
in the furnace.
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Fig. 2. SEM image of man-made carbon

A typical example of underburnt particles with varying
degrees of porosity is shown in microscopic images and
dark-field images.

It has been established that unburned carbon is a mesh
framework (Fig. 3), which is probably formed during vol-
umetric diffusion of gas during the combustion of brown
coal fuel.

It also follows from the data obtained that, since par-
ticles of unburned fuel are in the combustion zone or in
the temperature zone below 1500—1600°C for a short pe-
riod of time, then in addition to the carbon skeleton in the
composition of the unburned fuel separated from the ash
and slag mixture during flotation, there are also individual
spheroidal micro- and nanoparticles of aluminosilicates

with the presence of a crystalline and amorphous phase
(Fig. 2).

The main crystalline phase is the mullite phase, which
is typical for aluminosilicate particles formed during ther-
mochemical transformation during coal combustion in
a furnace.

Aluminosilicate inclusions are captured by the mesh
structure of carbon. They have a wide size distribution,
which is confirmed by the analysis of the granulomet-
ric composition and dark-field images of underburnt
(Fig. 4). The size distribution of underburnt particles in
the composition of the separated mixture, determined
using a Winner2005A Intelligent Laser Particle Size
Analyzer (Fig. 3), was D10 — 2.02 um, D50 — 7.34 um,
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Fig. 4. Dark-field
images of a sample
of man-made car-
bon (underburnt)
and maps of the
distribution of
chemical elements
in its composition
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DO — 33.56 um, which differs significantly from the data
of other researchers on the sizes of separated fractions
(concentrates) from the ash-slag mixture [2].

The study of underburnt particles using a JSM 7401 F
SEM; TEM/STEM/Osiris (200 kV) electron microscope
showed that the spheroid particles are represented by
compounds of aluminum and silicon oxides in chemi-
cal composition. They are characterized by a compacted
vitrified surface of the shell, depending on the degree of
its heat treatment in the furnace [16].
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Fig. 5. Amorphized microstructure of gypsum composite
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High open porosity and developed surface of un-
burned metamorphosed carbon fuel particles with cap-
tured nano- and microparticles contribute to the active
crystallization of the gypsum matrix with a modified mor-
phology of crystals (Fig. 5).

Microscopic studies of the structure at high magnifica-
tion (Fig. 6) confirm morphological changes in the crystals
with their transition to tabular fine-crystalline forms.

The experimental studies of the inclusion of under-
burnt as a substance capable of changing the course of
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Fig. 6. Electron micrographs of the structure of a gypsum composite with inclusions of nanosized aluminosilicate

particles
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hydration and structure formation processes in the gyp-
sum matrix and modifying the gypsum stone formed in
this case confirmed the accepted hypothesis. An artificial
stone with unique properties and structure that meet high
energy efficiency requirements in the field of building
materials was obtained.

In addition to increasing the overall porosity of the
gypsum composite based on underburnt (more than
twice), the nature of the porosity also changes. Research
using mercury porosimetry methods has established that
the introduction of a porous filler in the form of under-
burnt containing aluminosilicate particles in the struc-
ture significantly changes the distribution of pores. In the
structure of the obtained artificial stone based on a man-
made carbon modifier, pores no larger than 10 microns
are observed, which has a beneficial effect on the thermal
and structural characteristics of the gypsum composite.

The results of the study of energy-efficient gypsum
composites based on a technogenic carbon modifier con-
firm its active participation in the processes of structure
formation and crystallization of nanostructured building
materials with high-tech characteristics. Based on a matrix
binder and a fulleroid-like technogenic additive, disper-
sion-hardened gypsum composites were obtained, charac-
terized by a fine-crystalline structure with high closed mi-
croporosity. The studies have established that underburnt
waste has a unique structure and properties, which can be
effectively used for the synthesis of building composites.
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D¢ PeKTNBHDbIE NMNCOBble KOMNO3uuun c gob6aBKon
He[0XKora 30/10LW1aKOBbIX cMmecei

BukTopus bopucoBHa NMerponaBnosckasn’ (2}, TatbAHa bopncoBHa HoBnueHkoBa'* (o),
Anekcanpap ®époposuy BypbsaHoB? (), Hapexpaa AnekceeBHa JlykbsiHoBa?

! TBepcKOW rocyAapCTBEHHbIV TEXHUYECKMI YHBepcuTeT, Teepb, Poccua
2 HaumoHanbHbIN nccnenoBaTenbckmii MOCKOBCKMIA rOCyAapCTBEHHbIV CTPOUTENbHBIN YHMBepcuTeT, MockBa, Poccua

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: tanovi.69@mail.ru

AHHOTALMA

BBepgeHue. B HacTosLee Bpems BO BCeM MUPe BeflyTcsA pa3paboTKu B 0611aCT HAHOCTPYKTYPHOro MaTepuranosefeHns. O60cHoBaHVe
LieniecoobpasHOCTU pa3paboTKM MHHOBALIMOHHBIX SHeprocbeperaLLx MaTepranoB Ha OCHOBE MMCOBOrO BAXYLLEro A 3haHUi
11 COOPYKEHUI C ONTUMM3NPOBAHHOW 3MUCCHen yrnekucnoro rasa (CO,) Nno3BonseT paccMaTpmBaTb HEAOXKOT 30J10LLIAKOBbIX CMecen
B KauyecTBe NepcrekTVBHOIO TeXHOreHHOro NPOAYKTa, MO3BOMAIOLLEr0 KOMMIEKCHO PeLINTb TEXHONOMMYeCcKne, SKOHoOMUYecKme
1 3KoNornyeckue npobnembl B CTPOUTENIbHON MHAYCTpUN. MiccnefoBaHe BO3MOXHOCTY CUHTE3a NePCneKTUBHbIX MUHEpPasbHbIX
KOMMO3MLMIA HA OCHOBE MPOAYKTOB HE,0XKOTa, BblAENEHHbIX 13 HEYTUN3MPYeMbIX 30/10LW1aKoBbIx cmecel (3LC) yronbHbIx CTaHuuiA,
obecrneunBaet pa3BuTre 6a3bl KOHCTPYKTUBHbIX U MHXEHEPHO-TEXHNYECKIX PeLleHnin AN 34aHnii 1 06beKTOB C paLMOHaNbHbIM
3HepronoTpebneHviem n onTMMU3MpPoBaHHom smuccren CO, ¢ NCNonb3oBaHMeM rMNCOBbIX HaHOMaTepUanos, 0bnafaloLWMX YHN-
KasnbHbIMU cBOViCTBaMU. MaTepuanbl u meTofbl. B nccnefoBaHny TeXHOTreHHbIN yrnepop (HefoXor) BbiAenAann 13 30/10LL1aKoBbIX
cmecelt MeToaoMm $GoTaLMOHHOro 0boraLleHns C IPUMEHEHVEM peareHTOB (GprnoTaTopoB). PesynbraTbl n 06cyKaeHue. Pesynbtatbl
nccnenoBaHmns 3HeprosPp EKTUBHbBIX MMMNCOBbIX KOMMO3UTOB Ha OCHOBE TEXHOTEHHOTO YINIepOoAHOro MoANdUKaTOpa NOATBEPXKAAIOT
€ro akTVBHOE YyacTue B MpoLeccax CTPYKTYpPooOpa3oBaHusA 1 KpUCTaNIN3aLmMm HAaHOCTPYKTYPHBIX CTPOUTENIbHBIX MaTepuranos
C BbICOKOTEXHOJIOTMYHbBIMI XapaKTepuCcTMKamu. 3akntoueHue. [onyyeHHble pe3ynbTaTbl MCCefdoBaHMI B 061acTy cO3aaHNsA UH-
HOBALIMOHHbIX 3HeprocbeperaLyx 6ecleMeHTHbIX KOMMO3NLMI AN BO3BEAEHNA 30aHUI 11 COOPYXKeHWI 6yayT cnocobcTBOBaTh
MOBbILLEHWIO YPOBHS 3HAHWUI U Pa3BUTUIO MHHOBALMOHHDBIX NMOAXOA0B B 06/1aCTV CTPOUTENbHOIO MaTepranoBeaeHrs Afls nocneayto-
LLlero BHeApeHNs B CTPOUTENbHON oTpacin. Tema nccnefoBaHNii COOTBETCTBYET peanm3aLmn rocyfapCTBEHHbIX MPOrpamMm, B TOM
yncne CTpaterny Hay4yHoO-TEXHUYECKOro pa3suTua Poccuinckon Oegepavmn.

KJTIOMEBBIE CJIOBA: yrnepopnHbiii cnef, 6eclieMeHTHble KOMMNO3MLMK, 30510LLIaKOBbIE OTXOfbl, HeJOXKOT, HAHOAPMUPOBaHNe.
ana uMTUPOBAHUA:

Metponasnosckas B.b., HoBnyeHkosa T.b., BypbaHos A.®., JlykbaHoBa H.A. 2 deKTrBHbIE rMNcoBble KOMMO3ULMKN C AO6ABKON He-

[0xO0ra 30/10LWnaKkoBbIx cMecelt // HaHoTexHonorum B ctpoutenbctae. 2024.T. 16, N2 5. C. 397-403. https://doi.org/10.15828/2075-
8545-2024-16-5-397-403. — EDN: MYNONY.

BBEAEHUE

pelIeHnH’ MIpobjieM B 00JIACTA YCTOMIMBOTO pa3-

BUTHS, CBSI3aHHBIX C 00eCIIeUeHEM COXPaHHOCTH
¥ YUCTOTHI IIPUPOIHOI cpebl, 29HEeProdhGEeKTUBHOCTH
CTPOUTENIBHBIX 00BEKTOB M TEXHOJIOTHI, MHOTOPa30BO-
TO MCTIOJIb30BAHUS PECYPCOB IIPU CO3TAHUN OOBEKTOB
HHQPPACTPYKTYPHI U (POPpMUPOBAHUEM OJIATOIIPUSITHOM,
KOMMOPTHOM 1 HETIOBTOPUMOI Cpelbl OOMTaHUS Ue-
JIOBEKa OTPOMHYIO POJIb UTPAET CTPOUTEIbHAS MHIY-
CTpUS U HayKa — MaTepuajoBeneHue [1—4]|, a uMeHHO

MaTepHraIoBeIeCKIe TTOIXOObI K IIPoIeccaM CHHTEe3a
MartepuaynoB [3—6], oCHOBaHHbIE Ha YIIPaBIEHUU IIPO-
IeccaMM CTPYKTYpOOoOpa30oBaHUS Yepe3 OpraHn3aIuio
MHOTOYPOBHEBOI CHCTEMBI YITPABIICHMS X CBOMICTBAMM.
[TosTOMY CTPYKTYpHBIC XapaKTePUCTUKH CTPOUTCITBHBIX
KOMITO3UIINI B HACTOSIIIEEe BpeMs OKa3bIBAIOT pellla-
follce BIMSHIEC Ha KaUeCTBO MaTCPUAIOB U U3ICIIHIA,
MOJIygaeMbIX Ha UX OCHOBE [4].

MartepuanoBeqdecKue 3am1adqd B 00JIaCTH CUHTE3a
KOMITO3UTOB TIPEIyCMATPUBAIOT CETOIHS YCTAHOBJICHME,
obecrieueHe 1 MOmIepKaHue HeOOXOIMMOTO YPOBHS
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XapaKTepUCTUK MaTepraaoB KaK CUCTEMBI, BKITIOUAIO-
el MaTpUIy (MaTPUYHBIM MaTepHail) U YIIPOUHSIOIIIE
KOMITOHEHTHI (apMHUpYIoIIre MaTepraibl). LlexeHamnpas-
JIEHHOE yIMpaBJjieHWe opraHu3alueii MHOroypoBHEBOTO
apMUPOBAHUSI OCHOBAHO, TIPEeXIe BCEro, Ha BEIOOpE
KOMITOHEHTOB, X COOTHOIIIEHUI 1 CTIOCOOE apMUPOBa-
HUS Ha KaXXI0M MacCIITaOHOM YPOBHE C COXpaHECHMEM MX
M3HA4YaJIbHBIX XapaKTepucTuk [7]. IlpyyeM, mo MHEHUIO
I1.T". Komoxona [8], "MeHHO BT apMUPOBAHUS OIpeie-
JIIeT MeXaHN3M (hOPMHUPOBAHUSI BEICOKOIIPOTHOM CTPYK-
TYpPBI KOMITO3UTA. JIcTIepcCHOE YIIPOYHEHUE BSIKYIIICH
MaTpUILbl UICKYCCTBEHHOTO KaMH$l HA HaHO- U MUKPO-
YPOBHSX YaCTULIAMHU IO 1 MKM omIpenessieT ITPOYHOCTD,
TBEPIOCTh KOMIIO3MTAa Ha YPOBHE MATPHMYHOTO MaTepra-
J1a. KoHlIeHTpalys BbICOKOIMCIIEPCHOTO apMUPYIOILIETO
MaTepuaiia Moxet gocturarh 20—25%, Torma Kak co-
JepsKaHNe BOJIOKOH, OTIPEICIISIIONINX KECTKOCTD U TTPOY-
HOCTb KOMITO3UTa Ha MUKPO-, ME€30- U 1 MAKPOYPOBHSIX,
MOXET JOXOIUTH 10 75% U maxe OOJIbIIE.

M3BecTHO nucnepcHoe (MUKPO-) apMUPOBAHUE BsI-
JKYIIIe MaTPUIIBI B KOMITO3UTAX C TIOMOIIIBIO TIOJIUIIPO-
MMJICHOBBIX, CTEKJISTHHBIX, 0a3aIbTOBBIX WUIA METaJLTIC-
CKUX BOJIOKOH [6, 9], BRICTYIAIOLIUX B POJIU MUKPODU-
Opbl. ApMUPYIOIIMMI KOMIIOHEHTAMU TaK>Ke MOTYT ObITh
HUTEBUIHbBIE KPUCTAJUTLI TUAPOCYIb(hoamroMuHaTOB [10]
KapOMIoB, OKCUIOB U APYTUX COCTUHCHUIA.

OmHaKo TPy CIETUICHIHN BOJIOKHA 1 BSIIYIIETO, KAk,
HaIpuMep, B ClIydae IpUMEeHEHUsI 6a3aIbTOBOTO BOJIOK-
Ha B IIEMEHTHOI MaTpHIIe, TIPU B3aNMOICHCTBIUN BOJIOK-
Ha ¥ IIEeMEHTHOTO KaMHSI Ha TpaHUIIe pa3eia Cpel, Bo-
KPYT BOJIOKHA BO3HHUKAET 000JI0UKA, IIPETIITCTBYIOIIAS
CLIETIJICHUIO MaTpUIIbl U MUKpOuOpsL. I'. M. SIKoBIeBbIM
MpemIoKeHO BBOAUTD B cOCTaB (pruOpOOETOHHOM cMecu
THACTIEPCUY MHOTOCJIOMHBIX YIJIEPOTHBIX HAHOTPYOOK,
TIO3BOJISTIONINX CTPYKTYPUPOBATh IIEMECHTHEIN KaMEHbB
TI0 TIOBEPXHOCTH apMUPYIOIINX 0a3aJIbTOBBIX BOJJOKOH
¥ TEM CaMBIM Pa3BUTh KOHTAKTHYIO 30HY X 00€CTICUNTh
JIydiiee CleIIeHHe KaMHS ¢ TIOBEPXHOCTBIO 0a3ajb-
TOBOIT MUKpOGUOPHI. AITe3MOHHOE B3aMMOICICTBIE
apMUPYIOIIIETo MaTeprajia M MaTPHIIBI OIIPEICIIsieT CBOI-
CTBa CTPYKTYPHI KOMIIO3HUTA C BOBJICUCHUEM B PabOTy
Pa3IMIHBIX 10 pa3MepaM CTPYKTYPHBIX DIIEMEHTOB,
B pe3yabTaTe YeTOo KOMITO3UT paboTaeT KaK eAWHBII
MaTepHall.

Bricokas TepMonmHaMIYecKast yCTOMIMBOCTb HAHO-
YIJIEPOIHBIX apDMUPYIOLIMX MAaTEPUATIOB U aHU30TPOHS
onpenesTioT 3(PGhEeKTUBHOCTh MX IIPUMEHEHHS B COCTaBe
IHUCIIEpCHO-apPMHUPOBAHHBIX KOMIIO3UTOB. OTHAKO MX
BBICOKASI CTOMMOCTbD U PSII TEXHOJIOTMIECKIX aCTICKTOB
3aTPYAHSIOT UX IIMPOKOE BHEAPEHUE B CTPOUTETBbHOMN
WHOYCTPUU.

AJBTepHATUBOI HAHOYTJICPOTHBIM aPMUPYIOIITAM
MaTepuajgaM MOTYT CIIYKUTh JICTKHE PereHepUpPyEeMbIe
MaTepHabl — JIeTKHe 3aroTHuTeN . OHU UCTIOTB3YIOTCS
B O€TOHAX M TWIICOBBIX MaTepHaiax ISl CHUKCHUST Te-

TUIONPOBOAHOCTHU. YacTUIIbI JIETKOTo MaTepuaia mpei-
CTaBJISTIOT COOOI TOBOJILHO 3aKPBITHIC TTOJIBIE Cephl,
obecrneyunBalole HU3KYIO TJIOTHOCTb U XOPOIIYIO Te-
mwiousosuio [11].

Jlerkue 3aIOJTHUTENIN MOTYT OBITh TTOTYICHEI M3 ITy-
CTOI1 IIOPOIBI WJTX YTOJIFHOTO IIJIaMa ITyTeM IPOOJICHNS,
M3MeJTbUYCHMS, KOMKOBaHMUS (B 3aBUCMOCTH OT TIOTPEO-
HOCTH) M IIpoKajauBaHus [12, 13].

IMonmyyeHre KOMITO3UIIMKM Ha OCHOBE [3-TTOJIyTUApATa
M3 CepOTHIICa, TTOJIYICHHOTO TP AeCYIbypalium Ibl-
MOBBIX Ta30B U JIETKUX 3aIIOJTHUTEIICH, TTO3BOJIMIIO TO-
OUTHCS HU3KOU TEILTONPOBOTHOCTH TP 00ECTICUCHUN
JIOCTATOYHO BBICOKMX TEXHUUICCKUX U SKCIUTyaTallOH-
HBIX XapaKTepUCTUK 00JIETYCHHOTO TUTICOBOTO KaMHS,
B TOM YHCJIC IPOYHOCTH, IUNTOTHOCTHU, YACIHHOM TETIO-
€MKOCTH U orHecToiikocTu [11].

[IpencraBisieT MHTEpPEC UCIIOIB30BaHIE B KAYCCTBE
dymeponmorono6HOro apMHUPYIOIIETO MaTepraja HeIo-
JKOTa, TIPOIIIEAIIETO B KOT/IaX TEIIOBBIX 3JICKTPOCTAHIINIA
BBICOKOTEMIIEPATYPHYIO 00pabOTKY U IMPETEePIICBIIECTO
IIpH 3TOM (PUBUKO-XUMHIecKre n3mMeHeHus. OH odpa-
3yeTcs IPU CXXUTAaHWU TBEPIOTO TOIIMBA — OYPHIX 1 Ka-
MEHHBIX YIJICH, aHTpalluTa — M COIEPKUTCS B COCTaBe
30JI0IIITAKOBBIX CMECeil TMIPOYIaIeHIUsI, 00pa3yIOIIIXCS
B BUIC OTXOIOB Ha TEILIOBBIX YTOJIBHBIX SJIEKTPOCTAH-
msx [9].

ITockonbKy, IO pa3HbIM OLIEHKAM, IPU CXXUTAHUU
VIIIg TOIBKO B Poccuu ob6pasyercs mopsiaka 30 MITH TOHH
IIPOAYKTOB CTOPaHMS YIJISI B TOM, TO IIEJIECOO0Pa3HOCTh
IIPUMEHEHUS HEIOXKO0Ta B CTPOUTEIbHBIX TEXHOJIOTHSIX
IOCTaTOYHO BEICOKA. IToka Ko3(hPpUIMEeHT UCITOIb30-
BaHUS MMPOAYKTOB CTOpaHMs TOIUIMBA B HaIlleil cTpaHe
B 1iesioM He mipeBbimaet 10% [3, 9].

YrobHas 3051a — OMWH M3 CAMBIX KPYITHOTOHHAXKHBIX
OTXOIIOB, OOpa3yIOIINIiCS B Pe3yabTaTe PadOTHI TETUIO-
BBIX dJyiekTpocTaHuuit [14]. [Toka KoahdUIIMEHT 1c-
ITOJIB30BaHUS IMIPOAYKTOB CTOPaHMSI TOIUTMBA B HAIICH
cTpaHe B 1ejioM He mipeBbiiiaet 10% [3, 7]. B aToii cBsi3u
B HACTOSIIIIEE BPEMSI MHUIIMAPYIOTCS PAOOTHI TTO TIOMCKY
BCEBO3MOXKHBIX 3(P(EeKTUBHBIX HAITPaBICHUI 110 IIpUMe-
HEHMIO 30JI0ILTAKOBBIX 0TX0H0B TOC B IMPOMBIIIICHHOM
npousBoacTse [14, 15]. OmHako cpeay HUX IToKa He TIpU-
CYTCTBYIOT pa3pabOTKM, HaIIpaBJICHHbIC Ha YTIIA3AIIIIO
HemoKora KaK KOMITOHEHTA BSDKYIIMX 1 CMeCeil B TIPOM3-
BOJICTBE COBPEMEHHBIX KOMITO3ULIMOHHBIX MAaTEPUAJIOB.
Yare Bcero ero MpuMeHEHNE OTPaHUINBACTCS TIOJTY-
YeHUEM TOILIMBHBIX OpPMKETOB WIIM APYTUX ITOTOOHBIX
MaTepuaJioB ISl CKUTAHUS B KAYeCTBE TOIUIMBA.

HccrnenmoBaHre BO3MOXHOCTHA CUHTE3a ITePCIIEKTHB-
HBIX CTPOMTEIIBHBIX KOMITO3UTOB Ha OCHOBE IIPOAYKTOB
HEIOXOTa, BEIICIICHHBIX M3 HEYTIIN3UPYSMBIX 30JI0III-
nmakoBbIX cMmeceil (3L C) yrompHBIX CTAaHITIAI, MOXET
00eCTIeYnTh BBICOKUI YPOBEHD 3HEPTo3(P(DeKTUBHOCTH
00BEKTaM CTPOUTEILHOIO KOMIIEKCA M IIPOIeCCaM MX
IIPOU3BOICTBA.
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Llens gaHHOTO MUCCIEIOBAHUS 3aKJI04aaach B CUH-
TE€3€ MHHOBALIMOHHDBIX 3HCpI‘OC6CpCFaIOH.II/IX CTpOUTECIIb-
HBIX KOMIIO3UTOB C MCITIOJIb30BaHUEM O0OTralieHHOTO
HEO02XKO0TIra — BBIICJICHHOTO KOMITIOHCHTA 30JI0IIIaKOBbIX
cmeceii. bouta BbIIBUHYTA TMITIOTE3a O B3aMMOOCUCTBUN
TUIICOBOM MaTpHMLbI KaKk HanboJjIee COMMOCTABUMbBIM C d)y—
J'IepOI/IZ[OHOJIO6HI>IM ApMUDPYIOIIMM YITICPOAHBIM TCX-
HOI€HHBbIM MaTE€puajJloM, 4aCTULbI KOTOPOIO AOXOOAT
JO HAHOPAa3MEPHOTIO maciirtaba u MOTYT paccMaTpu-
BaTbCAd B Ka4€CTBE KOMITOHECHTA BHCPI‘OBCb(beKTI/IBHLIX
KOMIIO3UTOB OJIAd peHTa6e)’[BHOFO ITpOMU3BOACTBA.

B IIpoHeCcCe CropaHusd yrneﬁ B COCTaB€ MX MMUHC-
pa)’[bHOfI qaCTH IIPpOTEKAIOT pa3/IMYHbIC XUMMNYECCKHNEC
p€aKunu, B pE3YyJbTaTC 4ETO 06pa3yeTCH HOBO€ TEXHO-
T€HHOC CLIpbé, OoT/IMYaromeecsda OT IPUPOIHOTO ChIPpbA
110 XUMHUYCCKOMY U (1')2130BOMy COCTaBy 1 obJagaroiiee
APYI'MMH TCXHOJIOT'MYCCKNUMMN CBOMCTBaMU.

MATEPUAJIbl U METOADI

B nccnenoBaHMsIX OBLT UCITOIB30BaH METOM (hITOTa-
UH, IIPUMCHSIEMOI B TOPHOI MPOMBIIIUICHHOCTH TSI
TOHKOIMCIICPCHBIX YTOJIBHBIX IITAMOB, B KOTOPOM (hJ10-
TaIsI OCYIIECTBIISICTCS B IBE CTaIUMN.

IIpoBeneHHBIC MCCICTOBAHMS TIOKA3aJIM, YTO MHOTO-
craguiiHoe oboraieHue n drotanms Hegoxora u3 3IC
TBC ot cxxuranus OypHIX yIJIeH OTIMIaeTcs 00jee BbI-
COKHUM PacXOIOM PEareHTOB B CPaBHEHUM C (hIIOTaIleH
TIPUPOTHBIX KAMEHHBIX YIJICH. DTO SIBIISIETCSI HECOMHEH-
HBIM MOATBEPXKICHNEM M3MEHEHUS TTOBEPXHOCTHBIX
CBOMCTB OYpOYTOJIBHBIX YaCTUII B IIPOLIECCE VX TOPCHUS.

DJIEKTPOHHO-MUKPOCKOITMYECKIE MCCIICIOBAHMUS
MHKPOCTPYKTYPBI HEIOKOTa Ha PACTPOBOM 3JIEKTPOHHOM
mukpockore POM JEOL JSM-6610LV (puc. 1) noka3za-
JIA, 9TO MX TIOBEPXHOCTD OTIMIACTCS TTPEUMYIIICCTBEHHO
TIOBBIIIICHHOM TTOPUCTOCTRIO (PHC. 2), OIIpeeIsTIoIIeiics
CTETICHBIO €€ TEPMUIECKOTO IIPeoOpa30BaHMUs B TOIIKE.

Puc. 2. POM u3o0paxkeHne TeXHOT€HHOTO yIjiepoaa

Puc. 1. Buemnmii i pacTpoBOro 3;1eKTpPOHHOTO MUKPO-
ckona JEOL JSM-6610LV

PE3YJIbTATbl U OBCYXXAEHUE

XapaKTepHBII IIpUMep YaCTHIl HeIOKOoTa ¢ pa3HOM
CTEIIeHBIO TTOPUCTOCTH MIPEACTaBICH Ha MUKPOCKOITH -
YeCKUX CHUMKAX U TEMHOTIOJIBHBIX N300paXKeHUSIX.

YcTaHOBIIEHO, YTO HECTOPEBIINUIA YIIICPOI MIPeI-
CTaBIISIET COOOM CeTIaThIN Kapkac (puc. 3), KOTOPHI,
BEpOSATHO, 0OpasyeTcs Impu 00bEMHOM nTuddy3un raza
B IIpolIecce CKUTaHMSI OYPOYTOIHLHOTO TOTUINBA.

W3 m1oyuyeHHBIX TaHHBIX CIEeAyeT TaKKe, 9TO, IO~
CKOJIbKY YaCTUIIBI HECTOPEBIIIETO TOTUIMBA HAXOMSITCS
B 30HE TOPEHUS MM B TeMIIEpaTypHOU 30HEe MeHee
1500—1600°C B TeueHrEe KOPOTKOIO IIPOMEXYTKA Bpe-
MEHH, TO TIOMIMO YIJIEPOTHOTO CKEJIeTa B COCTaBE BHI-
IIEJICHHOTO M3 30JIOIUIAKOBOI CMecCH P (DIoTaliuu
HEI0XK0ra IIPUCYTCTBYIOT U OTAEIbHBIC C(hepOonIaIbHbIC
MHUKPO- ¥ HAHOYACTHUIIBI ATFOMOCUINKATOB C TIPUCYT-
CTBHEM KPHUCTAITMYECKOM 1 aMopdHOI dassl (puc. 2).

OCHOBHOI KpUCTAJITMYECKOM (ha3oit sBisieTcd daza
MYJUIATA, 9TO XapaKTePHO IJIST aTFOMOCUIMKATHBIX Ya-
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CTHLI, 0OPa3yIOIIMXCS B XOI€ TEPMOXUMUYECKOTO TIpe-
BpaIlIeHUSI TIPU CXKUTAaHUM YIJICH B TOTIKE.
AIOMOCHJIMKATHBIC BKITIOUCHMST 3aXBaUyCHBI CeTUa-
TOM CTpYKTypoi yriiepona. OHM UMEIOT IIUPOKOE pac-
TIpeAelieHNe TI0 pa3MepaM, 9TO TTIOATBEPKIAeTCs aHAJI -
30M I'PaHYJIOMETPUIECKOTO COCTaBa M TEMHOIIOJIEHBIMM
CHUMKaMu Henoxxora (puc. 4). PactipeneneHue yacTuil
HEIIoXOTa IT0 pa3MepaM B COCTaBe BBIIEJICHHOI CMECH,
oIpeieJIecHHOE ¢ IIPUMEHEHNEM JIa3epHOTO aHAIN3aTo-
pa yactull, Winner2005A Intelligent Laser Particle Size
Analyzer (puc.3), cocraBuio D10 — 2.02 mxm, D50 —
7.34 MM, D0 — 33.56 MKM, 4TO CyLIECTBEHHO pa3jnya-
eTCcsl C JaHHBIMU APYIUX UCClenoBaTesel Mo pa3Mepam
BbIIeIsIeMbIX Ppakuuit (koHueHTpaToB) us 3IC [2].
HccrenoBaHme 9acTUII HEMOXKOTA C MCITOJIb30BAaHIEM
3JICKTPOHHOTO MUKpockorna POM JSM 7401F; [I1DM/
I[MPBM/ Osiris (200 kV) mokasaino, 4To chepongHbIe
YacTULIbl IO XUMUYECKOMY COCTaBY MPENCTaBIEHbI CO-

Puc. 3. Buemnnii Bug Winner2005A Intelligent Laser
Particle Size Analyzer

eOIMHECHUSIMHU OKCHUIOB aIIOMUHUS W KpeMHUsI. OHI
XapaKTePU3YIOTCS YIUIOTHEHHOI OCTeKIIOBAHHOM I10-
BEPXHOCTbIO 000JIOUKH, 3aBUCSIIEN OT CTETIEHU €€ Tep-
MOO0OpPaboOTKM B TOTIKE [16].

Puc. 4. Temno-
MoJIbHbIE H300pa-
JKeHHns o0pasma
TEXHOTEHHOTO
yriepona (Hemo-
2KOra) ¥ KapTbl
pacnpezeieHusi
XUMHIYECKHUX JJie-
MEHTOB B €ro co-
craBe
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Bricokast OTKpbITasi MIOPUCTOCTh U Pa3BUTAs IOBEPX-
HOCTb HECTOPEBIINX METaMOP(PU3NPOBAHHBIX YTIIEPOI -
HBIX YACTUI] TOIUJIMBA C 3aXBAYEHHBIMU HAHO- U MUKPO-
YaCTULIAMU CTIOCOOCTBYET aKTUBHOM KPUCTAIIU3ALUU
TUTICOBOI MaTPUIIBl C UBMEHEHHOU MOp(oJIOTHEl KPU-
cTajuioB (puc. 5).

MUKpOCKONTMYECKUE UCCIENOBAHUS CTPYKTYPHI ITPU
GOJIBIIIOM YBEJTMYCHUM (pUC. 6) TTOATBEPXKIAIOT MOP-
(bomornueckure n3MEeHEHNST KPUCTAIITIOB C TIEPEXOIOM
UX K TaOJUTYATBIM METKOKPUCTAJUTMYECKUM (popmaM.

BrinonHeHHbIE SKCIIEPUMEHTAIbHBIE UCCIEA0BA-
HUS BKJTIOUEHUS HEIOXOra KakK BellleCcTBa, CIIOCOOHO-
TO U3MEHUTH X0l MPOTEKAHUS MTPOLECCOB TUIpaTalluu
U CTPYKTYPOOOPa30BaHUSI TUTICOBOM MATPULIBI U MOIU -

2: HV mag WD HFW | det |spot|
PM|20.00 kV |2 500 x| 7.8 mm | 119 pm |ETD | 4.5

E . :
§/16/2023 HV mag WD HFW | det |spot
;12 PM [ 20.00 kV |5 000 x| 8.1 mm |59.7 um|ETD | 4.0

(utmpoBath HOPMUPYIOMINTCS TIPU 3TOM TUTICOBBI
KaMeHb, TMOATBEPIUIN TIPUHSTYIO TUTIOTE3y. [lonyuen
WCKYCCTBEHHBI! KaMeHb, 001aMaonii yHUKATbHBIMU
CBOWCTBaMM U CTPYKTYPOI1, OTBEYAIOIINX BEICOKUM Tpe-
6oBaHUSIM 10 3HEeProa(HEeKTUBHOCTU B 00JIACTH CTPO-
WUTETbHBIX MATEPUATIOB.

[MomMumo yBemueHus 00111eit TOPUCTOCTH TUTICOBOTO
KOMTIO3UTa HAa OCHOBE HeloxKora (0osiee 4eM B Ba pasa)
W3MEHSIETCST M XapakTep mopuctoctu. MccinenoBanumsi-
MU METOJIaMU PTYTHOU TTOPOMETPUU YCTAHOBIIEHO, UTO
BBEICHUE TIOPUCTOTO HATIOJTHUTENISI B BUJIE HEA0XOTa
C Ccofiep>KaHMEM aTIOMOCUJIMKATHBIX YaCTHUIL B CTPYK-
Type 3aMeTHO MEHSIET pactpeneieHue mop. B ctpykrype
TOJTy9aeMOTO UCKYCCTBEHHOTO KaMHSI HA OCHOBE TeX-

| mag | WD | HFW | det |spot|
0 kY| 2500x| 7.8 mm| 119 um |ETD/| 4.5

30 pym —|

- B

" mag WD | HPW | det spot
0.00 kV| 10 000 x| 8.1 mm um|ETD| 4.0

Puc. 6. Diekrponnbie MUKpPOGoTOrpaduu CTPYKTYPbI THIICOBOT0 KOMIIO3UTA C BKJIIOYEHHSMH HAHOPA3MEPHbBIX

ATIOMOCUIMKATHBIX YACTHIL
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HOTEHHOTO YIJIEPOTHOTO MOIM(UKATOPa HAOTIOMAIOTCS
TOpHI pa3MepoM He 6osee 10 MKM, 4TO GIaTOIIPUSITHO
OTpaxkaeTcsl Ha TeIUTO(PU3NIECKNX U CTPYKTYPHBIX Xa-
paKTEepUCTHUKAX TUTICOBOTO KOMIO3UTA.

PesynbTarsl uccinenoBaHust 23HeprodhOEKTUBHBIX
TUIICOBBIX KOMITO3UTOB HA OCHOBE TEXHOTEHHOTO yIJie-
POIHOIrO MOoAM(pUKaTOpa MOATBEPXKAAIOT Er0 aKTUBHOE
ydyacTue B Ipolieccax CTPyKTypooOpa3oBaHUs U KpU-
CTAJIIN3allUM HAHOCTPYKTYPHBIX CTPOUTEJIbHBIX MaTe-
pHYAJIOB C BBICOKOTEXHOJIOTUYHBIMU XapaKTePUCTUKAMU.
Ha ocHOBe MaTpUYHOTO BSIXYLIETO U (PyJIepouIoIo-
JIOOHOW TEXHOTeHHOM 10OaBKM MOJTYYEHbI TUCIIEPCHO-
YIIPOYHEHHBbIEC TUIICOBbIE KOMITO3UThI, XapaKTEPpU3yI0-
11ecs MEJKOKPUCTAUIMUECKOM CTPYKTYPOIi € BBICO-
KOM 3aKpbITOIt MUKpOTIOpUCTOCThIO. McciienoBanusimu
YCTAHOBJIEHO, YTO OTXOJ HEIOXOT 00J1a1aeT YHUKAJb-
HOM CTPYKTYpPOI U CBOMCTBAMU, YTO MOXET OBITh 3(h-
(beKTUBHO HMCITOIB30BAaHO MIJIT CUHTE3a CTPOUTEITLHBIX
KOMITO3UTOB.

3AKJIIOMEHUE

Takum oOpa3oM, B JaHHOU pabOTe MPUBOASITCS
TaHHBIC UCCICIOBAaHUI C ONMMCaHNEeM MHHOBAIIMOH-
HBIX SHEeprocoeperarnx CTPOUTETBHBIX KOMITO3UTOB
IJISI UX MICTIOJIb30BAaHUS B BUIIE OOJIETYCHHBIX TUIICO-
BBIX KOHCTPYKTHUBHBIX 3JICMEHTOB 3MaHUI, CO3MaHHBIX

CMNCOK NCTOYHUKOB

IyTeM CMHEPTETUYECKOTO J00aBICHMS 000TaIIeHHBIX
OTXOIOB TEIIOBBIX 3JICKTPOCTAHIINM B (hopMe HeIo-
xkora (5—30 mac.%) u NPUCYTCTBYIOLIMX B €T0 COCTaBe
ATIOMOCIIMKATHBIX 30JIbHBIX MUKpocdep. 1o cpaBHe-
HUIO C TPATULIMOHHBIMU METOIAMU, KOTOPHIC BKITIOYAIOT
HCTIOJIb30BaHNE TEXHOTCHHBIX WA NCKYCCTBEHHBIX Ha-
HOCTPYKTYPUPYIOIINX J00aBOK, HEIOXOT, IIPUMEHSIIO-
IIWICS B JAHHOM MCCICIOBAaHUN, IMECT HEOCTIOPUMBIC
MIPEUMYIIIECTBA KaK IO KPUTEPUIO CTOMMOCTH, TaK 1 10
KPUTEPHUSIM 0€30ITaCHOCTH W 9KOJIOTMUECKOM YCTONIN -
BocTH [12].

[TosyaeHHBIC TUTICOBBIC KOMITO3UTHI ¢ T0OaBKaMM
dymeponmorono6HOro apMHUPYIOIIETO MaTepraja HeIo-
JKora IGMOHCTPHUPYIOT CBOMCTBA, COITOCTABUMBIC C IPY-
TMMHJ TUTICOBBIMM O0JIETYeHHBIMK MaTepuaiamu [17, 18]
C TOYKM 3peHUS NX (PU3UKO-MEXaHMIECKUX XapaKTepH-
CTHUK TTOCJIC CTAHIAPTHBIX UCITBITAHMIA.

OnHako B TaHHBIX KOMIIO3UTaX HAOIIOOACTCS TP
VYBEJIMYCHNH OOIIIEH TTOPUCTOCTH 3HAUMTEIEHOE COKpa-
1LIEHWE CPEeIHEro pa3Mepa IMop ¢ UX MePexogoM Ha MU-
KpO- ¥ HAHOYPOBEHb. DTUM ITaHHBIC KOMIIO3UTHI BBI-
TOTHO OTJIMYAIOTCS OT MpeaiaracMbIX TPaTUIIMOHHBIX
o0seryeHHBIX MaTepraioB. [1pu aToMm Oolree YeM Ha TPeTh
YBEIIMUUBACTCSI 3aKPHITAs IIOPUCTOCTh. DTO B MaTbHEH-
eM OyIeT O0YCIIaBIMBaTh BBICOKME SKCIUTyaTAITMOHHBIC
CBOICTBA K KOPPO3HOHHYIO CTOMKOCTH TTOJIyJaeMOTO HC-
KYCCTBEHHOTO 00JICTYICHHOTO TUTICOBOTO KAMHSI.
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NHOOPMALI/A OB ABTOPAX
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ABSTRACT

Introduction. Detonation spraying is an effective method for applying high-quality coatings to various materials, widely used
in industry to improve wear resistance and corrosion resistance of surfaces. This article examines the influence of key process
parameters, such as gun-to-substrate distance and nozzle velocity, on the structure and properties of the resulting coatings.
Materials and methods of research. The Ti-TiO, coatings on hot-rolled carbon steel are studied. The spray distance and the
speed of nozzle passage are varied while the rest spraying parameters are fixed. The obtained coatings were studied using scan-
ning electron microscopy, X-ray diffraction, and energy-dispersive X-ray spectroscopy. Results and discussion. It is found that
the phase composition of the coating changes depending on the detonation spray conditions. The fraction of rutile exceeds the
fraction of anatase in the obtained samples except for the samples obtained with the fastest nozzle passage. The rutile fraction
monotonically decreases with an increase in the spray distance with fixed values of the rest parameters of spraying process. It
is found a nonmonotonic changing the rutile fraction with an increase in the speed of nozzle passage and found its optimal
values. Two new theoretical models for the spray process based on differential equations are proposed, the solutions of which
sufficiently describe the dependencies of the rutile fraction on the distance and speed of the nozzle, respectively. Conclusion.
It has been demonstrated that the theoretical values of the parameters, calculated using the formulated equations, are in good
agreement with the experimentally measured values.

KEY WORDS: Ti-TiO,, composite coatings, detonation spray coating process, phase composition, anatase, rutile, X-ray diffraction
analysis, spray distance, the speed of nozzle passage
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INTRODUCTION Detonation spraying is a process in which coatings

are formed by accelerating the sprayed powder by a blast

Optimizing the technological parameters of coating
deposition to achieve the desired characteristics is an
important practical challenge [1]. One of the widely used
methods for applying ceramic coatings is the of detona-
tion spraying method [2—4], including those based on
titanium dioxide [5—7].

wave generated by the combustion of flammable gas with
a frequency of 1 to 100 times per second. The flammable
gas enters the gun barrel, where the sprayed powder is fed,
the powder accelerates and forms a continuous coating
when it hits the substrate. The coatings obtained by this
method are characterized by low porosity, high density
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and adhesive strength. In this case, mineral (from silicate,
aluminate and other rocks), oxides (including synthetic)
and metal powders can be used as raw materials. Various
metals and alloys, ceramics, building materials (based on
Portland cement and magnesia cement), glass, various
plastics and polymer glasses can be used as substrates.
Separately, it is worth noting the higher economic ef-
ficiency of this method compared to HVOF [8].

The key parameters in the process of detonation spray-
ing that influence the characteristics of the resulting coat-
ing are: the speed of passage of the gun nozzle along the
substrate, the spraying distance, the used combustible
gases, the morphology and thermophysical properties of
the initial powder used.

Many authors investigate the influence various pa-
rameters of detonation spray process on the properties
of the coatings [9—11]. In particular, the authors of [12]
study the effects of oxygen fuel rate on microstructure
of detonation sprayed coatings. Effects of plasma spray
parameters on TiO,-coated mild steel are reported in [13].
Effects of substrate temperature and precursor amount on
the properties including microstructure of TiO, thin films
are presented in [14, 15].

Phase composition of formed coatings can be con-
trolled by the condition of spray process [16]. An impor-
tant characteristic is the ratio of anatase and rutile phases
for coatings based on titanium dioxide [17].

In our recent paper [ 18], composite coatings based on
titanium oxides were successfully obtained by detonation
spraying and their microstructure, phase composition
and photocatalytic activity were investigated. The coat-
ing based on Ti—TiO, is photocatalytic coatings which
includes the nanosized particles abling to decompose
the molecules of many pollutants due to the formation
of H*, O*, OH~, decomposing organic matter into CO,
and H,O killing algae, fungi and bacteria under the ac-
tion of radiation, ultraviolet or visible spectrum [19, 20].

In this paper, we investigate the effect of detonation
spray technology condition of Ti—TiO, composite coating
on metal substrate. The detonation spray coating techno-
logy we use makes it easy to vary such parameters as the
distance from the nozzle to the surface (spray distance)
and the speed of nozzle passage. Finding the optimal val-
ues of the technological parameters of detonation spraying
make it possible to obtain coatings with the given phase
fractions of rutile and anatase necessary to ensure the
required photocatalytic properties.

Table 1
The elemental compositions of St3 and A57036 steels

METHODS AND MATERIALS

The hot-rolled carbon steel St3 (National Standard
380-2005, Russia) was chosen as the substrate for the
coating because the metal products made from St3 take
the leading place in terms of the volume of all consumed
ferrous metal. Note that steel grade A57036 (ASTM/
ASME, USA) is closest in composition to St3 steel.
A comparison of the elemental compositions of these
steels is given in Table 1.

Steel samples 4040 mm were made. The target sur-
face was degreased and sandblasted before spray pro-
cessing. The samples were processed in an air environ-
ment. We form the coatings with the thickness about of
100—150 um.

The titanium powder of PTS-1 grade (JSC Polema,
Russia) is used for spraying. A fraction of 40—60 um was
preliminarily selected by the sieve method. The results of
studying the granulometric composition of the titanium
powder of PTS-1 grade (particle size integral (dot line)
and differential (solid line) distributions) are shown in
Figure 1. The results of X-ray phase analysis of the tita-
nium powder are given in your previous paper [18].

Formation of the Ti—TiO, composite coating was car-
ried out using a robotic complex for detonation spray-
ing of coatings (IntelMashin LLC, Moscow, Russia)
equipped with a multi-chamber detonation accelerator
(MCDS) [21].

The fixed values of parameters of the coating depo-
sition by a robotic complex for detonation spraying of
coatings are following: barrel length is 300 mm, barrel
diameter is 18 mm, powder feed rate is 300 g/h. Flow rates
of fuel mixture components are following: air — 1.37 m*/h,
oxygen — 2.48 m*/h, propane (30 %) + butane (70 %) —
0.59 m3/h, (cylindrical form combustion chamber).

The spray distance and speed of nozzle passage are
varied parameters from 40 to 80, mm, and from 600 to
2000 mm/min, respectively. Five samples are sprayed
under each condition. The average values of 5 tests are
taken as the measurement results.

We control the microstructure of obtained coatings
by scanning electron microscopy (SEM) and energy-dis-
persive X-ray spectroscopy (EDS) using Tescan MIRA3
LMU (Czech Republic).

The study of the phase composition of the coating was
carried out using the ARL 9900 series X-ray fluorescence
spectrometer (Thermo Fisher Scientific, Basel, Switzer-

Si C Mn P Ni Cr Cu N As Fe

St3 0.15-0,3 0.14—0.22 0.4-0.65 | 0.05| 0.04 | 03 | 0.3 | 0.3 [0.008 | 0.08 | rest

A57036 — 0.25 0.9 0.05 | 0.04 — — 0,2 — — rest
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Fig. 1. The granulometric composition of the titanium powder of PTS-1 grade (particle size integral (dot line) and

differential (solid line) distributions)

land). Quantitative analysis of the proportion of identified
phases in X-ray diffraction studies was carried out using
the Rietveld method using Siroquantv.3 software.

RESULTS AND DISCUSSION

There are several mechanisms that characterize chang-
es in the phase fraction depending on the spray distance
and deposition rate in coatings. First of all, as the spray
distance increases, the temperature of the flow that hits
the substrate decreases. Also, the kinetic energy of the
powder particles decreases with an increase in the spray
distance. This reduces the temperature when the kinetic
energy of the powder transforms into thermal energy.

The speed of passage of the gun nozzle is also impor-
tant. As the speed increases, the exposure time of the flow
to the substrate surface decreases. During these processes,
phase transitions Ti — TiO_occur less intensely or do not
occur at all due to a decrease in temperature during coat-
ing formation.

The results of EDS and SEM analysis of the Ti—TiO,
composite coatings are presented in Figures 2—5. SEM
images with a visible field of 1000 and 5000 um (Fig-
ures 2—5, ¢, d) show a developed surface represented
mainly by titanium oxides with spherical titanium in-
clusions 5—25 um in size. When increasing to a visible
field of 100 um (Figures 2—5, b), a uniform distribution
of various phases (Ti—TiO ) with smooth transitions
is observed. At the same time, the surface structure is
more developed than in macro photographs, which is

due to the scattering of titanium particles when they hit
the surface.

The resulting “titanium splashes” tend to intensify
oxidation with the formation of higher titanium oxides
(TiO,, Ti,0,, Ti,O....). At the same time, at the points
of impact, films in the form of metallic titanium and its
lower oxides (Ti O, Ti,O...) are often visible, which is
evident from the smooth change in image shades between
metallic titanium and the higher oxide (TiO,).

This fact is also confirmed by EDS images presented
in Figures 2—5, a. These images show a chaotic distri-
bution of both titanium and oxygen. At the same time,
3 main shades are visually distinguishable in the images,
which are represented by: metallic titanium, titanium di-
oxides (anatase, rutile, brookite) and the transition phase
TiO_, where x = 0.7—1.3.

Results of SEM analysis allow obtaining the aver-
aged elemental composition of coatings from a visible
field of 1000 microns sprayed under different regimes.
In particular, the average fraction of titanium increased
by 1.8% (from 39.3 to 37.5%), and the average fraction
of oxygen decreased by 1.7% (from 62.3 to 60.6%) when
the deposition distance increased from 40 to 80 mm, at
a constant speed of passage of the detonation nozzle of
1500 mm/min. Consequently, doubling the spraying dis-
tance leads to an increase in the average fraction of tita-
nium by approximately 2% and a decrease in the average
fraction of oxygen by approximately the same amount.

The average fraction of titanium decreased by 4.7%
(from 48.0 to 43.3%), and the average fraction of oxy-
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250um

Fig. 2. EDS (a) and SEM images with visible field of 100 um (b), 1000 pum (c), 5000 um (d) of coatings obtained with
the speed of nozzle passage of 1500 mm/min, and the spray distance of 40 mm

the speed of nozzle passage of 1500 mm/min, and the spray distance of 80 mm
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250um

Fig. 4. EDS (a) and SEM images with visible field of 100 pm (b), 1000 um (c), 5000 um (d) of coatings obtained with
the speed of nozzle passage of 600 mm/min, and the spray distance of 60 mm

L

Fig. 5. EDS (a) and SEM images with visible field of 100 pm (b), 1000 um (c), 5000 um (d) of coatings obtained with
the speed of nozzle passage of 2000 mm/min, and the spray distance of 60 mm
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gen increased by 3.8% (from 51.8 to 55.6%) when the
speed of passage of the detonation nozzle increased from
600 to 2000 mm/min, at a constant deposition distance of
60 mm. Consequently, an increase in the speed of passage
of the detonation nozzle by more than 3.3 times leads to
a decrease in the average fraction of titanium and an in-
crease in the average fraction of oxygen by approximately

4—5%.

Such conclusions suggest the existence of a linear
dependence of the average fractions of titanium and
oxygen in the resulting coatings on such technological
spraying parameters as the spray distance and speed of
the nozzle.

The results of X-ray diffraction (XRD) analysis of the
coatings are presented in Figures 6 and 7. We take into
account the main phase composition of formed coating:
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Fig. 6. XRD patterns (intensity, a.u., versus 20,°) of coatings obtained with fixed speed of nozzle passage 1500,
mm,/min and different spray distance: a) 40 mm; b) 80 mm. Phase composition is presented in Table 2
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values of speed of nozzle passage: a) 2000 mm/min; b) 600 mm/min. Phase composition is presented in Table 2
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rutile (TiO,), anatase (TiO,), titanium oxide (TiO), and
titanium (Ti) (see Table 2).

Figure 6 shows diffractograms of two coatings, which
formed with fixed speed of nozzle passage 1500 m/min,
and different spray distances 40 and 80 mm, respectively.
Figure 3 shows diffractograms of two coatings, which
formed with fixed spray distance 20, mm, and different
values of speed of nozzle passage 600 and 2000 mm/min,
respectively.

The results of XRD analysis of the coatings showed
that the relative intensity of the peaks changes signifi-
cantly the phase composition changes. This allows us
to conclude that the phase composition of the coating
changes depending on the detonation spray conditions.
The fraction of rutile exceeds the fraction of anatase in
the obtained samples except for the samples obtained with
the fastest nozzle passage.

Table 3 shows the material characteristics of the al-
lotropic species of titanium dioxide, in particular the lat-
tice parameters of the unit cell, as well as the types and
arrangements of atoms in the unit cell.

Figure 7 shows change in the phase composition of
the coatings formed under different values of the spray
distance and fixed the rest values of the spray process pa-
rameters (including fixed value of the speed of the nozzle
passage 1500 mm/min). We focus below on change in the

Nanobm

rutile fraction due to its importance in the composition
of photocatalytic titanium coatings [22, 23].

We find that the rutile fraction (Y,, %) monotoni-
cally decreases from 44.97 to 30.87% with an increase
in the spray distance (d, mm) from 40 to 80 mm. Three
segments of this dependence can be distinguished. The
rate of decrease in the rutile fraction is greatest at small
spray distances (segment 1 in Figure 8). Then, a slow-
down is observed in the middle of the dependence, when
the rutile fraction decreases slightly (segment 2 in Fig-
ure 8). The decrease in the rutile fraction accelerates
with a further increase in the spray distance (segment 3
in Figure 8).

We calculate the linear approximations of dependence
of the phase fractions ¥ (w = R for rutile fraction, w = A4
for anatase fraction, w = O for titanium oxide fraction,
w = T for titanium fraction) on the spray distance (mm):

Yw(d)zkw.d+ YwO’ (1)

where the values of parameter k and Y of Eq. (1) are
presented in Table 4. We plot Eq. (1) in Figure 8 (solid
straight lines) for each phase fraction. Here kw (%/mm)
is the average rate of the w-phase fraction changing with
the spray distance; Y (%) is the conventional value of
the w-phase fraction at zero spray distance.

Table 2
The phase compositions of coatings obtained in different spray regimes corresponding to the Figures 6 and 7
Phase compositions, % Speed of nozzle S -
Anatase Rutile TiO Ti PaSSALE: | gictance, mm | 8"
mm,/min
11.01 50.82 23.15 15.02 1500 40 6,a
29.69 33.25 18.43 18.62 1500 80 6,b
23.11 20.82 27.4 28.63 2000 60 7,a
28.25 33.93 19.78 18.04 600 60 7,b
Table 3
The material characteristics of the allotropic species of titanium dioxide
Anatase Rutile Ti TiO
COD number 96-900-8215 96-900-4142 96-900-8518 96-110-0043
Space group 141/amd(#141-1) P42/mnm(#136-1) P63/mmc(#194-1) A2/m(#12-4)
a, A 3.78920 4.59300 2.95000 5.85500
b, A 3.78920 4.59300 2.95000 9.34000
c, A 9.53700 2.95900 4.68600 4.14200
Volume, A3 136.9326 62.4220 35.3164 215.9890
a,”’ 90.0000 90.0000 90.0000 90.0000
B,° 90.0000 90.0000 90.0000 90.0000
v, ° 90.0000 90.0000 120.0000 107.5300
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Fig. 8. Dependencies of the phase composition of the
coatings formed under different values of the spray
distance and fixed the rest values of the spray process
parameters (including fixed value of the speed of the
nozzle passage 1500 mm/min; see main text for details)

Dependence of the rutile fraction Y (d) allows obtain-
ing that the average rate of the rutile fraction decreasing
with the changing spray distance is about of 0.31 %/mm
(coefficient of determination R*> = 0.887).

We observe that the anatase fraction does not change
significantly. It slightly increases with an increase in
the spray distance, within about of 5% from 19.21 to
25.65% (see Figure 8). The average rate of anatase frac-
tion increasing with the changing spray distance is about
of 0.118 %/mm (R?> = 0.45). The rest observed fraction
show a similar trend. They are slightly increases with an
increase in the spray distance too with average rates are
about of 0.079 %/mm (TiO, R*=0.36), and 0.112 %/mm
(Ti, R? = 0.85). Thus, the growth of the remaining frac-
tions is insignificant and amounts to about 5% with the
same growth rate about of 0.1 %/mm.

It is interesting to note that the sum of the all average
rates of the phase fraction changing is zero (see Table 4):
k,+k,+ k,+ k.= 0. Therefore, we can write relationship
between the average rates of the phase fraction changing
as follows: |k | =k, + k,+ k.

Nanobm

In addition, we note that the straight lines correspond-
ing to the dependences of the titanium and titanium oxide
fractions are almost parallel (see Figure 8), since k, ~ k..
This means that the increase in the fractions of titanium
and titanium oxide is almost the same.

We find that the best fit of experimental data of ru-
tile fraction dependence on the spray distance (markers
in Figure 8) is given by the inverse power law Y, (d) =
264.1/d"* (dash line in Figure 8) with the coefficient of
determination R? = 0.94. This dependence approximates
the experimental data better than the linear equation, for
which R?> = 0.887 (see Table 4, w = R).

In order to describe this equation, we suppose that the
rate of rutile fraction decreasing Y, (the prime indicates
the derivative of ¥, with respect to the spray distance d)
with the changing spray distance is proportional to ¥, and
inverse proportional to the spray distance. Therefore, we
can write following differential equation

)= _p YR 2
Yi(d)= bd (2

where b is the proportion coefficient.
The solution to Eq. (1) is given by

Y, (d) :%, 3)

where a is the integration constant.

We indicated above found using least square method
the values of @ = 264.1 mme« % and b = 0.48. The value
of coefficient of determination is close to one (R?> = 0.94).
This indicates that solution (3) of the formulated equation
(2) is adequately described by experimental data. Thus, we
propose the model of spray process sufficiently describ-
ing dependence of the rutile fraction with the changing
spray distance.

Figure 9 shows change in the phase composition of
the coatings formed under different values of the speed of
nozzle passage and fixed the rest values of the spray process
parameters (including fixed spray distance d = 60 mm).

We observe a nonmonotonic changing the rutile
fraction with an increase in the speed of nozzle passage
(s, mm/min). The maximum of rutile fraction is about
34.16% at s = 800 mm/min.

Two main segments of the experimental dependence
can be distinguished. The first segment is characterized

Table 4
The values of parameters k and Yw0 of Eq. (1)
Phase w k,, %/mm Y, % R?
Rutile R 55.31 0.887
Anatase A 0.118 16.14 0.449
TiO 0] 0.079 17.21 0.363
Ti T 0.112 11.33 0.852
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Fig. 9. Dependencies of the phase composition of the
coatings formed under different values of the speed of
the nozzle passage and fixed the rest values of the spray
process parameters (including fixed value of the spray
distance 60 mm; see main text for details)

by the growth of the rutile fraction to it maximum value
at small values of s (segment 1 in Figure 9). Then, a de-
crease in the rutile fraction from the maximum to 23.29%
is observed with a further increase in the speed of nozzle
passage from 800 to 2000 (segment 2 in Figure 9).

The second segment can be sufficiently approximated
by linear equation (solid straight line in Figure 9) Y, (s) =
41.39 — 0.01«s (R*> = 0.84), from which we obtain that
the average rate of rutile fraction decreasing is about of
0.01 % » min/m with the changing speed of nozzle passage
from 800 to 2000 mm,/min.

We find the parabolic equation (dash line in Figure 9)
Y (s) =23.08 +0.017¢s — 9+ 10~°« s> (R, = 0.84), which can
be used to fit of the experimental data (markers in Figure 9)
over all range of the speed of nozzle passage varying.

In order to describe this parabolic equation, we sup-
pose that the changing of rutile fraction occurs with nega-
tive constant acceleration Y”, (two primes indicate the
second order derivative of Y, with respect to the speed
of nozzle passage s) with the changing spray distance.
Therefore, we can write following second order differ-
ential equation

Y7 (s) = =24, “4)

where A is the acceleration constant.
The solution to Eq. (4) is given by

Y, =Y, —Ae(s—s, )2 (5)

where Y is the rutile fraction maximum at optimal
value of the speed of nozzle passage s, .

Using calculated above parabolic equation, we
find the following values of parameters of Eq. (5): 4 =
9+107°% « (min/mm)?, ¥ =34.19%, s, = 1110 mm/min.
The theoretical values of the maximum of the rutile
fraction and corresponding the speed of nozzle passage
calculated using Eq. (5) are in satisfactory agreement
with the experimentally observed values (34.16%, s, =
800 mm/min). Thus, we propose the model of spray pro-
cess sufficiently describing dependence of the rutile frac-
tion with the changing speed of nozzle passage.

CONCLUSION

We investigated experimentally the influence of the
technology conditions of detonation spraying of coatings
on its phase composition. We form the Ti—TiO, compos-
ite coating on hot-rolled carbon steel St3 substrate. We
varied the spray distance and the speed of nozzle passage
while the rest spraying parameters were fixed.

We found basing on obtained results of XRD analysis
that the phase composition of the coating changes de-
pending on the detonation spray conditions. We observed
that the fraction of rutile exceeds the fraction of anatase in
the obtained samples except for the samples obtained with
the fastest nozzle passage. Results showed that changing
the spray distance and speed nozzle passage did not sig-
nificantly affect the anatase fraction.

We found that the rutile fraction monotonically de-
creases with an increase in the spray distance with fixed
values of the rest parameters of spraying process. We
obtained that the inverse power law fits of experimental
dependence of the rutile fraction on the spray distance.

We observed a nonmonotonic changing the rutile frac-
tion with an increase in the speed of nozzle passage and
found its optimal values. We obtained that the parabolic
equation fits of experimental dependence of the rutile
fraction on the speed nozzle passage.

We proposed two new theoretical models of spray pro-
cess based on differential equations, the solutions to which
sufficiently describe dependencies of the rutile fraction
on the spray distance and the speed of nozzle passage
respectively. We showed that the theoretical values of the
parameters calculated using the formulated equations
are in satisfactory agreement with the experimentally ob-
served values. We found relationship between the average
rates of the phase fraction changing.

We believe that our results can be useful for optimiza-
tion of detonation spray technology to obtain the Ti—TiO,
based coatings with the given phase fractions of rutile and
anatase necessary to ensure the required photocatalytic
properties.
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AHHOTALMA

BBepeHue. [leToHaUVOHHOE HarblneHve sBnseTcsA 3GdEKTVBHbIM METOAOM HAaHECEHUS BbICOKOKAUeCTBEHHbIX MOKPbLITUIA Ha pas-
JINYHbIE MaTepuarsbl, LINPOKO MPMMEHAEMbIM B MPOMbILLIIEHHOCTY ANA NOBbILLEHMA N3HOCOCTONKOCTU U KOPPO3MOHHOW CTOMKOCTM
NnoBepxHOCTeN. B JaHHOM cTaTbe paccMaTpMBaETCA BVAHME KITIOYEBbIX MapaMeTPOB NPOoLecca, Takmx Kak paccToAHMe OT NyLIKX A0
NMOAJIOXKKU 1 CKOPOCTb NMPOXOXKAEHWsA COMa, Ha CTPYKTYPY 1 CBOMCTBa 06pa3yeMbix NOKpbITviA. MaTepuanbl n MeTogbl nccnepno-
BaHuA. Viccnenosarbl nokpbiTva Ti-TiO, Ha ropAYeKkaTaHON yrinepoamncTon ctanu. Bapbupyotca fanbHOCTb HaMblNeHUsA 1 CKOPOCTb
npoxopa conna npu GUKCMPOBaHHbIX OCTaNIbHbIX MapameTpax HarbineHus. [poBeeHbl UCCIEAOBAHMA MOMYUYeHHbIX MOKPbITUN C 1C-
Nosib30BaHVEM PACTPOBOW 3NIEKTPOHHOI MUKPOCKOMUK, PeHTreHoha3oBoN AndpaKLmm, SHEProanCnepCMoOHHON PEHTIEHOBCKOW
CneKTpockonuu. PesynbraTbl 1 06CyKAeHNA. YCTaHOBIEHO, UTO $a30BbIfi COCTaB MOKPbITVA M3MEHAETCA B 3aBUCUMOCTY OT YCII0BUIIA
[ETOHALMOHHOIO HanblneHus. [lons pyTuna npeBbILIAeT JOJI0 aHaTasa B NMosyyYeHHbIX obpasLax, 3a UCKYeHrnem o6pasLos, nony-
UeHHbIX C Hanbonee GbICTPLIM NPOXOAOM comia. [lonsa pyTuia MOHOTOHHO YMEHbLLAETCA C YBENIMUEHNEM AaNIbHOCTN HaMbUIeHWsA
npv GUKCMPOBaHHbIX 3HAUYEHMAX OCTalIbHbIX MAapaMeTPOB npouecca HanbineHus. O6HAPYXeHO HEMOHOTOHHOE M3MEeHEeHMe JoNnu
pyTuna c pocToM CKOPOCTU NPOXofa COoMa 1 HalfeHbl ee onTuMasnbHble 3HauyeHuA. [NpeanoXkeHbl iBe HOBble TeopeTnyecKne
MOZenu npouecca HanblieHUs Ha ocHoBe AnddepeHLManbHbIX YPaBHEHNI, pelleHns KOTOPbIX JOCTaTOYHO MOJSIHO OMUCHIBAKOT
3aBUCMOCTY JONW PyTuna OT AaNbHOCTU HaMblNIEHNA 1 CKOPOCTU NPOXOAA COMNla COOTBETCTBEHHO. 3aKntoyeHume. [lokasaHo, uTo
TeopeTuyecKne 3HauYeHVsA NapameTpoB, PaCCUUTAHHbIE C UCMONb30BaHNeM CHOPMYNIMPOBAHHBIX YPaBHEHWIA, yAOBETBOPUTENBHO
COrNacyTcsa C IKCNEePYMEHTaIbHO HabMIOAAEMbIMY 3HAUEHUAMU.

KJNIO4EBDBIE CJIOBA: Ti-TiO,, KOMMNO3UUMOHHbIE MOKPbITYA, NPOLECC LETOHALMOHHOTO HanblieHNs, $a3oBbIi COCTaB, aHaTas, pyTur,
PEHTreHOCTPYKTYPHBI aHann3, paccTosHmMe HanbliieHNsA, CKOPOCTb MPOXOXAEHUA Ccomna

BNIAFTOAAPHOCTU. ViccnepgoBaHve NpoBeAeHO B paMKax peannsaumnm rocyfapcTBeHHOro 3agaHna MHMCTepcTBa HayKu 1 BbiCLLEro
obpasoBaHua Poccuiickon Oepepaumm Ne FZWN-2023-0006 ¢ ncnonb3oBaHnem obopynoBaHua LieHTpa BbicoKmx TexHonorun ben-
rOPOACKOro rocyAapCTBEHHOIO TEXHONOrMYeckoro yHusepcuteta um. B.I. LLlyxoBa 1 CoBMeCTHOro Hay4HOro LieHTpa «TexHonornm
1 MmaTepuanbl» benropoackoro HaUMoOHaNbHOTO NCCIE[0BATENbCKOrO YHNBEPCUTETA.

AnAa UMTUPOBAHUA:

Cunporta B.B., CaBoTtuenko C.E., Ctpokosa B.B., boHgapeHko [.0., MoaropHbin [.C. BAnAHMe TeEXHONOrMYECKNX YCIOBUIA NONyYeHNA
LETOHALUMOHHbIX MOKPBITUN Ha nX $pa3oBbiit cocTas // HaHoTexHonorum B ctpouTenbctae. 2024. T. 16, N2 5. C. 404-414. https://doi.
0rg/10.15828/2075-8545-2024-16-5-404-414. - EDN: LOONGJ.

BBEAEHUE

OHTI/IMI/I3a]_[I/I$I TEXHOJIOTMICCKIX ITapaMeTPOB HaHe-
CEeHMUSI IOKPBITUI C LIEJIbIO TTOTYYEHUSI TpeOyeMBbIX
€r0 XapaKTePUCTHUK SIBIISICTCST BaXKHOI IPUKIamHOI 3a-
nmaueii [1]. ODHUM U3 IIMPOKO MCIIOIB3YEMBIX METOIOB
HaHEeCeHUSI KePaMUUCCKNX TTOKPBITHIA SIBIISICTCS METO

JIETOHAITMOHHOTO HaMbIICHUSI [2—4], B TOM 9HMCIIe Ha OC-
HOBe IMOKCcHuaa TuTaHa [5—7].

JeToHAIMOHHOE HAIBUICHUE — 3TO IIPOIece, TP
KOTOPOM TIOKPHITUSI (POPMUPYIOTCST ITYTEM YCKOPCHMUS
HaAMOBIJISIEMOTO TTOPOIIKa B3PBIBHOM BOJIHOI, 0oOpa-
3YIOIICHCS TIPU CTOPAHUM TOPIOUYETO ra3a ¢ YacTOTOU
ot 1 mo 100 pa3 B cexyHay. ['optoumii ra3 mocrymaer
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B CTBOJI ITyIIIKHY, Ky/Ia IIOXAeTCsT HATTBUISICMBIi TTOPOIIIOK,
TIOPOIIOK PA3TOHSIETCS W IIPU TTONAaTaHUK Ha TTOIIOX-
Ky 00pa3yeT CIUIOITHOE TTOKPBITHE. [1oayIeHHBIC STHM
METOIOM TTOKPHITHST XapaKTePU3YIOTCS MaJIOi MOpu-
CTOCTBIO, BBICOKOU TNIOTHOCTBIO 1 aITe3MOHHO TTPOY-
HOCTBIO. [1p1t 3TOM B Ka4eCTBE CHIPhSI MOTYT MCITOJIh30-
BaThCSI MUHEPaIbHBIC (M3 CUJTUKATHBIX, aTFOMAHATHBIX
¥ IPYTUX TOPHBIX TIOPOJ), OKCUIHBIC (B TOM YHCJIC CHH-
TETUYECKNE) U METaJUIMIECKIEe TIOPOIIKH. B KadecTBe
TOUTOKEK MOTYT MCIIOJIBb30BAaThCS Pa3IMIHbBIC METAJLIBI
¥ CIUIaBBI, KEpaMUKa, CTPOUTEIbHBIC MaTepualbl (Ha
OCHOBE TTOPTIIAHAIIEMEHTA ¥ MaTHE3UAIBHOTO IIEMEHTA),
CTEKJIO, Pa3INYHbIC TUIACTUKU U TIOJUMEPHBIC CTEKIIA.
OTIeabHO CTOUT OTMETUTH 00JIee BEICOKYIO SKOHOMMYE-
CKYI0 3 (GEeKTUBHOCTb JAHHOTO METO/IA TT0 CPaBHEHUIO
¢ HVOF [8].

KomroueBBIMI TTapaMeTpaMu B TIpoliecce IeTOHAIIN-
OHHOTO HAITBIJICHMS, BIUSIOIINMHA Ha XapaKTePUCTUKHA
TIOJTy9aeMOTO TTOKPHITHSI, SIBIISTIOTCS CKOPOCTH ITPOXOK-
IIEHUS COTUIa TTUCTOJIETa T10 TTOMIOXKKE, JAIBHOCTD Ha-
MBIICHUS, MICITOIb3YeMbIe TOPIOUNE Ta3bl, MOP(hOIOTHS
¥ TeTI0(M3NIECKIE CBOMCTBA MCXOMTHOTO MCIIOJIb3Ye-
MOTO TTOPOIITKa.

