











MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

000 «<MHCTUTYT «KPBIMI ' MAHTH3»
295022, PecryGka Kpbim, r-Cimreporios, ya. Tammkw, 68.
Ten.+7(3652)55-04-00. hac: +7(3652)69-24-39 E-mail: info@kriintiz.ru www.krgiintiz.ru
OFPH 1159102054253 MHH/KITI 9102169394 /910201001
HUnen CPO Accoumauns «OTTIO» pervctpauonHsifi Ne 116 ot 27.09.2018 r.

M3JeNUH.

295022, PK, r.Crvpeponions, ys. aunin, 68, aur. «
Arrectar HCTIBITATENILHOM
110 21 snBaps 2024 r. {ig

7(3652)35.

OCAY)
ATOPHA |

Vs

pgzjienenem O3uC MCul
v AM.Conoseii

NS

R

Tlporoxon nemsrranuii Ne CT 0140-0143
o129 mapra 2023 1.

Ne5.78-23 ot 27 mapra 2023 1.
000 «HI1O BETOXUMHKC»

Torosop
Haumerosanue
sakauuka
Axpec
sakazauka

295017, PP, PecniyGaika Kpsiv, r. CHM(eponion, ya. BeTxopera, 1. 162,

Hinpopmauns 06 00beKTe HCMbITAHAS
Ky6ukn anTsre.

Hanmenosanne
obvexra
HanmeHosante npo6

Betotnsic kyGbi paswepom 100x100x100MM.
i Ne 140-143

Tlata warotosnenia
npodht
Hupopmauus 06

27.02.2023 | Jlata nocTynacnus npode: B naGopatopuio 27.03.2023 .

TipoGhi nonysetsi o akTy ot 27.03.2023 . OGpasiisl 0TobpaHsl Ha CTpoNTowaAKe. B 0T60pe 1
0

oT60pe Npoh npo6 yuactus He 2
oT60pa npob, XpaHeHus u HeCeT 3aKa3UMK.
Llean ucnbITanmi
[ usHKO-MexaHm GeTOHHbIX 06Pa3IIOB.
Cpeacrea 3MepeHuii, HCMOb3yeMble NPH NPOBEICHHH HCNBITAHMH
Ne
n/n H wtan CH 3as. Ne Csenenns 0 nosepke
T | Tipece runpasanaeckni TIMM-125 285 CBUACTENLCTBO 0 NoBepKe NeC-KK/06-12-
> 2022/208982695 nefictaurensho 10 05.12.2023 r.
2 | Wrasrenuupkyas WLL-1-125-0.1-2 F36892 Cernetenscrso o nosepke NeC-KK/17-01-
2023/216365704 neii 10 16.01.2024 r.
3 | Becwl nabopatopbie BM-3101, per. pre. CBUAETENbCTEO O oBepke NeC-KK/02-06-
Ne36468-07, - 2022/161992917 neiictautensro 10 01.06.2023 r.
Hcner e, uen TIpH NpoBeAeHHn i
Ne
wn nan UO 3ap. Ne Caenetms 06 arrectaumu
1 | Kamepa HopManbHOTO TBEpACHHA 1 “Atrectar 01.00004.23 ot 13.01.2023 r.
BAQKHOTO XpaHeHus oGpasuos KHT- 150909 AelicTBuTenbHO 110 12.01.2024 1.
72

TexuuyecKue YCJIOBHS M METOAMKH MCHBLITAHHI
TOCT 10180-2012 «Berorsi. Metoast p o K
oGpasuam», TOCT 12730.0-2020 «BeToHsI. MeTojIbi ONpeienienma mIOTHOCTH,
BAGKHOCTH, BOJOMOTTIOUIEHHS, OPHCTOCTH # BOAOKENpOKHLAEMOCTH, [OCT 26633-2015

MeTOoAMKH MCTIbITAHMH:
(wndprt HII,
HaUMEHOBaHUE METOANK)

«BeToHbl TAXENbIE U MenKosepHUCTbIE. Texuuueckue yenosua» FOCT 18105-2018
«[IpaBuia KOHTPOAS U OUCHKM_MPOUHOCTHY
(mponosIKeH e MPOTOKONA HA CTPAHMIE 2)

Puc. 6. IIporokon ucnbiranuii ruapododHoro 6eTona Ha kpemHe3osie «Dmokc-1I'D» npu ero pacxoze Mo Cyxomy
BemectBy 0,005% Kk nementy (5 r Ha 100 Kr) K KOHTPOJILHOMY 0€3 XuMuH. Pe3yibTaT NcnbITaHMii — NOBBIIEHHE POY-
HOCTH Ha +25% npu paBHOM B/11, KOJINYeCTBE BSKYHIET0 BEIECTBA W INIOTHOCTH JIUTOro 0eToHa. Tak MoryT padoTaThb

JIMIIb TOJIBKO OJHU HaHOMOI[l/l(bl/lKaTopr

BOIOHETIPOHUIIAEMOTO OETOHA TT0 TaK Ha3bIBaeMOI TEX-
HoJIOTUHM «0Oef1ast BaHHa». [1py Takoif TeXHOIOTHHI OETOH
IOJKCH OBITH HE TOJBKO KaUeCTBEHHBIN, HO M UMETh
B/LI xe BoImre 0,38!

151 TIpOM3BONICTBA TOPOKHBIX M a3POAPOMHEBIX TIIHT,
K KOTOPBIM MPEAbSIBISIOTCS 00J1€€ KECTKIE TPEOOBAHMS
10 TIPOTUBOCTOSTHUIO COJICBOM arpecChy, YeM K OOBIU-
HBIM TUTUTaM OCTOHHBIM TPOTYapHBIM, TIpeIjiaracM JIiv-
o oOHBII KpeMHe30J1b «Dmokc-2I'D», KOTophIil Ipr
3aMece BBOIMUTCS B TSDKEIIBIN OETOH TaKKe B MOJIMKApP-
OOKCHMJIATHOM THITEPILIACTH(DUKATOPE U B TOM Ke caMOit
IO3UpoBKe. JlaHHBINM KpeMHE30JTb IIOBHIIIACT IPOYHOCTh
OcTOHA Ha pacTsKeHME TIPU M3THUOE, YTO OUCHB BasKHO
KaK MpH CHJIBHBIX TMHAMIYIECKIX Harpy3Kax, TaK 1 IIpu
CTaTHMYECKUX, OCOOCHHO Ha TOPOKHBIX ITOKPHITHSIX 1 Ha
B3JIETHBIX IT0JI0caxX a3poapoMoB. Toibko «Dmokc-2I'MD»
HEJIb3s 3aMOpaXknBaTh, B otimuue oT «Dmokc-1TdD»,
¥ OH HE MOXET pab0TaTh KaK IPOTUBOMOPO3HAsT JOOABKA:
HICKHUIA ero Tipenen +5°C. B To ke BpeMst TIpu yCTpOii-
CTBE MOPOKHBIX TTOKPHITHI 1 B3JICTHBIX ITOJIOC OH OYICT
He3aMEHHNM, TaK KaK SIBHO ITOBBIIIIAET COITPOTUBIISIEMOCTD
COJICBOIT KOPPO3UHU K UCTHPAHIIO OETOHHOM TTOBEPXHOCTH
TIpH TIPAKTUYECKU HYJIEBOM €€ BOIOTIOTJIOIICHIM.

65

Crabuan3npoBaHHBIC B IIPOIlecce MPOM3BOACTBA
CHeIIMAIbHBIMI XUMUUYECKMMHU BEIIECTBAMU W BHI-
cokomoJiekynasipHbiMu [TAB nnodoOHbIe 30711 cepun
«BETOITPECC»® u Bce oTeuecTBEHHBIE XUMUYECKIE
n00aBKU ¢ MX J0OaBJIeHUEM MPEACTABIISIIOT UIN Xe Oy-
IyT TIPEACTABIIATh COOOM MHANBUIYAIbHBIC KOJUIOWI-
HBIE PACTBOPHI, T KaXKIBIH IO OTACITLHOCTH JOJIKEH
HUMETh CBOIO HETIOBTOPUMYIO popmyry. BriocnencTsum
MaHHBIC TPOAYKTHI CMOTYT XPAaHUTHCSI MPAKTUICCKU
rogamMu 1 0e3 moTepy HOBOIIPHUOOPETEHHBIX CBOVICTB,
HamboJiee BaXKHOE M3 KOTOPBIX KPUCTAITIO00pa30BaHMe
B CTPYKType IIEMEHTHOTO KaMHsI, B TIOpaX 1 KaImIIsIpax,
OO0 B TIOBEPXHOCTH, B 3aBUCUIMOCTH OT IIPUPOIBI 30J15T
IIPpY COOJTIOIEHNUH BCeX PEKOMEHIAIINI 1 YCIIOBHUIA. BoT
TeTepb MOKHO YETKO Pa3IeUTh BCE CYIICCTBYIOIINE
XUMUWYeCKHNe N100aBKu B 0eToH Ha Tepputopun CHT
Ha JIBe OCHOBHBIC TPYIITHI, TII¢ B TIEPBYIO TPYITITY BOMIYT
boJiee OBYX JHECATKOB CIIOKHBIX KOJUIOMITHBIX PACTBO-
poB B BuJe 110(hOOHBIX 30J1ei TToa ToBapHBIM 3HAKOM
«BETOITPECC», a Bo BTOpYIO BCe ocTajlbHbIe. U coBceM
HEeBaXXHO, OT KaKNX MMEHHO IIPON3BOIUTENICH, HO TOJIb-
KO JINIITh KaK UCTUHHBIC PACTBOPHI, KOTOPBIX B Poccum
Ha CeromHS IOpSIAKa MATUCOT Ha3BaHUM, M BCe OHU
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TIPOIYKTHI HETIOCPEACTBEHHO B (hOpMe MHHOBAIIMOH-
HBIX 30JIbCOICPKAIINX MOAN(PUKATOPOB KATETOPUH TTPO-
MBIIIUICHHBIX HAHOMAaTePHUAIOB KaK IJIsST BHYTPEHHETO
MOTpeOJIeHNS, TaK M Ha 3KCIopT. UYTo, B CBOIO 0Uepeb,
TIO3BOJIUT BCEM pPeTHMOHAM Ha MECTaX IIPOMU3BOIUTH TSI-
JKeJIbIe IIEMEHTHBIC OCTOHBI M U3IEUS CO CITCIINAIbHO
3aJaHHBIMU CBOMCTBAMM TSI XKVUTBIX ¥ TIPOMBIIIITICHHBIX
3MaHW, IJIST MOCTOB U KaHAJIOB, IIJIT OETOHHBIX TOPOT
¥ a3pOIPOMOB, IIJII TOHHEJICH M METPOIIOIUTEHOB, IS
OPTOB ¥ IpudajoB, Wit ADC 1 XpaHWIUII OTXOIO0B
" Tak majee. KoutekTuB Halneit KoOMITaHUM He TOJBKO
IyMaeT O OBICTPOM IMOCTIKeHUN Poccueil TeXHoIorn-
YeCKOro CyBEepeHHUTETa B IIPECTIDKHON 001aCTH HAHO-
TEXHOJIOTHI1, HO 1 He TepecTaeT Ha 3To paboTars! M Kak
pe3yNbTaT paboTHl —HAJMYIME TPYIITHl MHHOBAIIMOHHBIX
HAHOIIPOAYKTOB Ha 0a3e¢ 0TeUYeCTBEHHOTO CBIPhS, IIPO-
CTO He MMEIOIINX ceOe aHAJIOTOB IaXKe Ha 3arane, Kak,
BIIPOYEM, ¥ CAMUX TEXHOJIOTHI [JIST X TIPOM3BOICTBA.
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ABSTRACT

Introduction. The study is aimed at analyzing the possibility of creating a building composite material based on amylose and
amylopectin with the introduction of crushed walnut shells as a filler. Materials and methods of research. To obtain the com-
posite, the following components were used: distilled water, potato starch (NevaReaktiv, St. Petersburg, Russia), acetic acid 70%
(NevaReaktiv, St. Petersburg, Russia), highly dispersed walnut shell powder. For this research, we used walnut shells of the Chandler
variety (engrafted) collected form the Belgorod region. The composite was produced in several stages. At the first stage, a mixture
of starch and walnut shells was added to distilled water, followed by a pre-prepared 9% acetic acid solution. The resulting mixture
was thoroughly mixed, after which it was transferred to a stainless-steel bowl and subjected to heat treatment. The resulting mixture
was then pressed with solid-phase compaction method at a pressure of 72 MPa. We studied the physical and mechanical charac-
teristic of the resulting composite, its thermal properties, as well as the hydrophobic-hydrophilic balance of the surface. Results
and discussion. The resulting composite has good strength characteristics. Flexural strength at break is o, = 25.85+2.51 MPa and
0, = 28.44+5.71 MPa for filling 50% weight and 75% weight. Accordingly, they put it on a par with similar composites made from more
conventional thermo- and thermoset polymers. The temperature limit for the composite material exploitation has been established,
the upper of which can be considered the temperature at which the polymer matrix begins to soften — 103.1 °C. Conclusion. The
results obtained are crucial for understanding the mechanisms involved in creating composite materials made entirely from plant
components, utilizing, among other factors, agro-industrial waste.

