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The main aim of electronic edition «Nanotechnolo-
gies in Construction: A Scientific Internet-Journal»
Nanobuild.ru is to provide information support for
the process of invention and application in the world
of science intensive technologies (mostly nanotechno-
logical products) in construction, communal and housing
services, joint areas (industry, power et al.).

The Main Tasks of the Electronic Edition «Nanotechnol-
ogies in Construction: A Scientific Internet-Journal»:
1. Providing scientists and specialists from different coun-
tries with the opportunity to publish the results of their
research and receive information about modern tech-
nologies and materials, high-performance equipment in
construction, communal and housing services, joint areas
(industry, power et al.).

2. Popularization of achievements of leading scientists,
engineers, experts and researchers from different coun-
tries.

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

The electronic edition <Nanotechnologies in Construc-
tion: A Scientific Internet-Journal» Nanobuild.ru has
been published since 2009 and its periodicity is 6 is-
sues a year.

INTERNATIONAL ACADEMY
OF ENGINEERING

MEXAYHAPOAHOM
WHXXEHEPHOW AKALLEMUY

WUHAN UNIVERSITY
OF TECHNOLOGY (CHINA)

YXAHbCKOIO YHUBEPCUTETA
TEXHONOIUN (KUTAI)

N3OATENbCKWE CBEOEHUA

(uenu n 3apaun; NepBbI rof BbIXOAA; NEPUOANYHOCTD;
TemaTrKa CTaTel 1 LeneBas ayauTopus; MeXXQyHapOLHbIN
pPenaKLUMOHHbBIN COBET; MEXXAYHapOAHaA peaKLOHHas
Komnnerns; pefakuus; yupeanTenb 1 n3gatenb; u3gatesb-
CKasl 3TMKA; KOHTAKTHbIE JaHHbIe; MUHUMASbHbIE CUCTEM-
Hble TpeboBaHNA, HeobxoaVMble A AOCTYNA K U3LaHUIO;
apXMBMpPOBaHUE; rpadviK n3gaHus)

OCHOBHOI LieNblo 3N1IeKTPOHHOro nsgaHusa «HaHorex-
HOJIOrNM B CTPOUTENbCTBE: HayUHbIll IHTepHeT-XKyp-
Han» Nanobuild.ru aBnaerca nunpopmauymoHHoe obe-
cneyeHune npouecca co3faHnNA U BHEAPEHUA B Mupe
HaYKOEMKMX TEXHONOInIA (Npexkae BCero — HaHOTEXHO-
NOrNYECKON NpoayKUMKM) B 06NaCT CTPOUTENBCTBA, XK1-
JIMLHO-KOMMYHabHOMO XO3ANCTBA, CMEXHbIX OTpacnemn
(MPOMBILLINEHHOCTN, SHEPTETUKU 1 Ap.).

OCHOBHbIe 3aauln 3N1eKTPOHHOro nsgaHusa «Havo-
TEXHONIOTMU B CTPOUTENbLCTBE: Hay4HbIN IHTepHeT-
KypHan»:

1.MpepocTaBneHne yyeHbIM 1 CneyuanncTamM U3 pasHbix
CTpaH BO3MOXHOCTU Ny6IMKOBATb pe3ysbTaTbl CBOUX UC-
CrlefoBaHMA 1 NoyYaTb MHGOPMALMIO O COBPEMEHHbIX
TEXHOJOMUAX 1 MaTepranax, BblcCOko3dpheKTMBHOM 060-
pyZoBaHUM B 0611aCTU CTPOUTENBbCTBA, XKUJINLLHO-KOMMY-
Ha/IbHOMO XO3ANCTBA, CMEXHbIX OTpac/en (MPOMbILLIEH-
HOCTW, SHEPTETUKM U Ap.).

2. [MonynAapm3auma SOCTUMKEHUI BeOyLUX YUeHbIX, MHXe-
HEepOB, KCNEePTOB U UCCNEef0BATENEN M3 PA3NINYHbBIX CTPAH.
3. IHpopMaLMoHHas noafepKa 1 yyactue B Meponpu-
ATUAX (GopyMax, KOHPepeHUMAX, CUMMO3UYMaX, CEMUHA-
pax, BbICTaBKax, KPYr/blX CTONax 1 T.4.) N0 HAHOUHAYCTPUN
1 NMPUKMagHbIM BOMPOCamM HaHOTEXHOJOIMIA B 06nacTu
CTPOUTENBCTBA U XKUINLLHO-KOMMYHaNIbHOIO X03ANCTBa,
MIMEIOLLMX aKTyanbHOE U MepPCneKTUBHOE NPaKTMyecKkoe
3HayeHue.

dneKTpoHHOe n3paHne « HaHoTexHonorMM B CTpouTesb-
CTBe: Hayu4HblIll THTepHeT-KypHan» Nanobuild.ru nuspa-
eTca ¢ 2009 roga, NeprMognuYHOCTb — 6 HOMEpoB B rop,.
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The subject of the journal’s articles is given in Appen-
dix 2 (chapter «on the observance of publishing ethics
by the editors of electronic edition «<Nanotechnologies in
construction: A scientific internet-journal» and the state-
ment of prevarication absence»).

Every issue of electronic edition «Nanotechnologies in
Construction: A Scientific Internet-Journal» contains the
information about advanced materials and technologies
which are already in use or are about to appear at the
market in the near future. That is of great interest for many
specialists.

Therefore the edition’s readers and authors are:

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

« scientists and specialists of research institutes and nano-
technological centers;

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

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

- experts of the enterprise-producers manufacturing na-
noindustrial output.

INTERNATIONAL EDITORIAL COUNCIL
(PUBLIC ADVISORY BODY)

Chairman of the international editorial council

Boris V. GUSEV - Editor-In-Chief of Electronic Edition
«Nanotechnologies in Construction: A Scientific Inter-
net-Journal», Corresponding Member of RAS, President
of Russian Academy of Engineering and International
Engineering Academy, Head of Department «Construc-
tion Materials and Technologies» Russian University of
transport, Honored Scientist of RF, Laureate of USSR and
RF State prizes, Doctor of Engineering, Professor, Russian
Federation

Members of the international editorial council

Evgeny M. CHERNYSHOV - Full member of RAACS,
Chairman Presidium of Central Regional Department of
Russian Academy of Architecture and Construction Sci-
ences, Director of Educational Creative Academic Center
«Archstroynauka» SUACE Department of Academic Scien-
tific and Educational Cooperation, Doctor of Engineering,
Professor, Russian Federation

Oleg L. FIGOVSKY - Full Member of European Academy of
Science, Forein Member of RAE and RAACS, Editor-in-Chief
of SITA, OCJ n RPCS, Director of «<Nanotech Industries, Inc.»
(USA), and Director of International Nanotechnological R&D

TemaTtunka cTaTen XKypHana npvsegeHa B [MpunoxexHnn 2
(pa3gen «o cobnofeHy pepakuyelt SNeKTPOHOro N3aHNA
HaHOTEXHOMNMOMNN B CTPOUTENbCTBE: HAYUHbIN NHTEPHEeT-
XKYpHas» N3AaTenbCKo STUKM 1 3aABNeHre 06 OTCyTCTBIM
3/10ynoTpe6eHNA CyXeBHbIM NONIOKEHVEMY).

B KaxkgoM HomMepe 31eKTPOHHOIO 13gaHna «HaHoTexHo-
NOrv B CTPOUTENIbCTBE: HaYUHbIN VIHTEPHET-KypHan»
ny6nukyetcs nHGopmaLma o nepegoBbIX MaTepuranax
1 TEXHOJIOTMSIX, KOTOPbIE YKe NCMOMb3YHTCA I AOMKHDI
NosIBUTbCA B GMIKalillee BPeMms, a 3TO Bbi3blBaeT 60sb-
LLIOW MHTepec y cneymanmcTos.

MosTomy aBTOpamMm 1 YnTaTeNnAMN N3JaHNA ABNAIOTCA:
+ CTyAeHTbl, penofasaTteny, acnMpaHTbl U OKTOPAHTbI
BY30B;

+ YyUYeHble 1 cneynanncTbl HayYHO-NCCneqoBaTeNbCKMX
MHCTUTYTOB 1 HAHOTEXHONIOTUYECKNX LIeHTPOB;

* PYKOBOAMWTENU 1 CeunanmnucTbl yUpexxaeHui, opraHu-
3auUmn 1 NPeanpUATAN CTPOUTENIbHOrO KOMIMIEKCa 1 K-
NNLLHO-KOMMYHaJIbHOTO XO3ANCTBa;

+ yyeHble 1 CneLmanncTbl CMEXHbIX CO CTPOUTENbCTBOM
oTpacnen;

+ 3KCNepTbl GPUPM-NPON3BOAUTENEN NMPOAYKLM HAHO-
VHAYCTPUN.

MEXAYHAPOOHbIV PEAAKLMOHHBIN COBET
(OBLLECTBEHbIV KOHCYJIbTATUBHbIV OPTAH)

lMpedcedamenb mexx0yHapoOHO20 pedaKyUuOHHO20 cosema

F'YCEB Bopuc BnagummnpoBuY — rnaBHbI pefaktop
3N1eKTPOHHOro M3gaHmAa «HaHoTexHonornm B CTpo-
nTenbCcTBe: HayyHbll VIHTepHeT-XypHan», 4neH-
koppecnoHngeHT PAH, npe3sungeHt PUA n MUA, 3aBeny-
townin Kapegpon «CTponTesnbHbie MaTepuranbl U TEXHO-
norum» POCCMNCKOro yHNBepcuTeTa TpaHCNopTa, 3aciy-
XKeHHbI geatenb Haykn PO, naypeaT locynapcTBeHHbIX
npemun CCCP n PO, g-p TexH. Hayk, npodeccop, Poccuin-
ckaa Oegepauymn

YneHol Mexx0yHapoOHO20 pedaKyuoHHO20 cosema

YEPHbILLOB EBrenunin Muxamnosuu — akagemnk PAACH,
npepcepatens lNpesngnyma LleHTpanbHOro pernoHanb-
HOro otgeneHna Poccuinckom akageMmnm apxnuTeKkTypbl
N CTPOUTENIbHBIX HAYK, AUpeKTop obpa3oBaTesibHOro
TBOPYECKOro akageMmnyeckoro LieHTpa «ApXCTporHayKa»
BopoHexckoro FACY, a-p TexH. Hayk, npodeccop, Poccuin-
ckaa Qepepauyusn

®UrOBCKUI Oner JIbBOBUY — [eICTBATENbHbIN YNeH
EBponenckon akagemmu HayK, MHOCTPaHHbIN uneH PUA
1 PAACH, rnaBHbI pegakTop »ypHanos SITA, OCJ n RPCS,
anpektop komnaHuu «Nanotech Industries, Inc.», Kanu-
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versity of Civil Engineering», Adviser of RAACS, Doctor of
Engineering, Professor, Russian Federation
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Member of American National Academy of Engineering,
Chinese Academy of Engineering, and Indian Academy
of Engineering, USA
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Scientific Council RAS on Ceramic and Other Non-metal
Materials, Vice-Chair of Coordinating Council on Develop-
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dopHua (CLLA), opnpektop MexayHapoaHOro HaHOTeX-
HOJMOrMYeCKOro NccnefoBaTeNbCKoro LeHTpa «Polymate»
(M3paunb), 3aB. kadegpor KOHECKO «3enéHasa xumms,
npe3sugeHT N3pannbckon Accounaummn MN3obpeTatenei,
CLWA, N3pannb

S0Y [IxeHbru — BeayLmnin npopeccop YxaHbCKOro Tex-
HONOrMYecKoro yHnsepcuteTa (Kutawm); naypeat npemun
YoHr KoHr MuHnctepctBa obpasosaHusa KHP; akagemuk
MexgyHapogHoun akageMnn kepamukn; focygapcTeH-
Hasd rnaBHas nabopaTopura NepenoBbiX TEXHONOTIA oA
CUHTe3a 1 06paboTKM MaTepuanos, YXaHbCKNI TEXHOIO-
rmyeckun yHmsepcutet (Kntan)

MBAHOB JleoHnp AnekceeBu4 — pyKOBOAUTENb MPOEKTa
«Nanobuild.ru», rnaBHbI yuéHbIii cekpeTapb 1 BuLe-npe-
3ngeHT Poccunckon n MexgyHapogHOM NHKeHepHbIX
akagemunn, akagemnk PUA n MUA, KananaaT TEXHUYECKUX
HayK, MpUrnaLleHHbIn Npodeccop YXaHbCKOro TEXHONO -
yeckoro yHuBepcuTeTa (Kutan), uneH Cotosa XypHanncToB
MockBbl, Poccun n MexgyHapogHon defiepaumm xxypHa-
nucToB, Poccunickaa Oepgepauusa