MHorure aBTOpPBI UCCIECAYIOT BIUSHAC Pa3TMIHBIX
mapaMeTpoB TIpoliecca IeTOHAITMOHHOTO HAIBIJICHUS
Ha cBolicTBa MokpwiThii [9—11]. B wactHOCTH, aBTOPHI
[12] n3yyatoT BIMSHUE pacxoma TOTUTMBA KMCIOPOIOM
Ha MUKPOCTPYKTYPY N€TOHALIMOHHBIX HAMNbLISIEMbIX
MOKpHITUH. BaustHre mapamMeTpoB IUIa3MEeHHOTO Ha-
NbUIEHKS Ha MATKYIO CTaslb ¢ TIoKpbiTheM TiO, onncano
B [13]. BnugHue teMmepaTyphbl TTOMIOKKN 1 KOJTMYECTBA
TIpeKypcopa Ha CBOMCTBA, B TOM YHMCJIE MUKPOCTPYKTYPY
TOHKMX IIeHOK TiO,, onucano B [14, 15].

Ma30oBEIif cOCTaB C(HhOPMHUPOBAHHBIX TTOKPHITHIA MOXK-
HO KOHTPOJINPOBATh YCIOBUSIMH TIpoliecca HaITbUICHUST
[16]. BaxxHoi1 XapaKTepUCTUKOM SIBJISIETCS COOTHOIIIEHUE
(a3 aHaTaza 1 pyTrIIa WIS TOKPHITAI HAa OCHOBE THOK-
cuga tutaHa [17].

B namreit HegaBHell padote [18] KOMITO3UTHBIE
TOKPBHITUSI HA OCHOBE OKCHIOB THUTaHA OBUIN YCITCIII-
HO TIOJTYYCHBI METOIOM JICTOHAIIMOHHOTO HAITBLICHUS
¥ UCCIIeTOBaHBI X MUKPOCTPYKTYpa, (Da30oBHIi CO-
cTaB U (DOTOKATAIMTUUIECKAasl aKTUBHOCTD. [ToKpeITHE
Ha ocHoBe Ti—TiO, aBnagerca GoTOKATATUTUIECKUM
TTOKPBITHEM, KOTOPOE BKITIOUACT B ce0sT HAHOpa3MepHEIE
YaCTHUIIBI, CIIOCOOHBIC pa3IaraTh MOJIEKYJIbI MHOTHX 3a-
IPSI3HSIOLINX BELIECTB 3a cueT obpazoBanust H, O,

OH-, pasnarag oprannyeckue Beuectsa Ha CO, u H,0,
youBasi BOIOPOCIIM, TPUOKY 1 OaKTEpUU MO AEWCTBUEM
pamvain, yiabTpadroIeTOBOTO MIN BUINMOTO CITEKTpa
[19, 20].

B manHOIi paboTe MBI UccenyeM BIUSHUE YCIOBUI
TEXHOJIOTUY ICTOHAIIMOHHOTO HAITBUICHUSI KOMITO3UT-
Horo nokpeityst Ti—TiO, Ha METAIMYECKYIO TTOUIOXKKY.
[MpumeHsseMast HAMM TEXHOJIOTHSI HAHECCHMS ITOKPHI-
THI METOIOM ACTOHAIIMOHHOTO HAITBLICHUS ITO3BOJISICT
JIETKO BapbHUPOBATh TAKKE TTApAMETPhI, KAK PaCCTOSHIE
OT COIUIa OO0 MTOBEPXHOCTH (IMCTAHIINAS HAITBLICHMS )
1 CKOPOCTD IBIKEHUS coria. HaxoxkmeHne onTuMaib-
HBIX 3HAYCHMI TEXHOJIOTMIECKIX ITapaMeTPOB IIpolIec-
ca IIeTOHAIIMOHHOTO HAITBUICHUS TTO3BOJISICT TTOJIyJaTh
ITOKPBITUS C 3aJaHHBIMU (Da30BBIMU IOJISIMU PYTHIIA
U aHaTa3a, HeOOXOIMMBIMU IJISI oOecTieueHusI Tpedye-
MBIX (DOTOKATATUTUICCKIX CBOMCTB.

METOAbl U MATEPUAIJDbI

B xauecTBe MOIIOXKKY IIJIsI HAHECEHUST TTOKPHITUS
ObLIa BEIOpaHa TopsiaeKaTaHast yrieponrcras ctaab Ct3
(F'OCT 380-2005, Poccust), TOCKOIBKY METAJLTOTIPOIYK-
st u3 Ct3 3aHMMaeT JTUIUPYIOIIee MECTO IO 00bEeMY
BCETO ITOTPeOIsIeMOro YepHOro Metayuia. OTMETHM, 94TO
110 cocTaBy K ctanu Ct3 Hamboree 0J113Ka CTalbh MapKKA
A57036 (ASTM/ASME, CIlIA). CpaBHEHUE 3JIEMEHT-
HOTO COCTaBa 3THX CTaJici TIPUBEICHO B Ta0OI. 1.

HM3roraBamBaanch o0Opas3lbl CTAJId pa3MepoOM
40%40 mMm. Ilepen HambIIEHUEM TOBEPXHOCTH MUIIIEHU
00e3:XKMpUBajIach U IMOABEPrajIach IMMeCKOCTPYITHOI 0Opa-
6oTKe. OO6paboTKa 0OPa3LOB IMTPOBOAMIACH B BO3IYIITHOM
cpene. [TokpeiTusg (popMUPOBAINCH TOJIIIUTHON OKOJIO
100—150 MxM.

71 HambUIEHUST MCITOIb30BAJICS TTOPOIITOK TUTAaHA
Mapku I1TC-1 (OAO «ITomema», Poccus). IlpenBa-
PUTEIBHO METOIOM CHUTOBOTO IIPOCEUBAHUS OTOMpPA-
nack ¢ppakunst 40—60 MxkM. Pe3ybrarsl McciesoBaHus
IPaHyJIOMETPUIECKOTO COCTaBa TUTAHOBOTO ITOPOIITKa
Mapku [1TC-1 (uATerpasbHOEe (ITYHKTUPHAS JIMHUS)
u muddepeHInaTbHOe (CIUIONTIHAS JTUHUS) pacIpee-
JICHUS TI0 pa3MepaM YacTHUII) TIPEICTaBICHBI Ha puC. 1.
PesynbTaThl peHTreHO(a30BOTO aHaIM3a TUTAHOBOTO
ITOPOIITKa IIPUBEICHBI B TIPEABIAYIICi padoTe [18].

®opMupoBaHNUE KOMITO3UIITMOHHOTO TTOKPBITHS Ti—
TiO, ocyIecTBIAIOCH C MCTIOIB30BAHUEM POOOTU3M -
pPOBaHHOTO KOMIUIEKCa ACTOHAIIMOHHOTO HAITbIJICHUS

Tabauya 1
DaemenTHbI cocTas craneii Ct3 u A57036
Si C Mn S Ni Cr Cu N As Fe
C13 0,15-0,3 | 0,14-0,22 | 0,4-0,65| 0,05 | 0,04 0,3 0,3 0,3 | 0,008 | 0,08 | ocraTok
A57036 - 0,25 0,9 0,05 | 0,04 — — 0,2 — — OCTaTOK
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nokpeITrii (000 «MuTenMarmH», . Mocksa, Poccnst),
OCHAIIICHHOTO MHOTOKAMEPHBIM JeTOHAIIMOHHBIM YCKO-
purenem (MKY) [21].

DukcrnpoBaHHBIC 3HAYCHUS TTApaMETPOB HAHECCHUS
TOKPBITHAST pOOOTH3NPOBAHHBIM KOMIUIEKCOM ACTOHA-
IMOHHOTO HAIIBIJICHMS TTOKPBITHIT CICAYIOIINE: ITMHA
ctBoira 300 MM, TaMeTp cTBOJA 18 MM, CKOPOCTD IO~
nmaan rroporka 300 r/4. Pacxomsl KOMITOHEHTOB TOTLTHAB-
HOM cMecH clieaytolue: Bo3nyx — 1,37 M3/4, kucnopon —
2,48 M3 /4, ipomtan (30 %) + 6yran (70 %) — 0,59 /4,
(kamepa cropaHus TIHHAPIICCKON POPMEI).

PaccrostHIe HATTBUIEHUS U CKOPOCTH ITPOX0Ja COTrIa
Bapbupyitorcst ot 40 o 80 mm u ot 600 10 2000 MM/MUH
COOTBETCTBEHHO. HambUIsIeTCST 10 TISITH 00pa31oB IIpKu
KaXXIOM yCIIOBUU. 3a Pe3yIbTaThl M3MEPCHUI TIPUHU-
MalOTCS CpeIHUE 3HAYCHMS 5 UCTIBITAHUIA.

KoHTpOIIb MUKPOCTPYKTYPHI IIOTYUYCHHBIX ITOKPBITHI
OCYIIECTBIISICTCST METOIAMM CKAaHUPYIOIICH 3JIEKTPOH-
HoIt Mukpockormuu (COM) 1 3HepTroauCIIePCUOHHOMK
peHTreHOBCKoM criekTpockonuu (B1C) ¢ ucmonp3oBa-
aueM Tescan MIRA3 LMU (Yexus).

HccnenoBanue (a30BOro cocTaBa IMMOKPHITUS TIPO-
BOIMJIOCH C MICIIOJIb30BAHNUEM PEHTIeHOMIyOpeCIIeHT-
Horo crnekTpomeTpa cepurt ARL 9900 (Thermo Fisher
Scientific, bazens, IIBetinapus). KonmmyecTBeHHBIN
aHaJIN3 OOJIN UACHTU(UIINPOBAHHBIX (ha3 B pEHTTCHO-
IPaKIIMOHHBIX UCCICIOBAHUSIX IIPOBOIMIICS METOIOM
PutBebaa ¢ nCmonb30BaHUEM IIPOrPaAMMHOTO 00ecTIe-
yeHus Siroquantv.3.

PE3YJIbTATbI U OBCYXAEHUE

CyIiecTByeT HECKOIbKO MEXaHN3MOB, XapaKTepU3y-
FOIMX M3MEHEHME TOJN (pa3 B 3aBUCUMOCTH OT PAcCTO-
STHYST HAITBUICHMST K CKOPOCTH OCAKICHMST B TIOKPBITHSIX.
[Ipesxme Bcero, ¢ yBeMMICHUEM PACCTOSTHIS HATTBUICHMST
YMEHBIIIAETCST TEMIIepaTypa IIOTOKa, KOTOPBIi ITOITagacT
Ha TIOIIOXKY. Takke ¢ yBeIMICHUEM PACCTOSTHUS Ha-
MBIJICHUS] YMEHBIITACTCS KWHETUIEeCKast SHEPTHUS YaCTHI]

ITOPOIITKa. DTO CHIKACT TeMIIEpaTypy IIPHU Iepexoe
KIMHETUIECKOI SHEPTUH ITOPOIITKA B TETUIOBYIO SHEPTHIO.

BaxkHa Tak:Ke CKOPOCTb IIPOXOXKICHHUS COTLIA TTCTO-
nera. C yBeIMYEeHNEM CKOPOCTH YMEHBIIIACTCS BpEeMsI
BO3ICIICTBUSI IIOTOKA HA TTIOBEPXHOCTH ITOUTOXKKHN. B Xome
9TUX Tporeccos (pasosbie nepexonnl Ti ~ TiO mpouc-
XOISIT MEHee MHTEHCUBHO WJIM HE TIPOMCXOISIT BOOOIIIE
W3-3a CHIDKCHUS TeMIIepaTypsl IIpu GOPMUPOBAaHUN
TTIOKPHITHS.

Pesynmbrater DJC 1 COM aHanmm3a KOMITO3UT-
HbIX MOKpbITUi Ti—TiO, npeacrasiaeHsl Ha puc. 2—3.
Ha caumkax COM ¢ BunumbiM tosieM 1000 1 5000 Mxm
(puc. 2—5, 6, ¢) BUIHA pa3BUTasl IIOBEPXHOCTD, TIpe-
cTaBJICHHAsI B OCHOBHOM OKCHIaMU THTaHa C IIapOBHI-
HBIMY BKJTIOYEHUSIMH TUTaHa pa3sMepoM 5—25 mxm. [Tpu
YBEIMICHUH 10 BUAUMOTO 10J1s1 100 MKM (puc. 2—5, 6)
HaO0JTI0MaeTCsT paBHOMEPHOE pacIIpeieJIcHIEe pa3IMIHbBIX
¢a3 (Ti-TiO ) ¢ nnaBubiMu niepexonamu. [pu aTom
CTPYKTypa TIOBEpXHOCTHU OoJiee pa3BUTa, YeM Ha Ma-
KpodoTorpadusx, 9To 00yCIOBICHO Pa3IeTOM YaCTHUI]
TUTaHa TP TTOITaJaHN1 UX Ha TIOBEPXHOCTb.

O6pa3ylommnecst «TUTAHOBBIE OPBI3TH» UMEIOT TCH-
IEeHIINIO YCUINBATh OKUCICHIE ¢ 00pa30BaHMEM BBIC-
wmx okeunos turana (TiO,, Ti,O,, Ti,O....). [Ipu sTom
B MeCTax yJIapa 9acTo BUIHBI IUICHKU B BUIE METALIN-
4eCKOro TuTaHa u ero Husumx okeunos (Ti O, Ti,0...),
YTO BUIHO II0 TJTABHOMY M3MEHEHUIO OTTEHKOB M30-
OpaskeHUs MEXIY METaJUTMICCKIM TUTAHOM M BBICIIIIM
okcunoM (TiO,).

DT10T hakT monrBepxkaaoT u D C-cHUMKH, TIpeI-
CTaBJICHHBIC Ha puc. 2—5, a. Ha 3THX CHUMKax BUIHO Xa-
OTUYHOE pacIipeneicHe KaK TUTaHa, TaK U KUCJIOPOIa.
I1pu 3TOM Ha CHIMKaX BU3YaJIbHO Pa3TNINMEBI 3 OCHOB-
HBIX OTTEHKA, KOTOPHIC TIPEACTABICHBI METAJUTMUCCKIM
TUTAHOM, TNOKCUIaMU TUTaHa (aHaTa3, pyTUJI, OPYKHUT)
u niepexonHoi ¢asoii TiO , roe x = 0,7—1,3.

PesynpraTer anamm3a COM MMO3BOJISIOT TOTYIUTh YC-
PEIHEHHBII 3JIEMEHTHBIN COCTaB TIOKPBITUM M3 BUIIMO-
ro 1ot 1000 MKM, HaTIBIJIEHHBIX IIPY Pa3HbBIX PEXKMMAaX.
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250um

Puc. 2. DJIC (a) u COM-u3o6paxenus ¢ BuauMbiM nosieM 100 mxm (0), 1000 mxm (B), 5000 MKM (r) MOKpPBITHIA,
MOJTyYEeHHbIX NMPU CKOPOCTH NMPoXoxKaeHus comia 1500 Mm/MuH 1 iucTaHnmu HanbLieHus 40 Mym

Puc. 3. DJIC (a) u COM-u300paxenus ¢ BuaumbiM nosiem 100 mxm (6), 1000 mxm (), 5000 MKM () HOKPBITHI,
MOJIyYEeHHbIX MPH CKOPOCTH MPOXoxKaeHus comia 1500 Mm/MUH 1 AMCTaHIMK HATbLIeHHS 80 MM
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Puc. 4. DJIC (a) u COM-u300paxenus ¢ BuaumbiM nosiem 100 mxm (6), 1000 mxm (8), 5000 MKM () HOKPBITHI,
MOJIy4EHHBIX MPH CKOPOCTH MPOXO0KAeHH comia 600 MM/MUH U IUCTAHIMA HANbLIEHUs 60 MM

Puc. 5. 9JIC (a) u COM-u300paxkenus ¢ BuaumbiM nosiem 100 mxm (6), 1000 mxm (8), 5000 MKM () HOKPBITHI,
MOJIy4EeHHBIX MPH CKOPOCTH MPoXoxKaeHus comia 2000, MM/MHH U TUCTAHIMA HANbLIEHUs 60 MM
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B yactHOCTH, IIpU YBEIMYEHUH PACCTOSIHUST HATIBLICHUST
oT 40 mo 80 MM IIpM MOCTOSTHHOI CKOPOCTHU TIPOXOXKIE-
HUS TeTOHAIIMOHHOTO corura 1500 MM/MUH CpeaHsIs
JOJIST TUTaHa yBeamuraachk Ha 1,8% (¢ 39,3 mo 37,5%),
a CpelHsIst JoJIsT KUCaopoaa yMeHbliuiaach Ha 1,7%
(c 62,3 10 60,6%). CiegoBateibHO, yABOEHUE PACCTOSI-
HMS HATIbIEHUS! IPUBOIMT K YBEJIMYEHUIO CPEAHEM 101
TUTaHA IPUMEPHO Ha 2% 1 yMEHbILIECHUIO CPEIHEN 101
KHCJIOPOa IIPUMEPHO Ha TAKYIO 3K BEJIUYUHY.

CpenHsist 10Js1 TUTaHa cHusuiaach Ha 4,7% (c 48,0
10 43,3%), a cpenHsist D0JisI KACJIOPOAa YBEJIUUMIACh
Ha 3,8% (c 51,8 mo 55,6%) npu yBeJIMYEHUU CKO-
POCTH IPOXOXKAEHUsSI J€TOHALIMOHHOro coria ¢ 600
1o 2000 MM/MUH TIpHA TTOCTOSTHHOM TMCTAaHIIMU HAIThI-
nenust 60 mm. Clie1oBaTeIbHO, YBEIMYEHUE CKOPOCTHI
MPOXOXIEHUSI IETOHALIMOHHOIO coIlia 6ojiee yeM B 3,3
pasa IpUBOIUT K YMEHBIIEHUIO CPEeAHEN O TUTAHA
U YBEJIMYEHUIO CPEIHEN J0IM KUCI0pOoAa IPUMEPHO
Ha4—5%.

Taxuie BbIBOJbI ITO3BOJISIIOT IIPEAIIONIOXUTH CYIIE-
CTBOBaHUE JUHEWHOW 3aBUCUMOCTU CPEAHUX TOJEH
TUTaHA U KUCJIOPOIA B IOJIy4aeMbIX IIOKPBITUSIX OT Ta-
KHMX TEXHOJIOTUYECKUX IMapaMeTPOB HaIlbLICHUs, KaK
JIUCTAHLIWS HAMTBUIEHUSI U CKOPOCTh IBVXKEHUSI COILIA.

PesynbraThl peHTreHO(ha30BOro aHaIM3a ITOKPHITHIA
MpeACTaBIeHbI Ha puc. 6 1 7. YUUTHIBAETCS OCHOBHOM
(hbazoBbIit cocTaB c(hOPMUPOBAHHOIO MOKPBITHSL: PYTHIL
(TiO,), anaras (TiO,), okcun turana (TiO) u Turan (Ti)
(cM. Tabm. 2).

Ha puc. 6 nmokasanbl AugpakTorpaMMbl IBYyX I10-
KPbITUIA, CHOPMUPOBAHHBIX IIPY (PUKCUPOBAHHOM CKO-
pocTu mpoxoxkaeHus cora 1500 M/MUH U pa3IMIHBIX

paccrostHusIX HarmbuteHnsT 40 1 80 MM COOTBETCTBEHHO.
Ha pwuc. 3 moka3anbl g paKTOrpaMMBbI IBYX ITOKPHI-
THA, chOpMHUPOBAHHBIX TIPY (PUKCHUPOBAHHOI CKOPOCTH
IIPOXOXIeHUS cotuia 20 MM M pa3TUYHBIX 3HAUCHUSIX
ckopocTH mpoxoxaeHus coruta 600 u 2000 MM/MUH co-
OTBETCTBEHHO.

Pe3ynbraThl peHTTeHOCTPYKTYPHOTO aHaIM3a I10-
KPBITUIA TTOKA3aJI1, 9YTO OTHOCUTEIIbHASI MTHTCHCUBHOCTD
IMMKOB CYIIECTBEHHO MCHSIETCS IIPU M3MEHEHNHU (a-
30BOTO COCTaBa. DTO MO3BOJISICT CIEIaTh BEIBOI 00 M3-
MEHEHHNH (Da30BOT0 COCTaBa IMTOKPBITHS B 3aBUCUMOCTH
OT YCJIOBHI1 IE€TOHALIMOHHOTO HambIIeHUS. J10JIsT pyTiia
IIPEeBBIIIACT JOJI0 aHaTa3a B MOJIYYCHHBIX 00pa3Iax,
3a UCKIIIOUCHHEM O0pa3IloB, IMOJYYeHHBIX TP CAaMOM
OBICTPOM ITPOXOXKICHUHU COILIA.

B 1a61. 3 mpuBencHBI MaTepraIbHBIC XapaKTEePUCTH-
KI aJUTOTPOITHBIX Pa3HOBUIHOCTEN JTMOKCHIA TUTAHA,
B YaCTHOCTH ITapaMeTPhI PEIICTKH 3JIeMEHTApHOM sTueii-
KU1, a TAK3KEe TUTIBI U PACIIOJIOXKEHIE aTOMOB B 3JIEMEH-
TapHOWU sSYeiKe.

Ha puc. 7 nokazaHo usMmeHeHue (Ga3oBOro cocTaBa
IMOKPBITUI, c(hOPMUPOBAHHEIX TIPU PA3IMIHBIX 3HA-
YeHMSAX OTUCTAHIIMK HANbUICHUS U (PUKCUPOBAHHBIX
OCTaJIbHBIX 3HAUYCHMSIX ITapaMeTPOB IIpoliecca Hallbl-
JIeHus (BKIIOYast (UKCHpOBaHHOE 3HAYCHUE CKOPOCTHU
nBroKeHmsI corta 1500 mv/MuH). Jlanee cocpeaoTounmM-
¢sI Ha U3MCHEHUH JTOJIN PYTUJIa B CBSI3U C €€ BAXKHOCTBIO
B coCcTaBe (POTOKATATUTUUCCKUX TUTAHOBBIX TTOKPBITHMA
[22, 23].

Mpz1 o6Hapyxuu, 9to gons pytuna (Y,, %) moHo-
TOHHO YMeHbIaeTcst ot 44,97 no 30,87% c yBenmuueHueM
nmuctaHmuy HanmbuteHus (d, mm) ot 40 mo 80 MM. MoxHO
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Puc. 6. PentreHoBckue aAudpakrorpaMmMbl (MHTEHCHBHOCTb, OTH. €]1., B 3aBUCHMOCTH OT 20,°) NOKPBITHIA, MOTy4eH-
HBIX NpH (PUKCHPOBAHHOI CKOPOCTH JABIZKeHHs comia 1500 MM/MuH 1 pa3IMIHOI TUCTAHIIMM HANbLIEHH: a) 40 MM;

6) 80 mM. Da30BkIii cOCTaB MpeACTaBIeH B Ta0. 2
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Puc. 7. PentreHoBcKHe nu)pakTorpaMmMbl (HHTEHCHBHOCTD, OTH. €]I., B 3aBUCHMOCTH OT 20, ") MOKPbITHIA, MOIy4eH-
HBIX NPH (PUKCHPOBAHHOM PACCTOSIHHI HANBLIEHHSI 60 MM M Pa3JIMYHBIX 3HAYEHUSIX CKOPOCTH MPOXOXKIEHHS COIIA:
a) 2000 mm/MuH; 6) 600 MM/MuH. Da30BbIil COCTAaB MpeACTaBlIeH B Ta0I. 2

Tabauya 2
®a3oBble COCTABBI MOKPBITHIA, OJYYEHHbIX IPH PA3JIHYHBIX PEKMMAX HANbBLIEHHS, COOTBETCTBYIONIME puc. 2 1 3
da3oBblii cocTaB, % CkopocThb P
aCCTOSTHUE
MPOXOKIEHUS Puc., Ne
Anaras Pyrun TiO Ti comia, MM/MuH HanbLICHUA, MM
11,01 50,82 23,15 15,02 1500 40 6a
29,69 33,25 18,43 18,62 1500 80 60
23,11 20,82 27,4 28,63 2000 60 7a
28,25 33,93 19,78 18,04 600 60 76
Tabauya 3
XapakTepuCTHKH PEIIeTOK A/LTOTPOMHBIX MOAU(DUKAIMIA THOKCHIA THTAHA
AHata3 Pyrun Ti TiO
Noe COD 96-900-8215 96-900-4142 96-900-8518 96-110-0043
?p‘;i?;’aHCTBGHHa” [41/amd(#141-1) | P42/mnm(#136-1) | P63/mmc(#194-1) |  A2/m(#12-4)
a, A 3,78920 4,59300 2,95000 5,85500
b, A 3,78920 4,59300 2,95000 9,34000
c, A 9,53700 2,95900 4,68600 4,14200
O6béM, A3 136,9326 62,4220 35,3164 215,9890
a,”’ 90,0000 90,0000 90,0000 90,0000
B, ° 90,0000 90,0000 90,0000 90,0000
Y, ° 90,0000 90,0000 120,0000 107,5300
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Kommrvwectno ¢asbl, %o

30 45 60 75 90

Paccrosiane HallbICHHA, MM

Puc. 8. 3aBucumocTu (hazoBoro coctaBa moOKpbITHIA,
¢()OPMUPOBAHHBIX NPH PATUYHBIX 3HAYEHUSIX TUCTAH-
MU HANbLIeHUs1 U GUKCHPOBAHHBIX OCTAJIBHBIX 3HAYE-
HUSIX MApaMeTPOB Mpolecca HanmbLIeHHs (BKJTIovas (prk-
CUPOBaHHOE 3HAYEHME CKOPOCTH JABVKEHMUSI COTIA
1500 MM/MUH; TOAPOOHOCTH CM. B OCHOBHOM TEKCTE)

BBIICUTH TPU yJacTKa 3TOU 3aBUCUMOCTH. CKOPOCTH
YMEHBIIICHUS TOJIM PYTUJIa HAMOOJIBIIAS TIPU MaJIBIX
MUCTAaHIIMSIX HAITBIICHUS (YyJ9acTok 1 Ha puc. 8). 3aTteM
HaOII0maeTCs 3aMeVICHNE B CepeIrHe 3aBUCUMOCTH,
KOT/Ia TOJISI PYTHJIa HECKOJTBKO YMEHBIITACTCS (YIACTOK 2
Ha puc. 8). YMeHbIIeHNEe JOIU PYTHIA YCKOPSIETCS
C TaJIbHEHIINM YBEJTMUCHUEM PACCTOSTHUS HAITBIICHUS
(ygacTok 3 Ha puc. 8).

PaccuutbiBacM TMHEITHBIC alIIPOKCUMAIINHT 3aBUCH-
MOCTH (ha3oBbIX Hojiei ¥ (w = R Ui hpakiinu pyTIa,
w = A mns1 hpakumy aHatasa, w = O 151 ppaKIuy OKCH-
Ia TuTaHa, w = T 1t (hpaKIuy TUTaHAa) OT PACCTOSTHMS
HaIBIICHUS (MM):

Y(d)=k,d+ Y, (1)
e 3HauyeHus napamerpa k u Y ypaBHeHwus (1)

npencTasieHBl B Ta0. 4. IToctpoum ypaBHeHHE (1)
Ha puc. 8 (CIUIOLIHbIE MPSIMbIE JIMHUU) IS KAXKI0M

(bazosoii momu. 3neck k, (%/MM) — CpPeIHAs CKOPOCTh
M3MEHEHUSI TOJIU W-(a3bl C PACCTOSIHUEM HaIlbUICHUSI,
Y, (%) — ycnoBHOE 3HaY€HME TOJIU W-(Dasbl TIPU HyJle-
BOM PACCTOSIHMU HAIIbUICHUSI.

3aBUCUMOCTb 101 pyTuia Y, (d) mo3Bosser nouy-
YUTh, YTO CPEAHSISI CKOPOCTb YMEHBIIECHMS TOJIU PYTHU-
J1a ¢ UI3BMEHEHUEM PAaCCTOSIHUSI HATIbIICHUS COCTABJISIET
okoi10 0,31, %/MM (Koo duiimeHT netepMuHanuu R> =
0,887).

MBI BUIMM, YTO IOJIS aHATa3a CYLIECTBEHHO HE Me-
Hsetcss. OHa HEMHOTO YBEJIMUMBAETCS C YBEJIMYEHUEM
pacCTOsIHUSI HAIIbUICHUS, B Ipeeiax okoo 5% ot 19,21
110 25,65% (cm. puc. 8). CpeaHsist CKOPOCTD YBEJIUYEHMS
JIOJIM aHATa3a C U3MEHEHMEM PACCTOSIHUSI HAITbLICHUS
cocranisiet okosio 0,118 %/mwm (R? = 0,45). OctanbHbie
Ha0JII0IaeMble TOJIU [TOKA3bIBAIOT AHAJIOTUYHYIO TEHICH -
uuio. OHU TaKXKe HEMHOTO YBEJIMYMBAIOTCSI C YBE/IMUE-
HMEM PAaCCTOSIHUS HAMBLIEHUSI CO CPEIHUMU CKOPOCTSI-
mu okosio 0,079 %/mm (TiO, R* = 0,36) u 0,112 %/Mm
(Ti, R>=0,85). TakuM 06pa3oM, pOCT OCTAJIbHBIX TOJIEI
HE3HAYMTEJIEH U COCTABIISIET OKOJI0 5% C TOi XKe CKOpO-
cThI0 pocTa 0K0J10 0,1 % /MM.

HMHTEpecHO OTMETHUTD, YTO CyMMa BCeX CPEAHUX
CKOpOCTE M3MeHEeHUs A0Ju (ha3bl paBHA HYJIO (CM.
1abn. 4): k, + k, + k, + k.= 0. I[loaTOMy MOXHO 3a-
IMMCATh 3aBUCUMOCTb MEXIY CPEAHUMU CKOPOCTSIMU
U3MEHEHUS 10K (a3 caemyrommm odpasoM: [k R| =k T
k,+ k.

Kpome Toro, OTMETUM, YTO IIPSIMbIE, COOTBETCTBY-
IOLLME 3aBUCUMOCTSIM JOJIM TUTAHA U OKCHUA TUTaHa,
MPaKTUYECKU MapajiebHbl (CM. pUC. 8), MOCKOJIbKY
k, = k. DTO 0O3HaYaeT, 4TO MPUPOCT AOJIM TUTAHA U OK-
cua TUTAHA IIPAKTUYECKHU OAMHAKOB.

Mbl 00HAPYXMIIM, YTO HAUJIYy4lllee COOTBETCTBUE
SKCIICPUMEHTAIBHBIM JaHHBIM 3aBUCUMOCTH JOJIU PY-
TUJIA OT PACCTOSIHUSI HAIbUIEHUsT (MapKephl Ha puc. 8)
naeT oOpaTHasi CTENEHHAs 3aBUCUMOCTD Y, (d) = 264,1/
d*?® (ITpuxoBas IMHUS Ha puUcC. 8) ¢ KOdhPULIMEHTOM
perepmuHanuu R? = 0,94. DTta 3aBUCUMOCTD Jydlle
aMmnpoKCUMUPYET IKCIIEPUMEHTAIbHbIE JaHHBIE, YeM
JIMHEWHOE ypaBHeHUe, 111 Kotoporo R? = 0,887 (cMm.
Tabn. 4, w=R).

11 onucaHust 5TOro ypaBHEHUsI MbI IIPEATIOJIaraeM,
4TO CKOPOCTb YMEHBIIEHUS N0JIM pyTHiIa Y, (IuTpux
YKa3bIBAET MMPOU3BOIHYIO Y, IO PaCCTOSHUIO Hallbl-

Tabauya 4
3Hayenusi napamerpos k u Y | ypasHenus (1)
®a3za A k,, %/mm Y, % R?
Pytun R 55,31 0,887
AHaTta3 A 0,118 16,14 0,449
TiO 0] 0,079 17,21 0,363
Ti T 0,112 11,33 0,852
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JIeHus d) Ipyu M3MCHCHUM PAaCCTOSTHUS HAITbUICHUS
NpONoOpLKMOHaibHa ¥, 1 06paTHO MPONOPUMOHAIbHA
paccTossHIIO HambuieHUs. [1o3ToMy MOXKeM 3aImcaTh
caenyroliee nuddepeHINaTbHOE YPaBHEHIE

vy = _p Yk 2
Yeld)=—-b— (2

rie b — Ko PUIMEHT ITPONOPIINH.
Pemenne ypaBHeHUS (1) mMeeT BUI

Y, (d) = ﬁ, 3)

1€ @ — KOHCTAaHTa MHTEIPUPOBAHUSI.

Bhpiiiie MbI yKa3aiay HaiiieHHbIE C IIOMOILBIO METOAA
HAMMEHbIIIMX KBaApaToB 3HaYeHUs a = 264,1 MM+« %
u b = 0,48. 3HaueHune Koa(ppuimeHTa feTepMUHALIUINA
61u3Ko K enquHule (R? = 0,94). BTO rOBOPUT O TOM, UTO
pemrerue (3) chopMyIMPOBAaHHOTO YpaBHEHUS (2) amek-
BaTHO OIMCBIBAETCS DKCIIEPUMEHTAIbHBIMU JAHHBIMM.
Takum 00pa3oM, MbI IIpeUIaraeM MoJesIb Ipoliecca Ha-
MbUIEHUS, B JOCTATOYHOM CTEIIEHU OIMUCHIBAIOLIYIO 3a-
BUCUMOCTD JIOJIM PYTHUJIA IPU U3MEHEHUU PACCTOSTHUS
HAIbLUICHMSL.

Ha puc. 9 mokaszaHo n3MeHeHHe (a30BOro cocTaBa
MOKPBITUIA, CHOPMUPOBAHHBIX IIPY Pa3IMYHbBIX 3HAUE-
HUSIX CKOPOCTH IIPOXOKICHUSI COILIA ¥ (DUKCUPOBAHHBIX
OCTaJIbHBIX 3HAYEHMSIX ITapaMeTPOB IIpoliecca Hallbl-
JIeHUs (B TOM uucie npu (UKCUPOBAHHOMW AUCTAHIIUMU
HanbuieHus d = 60 Mm).

Hab6:romaetcss HEMOHOTOHHOE M3MEHEHUE IO PYy-
THJIA C POCTOM CKOPOCTH IIPOX0Ja Coruia (s, MM/MUH).
MakcruMyM JIOJIA PyTHJIa COCTaBIIsIET OKoJIo 34,16 % nipu
s = 800 MM/MUH.

MOKHO BBIIEIUTH IBAa OCHOBHBIX y4acTKa 9KCIIe-
pUMEHTaIbHOM 3aBUCUMOCTU. [lepBblii y4acTOK Xapak-
TEPU3YETCsl POCTOM AOJM PyTUJIa O MAKCHUMAJIbHOTO
3HAYEHUSI IIPY MaJIbIX 3HAaYEeHMSIX § (yyacTok 1 Ha puc. 9).
3aTeM HaOJIIOAAETCSI CHUKEHUE HOJIM PYTUIA OT MAKCH -
myMa 110 23,29% npu gajabHEMIIeM yBEJIMYeHUU CKOPO-
ctu rmpoxona corwia ot 800 mo 2000 (ygacTok 2 Ha puc. 9).

Bropoii y4acTOK MOXHO OOCTaTOYHO TOYHO all-
MIPOKCUMUPOBATh JIMHENHBIM YpaBHEHHEM (CILIOLIHAS
npamMas Ha puc. 9) Y, (s) = 41,39 — 0,01 +s (R* = 0,84),
13 KOTOPOTO IMOJIy4aeM, YTO CPEIHSIS CKOPOCTb YMEHb-
LIECHUS TOJIM pyTUIa coctanisieT 0kojo 0,01, % ¢ MuH/M
Ipu U3MEHEHUU CKOPOCTH Ipoxona coria ot 800
1o 2000 MM/MWH.

Haxonum mapabosnyeckoe ypaBHeHHUE (IUTPUXOBast
JmHMA Ha pUC. 9) Y, (s) = 23,08 + 0,017 5 — 910705
(R* = 0,84), KoTOpOE MOXHO MCIIOJb30BATD JJISI AIl-
TIPOKCUMAIINU SKCIIEPUMEHTATBHBIX JaHHBIX (MapKephl
Ha puc. 9) BO BceM AMana3oHe U3MEHEHMS CKOPOCTH
MIPOX0/a COILIA.

151 orKcaHust 3TOTO MapaboIM4eCKOro ypaBHEHUs
MPEIOI0XUM, YTO U3MEHEHUE J0JIM PYTUJIA IIPOUC-

—&— Amnartas
—B— PyTHn

KomiiecTBo dasel, %
[R]
L
1

15

400 700 1000 1300 1600 1900 2200

Paccroanie NMPOXOKICHHA COILTa, MM/MHIH

Puc. 9. 3aBucumocTu (a30B0ro cocraBa NOKPbITHIA,
c()OPMHUPOBAHHBIX NMPH PA3TUYHBIX 3HAYEHUSIX CKOPOCTH
npoxo/a comia U GUKCUPOBAHHBIX OCTAJIBHBIX 3HAYEHH -
SIX MApaMeTPOB Mpolecca HanmbLIeHus (BKJIovast (huK-
CHUPOBAaHHOE 3HAYEHUE PACCTOSIHUS HaTbLUIeHUs 60
MM; IMOAPOOHOCTU CM. B OCHOBHOM TEKCTE)

XOIMT C OTPULIATEbHBIM OCTOSHHBIM YCKOPEHHEM Y7,
(mBa mTpUXa yKa3bIBaloT Ha IIPOU3BOIHYIO BTOPOTO I10-
psAiKa OT Y, 10 CKOPOCTH MPOXOXIEHUSA COIUIA S) MIPU
M3MEHCHHNU PACCTOSTHUS HaITbUIeHUs. [1o3ToMy MOXHO
3ammcaTh cienymollee muddepeHIINaTbHOe YpaBHEHIE
BTOPOTO TTOpSIAKA

Y7 (s) = =24, “)

rae A — KOHCTaHTa YCKOPEHUsI.
Pemenne ypaBHeHUS (4) IMEET BUI

Y,=Y —Ae(s—s,), (5)

rae ¥ — MakCMMyM JI0JIM PYTUJIa IIPU ONTUMATbHOM
3HAYEHUU CKOPOCTH IIPOXOXKIEHMS COILIA S, .

Hcrmonp3ys pacCunMTaHHOE BBIIIE TTapadoIIecKoe
ypaBHEHME, HaXOIUM CJICAYIOIINE 3HAUYCHIS TTapaMeTPOB
ypaBHeHus (5): A= 9+107°% * (min/mm)?, ¥ = 34,19%,
s, = 1110 mm/Mun. TeopeTryeckre 3HaYEHUsI MAKCH -
MyMa JOJIM PYTHJIa ¥ COOTBETCTBYIOIINE UM CKOPOCTH
TIPOXOKICHMUSI COTIIA, PACCINTAHHBIC C MCITOJTb30BAHNEM
ypaBHEHU (5), YIOBICTBOPUTEIIEHO COTTIACYIOTCS C DKC-
IepUMEHTaIbHO HabmogaeMbiMu 3HaueHussMu (34,16%,
s, = 800 mm/MuH). Takum 06pa3oM, MpeUIOKEHA MO-
IIeJIb TIpoIiecca HAIBIJICHUSI, B TOCTAaTOYHOM CTEIICHU
OIMMCHIBAIOIIAS 3aBUCUMOCTh JOJIM PYTHIa OT M3MEHE-
HHS CKOPOCTH IIPOXOJIa COTIIA.
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BbIBOJbl

DKCHepUMEHTAIBHO UCCIEI0BaHO BAUSHUAE TEX-
HOJIOTUYECKHX YCIOBUI TETOHAIIMOHHOTO HAITbIJIe-
HUS MOKPBITUIT Ha ero ¢a30BbIil cocTtaB. Dopmupo-
BaJu KOMMIO3ULIMOHHOE MMOKPBITUE Ti—TiO2 Ha To-
pssYeKaTaHOW MOMJIOXKE M3 YIJIEePOIUCTON CTall
Cr3. I3MeHsIIM JaTbHOCThH HAITBIEHUS U CKOPOCTD
MpoXoJa CoTjia, OCTaIbHBIE TapaMeTPhl HallbLJIEHUS
(UKCUpOBaHHI.

Ha ocHOoBaHUM MOy4YeHHBIX PE3yJIbTaTOB PEHTIE-
HOCTPYKTYPHOTO aHaJIM3a YCTAHOBJIEHO, UYTO (Da30BBIiA
COCTaB MOKPBITUS U3MEHSIETCS B 3aBUCUMOCTH OT YCJIO-
BUIA IETOHALIMOHHOTO HAITBIJIEHUSI. 3aMeUeHO, YTO 0TI
pyTHIIa TIpEBbIIIAET JOJTIO aHATa3a B IMTOJTYYEHHBIX 00pa3-
1ax, 3a MICKJTIOUeHEM 00pa3IioB, MOJYYeHHBIX C CAMBIM
OBICTPBLIM ITPOXOIOM cOTUIa. Pe3ybTaThl moKa3aiu, 4To
M3MeHEHNE TaJIbHOCTH HATbUIEHUS I CKOPOCTH MPOXOaa
COIlIa He OKa3bIBAET CYIIECTBEHHOTO BIIMSTHUS HA JTOJIO
aHaTa3za.

OOHapyXMIIU, YTO OOJS PyTHUJa MOHOTOHHO
YMeHbIIIaeTCs ¢ yBeJIMYEHUEM PACCTOSHUS HaIlbl-
JIEHUST IpU (PUKCUPOBAHHBIX 3HAUYEHUSIX OCTATbHBIX
nmapaMeTpoB mpoinecca HambuieHud. [Toxyunnan, 9To
0OpaTHBIN CTEMEHHOM 3aKOH COOTBETCTBYET DKCIIE-

CMUCOK NCTOYHUKOB

PUMEHTAJIbHOM 3aBUCUMOCTHU JOJIU PYTUIA OT pac-
CTOSIHMSI HAITbLJICHUS.

Ha6monany HEMOHOTOHHOE U3MEHEHUE TOJIU PyTIIIa
C POCTOM CKOPOCTHU MPOXOKAEHUS COILIa U HALLUIK €r0
ONTHUMAaJIbHbIE 3HaYeHMsI. MbI ITOJIy4YIIU, YTO IapaboIIn-
YeCKOE ypaBHEHHME COOTBETCTBYET DKCIIEPUMEHTAIbHOM
3aBUCHUMOCTH IOJIM PYTHIA OT CKOPOCTH ITPOXOKIECHUSI
coIuia.

MBI TIPEIOKIIIN IBE HOBbIE TEOPETUYECKIE MOIEIN
Ipolecca HalblUICHUSI Ha OCHOBE AuddepeHIInaTbHbIX
ypaBHEHUIA, pellleHNsI KOTOPBIX JOCTATOUHO XOPOIIIO
OIMCHIBAIOT 3aBUCUMOCTH JIOJIM PYTUIa OT PACCTOSIHUSI
HAIbLJICHUS] U CKOPOCTH IIPOXOXKIEHMSI COILIa COOT-
BeTcTBeHHO. [loka3aau, 4TO TeOpeTUUYECKHE 3HAYE-
HUS [TapaMeTPOB, PaCCUMTAHHBIE C UCITOJIb30BaHUEM
c(hopMyIUPOBAHHBIX YPABHEHUI, YIOBIETBOPUTEIHHO
COIIACYIOTCS C 9KCIIEPUMEHTAIbHO HAOIIOAAEMbIMU
3HaYeHUsIMM. Hanuiy B3auMMOCBSI3b MEXIY CPEIHUMU
CKOPOCTSIMU M3MEHEHMSI 1011 (a3.

[Tonaraem, 4TO MMOJIyYeHHBIE PE3YIbTAThl MOTYT OBbITh
MOJIE3HbI IJIs ONTUMU3ALKMU TEXHOJOIMU IeTOHALIM -
OHHOI'O HAIBUICHUS C LEJIbIO MTOJYyYEeHUs MOKPHITUI
Ha ocHoBe Ti—TiO, ¢ 3amaHHbIMKU (PA30BBIMU JOJIAMU
pyTwia U aHaTa3a, HEOOXOAUMBIMU 711 00ECIIeUYeHUS
TpeOyeMbIX (POTOKATATUTUYECKUX CBOMCTB.
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ABSTRACT

Introduction. The effect of adhesion additive and nature of filler on fatigue life and interfacial interaction in mastic is analyzed in
this paper. Materials and methods of research. Frequency sweep from 0.1 to 100 rad/s at strain 0.05% at temperatures from 30 to
—-10°C with a step 10°C and cyclic tests (LAS test) at temperatures from 16 to 1°C with a step 3°C for bitumen grade BND 100/130 and
mastics based on it, containing fillers of different nature, were performed on the dynamic shear rheometer. Mastics were prepared
by mixing bitumen (3 min; 160°C and 600 rpm) and filler (filler volume fraction — 0.275). Adhesion additive in an amount of 0.7%,
was introduced into bitumen before the filler to investigate the effect of AD on the properties of bitumen and AB. The damage
characteristic curve under cyclic loads was calculated using two models of VECD theory (Viscoelastic Continuum Damage Modeling
System): dissipated strain energy and pseudo-strain energy. Results and Discussion. The influence of nature and properties of filler,
adhesive additive, temperature and frequency of tests on the parameter of interfacial interaction K-B-G* and thickness of adsorbed
layer has been investigated. The intensity of damage in the specimen under cyclic loads and the behavior of fatigue parameters as
a function of test temperature at two variants of determining the parameter a have been analyzed. Conclusion. It is shown that an
increase in the interfacial layer thickness in asphalt mastic leads to an increase in their resistance to damage accumulation (Damage
Intensity) during fatigue testing (LAS), and lowers the rate of pseudo-deformation energy growth.

KEYWORDS: mastic, filler, interfacial interaction, adsorbed layer thickness, fatigue parameters
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INTRODUCTION tion is characterized by an increased concentration of

the most high molecular weight and polar components

he interfacial interaction between bitumen and stone

materials of asphalt mix (crushed stone of differ-
ent fractions, sand, and fine filler) largely determines
the performance and service life of the pavement. In
the process of asphalt mix preparation the selective ad-
sorption of bitumen components occurs immediately
after the surface wetting of stone materials. The activ-
ity of adsorption is controlled by the nature, dispersity
and specific surface area of stone materials, chemical
composition of bitumen, and surfactants widely used to
improve adhesion and the adsorbed bitumen composi-

compared to volume bitumen [1].

For many decades, the attention of researchers has
been targeted to develop effective methods for evaluating
the adhesion of bitumen with stone materials [2]. In re-
cent years, the relationship between interfacial interac-
tion and rheological properties of mastics consisting of
a matrix phase of bitumen and finely dispersed filler is
actively studied [3—6].

Using the Palierne emulsion model [7], that had
been developed for a system of solid particles dispersed
in a viscoelastic a matrix, the physicochemical interaction
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between filler and bitumen can be characterized by the
interfacial interaction parameter K—B—G* through the
complex modules of the constituent components:

. (G/Gm)-1
KB~ = eiat/omwe

(1

where @ — filler volume fraction; G*, and G*, — val-
ues of complex modulus for mastic and matrix (bitumen
binder) depending on frequency.

One of the main types of pavement failure is the for-
mation of fatigue cracks at so-called average operating
temperatures. The content of mastic in asphalt mixes is
only about 10-15%, but mastic is component that can
break down first and have a direct effect on the fatigue
life of the pavement under cyclic loadings.

The linear amplitude sweep (LAS) test [8—9] by means
of a dynamic shear rheometer is widely used to evaluate
the fatigue properties of bitumen binder and mastic. In
the first stage of the test, the viscoelastic characteristics
of the specimen are determined from the frequency sweep
results in the LVE range region. At the second stage, when
the specimen is subjected to a series of oscillatory load
cycles with increasing strain amplitude, the accumulated
damage intensity is determined. This provides an ability to
determine the fatigue characteristics that are close to the
real deformation conditions of bitumen binder or mastic
during the operation of pavements [10].

Fatigue properties are analyzed in accordance with the
VECD theory (Viscoelastic continuum damage model-
ing system), based on the Schapery potential theory [11],
where the intensity of damage accumulation (D) depends
on the potential energy (W), which is related to the dam-
age intensity and the parameter a defining by the ability
of a given material to accumulate damage:

dD/dt = —(aw /aD)". ()

The main element of this theory is the construction
of the dependence linking the damage intensity with the
function characterizing the integrity of the material under
cyclic loading. The damage intensity at a certain failure
level, determined by the selected failure criterion, is used
in the definition of the coefficient A in the fatigue law to
determine the fatigue parameter N ;

Nf =AX (ymax)_Ba (3)

where Nfis the number of cycles to failure, B =20 —
characterizes the undamaged state of the material, it is
determined on the basis of experimental data of LAS test
in its first part at minimum deformation, and vy, is the
maximum deformation at a given pavement design, which
is usually taken as 2.5, 5 or 15% [12].

The damage intensity is designed using various VECD
theory models based on the energy that determines the

damage intensity [13—16]. The latest AASHTO T391-20
[12] standard adopts a model based on dissipated strain
energy, where the loss modulus is used as a function char-
acterizing the material integrity:

W = nlpy;* (G sing;), 4)

and the damage intensity from test time is determined
by the formula (5):

D(t) = Z?Ll[m’g}fiz((}{sim?i —
@ 1
— Gi_y5ind;_y)]i+a (t; — t;_q1)1+e, (5)

where [ is the value of complex modulus G* at strain
of 1%; v, G,,0, and t— current values of strain, complex
modulus, phase angle and time in the linear amplitude
sweep test (second part of LAS test).

The second, widely used calculation model is based
on pseudo-strain energy, and pseudo-stiffness is used
as a function of material integrity under cyclic loading
[17—18]:

1
WER = EC]/‘;% ) (6)

where v, is pseudo-deformation, C — material integ-
rity defined as pseudo-stiffness by formula (7):

_ l6i]®

where |G*|, and |G* |() — initial (determined at the
second point) and current values of the complex modulus
obtained in the second part of the LAS test.

The intensity of damage accumulation in this case:

D(t) = X, [ZE (2 (Croy -

- Ci)]lw (i — ti_q) e ®)

Ve =Yy |G Ly, 9,
—

C= YR-DMR’ (10)

where pr is the pseudo-strain at T,, 0 — parameter
characterizing the undisturbed state of the sample (the
first part of the LAS test); T — the strain determined at
T, on the curve 1(y) in each load cycle, and DMR is de-
fined as:

an
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where |G*|,,, — the value of the complex modulus
determined in the frequency sweep test (the first part of
the LAS test).

To determine the parameter B, the slope of the de-
pendence of the logarithm of the relaxation modulus on
time (m) is used. There are difficulties in determining the
relaxation modulus, therefore the relaxation modulus is
usually obtained by transformation methods or, simplify-
ing, by plotting the dependence of the complex modulus
or storage modulus (G') on frequency. Note that the de-
pendence of B on the slope angle (m) is left open. For
asphalt concrete, B = 2a is usually taken, with o = 1/m,
whereas for binders, both this formula and the formula
a=1/(1+m) are used [12, 19].

The goal of this work is to investigate the effect of
adhesive additive and the nature of mineral filler on the
interfacial interaction in asphalt mastic based on road
bitumen BND 100/130 and to evaluate the influence of
the thickness of the adsorbed layer of bitumen on the
fatigue life of mastic.

MATERIALS AND METHODS
Materials

The work has been used:

* Qil road bitumen of BND 100/130 grade according
to GOST 33133 [20]: penetration at 25°C — 115 dmm; soft-
ening point on the Ring and Ball — 46°C; Fraas breaking
point — minus 23°C. The group chemical composition of
bitumen determined by liquid adsorption chromatography
with gradient displacement [21] is presented in Figure 1.

« Fillers:

— mineral powder of carbonate rocks of MP-1 grade
according to GOST R 52129-2003 [22] (H1);

v

— powder obtained by mechanical crushing of non-
carbonate rocks (gabbro) (H2).

The size distribution of filler particles was detected by
laser diffraction of particles in liquid flow. The measure-
ments were carried out on an ANALYSETTE 22 Nanolec
plus instrument using FRITSCH MaS control software.
The obtained results are presented in Figure 2 and Table 1.

The specific surface area of the fillers was carried out
on a NOVA Series 1200e Quantachrome (USA) by low-
temperature nitrogen adsorption. The specific surface area
and pore volume of the studied samples were obtained
from the analysis of N, adsorption-desorption isotherms
at —196°C (77K) measured in the region of equilibri-
um relative vapor pressures (P/P)) from 10~ to 0.995.
The samples were pre-degassed at 180°C for 3 hour. The
true density, specific surface area and porous structure
parameter values of the fillers determined by the BET
method are presented in Table 1. The measurement error
did not exceed 5—7%.

In accordance with the [IUPAC classification [23], the
average pore diameter of both fillers is characteristic of
a structure with a predominance of mesopores. The re-
sults showed that filler H2 differs from filler HI in having
larger particle size, higher true density and lower values
of specific surface area, pore volume and pore size.

* Adhesion Additive:

A surfactant applied in road construction to improve
the adhesion of petroleum road bitumen to stone materi-
als of both acidic and basic rocks was used as an adhesion
additive (AD).

The IR spectrum of the adhesive additive was carried
out on a Thermo Scientific Nicolet iS50 FT-IR spectrom-
eter, it is shown in Fig. 3.

When studying the IR spectrum of the adhesive ad-
ditive, well-defined peaks at 2952, 2922 and 2852 cm™!

40 38.2
30
X
o
o 20 15.6
o
Q
(]
™
% 10
0
S Ar

28.6
I 17.6
R A

Fig. 1. Group chemical composition of bitumen: paraffin-naphthenic hydrocarbons (S), aromatic hydrocarbons (Ar),

resins (R), asphaltenes (A)
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Fig. 2. Differential (1, 2) and integral (3, 4) curves of filler particle size distribution: H1 (1, 3), H2 (2, 4)

Table 1
Basic parameters of fillers
Filler
Parameter
H1 H2
D, u 7 120
Size distribution D, u 13 160
D, u 21 201
True density, p, g/cm? 2.71 3.05
Specific surface area, S, m*/g 4.214 1.437
Total pore volume at relative pressure P/P;=0.99, V, , cm’/g 0.0106 0.002742
10.1 7.63

Average pore diameter, D, nm

0,704

§
0,60
2 o050
g =
© 8
= 040
g
2 2
o 0,304 2 ;
— ’;
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Fig. 3. IR spectrum of the adhesive additive
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corresponding to -CH3, -CH2 and -CH groups were ob-
served. The presence of weaker in intensity peaks at 1457
and 1377 cm~! indicates a significant content of saturated
and aromatic hydrocarbons (paraffins, oils, etc.). The
absorption band in the region 3005—3007 cm™! is formed
by valence C—H vibrations manifested in unsaturated fatty
acids. The broad absorption band at 3300 cm™' refers to
the valence vibrations of O—H bonds of phenol. The ab-
sorption band at 1743 cm~! characterizing carbonyl groups
of esters of saturated acids is clearly expressed. Absorption
bands in the region of 1600—1560 cm~', are characteristic
of functional groups C=0 of amino acids. The peak at the
wave number 1065 cm™' refers to the valence vibrations
of C—N bonds.

Preparation of samples for rheological tests

It is known that the thermal history of samples, plate
size, thickness of the gap between the plates of the rhe-
ometer, etc., can affect the results of rheological measure-
ments [24]. Therefore, all samples for rheological tests
were prepared and tested under the same conditions.

Sample B was bitumen BND 100/130, heated to 160°C
and stirred at this temperature for 3 minutes at a stirrer
speed of 600 rpm.

Sample B-AD was prepared in a similar manner by
adding 0.7 wt.% adhesion additive to the bitumen before
heating it.

Mastics AB1 and AB2 were prepared by mixing BND
100/130 bitumen (B) and filler (H1 and H2, respectively)
preheated to T = 160°C for 3 minutes at a stirrer rotation
speed of 600 rpm. The mass of fillers was selected taking
into account the true density so that the volume fraction
(o) offillers in AB was the same and amounted to 0.275.

When preparing samples of mastic ABI-AD and AB2-
AD containing adhesion additive and filler H1 and H2,
respectively, AD was preliminarily introduced into bitu-
men in the amount of 0.7 wt.% before its heating.

Immediately after preparation, the samples were
poured into 8 mm diameter silicone molds to eliminate
the reheating procedure, left for 24 hours at room tem-
perature and then used for rheological tests.

Test methods

Rheological tests were performed on a dynamic shear
rheometer “MCR 702¢” (“Anton Paar”) with parallel
plate geometry with a diameter of 8 mm. The measur-
ing gap was 2 mm. Samples were removed from silicone
molds, and placed between rheometer plates heated to
64°C. The specimens were trimmed at the same tempera-
ture. The discrepancy of the measured parameters from
the average value did not exceed 3—7%.

Frequency sweeps were performed over a frequency
range of 0.1 to 100 rad/s at a strain (y) of 0.05% at tem-

peratures from 30 to —10°C in steps of 10°C to evaluate
the interfacial interaction. The strain of 0.05% was chosen
because it is in the LVE range for all samples at —10°C
(the minimum value observed for AB was 0.15%). The one
specimen was used, which was thermostated after reaching
the specified test temperature for 10 minutes.

Parameter K—B—G™* characterizing physicochemi-
cal interaction between mineral powder and bitumen by
means complex modulus was determined by formula (1).
When determining the ratio of complex modulus of mastic
to matrix (G* /G*,) for AB1 and AB2, the data for bitu-
men were used as a matrix, and for AB1-AD and AB2-
AD — for bitumen with adhesion additive (B-AD).

The thickness of adsorbed layer (d) was determined
by formula (12):

d=2err — % (12)

p-p-s

where @ _; = ¢ * (K—B—G*) — effective volume frac-
tion of filler, i.e. filler together with adsorbed bitumen
layer, @ — volume fraction of filler; p —density of filler,
s — specific surface of filler.

Fatigue tests by linear amplitude sweep (LAS ac-
cording to [12] were performed in the temperature range
from 16 to 1°C with a step 3°C. The upper temperature
of the test range was chosen so that the initial value
of loss modulus (G*sind) of bitumen or bitumen with
adhesion additive exceeded 5—6 MPa. A new speci-
men was used for each temperature. The first part of
the test was performed in frequency sweep mode (0 =
0,2—30 Hz at strain of 1%). Then, using the same speci-
men, the second part of the tests was performed in the
mode of stepwise linear amplitude sweep at the fre-
quency of 10 Hz in the strain range of 0.1%; 1% and
further in steps of 1% to 30% (100 cycles at each strain
value, total 3100 cycles).

RESULTS

Interfacial interaction and adsorbed layer thickness
in mastics

In the first stage of the work, the interfacial interaction
by the K—B—G* parameter in mastics without adhesive
additive (AB1 and AB2) and in its presence (AB1-AD,
AB2-AD) was investigated by the frequency sweep meth-
od. A testing feature was that a single specimen was used
for sequence measurements at five temperatures, starting
from 30°C and up to —10°C in increments of 10°C and
with the specimen thermostated at each temperature.

As can be seen in Figure 4, at the same filler volume
fraction (0.275), a value of the K—B—G* parameter is
higher for the AB1 sample both without and in the pres-
ence of the adhesion additive, i.e., when H1 carbonate
mineral powder was used as a filler.
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The K—B—G* parameter of mastic AB2 based on the
filler of non-carbonate rock powder (gabbro) H2 was
more sensitive to the adhesive additive. At the same time,
the sensitivity to the effects of temperature and frequency
was less for the AB2-AD sample than for the AB1-AD
sample.

Figure 5 is shown plots of the dependence of adsorbed
layer thickness (d) on temperature and test frequency for
all mastics. The adsorbed layer thickness in samples with-
out adhesion additive ranges from 60 to 30 nm for ABI
and from 75 to 10 nm for AB2 (see Figures 5a and 5b).

The introduction of an adhesion additive (AD) into
the mastics increases d in both cases (see Figs. 5 ¢ and
5d). This effect is seen to a lesser extent for the AB1-AD

sample, which includes the filler H1. At the same time, it
can be noted a tendency to increase the dependence of the
adsorbed layer thickness on temperature compared to the
ABI1 sample without the adhesive additive. For AB2-AD
based on H2, an increase in the thickness of the interfacial
layer by more than 2 times (up to 190—150 nm) can be
noted in comparison with AB2.

Fatigue tests

The range of test temperatures is recommended to
be selected so that the complex shear modulus is in the
range from 12 to 60 MPa where the failure mechanism
is based on the fatigue properties of the material without
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the influence of plastic flow and loss of adhesion [25].
Table 3 shows the relationship of the parameters G* (ID)
and G*sind (C,) to the test temperature. According to the
conventional approach, /, was defined as the initial value
of the complex modulus G* at a strain of 1%; and C, as
the average value of G*sind at a strain of 0.1%.

As can be seen from Table 3, the bitumen sample (B)
has C, = 6.6 MPa at temperature 16°C, which is quite
close to the values characterizing not fatigue behavior,
but plastic flow during testing. It can also be seen from
the above data that the introduction of fillers into bitumen
resulted in an increase in /, and equi-stiff (or close to it)
were found when tested 6 degrees higher. The introduc-
tion of adhesion additive in bitumen and AB decreased
the /, value of the samples and equi-stiff samples were
found in all cases when tested 3 degrees lower.

Thus, for example, the values of /, parameter close
to 22 and 32 MPa correspond to test temperatures 10
and 7°C for bitumen, 7 and 4°C for B-AD, 16 and 13°C
for ABI and AB2, 13 and 10°C for AB1-AD and AB2-
AD. At the same time, as can be seen in Figure 6, which
shows the plot of shear stress (T) versus strain (y), during
fatigue testing, the behavior of equi-stiff specimens with
and without adhesive additive differs significantly.

Thus, in Figure 6a, curves 1 (bitumen, at 10°C) and
4 (bitumen with adhesion additive at 7°C) correspond to
equi-stiff specimens. Decreasing the test temperature for
samples B and B-AD leads to an increase in the maximum
shear stress and a decrease in the corresponding strain.
The introduction of the adhesive additive into the bitu-
men reduces the maximum shear stress, which should
have a positive effect on fatigue life, but changes the
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Table 2
Dependences of 1, and C, parameters on test temperature
Parameter Sample
B B-AD ABl | ABI-AD | AB2 | AB2-AD
I,, MPa
16 10.2 ]
13 14.5 33.8
femperature, 53 29.4 48 31
31.7 61.8 50.6 59.5 43.5
42.1 76.2 63.8
C,, MPa
16 6.6 15.9 15.7
13 9.0 22.9 16.3 24.7 13.5
Tempféature’ 10 12.6 7.4 325 17.9 29.1 20.0
7 16.8 11.0 35.5 30.9 36.6 26.0
4 21.4 16.5 40.7 36.7

Note: cell toning was performed for two groups of equi-stiff (or close to it) samples

post-peak behavior of the curve, which apparently may
reflect a more rapid failure of the specimen during testing.
A similar trend of sharper decrease in T after passing the
maximum can be observed by comparing the curves t(Yy)
of equi-stiff AB and AB-AD specimens (Fig. 6b).

The Damage Intensity Curve (Damage Curve) is ana-
lyzed to characterize the fatigue life in VECD theory as

its behavior reflects the loss of structural integrity of the
material under cyclic loading. Figure 7 plots the Damage
Curve as a function of the ratio of the parameter C (cur-
rent loss modulus (G* « sind) in the model of dissipated
strain energy (see Fig. 7a and 7b) or complex modulus
(G*) in the model of pseudo-strain energy (see Fig. 7c and
7d), to its initial value C,. It should be remembered, con-

b 1

T, MPa

Fig. 6. Dependence of shear stress (t) on strain () for samples: a) bitumen (1, 2) and B-AD (3, 4) at temperatures
10 (1, 3) and 7°C (2, 4); b) for AB1 (1) and AB2 (2) at 13°C and AB1-AD (3) and AB2-AD (4) at 10°C.

http://nanobuild.ru

422

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (5):
415-430

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

a 1
0,8
o 0,6
O
o
0,4
2
0,2
1 3
0
0 10000 20000 30000
Damage Intensity
¢ 1
0,8
o 0,6
O
~
O o4
0,2 2
1\3
()
0 2000 4000 6000 8000
Damage Intensity

b 1

0,8
o 0,6
O
~
O o4

0.2 1\ 3 2

0

0 20000 40000 60000 80000
Damage Intensity
d 1

0,8
o 0,6
O
~
O o4

0,2 2

183
0 5000 10000 15000 20000 25000
Damage Intensity

Fig. 7. Dependence of C/C, on Damage Intensity: (a) at temperature 16°C (a, ¢) and 10°C (b, d) for samples: B (1),
ABI1 (2), AB2 (3) according to the models of dissipated strain energy (a, b) and pseudo-strain energy (c, d).

sidering the presented data, that that the value of C/C = 1
corresponds to the strain Yy = 0.1%, and the minimum
value of C/C, for each curve is fixed at Y = 30%. The ap-
pearance of cogs is probably related to the peculiarities
of Damage Intensity calculation by different models and
edge effects at large shear strains.

As can be seen from Fig. 7a and 7¢, bitumen shows the
least damage intensity for both calculation models at tem-
perature 16°C, while for mastic samples there is practically
no difference between the curves when calculated by the
pseudo-strain energy method. At lower temperatures (see
Figs. 7b, 7d and Fig. 8), as well as at the introduction of
an adhesive additive (Fig. 8), the advantage of the AB2
sample is manifested, which may be due to the thicker
adsorbed layer.

It should be noted that at 7°C the resistance to fracture
of bitumen sample without adhesive additive deteriorates

(Fig. 8 a, ¢), so that the curve of bitumen is close to the
curve AB2. It is possible to assume that in this tempera-
ture range patterning processes are occurring associated
with crystallization of n-alkanes (paraffins), taking into
account the high (15.6%) content of paraffin-naphthenic
hydrocarbons in bitumen (see Fig. 1). [25]. Bitumen pat-
terning leads to the appearance of new interfaces, along
which microcracks can also nucleate. The inclusion of
an adhesion additive seems to shift bitumen patterning to
lower temperatures, and at 7°C (Fig. 8b and 8d), bitumen
with an adhesion additive again has an advantage over
mastic with the same AD.

Figure 9 shows the curves of dependence of Damage
Intensity on temperature. The calculation was performed
using the model of dissipated strain energy and two variants
of the failure criterion (failure) — C/C, = 0.65 [12] and C/
C,att _onthe curve ©(y) in the amplitude sweep test. The
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parameter o, included in the calculation of Damage In-
tensity, was defined in two ways: a = 1+1/mand a = 1/m.

Figure 10 shows similar curves calculated using the
pseudo-strain energy model for the failure criterion —
C/C,att _on the curve 1(v) and for the two variants of
the parameter a: o= 1+1/m and a = 1/m.

For all variants of calculations, failure criteria and
variants of the parameter q, it is possible to find the gen-
eral tendencies that at one temperature the ranking of

specimens in the order of decreasing accumulated damage
(Damage Intensity) is as follows: AB1, AB2, AB1-AD,
AB2-AD. Comparing the data shown in Figures 9—10
and Figures 5 and 7—8, one can see a certain correla-
tion between the thickness of the adsorbed layer (d) and
Damage Intensity: an increasing in d leads to a decreasing
Damage Intensity.

Unfortunately, the application of both VECD models
for calculation of the parameter Nfdid not give an unam-

http://nanobuild.ru 424

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (5):
415-430

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

10500 |

8500

6500

4500 1

Damage Intensity

2500

500 '

5000
3

ty
8
3

Damage Intens
N W
[=] (=]
(=] o
[=] o
N H

-
[=]
[=]
o

b
5000
7000
Zz 3
2 4
2 5000
k=
Q
oo
©
£
8 3000
1000
0 2 4 6 8 0 12 1
T,°C
d
7000
6000

5000

Nanobm
1
2
0 15

3
1
5

)
| o=y
Q
=
- 4 2
vp 3000
1+
E 2000
(1]
()
1000
0
0 1

T,°C

Fig. 9. Dependence of damage accumulation (Damage Intensity) on temperature at oo = 1+1/m (a, b) and o = 1/m (c,
d) and failure criteria: C/C, = 0.65 (a, ¢), C/C at T, on the curve 1(y) (b, d) for samples AB1 (1), AB2 (2),
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biguous result. Figure 11 shows the temperature depen-
dence of the parameter number of cycles to failure (Nf)
for strains of 2.5, 5, and 15% for mastic specimens using
the strain energy dissipation model at a = 1+1/m and
a = 1/m and the failure criterion at T,__on the curve t(Y).
For all specimens, Nf decreases with decreasing tempera-
ture. In the absence of adhesion additive, the Nf values
for specimen ABI are close to bitumen (curve not shown)
and exceed the N/ values for specimen AB2. Addition of
adhesion additive slightly decreases N, for bitumen (curve
not given) and ABI1, while an increase in fatigue life is

observed for AB2, regardless of which formula is used to
calculate the parameter a.

The plots of Nf dependence on temperature have the
same character when calculated by the pseudo-deforma-
tion energy model for samples without adhesive additive,
but there is practically no difference between samples
AB1 and AB2, regardless of the way of the choice of the
parameter A. The AB2-AD specimen shows a slightly
higher fatigue life compared to AD1. But the curve N, /(t)
of the bitumen sample with adhesion additive shows an
increase with decreasing temperature (the curve is not
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given), which makes us doubt the applicability of this
calculation method for predicting fatigue life in such
samples.

Thus, it was possible to see only some trends in the
influence of the adsorbed layer thickness in mastic and

mastics containing an adhesive additive on damage ac-
cumulation (Damage Intensity) but not on the fatigue
parameter Nf

An interesting consistency was observed in the param-
eter F, which actually refers the rate of pseudo-deforma-
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tion energy build-up. It was shown earlier that a lower
value of the F parameter is related to a higher fatigue life
of the specimen [26]. As can be seen in Figure 12, the use
of filler H2 leads to a stronger regression in the fatigue life
of bitumen compared to H1. The use of adhesive additive
leads to a decrease in the value of F for mastic, i.e. in-
creases the fatigue life, and this increase is more marked
for AB with filler H2, which has a thicker adsorbed layer.
It should be noted that for bitumen the effect of adhesion
additive on this parameter is practically not present.