KEYWORDS: botanical raw materials, highly dispersed walnut shell powder, composite material, starch, contact angle of wetting,
thermal properties, flexural strength.
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INTRODUCTION

everal years ago, the development of high-tech in-

dustries began to be marked by the active integration
of composite materials and exploration into their poten-
tial applications. Through the identification of neces-
sary compositions, it became possible to create materials
with specific technological specifications. Certain metals
have lost competitiveness under extreme operating con-
ditions due to the exceptional properties of composite
materials, including corrosion resistance, high strength,
and heat resistance. Another benefit of composite ma-

terials is their ease of production without the need for
additional processing, thereby lowering the economic
costs associated with prolonged, multi-step material pre-
production [1—-3]. This aspect makes them particularly
attractive especially + particularly for autonomous appli-
cation in the construction industry, the industry of creat-
ing advanced spacecraft [4], as well as for strengthening
building structures through high-strength connections [5,
6]. Operational parameters are defined during the mate-
rial creation process, considering = taking into account
the thermal, chemical, mechanical properties, and aniso-
tropic behavior of the final product [7].
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With the development of the composite materials
sector, they have become high-demand resources for
high-tech industries. Scientists began to study the pos-
sibility of introducing various reinforcing substances into
the polymer matrix to improve physical and mechanical
characteristics. Unreinforced polymers can be used for
cladding buildings and as finishing materials [8]. Fiber-
reinforced polymers are high-strength, lightweight, cor-
rosion-resistant materials that can be used to create all-
composite structures, to strengthen bridges and buildings,
and the provision of thermal and sound insulation for
buildings [9, 10]. During the creation of these materials,
the matrix substance encases and anchors the reinforcing
fibers in specific + certain positions, fostering a robust
material interaction at the intercellular level [8].

In the process of widening the scope of application
of composite materials, the operational requirements
for the final products have been changing, which gener-
ated the search for new solutions — modification with
chemicals. Due to the introduction of new components,
the properties and characteristics of the substance with
additives have changed. Modifiers in some cases+ In cer-
tain instances facilitate the process of processing products,
and also enhance resistance to various forms of degrada-
tion, as well as increasing resistance to combustion. Fillers
can be organic or inorganic in nature [11, 12].

In turn, they are divided into three groups upon
their physical state: dispersed (powdery), fibrous and
leafy. The activity of fillers is determined by the follow-
ing factors: the energy of adhesion of the polymer to
the filler, particle dispersion, and the ratio of filler to
polymer. For better interaction, the surface of the filler
can be further modified. Accordingly, any filler can be
made active if necessary [13]. The resource-saving tech-
nologies research has become popular in the further
development of science. Composite materials are now
created with fillers from various waste materials: wood
waste [14], metallurgical industry waste [15], waste from
the production of cement bonded particle boards [16]
and produced with environmentally friendly agricultural
wastes fillers [17—20].

Each filler contributed to the improvement of certain
strength, decorative, heat-resistant, and corrosion-re-
sistant characteristics of the material. Utilized resource-
saving technologies has effectively solved the problem
of reusing raw materials and reclamation of unrecyclable
wastes. The production of composites from natural fibers
will reduce the use of non-degradable materials.

Modified organic fillers in the matrix of thermoplastic
polymers will significantly reduce the cost of the product.
Filler modification can generally improve the physical
and mechanical properties of the finished material [21,
22]. Polymer composites modified with organic fillers are
a competitive alternative to conventional wooden con-
struction materials.

Lignified parts of agricultural wastes are of particu-
lar interest: husks, shells, stems and shells of various
plants. They are not commonly used in other fields and
are a waste of resources. Therefore, it is an inexpensive
raw material that can be re-used and effectively applied.
[23]. Walnut shells contain a large amount of lignocel-
lulose. Its introduction into the polymer matrix as filler
improves the properties of the material, giving it a lower
density, physical and mechanical stability due to the cre-
ation of strong bonds. To replace the synthetic component
in the polymer matrix, a mixture based on amylose and
aminopectin will be used. The main benefits of replacing
synthetic, inorganic fillers include their natural origin,
their high physical and mechanical strength, and their
good thermal insulating properties.

The final product will be environmentally friendly
and durable, with resistance to external influences. As
the components interact, the beneficial qualities of each
individual component will have a positive impact on
the properties of the final material. Safety for organisms
and the environment will be the main criterion for this
material [24]. The high physical and mechanical prop-
erties of composite materials, including their reliability,
resistance to external influences, and durability during
operation, ensure their use in a variety of industries, not
just in the construction sector. These materials are suit-
able for use in all high-tech sector that require a durable
and reliable product.

The purpose of this research is to study the unique
properties of the composite material based on amylose
and amylopectin with the introduction of crushed walnut
shells as a filler.

MATERIALS AND METHODS OF THE RESEARCH

To obtain the polymer composite, the following
components were used: distilled water, potato starch
(NevaReaktiv, St. Petersburg, Russia), acetic acid 70%
(NevaReaktiv, St. Petersburg, Russia), walnut shell
powder (size no more than 160 microns). For the re-
search, we used walnut shells of the Chandler vari-
ety (grafted) collected in the Belgorod region. To use
the shells as fillers for polymer composites, they were
ground into a powder form. Before grinding, the shells
were thoroughly washed in running water and dried at
110 °C for 3 hours in order to completely remove any
remaining water.

Grinding was performed in two stages. At the first
stage, large shell fragments were crushed in a vibration
mill. After that, the material was ground to a particle size
less than 160 micron in a laboratory batch planetary mill,
Tencan XQM-1a (manufactured by Tencan, China). The
grinding was done in steel cups made from ShKh-1 steel,
steel balls with a diameter of 8 to 10 mm were used as
the grinding media. The obtained walnut shell powder
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from the Chandler variety (grafted) was studied by scan-
ning electron microscopy (SEM) on a TESCAN MIRA
3LMU device with the recording of energy-dispersive
X-ray spectra (EDS) at several points (microregions) with
a built-in spectrometer X-MAX 50 Oxford Instruments
(manufactured by TESCAN ORSAY HOLDING, Czech
Republic).

The granulometric composition of the resulting walnut
shell powder was studied on the Analysette 22 NanoTec
plus laser diffraction particle size analyzer with the la-
ser diffraction method in suspension. For this purpose,
a small amount of the powder was diluted with 96% iso-
propyl alcohol. This is done to avoid excessive swelling
of the particles and to obtain more accurate results.

The preparation of the polymeric composite was car-
ried out in several stages. At the first stage, a mixture
of starch and walnut shells was added to distilled water,
then a pre-prepared 9% solution of acetic acid was add-
ed. The formulation for the polymeric matrix is based
on a modified version of the composition presented in
the study [1], the modification consists of a twofold re-
duction in the water-solid ratio. The resulting mixture was
thoroughly mixed and then transferred to a stainless-steel
bowl.

The mixture was heated in the bowl on a labora-
tory electric heating plate. With continuous stirring,
the mixture was brought to the boiling point and kept
hot for the next 15 minutes. After that, it was allowed
to cool to a temperature between 25—30 °C within half
an hour. Unlike the initial suspension of starch particles
and walnut shells, the resulting mixture has obtained
increased viscosity, which indirectly indicates an in-
crease in polymerization degree for the main compo-
nents of starch.

To obtain a composite press material, the above mix-
ture was dried. For drying, a NuWav-Pro laboratory mi-
crowave unit (manufacturer Nutech Analytical, Kolkata,
India) was used. Drying schedule: power — 800 W, mag-
netron frequency — 2450 MHz. Drying the material in
a microwave oven has a number of benefits over drying in
a convection oven: among them are reduced drying time
(~ 5 minutes), heating the liquid throughout the entire
volume simultaneously, and a softer mode of heating.
Drying was carried out until the moisture completely
evaporated.

The formation of material samples was conducted
on a tensile testing machine, REM-100 (manufacturer
“Metrotest”, Russia), in compression pressing mode.
After the resulting press composition had been loaded
into a preheated mold at 120 °C, it was manually com-
pacted using a punch and placed in a preheated 120 °C
convection oven for 30 minutes. Heating the material is
a necessary step in molding the polymer composition,
as the polymer matrix in the final press products has
thermoplastic qualities. The optimal mode for pressing

the samples was selected based on the change in sample
density depending on the pressing pressure and is 72 MPa
with holding under pressure for 1 min.

The density study of the of the resulting composition
and powder materials was conducted by direct measure-
ments of the parameters of a tableted sample with a di-
ameter of 30 mm. The density of the composite was cal-
culated as the ratio of the volume of the resulting sample
to its mass.

For studying the tensile strength on the three-point
static bending, samples were produced in the form
of beams 80 mm long, 10 mm width and 4 mm thick. The
test conducted at a constant speed of traverse movement
of 2 mm/min, support span was 64 mm. The absolute
values of sample deformation and applied force obtained
as a result of testing were reduced to the relative value
of displacement and flexural strain, respectively. To con-
vert the absolute value of the sample deformation (s, mm)
into units of relative deformation (g, %) the following
formula was used:

600sh
= 2’

where s is the deflection of the sample, mm; & —
sample height, mm; L — support span, mm. To convert
the absolute bending strain (F, N) into units of flexural
stress (o, MPa), the following formula was used:

3FL
T 2pn?

where F — bending strain, N; L — support span, mm,;
b — sample width, mm; 2 — sample height, mm.

The study of wettability, as well as the free energy
of the surface, was conducted by the “sessile drop”
method, with the measurement the contact angle of wet-
ting (WCA) using the tangential method. The “ses-
sile drop” method involves applying drops of a liquid
with a volume of 10 microliters (ul) to the surface of a
sample using a glass pipette. To calculate the surface
free energy of the composite material using the OWRK
method (Owens, Wendt, Rabel, and Kaelble), we stud-
ied the wettability of its surface using two liquids with
known dispersive and polar surface tension components.
The surface free energy was calculated using the OWRK

model:
P
A O
p NTL o a2,

a,
sol —D so
O—I b

where o, — the surface tension of the liquid, mJ/m?;
0 — contact angle of wetting; 0,” — dispersion component
of the surface tension, mJ/m?; ¢, — polar component
of the surface tension, mJ/m* o _/ — polar component
of the free surface energy, mJ/m?* o/ — dispersion com-
ponent of the free surface energy, mJ/m?.

o - (cos8+1)

2 " O—ED
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RESULTS AND DISCUSSION
Study of highly dispersed walnut shell powder

The study used a previously sifted walnut shell pow-
der, which had been passed through a C12/38 sieve with
a mesh size of 160 um to remove larger particles. The re-
sults of the granulometric analysis are shown in Figure 1.

Based on the granulometric analysis data, it can be
noted that the granulometric composition is typical for
systems obtained by dispersing the initial product in plan-
etary ball mills. The resulting system can be well described
by a unimodal distribution with a peak at 49 um, with
most particles falling within the range of 1 to 49 um.

The resulting particle size is well suited for obtain-
ing maximum strength of the resulting composition with
minimal energy consumption, since as the particle size
decreases, their specific surface area increases, in the case
of the system presented above, a component of the order
of ~ 8500 cm?/cm?, and the homogeneity of the resulting
mixture increases. The density of the resulting powder is
within the range of 1.0720.01 g/cm?.

Figure 2 shows images of walnut shell powder obtained
using a fourth generation scanning electron microscope
(SEM) with a TESCAN MIRA 3 Schottky cathode. The
data presented in Figure 2 indicate a complex surface
morphology of the powder. Walnut shell powder particles
have an irregular shape in the form of plates. The cross-
sectional (largest) particle size varies from 1 to 20 um.

Fig. 2. SEM images of the resulting walnut shell powder

The curves of the combined TG—DSC analysis of wal-
nut powder (Fig. 3) show the presence of several regions
associated with various thermal effects.

The thermogravimetric curve contains several sections
of mass loss, which occurs due to a number of processes.
Thus, in the temperature range from 23.0 to 131.0 °C,
a decrease in the mass of the sample to 95.44% is being
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Fig. 1. Particle size distribution of grinding walnut shell powder
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Fig. 3. TG—DSC curves of walnut shells

recorded. In this case, the DSC curve for this temperature
range shows one endothermic peak with a minimum at
90.7 °C. The nature of this peak indicates that the process
under this temperature range has been involving energy
consumption, and the presence of a subsequent plateau
on the TG curve indicates stability of the resulting residue
in the temperature range from 131.0 to 207.2 °C. Due to
the significant specific surface area of the shell powder
(8500 cm?/cm?®) and its hydrophilicity, the considered
mass loss and the associated endothermic peak are most
likely associated with the removal of adsorbed water.