KAJIIOXKHbIW Ceprein BnagummnpoBmny — COBETHUK
MNpepcepatensa MNpaeneHna OAO «POCHAHO» no Hayke —
rnaBHbIN yuyeHbll, yneH NpasneHna OAO «POCHAHO»,
O-p XuM. Hayk, npodeccop, Poccuiickaa Oegepauus

KOPOJIEB Esrenunin Banepbesuy — npopektop MICY
no yyebHon pabote, gupektop HOL| «<HaHOTEXHONOrVNY»
HaunoHanbHOro nccnegoBatTenbckoro MockoBCKOTo
rocyfapCTBEHHOrO CTPOUTENbHOIO YHUBEPCUTETA, CO-
BeTHUK PAACH, a-p TexH. Hayk, npodeccop, Poccuiickas
Qepepauusa

Cypenpgpa IN. WAX - noveTHbill npodpeccop CeBepo-3a-
nagHoro YHusepcuteTa, MnnuHonc, CLUA; YHuBepcute-
Ta JI'Akyuna, Itanna; TOHKOHICKOro NoNIMTEXHUYECKOro
yHuBepcuTeTa; [lencTBUuTeNnbHbIN YneH HaumoHanbHom
nHxeHepHom akagemum CLUA, MNMoueTHbIn uneH NHxxeHep-
Hbix Akagemuin Knutaa n NUugnm (CLUA)

LUEBYEHKO Bnagumup AlpocnaBoBuy — gripeKktop VH-
CTUTYTa XMW CUnrKaToB UM. U.B. TpebeHLnKkoBa, pyKo-
BoguTenb HayuHoro coBeta PAH no kepamuyeckm n gpy-
rMm HemeTannuyecknm matepuanam PAH, samectutenn
npepcenatenda KoopanHaLMoHHOro coBeTa No pa3BUTUIo
HaHoTexHonorui npu Komutete Coseta ®epepauun OC
P® no Hayke, KynbType, 06pa3oBaHuio, 3 PaBOOXPAHEHMIO
1 3Konoruu, akagemuk PAH, a-p xum. Hayk, npodeccop,
Poccuninckan QOepepaumn

TEJINMEHKO Banepwuin UBaHoBUY — npe3naeHT Hayno-
HaslbHOro MccneoBaTenbCckoro MoCKOBCKOro rocyaap-
CTBEHHOTO CTPOUTENIbHOIO YHMBEpCUTET], 1-11 BULle-npe-
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3ugeHT PAACH, akagemuk PAACH, 3acny»keHHblln geaTtenb
Hayku PO, o-p TexH. Hayk, npodeccop, Poccuiickan Qe-
Aepauns

LWy Jin la — nHOCTpaHHbIN unieH Poccninckon nHxxeHep-
HOW akagemuu, uneH EBponenckon akagemum Hayk, JOK-
Top drnocodum, uneH MIHCTUTYTa NHXKXEHEPOB MO dMeK-
TpoTexHuKe 1 anekTpoHuKe (IEEE), yupeautenb 1 rnaBHbIn
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HOJIOTUI 1 HAYKM NPUHATUA peLueHnii, YHuBepcuteT Ong
HOomuHmnoH (CLLA)

MEXAYHAPOJOHAA PEAAKLMOHHAA
KONNErua

lMpedcedamene mex0yHapoOHoU pedakyuoHHOU Kosiezuu

F'YCEB Bopuc BnagummnpoBuY — rnaBHbI pegaktop
31eKTPOHHOro M3gaHnAa «HaHoTexHonornm B CTpoO-
nTenbCcTBe: HayyHbll VIHTepHeT-XypHan», 4fieH-
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townin Kapeapon «CTponTesnbHbie MaTepuranbl U TEXHO-
norum» POCCMNCKOro yHNBepcuTeTa TpaHCNopTa, 3aciy-
KeHHbI featenb Haykn PO, naypeaT locygapcTBeHHbIX
npemun CCCP n PO, g-p TexH. Hayk, npodeccop, Poccunin-
ckaa Oegepauymn

YneHol mexx0yHapoOHOU pedakyuoHHOU KoJuieauu

Mutep Ox. M. BAPTOL - npodeccop Koponesckoro
YHuBepcuteta bendacrta (Benmkobputarums), npeace-
natenib TeXHNYeCcKoro KoMmuTteTa no HaHOTEXHOJOMMsAM
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CyfapCTBEHHOrO CTPOUTENIbHOIO YHMUBEPCUTETA, aKa-
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OAJIMKMAH Bauyecnas PyBumoBuy — 1-11 BriLie-npesu-
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nccnenoBaTenbckoro MoCKOBCKOro rocyjapCTBEHHOrO
CTPOUTENBHOIO YHNBEPCUTETA, LOKTOP MaTepuanoBege-
HuA, Poccuiickaa Oepepauus

XO3UWH Bagum MpuropbeBuny — 3aBefyomin kabenpom
«TexHONnornm CTPOUTENbHbIX MaTEPUANOB, N3NNI U KOH-
CTPYKUMin» KazaHCKOro rocyaapCTBEHHOMO apXUTEKTYPHO-
CTPOUTENbHOIO YHNBEPCUTETA, 3aC/y>KEHHbIV AeATenb
Haykm Poccuiickon Oepepaumm n Pecnybnmku TatapcTaH,
NMOYETHBIV PabOTHYIK BbICLIEro NPodeccrioHanbHOro 06-
pa3oBaHus PO, a-p TexH. Hayk, npodeccop, Poccuiickas
Qepepauusa

JIbIHbKOB Jleoung MuxaiinoBuu — 3asesyownii Kade-
apoi «3awuta nHbopmauum» YO «benopycckuin rocypap-
CTBEHHbI YHUBEPCUTET UHGOPMATUKLN U PagnO3eKTPO-
HUKWU», A-p TeXH. HayK, npodeccop (r. MuHck, benapyco),
benapycb

MAJIKUH NMonap - ctaplumin Hay4Hbl COTPYAHUK, YHU-
BepcuTeT beH-TypuroHa B Herese, g-p ¢.-M. HayK, UHO-
CTPaHHbIN YneH POCCMNCKON MHKEeHepHOW akageMnu,
leHepanbHbIN aupekTop, «StartUpLab», M3pannb

MELLEPUH Buktop CepreeBuy — ANpPeKTOP UHCTUTYTa
CTPOUTENbHbIX MaTepranoB TeXHNYEeCKOro yHUBepCu-
TeTa [lpe3feHa, A-p TeXH. HayK, npodeccop (dpe3aeH),
lepmaHuA

CUKOPA MaBen - KaHAMAAT HayK, 3anagHOMOMOPCKUNA
TexHonornyeckmm yHmeepcutet B LLeumHe (Monblwa), Ha-
YUHbI COTPYAHMK BepnnHCKOro TeXHNYECKOro yHnBep-
cuteTa, lepmaHna

COBOIJIEB KoHcTtaHTuH FleHHagneBnY — pykoBoauTesb
TEXHUYECKOTO KOMUTETa AMEPUKAHCKOTO MHCTUTYTa bOe-
ToHa ACl 241 «HaHoTexHonornm B 6eToHe», npodeccop
YHuepcuteta BuckoHcnmH-Munyokn, CLLIA

YPXAHOBA Jlapuca AnekceeBHa — 3aBefyloLlas Ka-
depnpoit «Mpon3BOACTBO CTPOUTENIbHBIX MAaTEPUANOB
1 nsgenuin» BoctouHo-Cnbrpckoro rocyaapcTBEHHOro
YHUBEpCUTETa TEXHONOTIA N YyNPaBNeHNs, 4-P TEXH. HayK,
npodeccop, Poccuiickaa Oepepauyus

PEAAKLUA

[naBHbIN pegakTop — A-p TEXH. HayK, npodeccop
I'YCEB bopuc Bnagumnposuy

Wed-penaktop — EBCTUTHEEBA IOnusa AHaTtonbeBHa
HavanbHuK oTaena ansarHa n BepCTKn —
PE3HUYEHKO AHgpeii CepreeBuy

PykoBoguTtenb rpynnbl MO BHELWHMM CBA3AM

KaHA. TexH. Hayk —- MYMWHOBA CsetnaHa PawmnpoBHa
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dneKkTpoHHOe nsgaHue «<HaHoTexHonorum B cTpoum-
TeNbCTBE: HayuHblii IHTepHeT-XKypHan» 3apernctpu-
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HOTEXHOMOTUN B CTPOUTENbCTBE: HayuHbI IHTEPHET-XKYp-
Has» 134aTenbCKOM STVKN 1 3aABfieHne 06 OTCYTCTBUN
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«HaHOTexXxHonorun B CTponTenbCcTBe:
Hay4YHbIN NUHTEPHET-XXYpHan»
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KaHZ. TEXH. HayK, anpeKTop no nHHoaumam OO0 «BU-DHEPOXKWN», DoHg «CKonkoBO»

3ANHYINH Unbpyc UnbpapoBuy,
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YPXAHOBA Jlapuca AnekceeBHa,
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KaHA. TeXH. HayK, AoueHT Kad. «CTpounTenbHble MaTepuaibl, aBTOMOOWbHbIE OPOT
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A-P TEXH. HayK, Npod., NpopeKkTop Nno yuebHol paboTte, BocToUHO-COMPCKNIA rocyaapCTBEHHDIN
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MACKOBA Anb6uHa Pa¢putoBHa,
K.T.H., gou. Kad. «[TpnKnagHble n ectTeCTBEHHOHaYYHble ANCLUMINHDI»,
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AMUHOBA l'ynusa KapamoBHa,
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APPLICATION OF CARBON NANOTUBES AND NANOFIBERS « TPUMEHEHUE YITIEPO/JHbIX HAHOTPYBOK U HAHOBOJIOKOH
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UDC 691
Scalable processing of cementitious composites
reinforced with carbon nanotubes (CNTS)
and carbon nanofibers (CNFS)
Authors:
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Abstract: Utilizing the unique properties of CNTs and CNFs to enhance the mechanical and fracture properties of cement based
materials and develop smart cementitious nanocomposites can be a challenge in terms of developing scalable manufacturing
methods. Scaling up the manufacturing size of CNT and CNF reinforced cement based materials and produce multifunctional
concrete that exhibits exceptional strength, stiffness and toughness and multifunctionality requires optimization of dispersion
procedure. The effectiveness of successfully using CNTs and CNFs in concrete depends on the fiber count, the volume fraction
of sand and coarse aggregates. In this work, we present the flexural strength and stiffness, fracture toughness and brittleness of
nanomodified pastes and mortars reinforced at amount of 0.08 and 0.1 wt% and an investigation on the optimization of the fiber
count proportioning of concrete. The addition of a very low amount, 0.1 wt%, of both CNTs and CNFs, increases approximately
1.5 times the flexural strength and the Young's modulus of concrete nanocomposites. The nanomodified concrete also exhibits
60% higher energy absorption capability.

Keywords: concrete, carbon nanotubes, carbon nanofibers, flexural strength, stiffness, energy absorption capability, fracture
toughness, material length
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Aemopebl:
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Pestome: Vicnonb3oBaHve yHUKanbHbix cBorcTs YHT 1 YHB gna ynyulieHna mexaHnyeckux CBONCTB U XapaKTepucTuK nssioma
LieMEHTHbIX MaTepranoB 1 Pa3paboTKN BbICOKOTEXHOMOMMYHBIX BAXKYLLUX HAHOKOMIMO3UTOB ABMAETCA CJIOKHOW HayYHOI 3apaven
C TOYKM 3peHA Pa3BUBAIOLLMXCA MacLITabrpyeMblx METOAOB NPOU3BOACTBA. YBENYeHne Npon3BoLCTBEHHOrO pa3mepa YHT n YHB
apMMPOBaHHbIX LIEMEHTHbIX MaTePUAoB, @ TakXKe U3roToBeHVE NONMPYHKLMOHaNbHBIX GETOHOB C UCKIIOUNTENIBHOW NMPOYHOCTbIO,
KECTKOCTbIO 11 COMPOTUBIEHNEM XPYTKOMY U3I0MY TpebyeT onTumm3aumum aucneprupoBaHns. SoGeKTrBHOCTb YCMELHOro npu-
MeHeHuA YHT 1 YHB B 6eToHe 3aBUCUT OT KONMYECTBA BOSIOKOH, 00bEMHOI0 COAepKaHA Necka U KPynHO3ePHUCTOrO 3arosHATENA.
B paHHoIM paboTe npefAcTaBieHbl Takne XapakTePUCTVKN KaK NMPOYHOCTb Ha N3rMb 1 XKeCTKOCTb, U3JIOMOCTOMKOCTb M XPYMNKOCTb
HaHOMOANPULIMPOBaHHbIX CMeCel 1 pacTBOPOB, apMUPOBaHHbIX B Konnyectse 0.08 1 0.1 % macc. ViccnegoaHune NocBALLEHO on-
TYMM3aLMK KONIMYEeCTBa BOJIOKOH Npu nofgbope coctaBa 6eToHHOM cmecu. lobasneHvie YHT nnu YHB B oueHb Manbix Konmuyectsax
0.1% Macc. noBbILaeT NpYMepPHO B 1,5 pasa NPOYHOCTb Ha 13rnb 1 moaynb IOHra 6eTOHHbIX HaHOKOMMNO3KTOB. bonee Toro, HaHo-
MOANPULIMPOBaHHDBIV GETOH TaKXe AEMOHCTPUPYET BO3POCLUYIO Ha 60% SHEPronorioLwaoLLyio CoCO6HOCTD.