CONCLUSION

Standard mineral powder of carbonate rocks (H1) and
filler of non-carbonate (gabbro) rocks (H2) differing from
H1 by larger particle size, higher true density and lower
values of specific surface area, pore volume and pore size
were used. At the same filler volume fraction (0.275) in
asphalt mastic based on BND 100/130 bitumen, a higher
value of the K—B—G* parameter, both without and in
the presence of the adhesive additive, was observed for
the mastic (AB) sample based on H1 filler. The use of
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AHHOTALUMA

BBepeHume. B pabote nccnegoBaHo BNnAHME afre3VoHHON f06aBKW 1 NPUPOAbI HAMOMHUTENA Ha YCTaIOCTHYIO AONTOBEYHOCTb
1 mexdasHoe B3anmogencTare B achanbtoBbix BAxKyLWx. MaTepuanbl u meTogpbl nccnegoBaHua. [insa 6uryma mapku bHZ 100/130
1 achanbToBbIX BAXKYLLYMX (AB) Ha ero ocHoBe, cofep»aLLmx HaroNHUTENY Pa3fMYHON NPUPOABI, Ha PeOMeTpe AMHAMUYECKOro CABMUra
BbIMOJHAMNMN: @) YaCTOTHYIO Pa3BepTKy B AnanasoHe yacTtot ot 0,1 go 100 paa/c npu gedpopmauimu (y) 0,05% npw Temnepatypax ot 30
0o -10°C c warom 10°C; 6) umknuyeckme ucnoitaHua (LAS test) npu temnepatypax ot 16 go 1°C ¢ warom 3°C. AchanbtoBble BAXKYLLME
roToBWM cMelleHnem butyma (3 muH; 160°C 1 600 06/M1H) 1 HanonHUTeNsa (o6beMHan gona HanonHutena — 0,275). Ana nccnepo-
BaHWA BNVAHUA aare3noHHol aobasku (Afl) Ha cBoncTBa 61UTyMa 1 acdanbToBbIX BAXKYLLMX ee B KonuyecTse 0,7% BBOAUN B GUTYM
[0 HanonHuTens. PacyeT KPYBOI HaKOMIEHNA NOBPEXAEHWIN NPY LMKINYECKUX Harpy3Kax NpoBOAWAN MO ABYM MOAENAM Teopurm
VECD (crnctema mopenmpoBaHusa NoBpexaeHWI BA3KOYMNPYroi CMIOLWHOWM cpefibl): pacceAHHOW aHeprm aedbopmanm 1 sHeprum
ncespofedopmaLuy. PesynbraTtbl M 06cyKaeHue. ViccnenoBaHo BAVsAHYE NPUPOAbI U CBONCTB HAMONHUTENSA, aire3MOHHON [06aBKY,
TemnepaTypbl U YacTOTbl UCMbITaHWI Ha NapameTp Medka3Horo B3anmopenctaua K-B-G* n tonwmnHy agcopbupoBaHHoOro cnos d.
MpoaHann3npoBaHO HaKomMeHve NOBPeXAeHU B 06pa3Le Npy LMKINYECKX Harpy3Kkax v NoBefeHre yCTaloCTHbIX MapaMeTpoB
B 3aBMCUMOCTI OT TemrnepaTypbl UCMbITaHWI NPV ABYX BapraHTax onpeneneHysa napameTtpa da. 3akntoveHue. [lokasaHo, uTo ysenu-
yeHMe TONWMHbI MexdasHOro c/1os B achanbToBbIX BAXKYLLMX MPUBOAUT K MOBBILLEHNUIO UX YCTOMYMBOCTU K HAKOM/IEHWIO MOBpeKae-
Huii (Damage Intensity) B npouecce yctanocTHbix ucnbitaHuii (LAS), CHUXKaeT CKOpOCTb HapacTaHUsA SHepruy ncesgoaedopmaumm.
KJTIOMEBDIE CJIOBA: acdanbToBOE BAXYLUEe, HAaNONMHUTENb, MeXda3Hoe B3auMopencTame, ToNLWMHa afcopOrpoBaHHOro oS,
YCTanocTHble MapaMeTpbl.

BJIATOOAPHOCTMU: PaboTa BbinosHeHa B pamKkax [ocyaapcTBeHHOro 3agaHna MuHobpraykn Poccum (OULL XO PAH Tema
N2 122040400099-5).

AnAa UMTUPOBAHUA:

lfop6atosa B.H., lopneesa W.B., Aynapesa T.B., KpacoTkrHa U.A. BnusaHre agre3avioHHon o6aBKu U Npripofibl HaNoHUTENs Ha MeX-
ba3Hoe B3aMmopfencTBe 1 yCTaNIOCTHbIE MapaMeTpbl achanbToBbiX BAXKYLMUX // HaHOoTexHONormn B cTponTenbcTBe. 2024.T. 16, N2 5.
C. 415-430. https://doi.org/10.15828/2075-8545-2024-16-5-415-430. - EDN: KQNYDX.

BBEAEHUE

Men«baaHoe B3aUMOJICICTBUE MEXAYy OUTYMOM
1 KaMEHHBIMU MaTepHajaMu acdaabToOeTOH-
Hot cMecu (11eOeHb pa3HbIX (PpaKimnii, IECOK U TOH-
KOIMCIIEpCHBII HATIOJIHUTEIb) BO MHOTOM OIIPEICISICT
SKCILTyaTallMOHHBIC XapaKTePUCTUKN W CPOK CITY>KOBI
BCETO JOPOKHOTO MTOKPBITHS. [1py MIpUTOTOBIICHNH] ac-

$aapTO0ETOHHOI CMECH Cpa3sy Xe 3a IIPOIIECCOM CMa-
YUBaHMSI TTOBEPXHOCTH KAMEHHBIX MaTepHUAJIOB ITPOKC-
XOIUT U30MpaTeIbHasl ancopOLMs KOMITOHEHTOB OUTY-
Ma. AKTUBHOCTbH aICOPOIINH OTIpeneasIeTCs] IIPUPOIONA,
IHACTICPCHOCTBIO M YACIBHOI IOBEPXHOCTHIO KAMEHHBIX
MaTepHuaIoB, XUMIICCKIM COCTaBOM OMTyMa 1 IIIMPOKO
IIPUMEHSIEMBIX IUIST YIIYYIICHHS aare3uy ITOBEpXHOCT-
HO-aKTUBHBIX BEIIECTB, a COCTAB aICcOOPUPOBAHHOTO
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OMTyMa XapaKTepHU3yeTcs TTOBBIIIICHHOM, IO CpaBHE-
HUIO C 00beMHBIM OMTYMOM, KOHLIEHTpalKeil HanboJiee
BBICOKOMOJICKYIISIPHBIX M TIOJIIPHBIX KOMIIOHEHTOB [1].

Ha mpoTsckeHnM MHOTHX ACCSITUICTHI BHUMaHUE
HCceaoBaTeieii HalpaBIeHO Ha pa3paboTKy 3 dek-
TUBHBIX METOIOB OIICHKM aATe3UN OUTyMa ¢ KAMCHHBIMM
MatepuanaMmu [2]. B mocaemHme rombl aKTHBHO UCCIICTY-
€TCSI B3aMOCBSI3b MeX(ha3HOTO B3aUMOICHCTBHS U pe-
OJIOTMYECKUX CBOMCTB ac(haTbTOBBIX BSKYIINX, COCTOSI-
IIHMX U3 MAaTPUIHOI (ha3sl ONTyMa M TOHKOIUCIICPCHOTO
HaroHuTend [3-6].

HUcnonb3ys monenb amyiabcun Palierne [7], koTo-
past ObLTa pa3paboTaHa TSI CUCTEMBI TBEPIBIX YaCTHII,
IHUCIIEPTUPOBAHHBIX B BSI3KOYIIPYTO#l MOMIIOXKeE, (Pri-
3UKO-XUMUIECKOE B3aMMOICHCTBUE MEKIY OMTYMOM
¥ HAIIOJIHUTEJIEM MOXKET OBITh OIMCAHO ITapaMeTpPOM
MexdasHoro B3aumoneiicteusg K—B—G*uepe3 koM-
TUIEKCHBIC MOIYJIN COCTABJISIOIINX KOMITOHEHTOB:

. (G/Gm)-1
KB~ = eiat/omwe

(1

TIe (¢ — 0ObeMHasl TOJIST HATIOJTHUTEIS, G*c u G*m —
3HAYCHUS KOMITJICKCHOTO MOIYJIS 71 ac(abTOBOTO
BSIXKYILETO U MaTpULbl (OUTYMHOTO BSIXKYILIETO) B 3a-
BUCHMOCTH OT YaCTOTHI.

ODHUM 13 OCHOBHBIX BUIOB pa3pyIIeHUI JOPOXK-
HBIX TTOKPHITUI SIBIISIETCSI 00pa30BaHME YCTATOCTHBIX
TPEIINH TIPH TaK Ha3bIBAEMBIX CPEIHUX TeMIlepaTypax
aKkciutyaTannn. ComepskaHue acalbTOBOTO BSKYIIIETO
B achaJbTOOETOHHOM CMECH COCTaBJISICT BCETO OKOJIO
10—15%, ogHako npy UUKJIMYECKUX HAPY3KaX UMEHHO
3TOT KOMITOHEHT MOKET pa3pylIaThcs B IICPBYIO OUepenhb
M OKa3bIBaTh HEMOCPEICTBEHHOE BIMSIHME HA YCTaIOCT-
HYIO IOJITOBEYHOCTH ITOKPHITHSI.

st OLIEHKM yCTaJOCTHBIX CBOMCTB OUTYMHBIX
¥ ac(aTbTOBBIX BSIKYIIUX IIMPOKO MCITOTB3YETCSI TECT
JIMHEHOM aMIInTynHOM pa3Beptku (LAS) [8—9], BbI-
TMOJHSEMBIA Ha peoMeTpe TMHAMUYECKOTO CIOBHUTA.
Ha nepBoM 3Tarre mpoBeaeHUST UCITBITAHU 10 pe3yiThb-
TaTaM 4aCTOTHOI pa3BepTKu B oonactu LVE nnanasona
OIIPEICIITIOTCS BI3KOYIPYTHE XapaKTepUCTUKI 00pas1ia.
Ha BTOopoM aTarre, Korma odbpaser] moaBepraeTcs Cepyun
IUKJIOB KOJIeOaTeIbHOI HATPy3KU TIPH YBEINUNBATO-
melicsa aMmiutyne nedopmMainuu, ONnpenessioTcs Ha-
KOTIJICHHBIC TTOBPEXKICHUS, YTO ITO3BOJISICT OIpee-
JINTD YCTAIOCTHBIC XapaKTePUCTUKU, TIPUOIVKEHHEIS
K peaJIbHBIM YCJIOBUSM Ac(opMamuy OUTYMHOTO WIIN
ac(aIbTOBOTO BSKYIIETO B Mpoliecce IKCIUTyaTalluyl
JIOPOKHBIX TOKPBITHIA [10].

AHAaIIN3 yCTAJIOCTHBIX CBOMCTB IMPOU3BOIST B COOT-
BetcTBUH ¢ Teopueit VECD (cuctema MomenpoBaHUS
MOBPEXKACHUN BSI3KOYIIPYTOU CIUIOIIHON Cpeabl — Vis-
coelastic continuum damage), OCHOBaHHOI Ha TEOPUH
noteHuana Schapery [11], rme M"HTEHCUBHOCTDH HaKO-
TUTeHUS TTOBpexXaeHMit (D) 3aBUCUT OT MOTCHIINAIBHOM

sHepruu (W), Kotopas cBsi3aHa ¢ pOCTOM ITOBPEXKICHUMA
1 TTapaMeTpa O, KOTOPBII OIIPEIeIsIeTCS CITOCOOHOCTRIO
MTAHHOTO MaTeprajia HaKaIuIMBaTh ITOBPEXKICHNS:

dp/dt = — (8w /aD)". Q)

OCHOBHBIM 3JICMEHTOM 3TOI TEOPUHU SIBIISICTCST T10-
CTPOEHME 3aBUCUMOCTH, CBSI3BIBAOIIC MHTEHCUBHOCTD
HaKOIUICHUS TTOBPEXICHUIA ¢ (DYHKIIMEH, XapaKTepu3y-
OIIei 1IeJIOCTHOCTh MaTepralia Py IIUKINISCKOM Ha-
rpyxkeHUn. MHTEHCUBHOCTD HAKOTIICHUS TTOBPEXKICHUIA
TP OTIPEICIICHHOM YPOBHE pa3pyIICHMS, OTIPEAeISICMOM
BBIOpAaHHBIM KPUTEPUSIM Pa3pyIICHMS, BXOOUT B OTIpee-
JeHre KoaddunmenTa A B 3aKOHE YCTAJIOCTH TSI OTIpEIIe-
JICHVsI TTAPaMeTPa YCTATIOCTHOM OJITOBETHOCTH V,:

Nf =AX (ymax)_Ba (3)

rie N, — 4MCIIo LMKIIOB 10 paspylueHus:, B = 2a —
XapakTepu3yeT Hepa3pylleHHOe COCTOsIHME MaTepuaa,
OIIPElEISIOT HA OCHOBE DKCIIEPUMEHTAIBHBIX JAHHBIX
LAS Tecra B 11epBOIi €ro 4acTu IIpyu MUHMMAJIbHOM Je-
dopmaumu. ay, — MakcMMalbHas neopManus npu
JAHHOM KOHCTPYKLNK TOPOKHOIO IIOKPBITUSI, KOTOPast
MMPpUHUMAaETCsT 00BIYHO Kak 2.5, 5 mum 15% [12].

Pacyer MHTEHCUBHOCTY HAKOILICHUSI IIOBPEXKICHUI
IIPOBOMT 110 pa3InyHbIM MozessiM Teopur VECD, ocHo-
BaHHBIM Ha DHEPIUM, KOTOpAsI OIpeIe/isieT HAaKOIUIEHKE
noBpexaeHuii [13—16]. B nociaenHeM crangapte AAS-
HTO T391-20 [12], mpursitom B CILA, ncmonb3yeTcst
MO/I€eJIb, OCHOBAHHAsI Ha pacCesIHHOM aHepruu aedop-
Maluu, T1e B KauecTBe (DYHKIINU, XapaKTepU3YIOIIei
LIEJIOCTHOCTb MaTepuasia, IPUMEHSIIOT MOMIYJ/Ib ITIOTEPb:

W = nlpy;* (G sind;), 4)

a HaKoIUIEeHUE MOBPEXIECHUN OT BpeMEeHU MCHbITa-
HUI ompenensieTcst mo dhopmyie (5):

D(o) = ?;1[7TID}’£2(G;SI'H55 —
@ 1
— Gi_y5ind;_y)]i+a (t; — t;_q1)1+e, (5)

e [, — 3HaYeHMEe KOMILIEKCHOTO Moaynst G mpu
nedopmaunu 1 %; v, G,,d, n t— TeKylue 3Ha4YEHUSA
nmedopMay, KOMIUIEKCHOTO MOIYJIS, (Da30BOTO yIiIa
Y BPEMEHM B UCIIBITAHUN JIMHEMHOM aMILIUTYIHOM pa3-
BepTKU (BTOpast 9acTh LAS Tecra).

Bropas, mmpoko ucrosb3yemasi MOJEIb pacyeTa oc-
HOBaHa Ha HEPTUU TceBnoaedopManny, a B Ka4ecTBe
(YHKIIMU LIETOCTHOCTU MaTepuasa mpyu UMKINYEeCKUX
Harpy3Kax MCITOIb3yeTCs TICEBIOXKECTKOCTh [17—18]:

1
WER = EC]/‘;% ) (6)
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rie Y, — ncesno aedopmanus, C — HEITOCTHOCTb Ma-
Tepuaa, orpeaessieMast Kak TceBIOKeCTKOCTb IT0 (hop-
myie (7):

C(t) = |67 ®

IG*lin,

(7

e |G*|, v |G*|(1) — HavyanmbHOE (ompenensgeMoe

BO BTOPOIi TOUKE) U TEKYIIEE 3HAUEHUS KOMILJIEKCHOTO

MOIyJIsI, TOJTydeHHbBIE BO BTOpoii yactu LAS Tecra.
WHTEHCUBHOCTL HAKOTUIEH WS TOBPEXKICHUIA B 9TOM

ciyvae:

DMR

D(t) = X, |Z2E ()2 (Cies -

2

- Ci)]m (t; — ti—g)Te (8)

V;&q =Vp- |G*|LVE,

),

__Tp

- VIIJ{_DMR ’ (10)

rIme pr— nceBnoncdopMaIs mpu T, O — mapameTp,
XapaKTepU3YIOIINIT HEHAPYIIICHHOE COCTOSTHIE 00pas3iia
(mrepBast yacth LAS Tecra), Y, — nedopmalus, orpese-
JICHHAsI [IPY T, HA KPUBOM 1(Y) B KaXIOM IIUKJIC HArpy3-
k1, a DMR omnpenensieTcs Kak:

IG*IEn
DMR = el o (11)
|G*|LvE
Tae |G*| 1yg — 3HAUYEHME KOMIUIEKCHOI'O MOLYJISA, OIIpe-

JeJICHHOE B MCTTBITAHWY YaCTOTHOM pa3BepTKH (TIEpBOit
gactu LAS tecra).

Jlyist onpeiesieHUsT mapaMeTpa B MUCTIONb3YIOT yroj
HaKJIOHA 3aBUCUMOCTH JioraprdmMa MOIYJIsI pejiakca-
MU OT BpeMeHU (m). M3-3a TpymHOCTel, CBI3aHHBIX
C TIPOBENIEHNEM PETaKCAIIMOHHOTO UCTTBITAHUST, MOTYJTh

penakcay OOBIYHO TTOJYYAIOT C TIOMOIIBI0 METOIOB
Impeobpa3oBaHUS WU, YIIPOINAsl, CTPOST 3aBUCUMOCTH
KOMIUIEKCHOTO MOXYJS WJIA MOIys yrpyroctu (G)
OT 4yacToThl. OTMETHM, YTO 3aBUCMMOCTD B OT yTIjIa Ha-
KJIOHA m OCTaeTCs OTKPHITOM. [I1sT achaabTOOETOHHBIX
cMecel OOBIYHO IPUHUMAOT B = 2, Tie o = 1/m, Toroa
KaK JIJIST BSCKYIITX IpPUMEHsIeTCs 1 9Ta hopmyiia, 1 ¢pop-
Mmyaa o= 1/(1+m) [12, 19].

B manHOIf paboTe mocTaBieHA 1Ie]b - UCCICIOBaTh
BIIUSTHHE aITe3MOHHOM T00aBKY U TIPUPOIEI MITHEPaIThb-
HOTO HAIIOJIHUTEISI Ha MexK(pa3HOe B3aMMOIeCTBIE
B ac(haIbTOBBIX BSLKYIIUX HA OCHOBE JOPOKHOTO OMTyMa
BHJI 100/130 1 oIecHUTH BAUSTHIUE TOJIIITNHBI aIcOpOM-
POBAHHOTO CJIOSI OMTyMa Ha TTapaMeTPhl YCTaTOCTHOM
JTIOITOBEYHOCTH ac(haTbTOBBIX BSLKYIIMX.

MATEPUAJbI U METOADbI
Matepmanbi

B pabote ObUIM UCITOIL30BAHbI:

* butym HedTsHOI HopoxHbIii Mapku BHJI 100/130
mo F'OCT 33133 [20]: riryOmHa TpOHMKAaHWS UTJIHI (TTe-
Hetpamust) npu 25°C — 115 X 0,1 mMm; TemIiepaTypa
pa3MsIrdeHMs 10 KObly U 1apy — 46°C; Temmneparypa
xpynkoctr 1o ®paacy — munyc 23°C. I'pymnIoBoit Xxu-
MHWYECKUI cCOCTaB OMTYyMa, OIPEeACICHHBIN IO METOMY
KUIKOCTHO-aICOPOIIMOHHOM XpoMaTorpadun ¢ rpa-
JINEHTHBIM BBITECHEHWEM [21], IpencTaBieH Ha puc. 1.
* HanmonHurenu:

MUHEPATBHBIN TTOPOIIOK KapOOHATHBIX IIOPOI MAPKH
MII-1 1o T'OCT P 52129-2003 [22] (H1);
ITOPOIIOK, TTOJTYICHHBIN MEXaHUIIECKIM IPOOJICHIEM
HeKapOOHATHBIX mopox (radopo) (H2).
PacnipenencHue yacTUIl HATIOJTHUTEIEH ITO pa3Mepam
HCCJICIOBAIM METOIOM JIa3epHOI TU(paKIINKT JaCTUI
B XKMIKOM ITOTOKe. M3MepeHMsT BHITIOTHSUIN Ha TIpHOOpe
ANALYSETTE 22 NanoTec plus ¢ ucrojib3oBaHuEM

® 40 38.2
g
< 30 28.6
=
x
g 17.6
& 2 15.6 '
% I
©
¥ 10
c
o
=L
(5]
o 0
S Ar R

Puc. 1. IpynnoBoii xumMuyecKuii co-
cTaB Outyma: napauHo-HaA()TEHOBBIE
yrieBomaopoabl (S), apoMaTHIECKHe
yraesomopoas! (Ar), cmodbl (R),
achanbTenst (A)
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nporpammHoro obecrieuenust FRITSCH MasS control.
ITonyyeHHbIE pe3yabTaThl IIPeaCTaBIeHbl Ha puc. 2
v B Tab. 1.

VY enbHyI0 OBEPXHOCTh HAIIOJHUTEJICH ONpeaesuInd
Ha mpuoope NOVA Series 1200e Quantachrome (USA)
METOIOM HU3KOTeMIIepaTypHOIi agcopOLuu a3oTa. Be-
JINYUHY YIEIbHONI TOBEPXHOCTU U 00BEM IOP UCCIIEIY-
€MbIX 00PAa310B MOJIy4aIy U3 aHAI1M3a U30TEePM aicopo-
uuu-aecopounn N, mpu —196°C (77K), n3MepeHHbIX
B 00JIaCTU PaBHOBECHBIX OTHOCUTEJILHBIX JaBJICHUIA I1a-
pos (P/P) ot 10~ 10 0,995. O6pasubl mpeaBapuTeILHO
nerasuposanay ipu 180°C B Teuenue 3 yacoB. UcTuHHag
IJIOTHOCTb, Ye/IbHasl IOBEPXHOCTh 1 3HAYEHUS [TapaMe-
TPOB IIOPUCTOI CTPYKTYPbI HAITOJIHUTEJIEH, OIIpeaeICH-
Hele 1o Metomy BET, mipencraBieHs! B Taoi. 1. Ommoka
M3MepeHUii He TpeBbiiana 5—7%.

B cootBeTcTBNU ¢ kiaccudukaumeit IUPAC [23]
CpenHMII TUaMeTp IOp 00OUX HAIIOJHUTEICH XapaKTe-
pEH IS CTPYKTYPHI C TipeobnaganueM mesorop. [omy-

v

YeHHBIC PEe3YJIbTAThI ITOKA3aJIM, YTO HATTOTHUTETbL H2
otimyaeTcs oT HanojHUTeas H1 GonbinuM pazmepom
YacTUIl, O0JIbIIEN UCTUHHOM TNIOTHOCTHIO M MEHBIINMU
3HAYEHUSIMH YIIEeTLHOM TTOBEPXHOCTH, 0ObeMa U pas3-
Mepa Top.

ApresnoHHasa go6aBKa

B kauecTBe anre3snoHHoit 106aBKu (A/l) MCTIOIB30Ba-
JIV TIOBEPXHOCTHO-aKTUBHOE BEIIECTBO, IIPHMMEHSIEMOE
B IOPOKHOM CTPOUTEIIBCTBE TS YIIyUIIeHUS CUETIICHUS
HEe(TSIHOTO TOPOKHOTO OMTYMa ¢ KAMEHHBIMH MaTepH-
aJJaMM KaK KUCJIBIX, TAK 1 OCHOBHBIX TTOPOI.

MK crnekTp anre3auoHHO 100aBKU, MOJYyYeHHbIN
¢ ucrionbzoBanueM MK-®ypre-criekrpomerpa Thermo
Scientific Nicolet iS50, mpuBeneH Ha puc. 3.

Ilpu n3yyenun MK-criekTpa aare3uoHHON O0-
0aBKM OTMEUYCHEI XOPOIIO BRIpaXKeHHBIC TUKHU 2952,
2922 n 2852 cm™!, coorsercTBytomue —CH,, —CH,
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—
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Puc. 2. Iudpdepenmmansuas (1, 2) u unrerpaiabnas (3, 4) Kpusbie pacnpeaeseHNs YACTHI HATIOJTHUTEJeid

mo pasmepam: H1 (1, 3), H2 (2,4)

Tabauya 1
OcHoBHbIe NapaMeTpbl HANOJIHUTE el
Hanosaurens
ITapamerp
H1 H2
D,,, MKkM 7 120
Pacnpenenenue no paamepam D,,, MKM 13 160
D,,, MKkM 21 201
WcTuHHas WIOTHOCTD, P, I/cM? 2,71 3,05
YnenbHas OBEPXHOCTb, S, , M? /T 4214 1,437
OO6wwmit 06beM NOp Npu OTHOCUTENbHOM AaBienun P/P = 0,99, V, cM’/r 0,0106 0,002742
CpenHuii uaMeTp 1op, D .- HM 10,1 7,63
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0,704

292212

n —CH-rpynmamMm. Hanmuuue 6oee ciabbIx o0 MHTEH-
CUBHOCTH TIMKOB 1457 n 1377 cM~! cBUIETEIHLCTBYET
0 3HAYNUTEJFHOM COICPKaHUM B aATe3MOHHOMU T00aBKe
IpeaeabHBIX U apOMaTHIECKUX YTIIeBOAOPOAOB (Ia-
paduHOB, Macen u T.1.). [loxoca morTomeHus B 00-
smactu 3005—3007 cm~! o6pasoBana BasleHTHBIMU C—H
KOJICOaHUSIMH, TIPOSBIISTIOIINMICS Y HEHACHIIIIEHHBIX
KUPHBIX KUCIOT. [IInmpoKas moroca moroIieHUs Ipr
3300 cM~! OTHOCHTCS K BaJIEHTHBIM KoJebanusam O—H
cBs3eil peHoma. YeTKO BRIpakeHa M0JIOCa TTOTIOIMICHUS
1743 cm~!, xapakTepusyioniasg KapOOHUJIbHbBIE TPYITITHI
CIIOXXHBIX 3(UPOB HACHIIIIEHHBIX KUCIIOT. [TooCH! 110-
mromeHus B ooactu 1600—1560 cM~! xapaKkTepHBI TS
dyakmonanbHBIX rpyrn C=0 amuHOKUCIOT. [TUK ipn
BOJIHOBOM uucjie 1065¢M~! OTHOCUTCS K BaJIeHTHBIM
kosiebanuam C—N cBs3eit.

MpuroTtoBneHne o6pasuoB gnA npoBefeHNA
peonornyeckux UCnbiTaHNi

M3BecTHO, YTO TEPMOUCTOPHS 00pa3IoB, pazMep
TUTACTHH, TOJIINHA 3a30pa MEXIY TUTACTUHAMU PEo-
MEeTpa M T.JI. MOTYT BJIMSITh Ha pe3yIbTaThl M3MEPEHUI
peostornueckux cBoicTB [24]. [ToaToMy Bce 00pa3iibl 11t
PEOJIOTUYECKNX UCTTBITAHUI TOTOBUJIN W UCTIBITBIBAIN
B OMHAKOBBIX YCIIOBHSIX.

Oo6pa3zen b mpencrasisut coboit omrym BHI, 100/130,
MOABEPTHYTHIN HarpeBy 10 160°C 1 nepeMelnmnBaHnIio
TIpY 3TOI TeMIIepaType B TeUeHHUE 3 MIUHYT IIPH CKOPOCTH
BpaiueHus Melaaku 600 06/MuH.

O6paszeny b-AJl ToTOBUJIM aHAJIOTUYHBEIM 00Opa-
30M, MO0ABISS aATe3MOHHYIO T00aBKY B KOJMYCCTBE
0,7 mac.% B OUTYM IIEepel] ero pa3orpeBOM.
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AcdanbroBsle Bsokyie AB1 1 AB2 moixyyanu cme-
menreM 1ipu 160°C nipeaBapuTeIbHO HATPETOTO JI0 STOM
temriepatypsl outyma BH]I 100/130 (B) n HamoHUTE IS
(H1 1 H2, coOOTBeTCTBEHHO) B TeUeHHNE 3 MUHYT IIPU
cKopocTH BpaiueHus Memanku 600 06/mMuH. Maccy Ha-
TIOTHUTEJICH MOA0MPaIN C YI€TOM UCTUHHOM TUIOTHOCTH
Tak, 4ToOBI 00beMHas nojis (D) HamomHUTENEl B AB
ObLIa OMMHAKOBOM 1 cocTanisiia 0,275.

[Tpu IpuroTOBICHNM 00PA3IIOB AC(PATBTOBBIX BSIKY-
mux ABI-AIl m AB2-A]l, comepXammx aare3noOHHYIO
no6aBky 1 HammoHuTtenab H1 m H2, cooTBeTCTBEHHO,
AJl TIpenBapuTEIFHO BBOIWIN B OUTYM IIepe €ro pa3o-
rpeBoM B kosmuecTtse 0,7 mac.%.

7151 ICKITFOUeHMSI TIPOLIEAYPHI TTOBTOPHOTO pa3orpeBa
00pa3Ibl cpa3y XKe IOCIe TIPUTOTOBIICHUS pa3IuBaJIN
B CHUTMKOHOBBIE (DOPMBI IMAMETPOM 8 MM, BBIICPKIUBAIIA
CYTKU MIPY KOMHATHOM TeMIIepaType 1 3aTeM HCTIOIb30-
BaJIN TSI PEOJIOTUTUCCKUX UCTTBITAHMIA.

MeToab! ncnbiTaHUN

Peosiornueckue MCHBITAHUSI BHIIOJIHSUIM HA PEO-
MeTpe nuHaMmdeckoro casura «MCR 702e» («Anton
Paar») ¢ mapajuienbHO# reoMeTpUeil IIACTUH JUaMe-
TpoM 8 MM. MI3MepuTeIbHBIN 3a30p cocTaBist 2 MM. O6-
pa3Lbl U3BIEKAIN U3 CUJIMKOHOBBIX (POPM U YKJIAIbIBATIK
MEXIIy TUTACTUHAMM peoMeTpa, HarpeTsiMu 110 64°C. O0-
Pe3Ky 00pa3LoB MPOU3BOIMIIM IIPU 3TOM XKe TeMIIepary-
pe. PacxoxneHue n3MepsieMbIX ITapaMeTpoB OT CPEIHEro
3HaYeHMs He TIpeBbIano 3—7%.

151t oLeHKM MexK(pa3HOro B3aUMOIEUCTBHS BBIITOJ-
HSUIM YaCTOTHYIO Pa3BepTKy B nuana3oHe 4actot ot 0,1
1o 100 pan/c npu pedpopmarmu (y) 0,05% npu temiie-
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parypax ot 30 1o —10°C ¢ marom 10°C. dedopmanmsa
0,05% ObL1a BeIOpaHa, T.K. oHa Haxonutcs B LVE gua-
ma3oHe 1T BceX 00pasioB npu —10°C (MUHUMAaIBHOE
3HaYeHue Habmonanoch st AB u cocrasisuio 0,15%).
Hcronp3oBanu oquH obpasell, KOTOPBI TepMOCTAaTH -
pPOBaJIX MOCJEe TOCTKCHUS 3aTaHHOM TeMIIepaTyphl
WCITBITAaHWH B TedeHUe 10 MUHYT.

IMapametrp K—B—G*, XxapakTepu3ylomuii (pu3nKo-
XUMHUYECKOEe B3aNMOICHCTBIE MEXKIYy MIUHEPaIbHBIM
TOPOIIIKOM W OUTYMOM, Yepe3 KOMIUICKCHBI MOIYIhb
onpenessui o ¢popmyte (1). I1pm onpeneneHUN OT-
HOIIIeHUS KOMIUIEKCHBIX MOIYJICH ac(haTbTOBOTO BIKY-
mero K marpute (G* /G*m) mia AB1 u AB2 B kauecTBe
MAaTpHUIIBlI UCITOJIB30BaIA JaHHBIC IJII OMTyMa, a IJIs
ABI1-Al u AB2-AJl — mig 6utyma ¢ aare3anoHHOM J10-
6aBkoii (b-All).

TommmHy ancopOUpoOBaHHOTO CII0 (d) OTIPeIeIsSIII
o popmyie (12):

= Lerr % (12)

p-p-s

e, =¢* (K—B—G*) — adppexTrBHAST 00BEMHAS
TIOJISI HATTOJTHUTEJIS, T.€. HATIOJTHUTEIIh BMECTE CO CIIOEM
aacopOMpPOBaAaHHOTO OUTYMa, () — OObEMHAs 10JIS1 Ha-
TIOJTHUTEJIST; 0 — TUIOTHOCTD HATIOJTHUTEJIST, S — YAeTbHast
TIOBEPXHOCTH HAITOJTHUTEIIS.

YCTanocTHBIC UCTIBITAHUS TT0 METOMY IMHEHHOM aM-
TUIATYIHOM pa3BepTKu (LAS B coorBeTcTBUH C [12]) BBI-
MOJIHSUTA B Ixaria3oHe Temiieparyp ot 16 go 1°C ¢ marom
3°C. BepxHIo0 TeMITepaTypy Iuaria3oHa UCTIBITAaHWI
BBIOMpAJIN TaK, YTOOBI HaYaJbHOE 3HAUYCHME MOMYJIIS
noTeph (G*sind) OuTyMa WM OMTyMa ¢ aare3MOHHOMN
nIo00aBKoIi TipeBbImano 5—6 MIla. it Kaxmoit TeMriie-

paTyphbl MCIOJIb30Bali HOBbBIM oOpasel. [lepBast yacTh
UCIBITAHUI BBIIIOJHSIACH B PEXKMME YACTOTHOM pa3-
BeptkH (0 = 0,2—30 ' ipu nepopmaruu 0,1%). dasee,
HCIIOJIb3YS TOT Ke 00pasell, BTopasi 4YacTh UCIIBITAHUIA
BBITIOJTHSJIACH B PEXXUME CTYMIEHYATOU JIMHEUHOW am-
IJIMTYAHOM pa3BepTKu pu yactore 10 ' B nanasoHe
nedopmanuit 0.1%; 1% u nanee ¢ marom 1% oo 30%
(110 100 IMKIIOB TIPY KaKIOM 3HAYCHUH IepOopMaliiu,
Bcero 3100 IUKIIOB).

PE3YNIbTATbl U OBCYXXAEHUE

MexxdasHoe B3avmopgeiicTBue 1 TONLWMNHA
apcop6upoBaHHOro c/10: B acdhanbToOBbIX BAXKYLNX

Ha nepBom 3Tame paboThl METOIOM YaCTOTHOM pa3-
BEPTKU OBLJIO MCCIIEIOBAaHO MeX(a3HOEe B3aNMOICHCTBIE
1o mmapametrpy K—B—G* B ac(aibTOBBIX BSKYIIUX 0€3
anre3noHHoOM 1o6aBku (AB1 1 AB2) u B ee mpucyTCTBUMN
(AB1-Al, AB2-Al). OcOOEHHOCTBIO UCTIBITAHUI OBLIO
TO, YTO OIWH 0Opa3el UCITOIb30BaICS ISl TTOCIeI0Ba-
TETBHBIX U3MEPEHUI TIPU TISITH TeMIIepaTypax, HadunHast
ot 30°C 1 o —10°C ¢ marom 10°C u ¢ TepMocTaTUpOBA-
HHEeM 00pa3iia IIpy KaXIou TeMIIepaType.

Kak MoXHO BUIETh Ha puC. 4, TIPY OMMHAKOBOM 00B-
eMHoIt moye HamomHUTEN (0,275) GoJblllee 3HAYCHUE
nmapameTrpa K—B—G™* Kak 0e3 anIre3MoHHOM T00aBKH, TaK
U B ee TIPUCYTCTBUM HaOI0Aa0Ch 1Jist oopasua ABI,
T.€. TIPY UCITOJIb30BaHNH B KAYECTBE HATIOJTHUTEIISI M-
HepaJIbHOTO MOopolIKa KapooHaTHbIX mopox H1.

IMapameTp K—B—G* acdanbToBOTO BSLKyIIero AB2
Ha OCHOBE HAITOJIHUTEIIS IIOPOIIKA HeKapOOHATHEIX I10-
por (rabdpo) H2 okazazncst 6o1ee 9yBCTBUTEIICH K BeJie-
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Puc. 4. I'paduku 3aBucumMocTu napamerpa mexkgasnoro s3aumojeiicTBusi K—B—G* oT 4acTOTHI HCTIBITAHUI () 115
oopasmos: ABI (a), AB2 (0), ABI-Al (B), AB2-A]l (r) nmpu Temnepatypax 30 (kpacHbiit), 20 (3eneHslit), 10 (1umo-

BbIit), 0 (Tomy6oii) u —10°C (4epHBbIii)
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Puc. 4. Oxkonuanue

HUIO aATe3MOHHON n100aBKuU. [1py 5TOM 9yBCTBUTEIb-
HOCTB K BO3ICHCTBHUIO TEMIICPATyphl M YACTOTHI [IIST 00-
pasia AB2-AJl 6bl1a MeHbIIIe, yeM Jutd oopasma AB1-AJl.
Ha puc. 5 nisg Bcex acanbTOBbIX BSIKYIIUX MTPEI-
CTaBJICHBI TPa(pUKN 3aBUCUMOCTHU TOJIIUHBI alIcOpOM-
poBaHHOTO cJIos (d) OT TeMIIepaTyphl M YaCTOTHI HC-
neITaHuiA. TommHa c10s B 00pasiax, He COIepKalmx
aIre3MOHHYIO 100aBKy, cocTanisieT oT 60 10 30 HM 11
AB1 ot 75 mo 10 am mrst AB2 (cMm. puc. 5a u 50).
BBenenue B ac(aabTOBBIC BSXKYIINE aATe3MOHHOMN
mo6aBku (AJl) B 000uX cirydasix yBeauduBaeT d (CM.
puc. 5B U 5T1). DT0T 3P(PeKT TMPOSIBIICH B MEHbBIIICH
crerieHU st oopasua ABI1-AJl, B cocTaB KOTOPOro

BXoauT HanojaHuteab H1. I1pu 3ToM MOXHO OTMETUTD
TeHICHIINIO K YBEIUUYCHUIO 3aBUCUMOCTHU TOJIIINHBI
ancopOMPOBAHHOTO CJIOST OT TeMIIePaTyphI IT0 CpaBHE-
HuU1o ¢ oopasuoM ABI1 6e3 agre3monHon nodasku. st
AB2-AJl Ha ocHOBe H2 MOXXHO OTMETUTH YBEIMUCHIE
Mo cpaBHEHMIO ¢ AB2 TOMIMHBI MexX(pa3HOTo c1ost 60-
Jee 9eM B 2 paza (mo 190—150 um).

YcTanocTHble NcnbiTaHnsA
O06acTh TeMIepaTyp UCIBITAHU, TIIe MEXaHU3M

paspymicHUA OoMNpeacaiaAcTCd yCTaIOCTHbBIMU CBOICTBA-
MHN MaT€puiia 0e3 BIUSIHUS TEKYUYCCTH U IIOTCPU aAre-
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Puc. 5. I'paduku 3aBUCHMOCTH TOJIIIMHbI aICOPOUPOBAHHOIO €101 d OT YACTOTHI HCNBITAHMIA () AJ151 00pa3ios: AB1
(a), AB2 (0), ABI-Al (8), AB2-AJl (r) mpu Temmnepatypax 30 (KpacHsiit), 20 (3eaeHslii), 10 (mutoBsrit), 0 (romy-
60i1) u1 —10°C (4epHBIii)
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Puc. 5. Okonuanue

311, PeKOMEHIIOBAHO BHIOMPATH TAKMM 00pa30oM, UTOOBI
KOMIUIEKCHBII MOIYJTh CIIBUTA HAXOOWJICS B MMATIa30HE
ot 12 go 60 MIla [25]. B Ta0i. 2 nmpuBeIeHB 3aBUCH-
Moctu napametpoB G* (1)) u G*sind (C)) ot TeMnepa-
TYpBI UCITBITAHUM. B COOTBETCTBUM ¢ OOIIECIPUHSTHIM
MOIXONOM, [, OTIpENENAIM KaK Ha4albHOE 3HAYEHUE
KOMILIEKCHOTO Moy G* npu nedpopmannn 1 %; a C,
Kak cpennee 3HayeHne G*sind mpu nedopmanmu 0,1%.

Kak MoxxHO BUIETh 13 TabJI. 2, IJ1sT 00pasiia OnuTyma
(B) C, mpu temneparype 16°C cocrasnser 6,6 MIla, uto
IOBOJILHO OJIM3KO K 3HAYCHUSIM, XapaKTePU3YIOIINM

HE YCTaJIOCTHOE TTOBEICHNE, a IUIACTUICCKOE TCUCHHE
B TIpoliecce MCIBITaHUii. VI3 MpuBeie HHBIX JaHHBIX TaK-
K€ MOXHO BUIIETh, UTO BBEACHNE HATIOJTHUTEIICH B OM-
TYM TIPUBEJIO K YBEJIMYEHHUIO ;) U SKBUXECTKUE (MU
0M3KMe K HUM) 00pa3Ibl HAOIIOOAOTCS TIPU UCIIBI-
TaHUSIX Ha 6 TpamycoB Bblllie. BBeneHue aare3MoOHHOM
J100aBKU B OMTYM 1 AB cHu3M10 3HaueHue / » 00pasLoB,
1 OKBIKECTKIE 00pa3Ilbl HAOIIOOAIOTCS BO BCEX CITyJasx
MPY UCTIIBITAHUAX Ha 3 rpajyca HIKe.

Tak, Hanpumep, 3HaUYeHMsT Tapamerpa /,, 6usKue
K 22 u 32 MIla, cOOTBETCTBYIOT TeMIIepaTypaM UCIIbITA-

Tabauuya 2
3asucumocTu napamerpos I, u C, 0T TemnepaTypbl MCIbITAHMIA
Oopasen
IMapametp
B | B-AL | ABl | ABI-AL | AB2 | AB2-A
I, MIla
16 10,2 22,1 21,4
13 14,5 33,8 24,8 35,8 19,6
TeMHfgaTypa’ 10 2,1 12,3 53 294 48 31
7 31,7 20,2 61,8 50,6 59.5 43,5
4 42,1 31,6 76,2 63,8
C,, MIla
16 6,6 15,9 15,7
13 9,0 22,9 16,3 24,7 13,5
TeMHf‘éaTypa’ 10 12,6 7.4 32,5 17,9 29,1 20,0
7 16,8 11,0 35,5 30,9 36,6 26,0
4 21,4 16,5 40,7 36,7

TIpumeuyaHue: TOHUPOBKA sIYEEK BBIIOJIHEHA ISl IBYX MPYIIT SKBUXKECTKUX (MM OJIM3KUX K HUM) 00pas1oB.
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T, MMa

T, MMa

Puc. 6. 3aBucumocTb Hanpsikenus capura (t) ot aedopmamuu () 11 odopasuos: a) 6utym (1, 2) u b-A/l (3,4) npu
temrepatypax 10 (1, 3) u 7°C (2, 4); 6) wiss AB1 (1) u AB2 (2) ipu 13°C u AB1-AJl (3) u AB2-AJ1 (4) ipu 10°C

auii 10 u 7°C mna outyma, 7w 4°C s b-AJl, 16 n 13°C
msg AB1 m AB2, 13 1 10°C mna AB1-AJl u AB2-Al.
BMmecrte ¢ TeM, KaK MOXHO BUAETh Ha puc. 6, Lae Ipu-
BEICHBI TpahUKN 3aBUCUMOCTH HATIPSIKECHMSI CIBUTA (T)
oT mecopMarmu (), B IIPOIIECCE YCTAIOCTHBIX UCITHITA-
HUI TTOBEIEHNE SKBIDKECTKIX 00PA3IIOB C aATe3MOHHOMN
I00aBKOIT 11 0e3 Hee CYIIIECTBEHHO pa3InJacTCs.

Tak, Ha puc. 6a SKBIKXECTKUM 00pa3LiaM COOTBET-
cTBYIOT KpuBhie 1 (outym, mpu 10°C) u 4 (6utyMm c azn-
re3noHHOI nobdaskoit pu 7°C). CHIKeHUEe TeMIepa-
TYpbl UCHIBbITAaHUN 1151 00pa3uoB b 1 b-AJl npuBogut
K YBEIMICHUIO MaKCUMaJIbHOTO HAIIPSKCHUSI CIBUTA
¥ YMEHBIICHUIO COOTBETCTBYIOIICH eMy AedopMaIiim.
I1pu sTOoM BBeneHUe B OUTYM aAre3MOHHOI HJOOaBKU
CHMXaeT MaKCHMMaJIbHOE HAMNpsKeHWE CIBUTA, YTO
TIOJDKHO TTOJIOKUTEIIFHO CKA3bIBATHCS Ha YCTAJIOCTHOM
IOJITOBEYHOCTH, HO M3MEHSIET ITOBEICHIE TIOCTITMKOBOTO
yJacTKa KPpUBOM, UTO, TTO-BUANMOMY, MOXET OTPaKaTh
OoJtee OBICTPOE pa3pylIeHHEe 00pasiia B IIPOIECcce UC-
OBITAHU. AHAJIOTUIHYIO TCHICHIINIO 00JIce pe3KOoTo
CHUKEHMUS T TTOCJIE MPOXOXKAECHUS MAKCUMyMa MOXHO
TIPOCJICINTh, CPAaBHUBASI KPUBBIC T(Y) SKBIKECTKUX 00-
pasuoB AB u AB-AJ] (puc. 66).

st XapaKTepUCTUKHI YCTAJIOCTHOM JOJITOBCYHOCTH
B Teopur VECD aHanmm3upyeTrcst KpuBasi 3aBUCUMOCTH
HaKOIUICHMS TTOBpeXKIeHUIA oT medopmanmu (Damage
Curve), oTpaxaroIasi IToTepro CTPYKTYPHOI! 1IeJIOCTHOCTH
Martepuaja IIpy TUKINIecKOM HarpyxxeHuu. Ha puc. 7
npencrapieHbl Damage Curve, IIpencTaBiIsIIoNIne co0oit
3aBHCHMOCTh OTHOIIeHUS TTapameTpa C (TeKyImero Mo-

Iy7st TIoTeph (G* * sind) B MoIeNn paccesTHHOM SHEPTUN
necdopmaru (CM. prc. 7a 1 70) 1 KOMIUIEKCHOTO MOMIYJIST
(G*) B Momenn 3HEPrUu rceBaoaedopmaim (CM puc. 7B
1 7T) K €r0 Ha4aJIbHOMY 3Ha4eHuI0 C; OT MHTEHCUBHOCTH
HakoruieHus noBpexneHus (Damage Intensity). AHa-
JIM3UPYS TIpeACTaBICHHBIC TaHHBIC, CICAYeT TIOMHUTD,
urto 3HauyeHue C/C; = 1 cOOTBETCTBYET Aeopmanun
v = 0,1%, a MUHUMAaJIbHOE 3HAYECHUE C/C0 IUTS KaXKION
KpuBoi pukcupyercs ipu Y = 30%. [losiBieHue 3y010B,
BO3MOXXHO, CBI3aHO C 0OCOOCHHOCTSIMM pacueta Damage
Intensity 1o pa3TMYHBIM MOIEJIIM M KpaeBbIMU 3 deK-
TaMH TIpY OOJIBIINX AehOpPMAaIISIX CIBUTA.

Kak mMoxxHO BUmeTh U3 puc. 7a u 7B, mpu TeMIiepa-
type 16°C HauMeHbllIee HAKOIUICHKE ITOBPEXIEHUI 110
000MM paCYCTHBIM MOECIISIM IIPOSIBIISIET OUTYM, B TO
BpeMsI KaK IJIsT 00pa3iioB acallbTOBBIX BSLKYIINX TIPU
pacyeTte 10 METOIY SHEPTUH TIceBaoae(opMaIn ImpaK-
THUYECKHN OTCYTCTBYET pa3HUIIA MeXIy KpuBEIMH. [1pu
IMOHIDKEHUH TeMIIepaTyphl (cM. puc. 70, 7T u puc. 8),
a TaKKe MPY BBEICHUU aATe3MOHHOI 100aBKH (puc. 8)
MIPOSIBJISICTCS MIPENMMYIIEeCTBO 0Opasiia AB2, uTo MoxkeT
OBITb CBSI3aHO C OOJIbLIEH TOJIIUHON aacopOUpPOBaH-
HOTO CJIOSI.

Cienyet oOpaTUTh BHUMAHNE Ha TO, YTO IIPU TEMIIC-
partype 7°C yXyaIaeTcss yCTOMIMBOCTD K pa3pyIIcHUIO
obpa3sia outyMma 06e3 aare3noHHOI m00aBKu (puc. 8a,
B), TaK YTO KpHMBast OMTyMa OKa3bIBacTCs OJIM3Ka K KPH-
Boit AB2. YuutsiBast Beicokoe (15,6%) comepxkaHue Ia-
pacdrHO-HA(DTECHOBEIX YIIIEBOAOPOIOB B OUTYyME (CM.
puc. 1), MOXHO IPEAIIONIOXUTh IIPOTEKAHNE B 3TOM
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Puc. 7. 3aBucumocts C/C, ot Damage Intensity: (a) npu remneparype 16°C (a, B) u 10°C (6, r) uis obpasuos: b (1)
ABI1 (2), AB2 (3) mo monensiM paccesiHHOI aHepruu aedopmanuu (a, 6) ¥ sHepruu rcesaonedopmalniu (B, T)

TeMITepaTypHOM AWAaMa30He IMIPOIECCOB CTPYKTYPUPO-
BaHWUS, CBSI3aHHBIX ¢ KpUCTATA3ALMCH (TUIaBICHIEM )
H-aJIKaHOB (mapacduHoB) [25]. CTpyKTyprpoBaHUe O1-
TyMa TIPUBOIUT K TIOSBJICHIIO HOBBIX TPAHMII pa3mea,
TI0 KOTOPBIM TaK:Ke MOXKET IIPOMCXOINUTH 3apOKICHIE
MUKpOTpelnnH. JlobaBieHue agre3MoHHON 100aBKHU,
MO-BUINMOMY, CIBATACT CTPYKTYPUPOBaHWE OMTyMa
B 0071aCTb 00JIee HU3KMX TeMITepaTyp, U P TeMIIepa-
Type 7°C (puc. 86 1 8T) OUTYM C anre3MOHHOI 10OABKOI
OITSATh UMEET IIPEUMYIIECTBO TIepe ac(haTbTOBBIMU BSI-
XKYIIUMUA ¢ Toi ke AJL.

Ha puc. 9 mpencraBieHBI KpUBBIC 3aBUCUMOCTH MTH-
TEHCHBHOCTH HAKOTLICHMS TIOBPEKICHUIT OT TeMIIepaTy-
pBL. Pacder mpoBoamim 1o MOIE/IN pacCesTHHOM SHEPTUHN
nedopMay 1 IByX BApUMaHTOB KPUTEPUS OTKa3a (pa3-
pymenus, failure) — C/C; = 0,65 [12] u C/C nipu T

max

Ha KpUBOIi T(Y) B TeCTe aMITIUTYIHOU pa3BepTku. [la-

pameTp ., Bxonsimuii B pacueT Damage Intensity, onpe-
IIEJISTA IBYMSI cItocobamMu Kak o = 1+1/mu o =1/m.

AHaJIOTUYIHBIC KPUBEIC, TTOJYICHHBIC 110 MOIECIIN
SHepruu rcesoaeopManu 11 Kkpurepus orkaza C/C
IIpY TMax Ha KpUBOH T(Y) U IBYX BapraHTax OIlpeaelie-
HUS ITapaMeTpa o, IpeacTaBieHsl Ha puc. 10.

71 BceX BapMaHTOB pacueToOB, KPUTEPUEB pa3py-
IICHWST M BADUAHTOB OIIPeNeIcHUS ITapaMeTpa o MOXHO
OTMETUTH O0IIIME TEHACHIINHU, 3aKTI0YAIOIINECS B TOM,
YTO IIPU OOHOM TeMIIepaType paHKUpPOBaHHUE 00pas-
1IOB B TIOPSIIKE YOBIBAHMSI HAKOTUICHHBIX TIOBPEKICHUIA
(Damage Intensity) BBITJISIAUT CJIEAYIOLIMM 00pa3oMm:
ABI, AB2, AB1-A/l, AB2-AJl. CorocTaBiiss TaHHBIE,
MpuBeAeHHBIC Ha puc. 9—10 1 puc. 5 u 7—8, MOXKHO TIpo-
CJICIUTH OTIPENCIICHHYIO KOPPEIISAIINIO MEXKIY TOTIIMHOMN
agcopoupoBaHHoOTO ciios (d) m Damage Intensity: yBe-
JIMIeHre d TIpUBOINT K CHIDKeHUIo Damage Intensity.
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Puc. 8. 3asucumocts C/C, ot Damage Intensity: (a) npu Temnepatype 7°C ns1 o6pasuos 6es AJl (a, B) u ¢ A/l (0, r):

b (1) AB1 (2), AB2 (3) mo mozensim I (a, 6) u II (B, 1)

K coxaneHuio, mpuMeHeHHUE MOIeeil pacyera
Jutst TapameTpa N, He 1ajio OXHO3HAYHOTO pe3ysibTara.
Ha puc. 11 nist 06pa3ioB acanbTOBBIX BSXKYIIMUX MPEI-
CTaBJICHA 3aBUCHMOCTD OT TeMIIepaTyphl ITapaMeTpa Jrc-
JIa IIUKJIOB IO pa3pyIICHUS (Nf) s gepopmanuii 2,5,
51 15% npu pacuere 110 MOJAEIU PACCESIHHON SHEPIUU
nedopmanmuy ipu o = 1+1/m 1 o = 1/m 1 Kpurepuio
paspyuienus (otkasa, failure) npu T Ha KpuBOM T(Y).
st Bcex oOpa3ion nyMeHbLuaeTc;I pU MMOHMKEHUN
TeMIIepaTyphl. B oTCYyTCTBMM anre3noHHOM J0OABKY 3HA-

YeHUs ]VfI[J'[H ob6pazua AB1 6im3ku K 6UTYyMy (KpuBas
He TIPUBOAMNTCS) W TIPEBEIIIAIOT 3HAYCHUS Nf IIJIsT 06pas-
1a AB2. JlobGaBieHue aare3MOHHOM 100aBKU HECKOJIBKO
CHMXKaeT Nf ouryma (KpuBast He ipuBomuTcs) u ABI,
B TO BpeMsI Kak 11t AB2 HabromaeTcs yBeJIMIeHNE yCTa-
JIOCTHOM TOJITOBEYHOCTH HE3aBUCUMO OT TOTO, TT0 KaKOit
dopmyIie MpOon3BOOUTCS pacyueT mapameTpa d.
I'paduku 3aBUCUMOCTU Nf OT TeMIIepaTyphl Ipu
pacdeTe 1o MOJEIN SHEPIUU TceBaoaeopManm Ijs
00pa31oB 0e3 aare3nOHHOM 100aBKU HOCST TOT K€ Xa-
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Puc. 9. 3aBucumocTs HaKomIenus pa3pymennii (Damage Intensity) or TeMneparypsl npu pacuere 1o Moieju pacce-
AHHOW SHeprun nedopmanuu npu o = 1+1/m (a, 6) u o« = 1/m (8, r) n npu KpuTepusx paspymenus: C/C, = 0,65 (a,
B), C/C, npu Tmax Ha KpuBoi T(Y) (0, ) g obpasuos AB1 (1), AB2 (2), ABI-AIl (3), AB2-AJl (4)

paxkTep, HO pas3nuaus Mexmy oopasmamMu AB1 u AB2
MPaKTUIECKU OTCYTCTBYET, HE3aBUCHUMO OT CIT0C00a
pacueTa nmapametpa o. Oopaseny AB2-AJl neMoHCTpHU-
PYET HECKOJIBKO OOJIBIIIYIO YCTAIOCTHYIO TOJITOBEYHOCTh
no cpaBHeHUto ¢ AJl1. A BoT KpuBast Nf(T) obpasua
OMTyMa C aIre3MOHHOI J00aBKOI BO3pacTaeT MpH I10-
HIDKCHUHT TEMIIepaTyphl (KpuBasi He IIPUBOIUTCS), UTO
BBI3BIBACT COMHEHHME B IIPUMEHUMOCTH JTAaHHOTO METOIA
pacydeTa ISl IIPOrHO3MPOBAHMS YCTAJIOCTHOM TOITOBEY-
HOCTH B TaKMX 00Opa3max.

Takum 00pa3oM, yaaaoch MPOCICANTb TOJIBKO He-
KOTOpPBIC TCHACHIINY BIMSHUS TOJIIMHBI aIcOpOUpO-
BaHHOTO CJI0ST B aC(PaIBTOBBIX BSLKYIINX 1 aC(haTbTOBBIX

BSDXYILUX, COAEPKaIlMX aire3MOHHYIO 100aBKy, Ha Ha-
KorieHue noppexaeHuin (Damage Intensity), HO He
Ha TTapaMeTp YCTaJIOCTHOM TOATOBEYHOCTH N, ,
HHTepecHY0 3aKOHOMEPHOCTD YAAIOCH IIPOCICIUTD
I10 TTapaMeTpy F, KOTOPBIN (paKTUIECKHN XapaKTepU3yeT
CKOPOCTh HapacTaHMsI SHEPTUH MceBaoaehopMaIni.
Panee Obu10 TIOKAa3aHO, YTO OOJiee HU3KOE 3HAUYCHUE
napametpa F ¢cBg3aHO ¢ 60jIee BBICOKOI YCTaJIOCTHOM
JIOJITOBEYHOCTHIO oOpasia [26]. Kak MOXHO BUIETH
Ha puc. 12, BBenenue HarmoaauTenss H2 mpuBoanT K 60-
JIee CMJTbHOMY YXYIIIEHUIO YCTAJIOCTHOM TOJTOBEYHOCTI
outyMma 1o cpaBHeHuto ¢ H1. BBeneHue anre3avioHHol
00aBKM IIPUBOIUT K CHUXXEHUIO BEJIMYUHBI F [J1sT ac-

http://nanobuild.ru

426

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2024; 16 (5):
HaHoTexHONorum B cTpouTtenbCcTBe 415-430

Nanobuli

PE3Y/IbTATbI UCC/IE4OBAHUW YHYEHBIX U CMIELUAJIUCTOB

v

20000

16000

12000

Damage Intensi
3 3
b1 =4

[

T,°C

14000

12000

10000

8000

6000

4000

Damage Intensity

2000

T,°C

Puc. 10. 3aBucumocTs HaKomIeHus pa3pymennii (Damage Intensity) oT TeMmepaTypbl pu pacyere Mo Mo H

aHepruu ncesaoaedopmammu nipu o = 1+1/m (a) u o = 1/m (6) u Kpurepuu paspymenus (otkasa) C/C npu T,

X

Ha KpuBoii T(Y) mist oopasnoB AB1 (1), AB2 (2), AB1-AJl (3), AB2-Al (4)

(haTbTOBBIX BSIKYIIUX, T.C. YBEININBACT UX YCTAJIOCT-
HYIO JOJTOBEUYHOCTD, IIPUUYEM 3TO YBEIMUCHIE OOIbIIIC
nposiBieHo 111 AB ¢ HanmomHuTeneM H2, y koToporo
TOJIIIIMHA aAcOpPONPOBAHHOTO ¢J10sI BhITe. CliemyeT oT-
METUTb, UTO JIJIST OUTYyMa BIUSHUE aiTe3NOHHON 100aBKI
Ha 3TOT ITapaMeTp MPaKTUIECKN OTCYTCTBYET.

3AKJTIOMEHUE

B pabGote ObLIM MCITOIB30BaHbI CTAHIAPTHBIN MU~
HepaJIbHBII TTOPOIIOK KapOboHaTHEIX TTopoxa (H1) u Ha-
IIOJTHUTENIh HeKapOoHATHEIX (radopo) mopoxn (H2), ot-
nmyapiuiicst ot H1 6obimM pa3Mepom 4acTull, 6071b-
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Puc. 11. 3aBuCMMOCTD YHCJIA UKJIOB 10 Pa3pyIIeHUs (Nf) NPH pacyeTe 10 MOJIeJU paccessHHO# 3Heprun aedopma-
mum 1ipu o = 1+1/m (a, 6) u o= 1/m (B, T) ¥ IO MOJEIM SHEPTUHU IceBnoAaedopmaiuu npu o = 1+1/m (u, e)
u o = 1/m (X, 3) Npy KpUTEpUU paspyuieHus (0TKa3sa, failure) T Ha kpuBoii 1(y) wis obpasuos AB1 (1), AB2
(2); ABI-All (3), AB2-AJl (4) npu nedopmarnusix 2,5% (1—4), 5% (1'—4) u 15% (1”’—4"’)
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1€l ICTUHHOM IIJIOTHOCTBIO M MEHBIITMMY 3HAUCHUSIMU
yIEJIbHOI MOBEPXHOCTH, 00beMa 1 pa3mepa 1op. [1pu
OIMHAKOBOI 00beMHOI mos1e HarmorHuTens (0.275) B ac-
(hapTOBBIX BSKyIINUX Ha ocHoBe bmtyma BHJI 100/130
Oonblllee 3HaYeHUe napaMmeTpa K—B—G* kak 6e3 an-
Te3MOHHO# N00aBKM, TaK U B €€ MPUCYTCTBUU Ha0JTIO-
IaJIoch UIST oOpasna achaabToBOro BsKymero (AB)
Ha ocHoBe HarmoiHUTeNI H1. BBeneHnue aaresnmonHoit
n00aBKM B acGalibTOBOE BSIXKYILlEE HA OCHOBE HAMoJ-

CMNCOK NCTOYHUKOB

Puc. 12. 3aBucumocts mapamerpa F ot TeMnepaTypsl
s o6pasnos: 6utym (1), AB1 (2), AB2 (3); B-AJl (1),
ABI1-Al (2°), AB2-AJ1 (3’)

Hutenss H2 mpusesno K 6obineMy, 1o cpaBHeHUIO ¢ AB
Ha ocHoBe H1, pocty mapamerpa K—B—G*, CHIKEHHIO
€ro YYBCTBUTEIILHOCTHU K BO3ICHCTBUIO TEMITCPATYPHI
M 9aCTOTHI UcIbITaHuit. TomHa ancopOnpoBaHHOTO
CJIOS1 MpU MPUMEHEHUHN aare3uoHHou nodasku (AJl)
CYIIECTBEHHO YBEIMUIMBACTCS B aC(DATETOBOM BSKYIIIEM
¢ HanoytHUTEeIeM H2.

JJ1s1 OIIEHKU YCTaJOCTHOM JTOJITOBEYHOCTH TIO pe-
3ymbTataM LAS TecTa ObUTH HCITOTB30BaHbI PA3IMIHEIC
Moneau VECD Teopun, Kputeprnu pa3pylieHUs 1 Ba-
PpHAaHTHI TTapaMeTpa Hepa3pyIIeHHOM CTPYKTYPHI a. JIst
BCEX BapMAaHTOB PacueTOB HAOIIOMAIOTCS TCHICHIINN
COXpaHEHMS paHKMNPOBAHMS 00PA3IIOB IT0 YCTOWYUBOCTH
K HaKoIUTeHUIo moBpexaeHuit (Damage Intensity) mpm
onHoii temriepatype: AB1 < AB2 < AB1-AJl < AB2-A/l.
YBenuueHue ToMIMHbBL Mexkda3zHoro cios (d) TpUuBOIUT
K cHIKeHmnIo Damage Intensity. OmHO3HAYHBIX TaHHBIX
10 3aBUCHMMOCTH MapaMeTpa YCTaJIOCTHOM ITOJTOBEY-
HOCTH — YMCJia LIMKJIOB 10 pa3pylieHUsI (Nf OT TEeMIIC-
paTypsI — TIOJIYIUTH He yaanock. [Toka3aHo, 4To yBe-
YeHME TOJIIUHBI aICOPOIIMOHHOTO (Mexk(a3HOTO) CI0SI
IIPUBOINT K YIYYIICHUIO YCTAJIOCTHOM TOJITOBEYHOCTH,
OIIpeneIsIeMOM TT0 YCTAIOCTHOMY KpUTepuio F.

Pabota Oyner nmpogoszkeHa ¢ paclIMpeHueM Kpyra
HCCIIeMyEeMbIX 00BEKTOB: OUTYMOB, HAIIOJTHUTEJICH 1 aJI-
Te3MOHHBIX T00aBOK.
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ABSTRACT

Introduction. Management analytics is an evolving field that has gained substantial traction in both academia and industry due
to its profound impact on decision-making processes. The inte-gration into decision making of advanced information technologies
and Al drive innovative solutions within management analytics. Evolution of Management Analytics. The discipline integrates
statistical analysis, predictive modeling, and data visualization to optimize business strategies, operational efficiency, and financial
performance. As management practices advance, they contribute new dimensions to data collection and analysis, presenting
unique opportunities to boost nanotechnologies. Methodological Advances in Management Analytics. This study explores the
transformative effects of management analytics across diverse sectors by illustrating its evolution and interpreting its methodolo-
gies with special focus on nanotechnologies. Applications in Different Sectors. Management analytics significantly enhances
decision-making through sophisticated data analysis, offering strategic insights that propel efficiency and competitiveness. The
use of management analytics in nanotechnologies raises questions regarding ethical implications and regulatory considerations.
Challenges and Future Directions. However, integration complexities, data security, and the need for skilled personnel pose on-
going challenges. Conclusion. This review provides insights into the potentials of the development of management analytics and
its importance in contemporary management.
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INTRODUCTION across various sectors. It integrates techniques from op-

erations research, statistics, and machine learning to ana-

Management analytics encapsulates a comprehensive
approach for understanding and leveraging data
within the managerial contexts. It enables organizations to
harness information assets to drive strategic decisions and
achieve competitive advantage. In an era marked by digital
transformation and an overwhelming volume of data,
the ability to analyze and interpret complex datasets has
become crucial for businesses aiming to thrive in dynamic
markets [1, 2].

Management analytics has emerged as a pivotal ap-
proach in controlling data for strategic decision-making

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

lyze business processes, thereby enhancing operational
efficiency and strategic outcomes. This field specifically
targets managerial applications of data, aiming to optimize
the use of resources, improve service delivery, and boost
performance across all levels of an organization [3, 4, 5].

The scope of management analytics is broad, encom-
passing a range of applications from supply chain opera-
tions to customer relationship management and human
resources. It involves the systematic use of data to drive
decisions in a way that adds value to businesses. By apply-
ing analytics, organizations can achieve more precise fore-
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casting, improved risk management, and better resource
allocation, leading to increased operational effectiveness
and competitive advantages in the marketplace [6, 7].

In practice, management analytics is integrated deep-
ly into various business functions. It aids in identifying
patterns and insights within large volumes of data, help-
ing managers to make informed decisions. For instance,
in supply chain management, analytics can optimize
inventory levels and enhance the efficiency of logistics
operations.

Similarly, in marketing, it can analyze consumer be-
havior patterns to tailor products and services to meet the
demands of the market more effectively [8, 9, 10].

The advancement of technology has significantly ex-
panded the capabilities of management analytics. Modern
tools and platforms powered by artificial intelligence and
machine learning algorithms enable the handling of big
data sets, providing insights that were previously unattain-
able. These technologies facilitate real-time data process-
ing and visualization, allowing managers to react promptly
to emerging trends and operational challenges [11, 12].

Management analytics significantly contributes to or-
ganizational decision-making by integrating extensive data
analysis to enhance operational and strategic out-comes.
This field employs advanced statistical and computational
methodologies to extract actionable insights from large
datasets, enabling businesses to optimize processes, re-
duce costs, and improve overall efficiency. In various
sectors, from healthcare to retail, management analyt-
ics facilitates better re-source management, predictive
maintenance, customer relationship management, and
more, driving innovation and competitive advantage.
The realtime data processing capabilities of management
analytics also support dynamic decision-making, helping
organizations to respond more swiftly and effectively to
changing market conditions. Thus, management analytics
emerges as a crucial tool for modern businesses, providing
a foundation for data-driven strategies that foster growth
and sustainability [13, 14, 15].

The structure of the paper is as follows. Section 2 il-
lustrates the evolution of management analytic. Section 3
interprets its methodologies. Section 4 explores its ap-
plications. Section 5 identifies prevalent challenges and
future trajectory. Section 6 concludes the paper.

EVOLUTION OF MANAGEMENT ANALYTICS

The concept of management analytics has roots in
traditional business intelligence and statistical analysis,
evolving over the decades through advancements in com-
putational technologies and analytics software. This evo-
lution has been marked by a shift from simple descriptive
analytics to complex models that predict future trends
and behavior, thereby enabling proactive management
strategies [16, 17].

Management analytics initially grew out of the broader
field of business intelligence, rooted in statistical analysis
and data management. Historically, it focused primarily
on descriptive analytics, which involved reporting previ-
ous data to inform management when making decisions.
This phase was characterized by the use of basic statistical
tools and manual data collection methods, aimed at sim-
plifying vast amounts of business data into understandable
reports [18, 19].

As computing technology has been advancing in the
late 20™ century, management analytics began to incor-
porate more sophisticated software tools, leading to the
development of decision support systems [DSS]. These
systems used historical data to provide in-sights and sup-
port more complex decision-making processes. The avail-
ability of more robust computational resources allowed
for the processing of larger datasets and the use of more
complex mathematical models [20].

The introduction of predictive analytics marked a sig-
nificant evolution in management analytics. By leveraging
statistical models and forecasting techniques, businesses
could not only interpret historical data but also predict
future trends. This capability transformed management
practices by enabling proactive rather than reactive deci-
sion-making, using methods such as regression analysis,
timeseries forecasting, and later machine learning tech-
niques [21].

The big data revolution in the early 21 century further
propelled the evolution of management analytics. The in-
tegration of big data technologies with management ana-
Iytics tools allowed for the handling of unstructured and
semi-structured data, enhancing the analytical capabilities
of organizations. Machine learning algorithms became
increasingly important, providing new ways to analyze data
and automate complex decision-making processes [22].

Today, management analytics is heavily influenced
by advancements in artificial intelligence [Al] and deep
learning. These technologies allow for even more so-
phisticated analysis, such as sentiment analysis, image
recognition, and natural language processing, which can
be used to glean insights from data that was previously
inaccessible for analysis. AI-driven analytics supports
real-time decision-making and offers predictive insights
with a high degree of accuracy [23].

The field of management analytics is poised for further
growth with the integration of IoT [Internet of Things]
and more advanced Al capabilities. These developments
promise to deliver more comprehensive, automated, and
nuanced analytics solutions. However, challenges such as
data privacy, ethical concerns related to Al, and the need
for significant computational resources remain. The future
of management analytics will depend on how effectively
these challenges are addressed and how seamlessly new
technologies can be integrated into existing analytical
frameworks [24].
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METHODOLOGICAL ADVANCES IN MANAGEMENT
ANALYTICS

Recent methodological advances in management
analytics involve sophisticated algorithms and machine
learning techniques that offer deeper insights into data
than ever before. Techniques such as data envelopment
analysis, machine learning models, and network analytics
have revolutionized how businesses approach problems in
areas such as logistics, human resources, and customer
relationship management

Statistical Analysis and Optimization

Initially, management analytics relied heavily on sta-
tistical methods and linear programming to optimize op-
erations and predict outcomes. These methods provided
a foundation for decision-making by identifying trends
and optimizing resource allocation [25].