In the next section of the TG curve, in the range from
131.0 to 207.2 °C, there is a plateau, where device does not
detect significant mass loss. There are also no thermal
effects within the interval; the DSC curve is being within
the zero mark.

In the temperature range from 207.2 to 323.7 °C,
the device records a significant (about 50%) weight loss
of the sample on the TG curve, with an associated exo-

thermic peak at 349.2 °C. Total mass loss occurs between
349.2 and 476.8 °C, with an associated exothermic peak
at 437.9 °C. For organic mixtures, in general, pyrolytic
processes occur predominantly in this temperature range.
Thus, the peak at 349.2 °C belongs to the pyrolytic de-
composition of lignin, noted by the authors in the article
[25]. In turn, the peak at 437.9 °C predominantly belongs
to the exothermic effect that occurs during the pyrolytic
decomposition of cellulose [26].

Study of physical and mechanical parameters
of the resulting composition

The polymer press compositions considered in this
study are presented in Table 1. The result presented in
the table was calculated as the arithmetic mean of three
parallel measurements.

The density of the resulting composite largely depends
on the amount of filler, which is explained by the lower

Table 1
Studied formulations of the composite
Composite formulation Auxiliary components
Serial T PaaE—
number of the Walnut shell Composition Water, ml/100 g o Acetic act
composition S, i powder, wt.% density, g/cm? composite CULLOy ml/ 100g
composite
Compound 1 75 25 1.4210.01
Compound 2 50 50 1.43£0.01 625 5
Compound 3 25 75 1.3410.01
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Fig. 4. The “Flexural stress/relative deformation” curves for samples (the insets show the outer appearance of the
composition being tested): a — filling 25 wt.%. (0,= 4.81+0.52 MPa); b — filling 50% wt. (o, = 25.85+2.51 MPa);

a — filling 75% wt. (0, = 28.44+5.71 MPa)

density of walnut shell powder (1.07£0.01 g/cm?) com-
pared to the polymer matrix (1.40£0.01 g/cm?).

The core strength indicator studied for the resulting
polymer composite is the flexural strength at break. Fig-
ure 4 shows “the flexural stress/relative deformation”
curves obtained as a result of the conducted tests.

Based on the data from the curves presented in
Figure 4, the flexural strength at break for composi-
tions with a filling of 25, 50 and 75% wt. are equal to
4.81+0.52 MPa, 25.85+2.51 MPa and 28.44%5.71 MPa,
respectively. In this case, the values of the relative de-
formation index at the flexural strength at break of the
samples are in the range of 8.70+0.47% for a composite
with a filling of 25 wt.%, 5.51+0.10% for a composite with
a filling of 50 wt.%., and 3.39+0.32% for a composite with
a filling of 75% wt.

The introduction of a significant amount of walnut
powder (over 50% by weight) into the polymer composi-
tion provides a beneficial effect on the flexural strength
at break of the resulting composite. In the case of this
particular composition, there is a nearly five-fold increase
in the hardness of the highly filled composite. It is worth
noting the change in the shape of the graph “Flexural
stress/relative deformation”, in which there is no tensile
yield for a highly filled polymer; the test curve in this

Table 2

case is well described by a linear polynomial. In turn, for
a composite with a filling of 25% wt. the presence of flow
behavior is noted after reaching the flexural strength at
break, which is associated with the properties of the poly-
mer matrix.

Wettability study of the resulting composition

The wettability study of the polymer composite was
conducted using two solvents - water (o° = 22.6 mJ/m?;
0" = 50.2 mJ/m?) and isopropyl alcohol (o°, = 3.5 mJ/m?;
o” =19.5 mJ/ m?). Statistically processed data of contact
angle of wetting are presented in Table 2.

When measuring the contact angle of wetting for
the surface with isopropyl alcohol, no significant devia-
tions in the WCA value were recorded, however, for water,
its significant decrease had been determined with an in-
crease in the filler content in the composite from 25 wt.%.
up to 50% wt., followed by a growth with increasing filler
content from 50% wt. up to 75% wt. Pictures of the “ses-
sile drops” and the corresponding WCA values are pre-
sented in Figure 5.

It is worth noting that the contact angle of wetting for
the polymer matrix with water is also in the range of 60—
70°. The untreated walnut shell is completely wetted.

The obtained values of the contact angle of wetting for the composite with the solvents

Contact angle of wetting Surface free energy
Composite filling,
wt.% Water Isopropanol ¢°, mJ/m’ ¢*, mJ/m? Glﬁ‘l]l;;ilzl’
25% 76,74£5,75 15,2114,18 11,53%0,01 16,2740,57 27,8%0,58
50% 62,191+4,31 17,01+3,04 7,25%0,01 32,1%0,16 39,35+0,17
75% 98,131+2,05 14,23+2,18 20,73%0,01 1,84%0,08 22,57+0,09
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Fig. 5. Representative pictures of “sessile water” drops on a polymer composite

Thermogravimetric and DSC analysis
of the resulting composition

For thermogravimetric analysis of the resulting com-
position with the combined thermogravimetry method
(TG) and differential scanning calorimetry (DSC) of the
resulting composition, a sample with 50 wt.%. filler con-
tent (walnut shell) was selected.

The sample’s thermogram (Fig. 6) is represented by
a complex multi-stage decomposition curve, consisting
of 3 main sections. In the first section, in the temperature
range from 20.0 to 122.1 °C, a decrease in the mass of the
sample to 95.11% is noted. On the DSC curve, one en-
dothermic peak is associated with this region, the center
of which is at 86.1 °C. Due to the fact that there is no
mass loss recorded by the device in the subsequent sec-
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Fig. 6. TG—DSC curves of the composite with filling of 50% wt. walnut shells
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tion of the curve, and also based on the endothermic na-
ture of the associated peak, it is most likely that the mass
loss that occurred in the temperature range from 20.0
to 122.1 °C is associated with the removal of the water
adsorbed by polymer composite.

As noted earlier, in the second section of the ther-
mogravimetric curve in the range from 122.1 to 130.5 °C,
the device has not detected significant mass loss, however,
the DSC curve shows the presence of an endothermic
peak with a minimum at 126.6 °C. Based on the available
academic literature data [22, 27] the above peak refers to
the softening of the starch thermoplastic polymer. Thus,
it can be judged that the optimal temperature regime for
molding the resulting composition is in the range from
122.0 to 130.5 °C (overall width peak at half maximum).
The temperature of the composite is softening within
103.120.1 °C.

The thermogravimetric curve of the third section
of the thermogram is characterized by a multi-step de-
composition curve without the formation of intermediate
fixed constituent. The range from 250.4 to 329.2 °C ac-
counts for about 50% of the total mass loss of the material.
In this temperature range, thermal destruction of cellu-
lose occurs, primarily expressed in dehydration, due to
the large-scale representation of thermolabile hydroxyl
groups in the structure of cellulose. In the temperature
range from 329.2 to 480.6 °C (section 4), almost complete
combustion of the organic components of the filler and
polymer matrix occurs, after which the thermogravimetric
curve passes to section 5.

It is worth noting that sections 3—5 exhibit their own
rates of mass loss (which is reflected by the slope of the
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BBegeHwme. /iccnegoBaHve HanpaBneHo Ha N3yyYeHre BO3MOXKHOCTI CO3[4aHNA CTPOUTENIbHOMO KOMMO3MLMOHHOIO MaTepurana
Ha OCHOBE aMW03bl 1 aMUIONEKTUHA C BBeAEHUEM MU3MeSIbYEeHHON IPeLKo CKOpAynbl B KayecTse HanonHuTend. Matepmnanbi
1 MeToabl nccnegoBaHuA. [1na nonyyeHna KOMNo3mTa NPUMEHANNCH cliefytolne KOMMOHEHTbI: BOAA AUCTUANNPOBAHHAA, Kpax-
Man KaptodenbHbiin (HeBaPeakTne, CaHKT-MeTepbypr, Poccus), kncnota ykcycHasa 70% (HesaPeakTtus, CaHkT-MeTepbypr, Poccus),
BbICOKOANCMEPCHDBIN MOPOLLIOK CKOPAYMbl rpeLKkoro opexa. [ina nccnegoBaHunin MCNoAb30Banu CKOpPJyny rpeLkoro opexa copra
YaHgnep (npusuToin), cobpaHHoOro Ha Tepputopumn benropoackoi obnactu. MNonyyeHne KOMNO3nTa NPOUN3BOAUIOCH B HECKOJSIbKO
cTapuii. Ha nepBoi cTagmy cMecb Kpaxmara 1 CKOpJlyrbl FpeLKoro opexa 4o6aBnsanca B AUCTUNNNPOBAHHYO BOAY, NOC/e Yero Ao-
6aBnANCA NpeaBapUTENIbHO MPUTOTOBAEHHDBIN 9% PacTBOP YKCYCHOW KMCNOTbI. [lonyyeHHas cMech TLaTeslbHO NepemMellnBanach,
nocsie Yero nepemellanacb B Yally U3 HEPXKaBeloLLlel CTanu 1 NoaBeprinacb TepmoobpaboTke. MonyyeHHy0 cMecb 3aTem npec-
COBaNv MeToAoM TBepAoda3HOro KOMMaKTMpoBaHWA Npu aasneHnmn 72 MMa. Bbinu n3yyeHbl GpUsnMKo-mexaHnyeckre nokasaTenu
Mofy4YeHHOro KOMMO3UTa, ero TepMmyeckime CBOMCTBA, a Takke rnapodobHO-rmapodunbHbIN 6anaHC NoBepxHOCTW. PesynbraTbl
1 obcykaeHue. MonyyeHHbIi KOMNO3MT 0611aJaeT XOPOLMMM MPOYHOCTHBIMY XapaKTepucTrkamu. Mpegensl NPOYHOCTU Ha U3-
rmé 0, = 25,85+2,51 Mla un o, = 28,44+5,71 MIa gna HanonHeHnsa 50% macc. 1 75% Macc. COOTBETCTBEHHO CTAaBAT €r0 B OAVH pAf
C aHaNIOrMYHbIMY KOMMO3UTaMu 13 6onee TPaguLUMOHHbIX TEPMO- U PeakToMNIacTUYHbIX NMOANMEPOB. YCTaHOB/EH TEMMNEPATYPHbIN
npegen sKcnayataymm KOMNO3ULMOHHOTO MaTeprana, BEPXHNM 13 KOTOPbIX MOXHO CYMTaTb TeMMepaTypy Hayana pasmaryeHus
nonumepHomn matpuupl — 103,1 °C. 3aknioueHune. [onyyeHHble pe3ynbTaTbl MCCefOBaHNA NPeACTaBNAIOT BaXXHOe 3HaueHre AnA
NMOHMMaHNA MEXaHVN3MOB CO3[iaHNA KOMMO3MLMOHHbIX MaTePUANIOB, COCTOALLMX MONTHOCTbIO HA OCHOBE PaCTUTENbHbIX KOMMOHEHTOB
C MCNOJIb30BaHNEM, B TOM YKC/le, OTXOLOB arponpoMbILLIEHHOIO NPON3BOACTBA.

KJTIOYEBDIE CJIOBA: pacTuTenbHOe Cbipbe, BbICOKOAMCMEPCHbIV MOPOLLIOK CKOPAYMbI MPELIKOro opexa, KOMMO3ULMOHHbIN MaTepran,
Kpaxmar, KpaeBoW yros CMaurBaHus, TepMryeckrie CBOMCTBA, MPOYHOCTb Npu n3rube.