Knioyeeole cnoea: 6eToH, yrnepoaHble HaHOTPYOKMU, yriepofHble HAHOBOMTOKHA, MPOYHOCTb Ha M3rnb, XKeCTKOCTb, SHEPromno-
rioLaioLas CnocobHOCTb, TPELNHOCTONKOCTb, UHAEKC XPYMNKOCTY
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INTRODUCTION

ement-based materials have been widely used in the

field of civil engineering, as one of the most durable
and widely used building materials, despite their quasi-
brittle behaviour and low tensile strength. Many research-
ers so far have concentrated to increase the strength of
cement pastes, mortars and concretes under compres-
sive loading by optimizing mixture proportions or add-
ing constituents, such as silica fume, as replacements of
cement. However, the main disadvantage of conventional
cement-based materials is the low fracture toughness and
stiffness, which seriously affects the flexural performance,
durability and safety of structures (1). Several types of
fibers at the micro and macro scale are used to improve
the toughness of cement-based materials by delaying the
transformation of cracks. These fibers increased tensile
strength and diffused large cracks into a dense of micro-
cracks, but there was little effect in delaying crack initia-
tion at the nanoscale (2).

With the development of nanotechnology, cement
based materials can be modified by the incorporation of
carbon nanotubes (CNTs) and nanofibers (CNFs) to en-
hance their mechanical behavior, while adding novel mul-
tifunctional characteristics as self-sensing ability (3). Car-
bon nanotubes (CNTs) and carbon nanofibers (CNFs) are
characterized by high tensile strength and elastic modulus
as well as significant electrical conductivity. During the
past decade, research has been conducted towards the
incorporation of carbon nanotubes and carbon nanofi-
bers in cementitious composites. Previous research has
demonstrated that the addition of multi-walled carbon
nanotubes and carbon nanofibers of about 0.1 wt% of
cement can greatly increase the flexural strength and the
Young’s modulus of cementitious materials (3—6).

In the present work, the mechanical characteristics
of cement pastes, mortars and concretes reinforced with
carbon nanotubes (CNTs) or carbon nanofibers (CNFs)
were investigated. Specifically, the flexural strength, stiff-
ness, and fracture toughness, as well a brittleness index,
of nanomodified pastes and mortars reinforced at an
amount of 0.08 and 0.1 wt% were examined to optimize
the fiber count proportioning of concrete. The addition
of a very low amount, 0.1 wt%, of both CNTs and CNFs,

increases approximately 1.5 times the flexural strength and
the Young's modulus of concrete nanocomposites. The
nanomodified concrete also exhibits 60% higher energy
absorption capability.

EXPERIMENTAL WORK
Materials and specimens

The nanocomposites fabricated in this study are
cement paste, mortar and concrete with the matrix re-
inforced by CNTs at amounts of 0.08 and 0.1 wt% or
CNFs at an amount of 0.1 wt% of cement. Nanotubes’
and nanofibers’ dispersion was achieved by applying ultra-
sonic energy with the use of a surfactant (7—9). The fiber
count, the number of individual nanotubes or nanofibers,
which are theoretically evenly distributed in a unit volume
of the matrix, assuming perfect dispersion, according to
ACI 544.1R-96: Report on Fiber Reinforced Concrete
(10) is also estimated. The fiber count of each cementi-
tious mixture is included in Table 1. The cement used for
all mixes is type 1 42.5 ordinary Portland cement (OPC).
For the mortar and concrete preparation standard sand
according to EN 196 and coarse aggregates between 4 and
16 mm were used.

Experimental procedure

Three point bending tests were conducted on
40%40% 160 mm prisms to assess the flexural strength and
stiffness. The fracture toughness (stress intensity factor,
K.), the Young's modulus and the index of the brittle-
ness were investigated through fracture mechanics tests
on notched 20x20%80 mm specimens following the Two
Parameter Fracture Model, TPFM (4). The flexural per-
formance, flexural strength, stiffness and toughness, of con-
ventional concrete and concrete nanocomposites were eval-
uated through four point bending tests on 70x80x380 mm
beams following the ASTM C293 and the ASTM C1018.

Results and discussions

The results of flexural strength tests of control
specimens (pastes and mortars) and nanocomposites

Table 1
Fiber count of CNTs and CNFs in cement paste, mortar and concrete
Mortar Paste Concrete
CNTs 0.08 wt% 2.9-101 6.6-101 2.0-101
CNTs 0.1 wt% 3.6-10" 8.3-101 2.5-101
CNFs 0.1 wt% 1.7-10%° 3.8-101 1.2-10%°
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Fig. 1. Rate of development of flexural strength, of, of cement pastes (CP)

and mortars (M) reinforced with 0.08 and 0.1 wt% CNTs

made with 0.08 and 0.1 wt% CNTs are shown in Fig. 1.
It is observed that, the addition of 0.08 and 0.1 wt%
of CNTs in cement paste increases 24% and 33% the
flexural strength, respectively. The count of individual
nanotubes of 0.08 and 0.1 wt% CNTs in paste is ap-
proximately three times the count of CNTs in mortar
(Table 1), therefore one might expect that benefits would
be less pronounced for mortar. However, it is observed
that even higher increases in flexural strength in mor-
tar nanocomposites, 75% and 88%, with the 0.08 and
0.1 wt% CNT addition, respectively.

Young's modulus results of mortars reinforced with
0.1 wt% CNTs or CNFs, as investigated from three point
bending and fracture mechanics test, are presented in
Table 2. The modulus values show that the benefits associ-
ated with the addition of both nanotubes and nanofibers
lead to substantial enhancements of the flexural stiffness of
the nanocomposites. The increase of Young's modulus of

Table 2

both nanocomposites is approximately the same, ~93%,
despite the fact that the estimated fiber count of the CNF
reinforced mortars (1.7-10') is 21 times lower than this of
the CNT/mortars (Table 1). To further examine the rein-
forcing effect of both CNTs and CNFs in the mechanical
and fracture properties of mortar nanocomposites, the
critical values of the fracture toughness (stress intensity
factor), K., and the material length, Q, are investigated
and presented in Figure 2.

It is observed that 0.1 wt% CNTs and CNFs increase
the nanocomposites’ fracture toughness from 86% to
129%. It is also observed that the stress intensity factor
of the CNF mortar is #23% higher than the CNT one.
Taking into account that the load bearing capacity of both
CNTs and CNFs is large enough, it is possible that the
bigger diameter and length of the CNFs, along with the
extended graphite planes that exist in the outer CNF sur-
face (4) , create a stronger interfacial bonding between the

Effect of CNTs and CNFs on the Young’s modulus of 28d mortars

Young’s modulus (GPa) Young's modulus (GPa)
3 Point bending Fracture mechanics
Mortar 14.1+0.71 14.3 £ 0.69
Mortar+CNTs 0.1 wt% 27.4 +£0.09 27.5+0.08
Mortar+CNFs 0.1 wt% 27.6 £0.11 27.7 £0.09
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Fig. 2. Fracture toughness and material length of 28d mortars reinforced with CNTs and CNFs at amount of 0.1 wt%

mortar matrix and the carbon nanofibers that enhances
the observed toughening effect.

The material length Q is proportional to the size of the
fracture process zone for the same material and can be used
to characterize the brittleness of the material. The smaller
the value of Q the more brittle the material is. Interestingly
and despite the fact that the fracture toughness of nano-
modified mortars is almost 100% higher than the plain
one, the 41% and 45% increase in the index Q exhibited
from the 0.1 wt% CNT and CNF/mortars, respectively,

indicated a less brittle behaviour (4). Several parameters
besides dispersion are considered to improve both the frac-
ture toughness and the brittleness of the nanocomposites.
These parameters include the diameter and the length of
the nanoscale carbon fibers and the strength of CNT/
CNF-mortar matrix interfacial characteristics (11—12).
Flexural strength and modulus of elasticity values for
concrete specimens reinforced with 0.1 wt% CNTs or
CNPFs are shown in Figure 3. The nanomodified concretes
exhibit 1.5 times higher flexural strength, compared to the

28d Concrete: w/c/s/ca=0.51/1.0/2.63/2.04
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Fig. 3. Flexural strength and Young’s modulus of 28d concrete reinforced with CNTs and CNFs at amount of 0.1 wt%
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Fig. 4. Load-Deflection curves of 28d concrete reinforced with 0.1 wt% CNTs and CNFs

sample without the nanoscale reinforcement. Similarly
to the results of mortars, the addition of both CNTs and
CNPFs results in almost the same increase in strength val-
ues despite the fact that the number of individual CNFs
(1.2:10'°) is lower by one order of magnitude than that of
CNTs (2.5-10") (Table 1).

The extraordinary reinforcing efficiency of both types
of fibers is also observed from the substantial increase
in modulus of elasticity, almost 56%. There has been
some indication that addition of nanotubes and nanofi-
bers alters the nanostructure of calcium silicate hydrate
(C—S—H). Moreover, it is found that CNTs and CNFs
are capable of greatly improving the Young's modulus of
the interfacial transition zone (ITZ), due to their effect
as a stronger link between mortar and aggregates (13).

Figure 4 presents the 4 point bending load-deflec-
tion curves of 28d concrete and 0.1 wt% CNT and CNF
nanocomposites. Compared to the concrete without the
nanoscale reinforcement, it is observed that a higher load
is required to achieve the same deflection for all nano-
composite specimens. It is apparent that both carbon
nanotube and nanofibers can effectively arrest the nanoc-
racks, therefore a significantly higher energy for crack
propagation is demanded. The nanocomposites reinforced
with CNTs or CNFs at an amount of 0.1 wt% exhibit an
approximately 60% increase in flexural toughness. This
is in accordance with the trend already observed for the
flexural strength and Young’s modulus.

CONCLUSIONS

This experimental study clearly shows that the in-
corporation of CNTs and CNFs in Portland cement
pastes, mortars and concretes results in significant im-
provement in all the mechanical properties. The flexural
strength, the Young’s modulus and the fracture tough-
ness of paste and mortar nanocomposites, reinforced
with well dispersed 0.08, 0.1 wt% CNTs and 0.1 wt%
CNFs were experimentally determined. The addition
of a very low amount of both 0.1 wt% CNTs and CNFs
to the neat mortar increases nearly 1.9 times the flexural
strength and 2.0 times the Young's modulus. The strong
interfaces between the mortar matrix and well dispersed
carbon fibers at the nanoscale substantially enhance
both strength and stiffness. The evaluation of the frac-
ture toughness of the nanoreinforced mortars indicated
that besides strength and stiffness the values of tough-
ness are approximately 85—100% higher over the plain
mortar. The effectiveness of successfully using CNTs
and CNFs in concrete depends on the volume fraction
of nanoscale fibers, sand and coarse aggregates. Four
point bending experiments indicate that the addition of
a very low amount, 0.1 wt%, of both CNTs and CNFs,
increases approximately 1.5 times the flexural strength
and the Young's modulus of concrete nanocomposites.
The nanomodified concrete also exhibits 60% higher
energy absorption capability.
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TeToM «JIbBOBCKaA NoNUTEXHMKa» (YKpanHa).
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deccnoHanammn n obMeHATLCA NaeAMMU NocpeCcTBOM cepun becefi, ANCKYCCUA 1 HedopManbHbIX BCTpey. Mbl 06b-
eVHAEM pasfiyHble B3rNAAbl Ha rnobanbHble NpobemMbl U3 pa3HbIX CTPaH, YToObl NPOABMUIaTb NAEN U NPAKTUKMY,
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+ HaHomaTtepumanbl B TEXHVKE 1 OKpY»aloLen cpefe. 05.03.2019
« HaHo6e3onacHocTb 1 6e30nacHOCTb Ha paboTe. + YBepgomneHue o NPUHATUM NOJIHOIO TEKCTa
+ Kpyrosas 3KOHOMUA B CTPOUTENbCTBE. pa6oTbl — 15.03.2019

+  DKOHOMMYECKME aCneKTbl B TEXHUUYECKNX HayKax.