Advent of Machine Learning and Artificial
Intelligence

The introduction of machine learning and artificial
intelligence marked a pivotal shift in management ana-
Iytics. These technologies allowed for the automation
of data analysis processes and enabled more accurate
predictions by learning from data with-out explicit pro-
gramming [26].

Big Data Analytics

As organizations began to handle vast amounts of
data, big data analytics emerged as a critical method-
ological advance. Tools and frameworks like Hadoop
and Spark facilitated the processing of large datasets,
al-lowing for more granular insights into business op-
erations [27].

Predictive Analytics and Its Impact

Predictive analytics has transformed management ana-
Iytics by allowing business-es to anticipate future trends
and behaviors. Techniques such as regression analysis,
time series analysis, and machine learning models have
been crucial in forecasting customer behavior, sales
trends, and supply chain needs [28, 29].

Real-Time Analytics

The ability to analyze data in real-time has greatly en-
hanced management analytics’ responsiveness. Technolo-
gies that support streaming data have enabled businesses
to make informed decisions swiftly, adapting to changes
as they occur [30].

Cloud Computing and Analytics

Cloud computing has democratized access to power-
ful analytics tools, providing scalability and flexibility.
This advancement has allowed even small enterprises to
lever-age sophisticated analytics without the need for
significant hardware investments. The current genera-
tion of computers and hi-tech sector require nanotech-
nologies to create smarter and more compact electronic
devices. With a cloud architecture, fewer computers,
hardware, and IT services are required, but demand is
focused on the efficiency and smaller size of data-centers
equipment [45].

Integration of loT with Management Analytics

The Internet of Things [IoT] has provided a new di-
mension to management analytics by enabling the col-
lection and analysis of data from connected devices.
This integration has been particularly transformative in
industries like manufacturing and logistics. The Internet
of Things has the potential to provide a vast amount
of real-time data, which can be used in management
analytics to enhance the efficiency of smart devices with
nanotechnologies. For instance, nanosensors that can
operate in harsh environments. In the future, integrating
IoT with nanotechnology could lead to the creation of
innovative smart devices. This integration has the poten-
tial to revolutionize various sectors, such as healthcare,
manufacturing, energy, and agriculture. IoI in nanoscale
manufacturing and energy harvesting has also shown
promising results, but there are still challenges that need
to be addressed.

Advanced Visualization Tools

Visualization tools have evolved to offer more interac-
tive and intuitive ways to understand complex data sets.
Tools like Tableau and Power BI help translate analytical
results into actionable insights through dynamic dash-
boards and reports [31, 32].

These methodological advancements have collectively
enhanced the strategic ca-pabilitiecs of management ana-
Iytics, enabling more precise and forward-looking in-
sights that drive better business decisions. Each phase of
evolution has built upon the previous, paving the way for
a future where analytics is deeply embedded in manage-
ment practices. Decision-making in risk management
is usually based on high-quality analysis of big data is of
much importance for the insurance industry. The innova-
tive fintech developments such as of Peak3 could become
the drivers of profound changes on an established market.
Peak3 supports life, health, and P&C insurance, and has
been adopted by leading insurers and digital platforms.
With the new funding, Peak3 will accelerate its capabili-
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ties in data processing and artificial intelligence. Recent
achievements include the launch of a multi-country in-
surance core system and issuing over a billion policies
globally, marking significant progress in its mission to
modernize the insurance industry.'

Applications in Different Sectors

The application of management analytics spans nu-
merous sectors including finance, healthcare, retail,
and manufacturing. Each sector benefits uniquely; for
instance, healthcare institutions implement analytics
to improve patient outcomes and optimize treatment
paths, while retail businesses use analytics to under-
stand consumer behavior and enhance personalization.
Management analytics has revolutionized various in-
dustries by providing data-driven insights that enhance
efficiency, profitability, and strategic planning. Its ap-
plications are diverse, spanning sectors from healthcare
and finance to retail and manufacturing. In risk man-
agement Al and Big Data can help banks in detecting
and preventing fraud, money laundering, cyberattacks,
and other risks by analyzing large volumes of data and
identifying patterns, anomalies, and such behaviors.
Cyber-security is an application of Al that is specifi-
cally designed to protect computer networks, programs,
and data from attacks, illegal access, amendments, or
destruction [21].

Healthcare

In healthcare, management analytics is used to
improve patient outcomes through predictive models
that assess risk factors and predict patient trajecto-
ries. It helps in resource allocation, staff scheduling,
and personalized patient care plans, thereby increas-
ing operational efficiency and patient satisfaction [33].
All this will lead to an improvement in the quality of
life for the population through the introduction of new
technologies for monitoring and diagnosing health, the
organization of an efficient health system, and the re-
duction of budget expenditures through better analysis
and monitoring of health data [46]. To a greater extent,
improving the quality of life can also be associated with
the widespread use of nanotechnology in medicine for
the crea-tion of various nanoparticles with unique prop-
erties, such as high mechanical strength, resistance to
chemical influences, and surface activity, thanks to the
peculiarities of their structure. These properties make
it possible to create new materials and devices based on
them, which can suc-cessfully treat the most complex

! https://fintech.global/2024/09/11 /singapore-based-peak3-
secured-the-largest-asian-insurtech-deal-as-funding-rounds-
halved-in-h1/

diseases. At the stage of development and evaluation,
the use of management analytics tools will significantly
reduce the time required for risk assessment and patient
satisfaction analysis.

Finance

The financial sector leverages management analyt-
ics for risk assessment, fraud detection, and customer
segmentation. By analyzing transaction patterns and cus-
tomer behavior, banks can offer tailored services, enhance
security measures, and optimize their financial products.

Predictive analytics, social banking, behavioral finance
and open banking are some of the creative and new ser-
vices that financial institutions offer, made possible by big
data and artificial intelligence tools. For example, artificial
intelligence helps banks identify data on customer prefer-
ences and promptly offer solutions on demand [23]. In
the financial sector, digital technologies and analytics are
transforming the very business model of service provision.
Ecosystem-oriented platform services are being formed,
including all segments of the financial market [banking,
insurance, investment segment, pension segment] radi-
cally changing the interaction between the financial ser-
vice provider and the client. The services themselves are
becoming more complicated, and the risks of fraud are
increasing. It is in managing such a risk and reducing it
that the role of management analytics is seen in the near
future.

Retail

In retail, management analytics optimizes inventory
management, enhances customer relationship manage-
ment, and predicts consumer buying behaviors. Retailers
use these insights to tailor marketing strategies, optimize
supply chains, and improve customer experiences [34, 35].

Manufacturing

Manufacturing industries employ management analyt-
ics to streamline production processes, reduce downtime,
and enhance quality control. Predictive maintenance
models predict equipment failures before they occur,
significantly reducing unplanned downtime and mainte-
nance costs [36]. The most promising use of management
analytics in the production sector can be demonstrated by
the example of the development of new materials using
nanotechnology. But new materials based on nanotech-
nology carry not only advantages, but also risks. At pres-
ent, it is difficult to unambiguously characterize various
nanoparticles from the point of view of their potential
danger to human health. Often contradictory data from
a few studies do not allow to make an informed decision
without using management analytics methods.
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Supply Chain and Logistics

Management analytics transforms sup-ply chain op-
erations by optimizing routes, reducing transportation
costs, and improving delivery times. It enables companies
to respond dynamically to supply chain disruptions and
manage inventory more efficiently [37, 38].

Education

In the education sector, management analytics helps
institutions in student retention strategies, curriculum
development, and resource allocation. By analyzing stu-
dent data, educational institutions can identify at-risk
students, tailor educational offerings, and improve edu-
cational outcomes.

Energy

Energy companies use management analytics to opti-
mize power generation and distribution. Predictive models
help in forecasting demand, managing load, and inte-
grating renewable energy sources, thus ensuring efficient
energy management and reducing operational costs. The
efficiency of global energy companies in their business
lines [upstream, downstream, midstream] can be sup-
ported by artificial intelligence and big data by reduc-
ing information asymmetry and transaction costs. For
example, artificial intelligence is becoming a tool that
helps service companies with the processing necessary
information in the shortest possible time, reducing the
number of errors and extra costs.

Agriculture

In agriculture, management analytics aids in crop yield
prediction, soil health monitoring, and resource optimi-
zation. Data-driven insights help farmers make informed
decisions about planting, harvesting, and resource alloca-
tion, leading to increased productivity and sustainability.
On the basis of management analytics a large number of
nanomaterials with specified properties have been created
to avoid friction and wear of parts, which extends the
service life of tractors and other agricultural machinery.
Currently, the work is underway to develop sorbents based
on nanotechnology for the prevention of toxicosis of vari-
ous natures, reducing man-made pressure on the human
and animal body [47].

Telecommunications

Telecom companies apply management analytics to
enhance network performance, predict system failures,
and improve customer service. By analyzing call data
records, companies can improve network coverage,

reduce churn rates, and enhance customer satisfaction
[39, 40].

Real Estate

The real estate sector uses management analytics for
market analysis, property valuation, and investment risk
assessment. Real-time data analysis helps in predicting
market trends, optimizing pricing strategies, and identify-
ing profitable investment opportunities [41].

Tourism and Hospitality

In tourism and hospitality, management analytics is
crucial for optimizing booking systems, personalizing
customer experiences, and managing facilities. Predic-
tive analytics help in forecasting demand, which assists
in revenue management and staffing.

Sports

Sports organizations use management analytics for
player performance analysis, injury prediction, and fan
engagement strategies. By analyzing game data, teams
can enhance player performance, reduce injury risks,
and improve game strategies.” Nano-high-tech” solu-
tions today are available not only to sports profession-
als. Big data technologies and generative Al allow us
to go further. Nanorobots can interfere with natural
biochemical processes to achieve higher athletic per-
formance — it’s still a concept, but experiments with
nanocapsules capable of releasing active substances in
the right place at the right time are already underway.
Another wide field for the use of nanotechnology and
artificial intelligence is sports pharmacology. Scientists
are experimenting with nanocapsules [molecules in the
structure of which active substances are enclosed] ca-
pable of releasing their contents in the right place at the
right time. For example, oxygen released during peak
loads or drugs that are not considered doping and that
“improve” biochemical processes in the body can be
used as an active substance.

Government and Public Sector

In the public sector, management analytics is used
for urban planning, public safety, social insurance, and
resource allocation. Data-driven insights help in traf-
fic management, crime prediction, and efficient public
resource management. Management analytics makes it
possible to use advances in nanotechnology that help
decrease the harmful impact of various pollutants on the
environment: for example, the collection and processing
of big data for this science provides new opportunities
for recycling solid municipal waste in large urban ag-
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glomerations, water purification, determination of toxic
elements, etc.

Across all these sectors, management analytics plays a
pivotal role in transforming data into actionable insights
that lead to improved decision-making and enhanced
operational efficiencies. As data continues to grow in vol-
ume and complexity, the role of management analytics
in driving industry innovations and improvements is only
set to increase.

CHALLENGES AND FUTURE DIRECTIONS

Management analytics, despite its robust growth and
widespread adoption across various industries, faces sig-
nificant challenges. These challenges stem primarily from
the rapid evolution of data technologies, the in-creasing
complexity of data, and the heightened expectations for
data-driven decision-making in real-time environments.

Data Quality and Integration

A primary challenge in management analytics is the
quality and integration of data. Organizations often strug-
gle with disparate data sources that are siloed and incon-
sistent. The difficulty in integrating these data sources can
lead to incomplete analytics and potentially misleading
outcomes that could affect strategic decisions [42].

Privacy and Security Concerns

As data privacy laws become more stringent globally,
organizations must navigate the complexities of data
compliance while striving to leverage data for analytics.
Ensuring privacy and securing data against breaches while
maintaining the utility of analytics systems is a significant
challenge that requires ongoing attention and innovation
[43].

Skill Gap and Talent Acquisition

The skill gap in data science and analytical expertise
is another critical challenge. The demand for profession-
als who can interpret complex data and derive insights
exceeds the supply. This gap can hinder the implementa-
tion of effective management analytics, as organizations
struggle to recruit and retain qualified personnel. As
new technology-related occupations emerge, there is
a growing demand for more skilled personnel. The key
in-demand areas are data scientists, business analysts,

data engineers. To meet these growing needs, upskilling
is paramount.

Future Directions: Al and Automation

Looking ahead, the integration of artificial intelligence
[AI] and automation in management analytics is seen as a
promising direction. Al can address many of the current
challenges by enhancing data processing capabilities, gen-
erating more accurate predictions, and providing deeper
insights into complex datasets [44].

Ethical Implications and Governance

As Al becomes more integrated into management ana-
Iytics, ethical implications and governance will come to
the forefront. Organizations will need to establish clear
policies and frameworks to govern the ethical use of Al
and analytics, ensuring that decisions derived from such
systems are transparent, fair, and accountable. Artificial
intelligence should not deprive humans of their role in
the intellectual sphere. On the contrary, we have oppor-
tunities to reconsider the established ideas about human
knowledge and learning. This will become the basis for
uniting the efforts of society, which can lead to the cre-
ation of a future digital environment focused on people
and accessible to everyone.

CONCLUSION

The documents reviewed underscore the multifaceted
role of management analytics in enhancing organiza-
tional performance across various sectors, showcasing
its pro-found impact on operational efficiency, strategic
decision-making, and competitive ad-vantage. Through
the evolution of analytics methodologies from basic sta-
tistical approaches to advanced machine learning and Al
integration, management analytics has not only adapted
to the complexities of modern data but also driven signifi-
cant business transformations. However, challenges such
as data privacy, the analytical skills gap, and the need for
continuous technological advancements persist, demand-
ing robust solutions. As management analytics continues
to evolve, it will be pivotal for organizations to address
these challenges and leverage the latest innovations to
stay competitive in a data-driven world. This dynamic
interplay of innovation and adaptation highlights the on-
going significance of management analytics in shaping the
future of business practices globally.
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AHHOTALMA

BBepeHue. YnpasneHyeckas aHanuTiKa — 3TO pa3BuMBatoLanca 061acTb HayKu, KOTopas Nosyymna WUpPoKoe pacnpocTpaHeHne
Kak B akafileM4ecKmx Kpyrax, Tak 1 B 6r3Hece 6rarogaps cBoemy 3HauMTeNbHOMY BIVSIHWIO HA NPOLIECCHI MPUHATUA PELIEHUI B CO-
BPEMEHHbIX YCNoBUAX. BHeapeHe B paMKax ynpaBneHYecKon aHanuTUKY B MPOLIECC MPUHATUA peLleHni nepefoBbix MHbopmaLu-
OHHbIX TEXHONIOTUI U UCKYCCTBEHHOTO MHTE/IEKTA CMOCOOCTBYET reHepaLvi MIHHOBALMIOHHBIX PeLIeHWI U NOAXO40B. DBOMOLUA
ynpaBfieHYeCcKo aHannTuKK. [laHHasA AncumnivHa obbearHAEeT B NpoLecce NPUHATAA PELLUEHUI pa3Hble METOAbI, B TOM Uncie
CTAaTUCTMYECKIMI aHanun3, MPOrHO3HOEe MOAENNPOBAHME 1 BMU3Yyanu3aLuio JaHHbIX B LieNiAX ONTUMKM3aumm 613Hec-cTpaTernin Komna-
HWIA, NOBbILIEHVA onepaLroHHON 3GpGEKTUBHOCTI U GprHAHCOBbLIX NMoKasaTtenel. [1o Mepe pa3BuUTHA 1 BHEAPEHUA YNPABNEHUECKUX
NPaKTVK OHW NPUBHOCAT HOBble acMeKTbl U BO3MOXHOCTY AN cbopa 1 aHanv3a JaHHbIX, OTKPbIBasA YHUKabHble BO3MOXHOCTY
AR Pa3BUTUSA CIIOXKHbIX OTpacsieil, Tpebyowwmx aHanr3a 60MblWNX AaHHbIX, HANPUMEpP, HAaHOTEXHoNorin. MeTogonornyeckme
[OCTIKEeHUA B 06nacTy ynpaBfieHYeCcKol aHanuTUKu. B [aHHOM nccnegoBaHMM paccMOTPeHbl TpaHChopMaLMoHHble 3¢ deKTbl
ynpaB/ieHYeCKol aHaIMTUKN 417 Pa3fIvyHbIX MPOV3BOACTBEHHbBIX CEKTOPOB, UIIIOCTPUPYIOLLUX SBOSOLMIO U MHTEPNPETMPYIOLLNX
aHanMTMYecKre METOAOMOMM C 0COObIM aKLIEHTOM Ha HaHOTexHosormu. lMpumeHeHMe B pa3NnyYHbIX ceKTopax. /icnonb3osaHue
METOAOB YMNPaB/IEHYECKON aHANITUKM 3HAUNTENBHO YryyLLaeT NPoLecc NPYHATUA PeLLeHKi Ha NPaKTrKe 6narogapsa NCNonb30BaHMIO
CJIOKHbIX afIFOPUTMOB aHann3a AaHHbIX, MHTEPNPETUPYs CTpaTernyeckyto nHbopmaLmio Takum obpasom, 4Tobbl CNOCo6CTBOBATb
NOBbILWEHWI0 3GPEKTUBHOCTA U KOHKYPEHTOCMOCOOHOCTM KOMMAHUN. B TO e Bpems 1cnonb3oBaHre METOAOB YrpaBieHUYecKom
aHaNMTKKM B 0611aCT HAHOTEXHOJIOMMIA MOAHMAET BOMPOCHI, Kacalowuyeca STUYeCKUX NoCieACTBUN 1 PEryNATOPHbIX COobpake-
HuiA. Mpo6neMHble BONPOCbl 1 HanpaBneHua 6yaywmnx nccnefoBaHuii. B coBpeMeHHbIX YCIOBMAX OCTAIOTCA HEPELLUEHHbIMY
1 BbI3bIBAIOT OMNpefesieHHble CJIOKHOCTU MHTErpaLma MeTOA0B aHANITUKN MEHEKMEHTA B CIIOXKMBLUMECA B13HeC-npoLecchl, 0be-
cneyeHne 6€30MacHOCTU JaHHbIX, HEXBATKa KBaNMGMLMpPOBaHHbIX KagpoB. 3aknoueHue. [laHHaa 0630pHas ctatbs popmupyet
obLiee npecTaBneHNe O NOTeHUMaNe Pa3BUTAA YNPaBIEHYECKON aHANITUKLN U ee BaXKHOCTV B COBPEMEHHOM MeHe[XKMeHTE.

KJTIOMEBDIE CJIOBA: ynpaBneHuyeckas aHanuTnKa, NpUHATUE PELLEHWNI, aHaNIMTMKa AaHHbBIX, HayKa 06 ynpasnieHun.
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pEIIeHUI U TOCTUKEHNSI KOHKYPECHTHBIX ITPEUMYIIICCTB
Ha pbIHKe. B a11oxy, orMeueHHy10 ¢ poBoii TpaHCdOp-
Malneil 1 MOSIBJICHUEM KOJOCCATbHBIX 00heMOB TaH-
HBIX, CIIOCOOHOCTD aHAJIM3UPOBATh U MHTEPIIPETUPOBATh
CJIOXKHBIC HA0OPBI MTAHHBIX CTajla KPUTUIECKN BasKHOMU
IJIST TFOOOTO OM3HEeca, CTPEMSIIErocs K IMIPOILBETAHIIO
Ha IMHAMWYHO pa3BUBAIOIINXCS phIHKAX [1, 2].

YrpasneHdYecKast aHaJITUTHUKA B HACTOSIIEe BpeMs
CTAaHOBUTCS OTHMM W3 KITIOUEBBIX TTOIXOIOB TSI PAOOTHI
C aHAJTUTUICCKUMM JaHHBIMU IJIST IPUHSITUSI CTpaTeTH-
YECKMX PEIICHUI B Pa3IMYHBIX CEKTOPAaX SKOHOMUKI.
[Tpy mcrnoMb30BaHMK TAaKOTO TOX0Ia MHTCTPUPYIOTCS
pas3TMIHBIC METOIBI MCCICIOBAHUS B CTATUCTUKE 1 Ma-
IMMHHOTO OOYYCHMS ISl aHaIM3a OM3HeC-IIPOIIECCOB,
TEM CaMBIM MOKET TOBBIIIATHLCS OITepartmoHHast 3 dex-
TUBHOCTB U CTPATETUICCKIE PE3YIBTATHI ITPSATIPHUSTHS.
DTa HOBas 00J1aCTh CIIEIIMAIBEHO HalleJieHa Ha (popMu-
poBaHMe TIpollecca BHEAPECHUS METOIOB IIPUHSITHUS pe-
IIeHWIT Ha OCHOBE OOJIBIIINX JaHHBIX, HAIIPaBICHHBIX
Ha ONTUMU3AIINIO UCIIOIH30BaHUS PECYPCOB, YIIyUIle-
HUE TIPeIOoCTaBICHUS YCIYT U TOBBIIIICHUE TIPON3BO-
JIUTETLHOCTU Ha BCeX YPOBHSIX opraHu3anuu [3, 4, 5].

O061acTh TPUMEHEHMST YIIPaBICHICCKOI aHATNTUKI
IIPOKA ¥ OXBATHIBACT IICIIBIN PSII TIPIIIOKEHUIA: OT OTIe-
paumii B ermovKe ITOCTaBOK 10 YIIPaBJICHUS B3aUMOOT-
HOIICHUSIMU C KJITMEHTaAMHU 1 YIIPaBJICHUS TIEPCOHAJIOM.
OHa BKITIOYAeT B ceOsI CUCTEMATHUECKOE NCTIOIb30BaHIe
TAHHBIX IUTST IPUHSTUS pEIICHUI TAKMM 00pa3oM, 9TO-
OBI TTOBBICUTH IICHHOCTD OM3Heca. [IprMeHsIT METOIBI
yIIpaBJICHYECKON aHATUTUKN, OPTaHU3AIIUN MOTYT JO-
OUTBHCsI 60JIee TOYHOTO IPOTHO3UPOBAHUS, VIIyIIIICHUS
CHCTEMEI YIIpaBJICHUS PUCKaMU ¥ JIYUIIIETO pacIipeaesie-
HUSI pECYPCOB, UTO IIPUBEIET B KOHCYHOM UTOTE K TTOBBI-
ILIEHUIO ONepallMOHHON 3((HEKTUBHOCTU U KOHKYPEHT-
HBIM IIPEMMYIIIECTBAM Ha pHIHKE [6, 7].

Ha mpakTtuke yrpasieHYecKass aHAJTUTUKA JOJDK-
Ha OBITh TNIyOOKO MHTETPUPOBAHA B pa3IMIHBIC OU3-
Hec-(YHKIINT BeeX MOApa3aeIcCHN KOMITAHUHA. DTO
CITOCOOCTBYET BBISIBIICHUIO 3aKOHOMEPHOCTEH U TIOJTY-
YEHUIO aHATUTUYCCKUX CBEICHUI B OOIBIINX 00BeMaX
TAHHBIX, TTOMOTasI IIPU 3TOM MEHeIkepaM IIPUHUMATh
000CHOBaHHEBIC peleHust. Harmprmep, B ypaBieHUN 11e-
TIOYKaMH ITOCTaBOK YIIpaBJIcHYCCKAsT aHAJTUTAKA MOXET
ONITUMM3UPOBATh YPOBHU 3aI1aCOB 1 TTOBBICUTD (D heK-
TUBHOCTD JIOTUCTUYCCKNX OTIepaIIniA.

AHaJIOTUYHBIM 00pPa30M B MapKETUHIE MOTYT OBITh
MIPOaHAIM3MPOBAHBI MOICIIN TTOBEICHMS IIOTPEOUTEIICIH,
YTOOBI aZAIITUPOBATH TIPOAYKTHI U YCIIYTH IJIsI OoJiee
3(GEKTUBHOTO YIOBICTBOPEHUS IIOTPEOHOCTEH phIHKA
[8,9, 10].

Pa3BuTHe TEXHOIOTMIT 3HAYNUTEIIHEHO PACIIIMPUIIO BO3-
MOXKHOCTH YIIpaBJIeHIeCKO# aHamuTuK. CoBpeMeHHBIE
WHCTPYMEHTHI 1 TUIAT(POPMBI, OCHOBaHHBIC Ha aJITOPUT-
MaX MCKYCCTBEHHOTO MHTEJUICKTa U MAIIMHHOTO 00Y-
YeHUsI, TIO3BOJISIIOT paboTaTh ¢ OOJIBIIMMHU HabopamMu

IIAaHHBIX, COOMpast U MpeaoCcTaBiss UH(pOPMAIIUIO B 00b-
eMax, KOTOphIe paHee ObIJIO HEBO3MOXKHO ITPEICTABUTE.
DTU TEXHOJIOTUN 00JIETYAIOT 00pabOTKYy 1 BU3yaanu3a-
LIVIO TAHHBIX B PEXXMUME PealbHOTO BpeMEHHU, TI03BOJISIS
MEHeIKepaM OIlepaTUBHO pearnpoBaTh Ha BO3ZHMKA-
foIIre TeHACHIIMN 1 TeKYIIMe ONepallMOHHBIC 3a1aun
[11, 12].

YrpasieHUYecKast aHATUTUKA BHOCUT 3HAYUTEIIBHBIN
BKJIAJ] B IPUHATUE OPTaHU3ALMOHHBIX PEILIEHUH 3a CUET
WHTETpaIlK OOIIMPHOTO aHAJIM3a JaHHBIX JUTS YITydIIe-
HUS OTICPAIIMOHHBIX M CTPATCTUUECKUX PE3YIbTAaTOB.
B 3T0i1 06;1acTH UCTIOTB3YIOTCS TTePEaOBBIC CTATUCTH -
YeCKME W BRIYMCIUTEIIBHBIC METOIOJIOTHH TSI U3BJICUe-
HUSI TI0JIe3HOM MH(MOPMAIIUK 13 OOJIBIINX HA0OPOB TaH-
HBIX, YTO TTO3BOJISICT IIPEAIIPUSITUSIM OINITUMU3NPOBATh
IIPOIIECCHI, CHIKATh M3IEePKKU M TOBBIIIATH OOIITYIO
3¢ dekTuBHOCThL. B pasnnuyHbIX ceKTopax, OT 3ApaBO-
OXpaHEeHUs 10 PO3HUYHON TOPTOBJIU, yIIpaBlIeHYECKas
aHAJIMTUKA CITOCOOCTBYeT Oosee 2 (EeKTUBHOMY YITpaB-
JICHUIO UMEIOINMMUCS peCypcaMy, IIPOMIIaKTIHICCKOMY
OOCTY:KMBaHUIO, YIIPABJICHUIO B3aMOOTHOIIICHUSIMU
C KJIMEHTaMU U T. 1., CTUMYJIMPYS BHEAPEHUE NHHOBA-
U ¥ TTOJTyYeHNEe KOHKYPEHTHBIX IIPEUMYIIIecTB. Bo3-
MOXHOCTH 00paOOTKM JAaHHBIX B PEXKMME PeabHOTO
BpEMEHHM B YIIPaBICHUYCCKON aHAIMTHKE TaKKe IO -
TEePKUBAIOT TMHAMUIHOE TIPUHSITUE PEIIeHUI, TToMoTast
OopraHu3alusIM ObIcTpee 1 3(D(hEeKTUBHEE pearnpoBaTh
Ha N3MCHSIOIINECS PRIHOYHEBIC YCIIOBUS. Takum 00-
pa3oM, yIIpaBjIeHYeCKass aHAIMTUKA CTAHOBUTCS BaxK-
HEWIIMM MHCTPYMEHTOM JJIsI COBpeMEHHOTO OM3Heca,
obecrieunBast OCHOBY TSI (POPMHUPOBAHUSI CTPATETHUA,
OCHOBAaHHBIX Ha MaHHBIX, CIIOCOOCTBYIOIIUX POCTY
1 ycToiunBoMy pasputuio [13, 14, 15].

CTpyKTypa CTaThu clieaytomas. Pasmen 2 mmmocTpu-
PYET 3BOJTIOINIO PAa3BUTHS YIIPABICHICCKON aHATUTUK.
B paznene 3 ipencraBieHa METOIOJIOTHS UCCICIOBAHNS.
B paznene 4 paccMaTpuBaeTcs ITpaKTHIECKOe TIPUTIOKE-
HHE yIpaBIeHIeCKOM aHAMNTUKI. B paszmese 5 ompene-
JICHBI IMEIOIIMECS TIPETIATCTBIS U OYIyIIre TPAeKTOPUU
pasButus. B paszaeine 6 mpeacTaBieHbl OCHOBHBIE BBIBO-
ITBI ICCIICIIOBAHMUSI.

3BONIOLUA YNIPABNEHYECKOW AHAJIUTUKU

KoHuenius ynpaBieHUYeCKON aHATUTUKU YXOIUT
KOPHSIMM B TPaAULIMOHHYIO OM3HEC-aHAIUTUKY U CTa-
TUCTUYECKUI aHAJIU3, Pa3BUBASICh HA TIPOTSXKEHUHU e~
CITUJIETUI Garofapsi TOCTUXKEHUSIM B 00J1aCTU BbIYKC-
JIMTEJIbHBIX TEXHOJIOTUM M aHAJTUTUYECKOTO TTPOrpaMM-
Horo obecrieueHus. JlaHHas1 9BOJIIOLIMS TIpeICTaBIIsLIa
o001 mepexo OT IPOCTOI ONUCATEeILHON aHATUTUKHI
K CJIOXKHBIM MOJIEJISIM, KOTOPbIE TpeacKa3bIiBaloT Oy-
Nyle TeHACHIIMU U TTIoBeJieHe OM3HEC-areHTOB, TEM
caMbIM obecrieyrBasi IpOaKTUBHBIE CTpATeTUH yIIpaB-
senus [16, 17].
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YmpaBieHUecKasl aHAIMTHUKA N3HAYAJIBHO BEIPOCIIA
u3 0oJjiee MMPOKOI obacTy OM3HEC-aHAIMTUKU, YXO-
ISIIe KOPHSIMH B CTATUCTUICCKUI aHAJIA3 W yIIpaB-
JICHWE JaHHBIMUA. MICTOPUMYECKH CITOXKIIIOCH TaK, YTO
OM3Hec-aHAJIUTHKA ObIJIa COCPEIOTOUYCHA B OCHOBHOM
Ha ommcaTeIbHOM aHAJIMTHKE, KOTOPpast BKITI0YaIa B CeOsI
aHAJIU3 OTYCTHOCTH IIPEABIAYIINX TIEPUOIOB I WH-
(bopMUpOBaHUS PYKOBOACTBA TP MPUHITUU PeIIIe-
HUI1. DTOT 3TaIl XapaKTepn30BaJICSI NCIOIb30BaAHUEM
0a30BBIX CTATUCTUYCCKUX MHCTPYMEHTOB M PYUHBIX
METOIIOB cOOpa MaHHBIX, HAIIPaBJICHHBIX Ha yIIPOIIe-
HIE OTPOMHBIX OOBEMOB OM3HEC-TaHHBIX B TIOHSITHEIC
otueTHl [18, 19]. ITo Mepe pa3BUTHS BEIYUCIUTEITBHBIX
TEXHOJIOTHI B KOHIIE XX-TO BeKa B YIIpaBJICHICCKOM
AHAJINTUKE CTAJIN UCIIOJIB30BaThCS BCEe OOJIEE CIIOXKHBIC
IpoTpaMMHEIC MHCTPYMEHTHI, UYTO IIPUBEJIO K Pa3BU-
THIO CUCTEM TTOIACPKKY MpUHATHS perrennii (Decision
Support Systems - DSS). B Takmnx crucreMax momaepkKKu
TIPUHSATHUS PEIICHUN NCITOIb30BaINCh UCTOPUICCKIE
TAaHHBIC UTS TIOJIyIeHUSI aHATUTUICCKON MH(MOpMAILINT
¥ TIOIIEPKKM 00JIe€ CIIOXKHBIX IIPOLIECCOB IIPUHSITUS pe-
mreHnit. Haqmare B pacIiopsskeHUY YITpaBJICHIIEB 0oJiee
HAIeKHBIX BRIYUCIUTEIBHBIX PECYPCOB TTO3BOJIMIIO 00-
pabaThIBaTh OOJIBIIE HAOOPHI JAHHBIX U UCIIOJIb30BaTh
OoJtee CIIOXXKHBIE MaTeMaThudeckue Moaenu [20].

BHenmpeHne IpeIMKTUBHON aHAIMTUKUA (VUTH TIPEI-
CKazaTeJIbHOI aHAJUTUKM) 03HAMEHOBAJIO CO0Oi 3Ha-
YUTEJTBHYIO SBOJIIONMIO B YIIPABICHIECKOM aHAINTHUKE.
Hcnons3ys cTaTUCTUISCKIE MOACIN M METOIBI TIPO-
THO3MPOBAHUS, KOMITJICKC METOIOB aHAIM3a JaHHBIX
U c0CcOOOB UX MHTEPHpPETalud, KOMIAHUUA MOTJIU
HE TOJIBKO MHTEPIIPETUPOBATh UCTOPUICCKIC TaHHBIC,
HO ¥ TIPOTHO3MPOBATH OymyIve TeHaeHnu. HoBele BO3-
MOXHOCTH TIO3BOJIMJIN HAadaTh TPpaHC(HOPMUPOBAHUE
METOIOB YIIpaBlIcHNUs, 00eCTICUNB yIIpexXaalolee, a He
PEaKTUBHOE IIPUHSITHE PEIICHUN ¢ MCTIOIb30BaHNEM
TaKUX METOIOB, KaK PeTPECCUOHHBIN aHAIN3, TIPOTHO-
3MPOBaHNE BPEMEHHBIX PSIIOB U 00JIee TTO3MHIE METOIBI
MaIlIMHHOTO 00yyeHud [21].

PeBomtotins B 0671aCTH TTOBCEMECTHOTO MCITOIb-
30BaHUs OOJIBIIMX AaHHBIX B Havajie XXI Beka ene
0oJiee yCKOpWIIa pa3BUTHE YIIPaBICHISCKON aHAINTH -
ku. MHTerpalms TeXHOJIOTHIA OOIBIITNX JAaHHBIX C MH-
CTPYMEHTaMU YIIpaBJICHICCKOM aHAIMTUKY TTO3BOJIMIIA
00pabaThIBaTh HECTPYKTYPUPOBAHHEIC W MIOJTyCTPYKTY-
pUpOBaHHBIC TaHHBIC, PACITUPUB aHATUTHUCCKHE BO3-
MOXHOCTH MCHEIKMEHTA OpTraHU3aluii. ATTOPUTMEI
MaIlMHHOIO0 O0Oy4YeHMs CTaju MpUoOpeTaTh Bce OOJIb-
IIIee 3HaYCHME, TIPEIOCTABIISISI HOBBIE CTIOCOOBI aHAI3a
MAHHBIX M aBTOMATU3aIAN CIOXKHBIX IIPOIECCOB MIPH-
HATUS peleHunii [22].

CeromHs Ha yIIpaBIeHICCKYIO aHATUTUKY OOJIBIIIOE
BIMSTHIE OKA3BIBaIOT COBPEMEHHBIC JOCTIKCHUS B 00-
JIACTH UCKyccTBeHHOTO mHTe/utekTa (M) u rmyomHHOTO
00y4YCHHUSI. DTH TEXHOJIOTUH TTO3BOJISTIOT IIPOBOIUTH €IIIe

OoJree CIOXHBIN aHAN3, TAKOI KaK aHAJIN3 TOHAJIBLHO-
CTH, pacno3HaBaHUE N300pakeHU1 1 00paboTKa ecTe-
CTBEHHOTO S3bIKa, KOTOPHIC TeTICPh CTAJIO BO3MOXKHBIM
HCITOIB30BATh TSI M3BJICUCHUS] MH(GOPMAIIUK 13 JaH-
HBIX, KOTOpBIE paHee OBbLIN HETOCTYITHBI ISl aHAIM3a.
AHaTUTUKAa Ha OCHOBE MCKYCCTBCHHOTO MHTEJIJICKTA
MMOAACPKUBACT TIPUHSITHC PEIICHUI B pEesKUME peajlb-
HOTO BpeMEHU M IIpeajiaracT IMIPOrHO3HYIO aHATTUTHKY
C BBICOKOI1 CTETIeHbIO TOUHOCTH [23].

O01aCcTh YIIPaBICHICCKOM aHATUTHKY TOTOBA K TaJTh-
HelIeMy pocTy M pPa3BUTHIO ¢ MHTerpanueit UHTepHeTa
Bemeii [oT (Internet of Things) 1 6oree TPOTBUHYTHIMI
BO3MOKHOCTSIMH MUCKYCCTBEHHOTO MHTEIIJIEKTa. DTU pa3-
paboTKM 00e1IaoT yKe B OJivKaiiiinem OyayiieM npeao-
CTaBUTH OOJIee KOMIUICKCHBIC, aBTOMATU3UPOBAHHBIC
1 TOHKHE aHAINTUIECKIE MHCTPYMEHTBI [IJIST TTPUHSITUS
pemreHuii. TeM He MeHee, TaKHe TIPOOIEMbI, KaK KOH-
(umeHIIMATPHOCTD JAHHBIX, STHUCCKUE ITPOOIEMBI, CBSI-
3aHHBIC C UICKYCCTBEHHBIM MHTEJUIEKTOM, M TTOTPEOHOCTh
B 3HAYUTETLHBIX BEIYMCIUTEIHBHEBIX pECypcax OCTaIOTCS
aKTyaJbHBIMU. Bynyliee ympaBieHUIeCKON aHATUTUKHA
OyIeT 3aBUCETh OT TOTO, HACKOJIBKO d(P(HEeKTUBHO OY-
YT PeIIaThCsT 3TH MPOOIEMBI M HACKOJIbKO OPTaHUIHO
HOBBIC TEXHOJIOTUHM MOTYT OBITh MHTETPUPOBAHEI B CY-
IIECTBYIONINE aHAIUTUICCKIE CTPYKTYPHI [24].

METOAOJIOTMYECKUE AOCTUXEHUA B OBJIACTU
YMNPABJIEHYECKO AHANIUTUKN

CoBpeMeHHBIE METOHOJOTUICCKIE TOCTUKCHUS
B 00J1aCTU YIIpaBICHYCCKONW aHAJIMTHUKK BKIIOYAIOT
B Cce0ST CITOKHBIC aJITOPUTMBI M METOIBI MAIITMHHOTO
00y4YeHUsI, KOTOPbIE 00eCeynBaloT 0oJiee rIydoKoe Io-
HUMaHNe JaHHBIX, YeM Koraa-aroo mmpexne. Takue me-
TOIBI, KaK aHAJIN3 Cpeabl (GYHKIIMOHUPOBAHMUS, MOICITN
MaIIMHHOTO OOYYCHUSI 1 ceTeBas aHATUTIKA TTPON3BEIN
PEBOJIONIIO B IOIXOAEe KOMITAHMI K TIOMCKY PeIleHMI
B TaKIX 00JIACTAX, KaK JIOTUCTUKA, YIIPaBJICHHE IIePCO-
HaJIOM ¥ B3aUMOOTHOIIICHUSIMY C KITMCHTaMU.

CraTucTnyeckuin aHanms n onTuMunsaunsa

[lepBoHAYAILHO YIIpaB/IEHYECKAS AaHATUTUKA B 3HA-
YUTEJbHOM CTeeH! OIMpPaiach Ha CTATUCTUYECKUE Me-
TOIBI ¥ JIMHEMHOE IIPOrpaMMUPOBAHUE TSI ONITUMM3a -
LMK OIEepaLMii M IPOTHO3UPOBAHUS PE3Y/IbTATOB. DTU
METO/IbI 00eCIIeUNBAIN OCHOBY [UISI IIPUHSITUS PELIECHUIA
IIyTeM OOLIMX TEHACHIIMI 1 ONTUMM3ALUU pacIipeaesie-
HUS pecypcoB [25].

MoABneHne mawMHHOrO 06yyeHunsA
M ICKYCCTBEHHOTrO MHTenNeKkTa

BHC,Z[peHI/Ie MalllMHHOTO O6Y‘ICHI/IH N NCKYCCTBCH-
HOT'O MHTEJIJIEKTa 03HAMEHOBAJIO COOO0M Kap,I[HHaJIbeIfI
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CIBUT B yIIPaBJIEHUYECKOM aHAIUTUKE. DTU TEXHOJIOTUU
MMO3BOJIMIM OPraHM3aLMsIM aBTOMATU3UPOBATh IIPOLIEC-
Chl aHAJIM3a JAHHBIX 1 (POPMYIUpPOBATh 60JIee TOUHbBIE
MPOTHO3bI 32 CYET 00YyUYEHHUSI Ha OCHOBE JaHHBIX 0€3 SIB-
HOTO IIporpaMmupoBaHus [26).]

AHanuTMKa 60NbLNX AAaHHDbIX

Korna opranuzauum Hayaau oOpabaThIBaTh OTPOM-
HBIe 00heMBI JaHHBIX, aHAJTUTUKA OOJBIINX JAaHHBIX
cTajla KpUTUYECKU BaXKHBIM METOIOJIOTUISCKUM J0-
CTIDKEHUEM IIJIST TaJIbHEHIIIero pa3BuTHsl. Pa3BuTue Ta-
KMX MHCTPYMEHTOB U T1atdopM, Kak Hadoop n Spark,
YIIPOCTUIN 00pabOTKY OOJIBIINX HAOOPOB JaHHBIX, YTO
TI03BOJIMJIO TIOJYIUTh OOJIee MeTaaIbHOE TIPEICTaBIICHIE
0 busHec-onepauusx [27].

npeAIlIKTI/IBHaﬂ aAHaINTNKa n ee BINAHNe

[MpennkTUBHAS aHAaIUTHKa TpaHchOpMUpOBaa
VIIPaBJIEHYECKYIO AHAINTHUKY, TTO3BOJINB CITEINATNCTaM-
MMpaKTUKAaM aHaJIU3UpOBaTh U MPEIBUIETH OYIYIIIE
TEHICHIINY 1 TIOBEIEHNE TTAPTHEPOB U ITOTPEOUTEIIEIA.
Takue MeTOIbI, KaK PErPeCCUOHHEBIN aHaIn3, aHaIu3
BPEMEHHBIX PSIIOB U MOJEIM MAIIMHHOTO OOYUEHMS
MMEIOT pelllarolnee 3HaueHUe IS IPOTHO3UPOBAHUS
MMOBEIEHNS KIIMEHTOB, TEHICHIINI TTPOIaX U MoTped-
HOCTE IEITOYKH ITOCTaBOK [28, 29].

AHanuTnka B pexunume peanbHOro BpemeHu

Bo3MOXHOCTb aHAIM3UPOBATh TaHHBIC B PEXKUME
peaTbHOTO BpeMEHM 3HAUYMTEIIBHO ITOBBICHIA CKOPOCTh
pearupoBaHUsI TIPU UCIIOJIb30BAHNY METOIOB YIIPABJICH-
YecKOol aHaMUTUKU. TeXHOJIOTHH, TTOAACPKIUBAIOIIIIC
TIOTOKOBYIO TIepeIavuy JaHHBIX, TTO3BOJIVUIN KOMITAHUSIM
OBICTPO MMPUHUMATL 0OOCHOBAHHEIC PEIICHUS, aHallTH-
PYSICh K MI3MEHEHMSIM TI0 Mepe UX BOSHUKHOBeHHUS [30].

O6nauHble BbIUMC/IEHNA N aHAINUTUKA

O06ayHbIe BEIYMCICHUS YIIPOCTIUIN M PACIINPUIN
IOCTYIT K MOIITHBIM aHAJTUTUICCKUM MHCTPYMEHTaM,
obecIieunB MacIITabupPyeMOCTh U TUOKOCTh. DTO J10-
CTVDKEHME TTO3BOJIMIIO TaxKe MaJIBIM TIPEATIPUSTHSIM 1C-
TI0JIB30BATh CJIOXKHYIO aHATUTUKY 0€3 HEOOXOTUMOCTH
3HAYUTEJIbHBIX MHBECTULIMI B HEOOXOAUMOE 000PYI0-
BaHue. HerHenHee TOKoJIeHIE KOMITBIOTEPOB U CEKTOP
BBICOKUX TEXHOJIOTHI TPEOYIOT HAHOTEXHOJIOTUI TSI
co3maHusI 60JIiee YMHBIX M KOMITAKTHBIX 2JICKTPOHHBIX
ycTpoiicTB. Ilpu ob6mauyHON apXuTeKType TpedyeTcs
MEHBbIIIe KOMIbIOTEpOB, obopynoBanus u UT-ycayr,
HO CIIPOC COCPenOoTOYeH Ha 3(P(PEeKTUBHOCTU 1 MECHB-
111eM pa3Mepe 000pyI0BaHUSI LIEHTPOB 0OPAOOTKU JaH-
HBIX [45].

Unterpaums loT c aHanuTuKOM ynpaBneHus

HurepreT Bemeit (IoT) oTKpbLT HOBOE M3MEpeHNE
1 HOBBIE BO3MOXHOCTH B YIIPaBJICHYCCKOI aHATUTHKE,
ITO3BOJIUB COOMPATh M aHAJIM3UPOBATh TaHHBIC C MO~
KJTIOYeHHBIX YCTpoiicTB. [Ipon3omeninas nHTeTpanust
¢ IoT crama ocobeHHO TpaHCc(HOPMAITMOHHOM B TAKUX
OTpaciIsIX, KaK IIPOM3BOICTBO U JoTucThKa. MIHTepHET
Belllell 00amaeT MMOTeHIINAIOM TSI TIPEHOCTABIICHMUS
OTPOMHOTO 00beMa JaHHBIX B PEXXUME PeabHOTO Bpe-
MEHH, KOTOPBIE MOTYT OBITh UCITOIH30BAaHKI B YIIPaBIICH-
YECKOM aHAJIMTUKE IJIsI TIOBBIIICHUS 3G (EeKTUBHOCTH
MHTEJUIEKTYaTbHBIX YCTPOMCTB ¢ HAHOTEXHOJIOTUSIMH.
Hampumep, HaHOCEHCOPBI, KOTOPEIE MOTYT paboTaTh
B CypoOBbIX ycioBusix. B Oynyiem narerpamust loT ¢ Ha-
HOTEXHOJIOTUSIMU MOXKET IIPUBECTU K CO3MTaHUIO MHHO-
BaIlMOHHBIX YMHBIX YCTPOMCTB. DTa MHTETPAIIAS MOXET
PEBOTIOIIMOHN3UPOBATE PA3IMUHBIC CEKTOPHI, TAKHE KaK
3IpaBOOXpaHEHNE, IPON3BOJACTBO, SHEPTETUKA U CEITb-
cKoe x03giicTBo. HTepHET Belneit B HAHOpa3MEePHOM
IIPOM3BONICTBE M cOOPE SHEPTUHU TAKKe TTOKA3aJI MHOTO-
o0eIaroIme pe3yIbTaThl, HO BCE €IIe CYIIeCTBYIOT IIPO-
0JIeMBI, KOTOPBIE HEOOXOINMO PEIINTh.

PaCI.IJIlIPEHHbIe WHCTPYMEHTbI BU3yanunsayumm

CoBepIIIeHCTBOBAaHNE MHCTPYMEHTOB BU3YaIN3alINI
TTO3BOJISIECT CETOIHSI TIPEIIOKUTH 00JIee MHTEPAKTABHBIC
W WHTYUTUBHO ITOHSITHBIC CITOCOOBI TIOHMMAaHUS IIJIsT
TIepcoHaia KOMITAHUM CJTOXKHBIX HA0OpOB JaHHBIX. Ta-
KMe MHCTPYMeHTHI, Kak Tableau u Power BI momorator
IIpeoOpa3OBBIBATh AHATMTUYCCKIE PE3YJIBTATHI B TIOJIC3-
Hy0 MTH(GOPMALIMIO C TIOMOIIBIO TMHAMUYCCKIX TTaHe e
MOHHTOpPUHTA 1 0TYeTOB [31, 32].

HnMerorrecss METOIOJIOTUICCKIE TOCTUKCHUST MH-
CTPYMEHTOB BM3YyaJU3allii B COBOKYITHOCTH PaCIIIH-
PWIN CTpAaTeTMICCKIe BO3MOXHOCTH YIIPABICHICCKOM
AHAJIUTUKH, TIO3BOJIUB ITOJIYJaTh 00Jiee TOYHBIC TIPO-
THO3BI I TICPCTICKTUBHBIC UIEH, KOTOPBIC CIIOCOOCTBYIOT
MIPUHSTHIO JIYIIINX Om3Hec-perneHnii. Kaxmoprii atam
SBOJTIOIINY OCHOBEIBAJICS Ha TIPEIBIAYIINX, IIPOKIIAIBI-
Bas IMyTh K OyIyIIeMy, B KOTOPOM aHAJIMTHKA IIIyOOKO
YKOpEHWIACh B IIpaKTUKe yipaBieHus. [1puHsaTre pe-
IICHUI B PUCK-MEHEIKMEHTE OOBIYHO OCHOBBIBACTCS
Ha Ka4eCTBEHHOM aHaJIM3¢ OOJIBIINX TaAHHBIX, YTO UMECT
OoJIBIIIOE 3HAYCHME IS CTPaxoBoii oTpacin. MHHOBa-
nroHHbIe DUHTEX-pa3paboTKy, Takue Kak Peak3, MoryT
CTaTh ApaliBepaMu IITYOOKNX U3MEHEHUI Ha YCTOSIBIIIEM-
cq peiHKe. MMHHOBanmoHnHas paspaborka Peak3 mon-
IePXKUBACT TaKME BUIBI CTPAXOBaHMS, KaK CTPaxXOBaHIE
KW3HU, CTPaXOBaHME 3M0POBBSI U CTPAXOBAHUE MMY-
IIEeCTBA, YTO TTO3BOJISICT MHTETPUPOBATh X BEIYIIIUMU
CTpaxoBIIMKaMU 1 UG PpOBEIMHU TutaTdhopmamu. Peak3
AMeeT OOJIBIITON MOTSHITNAN TSI pACIIPEHUS BO3MOX-
HOCTEH MCTI0NIhb30BaHUs B (PMHAHCOBEIX yCIyrax oopa-
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OOTKM ITaHHBIX M MUCKYCCTBCHHOTO MHTeIUIeKTa. Cpenn
HeIaBHUX JOCTUXXKEHUI — 3aMyCcK INI00aJIbHON CUCTEMHO
3HAYMMOI CTPaXOBOM 00JaYHOU MIaTHOPMEHHON CU-
CTEMBbI, MO3BOJISIONIEN OpraHM30BaTh B3aMMOJICCTBUE
CTPaxOBIIIMKOB 10 BCEMY MUPY € KJIMEHTAMU Ha OCHOBE
HMMH. C moMombio matGopMbl yke TTPoIaHo 0oJjiee Of-
HOTO MUJIJIMapaa MOJMCOB IO BCEMY MUPY, YTO CBUJIE-
TEJbCTBYET O 3HAUUTEJIbHOM ITPOrpecce B BBIMOJHEHUN
MMCCHUU 110 MOJIEPHM3ALIMHI CTPAXOBO oTpaciu'.

MpumeHeHue B pa3nuyHbIX OTpacnax

[IpuMmeHeHME yIIpaBIeHICCKON aHATUTUKHA OXBAThI-
BacT MHOXECTBO CEKTOPOB, BKIIOUAsT (PMHAHCHI, 3Ipa-
BOOXpaHECHHE, POSHUYHYIO TOPTOBIIIO ¥ IIPOU3BOICTBO.
Kaxnapiii cekTop nmojiydaeT yHUKaJabHbIE TTpeUMYyIIE-
cTtBa. Hanmpumep, MeauIIMHCKUE YUPEXKIECHUS BHEIPS -
[OT aHAJTUTUICCKIEC MHCTPYMEHTHI JUTSI ONTUMU3AINHI
TIPOTOKOJIOB JICUCHUS 1, KaK CJCIACTBUE, YIIYIIICHUS
PE3YJIBTATOB JICUCHUS IMAIleHTOB, B TO BpeMsI KaK PO3-
HUYHBIC TIPEANPUATUAS UCTOIb3YIOT aHAIUTHUKY IS
TOHNMAHUS TTOBEICHUS TTOTPEOUTEICH 1 YIIYIIICHHUS
rnepcoHaaM3alMuy Mpoaax. YIpapjeHuecKas aHaIuThUKa
TIPOM3BeIa PEBOJIONIIO B PA3TMIHBIX OTPACTISAX, TIPEIO-
CTaBJISIST AHATUTHYECKYIO MH(GOPMAII0, OCHOBAaHHYIO
Ha JaHHBIX, KOTOpAasl IOBBIIIAET 3(P(HEeKTUBHOCTD, TIPH-
OBLTBPHOCTH M CTpaTermIecKoe ItaHnpoBanue. [1pmro-
JKEHUST METOIOB YIIPABICHICCKOM aHATUTUKU BeChMa
pa3HOOOpAa3HBI, OHU OXBATHIBAIOT CEKTOPHI OT 3IPaBO-
OXpaHEHUs 10 PO3HUYHON TOProBJU, OT IPOU3BOICTBA
1o ¢puHaHcoB. Hanpumep, McKyccTBeHHBIN UHTEILIEKT
¥ OOJIBIIME JaHHBIC MOTYT ITOMOYb OaHKAM B BBISIBIICHIH
¥ TIPEIOTBPAIICHUN MOIIICHHIYECTBA, OTMBIBAHUS e~
HeT, KnbepaTak 1 IPYTUX PUCKOB, aHATU3UPYSI OOJIBIIIIE
00BbEeMBI JAHHBIX W BBISIBIIAS 3aKOHOMEPHOCTH, aHOMA-
JIuu U riogoOHoe noseaeHue. KnbdepdbezonacHOCTh — 3TO
TIpUMEHEeHIEe NCKYCCTBEHHOTO MHTEJUIEKTa, CTIICIIATHLHO
pa3paboTaHHOTO IIJIs 3aIIUTHI KOMITBIOTEPHBIX CeTeH,
MporpaMM M JaHHBIX OT aTak, HE3aKOHHOTO 0CTYyMa,
W3MEHEHUN I YHUYTOXeHUS [21].

3apaBooxpaHeHue

B 3mpaBooxpaHeHNN yIIpaBIeHUSCKAasl aHATUTHKA FC-
TIOTB3YETCS IS YIYUIICHUS Pe3yIbTaTOB JICUCHUS TTalli-
€HTOB C TTOMOIIIBIO TIPOTHOCTUIECKIX MOJIENICH, KOTOPBIC
OLICHUBAIOT (PAaKTOPHI pHCKa U TIPOTHO3UPYIOT TpaeK-
TOPUH Pa3BUTHSI 3a00JICBaHUI y TTAIIMEHTOB. MeTOIBI
YIpaBJIeHISCKON aHAJIMTUKY TTIOMOTAIOT B pacIIpeIe/ICHAN
PECYPCOB, COCTaBICHUM I'pachUKOB PaOOTHI TIepCcOHAaIa
¥ MTHIWBHUIYAThHBIX TUIAHAX YXOIa 3a TalleHTaMM, TeM

! https://fintech.global/2024/09/11 /singapore-based-peak3-
secured-the-largest-asian-insurtech-deal-as-funding-rounds-
halved-in-h1/

CcaMBbIM TIOBBIIIAsT 3(h(HEKTUBHOCTH PAOOTHI M YIOBICT-
BOPEHHOCTH ITanmeHTOB [33]. Bee aTo TIpuBeaeT K OBBI-
IIEHIIO KaueCTBa XKM3HU HACCICHUS IIOCPEICTBOM BHE-
JIPEHIMSI HOBBIX TEXHOJIOTHIT MOHUTOPHHTA 1 TMATHOCTUKI
3MI0POBBSI B MEAUIIMHCKOM CTPaXOBaHUM, OpTaHU3aIIN
3¢ (HEKTUBHOI CHUCTEMBI 30PaBOOXPAHEHMS, CHIKCHUTO
OIOIKETHBIX PACXOMOB C TTOMOIIBIO 00JIee KauyeCTBeH-
HOI'O aHaJIn3a 1 MOHMTOPUHTA JaHHBIX O 300pOBbe [46].
B Gombiieit crerneHr 3HaUCHNE aHATMTUKYA B MEITAIITHE
BaKHO IIJIST TIOBBITIICHUST KaueCTBa XXU3HU IPU IIpodu-
JIAKTUKE W JICUCHUN 3a00JIEBaHUIA B CBSI3U C IITMPOKUM
IIpUMEHEHNEM HAaHOTEXHOJIOTHI B MEIUIIMHE TIPU CO3-
TAHWH Pa3IMIHBIX HAHOYACTHII, 00J1aTafOIINX YHUKAb-
HBIMH CBOMCTBAMM, TAKIMMHU KaK BBICOKAsI MEXaHIMUECKast
IIPOYHOCTD, YCTOMUMBOCTD K XUMUICCKIM BO3ICIHCTBUSM,
ITOBEPXHOCTHASI aKTUBHOCTH, 00YCIOBJICHHBIMU OCOOCH-
HOCTSIMU MX CTPYKTYPBI, TIO3BOJISIIOIIMMHY CO30aBaTh Ha X
OCHOBE HOBBIC MaTepHalIbl 1 ycTpoiicTBa. IMeHHO MeTo-
ITBI YIIPABJICHICCKON aHAJIUTUKH TTO3BOJISTIOT YCKOPHUTH
TIePHO OT Pa3pabOTKU IO IMPUMEHEHNSI MTHHOBAIIMOHHBIX
MaTepHaiOB U YCTPOMCTB B IIMPOKOI MpaKTUKE 3Ipa-
BOOXPAaHCHMS. DTO MO3BOJIUT YCIICITHO JCUNTH CaAMBIC
CJIOKHBIC 3a00IeBaHMs. [1OTTOTHUTETEHO Ha 3Tarle pas-
pabOTKM 1 OLICHKM IIPUMEHEHNE MHCTPYMEHTOB aHAJH-
TUKJ MEHEDKMEHTA ITO3BOJIUT CYIIIECTBEHHO YMEHBIINUTD
BpeMs Ha OLICHKY PMCKOB 1 aHAJIN3 YIOBICTBOPEHHOCTH
ITaIICHTOB.

(DurHaHCOBbIN CEKTOP

B ¢puHaHCcoBOM cexTope ynpaBieHUYecKas aHaIUTHU -
Ka UCIOJb3YeTCs ISl OLIEHKU PUCKOB, BBISIBJEHUS MO-
IIEHHUYECTBA U CETMEHTALNN KJIMEHTOB. AHAJIM3UPYS
Ia0JIOHBI TPAH3aKIMI 1 TTOBEeACHNE KIIMEHTOB, (DMHAH-
COBBIE MHCTUTYTHI MOTYT TpeajaraTb UHAUBUIYAIbHbIE
YCJIYTY, YCUIUBATh MEPbI 0€30MMaCHOCTY U ONTUMU3U-
poBaTh CBOM (DUMHAHCOBBIE TTPOIYKTHI.

IIpeaukTBHAs aHAJIUTUKA, COLMATbHBIA OAHKUHT,
MoBeAeHYEeCKEe (PUHAHCHI Y OTKPBIThI OAHKUHT — BOT
HEKOTOpbI€ U3 KPeaTUBHBIX U HOBBIX YCIYT, KOTOPbIE
ImpemiaraloT GUHAHCOBBIC YupexneHmns. Takue du-
HaHCOBbIE MPOAYKTHI MOSIBUJIMCHL UMEHHO OJ1arojapsi
WHCTPYMEHTaM OOJIbIINUX TaHHBIX U UCKYCCTBEHHOTO
WHTesUieKTa. Hanpumep, KCKyCCTBEHHBIM MHTEIEKT
rnomoraet 6aHKaMm UIeHTU(ULIUPOBATH TaHHBIE O TIPe/I-
MOYTEHUSIX KIMEHTOB U ONIEPAaTUBHO MpeaiaraTh peliie-
HU 110 3ampocy [23]. B ¢punancoBom cekrope nudpo-
Bbl€ TEXHOJIOTUM U aHAJIMTUKA TPAaHC(POPMUPYIOT camy
OM3HEC-MOICTb TIpeaoCcTaBiIcHUS yeIyT. DopMupyroT-
¢Sl 9KOCHUCTEMHO-OpUEHTUPOBAHHEIC TIAT(POPMEHHBIC
CEepPBUChHI, OXBAThIBAIOIIIUE BCE CETMEHThI (PMHAHCOBOTO
pBIHKA (0AaHKOBCKUI1, CTPaXOBOW, MHBECTUIIMOHHBIMN
CETMEHT, IICHCUOHHBIN CETMEHT), KapaAWMHAIbHO MEHSI-
I01I1€ B3aMMOIEICTBME MEXy MOCTaBIIUKOM (PHAH-
COBBIX YCIIYT ¥ KJIMeHTOM. CaMM YCIIYTH YCITOXKHSIOTCS,
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a PMCKM MOIIICHHNYeCTBa Bo3pacTatoT. IMeHHO B yripaB-
JICHUM TaKUM PUCKOM M €TI0 CHIDKCHWH BUIUTCS POJIb
yIIpaBICHYCCKOM aHAIMTUKY B OJTIKAMIIIeM OyIyIIeM.

PO3HMYHDbIN cermeHT

B po3HMYHOM CerMeHTe TOPrOBJIM METOIbI YIIPaB-
JIEHYECKOM aHAIUTUKY IIPUMEHUMBI U1 OIITUMU3aLIMKI
yIpaBJIeHUS 3arlacaMu, YIydllleHus yIIpaBIeHUs B3au-
MOOTHOILIEHUI ¢ KJIMEHTAMU ¥ IIPOrHO3UPOBAHMSI ITOKY-
MaTeIbCKOro MOBEACHUS Pa3HbIX TPYIII OTPeOUTEIE.
Po3HmYHEBIC TTPOIABIIEI UCITOIB3YIOT 3TY MH(MOPMAIIIIO
IUTST amaTITalliid MApKEeTUHTOBEIX CTpaTeTUIA, ONITUMM3a-
WU LIETTOYEeK MOCTABOK U YIYJIIIeHUS KauecTBa 00CITy-
KUBaHWS KJINeHTOB |34, 35].

MpounsBoacTeo

B o6pabatkiBaroieit MpoMBILLIEHHOCTH UCIIOIb30-
BaHHE METOIOB YIIPaBICHUCCKOI aHATUTUKY 00YCIIOBIIC-
HO HEOOXOIMMOCTBIO ONITUMU3AIIAN TTPON3BOICTBCHHBIX
TIPOIIECCOB, COKPAIIICHMS IIPOCTOEB 1 YIIYUIIeHNUS KOH-
TPOJIST CAMOTO TIPOM3BOICTBEHHOTO IIpoIlecca M KauecTBa
MPOM3BOIMMON MpoayKuuu. Moaenu NpeaIuKTUBHOTO
00CIIy>XKUBaHUS ITPOTHO3UPYIOT OTKA3bl 000PYIOBa-
HUS 0 TOTO, KaK OHU IIPOU30MAYT, YTO 3HAYUTEIIHHO
COKpaIllaeT He3aIlIaHMPOBAaHHBIC IIPOCTON U 3aTPaThl
Ha TexHn4yeckoe oociyxubanue [36]. HanGoiee mep-
CIIEKTUBHOEC IIPUMEHEHNE YIIPaBICHICCKON aHATUTUKH
B IIPOM3BOACTBEHHOM CEKTOPE MOXKHO ITPOIEMOHCTPH -
poBaTh Ha IIpUMepe Pa3pabOTKH HOBBIX MaTepPHUAJIOB
C UCITOJIb30BaHNeM HaHOTexHooruii. [1pu 3TOM Baxk-
HO IMMTOHMMAaTh, YTO HOBBIC MaTepHaJIBl HA OCHOBE Ha-
HOTEXHOJIOTHII HECYT B cebe He TOJIBKO IIPEUMYIIECTBa,
HO ¥ pUCKH. B HacTosiIee BpeMsI CIIOKHO OMHO3HATHO
O0XapaKTepU30BaTh Pa3IMUYHbIC HAHOYACTUIIEI C TOUKU
3peHUS UX TTOTCHINATbHON OIMMAaCHOCTH IJIST 3M0POBbS
yesoBeka. YacTo MpoTUBOPEUNBEIC JTaHHBIC HECKOJIBKITX
WCCIIeIOBAaHUI HEe ITO3BOJISIIOT IIPUHSITH B3BEIIICHHOE
pelreHne 6e3 UCIIOIb30BaHNSI METOIOB YITPaBICHUECKOM
AHAJINTUKU.

Llenoql(ln NOCTaBOK N JIOFNCTUNKa

VYpapieH4ecKast aHATUTUKA TpaHC(HOPMUPYET orepa-
LIMK CETU BCITIOMOTATEIbHBIX CIIYKO 32 CYET ONTUMU3ALIMK
MapIIPYTOB, CHIXKEHMS TPAHCIIOPTHBIX PACXOIO0B M CO-
KpalleHUs] BpeMEHU JOCTaBKK. DTO MO3BOJISIET KOMITAHM -
SIM IMHAMWYHO pearupoBaTh Ha COOM B LIETTOYKE [TOCTABOK
U 6osee 2 GEeKTUBHO YITPaBIIATh 3artacamu [37, 38].

O6paszoBaHue

B CEKTOpE 06p330BaHI/I$[ VIIpaBJICHYCCKasa aHaJIMTUKA
IToMOracT y‘{eﬁHBIM 3aBCACHUAM B ]:)213]33.60TK6 n Co-

BEePIICHCTBOBAHUM CTPATETU yIepKaHUS CTYICHTOB,
pa3paboTKe YUeOHBIX ITPOTPAMM U OIITUMAIIBHOM pac-
MIpeaeICHUN NMEIOIINXCS peCypCcoB. AHATU3UPYS DaH-
HBIC 00 yJaIImnxcs, yaeOHbIC 3aBeICHISI MOTYT BBISIBJISITH
YUYaIIMXCsT U3 TPYMITBI PUCKa, agallTHpOBaTh 00pa30oBa-
TeTbHBIC TIPOTPAMMEI IO, TEKYIIE HYKIbI TOCYIapCTBa
1 OOIIECTBA U YJIyJIIIaTh 00pPa30BaTeIbHBIC Pe3YIbTATHL.

JHepreTnyecKknin CermeHT

DHepreTHIecKre KOMITAHNHT NCTIONB3YIOT YIIpaBICH-
YeCKYIO aHAJIMTUKY TSI ONTUMU3ALINU TIPOU3BOICTBA
U paclipenesieHusT 31eKTposHeprun. [1peuKTuBHbBIC
MOZIEIIN TIOMOTAOT IIPOTHO3MPOBATh CITPOC, YIIPABIISITh
Harpy3Koil Ha CeTH B IMMMKOBBIC YaChl M MHTETPUPOBATh
BO300HOBJISICMBIC ICTOYHUKH SHEPTUH C TPATUIIMOHHBI-
MU, TeM caMbIM obecrieurBast 3(h(peKTUBHOE yITpaBJIeHNE
W CHIDKAsT SKCIUTyaTallMOHHBIC pacXonbl. I 1o0aIbHBIC
SHEpPreTMYeCKre KOMITAHUY B CBOMX OCHOBHBIX OM3HEC-
HampaBlIeHUsIX (upstream, downstream, midstream) mMo-
TYT OBITh TTOMIEPKaHBI NCKYCCTBEHHBIM MHTECIIEKTOM
1 OOJIBIIIMMU JAaHHBIMHU 32 CUST CHIDKCHISI MHMOpMAIIN-
OHHOI aCUMMETPHUH 1 TPpaH3aKIIMOHHBIX M3AepkeK. Ha-
MIpUMep, UCKYCCTBECHHBIN MHTEJUICKT CTAHOBUTCS MHCTPY-
MEHTOM, KOTOPHII ITOMOTAaeT CEPBUCHBIM KOMITAHHSIM
¢ 00paboTKOM HeOOXoaAMMOI MH(MOPMALIMY B KpaTJyaiIiie
CPOKM, CHIKAsT KOJTMIECTBO OIIMOOK 1 JINIITHUX 3aTpaT.

Cenbckoe X03AMNCTBO

B cenbckoMm x0341CcTBE yIipaBieHYecKask aHAIMTHUKA
MOMOTraeT MPOTHO3UPOBATh YPOXKAWHOCTh, KOHTPOJIM-
pOBaTh COCTOSIHME TTOYBBI M ONTUMU3UPOBATH PECYPCHI.
AHaMTHKa, OCHOBaHHAs Ha TaHHBIX, [IOMOTaeT hepMe-
paM IpUHUMATb OOOCHOBAHHbIE PELIEHUS O MOCAIKE,
cOope ypoxKas U pacrpeaeaeHun pecypcoB, UTO TPUBO-
JIUT K TTOBBIIIEHNIO MTPOMU3BOIUTEIbHOCTA U YCTONY M-
BocTu. Ha ocHOBaHMM METOMOB yIpaBJeHYECKOW aHa-
JIMTUKU W aHaJIu3a JaHHBIX pa3padaTbiBalOTCs CHEL-
aJIbHble ”HHOBALIMOHHbIE HAHOMATEPHUaJIbl C 3alaHHBIMU
CBOICTBaMU 17151 BEIEHUSI CEJIbCKOXO3SCTBEHHBIX padoT
B CJIO>KHBIX TTIOTOIHBIX YCJOBUSIX, KOT/Ia BAXKHO U30€XKaTh
TPEHUS U U3HOCA AEeTaJIeid, UTO MPOIJIEBAET CPOK CIIY>KOBI
TPAaKTOPOB U JPYTOU CENBbCKOXO3IMCTBEHHON TEXHUKA
W CHUXKAET U3NEPKKU MpousBoautesisi. Kpome toro,
B XKMBOTHOBOJICTBE HA OCHOBE aHaJIM3a OOJIbILUX JAHHBIX
BeIyTCs pa3pabOTKU CeMaIN3UPOBAHHBIX COPOEHTOB
Ha OCHOBE HAHOTEXHOJIOTUM )11 MPO(PUIaKTUKNA TOKCH -
KO30B Pa3JIMyHOI MPUPOJIbl, CHUKEHUST TEXHOTE€HHOM
HaTpy3KM Ha OpraHW3M 4YeJIoBeKa M JKUBOTHBIX [47].

TenekoMmMyHMKaunun

TereKoMMYHUKAIIMOHHBIC KOMITAHUM TIPUMEHSTIOT
YNPaBJIEHYECKYIO aHAJIUTUKY JJIs1 TTOBBILLIEHKS IIPOM3BO-
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TUTEILHOCTU CETel, IIPOTHO3MPOBAaHMS COOEB B paboTe
CHCTEM U YIIy4IIeHUs 00CITy:KUBaHUSI KJIIMEHTOB. AHa-
JIM3UPYS 3aIUCU JTAHHBIX O TIPOU3BEICHHBIX 3BOHKAX,
KOMIIAaHUY MOTYT YAYUIITUATHh TOKPBITHE CETU, CHU3UTH
OTTOK KJIMEHTOB U TOBBICUTH UX YIOBICTBOPECHHOCTH
[39, 40].