BNNATOAAPHOCTM: ViccnepoBaHue BbIMOIHEHO B paMKax rocyAapcTBeHHoro 3agaHuna MuHobpHayku Poccum Ne FZWN-2024-0001
C ncrnonb3oBaHnem obopyaoBaHuA Ha 6a3e LieHTpa Bbicokux TexHonoruii BI'TY um. B.I. LLyxoBa.
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BBEAEHUE

HCCKOJ'ILKO JICT Ha3all pa3BUTHUE BICOKOTEXHOJIOTMY -
HBbIX OTpaCJ’[efI HayvyaJIO XapaKTe€pMn30BaTbCA aKTHUB-
HbIM BHEAPECHNUEM KOMITO3UIIMOHHBIX MaTCpHUaJIOB U NC-
CJICJOBAHUAMMU O BOSMOXKHOCTAX NX IIPUMEHCHM. B Ipo-
necce I/I,HeHTI/I(i')I/IKa]_[I/II/I HEoO0XOOMMOI0 COCTaBa MOXHO
OBLITO I10JIydaTb MaT€pHrall C 3apaHCC OIPEACTICHHbBIMN

TEXHOJIOTNYCCKNMHU TpC6OBaHI/I$IMI/I. HeKOTOpI)IC METall-
JIbI CTaJIN HeKOHKypeHTOCHOCO6HbIMI/I B OKCTpEMaAJIbHBIX
YCJIIOBHMAX SKCILTyaTalvM 3a CYET YHHUKAJIbHBIX CBOICTB
KOMITO3MIITMOHHBIX MaTCPHAJIIOB, TAKMX KaK KOppOSHﬁHaH
CTOfIKOCTb, BBICOKHWI MOKA3aTeb IIPOYHOCTHU, TEPMO-
croiikocTs. Elie omHuMm IIPENMYIICCTBOM KOMITO3UIIMOH-
HBIX MaT€praioB ABJIACTCA IMPOCTOTA N3IrOTOBJICHUA oe3
TIOTIOJTHUTEILHOMN O6pa6OTKI/I, YTO CHM2KACT SKOHOMMNYEC-
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CKUe 3aTpaThl Ha TIPEI3KCITIyaTalMOHHYIO [UTUTEILHYIO,
MHOT03aJaYHYI0 IOATOTOBKY Matepuana [ 1—3]. JanHbIit
ACIICKT AeJIacT UX OCOOCHHO MPUBICKATCIHHBIMU IS
CaMOCTOSITEJIBHOTO IIPUMEHEHHUSI B CTPOUTEIIBHOM OT-
pacim, OTpaciay CO3MAaHMSI COBPEMEHHBIX KOCMIUYIECKIX
armaparoB [4], a TaKKe 1T YIIPOUYHEHUS CTPOUTETBHBIX
KOHCTPYKIIMH 3a CYET BHICOKOIIPOYHBIX COCTUHEHMIA |5,
6]. DKcIuTyaTallMOHHbBIE ITApaMeTPhl YCTAHABIMBAIOTCS
B IIPOIIECCE CO3MAHUS MaTeprajia ¢ y9eTOM TEPMUICCKIUX,
XUMIYECKUX, MEXaHUTIECKIX CBOMCTB ¥ aHU30TPOITHOTO
noBeIeHUsI KOHEYHOro Marepuala [7]. B mpouecce pas-
BUTHUS WHIYCTPUN KOMITO3UIIMOHHBIX MaTepHUaIOB OHU
CTaJT OMHUMH M3 CAMBIX BOCTPEOOBAHHBIX PECYPCOB IS
BBICOKOTEXHOJIOTUIHEIX OTpacieil. YUeHble HaYald 13-
y4JaTh BOSMOXKHOCTh BBEICHMS B TTOJIMMEPHYIO MAaTPHUILY
Pa3TMIHBIX APMUPYIOIINX BEIIECTB IS YIydIIeHIS (-
3MKO-MEXaHMICCKUX XapaKTepUCTUK. 1T 00IMIIOBKI
3MaHUI M B KAYECTBE OTACIOIHBIX MAaTEPHUAIOB MOTYT
HCIIONTB30BaThCsl HeapMHUPOBAaHHEIC TTONMMMEDHI [8]. Ap-
MMPOBAHHEIC BOJIOKHOM TIOJIMMEPHI SIBJISTIOTCS BEICOKO-
TIPOYHBIMH, JICTKUMU, KOPPO3MOHHOCTONKIMU MaTe-
prajaMu, KOTOPbIe MOTYT IIPUMCHSITBCS IUIST CO3MAHMUS
EeIPHOKOMITO3UTHBIX KOHCTPYKIIWM, VTSI YKPETICHUS
MOCTOB U 30aHWI 1 IJIST OCHAIICHMS 3MaHWI1 TeIUIOM30-
JImmeit u 3ByKousossiieii [9, 10]. B mporiecce cozmanms
TaKMX MaTepHUAJIOB BEIIECTBO MATPUIILI OOBOJIAKMBACT
¥ 3aKPEIUISICT B OIPEIeICHHOM TTOJIOKEHIH apMUPYIOLITIE
BOJIOKHA, CO3IaBasi IPOYHOE B3aMMOICHICTBIE MaTepra-
JIOB Ha MEXKJIETOUHOM ypOBHe [8].

B mipotrecce pa3Butus chepbl IpUMEHEHUS KOMIIO-
3ULIMOHHBIX MAaTEPUATOB UBMEHSITUCH IKCILTyaTalluOH-
HBIC TPeOOBAaHUS K KOHEYHBIM ITPOIYKTaM, UYTO CTeHe-
PUPOBAJIO TIONCK HOBBIX PEIIeHUIT — MOIU(MUIINPOBa-
HIe XUMIYECKMU BEIIeCTBaMU. 3a CYCT BBOIA HOBBIX
KOMITOHEHTOB U3MEHSUTICH CBOMICTBA M XapaKTECPUCTUKI
BelecTBa ¢ Jo0aBKaMu. MomanduKaTopsl B HEKOTOPHIX
cITy4Jasix 00JIETYAIOT MPOIlecC MepepadbOTKM M3ICIIHIA,
a TaKKe TIOBBINIAIOT YCTOMYMBOCTD K Pa3IMIHBIM (Dop-
MaM JIeCTPYKIINH, TTOBBIIIAIOT CTOMKOCTh K TOPESHUIO.
HamomHuTtemm mo mpupoe MOTyT OBITh OpTaHUTISCKIMU
¥ Heopranndeckumu [11, 12]. B cBoio ouepenns oHM pa3-
JIEJISIIOTCST HA TPY TPYIIITHI 10 (DU3MIECKOMY COCTOSTHUIO:
Ha OHUCIIepCHBIC (ITOPOIIKOOOpa3HEIe), BOJIOKHUCTHIC
¥ JINCTOBBIC. AKTUBHOCTD HATIOJTHUTEJICH OIIpenessseTCs
TaKUMU (haKTOpaMU, KaK: SHEPTUs aATre3nuy MoJImMepa
K HaMOJHUTEI0, TUCIIEPCHOCTb YaCTULl, COOTHOIIIE-
HUE HATIOJTHUTEIST ¥ TTomMepa. JIJia HamTyJIero B3a-
MMOENMCTBUS TOBEPXHOCTb HATTIOJHUTESI MOXKET ObITh
MOoIUGUIIIPOBaHA JOTIOIHUATEIbHO. COOTBETCTBEHHO,
JIT0O0 HAaMOJIHUTENIb MOXHO CIe/laTh aKTUBHBIM TIPU
HeobxommumocTH [13].

B manpHelieM pa3BUTHM HAYKU CTAJIO TTOMYIISIPHO
HaIpaBJICHIE pecypcocOeperaroImx TeXHomoruit. Kom-
MO3WIIMOHHBIC MaTepHaIbl CTAIN CO30aBaTh C HAIIOJ-
HUTEISIMU U3 Pa3IMIHBIX OTPAOOTaHHBIX MaTCPUAJIOB:

IIPEBECHBIX OTXOMOB [14], OTXOIOB METaJUTypTUUECKOMN
OPOMBILIIEHHOCTH [15], OTXOmMOB IPOU3BOACTBA 1ie-
MEHTHO-CTPYXKEeUYHBIX TUIUT [16], a TakKe cTanm co3-
JlaBaTh MaTepPUAIIBI C SKOJOTHIYHBIMU HATIOJTHUTCIISIMMU,
IIPEACTABISIOIINMHU COO0M CeTbCKOXO03SIMICTBEHHBIE
otxonb! [17—20]. Kaxaplii HAITOJIHUTEIb CITIOCOOCTBO-
BaJI YAYUYIICHUIO ONpeAeIeHHBIX TPOYHOCTHEIX, J¢-
KOPATUBHBIX, TEPMOCTONKNX, KOPPO3MOHHOCTOMKIX
ImoKasareJieil MaTepuraja B KOHCIHOM UTOre. A TakxKe
TakoM croco06 3(deKTUBHO pelia mpodaeMy IOBTOP-
HOTO MCTIOTb30BaHMS CHIPhS W YTUIN3AIIAIO Hemepe-
pabaTeIBaeMBIX OTXOIOB. [1poM3BOACTBO KOMITIO3UTOB
13 HaTypaJIbHBIX BOJIOKOH ITO3BOJIUT COKPATUTh MCITOJIb-
30BaHME Hepa3laracMbIX MaTepHraioB. Mcmoab3oBaHme
MOIN(PUIIMPOBAHHBIX OPTaHUYECKNX HAIIOJHUTEICH
B MaTpUIIC TEPMOIIACTUYHBIX ITOJIMMEPOB CYIIECTBCH-
HO CHU3UT CTOMMOCTb MpoaykTa. MonudbuuupoBaHue
HAITOJTHUTEIISI MOXKET B 1I€JIOM YIIYUIINTh (PU3UKO-Me-
XaHMYeCKMe CBOICTBA roToBOro MaTepuaina [21, 22].
[MonmumepHbIe KOMITO3UTHI, MOIU(MDUIIUPOBAHHBIE OPTra-
HUYECKUM HATIOJTHUTEIIEM, SBIISTIOTCSI KOHKYPEHTOCIIO-
COOHOI aTbTepHATUBOI TPATULIMOHHBIM CTPOUTEITBHBIM
MaTepHaiaM u3 apeBecrHbl. Ocoboe BHUMAaHUE TIpe-
CTaBJISIIOT OO0 MMTHU(PUIIMPOBAHHBIC YACTH CEIb-
CKOXO3SIICTBEHHBIX OTXOIOB, TIPEACTABISIONINX COO0M
JIy3Ty, CKOPJIYITY, CTCOIM ¥ 000JIOUYKHU Pa3IMIHbIX pac-
TeHnii. OHM MajIo IPUMEHSIOTCSI B IPYTUX 00JIACTIX
" IBJSTIOTCS otxomamu. CiemoBaTebHO, 3TO IeIIeBBIA
CBIPBEBOIT MaTepHall, KOTOPBI MOXKHO TIOBTOPHO U 3¢h-
¢dekTuBHO MpUMEHATH [23]. CKopiryIia Tpeiikoro opexa
COIEePXKUT OOJBIIOC KOJMICCTBO JTUTHOLCIIIIONO3HI,
e¢ BBEICHUE B MOJIMMEPHYIO MaTPUILy B KauecTBE Ha-
TIOJTHUTEIIS YAY4IIaeT CBOMCTBA MaTepHaia, IpumIaBas
eMy 0oJ1ee HU3KYIO TUIOTHOCTD, (PU3UKO-MEXaHNIECKYIO
YCTOMYMBOCTB 3a CUET CO3MAHMSI TIPOIHEIX CBA3eit. JIst
3aMEHBI B MAaTPUIIe CHMHTETUYECKOI COCTaBIISTFOIIICH TTO-
JMepa OyIeT UCIOJIb30BaHa CMeCh Ha OCHOBE aMIUIO3BI
1 aMuHOIIeKTHHAa. OCHOBHBIMU TIPEUMYIIIECTBAMU 3a-
MEHBI CHHTETUIECKIX HEOPTaHMIECKIUX HATIOJTHUTEICH
SIBJITIOTCS TIPUPOTHOE TIPOUCXOXICHIE, BEICOKHE (PU-
3UKO-MEXaHMYCCKNE TTOKA3aTeIM M XOPOIIasl TeIlIo-
n3oiaunst. KoHeUHBI MPOIyKT OYIeT 3KOJOTHICCKHI
YUCTHIM U IIPOYHBIM, YCTONYUBEIM K BHCITHUM BO3-
nmevicTBusM. [1pu B3amMomeicTBM KOMITOHEHTOB TIpe-
MMYIIECTBEHHBIC KaUeCTBA KaXIOro M3 KOMIIOHCHTOB
IO OTIEIBLHOCTH OYOYT HAIlpaBIICHHO BO3ICHCTBOBATh
Ha yJIy4JIIIeHUe CBOMCTB TOTOBOTO MaTepuaa. [ JTaBHbIM
KPUTEPUEM TAaKOTO MaTepraiia OyaeT 6e301IacHOCTb IS
OpPraHMU3MOB U OKpy:Karolei cpensnl [24]. Beicokue ¢pu-
3UKO-MeXaHNIeCKUe MToKa3aTeIn KOMITO3UITMOHHBIX
MaTepHajIoB, UX HAIEXKHOCTD, YCTOMUMBOCTh K BHEIITHIM
BO3IECTBUSIM M TOJITOBEYHOCTh B KCIUTyaTalll 00e-
CTICYMBAIOT TIPUMEHEHNE HE TOJTBKO B CTPOMTEIIBHBIX
00JIaCTSIX, HO W BO BCEX PA3BUBAIOIIMXCS BHICOKOTEX-
HOJIOTMYHBIX OTPACIISIX.
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L[eJ'ILIO UCCIeNOBaHUS TaHHON pa6OT]':>I ABJIACTCA
MN3Y4YCHUEC YHUKAJIbHbIX CBOMCTB KOMITO3UILIMOHHOIO
MaT€pHrajia Ha OCHOBE aMMJIO3bl 1 aMMJIOIIEKTMHA C BBC-
JIIEHUEM U3MEJIbYCHHOMN FpeHKOfI CKOPJIYITbI B KA4Y€CTBE
HAaITOJIHUTECIIA.