MATEPUAJIbl KOHOEPEHLUIA

MpriHATbIE, peLeH3npyemble JOKYMeHTbl OyayT BKtoueHbl B ISBN-3apernctprpoBaHHble cryLaHms.

dneKTpoHHoe n3spaHne «HaHoTexHONOrMM B CTPOUTENbCTBE: HayUHbI VIHTepHeT-KypHan» ocyllecTBAAeT UH-
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Abstract: Hydrocarbon based emulsions are actively used as technological fluids in the processes of oil and gas wells construction,
drilling-in, workover, and in the improved oil recovery methods such as intensification of oil production, water shut-off and others
[1, 2]. However, the area of effective application of emulsion compositions is determined by their physical properties. Classical
hydrocarbon emulsions have low thermal stability and lose aggregative stability in reservoir conditions, due to the coalescence of
globules of the dispersed phase, which leads to a decrease in the technological efficiency of their use in high-temperature formations.

The authors of the article propose a modification of the emulsion system by the addition of silicon dioxide (SiO,) nanoparticles
in order to improve its properties. Previously, the results of experimental studies of thermal stability, which revealed the advantages
of modified emulsion system with nanoparticles over classical emulsions were presented. [3]. The comparative analysis of the
results of laboratory studies on the emulsion system with nanoparticles dispersity after filtration in porous media using optical
microscopy is presented in article. Based on the analysis it was revealed that after filtration in natural rock cores the dispersity of
the emulsion system with nanoparticles increased, and that phenomenon might be described by absence of the coalescence in
the emulsion, and globules breakdown to smaller size during filtration through the porous media of rock cores from Abdulovskoe
and Yugomashevskoe oil-gas fields.

Keywords: nanoparticles, silicon dioxide, emulsion system, reservoir stimulation, oil production, selective treatment.
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Pestome: YrneBofopoaHble 3My/bCM aKTUBHO MPUMEHAIOTCA B KaueCTBe TEXHOOMMYECKNX XMUAKOCTEN B MpoLjeccax CTpo-
UTENbCTBA, OCBOEHUA, MYLIEHNA HEPTAHDBIX 1 ra30BbIX CKBaXXWH, NPV NPoBefeHUr paboT No nHTeHcnbUKaumm 4obblun HepTn
1 OrpaHnyeHunto nprToka Bogbl [1, 2]. OfHako 0651acTb 3GPEeKTUBHOIO MPUMEHEHUA SMYIbCUOHHbBIX KOMMO3MLMIA onpeaenaeTca
nx GU3MYecKMm cBONCcTBaMU. Knaccuyeckme yrneBofopoAHble SMybCum 06nafialoT HEBbICOKOW TePMOCTabUIbHOCTBIO 1 TEPAIOT
arperaTvBHYI0 YCTOMYMBOCTb B M1aCTOBbIX YCIIOBUAX, BCIEACTBYE KOAnecLeHLmm rnobyn AncnepcHon ¢gpasbl, 4To MPUBOANUT K CHU-
MKEHUI0 TEXHONOrMYeCKON SPPEKTUBHOCTI X MPUMEHEHNA B BbICOKOTEMMEPATYPHbIX MiacTax.

ABTOpamu CTaTby NpeanaraeTcad MoandUKaLMA SMYNIbCUOHHOW cUCTeMbl JoOaBNeHMeM HaHOYaCTUL, ABYOKUCK KpemHusA (SCH)
C LieIblo YNyyLleHnA e€ CBOWCTB. PaHee Obiny NpefcTaBeHbl pe3ybTaTbl SKCNeprIMEHTasIbHbIX NCCef0BaHNI TEPMOCTabMITbHOCTH,
BbIABMBLUVE NpenMyLlecTBa MoauduumpoBaHHbix SCH nepep knaccnuecknmm smynbcvamu [3]. B ctaTbe aHanmn3mnpytoTca pesynbraTbl
nabopaTtopHbIX nccnefoBaHnin gncnepcHocT 3CH nocne GpunbTpaumm B NOPMUCTbIX Cpefjax METOAOM OMNTUYECKOWN MUKPOCKOMUN.
Ha npumepe 06pa3LioB ropHbix nopog A6aynoBckoro 1 KOromalleBcKoro MeCTopoXKAeHU BbIABNEHO YBENMYeHMe ANCNePCHOCTA
3CH, cBA3aHHOE C yMeHbLUeHMeM AviameTpa r1obyn 1 OTCYTCTBUEM KoaneCLeHLMN B MOANOULIMPOBAHHbBIX SMYSIbCYOHHbIX CCTEMAX
nocne ¢punbTPaLMM B MOPUCTON Cpefe.

Knioyeeble €2108a: HAHOUACTVILbI, ABYOKNCb KPEMHWSA, SMYIbCMOHHAsA CUCTEMA, MHTEHCMdUKaLUMA Jo6blun HedTU, CENeKTBHanN
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INTRODUCTION

he article presents the results of laboratory research

for studying the structure changes in dispersity of
emulsion systems with SiO, nanoparticles after filtra-
tion in fractured-porous media of rock cores from Ab-
dulovskoe and Yugomashevskoe oil-gas fields. Labora-
tory experiments were carried out on the core flooding
system that allows to simulate the filtration of emulsion
systems in rocks under reservoir thermobaric conditions
of the relevant fields. The experiments were conducted
on natural rock samples with preliminary modeled re-
sidual oil saturation (at least 20%) by displacing oil
by the model of reservoir water. A method of optical
microscopy was applied for comparative studying the
structure changes in the dispersity of the emulsion
systems. The size of globules of the emulsion system’s
dispersed phase were measured before and after filtra-
tion through the rock cores under reservoir conditions.
The optical microscopy made it possible to register the
unique phenomenon of the decreasing of the globules
size with maintaining emulsion system stability, i.e. the
coalescence did not occur and the emulsion became
more stable.

Table 1

Experimental procedure for studying the dispersity
of emulsion systems with SiO, nanoparticles

At the stage of materials and process fluids preparation
for conducting experiments, the preparation of two types
of emulsion systems with SiO, nanoparticles (ESN) with
a different ratio of components was carried out (Table 1).
For each type of ESN, samples of cores with different
filtration-capacitive characteristics were selected. A brief
description of the filtration-capacitive characteristics of
rock cores from Yugomashevskoe and Abdulovskoe oil-gas
fields are given in Table 2. Preparation of core material
for filtration experiments was carried out in accordance
with OST 39-195-86 «Oil. Method for determining the
coefficient of oil displacement of water in the laboratory».

When conducting filtration experiments, the reservoir
conditions of the Bashkir stage of the Yugomashevsky and
Tournaisian stage of the Abdulovsky oil-gas fields were
modeled. An aqueous solution of CaCl, with a given den-
sity was used as a model of formation water. Brief char-
acteristics of reservoir conditions are shown in Table 3.

Filtration experiments were performed on the PIK-
OFP/EP software-measuring complex. Technical char-
acteristics of the software-measuring complex and the

Brief description of emulsion systems with SiO, nanoparticles

ESN Type The content of SiO, nanoparticles, % vol. | Content of formation water model, % vol.
ESN-1 0,5 81,5
ESN-2 1,0 71
Table 2
Brief description of core material from the Yugomashevskoe and Abdulovskoe oil-gas fields
. - =
Sample number Open porosity, % o perm;z:ll:zlhty, 1 Length, cm Diameter, cm
Yugomashevskoe oilfield
1 | 11,2 | 14,0 | 3,2 2,7
Abdulovskoe oilfield
2 | 10,3 | 8,5 | 3,0 2,7
Table 3
Brief description of reservoir conditions of the Yugomashevskoe and Abdulovskoe oil-gas fields
. . Formation Water
Oil-gas Field Name Pressure, MPa Temperature, °C = -
Viscosity, mPa-s Density, kg/m?
Yugomashevskoe 22 1,29 1108
Abdulovskoe 27 1,38 1125
http://nanobuild.ru 33 info@nanobuild.ru
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Fig. 1. Hydraulic scheme of the software-measuring complex PIK-OFP/EP

Table 4
Technical characteristics of the software-measuring
complex PIK-OFP/EP

Parameter Maximum value
Temperature of the oven, °C 150
Rock pressure, MPa 80
Pore pressure, MPa 70
Core diameter, mm 30
Core length, mm 150
Fluid flow, ml/min 10

hydraulic circuit of the installation are presented in table 4
and figure 1. The installation is adapted for pumping lig-
uids in the forward and reverse directions.

Results of experiments for studying the dispersity
of emulsion systems with SiO, nanoparticles

Experiment No [

The object of the study was a sample of the ESN-1
emulsion system. A water-saturated sample of core ma-
terial from the Bashkir stage of the Yugomashevsky field
was used as a porous medium (sample No 1).

In the course of the experiment, the dispersity of the
ESN-1 sample was evaluated before and after filtration
through a predominantly water-saturated rock core sam-
ple. After the experiment, a comparative analysis of the
obtained images was carried out with the determination
of the sizes of the dispersed phase globules of ESN-1. The
results of the experiment are presented in Figures 2 and 3.

The results of a comparative analysis of the dispersion of
the emulsion system led to the conclusion that there is no
coalescence of the globules in the ESN-1 sample after filtra-
tion through the rock core. Filtration of the ESN-1 through
the rock core led to a decrease in the size of the globules of
the dispersed phase, from an average of 5 to 3 um.

Experiment No 2

The object of the study was a sample of the ESN-2
emulsion system. As a porous medium, a water-saturated
sample of rock core from the Tournaisian stage of the
Abdulovskoe oil-gas field was used (sample Ne 2).

During the experiment, the dispersity of the ESN-2
emulsion system was evaluated before and after filtra-
tion through the predominantly water-saturated sample
of the rock core. After the experiment, a comparative
analysis of the obtained images was carried out with the
determination of the sizes of dispersed phase globules of
the ESN-2. The results of the experiment are presented
in Figures 4 and 5.

hitp://nanobuild.ru
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Fig. 2. Structure of ESN-1 before filtration through
the water-saturated core of the Bashkir stage
of the Yugomashevskoe oil-gas field

Fig. 3. Structure of ESN-1 after filtration through
the water-saturated core of the Bashkir stage
of the Yugomashevskoe oil-gas field

Fig. 4. Structure of ESN-2 before filtration through
the water-saturated rock core of the Tournaisian stage
of the Abdulovskoe oil-gas field

The results of the comparative analysis of the emul-
sion system dispersity allow to conclude that there is no
coalescence of the globules in the ESN-2 sample after
filtration through the core. Filtration of ESN-2 through
the core led to a decrease in the size of the globules of the
dispersed phase in average from 7 to 1 um, i.e. to increase
the dispersity of the system.

CONCLUSION

The results of the set of filtration and optical experi-
ments showed that the filtration of the emulsion systems
with nanoparticles in fractured-porous media of rock
cores with a permeability of 8,0—14,0 10~ um does not
lead to the coalescence and destruction of emulsion, un-
like classical hydrocarbon-based emulsions.

Fig. 5. Structure of ESN-2 after filtration through
the water-saturated rock core of the Tournaisian stage
of the Abdulovskoe oil-gas field

According to the results of comparative analysis, it was
determined that after filtration the dispersity of the emul-
sion systems with nanoparticles increases, i.e. during the
emulsion systems with nanoparticles filtration process in
porous media of natural rock cores the average size of the
dispersed phase globules decreases from 5—7 to -3 um,
which make a positive impact on the dispersity of emul-
sion, and lead to high stability of the system.

The changes in the dispersity of emulsion systems
modified with SiO, nanoparticles identified as a result
of the set of experiments allow us to expand the area of
effective application of hydrocarbon emulsions in the
development of oil and gas fields, including the use of
new innovative emulsion systems in high-temperature
formations, as well as in technologies for intensification
of oil production and enhanced oil recovery.
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BBEJEHUE

Ha TIPOTSDKEHNH IECSITHIICTUI KITaCCIEeCKIE YITICBO-
JOPOTHBIC SMYIIBCUN TIPSIMOTO VT OOPaTHOTO TUTIA
3¢ (PEeKTUBHO MIPUMEHSTIOTCS B TIPOIIECCAX CTPOUTEIIBCTBA
¥ TITyIIeHNS] HePTSHBIX 1 Ta30BBIX CKBAXKIH 32 CUCT KOH-
KYPEHTHBIX TIPCUMYIIECTB B JOCTKEHUU TPeOyeMOTO
TEXHOJIOTUECKOTO 3(h(PeKTa 1 BRITOTHECHUN YCIIOBUI ITO
pallMOHAIBHOMY MICIIOIb30BAHUIO M OXpaHe Help.