HeaBmxumocrtb

B cexTope HEIBIDKUMOCTH yIIpaBIcHICCKAS aHAIM -
THKa UCTIOIBb3YEeTCS T aHAIN3a phIHKA, OIICHKI HEIBU-
KMMOCTH ¥ OIICHKU MHBECTULIMOHHBIX PUCKOB. AHAII3
TAHHBIX B PeKMME peaTbHOTO BPEeMEHH IIOMOTAET TIPO-
THO3UPOBATh PHIHOYHBIC TCHACHIINN, ONTTUMU3UPOBATh
CTpaTeTnM IIeHOOOPa30BAHUS 1 BBHISIBIISATH BHITOIHBIC
VHBECTULIMOHHBIE BO3MOXHOCTH [41].

Typusm n roctenpumnmMmcTso

B cdepe Typrama u TOCTEIPUMUMCTBA YIIpaBIICHIE-
CKasl aHAJIMTKA MMeeT pelraroliee 3Ha9eHNUe I OIl-
TUMU3ALNU CUCTEM OPOHMPOBAHMSI, TIEPCOHAIN3AIINN
KJIIMEHTCKOTO OIbITa U YIIpaBIeHUST o0beKTaMu. [1pe-
MTUKTUBHAS aHAJWUTHUKA TIOMOTaeT B IIPOTrHO3MPOBAHNHI
CIIpoca, U4TO BIUSICT Ha MOBHIIICHNE PEHTA0CIBHOCTH
O6u3Heca, a TaKKe B ITOA00pe TIepCOHAa.

CnopTuBHasA NHAYCTPUA

CIIOpTUBHBIC OPTaHN3AINY UCIIOIB3YIOT YIIPABICH-
YECKYIO aHATUTHKY [UTSI aHaIM3a 3 (MEeKTUBHOCTHU U TIOM-
TOTOBJICHHOCTHU CTIOPTCMEHOB ITPOTHO3MPOBAHUS TPABM
¥ CTpaTernii B3aMMOICICTBYS ¢ OOJIeTbIIKAMI. AHAIIN-
3UPYSI JaHHBIC MAaTUYCH, UTP U COCTA3aHMIT, MCHEIKMEHT
KOMaHIbI MOXET ITOBBICUTD IIPOM3BOIUTEIIEHOCTD UTPO-
KOB, CHU3UTh PUCKH TPaBM U YIIyYIIUTh UTPOBBIC CTpa-
Ternu. TexXHOIOTHH OOJBIINX JAHHBIX M TeHEPATUBHBIN
WCKYCCTBEHHBIN MHTEJUICKT MO3BOJISIIOT CETONHST UATH
JAJbIIe U UCIIOTb30BaTh METOIBI YITPABICHICCKOM aHa-
JIATUKY TSI «00JIee TOHKOM HaCTPOKI» CIIOPTCMEHOB.
«HaHOBBICOKOTEXHOJIOTMYHBIE» PEIIEHUS CETOIHS J10-
CTYITHBI HE TOJIBKO TIpohecCHOHAaIaM B 00JIACTH CTIOpTAa.
Hanopo0OoThI MOTYT BMEIIIMBATECS B €CTECTBEHHBIC OMO-
XUMUIECKUE TIPOIIECCHI TSI MOCTVKEHUST 00JIee BEICOKIX
CITOPTUBHBIX PE3yJIbTaTOB — 3TO BCE €Ille KOHIICTIIINSI,
HO 3KCIIEPUMEHTHI ¢ HAHOKAIICYJIaMH, CIIOCOOHBIMU
BBICBOOOXKIaTh AKTUBHBIC BEIIECTBA B HY;KHOM MECTE
B HY>KHOE BpeMsI, yKe BeayTcs. Ele omHIM mMMpoKnM
TIoJIeM TIpUMEHEHHUs HAaHOTEXHOJIOTUI N MCKYCCTBEH-
HOTO MHTEJIJICKTA SIBIISICTCS CIIOPTUBHAS (hapMaKoJIo-
TUsl. YUeHbIe 9KCIIepUMEHTHPYIOT ¢ HaHOKAIICyIaMH
(MoJeKyIaMu, B CTPYKTYPY KOTOPBIX 3aKITIOUCHBI aK-
TUBHBIC BEIIECTBA), CIIOCOOHBIMU BBICBOOOKIATH CBOC
comepX1MOe B HY;KHOM MecTe B HyxKHOe BpeMs. Ha-
IpuMep, B KAUeCTBE aKTUBHOTO BEIIIECTBA MOXKET OBITh

HCTIOb30BaH KUCIOPOI, BBIICIISIIONTUACS ITPY ITUKOBBIX
Harpy3Kax, WUIM IIperaparbl, KOTOPBIC HE CUMTAIOTCS
JIOTIMHTOM U KOTOPBIE «YJIYYIIAIOT» OMOXUMHUYECKIE
IIPOIIECCHI B OPTaHU3ME.

FocypapcTBeHHOE ynpaBneHue

B rocymapcTBeHHOM CeKTOpe YIIpaBIeHIeCKasT aHa-
JINTHKA UCTIONIB3YETCS TSI TOPOICKOTO TUIAHUPOBAHMS,
VAYYIIeHHUS OOIIECTBEHHOM 0€30ITaCHOCTH, COITMAIBHO-
IO CTPAaXOBaHMS U PaCIIPEICIICHIS pECypCOB. AHATUTHKA
Ha OCHOBE JaHHBIX TTOMOTAET B YIIPaBICHUH JOPOXKHBIM
IBUKCHUEM, IIPOTHO3MPOBAHNH IIPECTYITHOCTU 1 3(h-
(eKTUBHOM yIIpaBICHUH OOIIIECTBEHHBIMU PECYpCaMM.
7151 yIrydIme Hys 5KOJIOTMYeCKOi 00CTAaHOBKH B TOPOIAX
yIpaBJIcHYeCKasl aHAJIMTUKA TTO3BOJISICT UCIIOIb30BaTh
MOCTIKCHUSI HAHOTEXHOJIOTUI, KOTOPBIE TTOMOTAIOT
CHU3UTH BPEIHOE BO3NCHCTBUE pa3TNIHBIX 3aTPsI3HU -
TeJIe Ha OKPYXKAIOIIYIO Cpemay: HalpuMep, coop u 00-
paboTKa OOBIINX TaHHBIX JacT HOBBIC BO3MOXKHOCTH
IJTS TIepepabOTKN TBEPABIX KOMMYHAJIBHBIX OTXOIOB
B KPYITHBIX TOPOIACKUX arJIOMEepaIlisIX, OUNCTKI BOMIHI,
oIpenesIeH!s] TOKCUYHBIX 3JICMEHTOB M T.J.

Bo Bcex aTHX ceKTopax yrpaBicHUECKask aHAIUTH-
Ka UTpaeT KIIYEBYIO POJIb B IIPCOOpa30BaHNN JAaHHBIX
B MPaKTUYCCKYI0 MHOOPMAIINIO, KOTOPask IIPUBOIUT
K YIYYIICHUIO TIpoliecca MPUHSITUS PEIIeHU 1 TIOBBI-
IICHMIO OIlepalimoHHoM 3(pdhekTuBHOCTHU. [To Mepe Toro
KaK 00beM M CIIOXHOCTh TaHHBIX TIPOIOJIKAIOT PACTH,
POJIB YIIPaBICHICCKOM aHATMTUKY B TIPOIBIDKCHUN MTH-
HOBAIlMi 1 YJIYYIICHUI B OTpaciau OyIeT TOJIbKO BO3-
pacrarthb.

Bbl3OBbl U HOBbIE HAMNPABJIEH/A PA3BUTUA

YrpaBieHUecKasl aHAIMTHUKA, HECMOTPST Ha e¢ yBe-
PEHHBIN POCT U IIUPOKOE paCIIPOCTPAHEHUE B Pa3lIiy-
HBIX OTPACIISIX, CTAJIKUBACTCST CO 3HAUMTEIIBHBIMU TIpe-
msarcTBusiMu. [Ipeskae Bcero, 3To CBSI3aHO, B TIEPBYIO
ouepenb, ¢ OBICTPHIM Pa3BUTHEM TEXHOJIOTHIT 00PabOTKH
TMAHHBIX, PACTYIIEH CI0XKHOCTBIO TAHHBIX 1 TTOBHITIICH-
HBIMU OXXUITAHUSIMU B OTHOIICHUN TIPUHSITUS PEIICHUIA
Ha OCHOBE JaHHBIX B pEXKMME peaTbHOTO BpEMEHU.

KauecTBO M MHTerpauvs AaHHbIX

OCHOBHOI1 POOIEMOI B yIIpaBJIeHUECKOM aHAINTH -
Ke SIBJISIETCS Ka4eCTBO U MHTeTpalvs JaHHBIX. OpraHu-
3allMM YaCTO CTAIKMUBAIOTCS C TTPOOJIeMOIt pa3pO3HEHHBIX
1 HECOIJIaCOBaHHBIX UCTOYHUKOB JaHHBIX, KOTOPbIM
CJI0KHO T0BepsATh. CIIOXXHOCTb MHTETPALINH 3TUX UCTOU-
HUKOB JAHHBIX MOXET MPUBECTU K HETIOJIHOM aHAJTUTHUKE
U MOTEHLIMAJIbHO BBOMSIIUM B 3a0J1yKI€HUE PE3YJIb-
TaTaM, KOTOpble MOTYT MOBJIMSTh Ha CTpaTeTMYeCcKue
pemenus [42].
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Bonpocbl KOHPUAEHUVANbHOCTU 1 6@30MacHOCTH

ITo Mepe TOro KaK pa3BUBaeTCS 3aKOHOIATEITLCTBO
0 KOHPUIECHIINATHHOCTH TaHHBIX, TTOSIBIISIIOTCS BCe OoJiee
CTPOTHE HOPMBI ITTO0 BCEMY MUPE, OPTaHU3AIUSIM TIPH-
XOIUTCSI OPUECHTUPOBATELCST B CIIOKHOCTSIX COOITIONCHIS
TpeOOBaHUI K JAHHBIM, CTPEMSICh NCIIOJIb30BaTh TaHHBIC
11T aHaTUTUKK. OGecIieueHrne KOH(GUICHINAIBHOCTH
¥ 3aIlIMTa JAaHHBIX OT YTeUYeK IIPU COXPaHCHMH ITOJIC3HO-
CTH aHAJIMTIYECKIX CUCTEM SIBJISICTCS CEPhEe3HOM 3amadeii,
TpeOyroNIeit MOCTOSTHHOTO BHUMAaHWS 1 MTHHOBaLuii [43].

Pa3pbiB B HaBblKax 1 NpuUBJ/ieYeHe TallaHTOB

HenocTtaTok HaBBIKOB TepcoHaa B 00J1aCTH HayKu
O TAHHBIX ¥ aHAJTUTUYECKOU SKCTIEPTU3HI SIBJISIETCS €I1Ie
OJTHOM BaxKHOM TIpo6iaeMoii. Cripoc Ha CIeNaICTOB,
KOTOpbI€ MOTYT UHTEPIPETUPOBATH CIOXKHbBIE JAHHbIE
M MOJIyYyaTh aHAJTUTUYECKHE BbIBO/IbI, [TOKA MPEBBIIIAET
IpeMIOXKeHNEe. DTOT IMIPOOEI MOXET IIPEIISITCTBOBATH
BHeAPeHUTO 3(h(EeKTUBHOU YIIPAaBICHICCKON aHATUTHI -
KM, TOCKOJIbKY OpTraHU3allMy UCITbIThIBAIOT TPYIHOCTU
C HAaiMOM U yaepKaHWeM KBaau(ULIMPOBAHHOTO Mep-
coHana. [To Mepe 1nosiBiieHUsT HOBBIX TTpodeccuid, CBs-
3aHHBIX C TEXHOJOTUSIMU, PACTET CIIPOC Ha OoJsiee KBa-
JTUIIMPOBaHHEIC Kanphl. KirfoueBbIe BOCTpeOOBaHHbBIC
HarpaBJIeHUS — JaTa-CcaileHTUCThI, OM3HEC-aHATUTUKMU,
nara-uHxxeHepbl. YToObI y1OBAETBOPUTD 3TU PACTYILIUE
MOTPEeOHOCTU, MEPBOCTENIEHHOE 3HAUYEHUE UMEET MOBBI-
1IeHWe KBaTu(dUKalu epcoHana.

Byaywme HanpaBneHWNA: UCKYCCTBEHHbIN NHTENNEKT
1 aBTOMaTU3auuA

B epcriekTrBe HanboIee BOCTpeOOBAaHHBIM HAIIPaB-
JICHHEM BUIUTCS eIlie OOJIbIIast MHTETpallisl TeHepaTuB-
HOTO MCKYCCTBeHHOTO MHTeIeKTa (M) m aBTomaTn3a-
LM B yIIpaBJIeHUYECKYIO0 aHaIUTUKY. [ enepatuBHbiii U
MOXET TIOMOYb B TIOMCKE PEIICHU MHOTUX TeKYIINX
po0JIeM 3a CUET pacIIMpeHUST BO3MOXHOCTE obpa-
0OTKM JAHHBIX, CO3MAHUS 0O0JIce TOUHBIX IIPOTHO30B
u obecrieueHNsI 00J1ee TIIyOOKOTO IIOHNMAHUS CIIOKHBIX
HabOpOB TaHHEIX [44].

ITnyecKkue nocneacTeBmA N ynpasieHune

ITo mepe Toro kak MW cranoButcs Bce Oojiee UH-
TETPUPOBAHHBIM B YIIPaBICHUICCKYIO aHATUTUKY, 3THU-

YeCcKHe MOCICACTBUS TIPH MPUHSITUN PEIICHUN OyIyT
BBIXOIMTH Ha TEPBBIi mraH. OpraHu3alusM Heo0Xo-
IMO OymeT pa3paboTaTh YETKYIO MOJTUTHKY W paMKU
IUTST PEeTYJIMPOBAaHMS STUIHOTO McIoiab3oBanms MU
1 aHAJIUTHUKU, TapaHTUPYsI, YTO PEIlcHUs, IPUHIMA-
eMbI¢ Ha OCHOBE TAKMX CHUCTEM, SIBJISIOTCS TIpO3pad-
HBIMU, CIIPaBEIJIMBEIMU U MTONOTYCTHBIMU. M cKyc-
CTBEHHBIN MHTEJIJICKT He MOJIKEH JUINATh YeJloBeKa
€ro pOJIM B MHTEJUICKTYaIbHOI cdhepe. HampoTtus, y Hac
€CTh BO3MOXXHOCTH TIEPECMOTPEThH YCTOSIBIIIMECS TIPEI-
CTaBJICHUS O YEJIOBEYCCKOM 3HAHUHU 1 OOYICHUU. DTO
CTaHET OCHOBOM TSI OObEeIMHEHMS YCYUINIA OOIIIeCTBA,
YTO MOKET MPUBECTU K CO3AaHUIO Oynyieil nudposoit
cpembl, OPUCHTUPOBAHHOM Ha JIFONEH W JOCTYITHOM TSI
BCEX.

3AKJTIOMEHUE

B maHHOI1 cTaThe TTOAYCPKUBACTCS MHOTOTpaHHAS
pOJIb yIIpaBJIeHYESCKON aHAJUTUKU B MOBBIIICHUN
3 HEKTUBHOCTU OpTaHU3AININ Pa3IMIHBIX CEKTOPOB
SKOHOMUKH U TOCYTAPCTBEHHOTO YIIPaBICHUS, TIPO-
IEeMOHCTPUPOBAHO BIUSTHIE METOIOB yIIpaBJICHYE-
CKOW aHAJTUTUKU Ha OMEPALMOHHYIO 3(P(PEKTUBHOCTB,
MIPUHSITHAC CTPATeTHICCKUX PEIICHU W MOBBIIIICHUE
KOHKYPEHTHBIX penMyInecTB. biaromaps apomonun
METOIOJIOTUM aHAIUTUKU OT 0a30BBIX CTATHUCTUYE-
CKUX TIOIXOIIOB IO MEepeI0oBOTO MAIIMHHOTO 00yJe-
HUS ¥ MHTETpalliM TeHEPAaTUBHOTO MCKYCCTBEHHOTO
WHTEIJIeKTa, YIIpaBlieHYecKas aHAJTUTUKA HE TOJBKO
YCIIEIIHO agalTUPYEeTCs K CIOXKHBIM COBPEMEHHBIM
TaHHBIM, HO ¥ IIPUBOIUT K 3HAUMTEIbHOI TpaHChOp-
Maluu B OM3HecCe.

TeMm He MeHee, Takue TPoOJIeMbl, KAK KOH(PUIACHIIN-
aJbHOCTh JAHHBIX, HEIOCTATOK KBAIM(UIIMPOBAHHOTO
IepcoHana, MOTPEOHOCTD B IIOCTOSTHHOM M3MEHEHUM
1 COBEPIICHCTBOBAHNM COXPAHSIIOTCS, TpeOys HamexX-
HBIX M COBpeMEHHBIX pemreHuit. [1lo Mepe Toro Kak
yIpaBjIeHIeCKasl aHAIMTHKA IIPOIOJIKACT pPa3BUBAThCS,
OopraHmu3ausIM OyIeT KpaliHe BakKHO MHTETPUPOBATH
MHHOBAIIMOHHBIC METOABI 1 MCIIOJIb30BAaTh HOBEHIIINE
TOCTVKCHUSI MH(MOPMAIIMOHHBIX TEXHOJIOTHI, YTOOBI
OCTaBaThCsI KOHKYPEHTOCTIOCOOHBIMU B MUPE, YITPABIISI-
eMOM JaHHBIMH. Takoe TMHAMWYHOE B3aMMOJICIICTBHEC
WHHOBAIIMI W amganTallii OM3HEeC-IIPOIIeCCOB IToaIep-
KMBaeT HETIPEXOIIIee 3HAUCHIE YITpaBIeHICCKOM aHa-
JINTUKU B (POPMUPOBAHUY OYIYIIIETO IETIOBOM ITPAKTUKI
BO BCEM MHUpE.
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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

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.

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

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

E-mail: skiwut@whut.edu.cn
Contacts: Zhao Xiang, Zhou Lihua
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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.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (5):
441-446

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

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 MOAIEPXKIBATIOCH 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
akamemuu, 3 wieHa EBpomneiickoii akagemMun, 1 4jieH
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 MEXKIYHAPOMIHBIX JIA0OPATOPUU
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 pepOpPMUPOBAHUM HAITMOHATBLHOM 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 KOOIIepallii ¥ 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.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (5):
441-446

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

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 YHUBEpCUTETA ObLI KJIacCUPULIM-
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 TTOATOTOBKU 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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ABSTRACT

Introduction. The production of plasticizing additives using nanoparticles for the construction industry represents a promising
sector in the development of advanced building materials. By incorporating nanoparticles, such as silicon dioxide, into complex
additives, it is possible to significantly enhance the structural and mechanical characteristics of cement-based systems, resulting
in increased strength, durability, and resistance to external forces. This study aims to investigate the process of synthesizing silicon
dioxide nanoparticles in aqueous media and creating a complex organic-mineral additive comprising phloroglucinol- furfural
oligomers with silicon dioxide nanoparticles. Materials and methods of research. A modifier based on phloroglucinol-furfural
oligomers was used as an organic component of the complex additive. To synthesize silicon dioxide nanoparticles, which are the
mineral component of the additive, liquid glass (sodium silicate solution) was used. Additionally, Aerosil, with a specific surface area
of 2,000 m*/kg, was used as the dispersed phase in the organic mineral additive to study the compatibility of the components and
the mechanism of their interaction. The particle and size distribution were determined using laser light diffraction on the Malvern
Mastersizer 3000 device and dynamic light scattering on the Microtrac S3500 device. Microscopic analysis of the complex additive
was performed on a TESCAN MIRA 3 LMU scanning electron microscope. The chemical structure and composition of the obtained
additive were monitored by UV and IR spectrophotometry on Specord 200 Plus and Alpha Bruker Optics devices, respectively. Results
and discussion. The article presents the results of the development of a method for the synthesis of silicon dioxide nanoparticles
and creating an organic-mineral additive based on phloroglucinol-furfural oligomers containing these nanoparticles. The additive
is designed for use in mineral suspensions in construction additive technologies. It has been shown that it is possible to obtain
nanoscale particles of silicon dioxide through the hydrolysis of sodium silicate. It has been demonstrated that as the concentration
of sodium silicate increases, the number of silica particles increases significantly, the number of silicon dioxide particles increases
significantly. This leads to faster coagulation of the particles, resulting in the formation of larger aggregates. It has been shown
that silicon dioxide particles smaller than 10 nm can be obtained through acid titration. During the maturation period, particles
increase in size by about 7 times over a period of 1 to 7 days. The optimal ratio for particle synthesis should be considered to be
a 2:1 ratio of reagent solutions (sodium silicate to hydrochloric acid) by volume. It is shown that the introduction of the specific
additive at the stage of particle formation can help to stabilize their growth. Conclusion. The complex organic-mineral additive
based on a phloroglucinol-furfural oligomer and silicon dioxide nanoparticles has been developed. It has been established that the
introduction of the specific additive in the process of synthesis of silicon dioxide particles contributes to an increase in the aggregate
stability of the dispersed system of the complex additive, reduces the tendency of particles to enlargement and sedimentation.
KEYWORDS: dispersed systems, nanomodification, aggregative stability, modifier, nanoparticles, silicon dioxide, SiO,, differential
distribution, sol — gel method, coagulation.
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INTRODUCTION

he modern construction industry requires innovative

solutions to enhance the performance of materials
used in various construction projects. One such solution
involves the use of complex organomineral additives with
nanoparticles, such as silicon dioxide, which can im-
prove the physical and mechanical properties of mineral
mixtures. Nanoparticles play a crucial role in strength-
ening the coagulation structure, reducing cracking and
increasing the durability of concrete. An important aspect
of developing these additives is optimizing the process of
structure formation and controlling the rheological prop-
erties of the cement system. This is essential for additive
technologies and 3D printing.

Multifunctional (complex) additives in cement mix-
tures play a key role in building additive technologies
due to their ability to enhance the rheological and me-
chanical properties of the mixture. These additives offer
a range of benefits that allow you to regulate the fluid-
ity, viscosity and plasticity of cement mixtures, which
greatly facilitates the mixing and extrusion processes
[1]. In view of this, the additives help to achieve a more
even distribution of concrete ingredients, due to their
peptizing property.

Based on the research conducted by the author [2], it
is known that silicon dioxide nanoparticles increase ce-
ment hydration rate and contribute to the directive forma-
tion of consolidated permolecular structures of calcium
silicate. These structures strengthen the cement matrix
and, therefore, increase its strength.

According to the authors [3—7], the addition of silicon
dioxide nanoparticles to mineral suspensions helps to
eliminate structural defects in concrete due to the filling of
micropores and microcracks with silicon dioxide particles.
According to this, the strength characteristics of concrete
increase, shrinkage and water absorption decrease, and
frost resistance improves [8—9].

The use of silicon dioxide particles is justified by their
ability to act as crystallization centers in the hydrosilicate
phases of cement stone and to integrate into its structure
due to their similar crystallochemical nature with calcium
hydrosilicates [4, 9—10].

It is known [4] that the production of multifunctional
(complex) additives using nanoparticles involves several
processes: synthesis of a plasticizer, creation of nanopar-
ticles, the mixing of active ingredients, and maturation of
the final product.

Currently, two main methods are used to obtain na-
noscale particles — dispersion and condensation [11—12].
In the first method, the main process is the grinding of
coarsely dispersed materials with subsequent dispersion
of the obtained particles. In the second method (sol —
gel method), the main process of obtaining particles is
a phase change or chemical transformation.

To obtain nanoscale particles of silicon dioxide by the
sol — gel method, two directions are used: synthesis from
organic substances and mineral substances, respectively.
The main ongoing process is the hydrolysis of the sub-
stances used.

As a reagent for the synthesis of silicon dioxide par-
ticles, sodium liquid glass of the composition Na,O(SiO,),
is used, the anionic part of which consists of silicic acids
of various polymerization [13—14]. Hydrolysis of an aque-
ous solution of sodium silicate proceeds according to the
scheme [15-16]:

Na,0+nSiO, + nH,0 - nSi0,«H,0! +
+ 2NaOH. )

The interaction of a sodium silicate solution with solu-
tions of mineral acids can be presented according to the
scheme [13-14]:

Na,O+nSiO, + 2H" =nSi0,«H,0¢ + 2Na". 2)

However, it is difficult to accurately describe the
scheme of the chemical reaction, since sodium silicate
has a wide range of polymer transformations during the
interaction [13—14].

This method allows the synthesis of silicon dioxide par-
ticles with sizes ranging from 5 to 50 nanometers. However,
with optimized synthesis conditions and the use of spe-
cialized reagents, even smaller particles can be obtained
[4, 17, 18]. However, it is worth noting that the exact size
and distribution of the particles may vary depending on
experimental conditions and analysis methods.

According to the research [4, 9], and [19—-20], it is
possible to produce silicon dioxide particles of sizes rang-
ing from 2 nanometers in laboratory conditions. To syn-
thesize nanoscale silicon dioxide particles, the researchers
used the titration of 0.1 M Na,SiO, solution with 0.1 M
HCl solution and the subsequent maturation of the result-
ing particles, as described in [9] and [19—20].

The aim of this study is to develop a method for ob-
taining silicon dioxide nanoscale particles in an aqueous
medium, to study their aggregative stability for further
production of a multifunctional (complex) organic-min-
eral additive.

METHODS AND MATERIALS

As the organic component of an additive, we used
a modifier based on phloroglucinol-furfural oligomers,
which was synthesized by the authors using the polycon-
densation method (hereinafter referred to as a specific
additive) [21].

Sodium liquid glass was used to obtain nanoscale
silicon dioxide particles (the mineral component of an
additive).
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To test the stability of sodium silicate solutions, aque-
ous solutions of sodium silicate with different concentra-
tions were prepared: 1, 4, 7 and 10%, respectively. Particle
sizes in freshly prepared sodium silicate solutions were
determined by a laser light diffraction on a Malvern Mas-
tersizer 3000 device. Purified water was used as a disper-
sion medium, and particle size measurement was carried
out at a speed of 2000 rpm using a red laser (wavelength
632.8 nm) and a blue light source (wavelength 470 nm).
The data was processed statistically using the device’s
software based on the Mie theory. The average particle
size was determined as the median of the integral distribu-
tion, namely D(x) 50.

A modified sodium silicate solution was used as a base
for the growth of silicon dioxide particles. 11.8 grams of
42.5% sodium liquid glass was placed in a 500 ml flask
and dissolved in 493 ml of water. The flask containing the
solution was heated at a temperature of 90 25°C for two
hours. After that, the solution was cooled and settled at
a temperature of 25°C for one day. Then, the solution was
decanted and filtered under rarefied air through a nylon
membrane filter with a pore size of 0.45 microns. A hy-
drochloric acid solution was used as a neutralizer solution.
Since hydrochloric acid is a precursor, the solution has
been prepared from fixanals.

To study the effect of a specific additive in the compo-
sition of the complex additive as an anticoagulant of the
dispersed phase, we used extra research with Aerosil 200
(colloid silicic acid) — colloidal silicon dioxide according
to GOST 14922-77 with a specific surface area equal to
2000 m3/kg [22]. Mineralogical composition, weight. %:
SiO, — 99.8. For the research 20 ml of purified water was
poured to an Acrosil suspension weighing 100 mg, care-
fully suspended on a vortex-type mixing device and the
particle size distribution was measured by a laser light
diffraction method. After that, an aliquot of the specific
additive was added to the solution so that the concen-
tration was 0.2% and the solution was slowly mixed to
eliminate mechanical effects on the agglomerates. Then
the particle distribution was measured. After measure-
ment, the sample with the specific additive was treated
with ultrasound in an Elmasonic S150 ultrasonic bath at
a frequency of 37 kHz for one minute.

To study the kinetics of silicon dioxide particles sizes
in the presence of the specific additive, the following
concept was used: a modified sodium silicate solution
with the specific additive of various concentrations was
prepared: 0.2, 0.5 and 1.0%. Then the synthesis of sili-
con dioxide particles was carried out. 50 ml of 0.1 M
hydrochloric acid solution was added to the prepared
modified solutions with different concentrations of the
specific additive at a rate of 5 ml /min, while stirring the
solutions at a speed of 500 rpm. The obtained samples
were thermostated at a temperature of 25°C for maturing
the particles for 7 days.

The particle size distribution and aggregative stability
were determined by two different methods:

1) By the laser light diffraction method on the Master-
sizer 3000 device, Malvern. Water was used as a dispers-
ing medium, and measurements were taken at a speed of
2,000 rpm. The data was processed statistically using the
device’s software based on the Mie theory;

2) By the method of dynamic light scattering on the
Microtrac S3500 device. Water was used as a dispersing
medium. The data was processed statistically using the
Microtrac FLEX device’s software.

Microscopic analysis of the complex additive was
performed on a TESCAN MIRA 3 LMU electron scan-
ning microscope, which has a Schottky cathode with field
emission used to obtain high-resolution images with high
brightness, contrast and low noise.

The chemical structure and composition of the syn-
thesized additive were monitored by UV and IR spec-
trophotometry using Specord 200 plus device manufac-
tured by Analytik Jena, and Alpha device manufactured
by Bruker Optics.

RESULTS AND DISCUSSION

During the preparation of sodium silicate solutions with
various concentrations, we noticed that the solutions ex-
hibited different degrees of opalescence (see Fig. 1). At the
same time, with an increase in the concentration of sodium
silicate, the degree of opalescence also increased, indicating
an increase in aggregates of silicon dioxide particles. To
confirm the growth of silicon dioxide particles as a result
of hydrolysis of a soluble salt, we studied the kinetics of the
aggregation of silicon dioxide particles in solutions with
different concentrations of sodium silicate using laser light
diffraction on the Malvern Mastersizer 3000 device.

According to the data obtained (see Fig. 2), it has been
revealed that during the hydrolysis of a sodium silicate
solution, the particles of silicon dioxide are coagulating
with forming large aggregates. With an increase in the
concentration of sodium silicate, the hydrolysis process is
significantly enhanced, which contributes to an increase
in the rate of coagulation of particles. It has been estab-
lished that sodium silicate solutions are subject to strong
hydrolysis, as a result of which large aggregates of silicon
dioxide are formed, which means that the system does
not have aggregative stability.

To confirm the aggregative stability, sodium silicate
solutions with different concentrations were heated at
a temperature of 90°C for two hours. After that, the so-
lutions were cooled and left to settle at a temperature of
25°C for one day. Over time, it was found that all the
solutions were transparent (had no opalescence) and with
a white, amorphous sediment at the bottom. Due to this,
it was determined that the temperature had violated the
thermodynamic stability of the system. As a result, ag-
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Fig. 1. Images of aqueous solutions of sodium silicate with different degrees of opalescence:
a) 1% solution; b) 4% solution; ¢) 7% solution; d) 10% solution

gregates with a significant mass were formed, leading to
a loss of sedimentation stability, and, as a result, the sys-
tem was divided into two phases: a dispersion medium
and a sediment.

Based on the data obtained, it is found that in order to
obtain nanoscale particles, it is necessary to modify the
sodium silicate solution to prevent coagulation of dioxide
particles to exclude the formation of large aggregates.

To slow down the growth of aggregates, the effect of
a phloroglucinol- furfural modifier (specific additive) on
silicon dioxide particles (aggregates) was studied in order
to increase the aggregate stability of a system with silicon
dioxide particles.

For the research, we prepared a 1% aqueous solution
of sodium silicate and measured the particle size distribu-
tion with laser light diffraction. After that, we added an
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Fig. 2. Formation kinetics of silicon dioxide particles aggregates

aliquot of the specific additive to the solution so that the
concentration was 0.2%. Then we slowly mixed the solu-
tion to eliminate any mechanical effects on the aggregates.
After that, we measured the particle size distribution. The
volume of distribution curves of the silicon dioxide par-
ticle size before and after the introduction of the specific
additive are shown in Figure 3.

The results showed that in the initial sample, the aver-
age particle size was about 102 nm, and after introducing
the specific additive, some of the particles decreased to
71 nm.

Thus, the addition of a specific additive (at a concen-
tration of 0.2% in the solution) caused the peptization of
the aggregates, breaking them down into smaller particles,
resulting in a bimodal particle distribution (see Fig. 3 b).

To confirm the effect of the specific additive as an
anticoagulant, the study was performed on amorphous
synthetic silica Aerosil 200, with a specific surface area
of about 200 m?/g.

The results of the study showed that in the initial sus-
pension of Aerosil, most of the particles were approximately
430 nanometers in size. After the addition of a specific
additive, the particles’ sizes decreased to 117 nanometers.
After ultrasonic treatment of the Aerosil suspension with
the additive, the particle size reduced to approximately
43 nanometers, and the distribution changed from bimodal
to monomodal (see Fig. 4 b and 4 c). This indicates the
complete breakdown of large aggregates.

Based on the research done, it has been found that the
specific additive promotes the peptization of particles. The
effect of ultrasound allows for complete particle dispersion
with the formation of nanoscale particles.

Subsequently, the acid titration method was used to
obtain silicon dioxide nanoparticles. A modified sodium
silicate solution was used as a system for particle growth,
and hydrochloric acid was used as a titrant solution.

The synthesis of silicon dioxide nanoparticles with
acid titration method was carried out according to the
research plan presented in the Table 1.

The titrant solution was supplied at a predetermined
rate using a peristaltic pump. The synthesis of nanopar-
ticles was carried out at room temperature. After the syn-
thesis, the resulting solutions were stored for up to 7 days.

According to the data obtained, it can be seen that
after one day, the growth of sol particles of silicon di-
oxide has begun. In test sample 1, where the volumes of
solutions were mixed in an equimolar ratio (1:1 rpm),
most of the particles were 14 nm in size (Fig. 5 a), in test
sample 2, where the volumes of the solutions were mixed
in a ratio of 2:1 rpm (silicate : acid) some of the particles
were 9 nm in size (Fig. 5b), and in test sample 3, where
the acid concentration was 2 times higher, some of the
particles were 10 nm in size (Fig. 5 c¢). It should be noted
that no particles were detected in three samples immedi-
ately after synthesis.

Based on the obtained data on the dependence of the
sol size of silicon dioxide particles on the maturation pe-
riod (Fig. 6), we can see that as maturation time increases,
the particles increase in size. In test sample 1, most of the
particles were 14 nanometers in size after 1 day, and 83 nm
after 7 days. In test sample 2, most of the particles were
9 nm in size after 1 day, and 68 nm after 7 days. In test
sample 3, most of the particles were 10 nm in size after
1 day, and 72 nm after 7 days. After 7 days of maturation
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Fig. 3. Volume of distribution curves for the size of silicon dioxide particles: a) before the introduction of the specific
additive; b) after the introduction of the specific additive
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Fig. 4. The End

Table 1
Research plan for the synthesis of silicon dioxide nanoscale particles
The samples
Parameter Test sample Test sample Test sample
No. 1 No. 2 No. 3
Mixing speed, rpm 500
HCl addition rate, ml/min 5
Volume of the modified Na,SiO, solution, ml 100
Synthesis temperature, °C 25
Concentration of the modified Na,SiO, solution, mol/I 0,1
HCl volume, ml 100 50 25
Concentration, mol/l 0,1 0,1 0,2
The period of particle size measurement Freshli/ (ar;?:,e,sa;;rs’l 6d321];152, c;agz;s days,
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Fig. 5. Volume of distribution curves of silicon dioxide particles after one day: a) test sample Ne 1; b) test sample No 2;
¢) test sample No 3
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in all test samples, a slight opalescence was observed,
indicating continued particle growth.

The results of studying the growth kinetics of the sili-
con dioxide particles obtained through acid titration in the
presence of the specific additive with different concentra-
tions are presented in Figure 7.

As can be seen in Figure 7, the specific additive at
a concentration between 0.2% and 1.0% stabilizes the
growth of particles, slowing down the coagulation process.
Over the maturation period, the average particle size has
increased by a factor of 2.5, which is a relatively small
increase for nanoparticles. Figure 8 shows the differential

distribution of silicon dioxide particles with the specific
additive at 1% concentration after one day and after seven
days of maturation.

Based on the particle distribution data obtained, after
one day of maturation, most particles were 7 nm in size,
as confirmed by a narrow monomodal distribution. After
7 days of maturation, the particle size increased to 20 nm,
while the particle distribution had a bimodal appearance,
indicating the formation of aggregates.

Studies have shown that the introduction of the spe-
cific additive during the particle synthesis process can help
stabilize the growth of particles. Based on the previous

90
80

Particle size, nm
=N w SN N
o O o o O O O

—&— Test sample Ne 1
—e— Test sample Ne 2

—a— Test sample Ne 3

o

3 4 5

Duration, days

Fig. 6. Graph of the relationship of the sol size of silicon dioxide particles on the maturation period
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Fig. 7. Relationship of the particle size distribution of silicon dioxide on the maturation period and the concentration of

the specific additive
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Fig. 8. Change in the differential distribution of silicon dioxide particles with a specific additive (1%) over time:

a) after one day; b) after seven days

research [25—27], it is believed that the adsorption of
these specific molecules onto the surface of the particles
could occur. This process reduces the surface tension at
the solid boundary — dispersion phase, which in turn
reduces the ability of the particles to aggregate.

Based on the presented research results, we have
developed a method for obtaining a complex organic-
mineral additive. The main stages of this process are de-
scribed below:

Before the synthesis of the specific additive, 50% by
weight of a modified sodium silicate solution has been
added to a phloroglucin solution. The synthesis of the ad-
ditive was then carried out under optimal conditions.

For the synthesis of silicon dioxide nanoparticles, the
chemical equilibrium in the solution was shifted by apply-
ing a hydrochloric acid solution at an optimal rate. The
maturation of silicon dioxide nanoparticles was carried
out at a temperature of 25°C for 3 days.

The composition of the resulting complex organic-
mineral additive was monitored by UV and IR spectros-

copy immediately after synthesis. The IR spectrum and
UV spectrum of the synthesized complex organic-mineral
additive are presented in Figure 9.

Based on the results of UV and IR spectroscopy, it
can be concluded that the addition of sodium silicate at
the synthesis stage does not affect the chemical structure
of the specific additive.

The particle size of silicon dioxide in the complex or-
ganic-mineral additive was approximately 7 nanometers
after 3 days of maturation. The volume of distribution curve
of silicon dioxide particles in the complex organic-mineral
additive after 3 days of maturation is presented in Figure 10.

To visualize silicon dioxide particles in synthesized
complex organic-mineral additive, the additive was ap-
plied to a conductive plate in a thin layer and dried at
a temperature of 105°C, after which micrographs were
taken on the TESCAN MIRA 3 LMU scanning electron
microscope (see Fig. 11).

The micrograph clearly shows a large number of
white inclusions, which consist of silicon dioxide par-
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Fig. 9. Spectra of the synthesized complex organic-mineral additive: a) IR spectrum; b) UV spectrum

ticles, which is confirmed by the local elemental spectrum
performed using the TESCAN MIRA 3 LMU scanning
electron microscope (see Fig. 12).

It has been established that nanoscale particles of sili-
con dioxide are present in the composition of the complex
organic-mineral additive. At the same time, the specific
additive performs two key functions: it stabilizes the pro-

cess of growth of silicon dioxide particles and promotes
uniform particle distribution throughout the entire vol-
ume of the complex additive.

As a result of the research, a patent of the Russian
Federation for the invention No. 2806395 “Complex ad-
ditive for concrete in construction with 3D printing “ was
granted [28].
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Fig. 10. The volume of distribution curve of silicon dioxide particles in a complex organic-mineral additive after 3 days

of maturation
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Fig. 11. Microstructure of the complex

For drying a complex organic-mineral additive, a vac-
uum drying method was tested at a temperature of 40°C.
Micrographs of the complex organic-mineral additive
dried in vacuum at a temperature of 40°C are presented
in Figure 13.

As can be seen, large particles of silicon dioxide are
present in the layer of the complex additive. This is due to
the fact that moisture was evaporating slowly during the
drying process, thereby increasing the concentration and,
as a result, active particle growth occurred (The drying
time was 2 hours).

In a further study, the additive was dried by spraying
a solution of the complex additive at a temperature of

organic-mineral additive

60°C. The micrograph of the spray-dried complex organ-
ic-mineral additive at a temperature of 60°C is presented
in Figure 14.

It can be seen that the particles are small and are not
enlarged. It should be noted that this method is techni-
cally difficult to implement in a laboratory setting, as the
dust formed from the particles of the dried additive can
be difficult to capture and fix.

The drying of the complex organic-mineral additive in
a vacuum proved to be ineffective, due to the significant
enlargement of silicon dioxide particles. When drying the
complex organic-mineral additive by spraying, there was
no significant particle growth, the plasticizing ability and
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Fig. 12. The local elemental spectrum of the complex specific additive
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Fig. 13. Micrographs of the vacuum-dried complex organic-mineral additive at a temperature of 40°C
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CONCLUSION

It has been established that nanoscale particles of
silicon dioxide can be obtained by hydrolysis of sodium
silicate. As the concentration of sodium silicate increases,
the number of silicon dioxide particles also increases sig-
nificantly. This leads to rapid coagulation of particles,
forming large aggregates. An increase in temperature
causes rapid growth of aggregates, as a result they are
precipitating out of solution.

It has been proven that the acid titration method is
suitable for obtaining of silicon dioxide particles with
a size less than 10 nm. During the maturation period from
1 to 7 days, the particle size increases approximately by
7 times. The optimal ratio for particle synthesis is con-
sidered to be the ratio of the reagent solutions of 2:1 by
volume (sodium silicate to hydrochloric acid).

The complex organic-mineral additive based on
a phloroglucinol-furfural oligomer and silicon dioxide

y ol
View field: 10.00 pm

Det: SE TR MIRA3 TESCAN
~

nanoparticles has been obtained.
SEM HV: 5.0 kV SM: RESOLUTION 2 pm . . .
e B0 B myx“n It has been found that introduction of the specific ad-

ditive at the stage of synthesis of silicon dioxide nanopar-
ticles helps to stabilize the growth of the particles, reduc-
ing their tendency to aggregate.

An effective drying process for the complex organic-
mineral additive has been determined by spraying it at
activity of the additive remained unchanged. Therefore,  a temperature of 60°C. This process prevents the signifi-
spray drying at a temperature of 60°C can be considered  cant growth of silicon dioxide particles, and the plasticiz-
an effective method. ing ability and activity of the additive remain unchanged.

Fig. 14. Microstructure of the complex organic-mineral
additive dried by spraying at a temperature of 60°C

REFERENCES

1. Chindaprasirt R. Effect of Cenospheres on the Performance of Various Cement Composites / R. Chindaprasirt.
Journal of Materials in Civil Engineering. 2009; 21(9):480—487.

2. Hewlett P. Lea’s Chemistry of Cement and Concrete / Peter Hewlett. Ed Butterworth-Heinemann. UK: Else-
vier; 2003.

3. F. Sanchez, K.Sobolev. Nanotechnology in concrete. A review. Construction and Building Materials. 2010; 24:
2060—-2071.

4. Synthesis of nanomodifying additives for the technology of building composites: monograph / O.V. Artamonova;
Voronezh GASU. Voronezh, 2016.

5. Kaprielov S.S. The influence of the structure of cement stone with additives of silica and superplasticizer on
the properties of concrete / S.S. Kaprielov, A.V. Sheinfeld, Yu.R. Krivoborodov. Concrete and reinforced concrete.
1992; 7: 4-7.

6. Korolev A.S. Fine-grained concretes with nanoadditives of synthetic zeolite / A.S. Korolev, E.S. Khakimova.
Concrete and reinforced concrete. 2008; 6: 13

7. Korotkikh D.N. On the requirements for nanomodifying additives for high—strength cement concretes / D.N. Ko-
rotkikh, O.V. Artamonova, E.M. Chernyshev. Nanotechnology in construction. 2009; 2: 42-49.

8. Komokhov P.G. High-strength concrete based on nanotechnology elements using the sol-gel method / P.G. Ko-
mokhov, L.B. Svatovskaya, V.Ya. Solovyova, A.M. Sycheva. Materials of the IX academic readings of the Russian
Academy of Sciences, Penza: Publishing House of PGUAS 2006; 8-10.

9. Artamonova O.V. Technology of nanomodification of the structure of inorganic hardening systems of building
composites: dissertation ... Doctor of Technical Sciences: 05.23.05. Voronezh; 2018.

http://nanobuild.ru 460 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2024; 16 (5): U/
HaHoTexHonorum B cTponTenbcTBe 447-462 NanObL" ]

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

10. Taylor X. Chemistry of cement / X. Taylor; translated by A.l. Baykova, T.V. Kuznetsova. M.: Mir; 1996.

11. Pomogailo A.D. Metal nanoparticles in polymers / A.D. Pomogailo, A.S. Rosenberg, I.E. Uflyand. M.: Khi-
miya; 2000.

12. Korolev E.V. Basic principles of practical nanotechnology in building materials science. Scientific internet-
journal Nanotechnology in construction. 2009;1:66-79.

13. Lukash E.V., Shalukho N.M., Kachurina V.S. Preparation and investigation of properties of anhydrous sodium
metasilicate. Proceedings of BSTU. Ser. 2. Chemical technologies, biotechnologies, geoecology. 2022; 2 (259):56-63.

14. Liquid glass. Preparation, composition, structure and properties: method. instructions for laboratory work /
N.V. Shalneva, O.V. Ageikina; Tyumen Industrial University V. 1% ed. Tyumen: BIC Publishing Center: TI1U; 2016.

15. Shabanova N.A. Chemistry and technology of nanodisperse oxides: a textbook / N.A. Shabanova, V.V. Popov,
P.D. Sarkisov. M.: IKTS Akademkniga; 2006.

16. Jeffrey Brinker, C. Sol-Gel Science: The Physics and Chemistry of Sol-Gel Processing / C. Jeffrey Brinker,
W. Scherer. George: Academic Press; 2013.

17. Chaudhuri, R.G. Core/shell nanoparticles: classes, properties, synthesis mechanisms, characterization, and
applications / R.G. Chaudhuri, S. Paria. Chemical reviews. — 2012. — T. 4, Ne 112. — C. 2373—2433.

18. Kumar, A., Vyas, V., Pathak, A., Kumar, P. Colloidal Chemistry Aspects of Nanotechnology. In Applications
of Nanotechnology — 2021. — C. 49-64

19. Artamonova O.V., Sergutkina O.R., Korotkov D.N., Chernyshov E.M. Sol-gel synthesis of nanoscale SiO,
particles for modifying the structure of cement stone. Nanotechnology in construction. 2010; 1: 97-105.

20. Artamonova O.V., Sergutkina O.R., Ostankova 1.V., Shvedova M.A. Synthesis of a nanodisperse modifier based
on SiO2 for cement composites. Condensed media and interphase boundaries. 2014; 16 (1): 152-162.

21. Poluektova V.A., Shapovalov N.A., Cherkashina N.I., Kozhanova E.P., Starchenko S.A. Regulation of the ag-
gregate stability for binary polymer-mineral dispersions. Nanotechnologies in Construction. 2023; 15(3): 258—266.
https://doi.org/10.15828,/2075- 8545-2023-15-3-258-266. — EDN: EHKULB.

22. Shapovalov N.A., Poluektova V.A., Malinovker V.M., Krainiy A.A., Gorodov A.I. Regulation of aggregative
stability and rheological properties of CaCO3 dispersions by an additive based on pyrocatechin production waste.
Fundamental research. 2015;2-5:948-952.

23. Poluektova V.A. Regularities of surface phenomena and modification of polymer-mineral dispersions for ad-
ditive technologies: dissertation ... Doctor of Technical Sciences: 02.00.11. Belgorod: BSTU; 2021.

24. Starchenko S.A. Improvement of the technology for obtaining a superplasticizing agent based on 1,3,5-trihy-
droxybenzene-2-furaldehyde oligomer used for the immobilization of radioactive and toxic waste. Belgorod: BSTU;
2020.

25. Slyusar A.A., Poluektova V.A., Mukhacheva V.D. Colloidal and chemical aspects of plasticization of mineral
suspensions with oxyphenolfurfural oligomers. Bulletin of BSTU named after V.G. Shukhov. 2008; 2:66-69.

26. Poluektova V.A., Shapovalov N.A., Balyatinskaya L.N. Adsorption of oxyphenolfurfural oligomers on dispersed
materials. Fundamental research. 2012; 6(11):1470-1474.

27. Poluektova V.A., Kozhanova E.P., Kudina A.E. Adsorption of phloroglucinifurfural oligomers on the surface of
polymermineral dispersions. Bulletin of BSTU named after V.G. Shukhov. 2017;10: 116-122. https://doi.org/10.12737/
article_59¢d0c61195958.39964053

28. Complex additive for concrete construction 3D printing: pat. 2806395 Ros. Federation / Poluektova V.A.,
Starchenko S.A., Kozhanova E.P.; applicant and patent holder of V.G. Shukhov BSTU. Application no. 2023113979;
application no. 05.29.2023; publ. 10.31.2023. Issue no. 31.

INFORMATION ABOUT THE AUTHORS

Sergey A. Starchenko - Postgraduate student, Department of Theoretical and Applied Chemistry, Belgorod State Technological
University named after V.G. Shukhov, Belgorod, Russia, sereja650@gmail.com, https://orcid.org/0000-0002-4827-8322

Valentina A. Poluektova - Dr. Sci. (Eng.), Associate Professor, Professor, Department of Theoretical and Applied Chemistry,
Belgorod State Technological University named after V.G. Shukhov, Belgorod, Russia, val.po@bk.ru,
https://orcid.org/0000-0001-8998-0698

Nikolay A. Shapovalov - Dr. Sci. (Eng.), Professor, Professor, Department of Theoretical and Applied Chemistry, Belgorod State
Technological University named after V.G. Shukhov, Belgorod, Russia, shap.bstu@yandex.ru,
https://orcid.org/0000-0003-4624-3385

http://nanobuild.ru 461 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.12737/article_59cd0c61195958.39964053
https://doi.org/10.12737/article_59cd0c61195958.39964053
https://orcid.org/0000-0002-4827-8322
mailto:val.po@bk.ru
https://orcid.org/0000-0001-8998-0698
mailto:val.po@bk.ru
https://orcid.org/0000-0003-4624-3385

Nanotechnologies in construction 2024; 16 (5):
HaHoTexHonorum B cTponTenbcTBe 447-462 NanObU| ]

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

Elizaveta P. Kozhanova - Postgraduate student, Department of Theoretical and Applied Chemistry, Belgorod State
Technological University named after V.G. Shukhov, Belgorod, Russia, elizzinchenko@mail.ru,
https://orcid.org/0000-0003-0112-0584

CONTRIBUTION OF THE AUTHORS

S.A. Starchenko - conducting the experimental part of the study; writing the source text; analyzing the results of the study.
V.A. Poluektova - scientific guidance; setting research goals and objectives; analysis of research results.

N.A. Shapovalov - research concept; analysis of research results.

E.P. Kozhanova - conducting the experimental part of the study.

The authors declare no conflict of interest.
The article was submitted 05.09.2024; approved after reviewing 01.10.2024; accepted for publication 08.10.2024.

http://nanobuild.ru 462 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
mailto:elizzinchenko@mail.ru
https://orcid.org/0000-0003-0112-0584

Nanotechnologies in construction 2024; 16 (5):
HaHoTexHONorum B cTpouTtenbCcTBe 447-462

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

HayuHan cTaTba

YOK 544.7 CCBY 4.0
https://doi.org/10.15828/2075-8545-2024-16-5-447-462

MonyuyeHne KOMNNEKCHON OpraHOMMNHepanbHON A06aBKM
Ha ocHoBe ¢pnopornounHPypPyponbHOro onmromepa
M HAHOYACTUL ANOKCMAA KPeMHMA

Ceprein Anekcangposuy CrapueHko* (=), BaneHTnHa AHaTonbeBHa lMonyskroBa (),
Hukonain ApaHacbeBuy LLlanosanos (©), EnnsaBeta MNeTpoBHa KoxaHoBa

benropopckun rocynapctseHHbI TexHonornyeckun yHusepcutet um. B.IL LLlyxosa, benropog, Poccua

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: serejab50@mail.ru

AHHOTALMA

BeegeHwme. MNonyueHune nnactnouumpyowmx o6aBoK ¢ HAHOYACTULIAMU LA CTPOUTENBHON UHAYCTPUM ABAACTCA NePCreKTUBHbIM
HarpaBeHVeM B Pa3BUTUM COBPEMEHHbIX CTPOUTENbHbIX MaTepPUanoB. MIcnonb3oBaHre HaHOUYACTHL, TaKMX Kak OVOKCUA KPeMHUS,
B COCTaBe KOMM/EKCHbIX J06aBOK NO3BOJIAET CYLLECTBEHHO YNYULINUTb CTPYKTYPHbIE N MeXaHMYeCKNe CBOMCTBA LIEMEHTHbIX CUCTEM,
MOBbILLAA UX MPOYHOCTb, JONITOBEYHOCTb M YCTONYMBOCTb K BHELLUHVM BO3AeiCTBMAM. [laHHOe nccnejoBaHve HanpaBieHo Ha 13yde-
HMe NpoLecca NolyYeHns HaHOUYaCTUL ANOKCUAA KPEMHUA B BOAHBIX CPeax 1 Ha NojlyyeHne KOMIMIEKCHOW OpraHOMUHepanbHo
[06aBKM Ha ocHoBe driopornioLHOYPOYPONbHbBIX OIMITOMEPOB C HAHOYACTULAMU JUOKCMAA KpeMHus. MaTepuanbl 1 meToAbl
nccnepgoBaHuA. B KauecTBe opraHNMYeCcKor COCTaBNALLIEN KOMMEKCHOWN A06aBKM NCMONb30Bann MognduKaTop Ha ocHoBe dJo-
pornioynHypdypOonbHbIX onMromepoB. A CMHTe3a HaHOYaCTUL AMOKCHAA KPeMHUA (MUHepanbHON cocTaBnstollen 406aBKN)
MCNoMb30BasM XNAKOe CTEKNO (pacTBOP cumKaTta HaTpus). Ins usyyeHns COBMeCTVIMOCTM KOMIMOHEHTOB 1 MeXaHU3Ma VX AeCTBISA
[OMOJHATENbHO B KauecTBe ANCNepcHoi hasbl OpraHoOMUHepasibHOWM 06aBKU 1CNONb30Banv A3pocun ¢ yaenbHON MOBEPXHOCTbIO,
paBHoi1 2000 M*/Kr. PacnpefeneHue yacTvy 1 Ux pasmep onpenensny MeToaom fasepHoli audpakumm ceeta Ha nprbope Malvern
Mastersizer 3000 1 MeTofOM AVHAMUYECKOTO paccenBaHmA cBeTa Ha npubope Microtrac S3500. MUKpOCKONMYECKUIA aHanms3
KOMIMJIEKCHOW A06aBKM NPOBOAWIN Ha CKaHMpYioLieM 3neKTpoHHoM Mukpockone TESCAN MIRA 3 LMU. KoHTposnb XxvMuyeckoro
CTPOEHUA 1 CcOCTaBa nonydvaemoi gobasku nposogmnu metogom YO- n VK- cnektpodotometpuun Ha npunbopax Specord 200 plus
n Alpha Bruker Optics cootBeTcTBeHHO. Pe3ynbTaTbl 1 06cyXKaeHme. B cTaTbe N3N10XKeHbl pe3ynbTaTbl pa3paboTKy MeTofa CUHTe3a
HaHOYaCTWL, AUOKCMIA KPEMHISA 1 CO3LaHUA KOMMJIEKCHOWN opraHoMUHepanbHon 4o6aBKM Ha ocHoBe drioporniounHdypodyponb-
HbIX OJITOMEPOB C COAEPXKaHMEM HAaHOYACTUL AMoKCcMAa KpeMHus. [lobaBKa NpefHa3HauyeHa A4 NCrosib30BaHNA B MUHEpPasbHbIX
CYCMeH3uAX, NPUMEHSAEMbIX B CTPOUTENbHbIX aAANTUBHBIX TEXHOSIOTUAX. YCTAaHOBMIEHO, YTO METOAOM MMAPONN3a CUNIMKATa HAaTpyA
BO3MO>KHO MOJly4YaTb HAHOPAa3MepPHbIe YacTULbl ANOKCUAA KpeMHUs. MoKasaHo, YTo C yBenryeHreM KOHLeHTpaLuy cuimnkaTa Ha-
TPWA 3HAUUTESIbHO YBEIMYMBAETCA KONMYECTBO YacTUL, AUOKCUAA KPEMHISA, UTO CMOCO6CTBYET Honee ObICTPOI Koarynaumm yactumy,
c obpazoBaHVeM KpyrHbIX arperatoB. [loka3aHo, YTO METOJOM KUC/IOTHOIO TUTPOBAHMA MOXKHO MOMyYaTh YacTULbl AMoKCuaa
KpemHuA pa3mepom MeHee 10 HM. B nepuog co3peBaHma yactuy € 1 4o 7 CYyTOK MPOMCXOAMUT YBeNIMYeHne pa3MepoB YacTuL, Npu-
MepHO B 7 pa3. ONTyManbHbIM COOTHOLLIEHMEM [J1A CMHTE3a YacTuL ClieflyeT CuMTaTb COOTHOLLEHME PacTBOPOB peakTnBoB 2:1 06/06
(crnukaTa HaTpursA K consHoM KucnoTe). loka3zaHo, UTo BBefleHMe MHAMBMAYaNbHON A06aBKM Ha CTaAuM CMHTE3a YacTUL, MO3BOJIAET
CTabunusmpoBaTb UX POCT. 3aKkntoueHue. [NonyyeHa KOMMNIEKCHas OpraHoMVHepasibHas fobaBKa Ha OcHoBe dropornoUHPYp-
byponbHOro onvromepa 1 HAHOYACTUL, AMOKCMAA KPEMHUA. YCTaHOBEHO, UTO BBELleHME NHANBUAYaNbHON f00aBKY B npoLecce
CUHTEe3a YacTuL ANOKCULA KPEMHMA CNOCOHCTBYET MOBBILLIEHWNIO arperaTMBHOM YCTONYMBOCTY UCMIEPCHON CUCTEMbI KOMMIEKCHOM
[06aBKuM, 06ecrneumBaeT CHKEHNE TEHAEHUMM YacTULL K YKPYTMTHEHUIO N CEANUMEHTaL MU,

KJTIOYEBbBIE CJIOBA: gucriepcHble cMcTeMbl, HAHOMOAMGULIMPOBaHME, arperatuBHasn yCTonymBoCTb, MOANGUKATOP, HAHOYACTHL b,
Avokcna KpemHus, Si0,. auddepeHumanbHoe pacnpeaeneHue, 30Mb — refib MeToA, Koarynayus.
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BBEAEHUE

COBpeMeHHaH CTPOUTEIIbHASI UHIYCTPHUS TpeOYeT MH-
HOBAIIMOHHBIX PEIICHMH TS YIYIIICHUAS XapaKTe-
PUCTUK MaTepHUAaJIOB, UCTIOIB3YEMBIX B Pa3IMUYHBIX CTPO-
HUTETBHBIX TIpoeKTaxX. OMHUM M3 TAKUX PEIICHU SIBIISICT-
s MICITOTh30BaHNE KOMIUIEKCHBIX OpTaHOMIHEPATbHBIX
M00aBOK ¢ HAHOYACTUIIAMU, TAKMX KaK TUOKCUI KpEeM-
HUsI, KOTOPBIE CITIOCOOHBI YIYIIIUTh (PU3NKO-MEXaHU-
YecKUe CBOMICTBA MIHEPAIBHBIX cMeceil. HaHogacTHIIb!
HUTPAIOT KITFOUEBYIO POJIb B YCUJICHNH KOATYISIIIUOHHOMN
CTPYKTYPHI, CHIDKCHUU TPEIIMHOOOpa30BaHUS U T10-
BBILIEHUM TOJTOBEYHOCTU OeToHA. BaskHbIM acrieKToM
pa3pabOTKM TaKUX MT00ABOK SIBIISICTCS MX CIIOCOOHOCTh
OIITUMU3UPOBATH MPOIIECCH CTPYKTYPOOOPa30BAHMST
¥ PEOJIOTUYECKME CBOMCTBA IIEMEHTHBIX CUCTEM, UTO
aKTyaJIbHO JUTSI aIINTUBHBIX TEXHOJIOTWIA 1 3D-1ievaTn.

IMonudyHKIMOHANBbHBIE (KOMILIEKCHBIE) 100aBKU
B IIEMEHTHBIX CMECSIX UTPAIOT KITIOYEBYIO POJIb B CTPO-
WUTEIbHBIX aIIUTUBHBIX TEXHOJIOTHSIX OJIaromapst CBoeit
CITOCOOHOCTH YIIYUIIIaTh PEOJIOTUICCKIE U MEXaHWUe-
CKHe CBOMCTBa CMeCH. DTU T00aBKH 00Iamal0T MHOXKE-
CTBOM (bYHKIIWIA, TTO3BOJISIONINX PETYINPOBATh TEKY-
YeCTh, BI3KOCTh M INTACTUYHOCTH IIEMEHTHBIX CMECEi,
YTO CYIIECTBEHHO YIIPOIIACT ITPOICCCHI CMEIIMBAHMS
U 9KcTpy3uu [1]. BBumy aTtoro, 1o6aBKu CiocOOCTBYIOT
paBHOMEPHOMY pacIipeieICHNI0 KOMIIOHEHTOB OeTOHA
3a CUeT MEMTU3NPYIOIIEH CITOCOOHOCTH.

Hcxonst n3 mcciaenoBaHmit, TPOBEACHHBIX aBTOPOM
[2], n3BecTHO, YTO HAHOYACTUIIHI TUOKCHUIA KPEMHUS
YBEJIMYUBAIOT CKOPOCTh TMAPATALUU LIEMEHTA U CIIO-
COOCTBYIOT HallpaBJIeHHOMY (hOPMUPOBAHUIO KOHCO-
JIMAMPOBAHHBIX HAIMOJIEKYJISIDHBIX CTPYKTYP CUJIMKaTa
KaJIbIINSI, KOTOPBIC CTPYKTYPUPYIOT IIEMEHTHYIO MaTpH-
1y, TeM CaMbIM ITOBHIIIAIOT €€ IIPOYHOCTb.

CortacHo pabotam aBTOpoB [3—7], mobaBieHMe Ha-
HOYACTHUII TMOKCHIA KPEMHUS B MUHEPAJTbHBIC CYCIICH-
3UM CTIIOCOOCTBYET YCTPAaHCHUIO Ne(heKTOB CTPYKTYPHI
0eTOHA BBUIY 3aIIOJIHCHUSI MUKPOTIOP M MUKPOTPEIITNH
JacTUIIaMM THOKcHIa KpeMHUsI. CorracHO 3TOMY, TI0-
BBIIIAIOTCS TIPOYHOCTHBIC XapaKTepUCTUKI OeTOHA, CHU-
JKaeTcs ycanKa M BOIOIIOTJIONIEHIE, a TAKSKE YITyJIIIaeTCsT
MOPO30CTOMKOCTH [8—9].

Hcronp3oBaHMe YaCTHUIL TMOKCHIA KPEMHUSI OITpaB-
IAHO TeM, YTO OHM MOTYT CIIYKUTb IICHTPaAaMU KPUCTaJI-
JIM3aIIUY B THIPOCUIMKATHBIX (ha3ax IeMEHTHOTO KaMHST
¥ UHTETPUPOBATHCS B €TO CTPYKTYPY OJIaromapst Cxoxeit
KPUCTAINIOXUMUYECKOU TIPUPOAE C TUAPOCUINKATAMMI
Kambuwms [4, 9—10].

H3BectHO [4], YTO TIPOM3BOACTBO MOTUDYHKIIUO-
HaJTBHBIX (KOMITJICKCHBIX) T00aBOK C MCITOTb30BAaHUEM
HAHOYACTUII IEJIUTCS HA HECKOIBKO MPOLIECCOB: CUHTE3
IACTU(UIIMPYIOIEi 100aBKM, CMHTE3 HAHOYACTHII,
CMeIIMBaHNUE aKTUBHBIX KOMIIOHEHTOB, CO3pEBaHUE
TOTOBOI TOOABKU.

B Hacrosiiee BpeMs IS ITOTyIeHIS HaHOPa3MEePHBIX
YACTHUII UCIIOJB3YIOT ABA OCHOBHBIX METOIA — JAUCIIep-
TallMOHHBIN 1 KOHJIeHCcalMOoHHBIN [11—12]. B repBoMm
METOIEe OCHOBHBIM IIPOLIECCOM SIBIIICTCS M3MEIbUCHIE
IpyOOIMCIIEPCHBIX MAaTePHAIIOB C TTOCIICAYIONICH TUCTIep-
TraIyeil moxydeHHBIX YacTril. Bo BTopoM MeTome (30716 —
TeJIb METOI) OCHOBHBIM ITPOIIECCOM ITOTYICHUS YaCTHUI]
SIBJIgeTCS (Da30BOEC MM XUMUIECKOE TIpeBpaIieHue.

s TToy9eHrsT HaHOpa3MEePHBIX YaCTUIl JUOKCHIA
KpPEeMHMS 30JIb — TeJlb METOIOM MCITOJIB3YIOT IBa Ha-
MIpaBJICHUS: CHHTE3 N3 OPTAaHWICCKHUX BEIICCTB U MU-
HepaJbHBIX BEIIECTB COOTBETCTBEHHO. OCHOBHOI MPO-
TEeKAOIIUI TIPOIecC — 3TO THUAPOJIN3 ITPUMEHSIEMBbIX
BEIIICCTB.

B xauecTBe peakTHBa IUISI CHHTE3a YACTUII TMOKCHIA
KPEMHUSI MCIIOJB3YIOT HATPUEBOE KUIKOE CTEKIIO CO-
craBa Na,O(SiO,) , aHMOHHas YacTb KOTOPOTO COCTO-
WT U3 KPEMHHEBBIX KMUCJIOT Pa3IMIHON TTOTMMEPHOCTH
[13—14]. T'maponn3 BOMHOTO pacTBOpa CUJIMKATA HATPUS
MpOTEKaET 1o cxeme [15—16]:

Na,0+nSiO, + nH,0 - nSi0,«H,0! +
+ 2NaOH. )

B3aumozeiicTBue pacTBOpa CUIMKATa HATPUSI C pac-
TBOpaMU MUHEPAJIbHBIX KUCIOT MOXHO IIPEACTaBaTh
o cxeme [13-14]:

Na,O+nSiO, + 2H" =nSi0,«H,0¢ + 2Na". )

OIHAKO TOYHO OMKCATh CXEMY XMMUUECKOM peakiun
TPYAHO, TaK KAaK CWJIMKAT HATPUsSI B XOI€ B3aUMOEC-
CTBMSI UMEET IIMPOKUI CIIEKTP MOJIMMEPHBIX IIpeBpa-
meHwnit [13—14].

JaHHBIA METO[, IMO3BOJISIET CUHTE3UPOBATh YACTHU-
LIbI JUOKCHUAA KPEMHUS pa3MepoM mopsiaka 5—50 M,
HO TIpY ONTHUMU3AIIH TIpOollecca CUHTEe3a U NCII0JTb30Ba-
HUU CIELUATbHBIX PEAreHTOB MOXHO JOCTUYb U MEHb-
mux pasmepos [4, 17, 18]. OgHaKO CTOUT OTMETUTD,
YTO TOYHBIM Pa3Mep YACTHULL ¥ UX pacIipeaeIeHIue MOTYT
BapbUPOBATbCS OT YCJIOBUIA 9KCIIEPUMEHTA U UCIIOJIb3Y -
€MBbIX METOIOB aHAJIM3A.

CormacHo paboTtam aBTopoB [4, 9, 19—20], B 1a00pa-
TOPHBIX YCJIOBUSIX MOXKHO I10J1y4aTh YACTULIBI JUOKCUIA
KpeMHHUS pa3mMepamu oT 2 HM. [l cuHTe3a HaHOpa3-
MEPHBIX YaCTHUI JMOKCHUIA KpeMHUS aBTOPHI [9, 19—20]
npumensu turpoBanue 0,1 M pactsopa Na,SiO, 0,1 M
pactBopoMm HCI ¢ ganpHERIINM CO3peBaHUEM I10IY-
YaeMbIX YACTHLI.

Llesbio JaHHOTO UCCIeIOBAHMS SIBISUIACh pa3paboTKa
crioco0a MojIydeHus YaCTUL HaHOAMAIIa30Ha JMOKCUIa
KpPEeMHUsI B BOIHOIA cpefie, M3ydeHMe X arperaTUuBHOM
YCTOMYMBOCTHU ISl HAJIbHEHIIEro MOJIy4eHUsT TOJIM -
(byHKLIMOHAIBHOM (KOMILIEKCHOM) OpraHOMUHEDPAJIb-
HOIt 100aBKHU.
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METOAbl U MATEPUAIIbI

B xauecTBe OpraHMYECKOM COCTABIISIONICI MOOaB-
KM TIPUMEHSUTH MOIU(HUKATOP Ha OCHOBE (PIOPOTITIO-
THOYPOYPOTLHBIX OJTUTOMEPOB, CHHTE3MPOBAHHBIN
aBTOpaMM, METOIOM ITOJTMKOHACHIAIINY (Iajiee MHIN-
BUIyabHas 1o6aBKa) [21].

s momydeHUsI 9acTUIl TMOKCHIAa KpeMHUSI HaHO-
Inara3oHa (MUHEPaJTbHOM COCTABISIONICH J0OaBKM)
HCITOTb30BaJI HATPHEBOE KUIKOE CTEKIIO.

H71s1 mpoBepKM CTaOMILHOCTHA pacTBOPOB CHJIMKATA
HaTPWSI TOTOBYJIM BOIHBIC PACTBOPHI CUJIMKATA HATPUS
¢ pasHoii KoHueHTpauueit: 1, 4, 7 10% cooTBeTCTBEH-
Ho. Onpenessii pa3Mephl YaCTHII B CBEXKETIPUTOTOBIICH-
HBIX pacTBOpax CWJIMKATa HATPHSI METOIOM JIa3epHOM
nudpakouy cBeta Ha nmpudope Malvern Mastersizer
3000. B kauecTBe IUCTIEPCMOHHOI Cpeabl UCTIONb30BAIN
OUMIIICHHYIO BOMY, a MI3MEPEHUE pa3Mepa JacTHII IIpo-
BOIWJIN B AUCIIEpTaToOpe IIprubopa IMpU CKOPOCTU ITHUP-
KkynupoBaHusa cucteMmbl 2000 06/MuH. CTaTcTHYeCKasT
00pabOTKa BHITIOTHSIIACH IIPOTPAMMHEIM 00eCTICUCHIEM
npubdopa ¢ ucronb3oBanueM teopunt MU. CpenHuii pas-
Mep YaCTHUIIl OTIPEICIISIN KaK MeIMaHy MHTETPaIbHOTO
pacripenenerus, a mMmeHHO D(X) 50.