MATEPWUAJIbl U METOAbl UCCNEAOBAHUA

Hi1st moaydeHus TTIOJIMMEPHOTO KOMITO3UTa TIpU-
MEHSUINCH CIICAYIOIINEe KOMIIOHCHTHI: BOIA OUCTUJIIN -
poBaHHas1, Kpaxmaia KaprodenabHbiii (HeBaPeakTus,
Cankrt-IletepOypr, Poccust), kuciora ykeycHas 70%
(HesaPeaktuB, Cankr-Iletepoypr, Poccust), mopo-
110K CKOPJIYMbI FPELKOro opexa (KpynmHOCTb He OoJiee
160 MKM).

Hns nccnemoBaHMA MCITOIB30BAIM CKOPITYITY TPEll-
Koro opexa copta Yanmiep (IpuUBUTOM), COOpaHHOTO
Ha Tepputopuun benroponckoit odmactu. st MCIoOb-
30BaHUSI CKOPJIYITHI B KaUeCTBE HATIOJHUTEIICH IS
TOJIMMEPHBIX KOMITO3UTOB IIPOBOIMIIN U3MEJIBUCHIE
CKOPJIYITBL IO TIOPOIITKO000pa3HoTo coctossHus. [lepen
M3MeJIBYCHUEM CKOPJIYITY XOPOIIIO IIPOMBIBAIN B TIPO-
TOYHOI Bojie 1 BeicyImBamu rpu 110 °C B TeueHue 3 ya-
COB JIJISI TIOJTHOTO yHAJICHUS BOIEI.

M3menpueHre TIPOBOAMIIM B IBa 3Tara, Ha IIEPBOM
aTane KPYyIrHbIe (ParMEHTH CKOPIYITEl M3METhUaINCh
B BUOPAIIMOHHOI METbHMIIE, TTOCTIC YeTO MaTepral 13-
MeJIbYajiv 10 KPYIHOCTU MeHee 160 MKM B J1aGopaTop-
HOI TUTAaHETaPHOM MEITBHUIIE TIEPHOANYECKOTO NeHCTBIS
Tencan XQM-1a (Tencan, Kurait). Pactupanue mpo-
W3BOAWJIN B CTAIbHBIX cTaKaHax u3 ctanu IIX-1, B Ka-
YeCTBE MEJTIONINX TEJI MCTIOIBb30BaIM IIIaphl TUaAMETPOM
8—10 MM U3 cTanm TOit XXe MapKu.

[TosydeHHBIN TTOPOIITIOK CKOPITYIBI TPEIIKOTO Ope-
xa copTta YaHmiep (IIpUBUTOIT) MCCICTOBAICST METOIOM
CKaHMPYOIIEH 3JeKTpOoHHON MUKpocKormu (COM)
Ha ipuoope TESCAN MIRA 3LMU co cHATHEM DHEP-
TOMMCIIEPCUOHHBIX PEHTITEHOBCKUX CIIeKTpoB (D1 C)
B HECKOJIbKUX TOYKaX (MUKPOOOJACTSIX) BCTPOCH-
HBIM crniekTpoMeTpoM X-MAX 50 Oxford Instruments
(TESCAN ORSAY HOLDING, Yexus).

I'paHyIOMETPUIECKMIT COCTAB ITOyYCHHOTO TTOPOIII-
Ka CKOPJIYIIBI TPEIIKOTO OpeXa MCCeAoBaICs Ha Ja3ep-
HOM IM(pPaKIIOHHOM aHAIM3aTOPe pa3Mepa YacTUI
Analysette 22 NanoTec plus MeTomoM J1azepHoit nudpax-
WU B cycIieH3uN. 71T 3TOT0 HeOObIIOe KOJTMISCTBO
MOPOIIIKa Pa3BOAMIOCH B 96% M30TIPOITUIOBOM CITHPTE,
TaK KaK OH ITO3BOJISICT M30eKaTh N3MUIITHETO Ha0yXaHMsI
YaCTHUII, KOTOPOE IIPUBOINT K MCKAXKEHUIO PEe3yIbTaTOB.

[MorygeHme MOTUMEPHOTO KOMITO3UTA TIPOM3BOIN-
JIOCh B HECKOJIbKO cTanuii. Ha mepBoit ctanunu cMech
KpaxMalia U CKOPJIYMbl TPELKOTO opexa 100aBisiach
B IUCTUJUIAPOBAHHYIO BOIY, ITOCJIEC YEro J00aBIISIIICS
MpeABapUTEIbHO IIPUTOTOBICHHBII 9% pacTBOp YKCYC-
HOI KMCJIOTHL. Penentypa muist moImMepHO#t MaTpUIIEI

OCHOBBIBAETCSI HA MOANMDUIINPOBAHHOM BapuaHTEe CO-
cTaBa, MPEeICTaBJICHHOTO B UccieaoBaHuu [ 1], Mmoagudu-
KaIIWsT 3aKJTI0YAeTCS B IBYKPAaTHOM COKpaIlleHNU BOMIO-
TBEPIOTO COOTHOIICHMS. [1oTydeHHAsT cMech TIIATeTbHO
IepeMelInBajIach, MOCIe YeT0 IepeMelanach B Jalry
13 Hep>KaBeIoIIeit CTalln.

HarpeB cMecu B gaiiie mpon3BOOMIICS Ha j1abopa-
TOPHOU HarpeBaTeNIbHO 3IeKTporunTKe. [1pu mocto-
SIHHOM TMOMEIIIMBAHUU CMECh JOBOIWIACH 10 KUTIEHUS
1 TIPOTPEeBaIach B TCUCHUE TTOCIICAYIOMMNX 15 MIH, TI0CTIe
YeTo B TEUCHHUE TToJTyJaca OXJIaXKIaaach 10 TEMIIEpaTyphl
nopsgaka 25—30 °C. B oimune oT MCXOTHOM CyCIIeH3U N
YaCTUIl KpaxMaja U CKOPJIYITBI TPEIIKOTO opexa, TMOoJTy-
YeHHas CMeCh 00J1aaeT IMTOBBIIICHHON BI3KOCTBIO, UTO
KOCBEHHO YKa3bIBaeT Ha ITOBBIIICHNE CTCIICHM ITOJIMMe-
pHU3alUH OCHOBHBIX COCTABIISIONINX KpaxMaa.

1 momy4eHrsT KOMITO3UTHOTO TIpecc MaTepuaia
IIPOM3BOIMIIACH CYIITKA BBIIICYKa3aHHON MOydeHHOMN
cMecn. JIs cylku nmpuMeHsiach JabopatopHas CBY
ycranoBka NuWav-Pro (Nutech Analytical, Kompkara,
WHaous), pexkuM cymmku: MomrHocts — 800 BT, yacTora
MarHeTpoHa — 2450 MI'n. [IpocymmBanue MaTepuraia
B CBY meun nmeeT psam IperMYIIeCTB Tepel CYIIKOM
B KOHBEKIIMOHHOM CYIIMJIBHOM ITKa(dy, K TAKOBBIM OT-
HOCSITCSI YMEHBIIIEHHOE BpeMsI IIPOCYIITUBAHUS (~ 5 MU-
HYT), IPOTPEB XXUIKOCTU Cpazy Mo BceMy 00beMy, bosiee
MSITKHUI peXXUM TeMIIepaTypHOTO IIpOoTrpeBa MaTepuraa.
Cy1ka mpon3BOIMIACK IO TTOJTHOTO MCTIapeHUS BIaTH.

®opmMoBaHTE 00pa3IOB MaTepralia IPON3BOIUIIOCH
Ha UCIBITATeJIEHOM pa3phiBHOI MatHe POM-100 (Me-
TpoTecT, Poccust) B peskiMe KOMIIPECCHOHHOTO TIPECCo-
BaHus. [loxydeHHas IMpecc-KOMITO3UIINS 3arpyKalach
B IIpeBapuTebHO Tporpetyio rpu 120 °C npecc-hopmy,
IIOCJIE YeTO BPYYHYIO KOMITAKTHPOBAJIaCh ITYyaHCOHOM
u Ha 30 MUH. pa3MeIagach B KaMepe KOHBEKIIMOHHOMN
nieun, riporpetoit 1o 120 °C. I1porpeB MaTepnaa sBJs-
eTcsl HeoOXonMMOIi cTagreit (PopMOBaHUS TOJIMMEPHOM
KOMIIO3UIINH, TaK KaK IOJMMepHas MaTpUIla B TIOJTY-
JaeMOM IIpecce MaTepHraia o01amacT TepMOIIACTUIHBI-
MU cBoiicTBamMu. OTITUMATIBHBIN PEKUM TIPECCOBAHUST
00pa3uoB ObLI MOJ00paH MO UBMEHEHUIO TJIOTHOCTHU
oOpasma B 3aBUCHUMOCTHU OT HAABJICHUS IIPECCOBAHUS
n coctaBisgeT 72 MIla ¢ BeIep>XKKOi o JaBiIeHUEM
B TeueHue 1 MuH.

HccnenmoBaHye ITTOTHOCTH PE3YJIBTUPYIOIIEH KOMITO-
3UIIAN 1 TTOPOIITKOBBIX MaTePHAJIOB IPOBOIMIOCH METO-
JIOM TIPSIMBIX M3MEPEHMIT TTapaMeTPOB TaOJICTUPOBAHHO-
ro oopasna mrametpom 30 mM. [ITOTHOCTH KOMITO3UTA
BBIUMCJISIIACH KaK OTHOIIICHIE 00bheMa MTOIyIeHHOTO
00pa3sIia K ero mMacce.

st mccemoBaHUs IIpeaeia IPOIYHOCTH Ha TpeX-
TOYCYHBIN CTaTUUECKUUA M3TN0 M3TOTaBINBAINCH 00-
pa3ubl B hopMme OGamodek mamHOM 80 MM, MIMPUHON
10 MM 1 TommumHOI 4 MM. McribiTaHne TPOBOIMIIOCH
IIPY TIOCTOSTHHOM CKOPOCTH TIepPEeMEIIeHMS TPaBepPChl
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2 MM/MWH, pacCTOSHUE MEXIY OTIOPAMU COCTABISICT
64 mm. TlosydeHHBIE B pe3yJIbTaTe UCITBITAHUI BEJIM-
YUHBI a0COTIOTHOTO 3HaYeHUs Aedopmaluu obpasia
W TIpUJIAaTaeMOT0 YCYIIUS TIPUBOIUINCH K OTHOCUTEITh-
HOMY 3HAYEeHUIO MepeMEIeHUS M M3THOAIOIIETO HATIPS -
JKEHMST COOTBETCTBEHHO. /I mepecyeTa abCOIIOTHOTO
3HaYeHUS medopmanum odbpasua (s, MM) B ¢IUHUIIEI
OTHOCHTEJIbHO# ehopmanuu (g, %) MCIOIb30BANACh
caemyomas hopmya:

600sh
& = L—z,

rIe s — mporu6 obpasiia, MM; 4 — BhICOTa 0Opa3lia,
MM; L — pacCTOsTHIE MEXIy oriopamu, MM. J1s Tiepecde-
Ta abcomoTHOTo n3rudaromero ycunus (F, H) B equHm-
bl U3rMOaOLIETo HanpsokeHus (o, MIla) mpumensiach
caemyromias popmya:

3FL
T 2pn?

roe F— n3rubatomee ycunue, H; L — paccrosiHue
MEXIy olfopaMH, MM; b — IIIpWHA o0pa3na, MM; i —
BBICOTa 00pasiia, MM.