Ho, HecMOTps Ha psd TIPEUMYIIECTB, IPUMEHECHIE
KJIaCCUYECKUX YTIIEBOTOPOIHBIX IMYIBCUM OTPAaHUTICHO
BBUIY UX HI3KO¥ CTAOMIHLHOCTH B IJIACTOBBIX TEPMODa-
PUYECKUX YCIOBUSIX U KOAJICCIICHIINH TJIO0YI UCIIepC-
HOI (ha3sI B Ipolieccax (PrIbTpauy B IIOPUCTHIX Cpeaax
nopox [1..2]. YkazaHHbIe HeAOCTATKA UMEIOT OTTpeIesis-
foIree 3HAYCHME TSI IIPUMEHEHUS KJIACCHIECKUX YTIIe-
BOIOPOIHBIX SMYIIBCHIT, 0COOCHHO Ha MECTOPOXKICHUSIX
¢ TIaCTOBBIMU TeMmmepaTypamu 6osee 50°C [3..5]. Bro
MPETATCTBYET MIPUMEHEHHIO KJIACCHIECKNX YIJIEBOIO-
POIHBIX SMYJIbCUI B BRICOKOTEMIIEPATYPHBIX TIACTaX,
a TaKKe CIepKMUBACT ITMPOKOE BHEAPCHNE B TAKUX 3a-
Javax pa3paboTKM He(Tera30BBIX MECTOPOXKICHMIA, KaK
WHTeHCU(PUKALINS TOOBYN HEDTU M yBEINUICHNC HE-
dreorgaun ruracTos [6..9].

Bricokuii moteHIIMAN 3 (GEKTUBHOTO IPUMCEHEHUS
YTIIEBOIOPOIHBIX SMYJIBCUU TPEOYET IIPOBEICHMS 11e-
JICHAIIPpaBIICHHBIX JIAOOPATOPHBIX MCCICIOBAHUI T10
aTanTali COCTAaBOB 1 CBOMCTB SMYJIbCMOHHBIX CHCTEM,
TeXHOJIOTHI MX IMIPUMEHEHUS B CKBaXWHAaX C ILEITbIO
THOBBIIeHUS 3G (MEKTUBHOCTH TIPOIIECCOB pa3pabOTKHI
¥ 3KCITUTyaTalny He(PTSIHBIX ¥ TA30BbIX MECTOPOKICHUI
[10..19].

B crartbe TipencTaBieHbBI pe3yIbTaThl MUCCICIOBAHMIA
IHUCIIEPCHOCTH dMYJIBCUOHHBIX CUCTEM C HAHOYACTH-

uamu SiO, mocsie puIbTpaluy B TPELIMHHO-TIOPUCTBIX
cpemax Ha IpuMepe KepHOB TOpHBIX TTopox, FOromarties-
CKOTO 1 AOIYIIOBCKOTO He(hTeTa30BBIX MECTOPOKICHMIA.
B pamKkax mcciemoBaHMi OBLTH ITPOBEICHBI JTadopaTop-
HBIE BKCIICPUMEHTBI, MOIEIUpPYIOMe (QUIBTPALINIO
SMYJIbCHIT B TOPHBIX ITOPOIAX IIPU TIJIACTOBBIX TEPMO-
OapUUeCKUX YCIOBHUSIX COOTBETCTBYIOIINX MECTOPOK-
IEeHU, ¢ U3MEPEHUEM Pa3MepPOB INIOOYIT TUCITEpCHOM
asel SMYIIBCUH 10 ¥ TIOCIIe (DUIBTPAITNA METOIOM OIT-
THIeCcKOoit MUKpockoruu. OnTrnaecKass MUKPOCKOTIUS
ITO3BOJIMJIA OIICHUTh M3MEHEHUSI JUCIIEPCHOCTH SMYJIb-
CHOHHBIX CHCTEM ¢ HaHoyacTuuamu SiO, 1o u mocne
dmwrpTpanmu. McciaenoBaHus IIPOBOOMINCH HA €CTe-
CTBEHHBIX 00pa31aX TOPHBIX IIOPO]I C IIPEABAPUTEITHHBIM
MOIEIUPOBAaHNEM OCTATOYHON HeTEHACHIIICHHOCTH
(e MeHee 20%) BbhITeCHeHUEM HedTH MOJEIbIO TUTa-
CTOBOM BOJBI.

METOZII/IKa NpoBEeICHUA SKCIIEPUMEHTOB
0 MICCJIEI0OBAHUIO CTAOMIBHOCTH 3MYJIbCHOHHBIX
cucTeM ¢ Hanoyactuuamu SiO,

Ha sTare moaroToBKu MaTepraaoB M TEXHOJIOTIE-
CKHUX XHMIKOCTEH K ITPOBEACHUIO SKCIIEPMMEHTOB IIPO-
BOIWJIN TIPUTOTOBJICHNE IBYX TUITOB SMYJIbCUOHHBIX
cucteM ¢ HaHoyactuuamu SiO, (DCH) ¢ pasnnuHbIM
COOTHOIIICHNEM KOMITOHEHTOB (Ta6:1. 1). [Tom KaxkmbIit
tun DCH npousBoauiau momdbop oo6pas3iioB KEPHOB
C pa3IMIHBIMH (PUIIBTPAIIMOHHO-EMKOCTHBIMH XapaK-
TepucTUKaMM. KpaTkast xapakTepucTuKa (prIbTpamu-
OHHO-EMKOCTHBIX TTapaMeTPOB KEPHOB TOPHBIX TTOPOT
IOromamreBckoro n A6y TOBCKOTO He(PTETa30BBIX Me-
CTOPOXICHUI TTpuBeIeHa B Tao0I. 2. [1oAroToBKyY KepHO-
BOTO MaTepuaia K (GHIBTPALIMOHHBIM 3KCIIEpUMEHTAM

Tabauya 1
Kpatkas xapakTepucTHKa 9MYJIbCHOHHBIX CHCTEM ¢ HaHoYacTHuamu SiO,
Tun DCH A I L O (TR 4T CopepxaHue MOJIEJIN ILIACTOBOI BobI, % 00.
KpemHuus, % 00.
BDCH-1 0,5 81,5
BDCH-2 1,0 71
Tabauya 2

Kpatkas xapakrepucTika kepHoBoro matepuaia IOromameBckoro n A0y 10Bckoro Hed)Tera3oBbIX MECTOPOXKIEHUi

YcnoBHblii HOMED OTkpbITas IIponunaemoctb
o0pasua MOPUCTOCTh, % 1o Bo3ayxy, 103 Mxm? ApE, G AN, B
FOcomawmesckoe mecmopoicoenue
1 | 11,2 | 14,0 | 3,2 2,7
Ab60ynoeckoe mecmopoxcdenue
2 | 10,3 | 8,5 | 3,0 2,7
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Tabauya 3

KpaTtkag xapakrepucTiuka miacToBbix ycaosmii FOromameBckoro n A6y 10BCKoro Herera3oBbIXx MeCTOPOKIEHUI

IInacroBas Boga
MecTopoxaenune JaBnenne, MlIla Temnepatypa, °C
Bszkoctb, MIIa-c ILtoTHOCTB, KI/M?
IOromaresckoe 22 1,29 1108
AOnynoBCKOE 27 1,38 1125

nposoauan B coorBetctBuu ¢ OCT 39-195-86 «Heds.
Meron ompeneneHnsT KoadgduireHTa BRITeCHEHNS Hed-
TH BOIOI B TAOOPATOPHBIX YCITOBHSIX».

[Tpu ipoBereHNM QIITBTPAITMOHHBIX KCIICPMMEHTOB
MOJIEJIMPOBAINCH TUIACTOBBIC YCIOBHS OAIIKMPCKOTO
sgpyca FOromarmieBckoro u TypHeiickKoro sipyca Aomy-
JIOBCKOTO He(PTeTa30BhIX MECTOpPOXAcHMI. B KauecTBe
MO/ TNIACTOBOM BOIBI MCIIOJIB30BAIN BOTHBIN pac-
tBop CaCl, ¢ 3amaHHO# TI0THOCTBIO. KpaTKas Xapak-
TepUCTHKA IUIACTOBBIX YCIIOBUIT IIpUBEICHA B Ta0II. 3.

DubTpalInoHHbIC SKCTIEPUMEHTBI BBITIOTHSUIMCH HA
TIporpaMMHO-n3MepuTeIbHOM Komiutekce [IMK-ODI1/
BI1. TexHnueckne XapaKTePUCTUKU ITPOTPAMMHO-U3-
MEPUTEITLHOTO KOMILJIEKCa W TUApaBIddecKasl cXxeMma
YCTaHOBKM TIPEICTaBICHHI B Ta0J. 4 1 Ha puc. 1. Ycra-
HOBKA afaNlTHPOBaHa IO 3aKauKy KUIKOCTEH B IIPIMOM
1 00paTHOM HaIIPaBJICHUSIX.

Tabauya 4

TexHuueckne XapaKTepUCTHKH IPOrPAMMHO-
usmepurebHoro kommiekca IIMK-O®IT/DI1

Ry MakcumaiibHOe
3HAYEHHE
Temnepatypa Tepmoikada, °C 150
TI'opHoe naBnenne, MIla 80
ITopoBoe naBnenue, MIla 70
JAunameTp KepHa, MM 30
JlnnHa KepHa, MM 150
Pacxon xuakoctu, Mj1/MUH 10

Puc. 1. TunpaBaudeckasi cxema nporpaMMHo-u3Mepurebaoro komiiekca [IIMK-O®IT/DI1
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Pe3ynbTaThl 9KCIIEPUMEHTOB 1O HCCJIEI0BAHUIO
CTa0UJIBHOCTH IMYJIbCHOHHBIX CUCTEM
¢ HaHoyactuuamu SiO,

Drcnepumenm No 1

OOBEKTOM HMCCIIEIOBAHMS SIBIISIICS 00pa3el] IMYb-
cronHo# cuctembl DCH-1. B xauecTBe mopucToii cpenbt
WCTIOTh30BAJICS BOJOHACKIIIIEHHBIN 00pa3el] KepHOBOTO
Marepuana 0arkupckoro sspyca KOromaieBckoro me-
cropoxaeHust (oopazerr Ne 1).

B xoze akcnieprMeHTa TPOU3BOAUIACH OIIEHKA JUC-
nepcHocTH 06pa3ziia DCH-1 no u mocne punbTpanumn
yepe3 MPenMyIIeCTBEHHO BOJOHACKIIIIEHHBIN 00pasetl.
IMocne skcriepuMeHTa MMPON3BOAVIIN CPABHUTEIHHBIN
aHaIu3 MOJYYEHHBIX N300paXXeHU ! ¢ ompeneeHueM
pa3mepoB o0y aucnepcHoii dhaszet DCH-1. Pesymb-
TaThl AKCIIEPUMEHTA TIPECTABICHBI HA puc. 2 1 3.

Pe3ynbTaThl cpaBHUTETHHOTO aHAIN3a JUCTICPCHOCTH
SMYJIBCMOHHOM CHCTEMBI TTO3BOJIAIIN CIIeIaTh BEIBOI 00
OTCYTCTBUU KOAJIECIICHIINH TJI00Y B 0obpa3sie DCH-1
nocne puibTpannu yepe3 KepH. @unbtparus DCH-1
yepes KepH IIpHuBeia K YMEHBIICHUIO pa3MepoB TI00YIT
IHUCTIEPCHOM (ha3hl B CPEIHEM C 5 10 3 MKM.

Drcnepumenm No2

OOBEKTOM UCCIENOBAHUS SIBIISLIICS 00Pa3eI] IMYITh-
cuoHHoM cuctemMbl DCH-2. B kauecTBe mopucToii cpe-
JTbI MICTTOJIB30BAJICSI BOJOHACHIIIEHHBIN 00pa3el] opoI
TypHe#cKOTO sipyca AGIYJIOBCKOTO MECTOPOXICHMSI
(oGpaszerr Ne 2).

B xone skcrniepuMeHTa IIPOM3BOIMIIACH OLIEHKA JTHC-
TMIEPCHOCTU IMYIIbCUOHHOM crcteMbl DCH-2 1o u mo-
cite GUIIbTpaIuy Yyepe3 IPeUMYIeCTBEHHO BOTOHACHI-
IeHHBI obpa3ell. [locite akcneprMeHTa TIPON3BOIMIH

Puc. 2. Crpykrypa DCH-1 no ¢punbrpanum yepe3s
BOJIOHACBHIIIEHHDIIT KePH OAIIKMPCKOro spyca
IOromameBcKoro MecTopoOXKIeHHs

Puc. 3. Crpykrypa DCH-1 nocie gpuabrpamun
Yepe3 BOIOHACHINIEHHBINH KepH 0aNIKHPCKOro spyca
IOromameBcKoro MecTopoXKIeHHs

Puc. 4. Crpykrypa DCH-2 no ¢punbrpanum yepe3s
BOJOHACBILICHHBIA KePH TYPHENCKOro sipyca
ADIyOBCKOTO MECTOPOKIEHUS

Puc. 5. Crpykrypa DCH-2 nocme dpuabsrpamun
Yyepe3 BOAOHACHINIECHHBI KEPH TYPHEHCKOrO sipyca
ADIyTOBCKOTO MECTOPOKIEHUS
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CPaBHUTEJIbHBIM aHAIU3 MMOJIyYeHHBIX U300paXKeHUIA
C ompenejeHUeM pa3MepOB 100y JUCIIEPCHOM (a3l
DCH-2. Pe3ynbTaThl 9KCIIEpUMEHTA TIPEACTaBIeHbI HA
puc.4us.