B xadecTBe cCTEMBI IUIST pOCTa YaCTUIl TUOKCHUAA
KpeMHUS TPUMEHSIIN MOINMDUIIIPOBAHHBIN pacTBOP
crmkaTa HaTpust. B konoy oobemoM 500 Mt ToMmenanm
11,8 r 42,5% HaTpHUeBOTO XKUIKOTO CTEKJIa U PacTBO-
psu B 493 Myt Bomsl. KoOy ¢ pacTBopoM HarpeBaiu
npu tTemmepatype 90°C B TedeHME IBYX YacoB. PacTtBop
oXJTaXKIaau U OTCTamBaiu Ipu Temmepatype 25°C B Te-
yenne 1 cyrok. [Tocite 3TOro pacTBOp AEKaHTUPOBA-
T, GUIBTPOBAIU IO Pa3psSKEHHBIM BO3IYXOM depes
HEMJIOHOBBIM MeMOpaHHbIN (UIILTP C pa3MepOM IOp
0,45 mxM. B xadecTBe pacTBOpa HeTpaan3aTopa Mc-
TOJIb30BAJIM PACTBOP COJISTHOM KMCIOTHL. Tak Kak co-
JITHAsI KUCJIOTA SIBJISICTCS TIPEKYypCOpoOM, TO PAcTBOP
TOTOBWJIN U3 (PUKCAHAJIOB.

151 m3ydeHus NecTBUS MHINBUAYAIBHOI 10OABKH
B COCTaBe KOMITJICKCHOI B KaUueCTBE aHTHKOATYJISTHTa
TUCTICPCHOM (ha3bl JOTIOTHUTEILHO IPOBOAMIIN Ha HC-
cienoBanne Aspocuit 200 — KOJTOMAHBIN TUOKCU]T
kpemuus 1mo F'OCT 14922-77 ¢ ynenbHOI MOBEPXHO-
cThio, paBHO#t 2000 M3/kr [22]. MuHepaloru4ecKui
cocras, Bec. %: SiO, — 99,8. K nHaBecke aspocuia
maccoi 100 mr mpuymmBaau 20 MJT OYMIIEHHON BOJIHI,
TIIATEJIBHO CYCIICH3MPOBAJIN Ha TICPEeMEIINBAOIIEM
YCTPOMCTBE BUXPEBOTO THUIIA W TIPOBOIIIIN U3MEpEHIE
pacmpeeeHUST pa3Mepa JaCTHIl METOIOM JIa3epHOM
mrdpakoum cseta. [locie 3TOr0 B pacTBOp BHOCWIIA
AJIMKBOTY MHIVBUAYAIbHON MOOABKM, YTOOBI KOHIICH-
tpauus coctabisuia 0,2%, U MeIJICHHO IIepeMeILBaIN
pacTBOp, 9YTOOBI NCKITIOUNTH MEXaHIIECKOE BO3ICICTBIE
Ha aryioMepartsl. [lociie 9ero mpoBOAUIN M3MEpEeHME
pacupeneneHus gactuil. [locite m3mMepeHUST 0Opa3elr

C UHIUBUIYaJbHON 100aBKOI oOpabaThiBaiv yJIbTpa-
3BYKOM B VJIbTpa3ByKoBoii BaHHe Elmasonic S150 npu
yactoTe 37 KI'1I B TeUeHIE OMHO MUHYTHI.

7151 m3ydeHnsT KWHETUKY pa3MepOB YaCTUII TMOKCH-
I1a KpeMHUS B IIPUCYTCTBUU MHINBUAYATHHOI TOOABKI
MIPUMEHSUTA CJICAYIONTYIO0 KOHIICTIIINIO: TOTOBMJIN MOV -
puUIMpoBaHHBIN PACTBOP CUJIMKATA HATPUS C MHINBU-
JIyaJTbHOM T00aBKOI pa3nnaHoit KoHneHtpaunu: 0,2, 0,5
u 1,0%, nocJie 4yero MpoBOAMIN CUHTE3 YaCTHUL JUOKCH -
na kpeMHUs. K IprUroToBIeHHBIM MOINMDUIIPOBAHHBIM
pacTBOpaM ¢ pa3HOI KOHIICHTpALNEeH MHANBUIYATbHOMN
nobaskoit mprmmBaau 50 M 0,1 M pacTBOp COJISTHOM
KHCIIOTHI CO CKOPOCTBIO 5 MJI/MUH, TIPH TIepeMeIInBa-
HUU pacTBOPOB cO cKopocThio 500 06/MuH. [TomydeH-
HBIE 00pa3IIbl TEPMOCTATUPOBAIN TTpH TemrepaType 25°C
IS CO3PEBAHUS YaCTULL B TEYEHUE 7 CYTOK.

PacnipeneneHre 9acTuIl 1o pa3Mepy M arperaTUBHYIO
YCTOMYMBOCTD OTIPEICIISIIIN ABYMS pa3HBIMA METOTAMMU:

1) Metonom nazepHoii nudpakiny cBeTa Ha TIpU-
6ope Mastersizer 3000, Malvern. B kauecTBe gucriep-
CHOHHOM cpedbl IPUMEHSIIN BOIY, a MI3MEPEHHE TIPO-
Bomuin ipu ckopoctr 2000 06/MuH. CTaTuCcTAYECKAS
00paboTKa BHITIOIHSIIACH IIPOTPAMMHBIM 00eCTICUCHIEM
npubopa ¢ ucroJjib3oBaHueM Teopun MU,

2) MeTogoM AUHAMUYECKOTO pacCEHMBAaHMS CBETa
Ha mipuoope Microtrac S3500. B kauecTBe nucrnepcu-
OHHOU Cpenbl IpUMeHsUTH Bomy. CTaTucTrdecKast 00-
paboTKa BBITIOJIHSIIACH TIPOTPAMMHBIM O0OCCIICUeHUEM
«Microtrac FLEX».

MUKPOCKONTMIECKUIA aHAIN3 KOMIUIEKCHOM J00aBKI
IIPOBOIMIN Ha 3JICKTPOHHOM CKaHUPYIOIIEM MUKPO-
ckonie TESCAN MIRA 3 LMU, KoTOpHIii MeeT KaToI
IIoTTKM ¢ TI0JIeBOI SMUCCUEH, UCIIOIb3yEeMBbIii JIJIsI T1O-
JIyYEHUS M300paskeHIIT BBICOKOTO Pa3peIIeHHSI C BEICO-
KOU SIPKOCTBIO, KOHTPACTHOCTHIO M HU3KUM YPOBHEM
ITyMOB.

KoHTpoIbh XUMIUIECKOTO CTPOCHUS M COCTaBa CUH-
Te3MPOBAHHON MOOAaBKM MPOBOIMIN MeTomaMu Y D-
n K- crextpodoToMeTpueit Ha mpubopax Specord
200 plus mpousBogutens Analytik Jena u Alpha, mpou3s-
BoauTens Bruker Optics.

PE3YJIbTATbl U OBCYXXAEHUE

B mpoiliecce mpuUTroTOBICHUS pacTBOPOB CHUJIMKATa
HaTPpUSI C Pa3TMYHBIMU KOHIICHTPAIIUSIMH OBIJIO 3aMe-
YEHO, YTO PACTBOPHI JEMOHCTPUPOBAIIN Pa3IMIHYIO CTe-
TIeHb onajiecteHIMH (puc. 1). [Ipu 3TOM ¢ TTOBBIIIIEHHEM
KOHIICHTPAIINU CUJIMKATa HATPUS CTEIICHB OITaIeCIICH-
LMY BO3pacTaja, 9T0 CBUACTEIBCTBYET O POCTE arperaToB
YaCTHUII TMOKCHIA KpeMHUS. 71T ToaTBe psKIeHUS pocTa
YaCTUIl TMOKCHUIA KPEeMHUS B pe3yIbTaTe TUAPOIN3a
pacTBOPUMOIT COJIM M3yJalil KWHETUKY (hOpMUPOBa-
HUS arperaToB YacTUIl JUOKCHIA KPEMHHS B pacTBO-
pax ¢ pa3HOM KOHIICHTpalLMell CUITMKATa HaTPUs METO-
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Puc. 1. FI300pakenue BOAHBIX PACTBOPOB CHJIMKATA HATPHS C PA3HOM CTENEHbI0 onajecueHuuu: a) 1% pacTsop;

6) 4% pactBop; B) 7% pactBop; T) 10% pactBop

JIOM JiazepHoii nudpakumnu cBeTa Ha pudbope Malvern
Mastersizer 3000.

CoryacHO NOIyYeHHBIM JAHHBIM (pUC. 2) BBISIBICHO,
YTO B Ipoliecce TUAPOJIN3a pacTBOpa CUIMKAaTa HATPUST
TPOUCXOINT KOATYIISIIINAS YACTUL AUOKCUIAa KPeMHUS
¢ ob6pa3oBaHMWEM KPYITHBIX arperatoB. C yBeIWMdeHNEM
KOHLEHTpallMU CUJIMKATa HaTpUsI 3HAUYUTEJIbHO YCUIIU-
BaeTcs IIPOIIeCcC TUAPOIN3a, 9YTO CITOCOOCTBYET YBEINIe-

HUIO CKOPOCTH KOATYJISIIINKI YaCTUII. Y CTAHOBJICHO, UTO
pacTBOPHI CHUITMKATa HATPUS ITOABEPXKEHBI CHIIBHOMY
TUAPOJIN3Y, B pe3ybTaTe KOTOPOTO 00pa3yroTcsl KPyII-
HBIC arperaThl IMOKCHUIAa KPEMHMUSI, B BUIY YETO CUCTeMa
He 00JIaJaeT arperaTUBHOM YCTOMINBOCTBIO.

s ToaTBepXKIeHUS arpeTaTUBHONM YCTOMIMBOCTH
pacTBOPHBI CUJIMKATa HATPUS pa3HOM KOHIICHTpAIINei
HarpeBasu ripu remmiepatype 90°C B TeueHUE IBYX YaCOB,
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2500
=
= 20 —— 1% pacTBop
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& 1500
- —&—4% pacTBoOp
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= 1000 P
= —&—7% pacTBOp
A 500 CIUIHKATa HATPHI
—8—10% pacTBOp
(O CHIIHKaTa HaTpHA Puc. 2. Kunernka
0 5 10 15 20 25 (hopmupoBanus arpera-
Bp el\iﬂ, q TOB YACTHUI] THOKCHIA
KpeMHHS

TOCJIe YeTO pacTBOPHI OXJIAXKIAIN M OTCTaUBaIU IIPU
temrieparype 25°C B teuenue 1 cyrok. ITo nmpomectBun
BpeMeHHU ObLIO OOHAPYKEHO, YTO BCE PAaCTBOPHI ObLINU
npo3padHbic (0e3 oImajecleHINN) U ¢ 0eJIbIM, aMmopd-
HBIM OCaJKOM Ha ITHe. BBUIy 3TOTO yCTaHOBJIEHO, UYTO
TeMIIepaTypa HapyIajaa TePMOINHAMUIECKYIO YCTONIM-
BOCTh CMCTEMBI, 1 33 CUCT 3TOTO IIPOM3OIIIIO 00pa30oBa-
HIE arperaToB CO 3HAYMTEIHFHOI MacCOii, UTO TIPUBEIIO
K TTOTepe CeAMMEHTAIIMOHHOM YCTOMYMBOCTH, M, KaK
CICZICTBHE, TIPOM3OIIUIO pa3nelIecHNe CUCTEMbI Ha IBE
(ha3wl: TUCIIEpCHOHHYIO CPEIy 1 OCAIOK.

Hcxoms n3 MOIyIeHHBIX JTaHHBIX, OBIJIO YCTAaHOB-
JICHO, UTO IIJIS TIOJIyYeHMS YaCTHUIl HaHOIMAIla30Ha He-
00xX0IMMO MOIM(HUIINPOBATH PACTBOP CHJIMKATA HATPUSI
IJIST TIPEIOTBPAIICHNUST KOATYIISIIIUK JacTUIl THOKCHUIA,
YTOOBI UCKITIOUNTH 00pa30BaHNE KPYITHBIX arperaTos.

s 3aMeICHUS poCcTa arperaToB IIPOBOIVUIIN HIC-
ciemoBaHUe BIUSHUS (BraopormonuHypdypoIsHOTro
MonuduKaropa (MHINBUAYATbHOI T0OaBKIT) HA YaCTH-
Bl (arperaTsl) IMOKCHIA KPEMHHUS C IIETbIO TTOBHITIIe-
HUST arperaTUBHOM YCTOMIMBOCTY CCTEMEBI C YaCTUIIAMM
ITHOKCHIA KPeMHMUSI.

s IpoBeneHnsT JaHHOTO WCCICIOBAaHUS TOTOBU-
1 1% BOIHBIN pacTBOP CUJIMKATA HATPUSI U U3MEPSLIN
pacripenesieHre pa3Mepa YaCcTHIl METOIOM JIa3epHOM
mrdpakoum cseta. [locie 3TOr0 B pacTBOp BHOCWIIA
AJIMKBOTY MHIVBUAYAIbHON MOOABKM, YTOOBI KOHIICH-
Tpauus cocrapistia 0,2% 1 MeIUIEHHO IIepeMelBaIi
pacTBOP [UTSI HCKITIOUCHUSI MEXaHMIECKOTO BO3IEHCTBHS
Ha arperatsbl. [lociie 3Toro u3Mepsiiu pacipeaeacHue
pa3mepa yactuil. KpuBbie 00beMHOTO pacIipeacIeHUs
pa3Mepa JacTHIl IMOKCHIA KPEMHMS 10 U TIOCTIe BHECe-
HUST MTHINBUIYAIBHOM M00ABKY IIPEICTaBICHEI HA puC. 3.

Pe3ynbTaThl MoKa3aiand, 9TO B MCXOTHOM 00pas-
e CpeOHUIA pa3Mep YacTUIl COCTAaBMII 0KoJio 102 HM,
a TmocJie 700aBIeHUS MHANBUIYATbHON T00AaBKH YaCcTh
YacTUL YMEHbIIMIACh 10 71 HM.

TakuMm o6pa3om, n1oOaBIeHNE MHANBUIYAIbHON 10~
0aBKU (KOHIICHTpAIIXsI J00aBKM B paCTBOPE COCTaBIsIIa
0,2%) BBI3BIBAJIO TIEMITU3AIIMIO aTPETaToB, TEM CaMBIM
pa30uBas arperaTsl Ha 0oJiee MaJeHbKHIE, 9TO U IIPHU-
BOIWJIO K 0O0pa30BaHNIO OMMOIAIBHOTO PaCcIIpeacICHUS
yactull (puc. 3 0).

i1t moaTBepKOeHUS IeCTBUS MHINBUIAYAIBHOMN
I00aBKM B KaUeCTBE aHTUKOATYJISTHTA MCCIIeIOBaHIE
IIPOBOIMIIN HAa aMOP(MHOM CHHTETHYECKOM KpeMHEe3eMe
Aspocui 200 ¢ yaeabHOI OBEPXHOCTHIO 0K0J10 200 M?/T.

PesynbTaTel McciiemoBaHMs ITOKa3ajdKl, YTO B MC-
XOIHOM CyCIIeH3WU A3pocuia OOJBITUHCTBO YaCTHIL
nmesio pasMep okoio 430 um. ITocie mobaBiieHNST MH-
IUBUAYaJTbHOU TOOABKM pa3Mephbl YaCTUIl YMCHBIITH-
nuchk g0 117 um. Ilocne ynbTpa3dByKoBOit 00pabOTKMU
CyCIieH3Un Adpocuiia ¢ 100aBKOM pa3Mep YacTHUII CO-
CTaBWIJI OKOJIO 43 HM, a pacrnpencicHe NU3MECHUIIOCh
¢ OMMOIATBFHOTO Ha MOHOMOAATBEHOE (pHC. 40 1 puC. 4B),
YTO CBUICTEIBCTBYET O IIOJTHOM Pa3pyIIeHUH KPYITHBIX
arperaTos.

Hcxomns 3 TipoaelaHHO paboThI, YCTAHOBJICHO, UYTO
WHOVWBHUAyaTbHAsI 00aBKa CIIOCOOCTBYET MEIITU3AIUN
yactull. JeiicTBre yabTpa3ByKa ITO3BOJISICT IIPOBOAUTH
TTOJTHYIO TUCIIePTalliio YacTHIL ¢ 00pa30BaHNEM HAHO-
pa3MepHBIX JACTHII.

B manpHelimmeM a1 morydeHUs HaHOYACTHIL TUOK-
cHIa KpeMHUS TIPUMEHSUTH METOJ KUCIIOTHOTO TUTPOBA-
Hus. B KauecTBe CHUCTEMBI IJIST POCTa YACTHUII MCITOTB30-
BaJI MOAM(DUIIMPOBAHHBIN pacTBOp CHJIMKAaTa HATPHSI,
a B KaUeCTBE pacTBOpa TUTPAaHTAa IPUMEHSIIN COJITHYIO
KHUCIIOTY.

CuHTEe3 HAHOYACTHUII THOKCHAA KPEMHUS METOIOM
KHCIIOTHOTO TUTPOBAHUS IIPOBOIIIIN TIO TUTAHY MCCITe-
IIOBAaHUS, TIPEICTaBICHHOTO B Ta0OII. 1.

PactBop THTpaHTa ITOIaBaIN C 3aMaHHOI CKOPOCTHIO
IIPY TTIOMOIIH ITePUCTATLTUIECKOro Hacoca. CHMHTE3 Ha-
HOYACTHUII OCYIICCTBIISIIA IIPY KOMHATHOI TeMIIepary-
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Puc. 3. KpuBbie 00b€MHOr0 pacnpeeieHns pa3MepoB YaCTHIl AMOKCHAA KPeMHHS: a) 10 BHECEHUsI MHIUBUAYaIbHOM

J00aBKU; 0) TOCcJie BHECEHUST MHAUBUIYATbHOM 100ABKI
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Puc. 4. KpuBbie 00bEMHOT0 pacnpeaesieHus arperaToB A3pociia: a) 10 BHECCHNST MHINBUIYATbHOMN T00aBKH;
0) mocJie BHECEHMST MHIMBUIYATbHOM 100aBKI; B) TTOCJIE BHECEHUSI MHIWBUAYAIbHON T00ABKHU M 00padOTKI

YIIBTPa3ByKOM
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Puc. 4. Okonuanue

Tabauuya 1
I1nan uccie10BaHMsl CHHTE3A YACTHI HAHOAMANMA30HA TUOKCHIA KPEMHHSA
Ha3ssanne o6pasma
Hapamerp HWcnbiryembrii HcnbiTyembrii HUcnbiryembrii
oopasen Ne 1 o0Opasen Ne 2 oopasen Ne 3
CKopocCThb TiepeMelBaHusl, 00/MUH 500
Ckopoctb nobasnenus HCI, mia/MuH 5
O6beM MopubuLpoBaHHOTO pacTBopa Na,SiO,, M 100
Temnepatypa cuHTe3sa, ‘C 25
KonieHTpauus MoagudpuUupoOBaHHOTO pacTBopa 0.1
Na,SiO,, Mosib/n ’
O6bem HCI, mi 100 50 25
Konmenrpammsa HCI, monb/n 0,1 0,1 0,2
CBeXenpuUroToBjieHHbIE, uepes3 1 ¢yT, 2 cyT,
[lepuon uamepeHust pa3MepoB YaCTULL 3 eyT, 4 ey, 5 cyT. 6 cyT, 7 eyt
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pe. ITocite cmHTE3a MOTYyYeHHBIC paCTBOPHI XpaHWIN  HUSA. B mcmeityeMom o6pasite Ne 1, rme oObeMEBI pac-

1o 7 CyTOK. TBOPOB ObLIM CMEIIaHbl B 9KBUMOJISIPHOM COOTHOIIIE-
CoriacHO TTOJTydeHHBIM TaHHBIM, BUTHO, YTO Yepe3 Hun (1:1 06/00), OCHOBHaS YacTbh YAaCTHIL MMeJIa pa3-
1 cyTku Hayvajcs pocT 30151 YaCTULL TMOKCHUIA KPEM- Mep 14 M (puc. 5 a), B ucmbsITyeMoM obpasme Ne 2, tioe
a
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Puc. 5. KpuBbie 00beMHOr0 pacnpee/ieHns YacTUIl IHOKCHAA KpeMHUs Yyepe3 1 CyTKM: a) MCIIBITyeMblii oOpa3ell
Ne 1; 6) ucnibiTyemblii oopaserr Ne 2; B) UCITBITYeMBIi1 oOpaserr No 3
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00BEMBI PACTBOPOB OBLIN CMEIIAaHBl B COOTHOIIICHUN
2:1 00/006 (cUImMKaT : KACJIOTA), 9aCTh YaCTUIl MMeJIa
pa3mep 9 HM (puc. 5 0), a B UCIIBITYyeMOM 00pa3iie No 3,
rIe KOHILIEHTPpAIlMsI KUCIOTHI ObIIa B 2 pa3a 0oJbIIIe,
YacTh yacTull nmena pasmep 10 am (puc. 5 B). Ciaemyer
OTMETUTH, YTO B TPeX 0Opa3lax cpasy mocjae CUHTe3a
YacTull OOHApYy>KeHO He ObLIO.

Hcxonst 13 MoIydeHHOI 3aBUCUMOCTH pa3Mepa 30JIsI
YACTUII TMOKCUIa KPEMHHSI OT ITePHOIa CO3peBaHMsI (prC.
6), BUIHO, YTO C yBEJIMYEHUEM IIEPHUOIa CO3PEBAHMSI Ua-
CTUIIBI YBEIMUMBAIOTCSI B pa3Mepax. B ncmeiryeMoM 00-
pasme Ne 1 ocHOBHAsT YaCTh YaCTUII 9epe3 1 CyTKu nMena
pa3mep 14 uM, a gepe3 7 cyTok 83 HM. B ncnbiryeMoM 06-
pasme Ne 2 oCHOBHAST YaCTh YaCTUII 9epe3 1 CyTKu nMena
pa3Mep 9 HM, a yepe3 7 cyToK 68 HM. B ucrbiryeMom 00-
pasme Ne 3 ocHOBHAST YaCTh YaCTUII Yepe3 1 CyTKu nMena

pa3mep 10 1M, a gepe3 7 cyTok 72 HM. Bo Bcex ncmeiTye-
MBIX 00paslax mocie 7 CyTOK CO3peBaHMs Ha0I0maIach
JIeTKasl OMaJIeCIeHIINSI, YTO TOBOPHUT O MPOIOKCHUN
pocTa 9acTuIl (YBeJIMICHUN pa3Mepa JYacTHII).

Pe3ynbTaThl M3y4eHNs KWHETUKNA POCTa pa3MEpOB
YaCTHIl IMOKCUAA KPEeMHHUSI, TIOTYUYCHHBIX METOIOM
KUCJIOTHOTO TUTPOBAHUSI B IIPUCYTCTBUY WHINBUIYab-
HOI T0OaBKM ¢ pa3HOI KOHIICHTpAIIUEH, TIPEICTaBICHEI
Ha puc. 7.

Kaxk BumgHO 13 3aBUCUMOCTHU (pHUC. 7), UHIUBUIY-
ajbHas nobaBka ¢ KoHueHTpanueii ot 0,2 1o 1,0% cra-
OMJIM3UPYET POCT YACTHII (3aMeIJIIeTCs IIPoIlecc KO-
arynsunn). C IeproaoM CO3peBaHUS pa3Mep YacTHUIL
YBEJIMUMBAJICSI B CPEeIHEM B 2,5 pa3a, 4TO SIBISIETCS
HE3HAYNTEIbHBIM 3HAaUYCHUEM MU POCTa HAHOYACTHII.
Ha pwuc. 8 mpencraBieHo nuddepeHIrnaIbHOoe pacIpe-

20
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a, 40 —&— | ICIIBEITYEeMELH
et ~
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- - Ty Ne 3 Puc. 6. I'padmk
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E‘- Do Puc. 7. 3aBu-
E 10 WHAWBUAYaNbHaA CHMOCTS pac-
a nobaska npeaeeHus
Ay 0 —.—10% pa3sMepoB YACTHI
! JHOKCHIA KpeM-
0 WHAMBUAYaNbHaA HUS OT MepHOaA
o 1 2 3 4 5 6 7 8 Aobaska cospeatmst
KOHIICHTPAIUHA
BPEMH’ cyr WHIVBULYAJTbHOU
JI00aBKH
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Puc. 8. N3menenne qudepeHIMaIbHOTO pacnpenejeHnds YaCTHI JHOKCHIA KPeMHHS ¢ MHAMBUAYAIbHOM 100aBKOM

(1%) Bo BpemeHu: a) yepe3 1 cyTku; 0) uepe3 7 CyToK

JIeJIEHUEe YaCTUL IMOKCUIA KPEMHUS ¢ BBEICHHOMN MH-
IUBUIYaIbHOM N10OABKOM ¢ KOHLIeHTpauueil 1% uepes
CYTKM CO3peBaHUs 1 yepe3 7 CyTOK.

Mcxons 3 mojiydeHHbIX JaHHBIX pacipeaesieHus
YacTUll, YePE3 OIHU CYTKU CO3pEeBaHUsI OCHOBHAS 4YaCThb
YaCcTULl UMEeeT pa3mep 7 HM, 3TO MOATBEPXKIAeTCSI MOHO-
MOJJILHBIM Y3KUM pacrpeiesieHUueM, a yepe3 7 CyToK
CO3peBaHUs pa3Mep YacTUIl yBeImamiics 1o 20 HM, TIpu
3TOM pacIipefeIeHIe YaCTUL] UMeJI0 OUMOIAIbHbBIN BU,
YTO YKa3bIBaeT Ha 00pa30BaHUE arperaTos.

HccnenoBaHus nokasanu, YTO BBEIEHUE UHAVMBUILY -
aJIbHO 100aBKM Ha CTaIMU CUHTE3a YaCTULI [IO3BOJISICT
CTa0UJIM3UPOBATh POCT YACTUILI, TAK KAK UCXO/s U3 paHee
TMPOBEAECHHBIX MCCIEeIOBaHUN [25—27] MOXXHO TIpen-
MOJIOXXUTD MPOTEKaHUE TTpoliecca afcopOLMY MOJIEKYJT
WHIWBUAYAJbHOW 10OABKM HA MOBEPXHOCTU UCCIENY-
€MbIX YaCTUII, B pe3yJibTaTe 4ero OyneT HabIoaaThes
CHMXXEHME MMOBEPXHOCTHOTO HATSKEHUSI HA TPaHULIE
TBEpPIOE TEJI0 — IUCIEPCUOHHAS cpeAa, YTO MPUBOIUT
K CHU3KEHMIO YaCTHUIIL K arperaluu.

C y4eToM IIpencTaBIeHHBIX Pe3yIbTaTOB, OBLT pa3pa-
00TaH cIToCO0 ITOTYICHUSI KOMIUIEKCHOI OpraHOMIHE-
pabHOI T00aBKM, OCHOBHBIC 3TAIThl KOTOPOTO OITCAHBI
HITKeE:

[lepen mpoBeneHMEM CHHTE3a MHINBUAYAIBHOI M0~
0aBKU K pacTBOPY (DIIOPOTTIONIHA TOOABIISLIIA MOTU(HU-
LIMPOBAHHBIN PAaCTBOP CHJIMKATa HATPUS B KOJIMIECTBE
50% ot macchl hIOPONTIOLIMHA Y ITPOBOAWIIA CUHTE3 MH-
ITUBUOYATbHOM JOOABKY IIPU ONTUMAIBHBIX YCITOBHSIX.

s cuHTe3a HAHOYACTHUII JMOKCHAA KPEMHUSI TIPO-
BOIVUIM CMEIIICHIE XUMHUIECKOTO PABHOBECHS B pac-
TBOpPE IIyTEeM BHECCHUSI PACTBOPA COJITHOM KHMCJIOTHI
C ONTHMAJIBHOM cKopocThio. Co3peBaHNe HAHOYACTHUIL
MTHOKCHIA KPEMHUS IIPOBOAIUIN IIpH TeMItepatype 25°C
B TCUCHUE 3 CYTOK.

KoHTpok cocTaBa IMoay4eHHOI KOMILIEKCHOI Op-
raHOMUHEPAJTBbHOI 100aBKH ITPOBOIIN MeToIoM Y D-
n UK- cnexkrpockonueit cpady nocie cuHre3a. MK-
criekTp 1 Y D-crekTp CMHTE3MPOBAaHHON KOMIUIEKCHOM
OpraHOMUHEpaTbHOI JOOABKM IIPEICTaBICHEI Ha pHC. 9.
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Puc. 9. CieKTpbl CHHTe3MPOBAHHOI KOMILIEKCHOI OpraHoMUHepaibHOi A00aBku: a) MK-criekTp; 6) YP-criekTp

HWcxonst 3 pesynbratoB Y P- n MK-criekrpockonmu,
CJIEMyeT, YTO MO0aBJICHNE CUIMKATa HATPUSI Ha CTaTuN
CHMHTEe3a He BIUICT Ha XUMIUICCKYIO CTPYKTYPY MHINBU-
NyaJIbHOU TOOaBKU.

Pa3Mep yacTuil nmokcnma KpeMHUS B KOMIUIEKCHO
OpTaHOMUHEPAIBHOI T00aBKM Uepe3 3 CYTOK co3peBa-
HUS 9aCTHII COCTABWII B CpemHeM oKoiio 7 HM. KpuBas

00BEMHOTO pacIpeneIeHIs YaCTHUIL TUOKCUIA KPeMHUS
B KOMILIEKCHOUM OpTaHOMMWHEPAJTbHOI TOOAaBKHU Yepe3
3 CyTOK co3peBaHMSI TIpeAcTaBieHa Ha puc. 10.

st BU3yann3auy 9acTUIl IMOKCHUIA KPEeMHUS
B CUHTE3MPOBAHHOI KOMIUIEKCHOI OpraHOMWHEPaJIb-
HOM 100aBKM 100aBKY HAHOCWJINA HAa TOKOIIPOBOISIITYIO
IUTACTUHKY B TOHKOM CJIOC U CYIIWJIN IIPU TeMIIepaType
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Pa3smep yactun, Hm

Puc. 10. KpuBasi 00beMHOro pacnpeesieHis: YaCTHIL JHOKCHIA KPEMHHS B KOMILIEKCHOI OPraHOMUHEPAJIbHOI 100aB-

K# 9epe3 3 CYTOK CO3peBaHUs

Det: SE
SM: RESOLUTION |2 pm
WD: 9.16 mm

View field: 10.00 pm
SEM HV: 5.0 kV
BI: 8.00

y ¥ -
MIRA3 TESCAN
r 4

BITY um. B.T. LI.Iyxuaan

Puc. 11. MuKpocTpyKTypa KOMILIEKCHOI OpraHOMUHe-
PAJIbHOI 100aBKH

105°C, mocne yero aenanu Mukpodororpacdum Ha cKa-
HUpyoeM 3yeKTpoHHOM Mukpockorne TESCAN
MIRA 3 LMU (puc. 11).

Ha mukpodororpacdun oT4eTIMBO BUIHO OOJBIIOE
KOJIMYECTBO OeJIbIX BKPATUIEHUI, KOTOPBIE COCTOSIT
W3 YaCTUIL TUOKCHUIAa KPEMHMUSI, YTO TTOATBEPXKIAETCS
10 JIOKAJTbHOMY 3JIEMEHTHOMY CITEKTpPY, CIeTaHHOMY
Ha CKaHUPYIOIIeM 31eKTpoHHOM MuKpockorne TESCAN
MIRA 3 LMU (puc. 12).

YcTaHOBJIEHO, UTO B COCTaBEe KOMITJIEKCHO OpraHo-
MWHEPATbHOM T00aBKM MPUCYTCTBYIOT HAHOPAa3MEPHBIE
YacTUIIBI TUOKCHAa KpemHus. [1py aToM nHIMBUIyaTb-
Hasl J0OaBKa BBITIONHSIET IBE KITIOUEBbIe (DYHKIINU: CTa-
OWIM3MPYET MPOIECC POCTa YACTUILL TUOKCUIA KPEMHUS
U CTIOCOOCTBYET PABHOMEPHOMY PACIIpEIeTICHUIO YaCTHI]
BO BCEM 00beMe KOMILIEKCHOI TOOABKM.

B pesynbraTe nmponenaHHOTO UCCIeqOBAHMST ObLT ITO-
nydyeH rmareHT P® Ha uzobperenne Ne 2806395 «Kom-
IUIEKCHAsT mo0aBKa ISl 06TOHOB CTPpOUTEIbHOM 3D-11e-
gatn» [28].

JI1st Ky KOMITJIEKCHOM OPraHOMUHEPATbHOM 10-
6aBKU OBUT OITPOOOBAH METO[ CYIIKM B BaKyyMe IIpU
temriiepatype 40°C. MukpodoTtorpaduu KOMITIIEKCHOM
OpraHOMUHEPATLHOI T00aBKM, BHICYIIIEHHOW B BAKyyMe
nipu Temmeparype 40°C, mpencrasieHs! Ha puc. 13.

Kaxk BugHO, B cl10€ KOMIUIEKCHOU 100aBK1 HA0JII0-
JATOTCSI KPYITHbIE YACTUIIBI TMOKCUIA KPEMHUSI, 3TO
O00YCJIOBJIEHO TEM, UTO B MPOIIECCE CYIIKN MEJICHHO
Wcmapsyiach Biara, T€M CaMbIM YBEIMUMBAIACh KOHIIECH-
Tpaius, v, KaK CJIENCTBUE, POVCXOANI aKTUBHBIN POCT
JacTUIl (BpeMsI CYIIIKH 2 Jaca).

B nanbpHeiieM mMcciienoBaHUY MTPOBOIUIN BBICY-
mUBaHWe TOOABKU METOJOM PACIIBIJIEHUS] pacTBOpa
KOMIUIEKCHOI 1o6aBKu Tipu Temriepatype 60°C. Mu-
kpocdoTorpacdust BHICYIIEHHOI METOAOM PACTIBUICHUS
KOMIUIEKCHO! OpTaHOMUHEPATbHOM T00aBKY TTPU TEM -
niepatype 60°C mpecraBieHbl Ha puc. 14.

BuiHoO, 4TO 9acTUIIBI HE YKPYITHWINCH U UMEIOT Ma-
nelit pazmep. Crieayer OTMETUTD, YTO TaHHBIN CTIOCO0
TEXHUYECKU CJIOKHBI TSI peai3aiiviv B Ja00PaTOPHBIX
YCIIOBUSIX, TaK KaK 00pa3yIONIyIOCs MTbUTh U3 YACTHUII BbI-
CYIIIEHHOI1 TOOABKM CIIOXKHO 3aXBaTUTh U 3a(hUKCUPOBATH.

BricymmBaHme KOMITIEKCHON OpraHOMUHEPATbHOM
J00aBKM B BAaKyyMe OKa3aJIoCh HeA(P(hEKTUBHBIM BCIIE/I-
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40— P FF+si02 (white section)
i AT. (%)
i 59.9
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8.5
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Puc. 12. JIoka/bHblii 3JJeMEHTHBIi CIEKTP KOMILIEKCHOI HHINBHIYAJIbHO J00aBKH

View field: 100.0 pm Det: SE, BSE | MIRA3 TESCAN

SEM HV: 15.0 kV SM: DEPTH il

Bl: 12.00 WD: 15.00 mm

50 ym

BITY um. B.I. LLIyxuaan

Puc. 13. MukpogoTorpaduu BbICYIIEHHOI B BAKyyM€e KOMILTEKCHO OPraHOMHHEPAJILHO# T00aBKH IPU TeMIepaType
40°C
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Det: SE [ | 11

View field: 10.00 pm MIRA3 TESCAN
SEM HV: 6.0 kV SM: RESOLUTION 2 pm i
Bl: 8.00 WD: 8.73 mm BrTY vm. B.I. Wyxosa

Puc. 14. MEUKpOCTPYKTYpa KOMILUIEKCHO# OPraHOMUHE-
PaJIbHOIi 100aBKH, BBICYHIEHHO! METO0M PaCIbLICHHUS
npu Temnepatype 60°C

CTBHE 3HAUMTEILHOTO YKPYITHEHUS YACTUI] TMOKCHUIA
kpemHUs1. [1pu cymike KOMIUIEKCHOM OpraHOMUHEpaTb-
HOU MTOOABKU METOIOM DPACIIBIJICHUS 3HAYUTEIHHOTO
pOCTa YacTuIl He MPOUCXOAWIO, TIACTUDUIIUPYIOTIAst
CITOCOOHOCTH M aKTUBHOCTH I00aBKM HE U3MEHWIACH.
BBumy sToro, 3¢(peKTUBHBIM CITOCOOOM MOXKHO CYMTAThH
CYIIIKY CITOCOOOM pacmbuieHreM ipu Temriepatype 60°C.

CNMNCOK NCTOYHUKOB

3AKJTIOMEHUE

YCcTaHOBIIEHO, YTO METOIOM TUIPOJIN3a CUIUKATA
HaTpUsT BO3MOXHO TIOJTy9aTh HAHOPAa3MEPHbBIE YACTUIIBI
nuoxkcuna KpemHus. C yBeTnuyeHUEeM KOHIIEHTpaIllnu
CWJIMKATa HATPUST 3HAYMTEIbHO YBEJIMUUBAETCS KO-
JINYECTBO YaCTUI] AUOKCUIA KPEMHUS, YTO TIPUBOIUT
K OBICTPOI1 KOATYJISIITAY YaCTUIL C 00pa30BaHUEM KPYTI-
HBIX arperaTtoB. YBEJIWYEHNE TeMITePaTyPhl BbI3HIBACT
OBICTPBI POCT arperaToB, B Pe3yIbTaTe Yero OHU BbI-
MajgaioT B OCAMOK.

JlokazaHo, 4TO METOIOM KHUCIOTHOTO TUTPOBAHUS
MOKHO TOJIy4aTh YaCTUIIBI TUOKCUIA KPEeMHUS pa3-
Mepom meHee 10 HM. B mepuon co3peBaHus yacTuil
¢ 1 mo 7 cyTOK MPOUCXOAUT YBEIUUEHNE Pa3MEPOB Ya-
CTHII TIpUMEPHO B 7 pa3. ONTUMAaTbHBIM COOTHOIIIEHUEM
JUTSI CUHTE3a YaCTUII CJIEAyeT CUUTATh COOTHOIIIEHUE pac-
TBOPOB peakTuBOB 2:1 00/00 (cuimkara HATpUs K CO-
JISTHOM KUCIIOTE).

[Monyyena KOMITJIEKCHAsT OpraHOMUHEPAJIbHAST 10-
OaBka Ha oCHOBE (hrtoporToIMH(PYPGhYPOIBHOTO OTH-
roMepa ¥ HAaHOYACTUIl TUOKCUIa KPEeMHUSI.

YcTaHOBNIEHO, UTO BBEACHUE WHIMBUIYATbHON
M00aBKM Ha CTaaWM CUHTE3a HAHOYACTUIl TUOKCUAA
KPEMHUS TTO3BOJISIET CTAOUIN3UPOBATh POCT YACTHUII,
YTO CTIOCOOCTBYET YMEHBIICHUIO TEHACHIINU YaCTHUI]
K arperaruu.

Omnpenenex 3¢h(GeKTUBHBIN MPOIIECC CYITKU KOM-
TJIEKCHO OpraHOMUHEPATHHOM T00aBKM METOJIOM pac-
MIbUIEHUS TIpU TemTiepaType 60°C, Giraromapsi KOTOpoMy
HE TIPOUCXOAUT 3HAYUTETHHOTO POCTA YACTUIL TUOKCUIA
KpPEeMHUSI M HE U3MEHSIEeTCS TUIacTU(UITNPYIOIIAst CIO-
COOHOCTb U aKTUBHOCTb JOOABKH.
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Synergetic improvement of technological characteristics
of highway road surfaces by bitumen microdispersed
emulsions
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ABSTRACT

Introduction. The use of bitumen microdispersed emulsion as a resource-saving method for road surface construction is a popular
trend in the development of innovative nanostructures. The technological use of petroleum bitumen as a binder for road materi-
als requires a reduction in rheological viscosity. This can be achieved through synergistic developments that involve the use of
various additives and modifiers. Methods and materials. The composition of bitumen microheterogeneous emulsions includes:
bitumen-containing raw materials (up to 70-80% of mass); water with hardness up to 6 mg-eq/I (from 20 to 30%); emulsifiers (up
to 3%) and other components. For large-tonnage production of water- bitumen emulsions, a colloid mill is the most technologically
advanced equipment. Results. Water-bitumen emulsions are formed as a result of two competing processes: crushing (dispersion)
and coalescence (merging) of microdroplets of the bitumen dispersed phase. The microheterogeneous bitumen phase is distributed
in the aqueous dispersion medium in the form of microdroplets ranging in size from 1 to 10 um (the main share is made up of bitu-
men microdroplets with a diameter of 2-4.5 um). The synergetic durable microstructure of asphalt concrete road surfaces, which is
formed by supplementing interaction in the boundary layers of the bitumen binder with the surface of the mineral component, is
determined by the dominant interaction of complementary factors. Discussion. The synergetic approach to extending the service
life of asphalt concrete road surfaces by using bitumen microdispersed emulsions holds promise for interpreting their evolution. The
road construction industry of the Russian Federation at the beginning of the 21 century is characterized by a large-scale revision of
regulatory documents, regulating the requirements for the construction and operation of highways. Conclusion. The optimal solu-
tion to the current problems of intensive construction and reconstruction of Russian highways is the improvement of technological
characteristics of road surfaces by adding bitumen microdispersed emulsions to the composition. In complementary strengthening
of weak soils of the road surface of high-speed highways, the use of water-bitumen microdispersed emulsions is also recommended.
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as a nanoadditive in the complex strengthening of weak
soils of the roadbed (with lime, etc.); production of black
crushed stone, and other porous, dense crushed stone and
gravel-sand materials used in creating the structural layers
of high-speed transport highways [1—4].

Resource-saving technological use of petroleum bitu-
men as road binders requires a reduction in rheological
viscosity, which can be achieved by heating to 170°C, dis-
solving in hydrocarbon diluents and emulsifying in water
[5—7]. Water-bitumen emulsions have been used for over a
hundred years in road construction: pothole repair, laying
of protective thin layers of road surfaces. The preparation
of stable water-bitumen emulsions requires the use of
effective surfactants - emulsifiers that stabilize the disper-
sion of bitumen microdroplets and provide stability during
long-term storage such as cyclic amine with a stabilizer
(block copolymer of ethylene oxide and propylene oxide)
wich can last up to 90 days [8]. Synergistic developments
in improving the technological characteristics of highway
road surfaces using bitumen microdispersed emulsions
remain relevant.

The purpose of this article is to study effective meth-
ods of preparation and use of water-bitumen petroleum
microdispersed emulsions in intensive construction and
reconstruction of highways and transport infrastructure.

METHODS AND MATERIALS

In road construction, the most technologically ad-
vanced method is the use of direct water-bitumen emul-
sions (the bitumen dispersed phase is distributed in the
form of microdroplets measuring 1—-20 um in an aque-
ous dispersion medium). The amount of road petro-

leum bitumen (from CB (construction bitumen) 40/60
to CB 200/300) varies in microheterogeneous emulsion
30—80 mass %; soft water (hardness up to 6 mg-eq/1)
15—70 mass % (pH = 7, neutral medium); emulsifier up
to 3% mass %.

Small amounts of emulsifiers reduce the interfacial
tension between water and immiscible bitumen, which
promotes stable distribution of bitumen microdroplets in
the aqueous phase. The efficiency of emulsification de-
pends on the composite microstructure of road petroleum
bitumen, macromolecular nanoadditives, physicochemi-
cal characteristics of the emulsifier, and the emulsifica-
tion mode [9—11]. It has been established that in the case
where the ratio of resins and oils in the bitumen petroleum
binder exceeds 0.6, and the ratio of resins and asphaltenes
is in the range from 0.5 to 2.0, then the bitumen will be
effectively emulsified.

Emulsification (dispersion of bitumen components)
is a process of physical crushing (grinding into microdro-
plets) carried out by various installations: colloid mills,
ultrasonic dispersers, etc. For large-tonnage production
of water-bitumen emulsions, a colloid mill is the most
frequently used technological equipment. A colloid mill
consists of a rapidly rotating rotor (angular velocity 2500—
7000 rpm) and a stator; due to centrifugal forces, the bi-
tumen component is split into microdroplets, which are
coated with an electrically charged surface-active emulsi-
fier. In the distribution of microdroplets by size (diameter
of bitumen microdroplets), the following geometric char-
acteristics of the production [12—14] colloid mill play an
important role: the adjustable gap between the rotor and
stator, which can vary from 0.25 to 0.5 mm, as well as the
angular speed of rotation of the rotor (Fig. 1).

2

1

Fig. 1. Operation of a colloid mill in the process of producing water-bitumen emulsion: 1 — rotor, 2 — emulsion,
3 — stator, 4 — electric motor, 5 — bitumen, 6 — aqueous solution of emulsifier
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First, a surface-active emulsifier in the form of an
aqueous solution at a temperature of 50—70°C is fed into
the colloid mill; then, molten bitumen at a temperature
of 140—170°C, suitable for emulsification with a viscosity
of about 0.2 Pa-s, is dosed into the colloid mill. Opti-
mum emulsification (diameter of bitumen microdroplets
5—10 um) in the colloid mill is achieved with a bitumen
component content of no more than 70% and a tempera-
ture of no more than 90°C for 25—30 minutes. When this
range is exceeded, the production of water-bitumen emul-
sion becomes ineffective due to the formation of larger
bitumen microdroplets, and the prepared road emulsions
lose stability when stored in a tank. Conditional viscos-
ity level, adhesive properties, disintegration index, and
stability are the main characteristics of bitumen emul-
sions within the framework of tightening requirements
for digital control of the production of asphalt concrete
road construction materials [15].

The main function of surface-active emulsifiers is to
reduce the surface tension of water-bitumen emulsion and
prevent the reverse adhesion of microdroplets. It should
be noted that the physicochemical characteristics of
emulsifiers have a significant effect on the properties of
bitumen emulsion such as viscosity, aggregate stability,
ability to break down and adhesion. Bitumen emulsifiers
are divided into anionic, cationic, nonionic depending on
the composition of the functional group [16].

At first, anionic emulsifiers were the most common
in the preparation of water-bitumen road emulsions,
but since the mid-20" century, cationic emulsifiers have
been used more widely in large-scale production (3/4 of
the volume of bitumen emulsions is cationic) [17]. The
diphilic molecules of emulsifiers consist of polar (hy-
drophilic “head”) and hydrophobic (non-polar “tail”)
parts; the non-polar part is oriented toward the bitumen
component, and the hydrophilic part is oriented toward
the aqueous phase (Fig. 2).

This synergetic behavior of emulsifier molecules can
be explained by the fact that when the molecules concen-
trate on the interface of two liquid phases that form a mi-

croheterogeneous water-bitumen emulsion, they prevent
the reverse fusion (coalescence) of bitumen microdroplets
due to the double electric layer. Electrostatic repulsion
and nanostructured characteristics of the double layer
have a strong effect on the stability and viscosity of the bi-
tumen emulsion. In road construction and reconstruction
of highways, universal cationic emulsions are more often
used in synergistic reinforcement. Cationic emulsifiers are
alkylamines with a hydrocarbon chain of 8—22 atoms (the
optimal number is 12—14) of carbon and primary amines
(R-NH,), which provide a sufficiently high adhesion of
the bitumen binder to the surface of mineral powders and
crushed stone of acidic and basic nature.

The stability of the technical and economically ef-
fective water-bitumen emulsion is determined by the
change in its homogeneity during storage, where emulsion
samples can be held for a week or a month. The stability
during transportation is determined after 2 hours of shak-
ing the sample of water-bitumen emulsion, in this case,
irreversible separation into bitumen and water should not
occur. The normative technological determination of the
properties of the bitumen component isolated from the
emulsion is carried out after evaporation of water; the
depth of penetration and extensibility should not decrease
by more than 15% of the original bitumen.

A rather conventional classification of bitumen micro-
dispersed emulsions is carried out by the type of emulsi-
fiers: anionic, cationic, etc.; depending on the kinetic rate
of disintegration when mixed with mineral powder and
crushed stone: fast-, medium-, slow-disintegrating; mod-
ified (addition of complementary polymers), unmodified,
etc. For example, the EBPRC F grade means emulsion
bitumen-polymer for roads, cationic, fast-disintegrating.

For the technological preparation of emulsions, CBs
(construction bitumen) of the following grades are used:
CB 200/300, CB90/130, CB 60/90, CB 40/60; the corre-
sponding grade of bitumen is selected taking into account
the climatic conditions of the construction area and the
technological design of the synergetic reinforcement of
the road surface. For example, for the construction of

Fig. 2. Formation of bitumen emulsion: 1 — layers of aqueous phase adjacent to the hydrophilic part of the emulsifier;
2 — bitumen microdrop adsorbing the hydrophobic part of the emulsifier; 3 — emulsifier molecules
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highways in the Republic of Bashkortostan, where winter
temperatures usually drop below —20°C, construction
bitumens CB 90/130, CB 130/200, CB 200/300 are used.

For synergistic improvement of technological char-
acteristics, water-bitumen emulsion is modified with
polymer nanoadditives (latex, polyethylene, epoxy resin,
synthetic rubber, synthetic resin, etc.). Aggregate modi-
fication of water-bitumen emulsion with macromolecu-
lar nanocomponents is carried out in two ways: by in-
troducing a modifying additive into the aqueous phase
of the emulsion or directly into the emulsion during its
preparation using emulsification of modified bitumen in
polymineral dispersions [18].

RESULTS

Bitumen road emulsions are colloidal emulsions,
where the microheterogeneous bitumen phase is distrib-
uted in an aqueous dispersion medium in the form of
microdroplets with a size of 1 to 10 um (the main share
is made up of bitumen microdroplets with a diameter of
2—4.5 um). Figure 3 shows an optical micrograph (Axio
Scope.Al microscope) of the microstructure of bitumen
emulsions (the amount of CB 70/100 road bitumen is
61%, the emulsifier Sinterol is 1.8%).

Water-bitumen emulsions are formed as a result of
two competing processes: crushing (fine dispersion) and
coalescence (merging) of microdroplets of the bitumen
dispersed phase. Adsorption of amphiphilic molecules
of emulsifiers on the interface of water-bitumen phases
and formation of a double electric layer always occurs
over a certain period of time. It should be noted that in
addition to the presence of emulsifiers, the stability of

bitumen emulsions is affected by: temperature, mineral-
ization and acidity of the aqueous phase, concentration
of microdroplets of the dispersed phase and their sizes,
Brownian chaotic motion, density, viscosity, etc.

Controlled disintegration of water-bitumen emulsion
is a kinetic process of bitumen component release from
emulsion after application to highway road surface or
combination of bitumen emulsion and mineral material
which is also correctly interpreted within the framework
of fractal analysis. Synergistic microstructure of asphalt
concrete pavements, which is formed by complemen-
tary interaction in the boundary layers of bitumen binder
with the surface of the mineral component, is determined
by the dominant interaction of complementary factors.
In most cases, stone materials, such as mineral powders
and crushed stones, have negative surface charges, and
positively charged emulsifier is attracted electrostatically
to synergistic filler, causing controlled disintegration of
water-bitumen emulsion (Fig. 4). Synergistic improve-
ment of technological characteristics of road asphalt con-
crete occurs as a result of formation of continuous films
of adsorbed bitumen.

A special feature of the technology of surface treat-
ment of highways using emulsion-mineral mixtures is
the need to find the optimal range of time for controlled
disintegration of the water-bitumen emulsion in the com-
position used, i.e. the time from the moment the mixture
is prepared until a solid-phase state is achieved. Con-
trolled degradation of the emulsion should occur after the
distribution of the synergistic emulsion-mineral mixture
over the surface of the asphalt concrete pavement: with a
faster disintegration, the mixture will prematurely thicken
in the asphalt paver and will become unable to be paved,

Fig. 3. Micrograph of water-bitumen emulsion (magnification in an optical microscope % 1000)
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Fig. 4. Disintegration of bitumen microdispersed emulsion: 1 — aqueous phase; 2 — bitumen microdroplet;
3 — mineral powder; 4 — emulsifier molecules, 5 — adsorbed bitumen film

and with a slower one, the liquid composition will flow
off the surface of the road pavement.

Cationic bitumen emulsions are divided by the rate of
disintegration during processing of mineral complemen-
tary materials into: fast-disintegrating — 5—15 minutes,
medium-disintegrating — several hours and slow-disin-
tegrating — 1—2 days [19]. To determine the kinetic rate
of disintegration of fast-disintegrating water-bitumen mi-
crodispersed emulsions, it is recommended to use quartz
powder, the mass fraction of which is less than 50%. Ac-
cording to technological characteristics, the expected
stability of bitumen road emulsion during transportation
should be at least 2 hours. When optimally formulating
asphalt concrete emulsions, it is necessary to take into
account the stability during storage; bimodal emulsions
may have a lower viscosity than monomodal analogues,
but have higher stability during storage and transporta-
tion [20].

DISCUSSION

The road surface of transport highways directly per-
ceives the impact of physical and mechanical loads, at-
mospheric factors and determines the most important
operational qualities of the road, in the construction of
which synergetic bitumen microdispersed emulsions were
used. Forecasting the durability of asphalt concrete road
surfaces is a fairly significant problem, since it is associ-
ated with: the diversity of various external factors (ground
transport, weather conditions, etc.) that are difficult to
analytically describe mathematically; insufficiently stud-
ied internal physical and chemical structuring processes
in composite asphalt concrete. The synergetic concept
[21] is promising for interpreting the evolution of asphalt
concrete road surfaces of highways constructed using
water-bitumen emulsions.

Synergetic enhancement of technological characteris-
tics of asphalt concrete pavements, which is formed by in-

teraction in boundary layers of bitumen structured binder
with the surface of the mineral component, is determined
by dominant interaction of complementary factors. Frac-
tal concepts of long-term strength of asphalt concrete
road pavement of highways are reflected in the levels of
power dependence of nonlinear deformation under load,
characterizing entropic nature of elasticity and kinetics
of damage or hidden destruction of microstructure from
load. Long-term strength of asphalt concrete pavement is
characterized by activation energy, determining thermal
fluctuation rupture of bitumen bonds at the nanolevel,
as well as fractal dimension of asphalt concrete micro-
structure, determining usage patterns during deforma-
tion under load [22]. The main reason for the optimal
choice of synergetic technology for the installation of
protective wear-resistant layers of asphalt concrete road
surfaces using water-bitumen emulsions is to ensure the
safe movement of ground transport during the standard
service life [23, 24].

In 2020, the annual global production and use of
bitumen emulsions in road construction amounted to
more than 7 million tons, amounting to 33% in the USA
and 16% in France. In the Russian Federation about
250 thousand tons were produced. When choosing the
type and brand of water-bitumen emulsion in the process
of synergistic improvement of the technological charac-
teristics of road surfaces, the purpose of microdispersed
emulsions should be taken into account.

The main advantage of using water-bitumen microdis-
persed emulsions compared to traditional (hot, liquefied)
road bitumens is the convenience in handling of the mate-
rial [25]: only a sufficiently complete adhesion of the neg-
atively charged surface of the road base with a positively
charged cationic emulsion is needed for operation; tech-
nological production of bitumen emulsions allows varying
the qualitative composition and required characteristics;
the use of bitumen emulsions at temperatures from 30°C
to 70°C is safe for use and reduces energy consumption
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by 40—50%; it is permissible to pour bitumen emulsions
onto moistened surfaces with the formation of a strong
and water-resistant bitumen film on the complementary
surface of mineral fillers. In addition, it is worth noting
the technological environmental friendliness of the multi-
tonnage preparation and use of water-bitumen emulsion:
a minimal volume of harmful substances such as hot and
liquefied bitumen is released into the atmosphere, and in
addition, production becomes fire- and explosion-proof.

For the road construction industry of the Russian
Federation, the beginning of the 21 century is char-
acterized by a large-scale transformation of regulatory
documents (GOST 18689-81, 52128-2003, 58952.1-
2020) regulating the requirements for the construction
and operation of high-speed highways, which are mainly
represented by individual sections of federal highways.
Conversion to a fluid state, i.e emulsification of water-
bitumen binders at ambient temperature, requires stabil-
ity during storage and transportation, with simultaneous
destruction at a controlled speed during synergistic ap-
plication to the surface of mineral fillers or road asphalt
concrete pavement. One of the constraints for the use of
resource-saving nanotechnologies in Russia is the lack
of production of effective domestic cation-active emulsi-
fiers and the high cost of imported analogues. However,
fairly inexpensive and affordable raw materials have been
proposed for the production of the emulsifier: polyamides
and products containing fatty acids.

For the synergistic preparation of cast emulsion-
mineral mixtures for road purposes, slowly disintegrating
cationic bitumen or bitumen-polymer emulsions should
be used [26]. Complementary introduction of styrene-

butadiene latexes up to 5% does not have a significant
effect on the homogeneity and stability of water-bitumen
emulsions: the most effective is the SKS-65GP latex,
since more than 90% of the ultradisperse particles are
less than 100 nm in size [27]. The addition of styrene-
butadiene latexes has a positive synergistic effect on the
main technological characteristics of water-bitumen bitu-
men compositions, which is manifested in a significant
increase in heat resistance up to 100°C, frost resistance
up to —15°C, elasticity up to 44%, softening temperature
and hardness.

Water-bitumen emulsions are thermodynamically un-
stable — they are characterized by fractal aggregation of
microdroplets of the dispersed phase and the processes
of reverse sedimentation, i.e. coalescence. It should be
noted that, in turn, bitumen binders are petroleum nano-
dispersions, the properties of which are determined by
nanoparticles of the dispersed phase and the hydrocarbon
dispersion medium [28]. Multi-tonnage bitumen road
microdispersed emulsions according to GOST R 58952.1-
2020 are divided into: emulsions bitumen anionic (EBA)
and emulsions bitumen cationic (EBC).

To date, various methods have been proposed for us-
ing water-bitumen emulsions for road construction as
a structured complementary binder; recommended areas
of use of grades of bitumen road emulsions are given in
Table 1.

The data in the table shows that water-bitumen road
emulsions are most often used for synergetic priming be-
fore applying the upper layer of asphalt concrete, pothole
repair and liquid phase surface treatment of road sur-
faces. For complementary strengthening of slopes of soil

Table 1
Recommended application areas for various grades of road bitumen emulsions
L T Application area of water-bitumen emulsions
grades
EBC-1 Sub-priming (pouring of liquid-phase bitumen emulsion) of road surfaces of transport highways,
EBPC-1 installation of protective surface treatment.
EBC-2 Technological installation of upper layers of road surfaces by the impregnation method; optimized
EBPC-2 technology for the preparation of black crushed stone and porous crushed stone mixtures; patching
of potholes in highways.
EBC-3 Installation of thin-layer rough wear layers of road surfaces; technological production of dense
EBPC-3 water-bitumen emulsion- mineral mixtures, including soil mixtures; reinforcement of slopes.
EBPA-1 Liquid-phase sub-priming; reinforcement of the surface of slopes of the roadbed; installation of
wear-resistant surface treatment.
EBA-2 Technological care of freshly laid cement concrete road surface; preparation of black crushed
EBPA-2 stone and porous crushed stone mixtures from carbonate rocks; construction of road surfaces by
impregnation method.
EBA-3 Optimized production of emulsion-mineral mixtures of dense composition with mandatory
EBPA-3 introduction of 1-2% lime or 2-3% cement; fixation of shifting sands and weak soils of the upper
layers of the roadbed.
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embankments of steep highways and from clayey weak
soils, it is recommended to use water-bitumen emulsions
EBA-3 with a bitumen concentration of 50—55%; for
gentle and sandy slopes — a microdispersed emulsion with
a bitumen phase concentration of 40—50%.

It should be noted that according to the synergistic ef-
ficiency of mixing with various mineral fillers, the follow-
ing classes of water-bitumen emulsions are distinguished:
cationic — (EBC-1, EBC-2 and EBC-3) and polymer-
modified emulsions (EBPC-1, EBPC-2, EBPC-3); an-
ionic (EBA-1, EBA-2 and EBA-3). The grades of classes
EBC-1 (EBPC-1), EBC-2 (EBPC-2), EBC-3 (EBPC-3)
correspond to fast, medium and slow rates of disintegra-
tion when mixing road bitumen microdispersed emul-
sions with mineral complementary materials of different
granulometric composition.

The complementary components in the composition
of water-bitumen emulsion of EBC grades perform syn-
ergistic functions: improving complementary adhesion;
achieving the required consistency; improving the techno-
logical characteristics of wear resistance, plasticity, frost
resistance through supramolecular improvement of the
road surface of the transport infrastructure with polymer
nanocomposites [29]. Regardless of the rate of disinte-
gration, the grades of water-bitumen emulsions have ap-
proximately the same concentration of bitumen, viscosity,
extensibility, and softening temperature. Technological
differences are manifested in the ability to complemen-
tarily mix with particles of dense (gravel, crushed stone)
and porous (expanded clay gravel) minerals: the EBC-3
water-bitumen emulsion grade is universal for mixing,
the EBC-1 grade is not very suitable for this, and EBC-2
interacts well with a porous filler.

A complementary feature of using water-bitumen
emulsion of EBC grades is that after application the con-
stituent components are separated into two layers: water
evaporates, and the bitumen binder hardens, forming
a strong bitumen film on the synergistic surface of the
mineral filler with the required performance characteris-
tics [30]. The electrokinetic rate of controlled disintegra-
tion determines the optimal scope of use of the water-
bitumen emulsion grade: EBC-1 is used for liquid-phase
treatment of the surface layer of road protective coatings
to improve adhesion; priming of asphalt concrete lay-
ers to improve adhesion between them; impregnation of
crushed stone layers when laying road surfaces, as well as
road potholes during repairs. The EBK-3 brand is used to
create a protective layer of road surfaces; a complementary
mixture with any mineral filler, and EBC-2 is used for the
technological design of an optimal mixture with a porous
mineral filler.

The mineral part of emulsion-mineral mixtures used
for surface treatments is synergistically selected accord-
ing to the technological principle and consists of crushed
stone mixtures (with of 5—10 mm or 5—15 mm fraction),

crushed (or a mixture of both natural 2—5 mm fraction
and crushed) sand and mineral powder. The optimal
amount of crushed stone and the technological ratio of
natural and crushed sand in optimized emulsion-mineral
mixtures is selected depending on the granulometric com-
position and the required coefficient of adhesion of the
highway road surface. Complementary mineral powder
is added to the emulsion-mineral mixture in an amount
such that the content of particles smaller than 0.071 mm
is within 5—15% range.

In addition to the above-mentioned mineral materi-
als, man-made wastes can be synergistically used in cast
emulsion-mineral mixtures: ash-slag, lime-containing
materials, etc. [31—33]. Rational replacement of high-
strength expensive stone materials with autochthonous
soils reinforced with strengthening binders based on
production waste in structural layers of pavements for
category IV and V highways allows to reduce not only the
cost of road construction by 30—50%, but also the man-
made load on the surrounding ecological environment of
the regions of the Russian Federation.

In Bashkortostan, the Remstroydormash plant (Ufa)
produces water-bitumen emulsions EBRC-F (EBC-1),
EBRC-Semulsiya (EBC-2), EBRC-S (EBC-3) for pot-
hole repair, priming and recycling. Modern equipment al-
lows using high-quality synergistic ingredients to produce
up to 10 tons of bitumen microdispersed emulsions per
hour. The Remstroydormash plant pours water-bitumen
emulsion into 200-liter barrels to meet the needs of small
businesses that repair roads, parking lots, and local areas
in small areas where the use of a tar sprayer is economi-
cally impractical. It should be noted that small contrac-
tors, in order to reduce the cost of road construction,
produce emulsions on their own sites, purchasing road bi-
tumen at nearby oil refineries (in Ufa, in Salavat). In this
case, of course, it is difficult to comply with the regulatory
technological requirements for high-quality synergetic
preparation of water-bitumen emulsions.

In the context of achieving technological sovereignty
of the Russian Federation, it is recommended to use qua-
ternary ammonium salts (for example, alkyltrimethylam-
monium chloride) in the amount of 0.2—0.5% of the water
mass as import-substituting cationic emulsifiers. There
are encouraging results of using bitumen microdispersed
emulsions in the technology of strengthening weak soils
of the roadway.

The most productive technology for synergetic
strengthening of soil embankments and reconstruction
of transport highways with bitumen microdispersed emul-
sions is the use of specialized machines — recyclers. More
universal and technically and economically advantageous
recyclers are road machines with one working element
of the milling-rotor type, which are equipped with speed
sensors and a metered system for feeding water-bitumen
microdispersed emulsion (Fig. 5).
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Fig. 5. Operation of a road recycler: 1 — injection of bitumen emulsion; 2 — direction of movement; 3 — milling and
mixing drum; 4 — destroyed asphalt concrete layer; 5 — road surface; 6 — recycled highway layer

Optimal surface treatment from crushed stone emul-
sion-mineral mixtures is recommended for usage to en-
sure the required coefficient of adhesion on emergency
sections of highways, and for sand emulsion-mineral
mixtures to be used on sections of transport highways
with difficult traffic conditions and as a protective wear-
resistant layer. For synergetic usage of surface treatment
of road surfaces of transport infrastructure, it is necessary
to use emulsion-mineral mixtures of cast consistency,
consisting of mineral materials (crushed stone, sand, min-
eral powder) and cationic water-bitumen microdispersed
emulsion.

It should also be noted that road surfaces in the pro-
cess of technological operation are under the influence
of many multidirectional factors: soil-geological and
hydrological conditions, terrain, weather-climatic and
physical-mechanical, caused by excessive loads from
heavy vehicles. Critical changes in the water-thermal re-
gime of the road surface significantly affect the strength,
synergistic durability of the road and lead to a decrease in
the transport and operational characteristics of high-speed
highways. At the nanolevel of asphalt concrete pavement
of the order of 10-"—10~? m, an accelerated process of
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AHHOTALMA

BBegeHwme. PecypcocbeperatoLmin cnocod KOHCTPYMPOBAHUSA JOPOXKHbIX MOKPbITUN C MCMOMb30BaHNEM GUTYMHbIX MUKPOAMCNEepC-
HbIX SMY/bCUI ABNAETCA BOCTPe6OBaHHOM TeHAEHLMEN CO3AaHNA MHHOBALMOHHBIX HAHOCTPYKTYP. TeXHOMOrMYHOE NCNoNb30BaHne
HepTAHbIX OBUTYMOB B KauecTBe BXKYLLUVX AOPOXKHbIX MAaTePHanoB TPebyeT yMeHbLUEHWS PEeOIOrMYyecKo BA3KOCTY, UTO MOXET [O-
CTUraTbCA CUHEPreTMYecknMmn paspabotkamu. MeToAabl 1 MaTepuanbl. B coctaB GUTYMHbIX MUKPOreTepOreHHbIX SMYbCUI BXOAAT
6utymocogepallee coipbe (30-80 macc. %), MArkas Bofa C >KeCTKOCTbto 0 6 Mr-3kB/n (15-65 macc. %), amynbratopbl (o 3%)
1 Op. KOMMOHEHTbI. [1715 MHOrOTOHHaXHOMO NPOV3BOLACTBA BOAHO-OUTYMHbBIX MUKPOAMCMEPCHbIX SMYNbCUIA KONNMOWAHAA MenbHMLA
ABNAeTcA Hanbonee TeXHONOrMYHbIM 060pyfoBaHNeM. Pe3ynbratbl. BogHO-6UTYMHbIE SIMynbCuy 06pa3yoTca B pesynbTate ABYX
KOHKYPVPYIOLLMX NPOLIeCcCOB: ApobneHns (AncneprupoBaHmns) U KoanecueHumnm (CIUaHNA) MUKpOKanenb 6UTYMHOI AUCiepCHOi
¢basbl. MukporeTeporeHHas 6utymHas dasa pacnpegeneHa B BOAHOW AVCNEPCUOHHOW Cpefie B Bre MUKpPOKaresb pa3mepom oT 1 fo
10 MKM (OCHOBHYIO AOMIO COCTABAAIOT GUTYMHbIE MUKPOKann gnameTpom 2-4,5 mkm). CuHepreTryeckas AONroBeyHasa MMKpo-
CTPYKTYpa achanbTobeTOHHbIX JOPOXKHbIX MOKPBITWI, KOTopas GopMUpyeTCA JOMOMNHALWMM B3aUMOAENCTBUEM B MPUTrPaHUYHbIX
C10AX GUTYMHOTO BSIXKYLLEFO C MOBEPXHOCTbIO MUHEParibHOr0 KOMMOHEHTa, onpefenseTca JOMUHMPYIOLWMM B3aMOLENCTBUEM
KoMmieMeHTapHbIX GakTopoB. O6cyxKaeHme. MNepcneKTnBHbIM A1 MHTepnpeTaLmmn 3BonoLny acGansTo6eTOHHOrO AOPOXKHOIO
MOKPbITUA C UCMOSb30BaHNEM OGUTYMHbIX MUKPOAUCMEPCHbIX IMYJIbCUIA ABMAETCA CMHepreTMyeckas KOHLENUMs B pamkax yanvHeHns
CPOKOB 3KCMNyaTauum aBTomarnctpanei. [lopoxxHo-ctpoutenbHasa oTpacib Poccniickon Gepepaunm Havana 21 Beka xapakrepusy-
eTcA MacwTabHoM nepepaboTKoN HOPMATUBHBIX JOKYMEHTOB, pernameHTUPYoLWMX TpeboBaHUsA K CTPOUTENBCTBY U SKCTyaTauum
aBTogopor. 3akntoveHue. ONTYManbHbIM PeLleHreM aKTyasbHbIX MPO6/IeM MHTEHCUBHOIO CTPOUTENbCTBA U PEKOHCTPYKLNY aB-
TOMObUMIbHBIX gopor Poccnm aBnseTcsa cbanaHCMpoBaHHOE yNyudlleHre TEXHONOMMYECKNX XapaKTePUCTUK JOPOXKHbIX MOKPbITUN
Jo6aBneHnem B COCTaB OUTYMHbIX MUKPOAMCNEPCHBIX SMYNbCUIA. B KOMMeMeHTapHOM YKpenieHUn ciabbiX rpyHTOB JOPOXKHOIO
MOMOTHA CKOPOCTHbIX aBTOMArncTpasneil Takke peKoMeHAYyeTCA UCMOJIb30BaHKe BOLHO-OUTYMHbIX CUHEPreTUYECKUX IMYSIbCUIA.

KJTIOYEBBIE CJIOBA: 6utymHasn amynbcus, achanbtobeTOHHOe NOKPbITUE, CUHepreTMyeckoe ycuieHme, KaTMOHHbBIN My ibratop,
LOPOXKHOE CTPOUTENBbCTBO.