HccmemoBaHne cMauynBaeMOCTH, a TAKXKE CBOOOI-
HOM 3HEPTUH ITOBEPXHOCTH MPOBOIAMIOCH METOIOM
«CHUISTYCH KaTUT» ¢ M3MEpPEHUEM 3HAYCHMST KPacBOToO
yraa cmaunBaHus (KYC) TaHTeHIIMATBHBIM METOIOM.
Peanmzanmsa MeTona «CUISIeil KaIin» 3aKITF0YACTCS
B HAHECCHMU C TTOMOIIIBIO CTEKIITHHOM TTMIICTKY Ha T10-
BEPXHOCTH 0Opa3Iia Kareb XUAKOCTH 00beMoM 10 MKII.
711 BEIYMCIICHUST CBOOOTHOM 3HEPTUM MOBEPXHOCTHU
metomoM OWRK (Owens, Wendt, Rabel and Kaelble)
HCCJICIOBAaHNE CMAaYMBAEMOCTH ITOBEPXHOCTH KOMIIO-
3WTa MIPOBOAUIOCH C IPUMEHEHUEM IBYX XUIKOCTEH
C M3BECTHBIMM OUCTICPCHON U MOJISIPHOI COCTABJISIO-

IIAMY ITOBEPXHOCTHOTO HAaTsDKeHMs. PacueT cBoOOmHOIM
SHEPTUY TTOBEPXHOCTH TTpoBoamMIcs 1o monenn OWRK:

o) - (cosf + 1) . O 5
2 D = O—SOE ’ F+ O—SOE
RAY o7 ]

e O, — IMOBEPXHOCTHOE HATSXEHUE XHUIKOCTH,
MJIx/M%; 6 — KpaeBoii yrosl cMaunBaHus; 0, ° — mucrep-
CHOHHAsI COCTABJISIONIASI TIOBEPXHOCTHOI'O HATSKEHUSI
xuakoctu, MJ/Ix/M* 0 7 — nonspHas cocTaBisironas
HOBEPXHOCTHOTO HATSDKEHUS KUAKOCTH, MIX/M*; 0 F —
nonspHas coctasisgiomas COII, m[Ix/m* o P — nuc-
nepcHas coctasisiomast COIT, mIx/m>.

PE3YNIbTATbl U OBCYXXAEHUE

WccnepoBaHme BbICOKOANCNEPCHOrO MNOPOLLKa
CKOpAynbl rpeLKoro opexa

[IpyMeHsIeMBbIi B MCCIEA0BAHUY B POJIM HAITOJIHUTE-
JIs1 IIOPOILIOK CKOPJIYIIBI TPELIKOTO OpeXa IIpeaBapUTEIb-
HO TIpocemnBaiicst yepe3 cuto C12/38 (pasmep ssaeiikm
160 MKM) [oJ1s yaajeHust KpYIHBIX 4acTHll. Pe3yiib-
TaThl TPAHYJIOMETPUYCCKOrO aHAIM3a IIPEACTABIEHbI
Ha puc. 1.

Mcxons U3 JaHHBIX TPAHYJIOMETPUYECKOTO aHAIM3a,
MOKHO OTMETHTh, YTO TPAHYJIOMETPUUECKUIL COCTAB
SIBJISIETCSI TUIIMYHBIM JJISI CUCTEM, TIOJIydaeMbIX JUCIIEP-
ralueil KICXOMHOTO MPOAYKTa B IJIaHETAPHbIX IIAPOBBIX
MeabHuIax. [lonydyeHHast cucTeMa XOpOIIO OIMUChIBA-
€TCSI MOHOMOJAJIBHBIM pacIpefe/ieHUEM C MOIOM IpK
49 MKM, IIpU 5TOM 0OJIbLIAS YACTh YACTHULL IIPUXOIUTCS
Ha nuarasoH 1 10 49 MKM.

[MonyueHHBIA pa3Mep YaCTUL] XOPOILIO ITOIXOMUT ISt
MOJIyYEHUST MAKCUMAJIbHOM IIPOYHOCTU PE3YJIbTUPYIO-
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Puc. 1. Pacnpenenenue pa3mMepoB YacTHII MOPOIIKA CKOPJIYTBI TPEIKOTO opexa IMocJje momMoJa

http://nanobuild.ru 70 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (1):
67-76

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanob

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

Puc. 2. COM-u300pakeHus MOJIy4eHHOTO MOPOIIKA
CKOPJIYTIbI FPENKOTO Opexa

et KOMTIO3UIINY TTPY MUHUMATBHBIX 9HEPro3aTpaTax,
TaK KaK ¢ YMEHbBIIIEHNEM pa3Mepa 4acTHUIl BO3PACTaeT UX
yIebHas TOBEPXHOCTD, B CJTy4yae MPeCTaBICHHON BhIIIe
CHCTEMBI COCTaBJIsSIIONIast mopsiaka ~ 8500 cm?/cM?, 1 io-
BBINIAETCSI TOMOTEHHOCTb TojiydaeMoii cmecu. [hior-
HOCTh TIOJIyUEHHOTO MOPOITKA HAXOAUTCS B TIpeaeIax
1,070,011 r/cMm3.

Ha puc. 2 npencraBieHbl M300pakeHUST TTOPOIIKA
CKODJTYTIBI TPEIIKOTO Opexa, MOJIyYeHHBIE C TIOMOIIBIO
CKaHUPYIOIIETO 3JIEKTPOHHOTO MUKpockotma (COM)
yeTBepTOro nokojieHus ¢ karomoM Illortku TESCAN

MIRA 3. JlaHHble, TpeACTaBICHHbIC HA PUC. 2, YKa3bI-
BaIOT Ha CJIOKHYIO TTOBEPXHOCTHYIO MOP(OJIOTHIO TIO-
porrrka. YacThirsl TopoITKa CKOPIIYITBI TPEIKOTO opexa
MMeEIOT HeTIPaBWIbHYIO (popMy B Buze TtacTuH. Pazmep
YaCTUIL B TIOTIEPEYHOM paszmepe (HanbOoIbIlIeM) Bapbu-
pyetcs ot 1 mo 20 MKM.

Ha xpussix coBmectHoro TI—/ICK ananu3za mo-
poIrKa Tpenkoro opexa (puc. 3) oTMedaeTcs HaInuue
HECKOJIbKUX Y9aCTKOB, CBSI3AHHBIX C PA3IMYHBIMU TEP-
MUYECKUMMU 3(PPeKkTamu.

Ha TepmorpaBumeTprudeckoit KpUBOI MPUCYTCTBYET
HECKOJIbKO YYaCTKOB IMOTEPU MACChl, BOSHUKHOBEHUE
KOTOPBIX TIPOUCXOAUT BBUIY psifia TIpolieccoB. Tak,
B uHTepBasie Temreparyp ot 23,0 no 131,0 °C dbukcupy-
€TCsI CHIDKEeHUE Macchl obpasua 0o 95,44%. Ilpu sTom
Ha kpuBoii 1CK Ha naHHBII UHTEpBAT TEMITEPATYP TIPU -
XOIUTCS OMVH dHIOTEPMUIECKUN TTUK C MUHUMYMOM
ripu 90,7 °C. Xapakrtep JaHHOTO MUKa yKa3bIBaeT Ha TO,
YTO MIPOUCXONUWBIINHI B 3TOM WHTEpBaJe TeMIEpaTyp
TIPOLIECC TIPOTEKAJ C TOTPEOICHUEM SHEPTUN, 2 HATUINE
rocienytomero miaro Ha kpuoit T cBuaeTescTBYET
O TOM, UTO TOJy4YEHHBI! OCTATOK CTAOWJIEH B UHTEP-
Basie Temriepatyp ot 131,0 no 207,2 °C. Buny 3Haqu-
TEJTHHOM yAeIbHON MOBEPXHOCTU TTOPOIITKA CKOPITYTTBI
(8500 cm?/cMm?) 1 ee THAPODUITBHOCTH pacCMaTPUBACMYIO
TIOTEPIO MACChI U aCCOIMMPOBAHHBIN C HEW SHAOTEPMU-
YeCKUI MUK Hanbosiee BEPOSITHO CBSI3aH C ylajJeHUueM
aJIcOpOMPOBAHHON BOIBI.

Ha cnenytomem yuactke kpuBoid TI' Ha auamnaszoH
ot 131,0 mo 207,2 °C nmpuxoauTcs TUIaTo, Ha IIPOTKEHUH
KOTOPOTO MPUOOPOM He (PpUKCUpyeTCs] 3HAYUTETbHON
TOTepU MacChl. B JTaHHOM TTPOMEXYTKE TaKKe OTCYT-
CTBYIOT TepMudeckue 3¢ dekTsl, Kpubas I CK mpenmy-
IIECTBEHHO TIPOXOMINT B TIPeesiax HYJIeBOIl OTMETKU.
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Puc. 3. TT—/ICK KpuBbie CKOPJIyNIBI TPEHKOT0 Opexa
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B mmanazone temmeparyp ot 207,2 no 323,7 °C Ha Kpu-
Boii TT" mprbopoM pukcHupyeTcs 3HaunTeIbHas (opsiaKa
50%) notepst Macchl 0OpasLa, ¢ aCCOLMUPOBAHHBIM K-
30TepMHYECKIM TIMKOM Tipu 349,2 °C. IloxHas mmoTepst
Macchl IPUXOINATCI Ha MHTepBai oT 349,2 no 476,8 °C,
C aCCOIIMMPOBAHHBIM 3K30TePMUUCCKUM ITUKOM IIPH
437,9 °C. Jlnst opraHUYeCKNX cMecell B o0IImeM ciaydac
Ha JaHHBIA TeMIIepaTypHBI Tuara30H MPUXOISITCS IIPeH-
MYIIECTBEHHO ITMPOIUTUICCKIE TTIPOIIEeCChL. Tak, MUK Ipu
349,2 °C mpuHAIICKNUT MTUPOIUTUICCKOMY PA3IOKCHUIO
JINTHWHA, 0TME4aeMOMY aBTOpaMHM B cTaThe [25]. B cBoto
ouepenb MK 437,9 °C mpenMyIecTBEHHO TTPUHAIICKUT
3K30TepMIUIeCKOMY 3¢ (PeKTy, BOSHUKAIOMIEMY TP TTH-
POJIUTUYECKOM Pa3/I0KEHUU LEeJUTI0I03bI [26].

N3yueHne pusnKo-mexaHNYeCKMX NoKasarenei
pesynbTupyloLeil KoMnosuyum

PaccmaTprBaemblie B JaHHOM MCCEA0BAHUU TTOJIU-
MEpHbIE TTPEeCC-KOMITO3ULIMY MPEACTaBIEeHbI B Ta0I. 1,
NpPEeACTaBJICHHBIN B TaOJUILEe PE3yJIbTAT BBIYUCISIICSI
Kak cpefaHee apudMeTUIEeCKOe TpexX MapaljiebHbIX U3-
MEpPEHUI.

[T710THOCTB PE3yNBTUPYIOIIETO KOMITO3UTA B 3HAUM -
TEJbHOU CTENEHU 3aBUCUT OT KOJMYECTBA HATTOJTHUTES,
YTO OOBSICHSIETCSI MEHBILIEH TUIOTHOCTBIO MTOPOIIKA CKOP-

Tabauya 1
Hccnenyemblie cocTaBbl KOMIIO3UTOB

nymbl rpetkoro opexa (1,07£0,01 r/cm®) B cpaBHeHUN
¢ noaumMepHoit matpuieit (1,40+0,01 r/cm?).

OCHOBHBIM U3y4aeMbIM IIPOYHOCTHBIM [TOKA3aTe/IeM
JUISL TI0JIy4aeMOro MOJMMEPHOIO KOMIIO3UTA SIBIISIETCS
rpejesi MpoYHOoCcTU Ha u3rub. [lonyyeHHbIE B pe3yJib-
TaTe UCIBbITAHWI KPUBbIE «U3Trubalollee HapsKeHue /
OTHOCUTEJIbHAsI AeOpMaLusI IIPeACTaBIECHbI Ha puc. 4.

CorjacHO JaHHBIM KPUBBIX, IPEACTaBIe HHBIX
Ha puc. 4, Ipenesibl IPOYHOCTH AJIst KOMIIO3ULIMK C Ha-
nostHeHueM 25, 50 u 75% macc. paBubi 4,8110,52 MI1a,
25,85+2,51 MIla u 28,44%5,71 MIla cooTBETCTBEHHO.
[1pu aTOM 3HaYEHUS ITOKA3aTe/IsI OTHOCUTEIbHOM Je-
(hopmaiu Ha npeesie MPOYHOCTA 0OPA3LIOB HAXOMSTCS
B nuarasone 8,70+0,47% g KOMIIO3UTa C HAITOJIHE-
HueM 25% macc., 5,51+0,10% nias KkoMmo3uTa ¢ Ha-
nosiaHenueM 50% macc. u 3,39%0,32% i KoMIio3uta
¢ HanosiHeHUeM 75% macc.