Pe3sysbraThl CpaBHUTEILHOIO aHAIM3a JUCTIEPCHOCTHI
OMYJIbCUOHHOI CUCTEMbI IIO3BOJIMJIM CeaTh BEIBOI 00
OTCYTCTBMU KOAJIECIICHIINH TJI00Y B obpasie DCH-2
nocie ¢uabTpanun yepe3 kepH. OubTpaumnsg DCH-2
yepes3 KepH IprBejia K YMEHbBILIEHUIO Pa3MEPOB [J100YJ1
JUCIIepCHOI (pa3bl B cpenHeM ¢ 7 10 1 MKM, T.e. K yBeJIK-
YEHMIO JUCIIEPCHOCTU U CTA0MIBHOCTU SMYIbCUOHHOM
CHUCTEMBI.

BbBIBO/IbI

Pe3ynbraThl IpOBEAEHHOTO KOMILIEKCA (DUIbTpa-
LIMOHHBIX U ONTUYECKMX IKCIIEPUMEHTOB 10KA3aju,
4yTO (OUIBTPALIMS B TPELIMHO-IIOPUCTHIX CPelaX TOPHBIX
nopoz ¢ mpoHutaemMoctsio 8,0—14,0 10-3 MkM? He TIpH-
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

to as WUT) was merged on May 27" 2000, from
the former Wuhan University of Technology (established
in 1948), Wuhan Transportation University (established
in 1946) and Wuhan Automotive Polytechnic Univer-
sity (established in 1958). WUT is one of the leading
Chinese universities under the direct administration of
the Ministry of Education and one of the universities
in the country’s construction plan of world-class uni-
versities and first-class disciplines. WUT is also jointly
constructed by the Ministry of Education, the Ministry
of Transport, the State Oceanic Administration and the
State Administration of Science, Technology and In-
dustry for National Defense. In the past 70 years, WUT
has fostered over 500.000 engineers and technicians,
maintaining itself the largest scale university under the
direct administration of the Ministry of Education for
nurturing talents oriented in the three industrial sectors:
building materials industry, transportation industry and
automobile industry and retaining itself an important
base of nurturing high-level talents for the three indus-
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trial sectors as well as providing significant scientific and
technological achievements.

With the practice of long-term student’s education,
WUT has formed educational ideology system with
distinctive characteristics: focusing on the lofty ideal
of building an excellent university to win a worldwide
recognition and admiration, the University has forged
the spirit of «Sound in Morality, Broad in Learning and
Pursuing Excellence», promoted the guiding principle of
«take the students cultivation as our essence, and take
academic development as our priority», and exercised
the educational concept of «<implementing excellent ed-
ucation, nurturing excellent talents and creating an ex-
cellent life». WUT is committed to building an excellent
university that provides an excellent education to lead
our students to a fulfilled life with excellent pursuit and
excellent capability.

The University has three main campuses, namely,
the Mafangshan Campus, the Yujiatou Campus and the
South Lake Campus, with a total occupying land area
of 267 hectares. Currently, WUT has 5.508 staff mem-
bers, including 3.282 full-time academic staff members,
1 academician of China Academy of Science, 3 aca-
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demicians of China Academy of Engineering, 1 for-
eign member of the Russian Academy of Engineering,
1 member of European Academy of Sciences, 1 fellow
of Australian Academy of Technological Sciences and
Engineering and 1 member of World Academy of Ce-
ramics. Besides, the University has heldpublic global
recruitment of 30 world-renowned professors to be its
«Strategic Scientists» in the area of Materials Science
& Engineering, Mechanical Engineering, Information
Technology and Naval Architecture & Ocean Engineer-
ing. WUT owns a great number of academic staff mem-
bers listed in national high-level talents programs, with
28 of them listed in the Recruitment Program of Global
Experts»(known as »the Thousand Talents Plan»),
6 listed in «Ten Thousand Talents Program», 14 listed in
«Cheung Kong Scholars Program», 7 listed in «The Na-
tional Science Fund for Distinguished Young Scholars»,
3 listed in «National Renowned Teachers» and 11 listed
in «The New Century National Hundred, Thousand
and Ten Thousand Talent Project».

The University owns 24 academic schools, 4 State
Key Laboratories, 8 State key Disciplines, 77 Doctoral
programs, 226 Master’s programs as well as 90 Bach-
elor’s programs. The Universityhas 54.986 students,
including 36.452 undergraduates, 17,224 postgraduates
(Master and PhD students), and 1.310 international stu-
dents. Besides, Material Science, Engineering Science
and Chemistry rank the top 5%o in ESI (Essential Sci-
ence Indicators) global discipline ranking list.

WUT owns 34 innovative research centers with inter-
national leading level including two State Key Laborato-
ries, one State Engineering Laboratory, one National En-
gineering Research Center and ministerial or provincial
level laboratories in the areas of new materials and build-

ing materials, transportation and logistics, mechatronics
and automobile, information technology, new energy,
resources and environmental technology as well as Pub-
lic Safety and Emergency Management. Meanwhile, the
University has established about 230 Joint Research Cen-
ters with local governments and enterprises. From 2010,
WUT has obtained 14 National Science and Technology
Awards, ranking in the forefront of Chinese higher educa-
tion institutions.

WUT has established cooperative relations for
students exchange and scientific research with more
than 190 foreign universities and research institutions
from USA, UK, Japan, France, Australia, Russia and
the Netherlands, etc. and invited over 300 interna-
tional famous scholars to be strategic scientist, guest
professors or honorary professors. From 2007, WUT
was authorized to establish 5 Bases of Foreign Out-
standing Expertise-Introduction for Disciplines In-
novation in China Leading Universities in Advanced
Technology for Materials Synthesis and Processing,
Advanced Technology for High Performance Ship,
Advanced Technology for Functional Film Materials
Fabrication and Its Application in Engineering, Key
Technology for New Energy Vehicles and Environ-
mental-friendly Building Materials. As well, the In-
ternational Joint Laboratory of Advanced Technology
for Materials Synthesis and Processing, the Base of
International Science and Technology Cooperation in
Environmental-friendly Building Materials, the base
of International Science and Technology Cooperation
on Smart Shipping and Maritime Safety. From 2009,
WUT has established 14 International Joint Research
Centers with internationally renowned institutions
from USA, UK, Italy and the Netherlands, including

hitp://nanobuild.ru

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNnbCTBE: HayuHbIN IHTepHeT-KypHan

2019;11(1):
42-51

Nanob

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION « MEXK[JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYHNYECTBO

the «WUT-UM Joint New Energy Material and Con-
version Technology Key Laboratory» with the Univer-
sity of Michigan, the «<WUT-UoS High Performance
Ship Technology Joint Center» with the University
of Southampton andthe «Joint Research Center for
Intelligent Ship and Traffic» with Delft University of
Technology. In 2016, an international college initia-
tive — the UWTSD Wuhan Ligong College was estab-
lished in Swansea in partnership with the University of
Wales Trinity Saint David, UK.

In 2017, the University was listed in 7Times Higher
Education World University Rankings, QS Asia University
Rankings, U.S. News Best Global Universities Rankings
and ShanghaiRanking’s Academic Ranking of World Uni-
versities.

Overview of the International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Mate-
rials Science and Engineering (hereafter referred to as
ISMSE), Wuhan University of Technology (hereafter re-
ferred to as WUT) is aimed to build the top-notch innova-
tive talent training base and knowledge innovation centre
of Materials Science and Engineering.

WUT is one of the leading Chinese universities un-
der the direct administration of the Ministry of Educa-
tion and one of the universities constructed in priority
by the «State 211 Project» for Chinese higher education
institutions.

Since 1996, WUT has implemented the talent culti-
vation system reforms through setting up pilot classes,
including international cultivation programs, under-
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graduate-Master program and undergraduate-PhD.
program. In April 2014, ISMSE was founded and ap-
proved by the Hubei Provincial Department of Educa-
tion. In June 2015, ISMSE was selected into the list of
the «Network of International Centers for Education»
supported by the Ministry of Education of P. R. China
and the State Administration of Foreign Experts Affairs.
ISMSE is devoted to building the world-leading MSE
discipline through optimization of a high-level research
and teaching team and establishment of an innovative
talents training system, thereby to support the develop-
ment of materials industry as a technology platform as
well as a talent pool.

WUT’s Discipline «Material Science
and Engineering» enters Top 2%
in the Fourth China Discipline Ranking

China Academic Degrees & Graduate Education De-
velopment Center (CDGDC) has recently announced
the results of the Fourth China Discipline Ranking, with
WUT’s Discipline «Material Science and Engineering»
listed at the highest level: Level A+ (3 universities listed
in all, ranking Top 2% in China).

Among the evaluated disciplines, four disciples of
WUT including Mechanical Engineering, Transporta-
tion Engineering, Design Science and Marxist Theory
are listed at the Level B+ (ranking top 10%—20%),
and six disciplines are listed at the Level B (ranking top
20%—30%), including Applied Economics, Civil Engi-
neering, Information and Communication Engineer-
ing, Computer Science and Technology, Environmental
Science and Engineering and Management Science and
Engineering.
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Compared with the former three China Discipline
rankings, the discipline rankings of WUT has witnessed
a substantial improvement, with the discipline of Top
2% rising from scratch. Meanwhile, the number of Top
10%—20% disciplines has increased from zero to four,
Top 20%—30% disciplines from four to six. The followings
are the disciplines with remarkable improvements: Mate-
rial Science and Engineering, Mechanical Engineering,
Transportation Engineering, Marxist Theory and Applied
Economics, etc.

Since the merge of three schools in 2000, driven by
the national construction of significant projects such as
«State Project 211» and «985 Innovation Platform for Su-
perior Disciplines», WUT’s discipline of «Material Sci-
ence and Engineering» has witnessed a significant growth
in disciplinary connotations presented in high-level fac-
ulty, scientific researches, cultivation of innovative talents,
and international cooperation communications, etc. The
discipline’s overall strength and level have been boosted in
the past years, ranking rising from No. 22 in 2002 to No. 5
in 2012, and further up to No. 3 in this year. Over the past
70 years, the discipline has cultivated a large number of
high-level talents for our national building materials and
new materials industry with more than 100 significant
scientific and technological achievements. It has make
historic contributions to the development of the national
building materials industry, promoting the Chinese build-
ing materials industry to grow steadily to take the lead in
the world building industries now.

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

The State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing (short for SKL) is
a state key Laboratory in the area of advanced materials
which was funded by the National Planning Commis-
sion and established in Wuhan University of Technology
in 1987. The SKL is under supervision of the administra-
tion of the Ministry of Science and Technology of the
People’s Republic of China. Professor Gu Binglin, an
Academician of Chinese Academy of Sciences, is the di-
rector of the academic committee of SKL and Professor
Zhengyi Fu is the current director of SKL.

SKL aims at the frontiers of world materials science
and major national needs, builds a world-class material
composite and preparation technology platform, and
develops key new materials for the development of na-
tional sophisticated weapons and emerging industries
to support national strategies; SKL produces original
and systematic research results with international in-
fluence in transformative technology and frontier new
materials and their intersecting fields, leading interna-
tional development in the research of a number of stra-
tegic frontier new material; SKL leads in the training
of top-notch innovation talents in world-class disci-
plines of materials science and engineering with out-
standing scientific research, creating an international
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collaborative innovation culture, conducting «strong-
strong» international cooperation research to enhance
the laboratory’s international influence, attractiveness
and cohesion.

Focusing on the overall positioning and goals, SKL
will create and develop multi-component, multi-scale,
multi-level composite principle and material design
theory as important guides to build material gradient
composite technology, in-situ composite technology,
nano-composite technology and integrated innovation
platform as the core support, to study advanced com-
posite materials for advanced weaponry and equip-
ment for defense, efficient energy conversion and
storage materials for new energy technologies, nano-
composite biomaterials for life sciences, information
functional materials for information technology and
transformation-oriented technology. SKL has formed
the following five distinctive research directions: gra-
dient composite technology and new materials, in-situ
composite technology and new materials, nano-com-
posite technologies and new materials, transformative
technologies and cutting-edge new materials, material
composite principles and material design.

SKL employs 103 full time researchers, includ-
ing 1 academician of Chinese Academy of Sciences,
2 academicians of Chinese Academy of Engineering,
1 academician of Belgian Royal Academy of Sciences
and European Academy of Sciences, 1 academician of
World Academy of Ceramics, 12 Distinguished Foreign
Experts, 1 973 Program Chief Scientist, 5 winners for
Outstanding Youth Training Fund, 4 leading talents of
National Ten Thousand People Program, 7 winners for
Pacesetter Engineering in the New Century, 5 Cheung-
Kong Scholars, and 18 winners for the New Century
Excellent Talents Support Plan of the Ministry of Edu-
cation. It is a spirited team of innovation and creation.
SKL encourages young scholars to visit famous interna-
tional universities or research institutes for further im-
provement and cooperation. In recent years, the lab has
sent more than 20 young scholars to engage in studies
and research collaboration abroad.