BJIATOAAPHOCTMW: PaboTa BbiNOIHEHA B paMKax peann3aLmm nporpamMmmbl akafeMMyecKkoro cTpatermyeckoro nugepctaa «lpuo-
puteT 2030».
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BBEAEHUE

MHHOBalIMOHHBIC pa3pabOTKK SMYITLCHOHHBIX HAHO-
TEXHOJIOTHIA, KOTOPBIE TI03BOJISIOT JOCTUTATh pecypcocoe-
PEKEHUSI, TEXHOJIOTUIHOCTHU U 9KOJIOTMIHOCTH KOHCTPY-
HMPOBaHUSI BEICOKOKAYECTBEHHBIX TOPOXKHBIX TTOKPHITHIA,
SIBIISTIOTCST OMHUMU M3 caMbIX 3(D(DEKTUBHEBIX HampaB-
JICHUI B CTPOUTEIBCTBE TPAHCIIOPTHBIX COOPYKCHUIA.
MukponucrepcHble OMTYyMHBIC TOPOKHBIC SMYIbCUU
HCITONTB3YIOTCSI B TEXHOJIOTUY CTPOUTEIIBCTBA U PEKOH-
cTpyKuuu aBropopor Poccun: acpekTuBHOrO yeTpoiicTea
3aIIUTHBIX U3HOCOCTOMKMX CJIOEB C IIePOXOBATOM I10-
BEPXHOCTHIO; B TIPO(MIIAKTUIECKOM PEMOHTE TIIyOOKIX
BBIOOMH TIPY HU3KUX TEMIIepaTypax; SKOJIOTUIHOM 3a-
KPEIUICHUH TPYHTOBBIX OTKOCOB 3€MJISTHOTO TTOJIOTHA;
B Ka4eCTBE HAHOIO0ABKM TTPY KOMIUIEKCHOM YKPEIICHIN
C1a0BIX TPYHTOB TOPOKHOTO TTOJIOTHA (M3BECTHIO U [Ip. );
B TIPOM3BOJICTBE YEPHOTO IIEOHS, TTOPUCTHIX, ITTOTHBIX
IeOCHOYHBIX W TPaBUITHO-TIECYaHBIX MaTepHaioB, MC-
TIOJIB3YEMBIX TP YCTPOMCTBE KOHCTPYKTUBHBIX CIOCB
TPAHCITIOPTHBIX CKOPOCTHBIX MarucTpaieii [1—4].

Pecypcocbeperatoinee TeXHOJTOTUYHOE MCITOIB30-
BaHUE HETSIHBIX OMTYMOB B KaUeCTBE BSIKYIINX T0-
POXHBIX MaTepPHUAIOB TPEOYET YMEHBIIICHUST PEOJIOTH -
YeCKOI BSI3KOCTH, YTO MOXKET TOCTUTAThCS HAarpeBOM
1o 170°C, pacTBopeHMEM B YIJIEBOAOPOIHBIX pa30aBu-
TeNsIX U AMYJbIupoBaHueM B Boae [5—7]. BonHo-0u-
TYMHBIC 3MYJBCUH UCITOJIB3YIOTCS YKe 0ojiee cTa JieT
B IOPOKHO-CTPOMTEIBHEIX pad0Tax: SIMOYHOM PEMOHTE,
YKIIaIKe N3HOCOCTOMKIUX 3aIIUTHBIX TOHKHX CJIOEB J0-
POXHBIX MOKPBITHI. Pe3yIbTaTUBHOE TIPUTOTOBICHHE
CTaOMJILHBIX BOJHO-OUTYMHBIX 3MYJIbCUI TPEOYET UC-
TOJTb30BaHMS 3(D(HEKTUBHBIX ITOBEPXHOCTHO-aKTUBHBIX
BCIIECTB — 3MYJBraTOPOB, KOTOPHIC CTAOMIN3UPYIOT
IUCTIEPCHOCTh OUTYMHBIX MUKPOKATEIbh W TIPUIAIOT
YCTOMYMBOCTD IPH JUTUTSIIFHOM XpaHCHUH: HAIIpUMED,
LUKJINYECKUI aMUH U cTabMan3aTop (0JI0K-COMOoIUMEp
STWJICHOKCHIA 1 TIpormmieHokenaa) oo 90 mueii [8]. Cu-
HEepreTUIeCKHe Pa3padoTKI YCOBEPIICHCTBOBAHMS TEX-
HOJIOTUYECKUX XapaKTePUCTUK TOPOKHBIX TTOKPBITHI
aBTOMAaTHUCTpajieil OMTYMHBIMUA MUKPOIUCIICPCHBIMU
SMYIBCUSIMH OCTAIOTCS aKTYaIbHBIMU.

Llemb maHHO CTaThM — MCCIEIOBAHNIE PE3YIbTATHB-
HBIX CIIOCOOOB IIPUTOTOBJICHUS M UCITOIB30BaHUS BO-
TTHO-OMTYMHBIX HS(PTSHBIX MUKPOIUCIICPCHBIX SMYIIbCUIA
B MHTEHCHBHOM CTPOUTEIBCTBE M PEKOHCTPYKIIUI aBTO-
MOOMJIBHBIX JOPOT ¥ TPAHCITOPTHOM MH(MPACTPYKTYPHI.

METOAbl U MATEPUAIIbI

B mopoXHOM CTPOUTETLCTBE HAN0O0JIEE TEXHOIOTMIHO
HICITOJTb30BAaHME TIPSIMBIX BOTHO-OMTYMHBIX SMYJIBCHIA (O1-
TYMHasl TUCIIepcHasI (asa pacmpeneicHa B BUIEC MUKPO-
KarmeJiek pasmepamu 1—20 MKM B BOTHOU OVCTIEPCHOHHOMN
cpene). KomraecTBo HOPOKHBIX HEDTIHBIX OUTYMOB (OT

BHJI 40/60 no BH/I, 200/300) BappupyeT B MUKPOIETEPO-
reHHoi smynbeun 30—80 macc. %; MATKoi Bodbl (3KeCT-
KOCTb He 6oJiee 6 Mr-5kB/1) 15—65 macc. % (pH = 7, cpena
HeWTpasbHas); SMyIbratopa 1o 3% macc. %.

Heo6ompime KoandecTBa 3MYyJIbraTOpOB CHIZKAIOT
Mexkda3zHoe HaTsDKeHMEe MEXKIy BOIOI M HECMEIIINBAO-
IIAMCSI OMTYMOM, YTO CITOCOOCTBYET YCTOMIMBOMY pac-
IIpenesIecHNI0 OUTYMHBIX MUKpPOKAIIeIb B BOTHOM (hase.
D dOEKTUBHOCT SMYIBIMPOBAHNS 3aBUCUT OT COCTABHOM
MHKPOCTPYKTYPHBI JOPOKHOTO HE(DTSIHOTO OUTyMa, Ma-
KPOMOJIEKYIISIPHBIX HAHOT00ABOK, (DM3NKO-XUMHIUICCKIX
XapaKTEePUCTUK SMYIIbraTopa, a TakKe peskruMa dMYJTb-
rupoBaHus [9—11]. YcTaHoBIEHO, 9TO B CiIyJae, KOTma
COOTHOIIICHIE KOMIIOHEHTOB CMOJT I Macell B OMTyMHOM
HedTSIHOM BsLKyiLei rpeBbiiiaeT 0,6, a MPOITOPLIKS CMOJT
1 achaabTeHOB HaxonuTcs B auaria3oHe ot 0,5 no 2,0, 6u-
TYMHBII KOMIIOHEHT OYIIeT pe3yIbTaTHBHO 3MY/IBIPOBAH.

DMyIbrupoBaHue (INCIEPTUPOBAHNE OMTYMHBIX
XKUAKo(a3zHbIX KOMITOHEHTOB) — MTpoLecC (PU3NIECKOTo
IPOOICHNS (M3METBUCHNS] B MUKPOKATUIH ) OCYIIIECTBIISI-
eTCs pasTMYHBIMU YCTAHOBKAMM: KOJUTOUTHBIMH MEIThb-
HUIIAMU, YJIBTPa3BYKOBBIMU AMCIICPraTOpaMy 1 T.I1. JIJ1st
MHOTOTOHHAXXHOTO ITPOU3BOACTBA BOTHO-OUTYMHBIX
SMYIIBCUN KOJIJIOMIHAS MEJIbHUIIA SIBJIICTCST Haboiee
YaCTO UCTIOIb3YeMBIM TeXHOJIOTUIHBIM 000PYIOBaHUEM.
KosronmHas MeIbHHUIIA COCTOUT M3 OBICTPO Bpalllaro-
merocs poropa (yriosast cKopocThb 2500—7000 06/MuH)
U cTatopa; 6jarogapst LIEHTPOOEXKHBIM CUJIaM OUTYMHBII
KOMITOHECHT PaCIIEIIISICTCS B MUKPOKAILIN, KOTOPHIE T10-
KPBIBAIOTCS SJICKTPIUCCKY 3apPSKEHHBIM TTOBEPXHOCTHO-
AKTUBHBIM 3MYJIbraTopoM. B pacripeneieHrn MUKpoKa-
TIeJTb 10 pa3MepaMm (IuaMeTp OMTYMHBIX MUKPOKATICITh)
BaXKHYIO POJIb UTPAIOT TEOMETPUICCKIEC XapaKTePUCTHKI
MMPOU3BOACTBEHHO [12—14] KOIIOMIHOM MEJTbHUIIBI:
PpeTyIMpyeMBbIii 3a30p MEXIY POTOPOM M CTaTOPOM CO-
crasistet ot 0,25 mo 0,5 MM, a TakKe yIiI0Bast CKOPOCTh
BpaleHus potopa (puc. 1).

CHauajia B KOJUTOUITHYIO MEJIBHUILY TIOCTYITIaeT 0~
BEPXHOCTHO-aKTUBHBIN 3MYJIbraTop, B (hbOpMe BOTHOTO
pactBopa temmnepartypoii 50—70°C; 3aTeM B KOJITIOMITHYIO
MEJTLHUILY TIOTACeTCS JO3UPOBAHHO PacIUIaBIICHHBIN O1-
TyM nipu temneparype 140—170°C, moaxoasimii 1jis
SMYJIBIMPOBAaHUS BI3KOCTHIO okoto 0,2 ITa-c. OntumMans-
HOE 3MYJIBIIPOBaHNE (IMaMeTp OUTYMHBIX MUKPOKAIIeIh
5—10 MKM) B KOJIJIOMITHOI MEJIBHUIIC OCYIIECTBIISICTCS
IIPY CONEpKaHNN OUTYMHOTO KOMITOHEHTa He OOJIbIIe
70% u Temrieparype He Bbiiie 90°C B Teuenue 25—30 mu-
HyT. [1pn BBIXOIE M3 3TOTO TMara30Ha IIPOU3BOICTBO BO-
JTHO-OUTYMHOI SMYJIBCUH CTAHOBUTCS Hed((PEKTUBHBIM
n3-3a OPMUPOBAHUS 00JIee KPYITHBIX OUTYMHBIX MUKPO-
KareJb, a IPUTOTOBJICHHBIC MOPOKHBIC SMYJILCHH TEPSIIOT
CTaOMITEHOCTB IIPY XpaHEHUH B pe3epByape. [Tokazarenmm
YCIIOBHOM BSI3KOCTH, aATe3MOHHBIC CBOMCTBA, MHACKC
pacmamaeMoOCTH, CTaOMIbHOCTD SIBJISTIOTCSI OCHOBHBIMU
XapaKTepUCTUKAMU OMTYMHBIX SMYJIbCHI B paMKax yxKe-
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Puc. 1. Cxema (pyHKIMOHUPOBAHUS KOJLUIOM/-
HO¥ MeJIbHHUIIbI B TPOIIECCE U3TOTOBJIEHHS BO-
JIHO-OUTYMHOI dMyJIbcHn: 1 — poTop,

2 — aMyJbCcHs, 3 — cTaTop, 4 — 3ICKTPO-
MOTOp, 5 — OUTYM, 6 — BOIHBII PacTBOP
SMyJIbraTopa

CTOUYCHMS TPeOOBAHUIA, TIPEOBSIBISIEMBIX K HU(PPOBOMY
YIIpaBJICHUIO TIPOM3BOACTBOM ac(aIbTOOCTOHHBIX T0-
POKHO-CTPOUTEIbHBIX MaTepuasos [15].

I'maBHaAsg YHKIINS TTOBEPXHOCTHO-aKTUBHBIX SMYJTh-
TaTOPOB 3aKJITI0YACTCS B YMEHBIICHIUH ITOBEPXHOCTHOTO
HaTSDKEHUS BOTHO-OMTYMHOM 3MYJIbCHH 1 TIPEIOTBpa-
IIEeHUN 00paTHOTO CIAUTAaHUsI MUKpoKareab. Ciemyer
OTMETHUTH, UYTO (DU3UKO-XUMHUICCKIE XapaKTePUCTUKHI
SMYJIBraTOPOB IOCTATOYHO CHJILHO BIIMSIIOT Ha CBOMCTBA
OUTYMHOIT SMYJIBCUU: BI3KOCTh, aTPETaTHYIO YCTONIM-
BOCTB, CITIOCOOHOCTP K pa3pyIlIcHUIO U aare3nto. bu-
TYMHBIC SMYJIBraTOPHI TTOIPA3ICIITIOTCSI Ha aHMOHHBIE,
KaTUOHHBIC, HEMOHHBIC B 3aBUCHUMOCTH OT COCTaBa
(YHKIIMOHAIBHON TpyIIHL [16].

HaunbGomee pacrpocTpaHEHHBIMHU B IIPUTOTOBJIC-
HUM BOTHO-OUTYMHBIX TOPOKHBIX 3MYJIbCUI BHaYaje
ObUIM aHMOHHEIC SMYJIBTaTOPHI, HO, HAUMHAS C cepe-
IHBI XX BeKa, B KPYITHOTOHHAXXKHOM IIPOM3BOICTBE
00J1e€e IITMPOKO MCITONB3YIOTCS KATHOHHBIC 3MYJIbIaTOPhI
(3/4 00beMa OMTYMHBIX SMYJIBCUIT COCTABIISICT KATHOH -
Hbie) [17]. AuduiabHble MOJEKYJIbl 3MYJbIaTOPOB CO-
CTOSIT M3 TIOJISIPHOM (TMApO(MIbHAST «TOJIOBKA») U TH-
IpohOOHOM (HEITOISIPHBII «XBOCT») YaCTEeii; HETIOJISIP-
Hast 9aCTh OPMECHTUPOBaHA K ONTYMHOMY KOMITOHCHTY,
a TUIpOoIIIbHAS YaCTh — K BOIHOM ha3e (puc. 2).

CuHepreTueckoe Bo3IeiicTBre TU(MILHBIX MOJIE-
KyJI DMyJIbratopa o0ObSICHIETCS TeM, YTO, COCpeIoTa-
YMBasiCh Ha MTOBEPXHOCTH pasJiesia IBYX XXUIKUX (a3,
00pa3yIomnX MUKPOTETEPOTeHHYIO BOJTHO-OUTYMHYIO
SMYJILCHUIO, OHU TPETSITCTBYIOT OOPATHOMY CIMSTHUIO
(KoaJeCIeHIINI0) OMTYMHBIX MUKPOKAIICIb 32 CUET
JIBOITHOTO 9JIEKTPUYECKOTO CI0SI. DIEKTPOCTATUIECKOE
OTTAJIKUBAaHWE M HAHOCTPYKTYPHBIE XapaKTePUCTUKU
JIBOITHOTO CJIOS OKa3bIBAIOT CUJIBHOE BIIVSTHHE Ha YCTOM -
YUBOCTh U BSI3KOCTh OUTYMHOI 9MyJIbcuu. B mopox-
HOM CTPOUTEIBCTBE M PEKOHCTPYKIIMU TPAHCIIOPTHBIX
MarucTpajeil yalie MpUMeHSIOTCSI B CMHEPTETUYECKOM
YCUJIEHUW YHUBEpCAJTbHBIE SMYJIbCUY KATUOHHOTO BUA.
KatnoHHBIe SMYIbraTophbl — aJIKUJIAMUHBI C YIJIEBOIO-
POIHOI 1EeTIhI0 U3 8—22 aTOMOB (ONITUMAIBLHOE YHCIIO
12—14) yriepona u nepudHbiX aMmuHoB (R—NH,), Ko-
TOpbIe 00ECTIEUNBAIOT JOCTATOYHO BHICOKYIO aATre3uio
OUTYMHOTO BSIKYIIETO K IMTOBEPXHOCTH MUHEPaTbHBIX
ITOPOIITKOB U IIeOHST KUCIIO 1 OCHOBHO MIPUPOIHI.

YcToMIMBOCTh TEXHUKO-9KOHOMMYECKH 3(D(HEKTUB-
HOIt BOIHO-OUTYMHOM SMYJILCUM OTIPEAEIISIOT ITO U3Me-
HEHWIO OJHOPOIHOCTHU TIPU XpaHEHUU BLIIEPKMBAHUEM
Mpo0 SMYJILCUM B TeUeHMe Heaean 1 Mecsana. CTadbnib-
HOCTB IPY TPAHCTIOPTUPOBKE OIPENEIAIOT IMOCTIe 2 4acoB
BCTPSIXMBAHUS HaBECKU BOTHO-OUTYMHOI SMYIbCUH,

Puc. 2. Cxema o0pa3oBaHusi OUTYMHO# IMYJIbcHK: 1 — CJIOM BOIHOM (ha3bl, TPUMBIKAIOIIME K TUAPODMIBHOM YacTH
aMyJbraTopa; 2 — OUTYMHasi MUKPOKaILIs, aicooupyolias Tuapo®oOHYyIO YacTh SMYJIbratopa; 3 — MOJEKYJIbI

AaMyJbraTopa
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TIPY 3TOM HE JOJIKHO IIPOUCXOINUTH MexK(a3HOTro Heo0-
paTUMOTO pa3ieicHusI Ha OuTyM u Bony. HopmaTuBHOE
TEXHOJIOTUYECKOE OIIpeaeJICHNE CBOMCTB OUTYMHOTO
KOMITOHEHTA, BBIIEJICHHOTO U3 SMYJIBCHH, COBEPIIIACTCS
TI0CJIe NCTTapeHUsI BOIBI; TITyOMHA IIPOHMKAHUS 1 BEJIU -
YMHA PACTSKUMOCTH HE TOJKHBI YMCHBIIATHCS 00Jiee
yeM Ha 15 % nokasaresieil UCXOZHOTro OUTyMa.

HocTaTo4HO YCI0BHAS KIacCUMDUKALINS OMTYMHBIX
MUKPOINCIICPCHBIX SMYIbCUIA OCYIIECTBIISICTCS TI0 THITY
SMYJIBraTOPOB: AaHMOHHBIC, KATUOHHBIC 1 1Ip.; B 3aBUCH -
MOCTH OT KHWHETUIECKOI CKOPOCTH pacIiaia Ipy CMEIIH-
BaHUY ¢ MUTHEPAJIBHBIM ITOPOIIKOM U IIIeOHEM: OBICTPO-,
CpemHe-, MeIJICHHOPACITATAFOIINECsT; MOTU(PUIINPOBaH-
HBIe (T00aBlIeHNE KOMIUIEMEHTAPHBIX ITOJIMMEPOB) He-
MonudumpoBaHHble 1 ap. Hanmpumep, mapka DBITIK
b oGo3HavaeT a3MyIbCHUI0 OUTYMHO MOJUMEPHYIO J10-
POXHYIO KATHOHHYIO OBICTPOpPACITamaroIIyIOCs.

711 TeXHOJIOTUYHOTO TIPUTOTOBJICHUS JOPOXKHBIX
AMYJIBCUNA UCITONIB3YIOT OMTYMBI He(TSIHBIC TOPOXK-
aeie (BH/) mapox BHJI 200/300, BH/I 90/130, BH/I,
60/90, BHJI 40/60; cOOTBETCTBYIOLIYIO MapKy OUTyMa
BBIOMPAOT C YICTOM KIMMATUICCKUX YCIIOBUI paiioHa
CTPOUTEIBCTBA ¥ TEXHOJIOTMIHOI KOHCTPYKIIUKA CUHEP-
TeTHMYECKOTO YCWICHUS TOPOXKHOTO TTOKPBITHS. Harpu-
Mep, TS yCTpolicTBa aBToMarucrtpaieit B Pecrybimke
BamkopTocTaH, TIe 3MMOi HaOIIOMAIOTCS TEMIIEPATYPBI
Hizke —20°C, TpUMEeHSTIOTCST OMTYMBI He(DTSHBIE JOPOXK-
aeie BHJI 90/130, BH/ 130/200, BH/I 200/300.

st cCMHEePTeTUYECKOTO YIYIIIeHUS TeXHOJIOTH-
YeCKUX XapaKTePUCTUK BOTHO-OUTYMHYIO SMYJIBCUIO
MOTUGUIIAPYIOT TTOJUMEPHBIMIA HaHOIOOABKaMU (J1a-
TEKC, TIOJIMATUIICH, STIOKCHIHAS CMOJIa, CHHTCTUICCKII
KayJyK, CHHTeTHIeCKasl cMoJjia M Ap.). ArpeTaTuBHasI
MoIGUKAINS BOTHO-OUTYMHON 3MYJIBCUUA MaKpOMO-
JIEKYJISIPHBIMA HAHOKOMITOHEHTAMM OCYIIICCTBIISICTCS
IBYMSI CITOCOOaMU: BBeICHNEM MOTU(UITNPYIOIICH 10-
06aBKU B BOMHYIO (ha3y SMYJIbCUH WX HETTOCPEICTBEHHO
B OMYJIBCHIO B IIPOIIECCE €€ TIPUTOTOBIICHMS; SMYJIBI U~
poBaHMEM MOIU(UIINPOBAHHOTO ONTyMa B TTOJTUMIHE-
pajbHBIX Tucriepcusax [18].

PE3YJIbTATbI

ButymHBIC TOPOXKHBIC SMYIBCUN OTHOCSITCS K KOJI-
JIOUTHBIM 3MYJIBCUSIM, TIC MUKpPOTETepOTeHHAs O~
TyMHas ¢a3a pacIpeaesieHa B BOTHON IUCIIEpCUOHHOMN
cperne B BUIE MUKPOKAIIENb ¢ pa3MepoM oT 1 1o 10 MKM
(OCHOBHYIO JIOJTIO COCTABIISIIOT OMTYMHBIC MUKPOKATIIN
mrameTpoM 2—4,5 mxMm). Ha puc. 3 mipencrasieHa orm-
THYecKass MUKpodoTorpadus (MIKpOCKOIT AXio Scope.
Al) MUKPOCTPYKTYPBI OMTYMHBIX SMYJIbCUI (KOJIIIe-
cTBO 6uTyMa mopoxuHoro BHJI 70/100 cocrasisiet 61%,
smyabsraropa Cunrepon — 1,8 %).

BonHo-0utymMHBIE 3MYJIbCHU 00pPa3yIOTCS B pe3yJibTa-
Te IBYX KOHKYPHPYIOIINX IIPOILIECCOB: NPOOICHUS (TOH-

Puc. 3. MukpodoTorpadus BoaHO-0UTYMHOI IMYJIbCHI
(yBenmmueHue B onTu4eckoM Mukpockore X 1000)

KOTO IHUCITEPTUPOBAHUS) M KOAJCCICHIINN (CIUSTHHS)
MUKpOKariejb OUTYMHOI JUCTIEPCHOI (ha3bl. AncopOoLms
IDITEHBIX MOJICKYJT SMYJIbTaTOPOB Ha TIOBEPXHOCTH pa3-
JieJTa BOMHO-OUTYMHBIX (Da3 1 (DOpMUPOBAHKE TBOMHOTO
3JICKTPIUYECKOTO CJIOST BCEeTIa IIPOTEKAST B TCUCHUE OITpe-
TIeJICHHOTO BpeMeH!. OTMETHM, YTO KPOME IIPUCYTCTBUS
SMYJIBTaTOPOB, Ha YCTOMUMBOCTH OMTYMHBIX SMYJIbCHIA
BIIVISIIOT: TeMITepaTypa, MUHEPaIN3alns U KUCIOTHOCTh
BOIHOI1 (pa3bl, KOHIICHTPALVS MUKPOKAIIE/Ih TUCTICPCHOM
a3zl 1 UX pa3Mepbl, OPOYHOBCKOE XaOTUIECKOE IBIKE-
HHE, TUIOTHOCTb, BI3KOCTD U JIP.

KoHTponupyemblil pacriag BOTHO-OUTYMHOI 5MYJb-
CHH — KUHETUICCKUI TIPOLIECC BBIICICHUSI ONTYMHOTO
KOMITOHEHTA U3 3MYJIbCUHU II0CJIC HAHECEHUS Ha I10-
BEPXHOCTh JOPOKHOI'O MOKPHITHS aBTOMAarucTpajei
WK OOBbCIUHEHUS OMTYMHOI MYJIbCHU ¥ MUHEPAJTb-
HOTO MaTepHajia — TaKsKe KOPPEKTHO MHTEPIIPETUPYETCS
B paMKaxX (ppaKTaibHOTo aHann3a. CHHepreThudecKas
MHKPOCTPYKTYpa ac(arbTOOCTOHHBIX IIOKPBITHI, KOTO-
past hopMUpyeTCs] KOMITTIEMEHTapHBIM B3aMOICHCTBH -
€M B IPUTPAHNYHBIX CJIOSX OUTYMHOTO BSKYIIIETO C TI0-
BEPXHOCTHIO MUHEPAJTEHOTO KOMIIOHEHTA, OIIPEIEIISICTCS
TOMMHHPYIOIIAM B3aMOICHCTBUEM B3aMOIOTIOIHSI-
eMbIX (PaKTOpOB. B OONBIIMHCTBE ClydyacB KaMEHHBIC
MaTepHallbl: MUHEPaIbHBIC TTOPOIIKA U IIEOHN — MMe-
IOT OTPHIIATEJIBHBIC TIOBEPXHOCTHBIC 3apsIIbl, a TTOJIO-
KUTEJIBHO 3apsKCHHBIN 3MYIbraTop IMPUTITUBACTCS
BJICKTPOCTATUIECKU K CHHEPTETUIECKOMY 3aITOJTHUTEIIO,
BBI3BIBasI KOHTPOJUPYEMBIN paciiaj BOTHO-OUTYMHOMN
smynbcuu (puc. 4). CHHepreTMIecKoe yIydIIeHNe TeX-
HOJIOTHIECKUX XapaKTePUCTUK TOPOXKHOTO achaibTo-
0eToHa BO3HUKACT B pe3ybTaTre (hOpMUPOBAHUS HeTIpe-
PBIBHBIX TUICHOK aIcoOpOMpOBaHHOTO OUTyMa.

OCco0EHHOCTBIO TEXHOJIOTHHN YCTPOMCTBA M3HOCO-
CTOMKUX TTOBEPXHOCTHBIX 00Pa00TOK aBTOMAarnucTpaIeii
C UCTIOTB30BaHMEM SMYITBCHOHHO-MIHEPATbHBIX CMeCei
SIBJIIETCSI HEOOXOMUMOCTh HAXOXKICHMST ONITUMAIBHOTO
Iarma30Ha BpeMeHN KOHTPOJIMPYEMOTO paciiana BOTHO-
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Puc. 4. Cxema pacnana OMTYMHO# MUKPOAMCIIEPCHO# aMyabcun: 1 — BomHas ¢aza; 2 — OMTyMHass MMKPOKATLIS;
3 — MUHEpaJIbHBIN MOPOIIOK; 4 — MOJIEKYJIbI OMYJIbraTopa, 5 — MjIeHKa afcopoupoBaHHOTO OMTyMa

OUTYMHOI SMYJIbCHU B MCIIOJIB3YEMOI KOMITO3UIINN,
T.€. Bp€MEHH! OT MOMEHTA IIPUTOTOBJICHUSI CMECH JIO 0~
CTIKEeHMS TBepaoda3Horo cocrossHusa. Koatpommpy-
eMasl Ierpamamnus SMYIbCUH JOJDKHA IPOXOIUT TTOCTE
pacmpenesieHUs] CHHEPTeTHICCKOM SMYIbCUOHHO-MU-
HepaJTbHOI CMECH IO TTOBEPXHOCTHU ac(haTbTOOCTOHHOTO
TOKPBITHS: TIPA 00JIice OBICTPOM pacmaie IpekaeBpe-
MEHHO XHMIKO(Ma3HBII KOMITOHEHT 3arycTeeT B achalib-
TOYKJIQIUNKE W CTAaHET HEYIOOOYKIaabIBACMBIM, a TIPU
6oJiee MEIUICHHOM — XKHMIKAsT OMTYMHasT KOMITO3HIIHST
CTEKAET € IMTOBEPXHOCTU TOPOXKHOTO MOKPLITUL.

KaTrnoHHBIe OUTYMHBIC SMYJIBCHH 110 KWHETUIECKOM
CKOPOCTH pacIiafa IIpu 00paboTKe MUHEPAIbHEIX B3a-
MMOIOITOJTHSICMBIX MaTePHUAIOB MOAPA3ICIISIOTCS Ha:
OBICTpOpAcITagaloOIINecs] BOTHO-OUTYMHBIC SMYIbCUN —
JNeCTPYKLMS B TeueHue 5—15 MUHYT, cpeaHepacIiaaao-
IIHecsl — HeCKOJIBKO YacoB — U MeIJICHHOPACTIamaloIy-
ecst — 12 cytku [19]. d1st onipeneieHrsS KHHETUIeCKOM
CKOPOCTH pacliajia OBICTPOpacTIafaroIInXcsl BOTHO-0M-
TYMHBIX MUKPOIHUCIIEPCHBIX SMYJIbCUI PEKOMEHIYETCS
HCITOJIH30BaTh KBapIIEBHII ITOPOIIOK C MACCOBOM OJIeiH
MeHee 50%. HopMaTuBHast cTaGMIIBHOCTH OUTYMHOIM 10-
POXKHO 3MYJIBCUM TTPY TPAHCTIOPTUPOBAHNIHY TT0 TEXHO-
JIOTMIECKIM XapaKTePHUCTUKAM JOJIKHA OBITh HE MEHEE
2 4. [Tpy onrTUMaJIbHOM COCTaBJIeHUM ac(ajTbTOOETOH-
HBIX SMYJIBCUIT HCOOXOINMO YUUTHIBATh CTAOMIBHOCTD
TIPU XpaHEHNH; OMMOIATEHBIC SMYITBCHH, XOTSI OHU NMe-
FOT MEHBIIYIO BA3KOCTh, Y6M MOHOMOIAJTbHBIC aHAJIOTH,
001agaroT 00J1ee BEICOKOM YCTOMYMBOCTRIO TIPU XpaHe-
HUM U TpaHcTiopTUpoBanuu [20].

OBCYXAEHUE

J10opOKHOE MOKPHITHE TPAHCIIOPTHLIX aBTOMArkCTpa-
JIeii BOCIIPMHUMAET HEMOCPEICTBEHHOE BO3AEeCTBIE
(pU3nKO-MeXaHMIECKOI HATPy3KU, aTMOC(HEPHBIX (pak-
TOPOB ¥ O0YCJIOBIMBACT BaXKHEHMIINE DKCILTyaTallOH-
Hble KaYeCTBa aBTOAOPOT, IIPU BO3BEACHUM KOTOPBIX

HCIIOIH30BAJINCH CHHEPIeTUIECKIE OMTYMHBIC MUKPO-
IHUCTIEPCHBIC SMYIIbCUN. [IporHo3upoBaHme JOITOBEY-
HOCTH ac(aTbTOOC TOHHBIX TOPOKHBIX TTIOKPHITHIA SIBJISI-
eTCsI IOCTAaTOYHO CYIICCTBEHHOM ITPOOIeMOit, TaK KaK
CBSI3aHO C MHOTOOOPA3HOCTHIO TPYIHO MOIIAIOIINXCS
AHAJTUTHIECKOMY MaTeMaTUICCKOMY OITMCAaHUIO (haK-
TOPOB BHEIITHETO BO3ACHCTBHS (HA36MHOTO TPAHCIIOPT-
HOTO, TIOTOXHBIX YCIIOBUI U 1Ip.), HEAOCTATOYHO TTOJTHO
W3YYCHHBIMHA BHYTPEHHUMM (DU3NKO-XUMUUICCKIMU
MIpoIeCCaMU CTPYKTYPHPOBAaHMS B KOMITO3UIIMOHHOM
acanbrobeToHe. ITepcreKTUBHBIM 1T MHTEPIIPETAIIAN
SBOJTIOIINH ac(PaTbTOOCTOHHOTO JOPOKHOTO TTOKPBITHS
aBTOMATHCTpaJicii, KOHCTPYNPOBAHHEIX C MCIIOJIH30Ba-
HHEM BOTHO-OUTYMHBIX SMYJIbCHI, SIBIISICTCSI CUHEPTE-
TJeckas KoHmerus [21].

CHHepreTHIECKOe YCHIICHNE TEXHOIOTHICCKIX Xa-
PAKTEPUCTUK achaaIbTOOCTOHHBIX TTOKPBITHIT, KOTOpOE
bopmMmpyeTcsT B3anMOoIeHCTBIEM B IPUTPAHUIHEIX CJI0-
SIX OMTYMHOTO CTPYKTYPHUPOBAHHOTO BSDKYIIIETO C II0-
BEPXHOCTHIO MUHEPAJTLHOTO KOMIIOHEHTA, OIIPEIEIISICTCS
JTOMUHUPYIOIINM B3aMOACCTBEM B3aNMOIOITOTHSIC -
MBIX (haKkTOopoB. @paKTaNbHbIC KOHIICIIIIUN TOJITOBpE-
MEHHOI MPOYHOCTHU achabTOOETOHA JOPOKHOTO II0-
KPBITHUST aBTOMATUCTPaJIei OTpaXkaloTCs B TTOKA3aTeNIsIX
CTETICHHOM 3aBUCHMMOCTH HEJIMHEWHOTO IedOpMUpPO-
BaHUs MO Harpy3Koi, XxapaKTepHu3ys SHTPOIMUITHYIO
MIPUPONAY YIIPYTOCTH ¥ KUHETUKY ITOBPEKIACMOCTH WITA
CKPBITOTO pa3pyIIeHUsS MUKPOCTPYKTYPBI OT HATPY3KH.
HoaroBpeMeHHas IIPOIHOCTH ac(aTbTOOETOHHOTO TI0-
KPBITHS XapaKTepU3yeTcsl SHeprueil akTUBAIINN, OTIpe-
TIETISTIOIIe TepMODITYKTYallMOHHEIN pa3pbIB OMTYMHBIX
CBsI3eil Ha HAHOYPOBHE, a TaKKe (PpaKTaTbHOM pa3Mep-
HOCTBIO MUKPOCTPYKTYPHI achaIbTOOeTOHA, OTIPEICIsI-
OIIeit cTeIeHHbIe 3aKOHOMEPHOCTH TIPH 1e(hOPMHUPO-
BaHUM IT0J Harpy3Koii [22]. Kpureprem onTUMaaIbHOTO
BBIOOpA CHHEPTIeTHYECKOM TEXHOJIOTHH YCTPOCTBA 3a-
IIATHBIX N3HOCOCTOMKMX CI0€B ac(albTOOe TOHHBIX J0-
POXKHBIX TTOKPBITHI ¢ IPUMEHEHNEM BOTHO-OUTYMHBIX
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SMYIIBCHUH SIBIIIETCS 00ecIieueHIEe 0€30acHOTO IBITKE-
HUS Ha3¢MHOTO TPAaHCIIOPTa B TeUCHIE HOPMATUBHOTO
cpoKa sKcIuTyaTanu [23, 24].

B 2020 romy exeromHoe MUPOBOE TTPOU3BOICTBO
¥ WUCITOJIb30BaHNEe OMTYMHBIX SMYJIbCUI B TOPOKHOM
CTPOUTENBLCTBE cOcTaBIsIo 6oee 7 MutH ToHH (CIIA —
33% u @panuust — 16%), B Poccuiickoit Menepanu
npousBeaeHo okKoJio 250 Teicady ToHH. [Ipy BeIOOpE
THTIA ¥ MAPKW BOTHO-OMTYMHOIT SMYJIbCHH B IIPOIIECCE
CHHEPTeTUYECKOTO YIYIIICHUS TEXHOJIOTHIECKUX Xa-
PaKTePUCTUK TOPOXKHBIX IIOKPHITUI TTITABHBIM 00pa3oM
ciemyeT IPUHUMATh BO BHUMaHME Ha3HAYCHNE MUKPO-
THACTICPCHBIX 3MYJIbCHUIA.

OCHOBHBIM MIPEUMYIIECTBOM MCTIOIb30BAHISI BOTHO-
OUTYMHBIX MUKPOIHCIIEPCHBIX SMYJIBCHIA TTO CPABHEHUIO
C TPAOUIIMOHHBIMH (TOPSTINMU, PA3KIDKCHHBIMHA) I0-
POXXHBIMHA OMTYMaMU SIBIISICTCST B3aUMOIOITOTHSIIONIEE
obecrneyeHne [25]: HOCTAaTOYHO MOJIHOE CIETUICHHE
OTPUILIATENIFHO 3aPSLKEHHOM IMTOBEPXHOCTH OCHOBAHUS
aBTOIOPOTH C TTOJIOKUTEIBHO 3apsi>KeHHOI KATHOHHOM
OMYJIBCUN; TEXHOJOTMIHOE TTPOU3BOICTBO OUTYMHBIX
SMYIBCUI TTO3BOJISICT BaphbHPOBATh KAUeCTBCHHBIN CO-
CcTaB M TpeOyeMble XapaKTepUCTUKI; NCIIOJIb30BaHUE
OUTYMHBIX SMYILCHI TIpU TeMItepaTypax ot 30°C mo 70°C
SIBIIICTCS OoJiee OE30MaCHBIM M YMEHbBIIIACT SHEPrOI0-
tpebiienne Ha 40—50%; mormyckaeTcs: pa3aiuB OUTYMHBIX
SMYIBCUI Ha YBIIaXKHEHHBIC TTOBEPXHOCTH ¢ (DOPMHPO-
BaHMEM IIPOYHOI 1 BOJOCTOMKON OMTYMHOM MJIEHKU
Ha KOMIIJIEMEHTapHON MOBEPXHOCTU MHHEPATBHBIX
3anoxHuTeNeit. Kpome Toro, ciemyeT OTMETUTD TeX-
HOJIOTHYECKYIO 3KOJOTMIYHOCTHh MHOTOTOHHAXKHOTO
TIPUTOTOBJICHUST 1 MCTIOIB30BaHMST BOTHO-ONTYMHOM
AMYJIBCUH: B aTMOC(epy BBIICIICTCSI MUHUMATBHBIN
00beM TaKMX TOKCHYHBIX BEIIIECTB, KaK TOPSIUIA U pa3-
KIVDKCHHBIN OMTYM, TIPOU3BOICTBO CTAHOBUTCS TaKXKe
TI0Xapo- 1 B3PEIBOOE30ITACHBIM.

HopoxHo-cTpouTenbHas oTpaciib Poccuiickoit Pe-
Iepary Hadasa 21 BeKa XapaKTepHr3yeTCsT MaCIITaOHOM
TpaHchopmanmeit HopMaTUBHBIX ToKyMeHTOB (TOCT
18689-81, 52128-2003, 58952.1-2020), perinaMeHTUPY-
FOIINX TPeOOBAHMSI K CTPOUTEIBCTBY 1 9KCIUTyaTallun
CKOPOCTHBIX aBTOMAarucTpaeii, KOTOpele, B OCHOBHOM,
TIpeaCTaBICHBI OTACIBPHBIMA YIaCTKaMU (heepabHbIX
Tpacc. [lepeBom B KMAKOTEKYdIee COCTOSTHIE — IMYJIb-
TUPOBaHNE BOTHO-OMTYMHBIX BSDKYIINX — TIPU TeMITe-
paType OKpyKalolleil cpembl TpeOyeT CTaOMIIBHOCTHI IIPH
XpaHeHUH U TPAaHCIOPTUPOBKe. OMHUM U3 CIEePKUBAIO-
muxX (GaKTOPOB IJIST TPUMEHEHUS PecypcocOeperaroImx
HAHOTEXHOJIOTHI B Poccum SIBIIIETCST OTCYTCTBHE TIPO-
M3BOICTBA 3(PDEKTUBHBIX OTEUECTBEHHBIX KaTHOHAK-
TUBHBIX SMYJIBTaTOPOB 1 BEICOKAsI CTOMMOCTH UMIIOPT-
HBIX aHa10T0B. OTHAKO IS TIPOM3BOICTBA SMYJIbraTo-
pa MPemIOKEHO JOCTATOYHO HEIOPOTOe M JOCTYITHOE
CBIphE: MOIMAMHUIAMUHBI W IIPOAYKTHI, COMEpIKAIIINe
KMPHBIC KUCIIOTEI.

JJIsT cMHEePTeTUYeCKOTO MTPUTOTOBICHMS JIMTHIX
SMYILCHOHHO-MHHEPAJIBHBIX CMECEi aBTOIOPOXKHOTO
Ha3HAYCHMS CIeayeT MIPUMCEHSITh MeIJICHHOpAacIIaaa-
foIIecsT KaTHOHHBIC OMTYMHEBIC VT OMTYMHO-TIOJIH -
MepHBIE dMyJibcnu [26]. KoMruieMeHTapHOEe BBEIEHNE
CTUPOJI-0yTaIMEeHOBBIX JIATEKCOB 10 5% He OKa3bIBaeT
CYIIECTBEHHOTO BIMSTHUAS HA OMHOPOTHOCTh U YCTOI -
YUBOCTh BOTHO-OMTYMHBIX dMYJIbCHUIA: Hanboiee 3-
dexTuBHbIM sBisiercs garekc CKC-65TTI, MocKombKy
6osee 90% ynbTpaauCIIepCHBIX YACTHI UMEIOT pa3Mep
menee 100 aMm [27]. JobaBieHne CTUPOJI-OyTaIe HOBBIX
JIATEKCOB OKAa3bIBACT ITO3UTUBHOE CHHEPTETUUECKOE BITH-
STHC HAa OCHOBHBIC TEXHOJIOTUICCKIE XapaKTePUCTUKI
BOITHO-OMUTYMHBIX KOMITO3HIINIA, YTO TIPOSIBIISICTCSI B CY-
IIECTBEHHOM yBeJIWYEeHUIO TerutocToiikoctn 10 100°C,
Mopo3socToiikoctu 10 —15°C, snactuuHoctu 1o 44%,
TeMIIepaTyphl Pa3MSITICHUS ¥ TBEPIOCTH.

BonHo-O0MTYMHBIC SMYIBCUU TEPMOIMHAMUYICCKI
HEYCTOWUYMBHI — IIJIST HUX XapaKTepHa (ppaKTaTbHas arpe-
raiys MAKpOKaIIeJ b TUCIIEPCHO (ha3bl U IIPOTeKaAHME
IIPOIIECCOB OOPATHOI CEIMMEHTAIINN, KOAJICCIICHIINHN.
OTMeTHnM, 9TO, B CBOIO OYepeab, ONTYMHBIC BSKYIITHC
SIBIISTIOTCST He(PTSIHBIMI HAHOIMCIIEPCUSIMM, CBOMCTBA
KOTOPBIX OITPEeACIISTIOTCS HAaHOUYACTUIIAMY THCIIEPCHOMN
¢asbl ¥ yIIeBOgOPOIHOM TUCIIEPCUOHHOM cpenoii [28].
MHOTroTOHHaXXHBIE OUTYMHEBIE TOPOKHBIC MUKPOIM-
criepcHbie amyascun o I'OCT P 58952.1-2020 noxpas-
IEJITIOTCS Ha: SMYJIbCUN OMTYMHBIC aHMOHHBIE (DBA)
1 BMYJIbCUN OUTYMHBIC KaTnoHHBIC (DBK).

Ha ceromusramii AeHp IPEMIOKEHBI pa3HOOOPa3-
HBIE CITOCOOBI MCITOTh30BaHUSI BOTHO-OUTYMHBIX 9MYITb-
CHI TSI IPOU3BOACTBA JOPOXKHBIX PabOT B KA4eCTBE
CTPYKTYPHUPOBAHHOTO KOMILIEMEHTAPHOTO BSIKYIIIETO;
peKoMeHayeMble 00JIaCTU YIIOTPEOJIEHUSI MApOK OUTYM-
HBIX JOPOKHBIX SMYJIBCHUIT TIPUBEICHBI B TA0II. 1.

W3 naHHbIX Ta0JI. BUAHO, YTO HarboJiee YacToO BOAHO-
OUTYMHBIC MUKPOIMCIICPCHBIC TOPOXKHBIC SMYIbCUN
HCITOJIB3YIOTCS IPU CUHEPIeTUIECKOM MOATPYHTOBKE
repen HaHeCeHUeM BEepXHEeTo cJIost acalbTo0eTOHa,
SIMOYHOM PEMOHTE ¥ JKUIKO(ha3HOM TTOBEPXHOCTHOI 00-
paboTKe TOPOKHBIX ITOKPHITHIA. [[JIsT KOMILIEMEHTapHOTO
VKPETUICHHST OTKOCOB TPYHTOBBIX HACHITIC aBTOIOPOT
OOJIBIIION KPYTU3HBI M U3 TIMHHUCTBIX CIA0BIX TPYHTOB
PEKOMEHIYETCSI MCIIOIh30BaTh BOTHO-ONTYMHBIC SMYITh-
cun DBA-3 ¢ koHueHTpanueit outyma 50—55%; nipn
recyaHbIX OTKOcax ouTymHas asza cocrasisier 40—50%.

CremyeT OTMETUTD, YTO IO CUHEPIeTUIECKOM 3h-
(GEeKXTUBHOCTH CMCIIMBAHMS C PA3TUIHBIMU MHUHE-
PaJTbHBIMU 3aTIOJTHATEISIMU BBIICIISIIOT KJIACCHI BOTHO-
OUTYMHBIX dMyIbcuii: kKatTuoHHbIe (DBK-1, 3BK-2
u DbK-3) n monmumep-MoanpUIMpoBaHHEIC SMYITBCUN
(OBIIK-1, BBIIK-2, DBIIK-3); annonusie (DBA-1,
DBA-2 1 DBA-3). Mapku knaccoB DbK-1 (BOBIIK-1),
BOBK-2 (BBIIK-2), DBK-3 (OBIIK-3) cOOTBETCTBYIOT
OBICTPOI, CpeaHEN U MEIJICHHOI CKOPOCTU pacraia npu
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Tabauya 1
TexHoI0rMYecK: peKoOMeHayeMas 00,1aCTh IPUMEHEHHS PA3JIMYHBIX MAPOK JOPOKHBIX OUTYMHBIX
MHKPOAMUCIEPCHBIX AMYJIbCHIA

Mapka .
Cdepa ncnoib30BaHUS BOAHO-OUTYMHBIX 3MYJIbCHIA
IMYJIbCUH
9bK-1 TlonrpyHroBka (pa3iuB XuakohazHoi OUTYMHOI SMYJIbCHUU) TOPOXKHBIX TOKPBITUI TPAHCITOPTHBIX Maru-
OBIIK-1 CTpaJjieid, yCTPOMCTBO 3allIMTHON MOBEPXHOCTHOM 00pabOTKM.
DbK-2 TexHOJOTUYHOE YCTPOMCTBO BEPXHUX CIIOEB TOPOKHBIX TTOKPHITUI METOIOM MPOITMTKH; ONITUMU3UPOBaHHAS
OBIIK-2 TEXHOJIOTHS TIPUTOTOBJICHUST YEPHOTO IIEOHS U TTOPUCTHIX IICOEHOYHBIX CMECEii; IMOYHbBII PEMOHT BHIOOMH
aBTOIOPOT.
DbK-3 YCTpoiicTBO TOHKOCIOMHBIX IIEPOXOBATHIX CJIOEB M3HOCA JOPOXKHBIX MTOKPBITHI; TEXHOJOTUIHOE U3TOTOBJIE-
OBIIK-3 HUE TUIOTHBIX BOAHO-OUTYMHBIX OMYJIbCUOHHO-MUHEPAJIbHBIX CMECEei1, B TOM YKCJI€ TPYHTOBBIX; YKpETUIeHUE
OTKOCOB.
ObIIA-1 KunkodazHas noArpyHTOBKa; yKpeTuleHUe MOBEPXHOCTU OTKOCOB 3€MJISTHOT'O MOJOTHA; YCTPOUCTBO U3HO-
COCTOMKOI TOBEPXHOCTHOI 00pabOTKMU.
DBA-2 TexHOMOTMYECKUIA YXOII 32 CBEXKEYIOKEHHBIM LIEMEHTOOETOHHOM TIOPOKHBIM ITOKPBITHEM; TIPUTOTOBJICHUE
OBIIA-2 YEPHOTro 1IEeOHS U 1eOEHUCTBIX TOPUCTBIX CMeceil U3 KapOOHATHBIX MTOPOJI; YCTPOMCTBO TOPOXKHBIX TOKPHI-
THI METOIOM TTPOTTUTKU.
DBA-3 ONTUMU3NPOBAHHOE U3TOTOBJICHNE SMYJIbCHOHHO-MUHEPATbHBIX CMECE INTOTHOTO COCTaB 00SI3aTeIbBHBIM
DBIIA-3 BBeneHueM 1—2% usBectu win 2—3% 1ieMeHTa; 3aKperieHe MOABUXKHBIX TIECKOB M CJIa0bIX TPYHTOB BepX-
HUX CJIOEB 3¢MJISTHOTO TTOJIOTHA.

CMEIITMBAHUY TOPOXKHBIX OMTYMHBIX MUKPOIMCITEPCHBIX
SMYIBCUM ¢ MUHEPaTbHBIMI KOMIUIEMEHTApHBIMUI Ma-
TepuaJIaMy Pa3TNIHOTO TPAHYIIOMETPHUUECKOTO COCTaBA.
B3anMonomnorHSIonIe KOMIIOHEHTHI B COCTAaBE BO-
ITHO-OUTYMHO# dMYJbcuM MapoK DBK BBHITOTHSIOT
CHHEpTreTUYeCKre (QYHKIINU: YIIydIIeHne KOMIUIEMEH-
TapHOM aiTe3ni; TOCTIKECHIE HY>KHO KOHCUCTCHIINN;
YIIyqIIeHUEe TeXHOJOTUIHBIX XapaKTePUCTUK U3HOCO-
CTOMKOCTH, TNIACTUYHOCTH, MOPO30YCTOMIMBOCTH ITy-
TEeM CYIIPAMOJICKYISIPHOTO YIIyUIICHUS TTOJTUMEPHBIMU
HAHOKOMITO3UTaMU [29] TOPOXHOTO ITOKPBITHS TPAHC-
TIOPTHOM MHGPACTPYKTYphl. He3aBUCMMO OT CKOpOCTH
pacriama MapKy BOTHO-ONTYMHBIX SMYJIbCUIT OHH UMEIOT
MIPUMEPHO OIMHAKOBYIO KOHIICHTPAIINIO OMTyMa, BSI3KO-
CTH, PACTSLKUMOCTH, TeMIIepaTypy pasMsrdeHus. Tex-
HOJIOTUIECKIE OTJIMIUS TIPOSIBIISTIOTCS B CIIOCOOHOCTH
KOMIIJIEMEHTapHO CMEIIMBATHCS C YACTUIIAMU TUIOTHBIX
(rpaBuit, mieOEHb) U MOPUCTHIX (KEPAM3UTOBBIN T'PaBUIA)
MUWHEPAJIOB: MapKa BOTHO-O0UTYMHOI aMysibcun DBK-3
SIBJIICTCS] YHUBEPCATBHOM TS TIepeMeIINBaHUs, MapKa
OBK-1 mis aroro mamonpuroaHa, DbK-2 xoporro B3a-
MMOJIECCTBYET C IIOPUCTHIM HAITOJTHUTEIICM.
KowmrmeMeHTapHass 0COOCHHOCTDH MCITOIb30BaHUS
BOJHO-OMTYMHOI dSMyJIbcn Mapok DBK cocTont B TOM,
YTO TI0CJIC HAHECEHMSI COCTABIISTIOIINE KOMITOHEHTHI pa3-
IEJISTFOTCST Ha JBa CJIOS: BOMIA MCITapsieTCsI, a OUTYyMHOE
BSDKYIIIEE 3aTBEepAeBacT, 00pa3ysl MPOYHYIO0 OUTYMHYIO
TUICHKY Ha CHHEPTeTMYIEeCKOM TTOBEPXHOCTH MIUHEPAITh-
HOTO 3aITOJIHUTEIS C TPeOYeMBIMU SKCILTYaTAlIMOHHBIMU
xapaktepuctukaMmu [30]. DaeKTpoKMHEeTHYECKAasT CKO-
POCTh KOHTPOJIMPYEMOTO pacitaga 00yCIOBIMBACT OITH-
MaJIbHYIO chepy MCIIOTb30BaHMS MapKH BOTHO-ONTYM-

Hoii aMmynbenn: DBK-1 ncnomb3yercs st XKnakohasHo
00pabOTKM TTOBEPXHOCTHOTO CJIOS TOPOKHBIX 3aITATHBIX
TTOKPBITUI TSI YYUIICHUS CLHEeTUICHUS; TSI TPYHTOBA-
HUA c10€B achalbTOOETOHA, IS YIYUIIEHUS CUerLIe-
HUS MEXIy HUMHU; IJISI TIPOITUTKY IEeOCHOUYHBIX CIIOCB
IIpH YKJIaIKe JOPOKHOTO TTOJIOTHA, a TAKKE B IIpOoIIecce
pemonTa M. Mapka DBK-3 ucnonn3yeTcs mig co3na-
HUS 3aIIUTHOTO CJIO0ST JOPOKHOTO MOKPHITHUS C JIFOOBIM
MHWHEepaJIbHBIM 3artoTHuTeNieM, a DBK-2 mpumensieTcs
IIJIST TEXHOJIOTUIHOTO KOHCTPYUPOBAHMS ONTUMAIHHOM
CMECH C TIOPUCTBIM MIUHEPATbHBIM HAITOJTHUTEIICM.

MuHepalibHas 9acTh 3MYJIbCHOHHO-MIUHEPATbHBIX
CMeceit, MCTIONb3yeMBIX JIJIST YCTPOMCTBA IIOBEPXHOCTHBIX
00pabOTOK, CHHEPTeTUICCKU TTOAOMPACTCS IO TEXHO-
JIOTMYECKOMY TIPUHIIUITY M COCTOUT (M1 IIeOCHOUHBIX
cMeceif) n3 me6HsT ppakimy 5—10 mwm 5—15 MM (mpobie-
HBIX) W CMECH TIPUPOTHON (ppakiiuu 2—5 MM U (Ipo-
OJICHOTO) TTeCKOB 1 MITHEPAJILHOTO TTOpoITKa. OITHMaTb-
HOE KOJIMIECTBO MICOHS ¥ TEXHOJIOTMYHOE COOTHOIIICHNE
MIPUPOTHOTO U APOOIEHOTO TIECKOB B ONTTUMU3MPOBAHHBIX
SMYJIBCHOHHO-MWHEPAIBHBIX CMECSIX BEIOMpaeTcs B 3a-
BHCUMOCTH OT I'paHyJIOMETPUIECKIX COCTABOB 1 TpeOye-
MOT0 KO3 GULIMEHTa CUETLIEHUS TOPOXKHOTO IMTOKPBITUS
aBromaructpajueit. KomruieMeHTapHbI MUHEPaJIbHBINA
ITOPOIIIOK TOOABIISIIOT B AMYIbCHOHHO-MUHEPATBHYIO
CMeCh B TAKOM KOJIMIECTBE, YTOOBI COEepKaHIe TaCTHI]
Menpae 0,071 mm cocrasisio 5—15%.

Kpowme BEITIIeyKa3aHHBIX MIHEPAJTBHBIX MaTepHUaioB
B JIUTBIX SMYJIBCUOHHO-MHUHEPATbHBIX CMECSIX MOTYT
OBITh CHHEPTeTUUECKU UCITOIb30BaHBI TEXHOTCHHBIC
OTXOIBI: 30JIa-1IJIaK, M3BECThCOMEPKAIIIEC MAaTECPUATTBI
n 1p. [31—33]. ParmonanbpHas 3aMeHa BHICOKOITPOY-
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HBIX TOPOTOCTOSIIINX KAMEHHBIX MAaTepHUaJIOB MECTHBIMU
TPYHTaMH, apMUPOBAHHBIMY YKPETUISIOITUMHI BSKYIITN -
MM Ha OCHOBE OTXOIIOB IIPOM3BOICTBA B KOHCTPYKTHUB-
HBIX CJI0SIX MTOKPBITUI 1ist aBTrogopor IV u V kareropuii,
TO3BOJISICT YMEHBIIIUTD HE TOJIBKO CTOMMOCTD JOPOK-
Horo crpoutenbcTBa Ha 30—50%, HO ¥ TEXHOTEHHYIO
Harpy3Ky Ha OKPYKAIOIIYIO SKOJOTHUECKYIO CPeIy pe-
rnoHoB Poccuiickoit enepann.

B bamkopTtocrane 3aBon «Pemcrpoitmopmalii»
(r. Yda) mpou3BOOIUT BOOHO-OUTYMHBIC SMYJIbCHUU
OBJAK-b (3BK-1), 9BJAK-Comynscust (3bK-2),
BSBJAK-M (BBK-3) misg SMOYHOTO peMOHTa, TTOATPYH-
TOBKH U pecaiikimpoBanusi. CoBpeMeHHOE 000pyI0Ba-
HIE TO3BOJISICT C MCIOJb30BaHNEM KaueCTBEHHBIX CH-
HepreTMYeCKUX MHTPEIUEHTOB IIPOU3BOIUTH 10 10 TOHH
OUTYMHBIX MUKPOIUCIIEPCHBIX 3MYJIBCUI B Yac. 3aBO
«PeMcTpolimopmaii» pa3iuBaeT BOIHO-OUTYMHYIO
SMYIbCHIO B 609Ky 110 200 JIUTPOB IJIS YIOBIETBOPEHUST
MOTPEOHOCTEH MAJIBIX TIPEIIIPUSITHIA, KOTOPBIC 3aHNMAa-
FOTCS PEMOHTOM aBTOIOPOT, MMAPKOBOK, TIPUIOMOBOIT
TEPPUTOPUHN Ha HEOOIBIINX IUIOIIAMISX, TIE NCITOIb30-
BaHME TyIpOHATOPa 3KOHOMUIECKH HElIeJIeCoO00pa3Ho.
OTMeTHM, 9TO MaJjIble TIOAPSIAHBIC OPTaHU3AINT 13 CO-
00paxkeHWIT YMEHBIIICHUSI CTOMMOCTH JOPOXKHOTO CTPO-
WTEJIBCTBA U3TOTABIMBAIOT SMY/IBCHH HAa CBOMX yJaCcTKaX,
3aKyIiasi JOPOXKHBIN OMTYM Ha OJIMKalmnx HedTerepe-
pabaTtsIiBaromnx 3aBomax (B Yde, B CamaBate). B aTom
ciydae, KOHEUHO, TPYIHO COOIONAaTh HOPMATHUBHBIC
TEXHOJIOTMUECKIE TPeOOBaHMS KAYCCTBEHHOTO CUHEpIe-
TUYECKOTO TIPUTOTOBJICHNS BOTHO-ONTYMHBIX SMYJIBCHIA.

B pamkax 1ocTIKeHIST TEXHOJIOTITIECKOTO CYBEPEHM -
teta Poccmiickoit Penepaliny B Ka4eCTBE MMITOPTO3a-
METIAIOIINX KATHOHHBIX MYJIbIaTOPOB PEKOMEHIYETCS
HCITOIb30BaTh YCTBEPTUIHBIC COJT aMMOHUS (HaIIpH-
Mep, ATKUITPUMETAIIAMMOHUMN XJIOPHI) B KOJIMIESCTBE
0,2—0,5% & macce Boasl. IMeroTcs oOHaaeXKMBaIOIINE
PE3yIIbTAThI UCITOTB30BAHUS OMTYMHBIX MUKPOIHCTICPC-
HBIX SMYJIBCHI B TEXHOJIOTMH YKPETUICHHS CIa0bIX TPYH-
TOB IOPOXKHOTO TTOJIOTHA.

Hawuboee mpon3BoIUTeIbHOM TEXHOJIOTHEH CHHEP-
TeTUYICCKOTO YKPEIUICHUSI TPYHTOBBIX HACBITICH 1 peKOH-
CTPYKIIMY TPAHCIIOPTHBIX aBTOMATUCTPajieii ONTYyMHBIMI
MUKPOINCIICPCHBIMU SMYJIbCUSIMH SIBIISICTCS] ICTIONB30-
BaHME CIICIIMATN3MPOBAHHBIX MAIIMH — PECAMKIICPOB.
Bonee yHuBepcarbHBIMU 1 TEXHUKO-3KOHOMMYECKH BHI-
TOTHBIMU PecaiiKiIepaMM SIBIISTFOTCSI TOPOKHBIC MAIITTHEI
C OTHUM paboYMM OpraHOM (Ppe3epHO-POTOPHOTO THTIA,
KOTOpPBIC OCHAIIAIOTCS TaTINKAMU CKOPOCTH IBYKCHUS
W JO3UPOBAHHOM CUCTEMON MoaaYu BOAHO-OUTYMHOM
MUKPOIWCTIEPCHOM dMYJbCUU (PUC. S).

OnTUMAaIbHYIO TTOBEPXHOCTHYIO O0OPabOTKY M3 IIe-
OCHOYHBIX SMYJIBCMOHHO-MUHEPAJTbHBIX CMecell peKo-
MEHIYeTCS yCTpamBaTh ST 00CCIICUCHUS TPeOyeMOTo
Ko3(PUIMEeHTa CIICIUICHUS Ha aBapUITHBIX YaCTSIX aB-
TOMOOMJIBHEIX TOPOT, a M3 ITeCYaHbIX SMYIbCHOHHO-

Puc. 5. Cxema hyHKIIMOHHPOBAHKS TOPOIKHOTO pecaii-
Kjaepa: | — BIpbICKMBaHUE OMTYMHOM 3MYJIbCUM;

2 — HampaB/IieHUe IBVXKEHUS; 3 — (ppe3epHO-CMEIN-
Baloluii 6apabdaH; 4 — pa3pylieHHbII ac(aabTode-
TOHHBIH CJION; 5 — TOPOXHOE MOJIOTHO; 6 — pecaii-
KJIMPOBAHHBIN CJIOM aBTOMAarucTpaind

MMHEpaJbHbIX CMECEI — Ha y4acTKaX TPaHCIIOPTHBIX
ABTOMATKMCTpaJieil ¢ 3aTPYAHEHHBIMU YCIOBUSIMU [IBU -
JKEHUS 1 B KAYECTBE 3allIUTHOTO M3HOCOCTOMKOTO CJIOS.
st cMHEpPreTUYECKOro YCTPOMCTBA OBEPXHOCTHOM
00pabOTKU TOPOXKHBIX ITOKPBITUI TPAHCIIOPTHOM MH-
(bpacTpyKTyphl ClieAyeT IPUMEHSITh SMYIbCUOHHO-MU-
HepajbHbIE CMECH JIMTOI KOHCUCTEHIIUK, COCTOSIIIE
13 MUHEPaJIbHBIX MaTepuajoB (1eOHsI, mecka, MIuHe-
PajbHOTO MOPOIIKA) ¥ KATUOHHOM BOAHO-OUTYMHOM
MUKPOIUCIIEPCHON SMYJIbCUU.

CremyeT TakXKe OTMETUTD, YTO JOPOXKHbBIE IIOKPBITHS
B IIPOLIECCE TEXHOJIOIMYECKOM IKCILTyaTalliid HAXOMSTCS
I1OJ, BO3[EHCTBMEM MHOXECTBA pa3HOHAIIPABIEHHBIX
(hakTOpPOB: IPYHTOBO-T€0JIOTMYECKUX U TUIPOJIOTIYE-
CKUX yCJIOBUIA, pejibepa MECTHOCTH, MOTrOAHO-KIMMAa-
TUYECKUX U (PU3UKO-MEXaHUUECKUX, O0YCIIOBICHHBIX
CBEPXHArpy3KaMu OT OOJIbLIETPY3HOIO aBTOTPAHCIIOPTA.
Kputnueckre n3mMeHeHNs] BOTHO-TETUIOBOTO PEXMMa
JIOPOKHOTO IOJIOTHA CYLIECTBEHHO BJIMSIIOT HA IIPOY-
HOCTb, CUHEPIeTUYECKYIO JOJIOBEYHOCTh aBTOAOPOTHU
U IIPUBOMSIT K YMEHBIIEHUIO TPAHCIIOPTHO-9KCIUIyaTa-
LIMOHHBIX XapaKTEPUCTUK CKOPOCTHBIX aBTOMAruCTpa-
neii. Ha HaHoypoBHe acdanbTo0eTOHHOTO MTOKPBITUS
nopstaka 1077—10~° M IpOMCXOAUT YCKOPEHHDI MIPO-
LIECC pa3pbiBa XUMUUYECKHUX CBSI3€i MEXIy aTOMaMu
OUTYMHOM BSDKYILIEI, 4TO BEAET K PE3KOMY YXYILIEHUIO
anTe3MOHHBIX M KOTe3MOHHBIX XapaKTepUCTUK [34, 35].
M3BecTHBIC Ha CETOMHSAIITHUI TeHb METOIBI TEXHOJIO-
TMYEeCKOTO MOHUTOPUHTA JOPOXKHBIX MOKPBITUI UMeE-
0T OIpeieIeHHbIE TPAHULIBI IPUMEHUMOCTH, TI03TOMY
CHHEPreTUYECKUI MOAX0I AOIOIHSIET U O0ObEeAUHSIET
KOMILIEMEHTapHbIe (DAKTOPHI.

3AKJIIOMEHUE (BbIBOADI)

Acdanbro0eTOHHOE JOPOKHOE TTIOKPBITHE SIBJISIETCSI
HEJIMHEHOM CUCTEMOI, ¥ U3BMEHEHNE er0 SKCILTyaTalll-
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OHHBIX TEXHOJIOTMYECKUX XapaKTePUCTHUK COITPOBOXKIA-
eTCST HeaITUTUBHBIMU CUHEPTeTHICCKUMHY 3P PeKTaMm.
CHHEPreTUYeCcKOe YCUIICHNE TEXHOJIOTUMICCKUX XapaK-
TEPUCTUK TOPOKHBIX TOKPHITUI TOOABICHIEM B COCTaB
OUTYMHBIX MUKPOIUCIICPCHBIX SMYJIbCHUIT 00eCTIcunBa-
€T aJIbTePHATUBHBIN MOIXO0H, TP KOTOPOM OUTYM pa3-
KIDKAETCST TTyTeM IHMCIIEpTUPOBAHUS B BOJE; SIBIISICTCS

ONTUMAIBLHBEIM pEeIIeHUEeM Ipo0JieM MHTCHCUBHOIO
CTPOMTEIBCTBA U PEKOHCTPYKIIMU aBTOHopor Poccum.
BomHO-0UTyMHBIC MUKPOIVCIIEPCHBIC SMYIBCUU C MU~
KPOKAIUIIMH TUaMeTpoM 2—4,5 MKM PeKOMEHIYIOTCS
B BOCTPEOOBAaHHOI TEXHOJIOTUH KOMILIEMEHTApHOTO
VKPETICHUSI CJTA0BIX TPYHTOB JOPOKHOTO ITOJIOTHA CKO-
POCTHBIX aBTOMAarucTpaici.
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ABSTRACT

Introduction. Today, a detailed study of the geological structure of oil and gas fields is essential. The study and understanding of the
geological structure can be achieved through the analysis of geological heterogeneity. This has a significant impact on the degree of
involvement of the reservoir volume in the drainage process, determines the dominant directions of filtration flows and the nature
of oil displacement in the process of formation flooding. Methods and materials. The paper presents statistical indicators of the
main reservoir characteristics — porosity, permeability, dissection, sandiness, as well as complex indicators of macro- and microhet-
erogeneity in permeability distribution. The given characteristics allow estimating the variability of the reservoir, both by area and by
section, i.e. in the volume of the oil-and-gas bearing reservoir. Results. This paper highlights the results of a comprehensive analysis
of the micro- and macroheterogeneity of the studied object and a comparison of the identified zones with production data on
well operation. The purpose of the study is to develop, using the example of studying the UV, formation, an algorithm for selecting
geological and technological measures, including the use of horizontal well drilling with aphron-containing drilling muds, based
on identifying geological and industrial causes of premature water cut in the extracted products, and determining the geological
factors that control the distribution of residual hydrocarbon reserves. Determining the causes of premature water cut will help not
only to eliminate premature water cut, but also to carry out work to prevent it. Conclusion. The established causes of premature
well water cuttings as a result of the analysis will allow to determine promising areas for optimizing the development system - re-
vision of the well grid, drilling of new horizontal production and injection wells, changing operating modes, using flow-diverting
technologies, etc. Establishing the directions of fluid movement using heterogeneity analysis helps to determine the sources of
water that prematurely enters the well (bottom or injected waters).

KEY WORDS: geological heterogeneity, formation UV1, water cut, statistical analysis, aphron-containing drilling muds
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INTRODUCTION

A: the current stage of development of the oil and gas
industry, the problem of uneven development of oil
reserves remains relevant. One of the main influencing
factor is the geological structure of the reservoir. Study-
ing the geological heterogeneity of the reservoir allows to

© Kotenev Y. A,, Sultanov Sh.Kh., Chibisov A.V., Chilikin V.M., 2024

qualitatively and quantitatively assess the structure of the
reservoir. This term refers to the variability of petrophysi-
cal properties and the forms of occurrence of a reservoir
within a horizon or production facility, which affects the
nature of the movement of liquids and gas during produc-
tion and the distribution of hydrocarbon reserves in the
volume of the productive formation UV [1].
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The main objective of the research is to obtain a com-
plete picture of the geological heterogeneity of the UV1
formation to determine the degree of its influence on
the process of reserves development. This objective de-
termines the fulfillment of the following tasks: study of
micro- and macroheterogeneity using statistical meth-
ods; analysis of geological and industrial information;
identification of geological factors that have the greatest
influence on the unevenness of the frontal advance of
injected water and the reasons for the different rates of
production of hydrocarbon reserves.

METHODS AND MATERIALS

Many scientists study geological heterogeneity by di-
viding it into several levels — micro- and macrohetero-
geneity [2—5]. Microheterogeneity is understood as the
reservoir properties, and macroheterogeneity is under-
stood as the variability of the spatial distribution of the
reservoir within the deposit or production facility [3, 5].
These parameters are quantitatively assessed using the
coefficients of porosity, permeability (microheteroge-
neity), dissection, sandiness, reservoir distribution, etc.
(macroheterogeneity).

The assessment of geological heterogeneity is per-
formed by applying statistical tools, typically using de-
scriptive statistics.