BBeneHue 3HAYUTEIHLHOTO KOJIMYECTBA IOPOIIKA
rpeukoro opexa (cBbiiie 50% Macc.) B OJUMEPHYIO
KOMITO3UIIMIO OJIArOMPUSITHO CKa3bIBAETCsI Ha IIpeaesie
MIPOYHOCTH PE3YJIbTUPYIOLIET0 KOMIO3uTa. B ciyuae
paccMaTpuBaeMOi KOMITO3ULIMKM OTMEYAETCs IIpakTuie-
CKU IITUKPATHOE YIIPOYHEHUE BHICOKOHAIIOIHEHHOTO
Komro3uta. CTOUT OTMETUTD U U3MEHEHUE OOIIEero BUaa
KPUBOH «u3rnbalolee HampskeHue,/OTHOCUTEIbHAS
nedopMaliust», Ha KOTOPOM Ul BBICOKOHAIIOJIHEHHO-

CocTaB KOMIO3UTA Bcnomorare ibHbie KOMIOHEHTbI
bl Kpaxman, % Topomok ckop- ITnotHocTh KOM- | Boma, Mi/100 r I BT e
HOMeEp cocTaBa ’ JIYIIbI TPEHKOTO i CYCHO# KHCJIOTBI,
macc. HO3MIMH, T/cM3 KOMIIO3UTA
opexa, % macc. mii/100 r Kommo3uTa
Cocras 1 75 25 1,4240,01
Cocras 2 50 50 1,4310,01 625 5
Cocras 3 25 75 1,3440,01
a 0 B
54 /“‘\\ 30
4 ey | B /)
= ¥ = 20 / P )
E 31 i = =
2 o 215 / /e
A P ;
# e = -
0y — (W — = ; ;
01 2 3 45 6 7 8 910 0 1 2 3 4 3
o (%) & (%)

Puc. 4. Kpusble «<u3rudaroniee HanpspKeHue,/0THOCUTEIbHAS tehopManus» i 00pa3uoB (Ha BCTABKAX NMPEACTABJIEH
BHENIHHIA COCTaBa, MOBEPraeMoro HCNbITAHUAM): a — HanosiHeHue 25% macce. (o, = 4,81£0,52 MIla); 6 — nanoxn-
Henue 50% macc. (0, = 25,85£2,51 MIla); a — nanonnenune 75% macc. (0, = 28,44%5,71 MIla)
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TO TIOJIUMEPa OTCYTCTBYET Ipeaes TeKYIeCTH, KpUBast
WUCITBITAHUS B TAaHHOM CJTydae XOPOIIIO OMMCHIBACTCS
TIOJIMTHOMOM TIEPBOM CTeTleHU. B cBoto ouepen, y KoM-
MTO3UTa C HAITOJTHEHNeM 25% Macc. OTMeJaeTcst HaTmaue
TEKYJIeCTH TTOCIIC MOCTIDKEHUS TIpeiesa IIPOYHOCTH, YTO
CBSI3aHO CO CBOMCTBAMM MOJIMMEPHOM MAaTPUIIBI.

WccnepoBaHmne cmaunmBaemMmocCTy pesynbTipytoweri
KoMno3uyuu

HccnenmoBaHne cMauBaeMOCTH TTOJTMMEPHOTO KOM-
TIO3UTA TIPOBOAMIOCH C UCITOIb30BaHUEM IBYX PACTBO-
puteneit: Bomsl (0,° = 22,6 mIx/M?*; 0, P = 50,2 MIIx/M?)
u uzonponunosoro cnupra (o, P = 3,5 m/Ix/M?*; 0 " =
19,5 mx/m?). CtaTUCTUYECKU 00pabOTaHHbIE JaHHbIE
M3MEpPEeHUS KPAeBOTo yIJIa CMaYMBaHMSI TIPEACTABICHEI
B TaOI. 2.

ITpn nu3mepernnn KYC noBepXHOCTH M30ITPONTMIOBBIM
CITMPTOM 3HAYMTETBHBIX OTKJIIOHeHMI B 3HaueHN KYC
3a(hUKCUPOBAHO HE OBLIO, OMHAKO JIJIST BOIBI OBLIO OTME-
YEHO ero 3HAYMTEIIFHOE YMEHBIIICHNE TIPY YBETNICHUN
COJepKaHMS HAIOJHUTEIISI B KOMIIO3uTe oT 25% Mmacc.
10 50% macc., ¢ IoceayIoLIM BO3pacTaHUEM IIPU YBe-
JIMYEHUH cofepkaHust HarojaHutelst ot 50% macc. 10 75%
Macc. M300paskeHNsT «CHISTINX» KaIleIb 1 COOTBETCTBYIO-
e nM 3HadeHust KYC ripencraBieHbl Ha puc. 5.

CTOUT OTMETHUTD, UTO KPaeBOI YTOJI CMaUYMBaHUS 10~
JIMMEPHOM MaTPHUIILI BOOOI TaK:Ke HAXOMUTCS B TIpeIe-
nax 60—70°. HeoOpaboTaHHast CKOPIIyIIa TPELIKOro Opexa
CMauMBaeTCs IMOJTHOCTHIO.

TepmorpaBumetpuueckunn n ICK ananus
pesynbTupyloLwell Komnosuumnu

1 TepMOTpaBUMETPHUYECKOTO aHAJIN3a Pe3yIbTHPY-
oIl KOMITO3UIINI METOIOM COBMEIIIEHHO TepMOTpa-
puMetpun (TT) n tuddepermanbHON CKaHNUPYIOMICH
kajmopumeTpuu (JICK) pe3ymbTupyroIeit KOMITO3UIIN
ObL1 0TOOpaH obpasel ¢ 50% macc. comepKaHUEM Ha-
TIOJTHUTEIIS (CKOPJTYITHI TPEILIKOTO Opexa).

Tepmorpamma obpasua (puc. 6) IpeacTaBicHa CI0X-
HOUW KpMBOW MHOTOIIArOBOW AEKOMIIO3UIINA, COCTOSI-
Ieif 13 3 OCHOBHBIX Y9acTKOB. Ha rmepBoM ygactke, Jie-

25% wmacc.

. ——

arosaenue 75% macc.

Puc. 5. Xapakrepnbie H300paKeHus! «CUITINX» Karnejb
BOJIbI HA TIOJIMMEPHOM KOMIIO3UTE

XKamiem B nuartazoHe remmepatyp ot 20,0 °C no 122,1 °C,
OTMeYaeTcsl CHMXeHUe Macchl obpasna mo 95,11%.
Ha xpuBoii JICK ¢ 7JaHHBIM y4acTKOM acCOLIMUPOBaH
OIVH SHIOTePMUYECKUN MUK, IIEHTP KOTOPOTO IIPH-
xomutes Ha 86,1 °C. BBuay Toro, 4To Ha IOC/IEAYIOIIEM
yJacTKe OTCYTCTBYeT (pUKcHpyeMas IpuOoOpOM TTOTepst
MAacCCHI, a TAKKe UCXOMIS M3 SHAOTEPMUIECKOTO XapaKTe-
pa accOIMUPOBAHHOTO C HEl IMKa, HanboJiee BEPOSITHO,
YTO TIPOMCXONMBIIAS B Aramna3oHe Temiepatyp ot 20,0
1o 122,1 °C mtoTepst Macchl CBSI3aHa ¢ yIaJeHUEM aicop-
OMPOBAHHOM ITOJIUMEPHBIM KOMITO3UTOM BOIEI.

Kaxk yxe oTMedasioch paHee, Ha BTOPOM YUaCTKe Tep-
MOTPaBUMETPUUECKOI KpMBO1 B muamna3oHe oT 122,1
1o 130,5 °C mpubopoMm He UKCUPYETCS 3HAUNTETHLHOMN
IMoTepu Macchl, ogHako Ha KpuBoit JJCK orMmedaeTcsa
HaJIMYIME SHIOTCPMUICCKOTO TTNKA ¢ MUHUMYMOM IIpH
126,6 °C. Vcxons U3 UMEIOLIMXCS INTEPATyPHbBIX JaH-
HBIX [22, 27], BBIIIIEyKa3aHHBIM MUK OTHOCUTCS K pa3-
MSITYCHHIO KPaXMaJIbHOTO TEPMOIIIACTUIHOTO TTOJTMMe-
pa. Takum 06pa3oM, MOXHO CYINTh, YTO OIITUMATbHBII
TeMIICPATyPHBIN peXXUM IJisI (DOPMOBAHUS TTOJIyJac-
MO¥ KOMIO3UIINYU MPUXOIUTCI Ha Mrana3oH oT 122,0
1o 130,5 °C (ToYKM TTOJTHOM IIMPUHBI ITMKA Ha TIOJIOBIUHE
BBICOTHI). TeMmepaTypa pasMsTrdeHUs] KOMITO3UTa Ha-
xonuTtcs B npenenax 103,1£0,1 °C.

TepmMorpaBuMeTprUUyecKas KpUBasi TPEThETO yJacTKa
TepMOTpaMMBI XapaKTepU3yeTcsl KPUBOM MHOTOIIIATrO-

Tabauya 2
ITosryyeHHble 3HAYEHHS KPAEBOTO YIJIa CMAYMBAHUSA KOMIO3UTA PACTBOPUTEISMH
T LT e T = KpaeBoii yroa cmaunBanus CB0001HAS SHEPTHS IOBEPXHOCTH
nosura, % macc. Bona HN3onponanon 0,”, mILK/m? 0%, mIk/m? | Obwas, MK/ m?

25% 76,74+5,75 15,21+4,18 11,53%0,01 16,271+0,57 27,840,58
50% 62,1914 31 17,0143,04 7,25%0,01 32,1£0,16 39,35+0,17
75% 98,13£2,05 14,23+2,18 20,7340,01 1,8440,08 22,5740,09

http://nanobuild.ru 73 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2024; 16 (1):
67-76

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

T T T T 14

LR O—¢ 'R

"2} W _

80 - r% & A 10 _
~ _ o =
g 60 § 6 é
— ~'
E 40 o8 A"

) 4l 2 =

20 o i 0

0 L2
200 400 600 800
Temneparypa (°C)

Puc. 6. TT—/ICK kpuBble KOMIO3UTA ¢ HanoJHeHueM 50% macc. CKOpPJIynbl IPeKoro opexa

BOI IEKOMITO3UIINY 03 00pa3oBaHUS ITPOMEXKYTOU-
HBIX YCTOMYMBBIX KOMITOHEeHTOB. Ha nnrtepBai ot 250,4
110 329,2 °C npuxoautcs ropsiaka 50% ot o0111eit moTepu
Macchl MaTepraiia. B JaHHOM MHTepBayie TeMIIepaTyp
TIPOUCXOINT TCPMOACCTPYKIIUS IICJUTIONO3EI, B TIEP-
BYIO OUepellb, BRIpAXKAIOMIASCS B IeTUAPATAIINN BBULY
IIMPOKOU TIPEACTABICHHOCTHU B CTPYKTYPE LIEJUTIOI036I
TepMOJIAOMIIBHBIX THIPOKCIIIHLHEIX TPYIIL. B MHTEepBaie
temmnepatyp ot 329,2 no 480,6 °C (4 yuyacTok) Ipouc-
XOIWT TIPAKTHYECKHU TTOJTHOE CTOPaHNEe OPraHMIeCKUX
COCTABJISTIOIINX HATIOJTHUTEJIS ¥ TTOJIMMEPHOM MaTPUIIBI,
TI0CJIe YeTO TEPMOTPAaBUMETPIICCKAst KpUBASI TIEPEXOIUT
Ha 5 y4acToK.

ITpumeuarteneH TOT GakT, YTO A YIACTKOB 3—5
XapaKTepHBI CBOM CKOPOCTH ITOTEPU MACCHI (Ha TEpMO-
rpaMMe 3TO OTpaxkaeTcs Ha HaKJIOHe KpuBoii). Ha kpu-
Boit ICK oTmevaroTcst 1Ba acCOMUPOBAHHEIX C TaH-
HBIMM yJ9acTKaMH 9K30TepPMHUYECKUX IMMKa Iipu 350,5
u 435,2 °C, HanboJjiee BepOSITHO TIpUHAIJIEKAIINX TTH-
POUTUYECKOMY Pa3IOKCHUIO INTHUHA U 1IEJUTIOI036
COOTBETCTBEHHO [25, 26].

3AKJTIOMEHUE
PaccMmoTpeHHas B cTaTbe pe3yJbTHPYIONIAS TTOTH-

MEpHasdad KOMITO3MI A Ha OCHOBE TEPMOIIJIACTUYHOTO
KpaxMaJIbHOI'O IMoJInMeEpa obynagaeT p4AooOM npumeya-

TeJbHBIX CBOMCTB. B cpaBHeHUMN ¢ HEOOpaOOTAaHHBIM
TTOPOIITKOM CKOPIIYIIBI TPEIIKOTO OpeXa W MOJIMMEPHOMN
MaTpUleil KOMITIO3UT obJiagaeT TUaApPOo(POOHBIMU CBOM-
CTBaMM, YTO 3HAUYMTEIBHO PaCIIUPSICT BO3MOKHOCTHA
€ro 3KCIUTyaTalnH.