SKL has accomplished win-win cooperation with
internationally renowned research institutes such as the
University of Michigan, the Japan Aerospace Technol-
ogy Development Agency, the Institute of Metal Mate-
rials of Tohoku University in Japan, the Material Re-
search Center of the University of Oxford in the United

Contact information
Postal Code: 430070

Kingdom, the Composite Materials Research Center
of the University of California, and the National Insti-
tute of Fuel Cell Research in Canada. Based on SKL,
the Ministry of Science and Technology has established
the International Joint Laboratory for New Materi-
als and Compound Technologies, which is one of the
first batches of 33 international joint laboratories in the
China. The State Administration of Foreign Experts Af-
fairs and the Ministry of Education established the In-
novation and Intelligence Base for Material Composite
new Technology and Advanced Functional Materials
and Advanced Preparation Technology and Applica-
tion Engineering of new Functional Thin Film Materi-
als. SKL has established the WUT — Harvard University
Nano Joint Laboratory, Joint Laboratory of New Energy
Materials and Technology of Wuhan University of Tech-
nology—University of Michigan, Wuhan University of
Technology—University of California, Davis, Multiplex
Multi-scale New Technology Laboratory for Compos-
ite Materials, Wuhan University of Technology—Ox-
ford Advanced Composite Ceramics Laboratory Etc..
Relying on those important international collaborative
research platforms, SKL has undertaken a number inter-
national cooperation projects.

With an area of 25350 m?, SKL possesses the re-
quired equipment for advanced materials synthesis and
processing, material structure analysis, characterization
and performance test, in total value of about 225.38 mil-
lion RMB.

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

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

6611 obpasoBaH 27 masg 2000 roma oT OBIBIIETO
YXaHbCKOTO YHHMBEpPCUTETAa TEXHOJIOTHI (OCHOBaH
B 1948 1.), YXaHBbCKOrO YHMBEpPCHUTETAa TPaHCIIOP-
Ta (ocHOBaH B 1946 T.) 1 YXaHBbCKOTO aBTOMOOMJIE-
CTPOUTENIPHOTO TIOJIMTEXHUYECKOTO YHUBEPCUTETA
(ocHoBaH B 1958 1.). YVYT sgBnseTcs OOIHUM W3 BEIy-
IMUX KUATANCKMX YHUBEPCUTETOB, IMOTYMHSIOIINXCS
MuHucTepCcTBY 00pa3oBaHUsI, M OMHUM U3 YHUBEP-
CHUTETOB, BXOISIINX B TOCYTapCTBEHHYIO ITPOrpaMMy
10 CO3IaHWIO YHUBEPCUTETOB MIPOBOTO YPOBHSI C BHI-
COKOITPOheCCHOHATBLHOI IOATOTOBKOM IT0 OCHOBHBIM
crenraabHOCTIM. YYT Takke COBMECTHO KypHpyeT-
cs1 MuHuctepcTBoM 0o0pa3zoBaHUs, MUHUCTEPCTBOM
TpaHCIopTa, locCymapcTBEHHBIM  OKEaHWYCCKUM
ympaBieHHeM U locymapCTBEHHBIM VIIpaBICHHEM
0 HayKe, TeXHOJOTHWSIM M HaIlMOHaJIbHOI Oe3omac-
Hoctu. B mpegpiaymue 70 met YYT BoImycTui 6ojee
500 000 WHXEHEPOB M TEXHUYECKUX CITEIMAINCTOB,
CTaB, TaKUM 00pa3oM, KPYMHEHIINM YHUBEPCUTETOM
10 TIOATOTOBKE KaIpOB B TpeX OO0JACTSIX ITPOMBIII-
JICHHOCTU — CTPOUTEIBHBIX MaTepHrajax, TPaHCIIOpTe
¥ aBTOMOOMIIeCTpoeHNH. [ToMIUMO TTOATOTOBKY BEICO-
KoIpoheCCUOHATBHBIX CIICIINAINCTOB IS BBINICYKa-
3aHHBIX 001acTeil mpoMbIlIeHHOCTH, ¥ YT Takxke m0-
CTHUTAeT 3HAYUTENBbHBIX HAYIHBIX M TEXHOJOTHMICCKUX
PE3YIbTATOB.

Ha ocHoBe miurtenbHOro o0ydeHus cTyaeHToB YYT
copMupoBal 00pa30BaTEIBLHYI0 MOACIb C OTINYHU-
TeJIbHBIMU OCOOEHHOCTSIMM: yIIeJisid MHOTO BHUMAHMSI
U CUJI BBICOKOMY Mjiealy pa3BUTUS YUPEKIEHUSI, KOTO-
pblii o6sanas O6bI BCEMUPHBIM YBaXKEHUEM W MpPU3HA-
HUEM, YHUBEPCUTET HECET UACIO0 «TBEPIOCTU B ITUKE,
BCECTOPOHHOCTU B 00pa30BaHUM U PA3BUTUU BBICOKOTO
MacTepCTBa» U CJAEAYET OCHOBHOMY MPUHLMITY: «pa3-
BUTHE CTYIEHTOB — 3TO Hallla CYyIIHOCTb, pa3BUTHE Ha-
yKu — npuoputet». YYT peanusyeT o6pa3oBaTebHYIO
KOHLEMLMIO «00eceueHUs TPeBOCXOAHOTO O0yUeHu s,
B3pallliBaHMUSI BHICOKOKBAIM(MUIIMPOBAHHBIX CITCIIN-
aJIUCTOB U CO3JIaHUS PEKpacHoM XXu3Hu». YYT HeceT
OTBETCTBEHHOCTb 3a CO3[aHUE YUpeXXAEHUsI, KOTOPbIi
o0ecneyuT KayecTBeHHOe 00pa3oBaHue C LeJIblo TOI-
TOTOBKU CTYIE€HTOB K XXM3HU C BOCTpeOOBAHHOU Mpo-
deccueil u OTIMYHBIMU HaBBIKAMU.

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILiowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTro UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpodeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KQUECTBE «CTPATETUICCKMX YUCHBIX» B 00J1aCTH
MaTepUaIOBEACHUS W WHXXEHEPHOTO Iejla, MAaIIlHO-
CTpoeHMsI, MHOOPMAIIMOHHBIX TEXHOJIOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHUKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 HuX 28 Bxomar B IIporpaMMmy peKpyTHMHTa
MEXIYHAPOIHBIX BSKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpamMma Thicsiun crienuaaucTos), 6 — B IIporpam-
My OECSITH TBICSY CIIeIUanncToB, 14 — B IIporpammy
yuyeHblX Yenr Konr, 7 sBusitoTcs jaypeatamu Hatmo-
HaAJIBHOTO HAyYHOTO (POHIA I MOJIOIBIX BBITAIOIITIX-
¢S YUIEHBIX, 3 BXOOAT B HammmoHanpHYIO IporpaMMy 3a-
CITy>KeHHBIX Tpenoaasateieii u 11 — B HaunoHanbHbIH
TIPOEKT COTHH, THICSYU U JCCSITU THICSY CIICIIUATICTOB
HOBOTO BeKa.

YHUBEpCUTET BKIIOYAET 24 HaydHBIE IIIKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC JabopaTopuu, § rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJIbHBIX TIPOTPAMM aCIUPAHTYPBI U ITOKTOPAHTYPHI,
226 mporpaMM MarucTparypsl, a Takxke 90 mporpamMm
Oakamaspuara. B ynusepcurere 54 986 oOydaroimx-
cs1, cpeid KOTOpBIX 36 452 cTymeHTOB OakajiaBpua-
Tta, 17 224 cTymeHTOB MarucTpaTypbl M acITMpaHTOB,
a takke 1 310 MHOCTpaHHBIX CTyIeHTOB. boiee TorO,
MyOJIMKAIIUM TI0 MaTepUaIOBENCHUIO, WHKCHEPHOMY
JIeJly U XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETPU-
yeckoit 6aze MHcTuTyra HayuHoit nHdopmatmu CIIA
(Essential Science Indicators) MexXXayHapOTHOTO peii-
TUHra obJyiacTeii 3HaHUM.

YVT pacnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEIBCKIMU LIEHTPAMH MEXKIYHAPOITHOTO YPOBHSI, BKITIO-
yasg IBE TOCYIApCTBCHHBIC KIIIOUEBEIC JIAOOPATOPHH,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1ab0opaToOpHIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPWHTOBBI HCCIICIOBa-
TEIBCKMI IICHTP, a TaKKe JTAOOpAaTOPUM BEIOMCTBCH-
HOTO WM OO0JACTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepUaIOB M CTPOUTEIIBHBIX MaTepHajIoB, TpaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKN W aBTOMOOMJIECTPOCHUSI,
WH(MOPMAIIMOHHBIX TEXHOJIOTHI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMI 3aIIUTHI OKPYXKAaroIeit
Cpenbl, a TaKKe YIPaBIICHMUST OOIIECTBEHHOI Oe3ormac-
HOCTBIO 1 YPe3BBIYaHBIMU CUTYalIusIMI. BMmecTe ¢ TeMm,
YHUBEPCUTET OCHOBaJI OKoJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHHIIWITAJGHBIMUA BIIACTSIMU
1 MecTHBIMM TipennpusatuaMu. Haumnag ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PEUTUHTE
KHATAWCKMX BBICIINX YICOHBIX 3aBCICHUIA.

VVT yctaHOBWJI CBSI3U 151 CTYIEHUYECKOro ooMeHa
¥ HayYHBIX MCCIIefOoBaHMIi ¢ 0ojee, yeM 190 mHocTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIHBIMM WHCTUTYTAMU
n3 CIIA, Bemmkoopurtanum, Anonun, @Dpanumu,

Asctpanuu, Poccum, HunmepmanmoB m ap., a Takxke
npuntacuil 6onee 300 BceMMPHO M3BECTHBIX HCCIIE-
IoBaTesicii B KaUeCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
[JIAIIEHHBIX U MOYeTHBIX Tpodeccopon. C 2007 roma
YVYT moxydmt ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX IEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPO(eCCHOHATBHBIX HAIIPaBJICHU B Clle-
IYIOIIUX O0JIACTSIX: MEPCIIEKTUBHBIC TEXHOJIOTUM IS
CHHTe3a W 00pabOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [JISI BBICOKOIIPOM3BOMUTEIBLHBIX KOpa-
0J1eit, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TTIPOM3BOICTBA
(GYHKIIMOHANIBHBIX TJICHOYHBIX MAaTEPUAJIOB U €T0 UC-
TIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IIJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHUEM allb-
TEPHATUBHBIX BUOOB SHEPTUU W 3KOJOTMIHBIX CTPO-
WUTEJTBHBIX MaTepuaaoB. KpoMe Toro, yHUBepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopusl TIePCIIEKTUBHBIX TEXHOJIOTUN UIST CHHTE3a
1 00paboTKM MaTepuanos, baza MexxayHapomHOro Ha-
YYHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJACTH KO-
JIOTUIHBIX CTPOMTEIBHBIX MaTepuaioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHMYECKOTO COTPYTHHYECTBA
B 00JJaCTM WHTEIICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnman
14 MexXIyHapOTHBIX COBMECTHBIX MCCJICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmmkooputanum, Utanum nu Hunepnan-
OB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIE M KOHBEpPCUU (COBMeECT-
HO ¢ MWYWTAaHCKMM YHHMBEpCUTEeTOM). B 3TOM ImIa-
HE C HUM aKTUBHO coTpyaHu4Yaiu CayTreMnTOHCKU
VHUBEPCUTET, LIEHTP TEXHOJIOTUI BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0Ba-
TEJIbCKUI LIEHTP MHTEIUICKTYaJIbHOTO KOopabjecTpoe-
HUS U OBIDKeHUS (BMecTe ¢ JdeadTcKuM TeXHIISCKIM
yHuBepcutetoM). B 2016 romy B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JI3Bun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXIYHAPOIHBIN
UWTSD VYxaubckunii Jlurour Kosnemx.

B 2017 YuwuBepcuTeT BolIeJ B TaKWe PEUTUHTH,
kak Times Higher Education World University Rankings,
0S Asia University Rankings, U.S.News Best Global
Universities Rankings and Shanghai Ranking’s Academic
Ranking of World Universities.

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

B cBs3u ¢ OonblIoit HEOOXOOAUMOCTBIO pedOpMBbI
HaIlMOHAJIBHOM CHCTEMBI BBHICIIIETO OOpa3OBaHWUS, Ie-
SITEIPHOCTE MeXIyHapOMTHOM IIKOJBI MaTepHaioBe-
IeHUs 1 WHXeHepHoro aena (magee MIIMuM/) YVT
HaIlpaBJicHa Ha CO3IaHue TIEPBOKIACCHOM MHHOBAIIN-
OHHOM TUTOIIAAKM IIJISI TTOATOTOBKY BBEICOKOKBATM(H-
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IIMPOBAHHBIX KAAPOB 1 MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNUSI M WHXEHEPHOTO Jiea.