Descriptive statistics is the collection and processing,
i.e. systematization of an array of data, usually quantita-
tive, carried out with the aim of converting it into a practi-
cal form for analysis [6]. The main goal of this technique
is to present processed data in the form of histograms,
crossplots, graphs and tables, as well as their description
using the main statistical indicators (Min, Max, o, etc.)

[7]. Accordingly, there are three types of presentation of
systematized data: 1) in the form of graphic materials —
graphs, diagrams, histograms, maps, 3D cubes, etc.; 2) in
the form of tables, ordered and grouped data; 3) in the
form of indicators describing statistics.

Statistical indicators are divided into two groups [7]:
1) indicators characterizing the center of data grouping
(X ., Me, Mo, etc.); 2) indicators characterizing the dis-

arith”

persion of data (D, o, R, etc.).
RESULTS

The researchable object consists of two deposits of the
layer-arch type, the reservoir of terrigenous composition
is represented by sandy-silty-clayey material, the caprock
is represented by claystones of the togura.

The sediments were formed in a marine environment,
namely in a coastal-marine complex in a coastal-marine
plain environment, but with a rather dissected relief of
the sedimentation environment surface. On the elevated
parts of the paleorelief, elongated bar bodies were de-
posited, mainly of northwestern strike (Fig. 1), with an
increased amount of sandy material. In the lower parts
of the paleorelief, uneven alternation of clay and sand
interlayers is noted, which is typical for deposits of buf-
fer zones between bar bodies, with a frequently changing
hydrodynamic sedimentation regime (sub-environment
of tidal currents and storm waves) [8, 9, 10]. The sedi-
mentation environment has the greatest influence on the
distribution of filtration-capacitive properties [ 11—14].

According to the statistical analysis, the porosity co-
efficient within the studied object varies from 0.108 to
(0.256 units. The average porosity value for the UV1 for-
mation for the considered deposit is 0.158 units.

Fig. 1. Maps of effective thickness and sandiness of the UV1 formation. Source Compiled by the authors
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According to the histogram analysis, the distribution
of the porosity coefficient is close to normal (i.e. the me-
dian, mode and average values are almost equal to each
other), the highest frequency of opening (11.35%) belongs
to the interval [0.152;0.160] (Fig. 2). Also, a high fre-
quency of opening (10.85 and 10.36%) is characteristic of
the intervals [0.160;0.167] and [0.145;0.152], respectively.
In plan, the porosity within a separate deposit is distrib-
uted relatively uniformly (Fig. 3). The average porosity
of the eastern deposit is 0.169 f.u., and of the western
one 0.155 f.u.

To study the distribution of the porosity coefficient
in the section, the geological-statistical section (GSS)
was analyzed; to increase clarity, the data were divid-
ed into 4 conditional classes with an equal step (0.037
fou.) — 0.108—0.145, 0.145-0.182, 0.182—0.219, 0.219—
0.256 f.u. (Fig. 4). High values of the porosity coefficient
(> 0.182 f.u.) are distributed relatively evenly throughout
the entire thickness of the UV1 formation. The frequency
of occurrence of low values of K (from 0.108 to 0.145 f.u.)
changes as follows: 13% in the upper part of the formation
(layers 1—19), 35% in the middle part of the formation
(layers 20—38), 45% in the lower part of the formation

Nanobm

(layers 39—57). The average value of the porosity coef-
ficient along the section is shown in Figure 5.

The second parameter analyzed by the authors,
which allows to estimate the microheterogeneity of the
formation, is the permeability coefficient. The distribu-
tion of this parameter is lognormal (i.e. the logarithm of
a random variable has a normal distribution) (Fig. 6),
the minimum values are 0.12 * 103 um?, the maximum
are 300« 1073 um? (R = 299.88 « 10~ um?), the average
value is 18.86 * 103 um?, the median is 5.02 * 10~3 um?.
The highest frequency of opening — 8.1% belongs to the
interval from 4.1+ 1073 t0 6.04 * 10~ um?.

The distribution of the permeability coefficient is
relatively uniform over the area, with the exception of
local increases in permeability, possibly associated with
the presence of conductive faults in these areas (Fig. 7).
In addition, the heterogeneity in permeability was calcu-
lated to assess it across the section:

heter.perm. - perm.max/errm.av. ’ ( 1 )

where, errm a8 the maximum value of the perme-

ability coefficient in a well, and errm‘av’ is the weighted
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Fig. 2. Histogram of the porosity coefficient of the UV1 formation. Source Compiled by the authors
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Fig. 5. Average value of the porosity coefficient along the section of the UV1 formation. Source Compiled by the authors

average value of the permeability coefficient in the same
well.

Areas where this indicator numerically exceeds the
value of 5 are considered highly heterogeneous in per-
meability in the section. It is also worth noting that per-
meability follows the trend of porosity by decreasing the
average value from the roof of the reservoir bed to its base
(Fig. 8).

A similar analysis using descriptive statistics was car-
ried out to assess macroheterogeneity. The coefficient of
dissection varies from 0 to 10.4 units, the average value
for the UV1 formation is 4 units. High values of this
indicator (from 7 to 10 units) are concentrated in the
buffer zones of sand bars, i.e. in those places of paleo-
relief where, according to the conditions of formation,
frequent changes in the hydrodynamic regime occurred,
as a result of which sandy and clayey material alternately
accumulated.

The sandiness coefficient varies from 0 to 1 f.u., the
average value is 0.5 f.u. (Fig. 1). In plan, this indicator is
distributed relatively evenly, increased values (0.65—1 f.u.)
are found in bar bodies of northwestern distribution. The
eastern deposit, compared to the western one, is distin-

guished by a higher sandiness on average — 0.48 and
0.58 f.u., respectively. The distribution of the reservoir
along the section coincides with the typical section of
coastal-marine deposits (Fig. 9).

In addition to these studies, the authors estimated
a complex macroheterogeneity index characterizing the
dissection of the studied object per unit of reservoir rock
thickness. On average, for the UV1 formation, the men-
tioned index is 0.61 units/m. For bar deposits, it is equal
to relatively low values, which indicates higher thicknesses
of sand interlayers in these areas.

Based on the implemented maps, histograms and
GSS, the authors identified 4 areas of increased geologi-
cal heterogeneity (Fig. 10 and Table 1).

1 area is characterized by high heterogeneity of
permeability in the section and plan (0.15< 1073 to
122+ 10-3 um?), the average value of the porosity coeffi-
cient is 0.15 f.units, in the southern part of this area values
up to 0.11 f.units are observed, the dissection corresponds
to the average for the formation — 4 units, the sandiness
coefficient is higher than the average for the formation and
is 0.53 f.units, the complex indicator of macroheterogene-
ity is 0.65 units/m.

http://nanobuild.ru

477

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2024; 16 (5):

HaHoTexHONorum B cTpouTtenbCcTBe 473-484 N ano b U|

SYSTEM SOLUTIONS FOR TECHNOLOGICAL PROBLEMS

8.10
7.76 7.74
7.12 7.12
6.59
6.29
5.88
5.75
A 5.02
4.55
4.01 4.09
3.16 3.18
I IIZB‘

0.1 02 04 06 08 1 2 4 6 8 10 20 40 60 80 100 200 400
PERM_NEW, mflapcu

PERM_NEW - Ceoiicteo: Hogasa cerka

Mpouentsl
IS

Fig. 6. Histogram of the permeability coefficient of the UV1 formation. Source Compiled by the authors

[ [X]

Fig. 7. Map of permeability coefficient and permeability heterogeneity in the section of the UV1 formation. Source
Compiled by the authors
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Table 1
Geological and physical characteristics of the UV1 formation
Microheterogeneity Macroheterogeneity
Research Coeff. . Comp. Coeff. Collector
object LBl D, permiab., ey (!1ssec., SLSIBENLE of macroheter. | distribution
f.u. P units f.u. .
103 pm units/m coeff., f.u.
UV1 0,16 12,7 4 0,50 0,61 0.99
0,11—10,26 | 0,12—300 0—10,4 0,00—1,00 | 0,00 — 2,43 ’
1 area 0,15 7,3 4 0,53 0,65 1
2 area 0,15 8,1 4.4 0,49 0,70 1
3 area 0,15 12,9 3,4 0,46 0,65 1
4 area 0,17 23,5 4,5 0,64 0,40 1

Source Compiled by the authors.

2 area is characterized by high dissection (average
value 4.4 units), especially in the northern part (up to
10 units), permeability is especially unevenly distributed
in the section, the average value of the porosity coefficient
is 0.15 units, sandiness is almost equal to the average for
the formation, lower values are located in the eastern part
of this area, the complex indicator of macroheterogeneity
is 0.7 units/m, which indicates a relatively reduced thick-
ness of the reservoir layers.

3 area has on average a fairly high permeability, in plan
its distribution is fairly uniform, however there is a very
strong scatter in the section, the porosity coefficient is
equal to 0.15 f.u., the dissection is quite low and in the
northern part is equal to 1 unit, the sand content is below
the average for the formation and is 0.46 f.u., the complex
indicator of macroheterogeneity is equal to 0.65 units/m.

4 area as a whole is distinguished by increased charac-
teristics relative to the average for the formation, especially
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in permeability — 12.7 + 1073 and 23.5 < 10~* um?, respec-
tively, this area is also characterized by high variability of
permeability along the section, the average value of the
porosity coefficient is 0.17 f.units, the dissection is 4.5 units,
in the center of the area low values are observed (up to
1 unit) to the periphery they increase (up to 8.5 units), the
sandiness coefficient is 0.64 f.units, the complex coefficient
of macroheterogeneity is 0.4 units/m, which indicates an
increased thickness of permeable layers.

At the next stage, the results of the comprehensive
assessment of geological heterogeneity were compared
with the field data of well operation.

The formation of the WIS at the UVI site has been
carried out since 1999. At the main deposit, an inverted
seven-point system in combination with a focal system
has been implemented, and at the Eastern deposit, a se-
lective system.

As 0f 01.01.2024, there are 342 wells at the facility. The
active production stock is 125 wells. All wells are equipped
with ESP units. Of the injection wells, there are 140 in the
active stock. The exploitation factor of production wells
for 2023 was 0.95 with an average water cut of 74.1%.
More than half of the wells — 102 wells — operate with
a water cut of more than 75%, including 69 wells with
a water cut of more than 90% (Fig. 11).

Analysis of the compensation of withdrawals by injec-
tion showed that the development of the facility is accom-
panied by a significant overcompensation of withdrawals
by water injection. The current compensation for the fa-
cility as a whole was 192%, accumulated — 411.6%. The
energy state for the UV facility as a whole is satisfactory.
In the withdrawal zone, the reservoir pressure has de-

Nanob%

creased by — 28% and is 20.2 MPa, in the injection zone
by — 10% and is 25.1 MPa.

Based on the analysis of the development of reserves,
some patterns of the mechanism of development of oil
reserves and clarification of the location of residual re-
serves by area and section of the reservoir were determined
in order to justify complex geological and technological
measures aimed at improving the state of development
[15, 16].

The UV1 object is at a late stage of development. Cu-
mulative oil recovery at the UV1 object as of 01.01.2024
amounted to 73% of the initial recoverable reserves
(categories A+B1). The current oil recovery factor is
0.275 units. The rate of recovery from the initial recover-
able involved reserves amounted to 0.9%, from the cur-
rent — 2.2%.

The maximum oil production was obtained from wells
located in contraction zones, usually confined to zones
of maximum oil-saturated thicknesses with high reservoir
compartmentalization and permeability heterogeneity.

It is obvious that the degree of development of oil
reserves (72.3%) does not correspond to the current water
cut of production (85.2%), which indirectly indicates
that today there are oil reserves that are not involved in
development.

The site contains two hydrodynamically isolated de-
posits of the layered dome type, lithologically screened
(Deposit 1 and Vostochnaya), which are characterized by
low filtration-capacity properties and low oil-saturated
thicknesses.

Factors complicating the process of extracting oil
reserves include the following: a significant portion of
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Fig. 11. Distribution of the operating well stock by water cut. Object UV1. Source Compiled by the authors
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the reserves is concentrated in the water-oil zone; low
reservoir properties of the deposits; the formation is not
consistent across the section.

The reasons for high water cut or its sharp increase
during operation were:

— breakthroughs of injected water from injection wells;

— depletion of reserves by a production well;

— flooding by bottom waters (mainly the Eastern de-
posit).

Based on a comprehensive analysis of the map data,
current water cut areas with watered wells (Fig. 10) are
identified, corresponding in plan to areas of high geologi-
cal heterogeneity. Based on the results of the FGT data
analysis for wells, watered intervals are identified — char-
acterized as highly permeable intervals of the formation
washed by injected water. Injection wells in these areas
are considered as candidate wells for performing work on
leveling the well inflow profile using flow-diverting tech-
nologies. The objects of impact are, first of all, layered
heterogeneous reservoirs developed as a single object and
in which the permeability coefficients of individual layers
differ several times.

Also, in conditions of high permeability heteroge-
neity along the section, uneven penetration of drilling
mud filtrate occurs during drilling of new wells and
sidetracks. By assessing and identifying zones and ar-
eas of increased heterogeneity, it becomes possible to
individually select drilling muds based on aphron com-
pounds for new wells. Aphron compounds are com-
pounds that are usually created using nanoparticles,
surfactants, etc. [17, 18, 19]. These drilling muds allow
to slow down the rate of filtrate penetration, which helps
to reduce the radius of contamination of the bottomhole
formation zone. Which in turn reduces additional costs
(bottomhole treatment, hydraulic fracturing, etc.) for
well development [20, 21].

DISCUSSIONS

The question of studying geological heterogeneity in
order to investigate its influence on oil production pro-
cesses has been asked for many years [2—5, 22]. Many
authors call permeability the main geological parameter
that has the greatest influence on the direction of filtra-
tion flows [3]. The described in this article studies have
confirmed this hypothesis, using the example of studied
UVI1 formation, the main parameter that controls pre-
mature water cut is permeability. It is very variable, both
in area and in section.

The theoretical significance of the obtained results
lies in the creation of a universal method for assessing
geological heterogeneity applicable to all conventional
oil fields. The practical significance is seen in the tool,
with the help of which it is possible to select and justify
geological and technical measures with greater efficiency,
as well as to prevent premature breakthroughs of injected
or bottom waters to the well bottoms.

CONCLUSION

As a result of the comprehensive analysis of geological
heterogeneity using the example of the UVI1 formation,
the following results were obtained:
the productive UVI formation accumulated in a coast-
al-marine environment, which is confirmed by chang-
es in sandiness, porosity and permeability along the
section;
in general, the object under study is characterized by
high heterogeneity, both in plan and in section, the
most variable indicator is the permeability coefficient;
areas of increased geological heterogeneity, as a rule,
belong to several sedimentation sub-environments:
highly permeable and highly porous, sandy bar bodies
and highly dissected, low permeability and sandiness
sub-environments of rip currents and storm waves;
almost all areas are characterized by increased water
content, as a result of the breakthrough of injected
water through the upper highly permeable layers.
Taking into account the obtained research results,
effective regulation of the filtration process in the UV1
formation seems possible by creating conditions for the
redistribution of filtration flows and involving previously
undrained low-permeability intervals in the development
using flow-diverting technologies of the physicochemical
methods of enhanced oil recovery (FCMEOR).

The use of technologies for leveling injectivity profiles
in zones with high permeability heterogeneity will sig-
nificantly reduce the volumes of injected and produced
water and involve previously undrained oil reserves in
development.

Another effective solution is drilling production hori-
zontal wells or sidetracks with horizontal termination in
undrained or poorly drained zones. However, there is
a problem of contamination of the bottomhole forma-
tion zone by penetration of drilling mud filtrate. In such
cases, it becomes appropriate to use drilling muds, which
are a thickened heterogeneous system of surfactants, bio-
polymers and aphrons — nanoparticles.
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AHHOTALMA

BBepeHume. Ha cerogHALWHMI AeHb AeTaNIbHOE M3yUYeHUNe reosIorMyeckoro CTPOEHUA MECTOPOXAEHNI HeDTU 1 ra3a UMeEeT OFPOMHOe
3HayeHue. MzyuyeHne n dopmanmsaLmsa reonornyeckoro CTPOeHNA BUAUTCA BOSMOXKHbBIM C MOMOLLbIO aHas3a reosIorMyecko HeoaHo-
pozHocTu. leonornyeckas HEOLHOPOAHOCTb OKa3bIBAET 3HAUMMOE BIIUAHME Ha CTEMNEHb BOB/IeUeHMsi 06 bema 3aexu B npolecce
LPEHMPOBaHUA, onpeaenaeT AOMUHUPYOLWME HarnpaBieHnA GUIbTPALIMOHHBIX MOTOKOB U XapaKTep BbiITeCHeHWA HedTn B npoLecce
3aBofHeHuA nnacta. Metoabl n maTtepuanbl. B pabote npeacTaBneHbl CTaTUCTUYECKME NMOKa3aTeNI OCHOBHbIX XapaKTePUCTYK
nnacta — NOPUCTOCTH, MPOHNLLAEMOCTH, PAaCUNIEHEHHOCTY, MECYAHUCTOCTK, @ TaKXKe KOMMJIEKCHbIE MOKa3aTeNn Makpo- 1 MUKPO-
HEOAHOPOAHOCTI NO pacnpeaeneHnio NPoHNLAaeMoCT. lNprBeaeHHbIE XapaKTepUCTUKIM NO3BONAIT OLEHNTb M3MEHUYMBOCTb KOJI-
neKTopa Kak no rnjowaau, Tak 1 no paspesy, T.e. B 06beme HepTerasoHoCHOro nnacta. PesynbraTbl. B faHHO paboTe ocBeLLeHbI
pe3ynbTaTbl KOMMIEKCHOTO aHaslM3a MUKPO- U MaKpOHEOAHOPOAHOCTH UCCNIeayeMoro o6bekTa U CONOCTaBNEHUSA BblAeNeHHbIX
30H C NMPOMbIC/TIOBbIMI AAHHBIMI MO SKCMyaTaLMmn CKBaXKWH. Llenbio nccnefoBaHus ABnAeTca pa3paboTka Ha NprMepe usyyeHus
nnacta OB, anropntma noa6opa reonoro-TexHoNOrMYecKrX MePONPUATHIA, B TOM YIC/Ie NPUMeHeHNe 6y PeHIA FoPU3OHTabHbIX
CKBAXKMH C MpUMeHeHreM adppoHocoaepKaLLx 6ypoBbIX pacTBOPOB HAa OCHOBE BbISIBIIEHVA FeONIOMMYECKMX U NMPOMbICTTOBbLIX NPK-
UVH NpeXxaeBpeMeHHO 06BOLHEHHOCTY f0ObIBAEMON NPOAYKLUMY 1 ONpeAeNeHUs Fe0NIorMyecknx GakTopoB, KOHTPOINPYIOLWKX
pacnpeneneHne oCTaToYHbIX 3aMacoB yrneBofopoaos. OnpeneneHne NPUYMH NpexxaeBpeMeHHON 06BOJAHEHHOCTY MOMOXKET
He TONbKO YCTPaHATb NpexaeBpeMeHHy0 06BOAHEHHOCTb, HO 11 MPOBOANUTL PaboTbl MO NpeaynpexaeHuio. 3aKnoyeHue. YcTa-
HOBJEHHbIE NMPUYNHBI NPEXAEBPEMEHHON OOBOHEHHOCTY CKBAXKVH B Pe3ysibTaTe NPOBEAEHHOro aHann3a No3BosAT onpefenunTb
nepCrneKTUBHbIE HAMPaB/IEHNSA MO ONTUMU3aLMMN CUCTEMbI Pa3PabOoTKU: MEPECMOTP CETKM CKBAXKUH, OypeHne HOBbIX FOPY30HTabHbIX
J06bIBAOLWNX 1 HAarHeTaTeNIbHbIX CKBaXKUH, 3MEHEHVE PEXMMOB PaboTbl, MPUMEHEHNE NMOTOKOOTKIIOHSIOLLMX TEXHOMOMMI U T.4.
YcTaHOBMeHWe HanpaBneHWi ABMXKeHNA dnonaa ¢ NOMOLLbIO aHann3a HeOAHOPOAHOCTUN NMOMOraeT onpefenuTb UCTOYHUKIN BOAbI,
KOTOpas NpexaeBpeMeHHO NOCTYNaeT B CKBaXKUHY (MOLOBLUEHHbIE U HarHeTaemble BOAbl).

KJTKOYEBDIE CJIOBA: reonormyeckas HeOgHOPOAHOCTb, MnacT FOB1, 06BoOgHEHHOCTb, CTaTUCTUYECKNIA aHanM3, abpoHOCoaepKa-
LWue 6ypoBble PacTBOPbI.

BJIATOAAPHOCTMW: Pa6oTa BbinosiHeHa npu noaaepxke MuHucTepcTea Haykuy 1 Bbicliero obpasoBaHms Poccuiickon Oefepauunm
no cornaweHuto N2 075-15-2022-297 B pamkax nporpammbl co3gaHus un pa3sutua HLIMY «PauunoHanbHoOe ocBOeHMEe 3anacoB KUAKNX
yrneBofopOAOB MNyIaHEeTbI».

AnA UUTUPOBAHUA:

Kotenés 10.A., CyntaHos L.X., Ynbucos A.B., YnnnknH B.M. KomnnekcHasa oLeHKa reonormyeckon HeogHOPOAHOCTY MIacTOBbIX
CUCTEM NPU peLIeHNN 3afjaun perynnpoBaHuA npoLecca BbipaboTky 3anacoB HedTn // HaHoTexHonorum B ctpoutenbctae. 2024.
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BBEAEHUE HOMEpHOI BBIpabOTKHU 3aracoB HedTtr. OJHUM U3 OC-
HOBHBIX (haKTOPOB, OKa3bIBAIOIIM BIIVSTHIE, SIBJISICTCS

Ha CETONIHAIIIHEM ATale pa3dBUTUS HedTEerazoBol  reojioruyeckoe CTpoeHue KosuiekTopa. M3yyeHue reo-
OTpacyii OCTaeTCsl aKTyaJIbHOU MpobJjiemMa HepaB-  JIOTMYECKO HEOJHOPOIHOCTH T1J1acTa MO3BOJISIET Kaye-
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CTBEHHO U KOJIMYECTBEHHO OLIEHUTh CTPOCHUE KOJUIEK-
topa. [Ton aTM TepMUHOM TOHUMAETCS U3MEHUYUBOCTh
MeTpo(U3NIECKUX CBOMCTB U (POPMBI 3aJIeTaHUsT KOJI-
JIEKTOPA B TIpeAesiaX TOPU30HTA WIX SKCILTYaTAlIMOHHOTO
00BbEKTa, KOTOPAs BIUSET HA XapaKTep MepeMelIeHUS
XKUIIKOCTEN U Ta3a Mpu J0ObIYE, pACTIPEECTIEHUE B 00b-
eMe MPOAYKTUBHOTO 1uiacTa 3amacos ¥YB [1].

OcHOBHas 1IeJIb UCCIEAOBAHUN — 3TO TOJyYeHUE
TOJIHOTO TIPEICTABIEHUS O T€OJIOTUYECKON HEOIHO-
ponnoctu 1uiacta FOB1 ms onpenenenust creneHu ee
BJIMSIHUS Ha TIPOLIeCcC BEIPAOOTKY 3amacoB. JlaHHas 1elb
00YCJIaBJIMBAET BHITOJIHEHUE CIECAYIONINX 3a0a4: U3y4e-
HHUE MUKDPO- 1 MAaKPOHEOTHOPOIHOCTH C TIOMOIIIBIO CTa-
TUCTUYECKUX METOJIOB; aHAJIU3 T€OJIOTO-TTPOMBICTIOBOM
nH(OpMaI; BHISIBIIEHUE T€OJIOTUYECKUX (haKTOPOB,
OKa3bIBAIOIINX HAUOOJIbILIEE BIUSHUE HA HEPABHOMEP-
HOCTb TIPOJIBMXKEHMST (DpOHTA HATHETAEMOW BOJIBI U TIPH -
YMH Pa3HOCKOPOCTHOM BbIPpAOOTKM 3aracoB Y B.

METOAbl U MATEPUAIIbI

W3ydeHune reosiornueckoii HEOMHOPOTHOCTH MHO-
TUMU YYEHBIMU TTPOBOJIUTCS TIYTEM pa3/ieieHUs ee
Ha HECKOJIBKO YPOBHE — MUKPO- 1 MAKPOHEOTHOPO/I -
HocThb [2—35]. [log MUKPOHEOTHOPOTHOCTHIO TOHUMAET-
Csl UBMEHYMBOCTH (DUJTbTPAIIMIOHHO-EMKOCTHBIX CBOMCTB
TJIaCTa-KOJUIEKTOPA, a MO/l MAaKPOHEOTHOPOTHOCTHIO —
W3MEHYMUBOCTbH IPOCTPAHCTBEHHOTO PACTIPOCTPAHEHUS
KOJIJIEKTOpA BHYTPU 3aJIEKU WIN SKCITyaTallMOHHOTO
o0bekTa [3, 5]. KonnmuecTBeHHO OLIEHUBAIOTCST OTH Tia-
paMeTphl ¢ TOMOIIBI0 KO(DHUIIMEHTOB TOPUCTOCTH,
TPOHUTIAEMOCTH (MUKPOHEOTHOPOTHOCTH ), PACUJICHEH-
HOCTH, TIECUAHNCTOCTH, PACITPOCTPAHEHU ST KOJUIEKTOpa
" T.1. (MAaKpPOHEOTHOPOTHOCTH).

OlieHKa Te0JI0THIeCKO HEOMHOPOTHOCTH BHITION-
HSIETCS TTyTeM TIPUMEHEHUS CTATUCTUIECKUX UHCTPY-

MEHTOB, KaK IPaBUJIO, C TIOMOIIBIO IECKPUIITUBHON
CTaTUCTUKMU.

OmicateTbHAs WM JeCKPUTITUBHAS CTAaTHCTHKA — 3TO
cOop 1 00paboTKa, T.€. cUcTeMaTU3allksl MAaCCUBA TAHHBIX,
KaK TIPaBWJIO, KOJTMIECTBEHHBIX, TIPOBOIUMAS C IIC/IBIO
MpeBpaLLeHKs ero B IPaKTUYHYIO /151 aHau3a hopmy [6].
OcHOBHa 11eJTb JAHHON METOMUKH 3aKJTI0YAeTCST B TIPEI-
CTaBJICHNU 00pabOTaHHBIX TaHHBIX B BUIC TUCTOTPAMM,
KPOCCIUTOTOB, TpapMKOB ¥ TAOJINII, a TAKIKE MX OIMMCAHNE
C MIOMOIIBIO OCHOBHBIX TTOKa3aresei cratuctuku (Min,
Max, ou T.1.) [7]. COOTBETCTBEHHO, CyIIIECTBYET TPY BUIA
TIPEICTaBIICHUST CUCTEMATU3POBAHHBIX TaHHBIX: 1) B BUIEe
rpauIecKrx MaTepruajaoB — TpaKU, TUarpaMMbl, TH-
cTorpaMMBI, KapTel, 3/1 KyObI 1 T.1.; 2) B BUIC TaOJINII,
VIOPSIOYEHHBIX M CTPYIIITIPOBAHHEIX TaHHBIX; 3) B BUIE
TTOKa3aTeJIeii, OIMMCHIBAIOIINX CTATUCTHKY.

CraTucTruecKue IoKa3aTe/IH IeISITCS Ha IBE TPYIIITHI
[7]: 1) moka3zarenn, XapakTepu3yIOIIIe IIEHTP TPYIIITIPO-
BaHUs MaHHBIX (X Me, Mo u T.11.); 2) moKasarenu, xa-

apud’
PAKTEPUIYIOINEC PACCCUBAHUC JAHHBIX (D, g, Ru T.I[.).

PE3VJIbTATbI

HccnenyeMblii 00bEKT MpeACTaBISIET COOOI B 3aj1e-
KM TJIaCTOBO-CBOIOBOTO THMA, KOJUIEKTOP TEPPUTEHHO-
r'O COCTaBa MpeCTaB/IeH MeCYaHO-aJeBPUTO-TJIMHUCTBIM
MaTepuajioM, MOKpPbIIIKa MpeacTaBieHa aprujiuTaMu
TOTYPCKOW MayKu.

®opMupoBaHNUE OTIIOKECHU ITPONCXOIUIO B MOP-
CKOIt 00CTaHOBKE, @ UMEHHO B TIPUOPEKHO-MOPCKOM
KOMILIEKCe B 00CTaHOBKE MPUOPEKHO-MOPCKOM paB-
HUHBI, HO C OBOJIBHO PacWwICHEHHBIM peibehOM I10-
BEPXHOCTU cpedbl cenuMeHTalMu. Ha BO3BBIIIEHHBIX
4yacTsx najgeopesbeda mporucxoauao oTjaoxkeHue dbapo-
BBIX TeJI BRITSTHYTOM (POPMBI, IIPEMMYIIIECTBEHHO, CeBe-
pO-3amagHoro MpocTUpaHus (puc. 1) ¢ yBeIMICHHBIM

1.00

Puc. 1. Kaprel addekTuBHoit MourHoCcTH 1 ecyanuctoctd maacta FOB1. Memoynuk coctaBieH aBTopaMu
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KOJIMYECTBOM I1€CYaHOI0 Marepuaja. B mOHMKeHHBIX
YyacTsX Iajieopeibeda oTMedyaeTcsl HEPaBHOMEPHOE
yepedoBaHUe TJIMHUCTBIX U MeCYaHbIX IIPOILJIACTKOB,
YTO XapaKTEPHO ISl OTJIOXKEHUI OY(hePHBIX 30H MEXIY
0GapOBBIMU TEJIAMU C YACTO MEHSIIOLIMMCS TUAPOAMHA -
MUYECKUM PEXUMOM ceauMeHTaunu (Cybo0cTaHOBKA
MPWIMBHBIX TEUEHUI U IITOPMOBBIX BOJIH) [8, 9, 10].
O06CTaHOBKA OCAJIKOHAKOIUIEHNUSI OKA3bIBAET HANOOJIb-
1Iee BAMSHUE Ha pacipeae/ieHne (puibTpaluoHHO-eM-
KOCTHBIX CBO#CTB [11—14].

CortacHO MPOBEICHHOMY CTATUCTUYECKOMY aHAJIM -
3y, KO3 (GULMEHT IOPUCTOCTHU B IIpeAesiax UCCIeIyeMO-
ro oobsekTa n3mensercs or 0,108 mo 0,256 mosneit exu-
Huu. CpenHee 3HaYeHUEe MOPUCTOCTH 110 Iutacty FOB1
JUISI PACCMAaTPUBAEMOTO MECTOPOXICHMSI COCTABIISICT
0,158 moneit emuHMII.

CorjacHo TUCTOTPAMMHOMY aHaIU3y, paclpeue-
JneHre KodhhULMeHTa IOPUCTOCTU OJM3KO K HOP-
MaJlbHOMY (T.€. MeIMaHa, MOJa U CpelHee 3HaUYeHUe
MPaKTUYECKU PaBHBI APYT APYTY), HAKMOOJIbIIAS YaCTOTa
BekpbiTus (11,35%) npunamnexut nHrepsany [0,152;
0,160] (puc. 2). TakKe BBICOKOI YaCTOTOM BCKPBITHS
(10,85 1 10,36%) xapakrepu3syiorcst uHtepsaibl [0,160;

0,167] u [0,145; 0,152] coorBeTcTBEeHHO. B 171aHE T10-
PHUCTOCTh BHYTPHY OTHCIHHOU 3aJIesKA pPaCIIpeaeIsIeTCs
OTHOCUTEJILHO paBHOMEpPHO (puc. 3). CpemxHssT TopH-
CTOCTb BOCTOUHOI1 3ayiexxu coctasisieT 0,169 n.ex, a 3a-
magHou — 0,155 n.exm.

s u3yaeHusI pacripenesieHus KoahUImeHTa mo-
PUCTOCTHU B pa3pese MpoaHaIN3NPOBaH I'e0JI0TO-CTaTH-
ctuaeckuii pazpe3 (I'CP), st yBemmueHNsT HATJISITHOCTH
IaHHbIC OBIIN pa3mesIcHBI Ha 4 YCIIOBHBIX KJIacca C paB-
aeIM marom (0,037 m.em.) — 0,108—0,145, 0,145—0,182,
0,182-0,219, 0,219-0,256 nm.en. (puc. 4). Beicokue
3HaueHUS KoadduimenTa mopuctoctr (> 0.182 m.em.)
pacmpenessTIoTCsI OTHOCUTEIFHO paBHOMEPHO 10 Beeit
tommuHe 1racta KOB1. YacTora BcTpeyaeMOCTH HI3-
Kux 3HaueHui K (o1 0,108 mo 0,145 m.em) n3MeHSIET-
¢ caenyromymM odpasom: 13% B BepxHeil yacTH ILja-
cta (cmou 1—19), 35% B cpenHeit yacTu 1iacta (Ciou
20—38), 45% B HYKHWMIT yacTy muiacta (ciou 39—57).
Cpennee 3HayeHue KoaduLMeHTa TOPUCTOCTU MO pa3-
pe3y ImpeacTaBlIieHO Ha puc. 5.

Bropoit aHammM3mpyeMBIii aBTOpaMU TTapaMeTp, KO-
TOPBII TTO3BOJISICT OLIEHUTh MUKPOHEOTHOPOIHOCTD
IUracta, — 3To Ko3(puimeHT mpoHmniraeMocTu. Pac-

Mopucrocts - Ceoticteo: Hoean ceTka
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0.45
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Puc. 2. TIucrorpamma Koa(dummenta mopucroctu miacta FOB1. Hemounuk cocraBieH aBTopamMmu

http://nanobuild.ru

475

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2024; 16 (5):
HaHoTexHONorum B cTpouTtenbCcTBe 473-484

Nanob

CUCTEMHDIE PELLIEHUA TEXHOJIOTUYECKUX ITPOBJIEM

e
870000
868000
866000
864000
| ss2000 -
3
5| 860000 |
1
ol 858000 1
Ll
856000
654000
852000
850000
248000 Puc. 3. Kapra koadummu-
8 o €HTA MOPHUCTOCTH IJIACTA
———
324I000 326]]00 328I00I) 33ﬂb00 332I00l] 334‘000 33GI000 338.000 340I00|} 342500 344I000 IOB1. Hemoutuxk coctan-
JICH aBTOpaMu
Property - PORO_NEW Copy3 (oTHocuTensHoe)
-0.2 0.0 0.2 04 0.8 1.0
1 1
0.108-0.145
10k 0.145-0.182
01820219 W
0.219-0.256
20
g 30+
S
40 -
50 - i

Puc. 4. I'CP ko3 pummenta nopucroct miacra FOB1. Hcmounux coctaBieH aBropamu
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Puc. 5. Cpennee 3nayenue Ko3gdunuenta nopuctocT no paspesy miacra FOB1. Hcmounux coctaBieH aBTopamu

TpeaeicHUe 3TOTO ITapaMeTpa — JIOTOHOPMaIbHOE
(T.e. morapudmM caydaifHON BEJIWUYMHBI, UMECT HOP-
MajbHOE pacrpeneiieHue) (puc. 6), MUHUMAaIbHbIE
3HayeHus paBHbI 0,12 * 1073 MKM?, MaKCUMaJbHBIE —
300+ 103 mxm? (R = 299,88 « 10-3 MkM?), cpenHee 3Ha-
yeHue — 18,86 ¢ 103 Mxm?, Mmeamana — 5,02 ¢ 1073 mxm?2.
Hawub6osnpiias yacrora BCKpbITUs — 8,1%, IpUHAIIEKUT
uHTepBany ot 4,1+ 107310 6,04 « 10~° Mxm>.

ITo mnomanu pacopeneneHne KoadduiumreHTa nmpo-
HUIIAEMOCTH OTHOCUTEIILHO paBHOMEPHOE, 32 MCKITIO-
YeHUEM JIOKAJbHBIX MOBHIIICHUIT TTPOHUIIAEMOCTH,
BO3MOXKHO, CBSI3aHHBIX ¢ HAIMIMEM IIPOBOASIINX pPa3-
JIOMOB B 3THX 0011acTsX (puc. 7). JIoTmoIHUTEIBHO ObLIa
TOACYNTaHA HEOTHOPOTHOCTD IT0 TIPOHUIIAEMOCTH TSI
OIICHKM €€ I10 pa3pe3y:

Heop.mp. = Knp.MaKc./KnpAcp.’ (1)

TIe K11p e, — MaKCUMaJIbHOE 3HAYEHHE KODD UL~
CHTA MIPOHULIAEMOCTH B CKBaXuHe, a K — cpexe-
B3BeILIEHHOE 3HaYeHe KO3 PULIUEHTA IIPOHNULIAEMOCTH

B DTOM XK€ CKBaXXMHE.

YyacTKu, Tae JaHHBINA ITOKA3aTeIb YUCICHHO TIpe-
BBIIIACT 3HAUCHUE 5-TH, CIMTAIOTCS BHICOKOHEOTHO-
POIHBIMH TI0 TIPOHUIIAEMOCTH B pa3pese. CTOUT TaKKe
OTMETHTh, UYTO IIPOHUIIAEMOCTD ITOBTOPSICT TPEHIT TIOPH-
CTOCTH TT0 YMEHBIIICHHUIO CPETHETO 3HAUCHUS OT KPOBJIN
IUTacTa KOJIJICKTOpa K ero IofoIiBe (puc. §).

AHAaJIOTIHBIN aHAIN3 C UCITOJIb30BAaHUEM JIECKPUII-
TUBHOI CTaTUCTUKY OBLT IIPOBEICH IS OLICHKHA MaKpO-
HeomHOpomHOCTH. KoahpHulmeHT pacwieHeHHOCTH 13-
MeHstetcst ot 0 mo 10,4 em, cpemHee 3HAYCHUE 110 TUIACTY
IOB1 — 4 en. Beicokue 3HaUCHMS 3TOTO TTOKa3atess (0T 7
1o 10 emn.) cocpemoToYeHBI B Oy(PepHBIX 30HAX MECUAHBIX
0apoB, T.e. B TeX MecCTax majeopenabeda, Tie, 1Mo yCiio-
BHUSIM, 0Opa30BaHMEM IIPOUCXOIUIIO YACTOC N3MEHEHUS
THIPOAMHAMIYCCKOTO PEXKIMa, BCIICICTBIE YeTO TI00Ye-
PEeIHO HAKATUTMBAJICS TTeCUYaHbIN U TIMHUCTHIN MaTepHrall.

KoaddprimenT rmecuancrocti usmeHsetcst ot 0 1o
1 n.en, cpearee 3HaueHue — 0,5 g.en (puc. 1). B miane
MaHHBIA MTOKAa3aTeJb pacIIpeaeiieTCs] OTHOCUTEIIHLHO
paBHOMEpPHO, MoBbIIIeHHbIe 3HaueHus1 (0,65—1 no.em)
BCTpeUaloTCs B 6apOBHIX TelIaX, CEBepO-3aIlafHOTO pac-
IIpocTpaHeHMsI. BocTouHas 3aj1eXb, TI0 CpaBHEHUIO C 3a-
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Puc. 6. Incrorpamma ko3 dunuenta nporunaemoctu miacra FOB1. XMcemounuk cocraBieH aBTopaMu
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Puc. 7. Kapra ko3 ¢uimmenTa npoHNIIAeMOCTH 11 HEOJHOPOIHOCTH O MPOHUIIAeMOCTH B pa3pe3e miacta IOB1.

Hcmounuk cocraBiaeH aBTOpaMu
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Puc. 8. Menuana pacnpenejenus Ko3¢uimenTa npoHnaeMocTn o paspe3sy miacta FOB1.

Hcmounuk cocraBiaeH aBTOpaMu

TagHOM, B CpeIHEM, OTIIMIaeTCs 00jIee BEICOKOI TIecya-
Huctocthio — 0,48 1 0,58 m.exm., cooTBeTCTBEHHO. Pacripe-
IieJIeHNEe KOJUIEKTOpa T10 pa3pe3y COBITagacT ¢ TUITOBBIM
pa3pe3oM IIPUOPEKHO-MOPCKUX OTIOKEHMIA (puc. 9).

B momonHeHMe K TaHHBIM MCCIICIOBAaHUSIM aBTOpa-
MU OBUT OIICHEH KOMIUICKCHBIN ITOKa3aTellb MaKpOHe-
OTHOPOTHOCTH, XapaKTCPUIYIOIINIA PaCWICHEHHOCTh
HCCIIEAYyeMOTo O0OBEKTa Ha CIMHUILY MOIITHOCTH ITOPOI-
KosutekTopoB. B cpemneM, 1o rutacty FOB1 yrmoMsaHy TN
noka3saresb paBeH 0,61 ex/m. [1iss 6apoOBbIX OTIOXKEHUIA
OH paBEeH OTHOCUTEIIFHO HU3KIUM 3HAYCHMSIM, YTO TOBO-
PUT 0 00JIee BEICOKMX TOJIIMHAX TTeCYaHBIX ITPOILIACT-
KOB B 3THX 00JIaCTSIX.

Hcxons n3 peanm3oBaHHBIX KapT, ructorpamMm 1 'CP,
aBTOpaMU OBITN BBIIEICHBI 4 00JIACTH TTOBBIIIIEHHOM Te0-
JIOTMYECKOM HeogHopoaHOCTH (puc. 10 1 Tadm. 1).

1 obaacmsb XapaKTepu3NPyeTCsT BBICOKO HEOITHOPOI -
HOCTBIO IIPOHUIIAEMOCTH B pa3pese u riane (0,15 1073
10 122+ 1073 MmxM?), cpenHee 3HaYeHKHE KOd(d. ITOPU-
crocty paBHO 0,15 1.e1, B I0XKHOI 9acTH 3TOit 00J1acTH
HaOmomarotcs 3HayeHus 10 0,11 m.ex., pacuJieHEHHOCTD
COOTBETCTBYET CpemdHelt o 1racty — 4 en., Koahhu-
IUEHT TIECYaHNCTOCTH BEIIIIE, YeM CPEIHUE IO TIIACTY

u coctapisteT 0,53 m.em., KOMIUIEKCHBIN ITOKa3aTeIb Ma-
KpoHeogHopoaHocTu paBeH 0,65 en/Mm.

2 06nacme OTIIMIACTCS BBICOKOM pacWICHEHHOCTHIO
(cpemHee 3HaUeHUE 4,4 e11.), OCOOCHHO B CEBEPHOM Ya-
ctr (mo 10 exd.), TIPpOHMIIAEMOCTbh OCOOEHHO HEPaBHO-
MEpPHO pacIpenelisieTcs B pa3pe3e, CpenHee 3HaUeHHIe
Koo dumenTa mopuctoctn coctasiset 0,15 m.exm., mec-
YAaHUCTOCTH MPAKTUICCKN paBHA CPEIHEH IO TIJIacTy,
ITOHIDKECHHBIC 3HAYCHUS PACIoIaraloTcs B BOCTOUHOM
YaCTH MaHHO# 00JacTH, KOMIUIEKCHBIN ITOKa3aTesrb
MaKpOHEOTHOPOTHOCTH paBeH 0,7 em/M, 9TO TOBOPUT
00 OTHOCUTEJIPHO MOHMKCHHOU TOJIIIMHE TIPOTIIACT-
KOB-KOJIJICKTOPOB.

3 obaacmob B CpeITHEM MMEET TOCTATOYHO BHICOKYIO
IIPOHMIIAEMOCTD, B TUTAHE €€ pacIpeneICHIE JOCTATO-
HO paBHOMEPHOE, OTHAKO IT0 pa3pe3y UMeeTcsl 09eHb
CHIIBHBINA pa3dpoc, Ko3hPUIIUEHT TOPUCTOCTU paBEeH
0,15 m.exm., pacwIEHEHHOCTh TIOCTATOYHO HU3Kas 1 B ce-
BEpHOIT YacTh paBHa | elI., TIeCYaHNCTOCTDb HITKE Cpell-
HEroO 110 IuTacTy u coctapisieT 0,46 1.e/., KOMIUIEKCHBIIA
IoKa3arejib MAKPOHEOAHOPOAHOCTU paBeH 0,65 en/M.

4 obaacme B TIEJIOM OTINYACTCS TTOBBIIICHHBIMU
XapaKTepUCTUKAMU OTHOCUTEILHO CPEIHUX IO TIjia-
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Puc. 9. I'CP no ky0y Jmurosnoruun no miacrty ¥0B1. Hcmounux I'CP coctaBieH aBTopamu, cxema [6]

068, %

Puc. 10. Kapra Tekymeii
ooBoanennocTy miacra IOB1.
Hcm()lmwc COCTAaBJICH aBTOpaMM

CTy, OCOOEHHO MO MpoHumaemMoctTu — 12,7+ 1073
u 23,5+ 1073 MKM?, COOTBETCTBEHHO, TaKXKe JaHHasi
00J1aCTh XapaKTepPU3yeTCsT BRICOKOI M3MEHUYNBOCTHIO
TIPOHUIIAEMOCTH TI0 pa3pe3y, CpeaHee 3HaUYeHNE KO3 -

¢ummenTa mopuctoctu coctapiseT 0,17 m.emd., pacdie-
HEHHOCTB COCTaBIIACT 4,5 e1I., B IIeHTpe 00J1aCTH HaOJII0-
TMAIOTCS HU3KME 3HAYeHUS (Mo 1 exm.), K mepudeprun OHA
Bo3pacTaioT (110 8,5 en1.), K03hPUIIMEHT TeCYaHUCTOCTH
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Tabauya 1
T'eosioro-¢u3myeckas xapakrepuctuka miacta lOB1
MHuKpoHeoaH. MakponeoH.
Hccnen.
6 " Koad. nop., Koad. mpon., | Koad. pacun., | Koad. mecu, LQINGUOLER, || Vel LT
O00BEKT - 10-* MKy - - MAaKpOHEO/I. KOJLJIEKTOpAa,
: . : en/m I.em
0,16 12,7 4 0,50 0,61
IOB1 0,11 - 0,26 0,12 — 300 0—-10,4 0,00 — 1,00 0,00 — 2,43 0,99
1 0061. 0,15 7,3 4 0,53 0,65 1
2 0071 0,15 8,1 4.4 0,49 0,70 1
3 00671. 0,15 12,9 3,4 0,46 0,65 1
4 o0u1. 0,17 23,5 4,5 0,64 0,40 1

Hcmounuk coctaBieH aBTOpaMMu.

cocrasisier 0,64 11.e11, KOMIUIEKCHBIN KO dUIIMEeHT Ma-
KPOHEOTHOPOTHOCTH cocTanisieT 0,4 /M, 9TO TOBOPUT
O TTOBBIIIICHHO TOIIIHE IPOHUIIAEMBIX IIPOILIACTKOB.

Ha ciemyroreM 3Tarie BHIITOJTHEHO COITOCTaBIICHNIE
PEe3yIIBTaTOB KOMILIEKCHOI OLIEHKY T'e0JIOTHICCKOM He-
OIHOPOTHOCTH C ITIPOMBICIOBEIMU JaHHBIMU 3KCILTya-
TaIlUY CKBaXKWH.

Ddopmuposanne cuctemsl ITIT]1 Ha o6bekTe FOBI1
ocytectBisgeTcs ¢ 1999 roma. Ha ocHoBHOI 3aj1exku
peann3oBaHa oOpallleHHas CeMHUTOUYeYHas CUCTeMa
B COUYCTAHMM C 09aroBoii, Ha BocTouHoIt 3amexku — n3-
OupaTebHas CUCTEMA.

ITo cocTosthmto Ha 01.01.2024 Ha 0OBEKTE YUCITUTCS
342 cxBaxkuHBI. JleficTByIOIIMIT DOOBIBAIOIIMIT (DOH]T CO-
craBiseT 125 ckBaxkuH. Bece cKBaXKMHBI 000pYI0BaHBI
yctaHoBKamu DIIH. M3 uncia HarHeTaTeIbHBIX CKBa-
KWH B aelictBytonieM pouae Haxoautcs 140. Koadopu-
IUEHT DKCIUTyaTalluy JTOOBIBAIOIINX CKBaXKH 3a 2023 T.
cocraBuia 0,95 npu cpenHeit ooBogHeHHOCTH 74,1%.
Bonee momoBuHBI cCKBaxknH — 102 CKBasXKMHBI — padboTa-
€T C 0OBOTHEHHOCTHIO TOOBIBAEMOI TIPOMYKIINU OoJIee
75%, B TOM 4ucCie ¢ OOBOIHEHHOCTHIO Oosee 90% —
69 cxBaxuH (puc. 11).

AHaM3 KOMIIEHCAIIMM OTOOPOB 3aKauKOM ITOKa3all,
YTO pa3paboTKa 00BEKTa COTIPOBOXKIACTCS 3HATUTEIIh-
HOM TepeKoMIleHcaleil 0TOOPOB 3aKauyKoil Boabl. Te-
KyIIlast KOMITEHCAIINSI, B 1IEJIOM, IT0 OOBEKTY COCTaBMIIA
192%, HakormneHHast — 411,6%. DHepreTrueckoe CoCTo-
SHWE, B 1IeJIOM, TT0 00beKTY HOB1 ymoBieTBopUTeIbHOE.
B 30He oTOOpa M1aCTOBOE JaBIeHUE CHUXKEHO Ha — 28%
u cocrasisteT 20,2 MIla, B 3oHe HarHetanus Ha — 10%
u cocTasisgeT 25,1 MI1a.

Ha ocHoBe aHa3a BEIPaOOTKY 3aI1aCOB OIIPEICIICHBI
HEKOTOPBIC 3aKOHOMEPHOCTH MEXaHMU3Ma BBIPaOOTKH
3aI1acoB HE(PTU M YTOUYHEHUSI MECTOIIOIOXECHUS OCTa-
TOYHBIX 3aI1aCOB IO TUTOIIAIN 1 pa3pe3y IIacTa ¢ IeIbio
000CHOBAaHMS KOMITJICKCHBIX T€0JIOTO-TEXHOJIOTUIECKIX

MEpOIPUSATHI, HAITPAaBJICHHBIX Ha COBEPIIICHCTBOBAHNE
COCTOSTHU pa3paborku [15, 16].

O6bexT FOB1 HaxomuTcs Ha TTO3MHEN CTaIuy pa3-
paborku. HakorieHHBI1 0TOOp HE(TU MO OOBEKTY
IOB1 na 01.01.2024 cocraun 73% OT HaYaabHBIX U3-
BJIcKaeMBbIX 3armacoB (Kareropuu A+B1). Texymmit KUH
coctasisteT 0,275 n.en. Temn oT6opa OT HaYaJIbHBIX
M3BJIEKAEMbIX BOBJIEKAaeMbIX 3armacoB coctabui 0,9%,
OT TeKyIInx — 2,2%.

MaxkcumaabHBIC OTOOPHEI He(DTH TTOTYICHBI 3 CKBa-
JKWH, PACITOJIOXKEHHBIX B 30HAX CTATUBAHUS, KaK IIpa-
BWJIO, IIPUYPOUCHHBIX K 30HAM MaKCUMAJIbHBIX HehTe-
HACHIIIEHHBIX TOJIIINH C BHICOKOI pacuJIeHCHHOCTHIO
IUIacTa U TIPOHMUIIAEMOCTHOI HEOTHOPOIHOCTHIO.

O4YeBUIHO, 9YTO CTEIICHb BRIPAOOTKH 3aI1acoB He(PTH
(72,3%) He COOTBETCTBYET TeKylleil 0OBOIHEHHOCTHU
npoaykuuu (85,2%), 4T0 KOCBEHHO CBUAETEIbCTBYET
0 TOM, YTO Ha CETONHSIIITHUN ICHb OCTAIOTCS 3aITachl
HedTH, He BOBJICUCHHBIC B Pa3pabOTKYy.

Ha o0beKTe BBIIEeICHBI 1Be TUAPOIMHAMIYCCKI pa3-
OOIIeHHBIC 3aJIEXKU TJIACTOBO CBOIOBOTO THIIA, JINTOJIO-
TUTYECKH SKpaHnpoBaHHBIC (3amexs 1 1 BocrouHas),
KOTOPBIC XapaKTePU3YIOTCS HU3KUMU (bHIITETPAITIOHHO-
€MKOCTHBIMH CBOMCTBAMHU 1 HEBBICOKMMHM He(hTeHACHI-
IIEHHBIMY TOJIITMHAMU.

K dakTopam, OCIOKHSIIOIINM IIPOLECC N3BIICUCHMS
3aI1acoB He(PTU, MOXKHO OTHECTHU CIICIYIOIINE: 3HAYN-
TeJIbHAS YaCTh 3aI1aCOB COCPEIOTOUCHA B BOMOHE(MDTSIHOM
30HE; HU3KME KOJUIEKTOPCKIE CBOMCTBA 3aJIeXKeif; ITacT
He BBIICPXKaH 110 pa3pesy.

[TpramHaMK BEICOKOM 00BOTHEHHOCTH MJIN PE3KOTO
ee YBeJIMICHUS B IIPOLIeCCe SKCILTyaTalluy ITOCTYKIIH:
— TIPOPBIBBI 3aKaUMBaeMOil BOIBI OT HarHETATEeIBHBIX

CKBaXWH;

— BBIPaOOTKA 3aITacOB TOOBIBAIOIIECH CKBaXKITHOM;
— 00OBOTHEHME TTONOIIBEHHBIMU BogaMH (IIperMYIIIe-
cTBeHHO BocTouHas 3a1exb).
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aBTOpaMu

Ha ocHOBe KOMITIICKCHOTO aHaJIN3a TaHHBIX, Ha Kap-
Te TeKyIeil 00BOMTHEHHOCTH BBIICICHEI 30HBI C 00BOJI-
HEHHBIMU cKBaxkuHaMmu (puc. 10), COOTBETCTBYIOIINE
B ITaHE Y9aCTKaM BBICOKOM T'eOJIOTUYECKO HEOMHO-
ponHocTtu. I1o pesdynbTatam aHanu3a naHHbix TITU,
10 CKBaXKMTHAM YCTAHOBJICHBI 00BOITHEHHBIC MHTCPBAJIBI,
XapaKTepU3YIIIecs KaK BOIOIIPOMEBITEIC HaTHETAe-
MO BOIOIT BBICOKOIIPOHUIIAEMbIC MHTEPBAJIBI TIJIACTA.
HarnerarenbHBIC CKBaXXKMHBI B 3TU 30HAX paccMaTpH-
BaIOTCS KaK CKBaXXWHBI-KaHIUOATHI IS IIPOBEICHUS
paboT 10 BEIpaBHUBAHMIO TTPOMWIIS TIPUTOKA CKBAXKH
¢ IPUMEHECHHNEM ITOTOKOOTKIIOHSIOIINX TEXHOJIOTHIA.
O0OBEeKTaMU BO3ICHCTBUS SIBIISIIOTCS, TIPEKIIE BCETO, TI0-
CIIOITHO-HEOTHOPOMTHBIC KOJUICKTOPHI, pa3padaThiBac-
MBbI€ KaK eIUHBI 00BEKT M B KOTOPHIX KOA(PDUIIMEHTHI
TIPOHUIIAEMOCTH OTIEIbHBIX IIPOCIOCB Pa3INIAIOTCS
B HECKOJIBKO pPa3.

Taxke B YCIOBUSIX BBICOKOI HEOTHOPOTHOCTH TIPO-
HUIIAEMOCTH TIO pa3pe3y IMPOMCXOIUT HepaBHOMEPHOE
TIPOHUKHOBEHNE (PHITBTpaTa 6ypoBOTO pPaCTBOPA BO BpeMsI
OypeHMS HOBBIX CKBaXKITH M OOKOBBIX CTBOJIOB. C ITOMO-
IIBIO OIICHKY W BBIICICHIS 30H M 00JIaCTEeH TTOBBIICHHOM
HCOIHOPOTHOCTH TTOSIBIIICTCSI BO3MOXHOCTDh MHIUBH-
IyaJTbHO TIOAOMPATH MIJIST HOBBIX CKBAaXKMH OYPOBBIC pac-
TBOPBI HAa OCHOBE a(hpOHOBBIX COCTMHEHMIT. AGPOHOBBIE
COCITMHEHUS — 3TO COCMMHEHMUSI, KOTOPBIE OOBIYHO CO3-
JAIOTCS C MCIIOIb30BaHNEM HAHOYACTHII, TIOBEPHOCTHO-
aKTUBHBIX BellecTB U T.1 [17, 18, 19]. JlanHbBIC OypOBBIC
PacTBOPEHI TTO3BOJISIOT 3aMEIUTATH CKOPOCTh IIPOHUKHOBE-
HUS (PUITBTpaTa, 9To CIIOCOOCTBYET YMEHBIIICHUIO PaIITyca
3arpsI3HEHUS TIPHU3a00IfHOI 30HHI T1acTa. YTo, B CBOIO
odepenb, YMEHBIIACT TOMOHUTEBHBIC 3aTpaThl (OI13,
I'PI1 u T.1.) Ha ocBoeHMe cKBaxKWHEI [20, 21].

OBCYAEHUA

BorpocoM n3ydeHns TeoIormueckKoii HeOMHOPOTHOCTH
C 1IETBI0 UCCIIeTOBAHMS ee BIMSHUS Ha TIPOLECCHl BhI-
paboTKM HeTH 3aTarOTCS y3Ke MHOTHE TOmbl [2—5, 22].
MHorue aBTOpbl Ha3bIBaIOT OCHOBHBIM T€OJIOTUYECKAM
mapaMeTpoOM, OKa3bIBAIOIIMM HauOOJIbIllee BIUSHHE
Ha HaTlpaBJieHue (QWIBTPALIMOHHBIX ITOTOKOB, — IMPOHU-
1maeMocTh [ 3]. Hammm rccnemoBaHyst IOATBEPIVIIN JAHHYIO
TMIIOTE3y Ha TIpUMepe Hallero n3ygaemoro miacra FOBI,
OCHOBHBIM TTapaMETPOM, KOHTPOJIMPYIOIINM TIpesKIeBpe-
MEHHYIO 00BOITHEHHOCTb, SIBIIICTCS TTPOHUIIaeMOocTh. OHa
BeCcbMa M3MEHUYMBA KaK 10 TIIOIIAIN, TaK 1 10 pa3pesy.

Teopernueckast 3HAUMMOCTD TTOJTYICHHBIX PE3YJIbTa-
TOB 3aKJTIOYACTCS B CO3MaHNU YHUBEPCATLHON METOMUKI
OLIEHKM T€0JIOTMYECKOI HEOTHOPOTHOCTH, TIPUMEHNMOI
KO BCEM TPATUIIMOHHBIM HE(DTIHBIM MECTOPOKICHUSIM.
[MpakTyeckast 3HAYMMOCTh BUIUTCS B MHCTPYMCHTE,
C TTOMOIIIBI0 KOTOPOTO MOXKHO MOI0NPaTh 1 00OCHOBBI-
BaTh T€0JIOTO-TEXHUYECKUE MEPOTIPUSITUS ¢ OOTbIIE
5 GEeKTUBHOCTHIO, a TaKKe TIPeAyIIPEXKIaTh MPeKIeB-
peMeHHBIE TTPOPBIBBI HATHETAEMBIX VJTU TTOIOIIBEHHBIX
BOJI K 32005IM CKBa>K1H.

3AKJTIOMEHUE

B pesynbTarte mpoBeIeHHOTO KOMITIEKCHOTO aHaTn3a
Te0JIOTUIECKO HEOMHOPOTHOCTH Ha TIpUMEpe TutacTa
IOB1 6bUH TTOTYYEHBI CIICOYIONINE Pe3yIbTaThl:

— mponyktuBHbIH ract KOB1 HakanmBaics B ipu-
OpeXXHO-MOPCKOI 00CTAaHOBKE, YTO IMOATBEPKIACTCS
U3MEHEHUSIMU TIECYaHNCTOCTU, TIOPUCTOCTHU U TIPO-
HUIIAEMOCTH TI0 pa3pesy;
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— B IIEJIOM HCCIICIyeMBIN OOBEKT XapaKTepU3yeTCsI BbI-
COKOIT HCOMHOPOTHOCTBIO KaK B TUTaHE, TaK 1 B pa3-
pese, HanboJIee M3MEHIMBBIM TTOKa3aTeJIeM SIBIISICTCS
K03 HULUEHT TPOHUIIAEMOCTH;

— 00JIaCTH MTOBBIIICHHOM T€0JI0TUICCKOIT HEOMHOPOI-
HOCTH, KaK IIPaBUJIO0, IIPUHAIICKAT HECKOJIBKIUM
Ccyb00CTaHOBKAM OCAaTKOHAKOIIJICHUS: BEICOKOIIPO-
HUIIAEMBIM 1 BHICOKOTIOPUCTHIM, TTeCYaHbIM 0apo-
BBIM TEJIAM W BEICOKOPACUJICHEHHBIM, TTOHKCHHOM
TIPOHMUIIAEMOCTH U TIeCYAaHUCTOCTH CyO0OCTaHOBKAM
Pa3pBIBHBIX TCUCHUI U IITOPMOBBIX BOJIH;

— TIOYTH BCE 00JIACTU XapaKTePU3YIOTCS TTOBBIIIICHHOMN
00BOIHEHHOCTBIO, BCJICICTBIE IIPOPHIBA HATHETAC-
MO BOIBI TTO BEPXHUM BBICOKOITPOHMIIAEMBIM TIPO-
TUTaCTKaM.

C y4eTOM TIOJIYyIeHHBIX pe3y/IbTaTOB UCCIICIOBAHMIA,
3(GEeKTUBHOE peryIrMpoBaHue Mpolecca PUIbTpalnn
o 1acTy FOB1 BumuTCS BO3MOKHBIM ITyTEM CO3TaHUS
yCIIOBHIT epepacipenaeieHus (PUIbTPalnOHHBIX TTOTO-

CMNCOK NCTOYHUKOB

KOB 1 BOBJICUCHUS B pa3pabOTKy paHee He IPCHUPYEMBIX
CJ1a00MPOHUIIAEMbBIX UHTEPBAJIOB C IPUMEHEHUEM MO-
TOKOOTKJIOHAOIMX TexHoornii DXMYH.

[IprMeHeHMe TEXHOIOTHIA BEIpaBHUBAHUS TIPODIIICit
IIPUEMHCTOCTH B 30HAX C BHICOKOI ITPOHMUIIAEMOCTBIO
1 HEOTHOPOTHOCTHIO TTO3BOJIUT CYIIECTBEHHO COKpa-
TUTh 00BEMBI 3aKAUMBAEMOI M TIOIYTHO-IOO0BIBaeMOIt
BOIBI I BOBJICYb B pa3pabOTKy paHee HeAPEHUPyeMbIe
3arachl He(TH.

Eme ogauM 3(p(PeKTUBHBIM pellicHUEeM SIBIISICTCS
OypeHMe TOOBIBAIOIINX TOPU30HTAIBHBIX CKBAKITH VITA
OOKOBBIX CTBOJIOB C TOPM3OHTAIBHBIM OKOHYAHNEM B He-
IPEeHUpPYEMBIe WX caboapeHnpyeMble 30HbBI. OMHAKO
CYIIECTBYET ITpodJIeMa 3arpsI3HeHIS IPU3a00MHOM 30HEI
IUTacTa MyTeM IMPOHUKHOBEHUS (DUIbTpaTa OYpOBOTO
pacTBopa. B Takmx cirydasix CTaHOBUTCS 11€10CO00pa3-
HBIM TIpUMEHEHME OYPOBBIX PACTBOPOB, KOTOPBIC TIPEI-
CTaBIISIIOT COOOI 3aryIICHHYIO TeTCPOTEHHYIO CUCTEMY
n3 [TAB, 6uononmepoB 1 apoOHOB — HAHOYACTUII.
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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 MPY HANIMYUM JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuueit )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 ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: 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 pefaKkumio 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, HApYLUEHUA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM pPeLleHmns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
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 MHTEPEeCOoB, MPOUCTEKAOLMIA U3 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 NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
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 3TUYECKOro 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 [MTABHOrO PefakTopa, YieHbl pefaKLUNOHHON KOMMeruun, aBtTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpy 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
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU 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
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE 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 JaHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CNoCcoOCTBYET 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 YOeauTenbHOe CBUAETENbCTBO HaPYLUEHUs, 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 «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY 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 U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA niarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT 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 OoTpuMUaTeSIbHbIX pe3yfibTaTax, 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 HesaMeaMTeNbHO 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.A., Laaxmvetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HAYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHusa // 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)

Information about the author (authors) (In Russian)

— 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.

Example.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWsA
3KkoHOMUKYecKoro ¢akynbteta CaHKT-IeTepbyprckoro rocyfapctBeHHoOro yHmsepcuteta, CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In Russian):

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.).

lMpumep.

Mopo3oBa M.C. - HayyHOe PYKOBOACTBO; KOHLENUUA UCC/IefOBaHUA; Pa3BUTME METOAONOrMK; ydyactue
B pa3paboTke yueOHbIX MPorpamMm 1 nx peannsaunm; HanMcaHne NCXOAHOTO TEKCTA; NTOrOBble BbIBOAbI.
bokoBa E.B. - yuyacTve B pa3paboTke yueOHbIX MporpaMm 1 Ux peanvsauuu; [opaboTka TEKCTa; UTOroBble
BbIBOADbI.

The authors declare no conflicts of interests. (In Russian)

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.
(In Russian)

Manuscript text

File format
The editors accept texts saved using Microsoft Word in .rtf format.

Text layout

Use the font Times New Roman, font size — 14 pt., and 1.5 line spacing;

Do not use an underscore in the text (for subtitles — use bold, to highlight text — use italics);

Non-Russian languages titles (journals, organizations, etc.) should be left in the original, enclosed in quotes.
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

References

The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
authors should obtain written permission to refer to these documents and evidence that they are accepted for pub-
lication. Information from unpublished sources must be marked with the words “unpublished data / documents,” the
authors must also receive written confirmation of the use of such materials. The journal adopted the Vancouver style
of reference design and citation.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
references to this work.

Privacy Statement

Specified when registering the names and addresses will be used solely for technical purposes of a contact with
the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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MPABWUJIA AN1d ABTOPOB

Mpuem craTten

ABTOpbI NpeaCTaBnAIOT B pefakuuio:
+  PYKOMUCK B 311eKTPOHHOM Buge no e-mail: info@nanobuild.ru;
+  COMpPOBOAMTENbHOE NMMCbMO (pefaKLmMA BbiCbIIaeT aBTopam obpaseL, no nx npeBapuTesibHOMYy 3anpocy).
ABTOpbI NY6NMKYeMbIX B XypHane MaTepuanos [OMycKaloT UCMONb30BaHNE KOHTEHTA B COOTBETCTBUM C JINLIEH-
3uen Creative Commons Attribution 4.0 International (CC-BY 4.0); cornacHbl ¢ pa3melleHnemM B OTKPbITOM JOCTyre
MOJIHbIX TEKCTOB CTaTel (MX COCTABHbIX YacTel Uy MeTafaHHbIX) B VIHTepHeTe Ha canTe nsgaHua (www.nanobuild.
ru), B crctemax UMTnpoBaHus (6aszax faHHbix). O6 3STOM aBTOPbI YKa3biBatoT B CONPOBOANTENIbHOM NUCbMe. [ogpo6Ho
o nuueH3um Creative Commons Attribution 4.0 International (CC-BY 4.0)cmoTpuTe 3gech https://creativecommons.
org/licenses/by/4.0/deed.ru.

MpepcTaBneHne cTaTby B XKypHan nogpa3yMeBaeT, uTo:
+ paboTa He Gbina onyb6MKoBaHa paHee B APYrom XKypHare;
+  He HaXOAWTCA Ha PaCCMOTPEHUN B IPYrOM XKypHarne;
+  BCE COABTOPbI COMacHbI C NyGNMKaLuein cTaTby;
+  MOJNyYEHO COoracue — HeIBHOE WM ABHOE — OpraHm3aLmm, B KOTOPOW nccnefoBaHme 6bi1o NPoBeaeHo.

NHdopmauums o KOHPNNKTe MHTepecoB
B cTtaTbe crniepyeT yKkasaTb Ha peanbHblii NN NOTEHLMANbHbIN KOHPANKT MHTepecoB. Ecnn KoHpnnKTa nHtepecos
HeT, TO ClelyeT HanncaTb, YTO «aBTOP 3aABNAET 00 OTCYTCTBUM KOHGNUKTa MHTEPECOBY.

Mpwu npeacTaBneHNN PyKONuCK B }KypHaJl aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAEP>KaHNE CTaTbll COOTBECTBY-
eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 opOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
obopMIEHbI KOPPEKTHO, YKa3aHbl MCTOUYHVIKYM /st TabnuL, U pYCYHKOB (eC/Y He YKa3aHO MHOE, NPeAnonaraeTcs, 4to
TabnULbI U PUCYHKU CO34aHbl aBTOPOM).

OCHOBHbIe pasaenbl XKypHana:
+  CTpOWTENbHOE MaTepunanoBeaeHye;
«  UCCnefoBaHMe CBOWCTB HAHOMATepPUanos;
«  pe3ynbTaTbl NCCNIE[OBaHUIA YUEHbIX 1 CNeLuanncTos;
«  TEXHOMOIMM NPOV3BOACTBA CTPOUTENbHBIX MAaTEPVANOB U U3LENNiA;
«  MeXAyHapoLHOe HayYyHO-TEXHNYECKOE COTPYAHNYECTBO;
+ 0630p n306peTeHun B 0611aCT HAHOMHAYCTPUN
+ pa3paboTKa HOBbIX MaTEPMAsOB;
+  pauroHaibHOE MCMONb30BaHNe NPUPOLHbBIX PECYPCOB;
«  3pdEKTUBHOE NCMONb30BaHNE BTOPUYHOTO ChIPbs;
+  MPVIMEHEHME HAHOTEXHOMOIMIN 1 HAHOMATEPUASIOB B CTPOUTENBCTBE;
+  CUCTEMHbIE PELLIEHUA TEXHONOMMYECKNX Npobnem;
+ B CMeXHbIX OTpacnax;
«  ¢$OopyMmbl, BbICTaBKM, KOHbEPEHUMY, MEPONPUATUSA CTPOUTENIbHON OTPAC/ Y HAHOUHAYCTPUN.

B xxypHane ny6aunKyiotca paboTbl nNo cnepylowWwym TeMam: Co3faHne HOBbIX GYHKLMOHaNbHbIX MaTepPUasos;
pa3paboTka Teopun GOPMUPOBaAHNUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPMPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUSI HAHOMATEPMASIOB U HAHOTEXHOMOMMIA B CTPOUTENIBCTBE U CTPOUTENbHBIX MaTepuanax; LLeMeHTHble
N Apyrvie BsXyLve C MUHEePanbHbIMU 11 OpraHMYecKMy fo6aBKamuy; AVArHOCTVIKA HAHOCTPYKTYP M HAaHOMATepuasnoB
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIefOBaHNsA CBOWCTB HAaHOMATEPUANOB; MOANDULNPOBAHNE CTPOUTENBHbBIX
MaTepranoB HAHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3VLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMMPOBAHME Ha-
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