Pesynbrupyrorias KOMITO3UIMS ITOKa3ajia XOpOIIe
IIPOYHOCTHBIC XapaKTEePUCTUKU. [Ipemestbl MpoIHOCTH
Ha u3ru6 o, = 25,85%2,51 MIlan o, = 28,44%5,71 MIla
Jutst HartosHeHust 50% macce. u 75% Macc. COOTBETCTBEH-
HO CTaBSIT €T0 B OIWH PSIZT ¢ aHAJJOTUIHBIMU KOMITO3HTa-
MM 13 00JIee TPATUIIMOHHBIX TEPMO- M pEaKTOTUIACTIY-
HBIX TTOJIUMEPOB.

HzyueHne TepMorpamMM pe3yabTUPYIOIIeii KOMITO3H-
LI TTO3BOJIMIIO 00JIee TOYHO YCTAHOBUTH TEMIIEPATyp-
HbI€ TIPeAeJIbl SKCILTyaTallMy MOJMMEPHOTO KOMITO3MUTA,
BEpXHUM 13 KOTOPHIX MOKHO CUATATh TEMIICpaTypy Ha-
yajia pasMATdeHusT moamMepHoil Matpuibl — 103,1 °C,
a TaKKe YCTAaHOBUTH ONTUMAJIBHBIC PEXKMUMEBI (hOpMOBa-
HUS U3ICINH U3 TEPMOILIACTUYHOTO KOMITO3UTA.

ITomydeHHBIN TTOTUMEPHBII KOMITO3UT, OCOOCH-
HO cocTaBbl ¢ HarojaHeHueM 50% macc. u 75% macc.,
Oyraromapst CBOMM CBO¥ICTBAM IT0 IIPaBY MOXHO CUUTATh
MIEPCIEeKTUBHBIMU MaTepHUaJIaMU I N3TOTOBICHUS
IIEJIOTO PsIa M3IEINi M TOBApOB HAPOIHOTO MOTpe-
OJieHUSsI, AJIs1 KOTOPBIX HauboJjiee 1eaecoo0pa3HbIM
SIBIISIETCSI TIPUMEHEHNE TTOJTHOCTBIO OMOpa3iaraeMoTo
MaTepuana.
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5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1.The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal <Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corlaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MNP HANIMYMKN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuumeit XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe faTb 60siee paclUMPEHHYI0 PeLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaIMuMm KOHGIMKTa MHTEPECOB (eC/Iv OH BO3HVK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaET B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOB».

4. PeLleH3€eHT He nepefaeT CBeAieHNA O CTaTbe U JaHHble, KOTOPbIE B HEl COAep»KaTca, TPETbUM NIULaM.

5. PeuleH3€eHT He ncnosnb3yeT nHGOpPMaLUIo, MOYUYEHHYIO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHBIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcrnosegaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEXouT Ha
JINYHOCTMW.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONOrnm B CTponTenbCcTBe»

1. i3patenib He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAaLMI B Nybnmkyemon pabore.

2. V3paTtenb He BNMAET Ha pefaKUMOHHYIO MOSIUTUKY XKYPHana.

3. Mi3paTtenb oKa3blBaeT PUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HEO6XO[UMOCTU.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gaTtenb nyonunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbiSBIEHbI HAPYLLIEHWA HAayYHO
STUKU UIN KPUTUYECKINE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYaeT 3a MPUHATME peLLeHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefaKkumio XXypHana
paboT cnefyeT onybnnKoBaTb. TO peLleHre BCeraa AOMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTene 1 untatenei. [MaBHbIN pegakTop MOXKET PYKOBOACTBOBATbCA MeTofuue-
CKUMW PeKOMEHZALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonyLleHVe KNeBeTbl, HapYLUeHUs aBTOPCKOro NpaBga v niarvata. Takxke Npu NPUHATAM pPeLLeHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONErnn, peLeH3eHTaMu.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENIEKTYaNIbHOMY COLepPKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKMN pefaKLUnK, YIeHbl PELKONNErn He JOJXHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO0 APYyromy, 3a NCKIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, copgepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMOO CO6CTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peAcoBeTa 1 pegkonnernn 6e3 NnucbMeHHOro paspelleHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIew, NOJyYEHHbIE NPU PELLEH3UPOBAHUN, LOMKHbI XPAaHUTLCA B CEKPETE U HE UC-
NnoJsib30BaTbCA ANA NONYYEHNA JINYHOWN BbIrOAbl.

5.naBHOMY pefiaKTopy crefyeT OTKa3aTbCA OT CBOEro y4yacTUA B PeLeH3MPOBaHNM B ClyyYae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPeCoB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLEHUN C KeM-n6o 13
aBTOPOB, KOMMAHWI NN YUYPEXAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUPYIOLWNX MHTEPEcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukauun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CylyYato AeNCTBME, Takoe Kak nyo6-
NIYIKaLUsi ONPOBEPKEHMWA UV BbIPaXKeHNA 03a00YEHHOCTU.

7. [naBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHWUW NpeACcTaBieHHOV PYKOMWUCU Ui ONy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKkumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b FMTABHOrO PefakTopa, YieHbl pefaKLNOHHONW KOMMeruun, aBTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpu HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
NHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBUI U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOJIAET APYIIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUNE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa faHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CroCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyuMBLINIA YyOeauTenbHOe CBUAETENbCTBO HapPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOTUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTU NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA Nniarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube aBTOPCKOE MPaBo OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XKepTBOW Nyarnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNeHna MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT NpefblayLyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepUnanoB OOTXKHbl MMETb BO3SMOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OTpuMUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'IVIKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUuHTOB N NOCTNPUHTOB

B npouecce nogaur cTaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblnia ONy6/IMKOBAHA MK He Oblia
npuHATa K Nyb6nmKaLmm B Apyrom HayuHoM >kypHarne. [pu ccbinke Ha onybnmKoBaHHYI0 B XypHarne «HaHoTexHonorum
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb cCbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii canT
XypHana.

K paccmoTpeHntio fonyCcKalTCs CTaTby, Pa3MELLEHHbIe paHee aBTOPaMM Ha JINYHbBIX UK NYBIMYHbIX CalTax, He
OTHOCALLMXCA K APYTM U3L4aTe/IbCTBaM.

O npoueaypax B cyyae 3510ynotpe6neHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumuy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
N ynTaTenb 0b6A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLmWi B )KypHane feNCTBYIOLMX 3aKOHOB, MPaBW UAN NOo-
MEHUN 1N 06A3yt0TCA COO6LLaTb O NOObBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpebd-
neHna (HapyLeHunsa).

Pepakuwei xypHana HesaMeaMTebHO NPOBOANTCA pacciefjoBaHMe Mo BcemM cOObLLeHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnu nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHuin). 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 paspeLteHna KOHGINKTHBIX CUTyaLmniA.
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Admission of articles

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.
OAna yntuposaHua: CunnuuH [.A., Laaxmvetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HaYeHMA: TEXHONOMMA NPOU3BOACTBaA U NpMeHeHua // Ha-
HoTexHonoruu B ctpoutenbctae. 2021. T. 13, N2 4, C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-
213-221.

© authors, 2021
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Text of the paper: (In Russian, number of words 3000-6000)
- INTRODUCTION

- METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSIONS

References (In Russian) (Vancouver Style)

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 XKaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadeapbl ynpaBneHUs prckaMm U CTPAaxoBaHMWs
3KoHOMUMYecKoro ¢dakynbteta CaHKT-INeTepbyprckoro rocyfapctBeHHoro yHmsepcuteta, CaHKT-TeTepOypr,
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.

MoposoBa M.C. - HayuyHOe PYyKOBOACTBO; KOHLENUWA WCCNefOBaHUSA; pa3BUTUE METOAOJSIOrMKY; yyacTne
B pa3paboTke yueOHbIX MPorpamMm 1 nx peannsaunm; HanMcaHne NCXOAHOTO TEKCTA; NTOrOBble BbIBOAbI.
bokoBa E.B. - yuyacTie 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
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OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuua npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wWpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMonb3ynTe NoaYepKrBaHUe BHYTPY TeKCTa (4NA Nof3arofioBKOB MCMOMb3yTe MOMY>KUPHOe HavepTaHue,
LA BbljeNeHnsA B TEKCTe — KYpCuB);

+  VMIHOCTpaHHble Ha3BaHMA (KypHanoB, opraHu3auuin 1 T.4.) cnefyeT OCTaBNATb B OPUTMHANeE, 3aKNoYaTh B KaBblUKU.

A66peBuaTypbli
Bce ab6peBmaTypbl AOMKHbI 6bITb paclundpoBaHbl NPy NePBOM ynoTpebneHnn. Ecnn abbpeBnatyp MHOFO, MOXKHO
cZienatb CrUCOK C PacIMPPOBKOI KaXKA0M U3 HUX Nepe[] TEKCTOM CTaTbMu.

Ta6nuubl U pUCYHKN

Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMXKHa OblTb OTCbISIKA B TEKCTE CTa-
TbW. B Tabnuuax He JOMKHO 6bITb NYCTbIX rpad. PUCYHKN BOMKHBI ObITb XOPOLLIEro KauecTBa, MPUroaHble Ans neyatu.
MpriknagblBaloTCA K CTaTbe OTAENbHbIMU paiinamu.

YT06bI NPOBEPUTL KAUECTBO N30OPAXKEHUS, MOXKHO YBENMUMTL ero. XopoLluee n306pakeHne He pa3MblBaeTcsA npu
YBE/IMUEHUN.

CHOCKIn
Mpn HeobXOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW Hymepauuen (apabckre Lmdpbl) No Bcemy JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PaboT, KOTOPble YNTOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMaLma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNKA (OTCbINIKa B TEKCTE B KBaAPATHBIX CKOOKaX, MonHoe 61bnu-
orpaduyeckoe onmcaHne UCTOUHKKA B CMICKE IMTepaTypbl B MOPALKE YNOMUHAHNWSA B TEKCTE CTaTby).

CnMCOK NCTOYHUNKOB

B cnncok nuTepatypbl BKMOUYAKTCA MCTOYHUKM, UCMONb3yemble B TeKCTe cTaTbh. CCbINIKU Ha NPUHATbIE K My6-
NMKaLmMK, HO elle He onybiMKOBaHHbIe CTaTby, JO/KHbI ObITb MOMEUYEHbI C/IOBaMU «B MevaTh»; aBTOPbl AOMKHbI
NonyynTb MMCbMEHHOE pa3peLleHne AA CCbINIKA Ha Take [OKYMEHTbI 1 MOATBEPXKAEHME TOr0, UTO OHU NMPUHATDI
K nevatn. MHdopmaums n3 Heony6IMKOBAHHbIX UCTOYHUKOB LOJIKHA ObITb OTMEUEHA C/I0BaMU «HeOMNybnMKoBaH-
Hble JaHHble/LOKYMEHTbI», aBTOPbI TaKKe JAO/MKHbI NMONYYUTb MMCbMEHHOE NOATBEPXKAEHME Ha NCMOMNb30BaHMe Ta-
KX MaTepranos..

OdopmrieHne CCbifIOK Ha UCTOYHUKK, Brbnmorpaduyecknx ccbiiok ocyllectsiseTca B cootsetcteum ¢ FTOCT P
7.0.7-2021.

ABTOpCKMe npaBa

ABTOpbI, NyGNVKYIOLLMECS B KypHAse, COrMaLlalTCA CO Cleayowmm:

1. ABTOpPbI COXPaHSIOT 33 COBOI aBTOPCKME NPaBa Ha PaboTy 1 MPefOCTaBAAIOT XKypPHany NpaBo nepBon nybnvka-
umnm paboTbl.

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa Bepcuy paboTbl B onybnnKoOBaHHOM 34eCb BUge (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6amKaLmio B KHUATE), CO CCbISIKONM Ha ee OpUTrMHanbHyo Ny6nmKaLmio B 3TOM XXypHare.

3. ABTOpPbI MMEIOT MPaBOo pa3meLlaTb Ux paboty B ceTv IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWNLLE U HA
nepcoHaibHOM caliTe) 1o 1 BO BPeMs NpoLiecca pacCMOTPEHUA ee AaHHbIM XKYPHANOM, TakK KaK 3TO MOXEeT MPUBECTM
K NPOAYKTMBHOMY O6CYXXAEHMIO N 6OMbLIEMY KONMYECTBY CCbISIOK Ha AaHHY0 paboTy.

MpuBaTHOCTb
MimeHa n agpeca 3ﬂeKTpOHHOI7I NMoYTbl, BBejeHHble Ha caunTe 3Toro XKypHana, 6yp,yT MCNob30BaHbl NCKOUYNTENb-

HO A Lernel, 0603HaUEHHbIX STVM >KYPHasioM, 1 He ByZlyT UCMOMb30BaHbI sl KAKUX-MOO0 Apyrux Lenen nimn npego-
CTaBJIEHbI APYTVIM JINLIAM Y OPraHM3aL1saM.
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