YVYT — onuH U3 BeoylUX KUTAUCKUX YHUBEPCUTE-
TOB TION yrmpaBiieHneM MUHHCTepCTBA 00pa3oBaHUS
¥ OIMH U3 YHUBEPCUTETOB, NMPUOPUTETHO MOCTPOCH-
HOTO B paMKax TOCyZapCTBEHHOTO TIpoeKTa «State 211
Project» 1151 KUTallCKMX BBICILIMX YYEOHBIX 3aBEICHUIA.

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJpoB TIyTeM TMPOBEICHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXIYHApOIHBIE TIPO-
TpaMMBbI, TIPOTPAMMBbI MaTUCTPATYpPhl U aCIIMPAHTYPHI.
MIIIMuW/I 66uta ocHoBaHa B ampesnie 2014 roga u yt-
BepxkreHa [lermapTaMeHTOM 0Opa3oBaHUST MPOBUHIIAN
Xy0sii. B utore 2015 roma MIIIMuM/I 6b11a BHeceHa
B nepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETbHBIX
IIEHTPOB», TOIIEPXKUBaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHusi KHP 1 MuHMCTEpCTBOM MeEXAyHApOAHOIO
corpynHuuectBa. HearensHocts MIIIMuM/l mocBs-
1eHa pa3paboTKe 3HaHUI B 00JIaCT MaTepuajoBee-
HUST M UTHXXEHEPHOTO JIeJia 3a CYeT ONITUMU3AIUHY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBATEIbCKOTO
COCTaBa, a TakK¥kKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTIEIIUATTMCTOB C LIETbIO Pa3BUTHUS WH-
JTYCTPUM MaTepUaIOB KaK TEXHOJOTUIECKOH TiaTdop-
MBI ¥ Ky3HUIIBI KaJIpOB.

Crneumuansaocth YYT «MaTepuanioseneHnne
¥ HHXKEHEPHOoe J1eJI0» BOIILIA B TONOBbIE 2%
B YeTBEPTOM peiiThHre cnenuaiabHocTeil Kuras

LleHTp pa3BUTHST KUTACKOTO aKaeMUYECKOTO 00-
pa30BaHUsI HEMABHO OOBSIBUI PE3YJIbTaThl YETBEPTOTO
peiTHra crnenuaibHocTel Kwutas: crenmambHOCTh
VYT «MarepuanoBeneHre 1 MHXEHEPHOE IEJI0» 3aHSI -
JIa caMBIi BEICOKUI YPOBEHb — YpoBeHBb A+ (3 yHUBEp-
CUTETa 3aHUMAIOT 3TOT YPOBEHb, 006pa3ys TormoBbie 2%
B Kurae).

Cpenu olLEHMBAaeMBbIX CIielMaibHOCTE — 4 cre-
nranbHocTH YYT (MalmmmHOCTpOEHUWE, TPAHCIIOPTHAS
WHXEHepusl, NW3aliH W TEeOpus] MapKCU3Ma) 3aHsUIU
ypoBeHb B+ (10—20% BepXHUX MO3UIMN pPEUTUH-
ra) u 6 crelMaJbHOCTEN PACTONOXWINCh Ha YPOBHE
B (20—30% BepxHMX MO3UIMI PEUTUHTA), a 3TO: TIPH-
KJIagHass 9KOHOMMKA, TPaXIAHCKOE CTPOUTETHCTBO,
MHOOPMAIIMOHHBIE 1 KOMMYHUKAIIMOHHBIE TEXHOJIO-
TWU, TEOpUsI BEIUUCIUTEIHHBIX MAIIMH U CUCTEM, 3a-
IIMTa OKPYXKAIOMIeH Cpeabl U WHXEHEPHOE N0, Me-
HEDKMEHT U MHXXEHEPHOE NEJO.

[Mo cpaBHEeHWIO C OBIBIIMMU TpeMsi PEUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-
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YecKH ¢ HyJisg. BMecTe ¢ TeM, YUCIIO CrielMalbHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1o 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEIMATbHOCTHU, KaK MaTepUaoBeeHUEe U UHXKEHep-
HOE JIeJI0, MallTMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKCcuU3Ma U TMPUKIIAJAHAS KOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yJTbTATHI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TPU
IIKOJTBI B paMKax peajli3aiii rocy1apCTBEHHBIX KPYII-
HOMACIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 MnHoBanmonHas ratdhopma
JUTSL BBICIIMX CITEIIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MartepuajioBeeHuEe U UHXKEHEPHOE NEJI0»
B paMKax (hakyiabTeTa, HayYHBIX MU3BICKAHWI, TTOATO-
TOBKM WHHOBAallMOHHBIX KaapoB M MEXIyHApOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHIE
HECKOJIbKO JIET BAXKHOCTD CITEIIUATbHOCTH U €€ YPOBEHb
OBUIM pacIIMpeHbl, TIOTHSB ee ¢ 22 MecTa B peHTUHTE
B 2002 romy mo 5 mecta B 2012 1 mo 3 MecTa B TeKyIIeM
romay. 3a 70 ieT 0GyJeHHUsI 110 3TO CIIeUaTbHOCTH JJIST
CTpaHbl OBUIM TOATOTOBJIEHBI BBICOKOKBAIUMUIINPO-
BaHHbBIC Kalphl JUISI CTPOUTEILCTBA U WHIYCTPUU TTPO-
WM3BOJCTBA CTPOUTENIHBIX MaTepUalioB U TOJTYyYSHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTSL 3aHSITUSI BEAYIIETO TIOJIOKESHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTETBHBIX MATEPUATIOB.

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

T'ocynapcTBeHHast KJiouyeBas Jjaboparopus Iep-
CIEKTUBHBIX TEXHOJOTMU CUHTE3a U 00paboOTKU Ma-
tepuanoB (Kpatko I'KJI) — »3To rocymapcTBeHHas
JlabopaTopusi B 00J1aCTU MEPEJOBBIX MaTepualioB, OC-
HoBaHHas1 ['ocynapcTBEHHBIM MJIAHOBBIM KOMHUTETOM
B YVYT B 1987 r. I'KJI HaxomuTcs 1o pyKOBOICTBOM
MunucrtepctBa Hayku U TexHosnoruit KHP. B Hacto-
1M MoMeHT HaydyHbli komuteT I'KJI BosriamisieT
yieH Kuratickoit akanemuu Hayk ripocdeccop I'y bun-
e 1 HetHemHui qupekTop 'KJI mpodeccop Doy
JIKeHbI'U.

HestenbHoctb I'KJI HammpaBiieHa Ha mepeaoBbIe 10-
CTUXXEHUS B MaTepUaJIOBEICHUN 1 BBIIOJHEHUE TOCY-
JIapCTBEHHbIX 3aKa30B B 3Toil oonactu. B I'KJI 3anuma-
JOTCSI CO3TaHUEM BBICOKOKAYECTBEHHBIX KOMIIO3UTHBIX
MaTepuaJioB M pa3pabOTKON CTpaTerMuyecKu BaKHBIX
MaTepuaJioB C LIeJIbI0 MX HMCIOJIb30BaHUS B HALMO-
HaJbHOW cHUCTeMe OOOpPOHbI U PAa3BUBAIOIIMXCSI MPO-
MBIIUIEHHOCTSIX 111 o0ecTieyeHs TOJUTUKU rocyaap-
ctBa; I'KJI mpoBoouT HecTaHmAPTHBIC M CUCTEMHBIC
HCCIIEIOBAaHNS MHPOBOTO OMBITA B TpaHC(HOPMATHUB-
HBIX TEXHOJIOTUSIX U HOBEUIIMX MAaTepuaoB, a TakxKe
B MEXAVMCUUITIMHAPHBIX 001aCTSIX, BBITTOJHSISI MEXTY-
HapoJHble Pa3padOTKM HEKOTOPBIX KITIOUEBBIX HOBEM-
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mux marepuanon; ['KJI sBasercs Benyieit 1abopato-
pueil IO TIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATUCTOB MO0 MaTepUATOBEAYECKUM CIEeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly C HAyYHBIMU U3bICKAHUSI -
mu. I'KJI pa3zBuBaeT MexXnyHapoaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHUYECTBA, MPOBOJIS COBMECTHbIE
MEXTOCYIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHUS
OTEYECTBEHHOI KYJbTYPbl M €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha 00ImMX Herax u 3agadax, ' KJI cos-
JlaeT U pa3pabaTbIBa€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclTabHyI0 U MHOTOYPOBHEBYIO TEOPHUIO MPOEKTUPO-
BaHUs MaTeprajioB. OHa CTaHET BasKHBIM PYKOBOICTBOM
IJ1s1 pa3paboOTKX TEXHOJOTMU TPAAMEHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajioB, TEXHOJOTMM HAHOKOMIO3UTOB U WHTE-
TPUPOBAHHOI MHHOBAIITMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaKKe ITO3BOJIUT M3yJaTh Iep-
CMEKTUBHbIE KOMITO3UTHbBIE MaTEPUAIbI 1JIs1 YIYJILIEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPYKEHUSI, MaTepUaJIbl, CIIO-
COOCTBYIOIIME PALlMOHATILHOMY MCITOJb30BAHUIO SHEP-
TEeTMYECKUX PECYPCOB TSI HOBBIX 3HEProdh(MeKTUBHEBIX
TEXHOJIOTMIA, HAHOKOMITO3UTHbIE OMOMaTepuasbl s
MEIUKO-OMOJIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepHUabl I THOOPMAIIMOHHBIX TEXHOJIOTUIT 1 TpaHC-
(hopManmmoHHO-OpMEHTUPOBAaHHBIX TexHOMormit. ['KJI
OorpeAeawy 5 HaydyHbIX HaMpaBlIeHUN UCCIeOOBAHMIA:
rpaileHTHbIE KOMMO3UIIMOHHbBIE TEXHOJOTUU U HOBbBIE
MaTepuaibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
T€pUaJoB, HAHOKOMIIO3UTHbBIE TEXHOJOTUM W HOBbIE
MaTepuaibl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTepuaibl, MPOEKTUPOBAHWE MATEPUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEpPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAQYYHBIX COTPYITHN -
Ka, |1 akamemmk Kwuraiickoif akameMnu HayK, 2 akazie-
muka Kuraiickoit ”HXEHEepHOU akaneMuu, 1 akageMuK
benbruiickoit KopoaeBckoil akagemun HaykK u EBpo-
MnecKol akanemMuu Hayk, 1 akamemMuk MexmyHapom-
HOT aKameMn KepaMUKH, 12 TOYeTHBIX MHOCTPAHHBIX
9KCIepTOB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTPaMM,
5 cruneannaToB MoHma IOATOTOBKU TaIAHTIMBOM
MoJofexu, 4 Beaynux crienranicra u3 Hanmonans-
HOH TIpOrpaMMBbI IECSITU THICSY CIICIIUATINCTOB, 7 TI0-
oenuteneil npemuun Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 no-
oenuteneil Ilpoekta nomaep>KKU BbICOKOKIACCHBIX

KoHTaKTHasa

nudopmauus Postal Code: 430070

CHEeLMaJICTOB HOBOTO BekKa MuHMcTepcTBa 00paszo-
BaHMS. DTO KOMAaHIa, BIOXHOBIICHHAs WHHOBAIIMSI-
MU 1 co3uaarebHbiM npoueccom. I'KJI MoTuBupyert
MOJIOJBIX YYEHBIX MOCEIIaTh 3HAMEHMTBbIE MeXXAyHa-
pPOIHbIE YHUBEPCUTETbl WM MUCCIEI0BATEIbLCKHIE WH-
CTUTYTbl B LI€JISIX YCTAHOBJIEHUSI COTPYIHMYECTBA.
3a mocemHee BpeMs J1TabopaTopus OTIIpaBMjIa Oojee
20 MOJIOIBIX CTICIIMAIMICTOB IUISI Y4ACTHSI B COBMECTHBIX
KUCCIEA0BAHUSIX 3a TPAHULLY.

I'KJI ycTaHOBWJIO B3aMMOBBITOIHOE COTPYIHUYE-
CTBO CO BCEMHUPHO M3BECTHBIMM HAYYHBIMU WHCTU-
TyTaMu: MMUYUTAaHCKUM YHUBEpPCUTETOM, SATMOHCKUM
areHTCTBOM aBUAKOCMUYECKUX TexHosioruii, MHCTUTY-
TOM MeTaJljIoB yHUBepcutTeTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHIsT OKChOPICKOTO YHHBEPCUTETA
B BenmkoOpuranuu, HaydHbIM LIEHTPOM KOMITO3UTHBIX
matepuanioB KanmugopHuiickoro ynuepcurera u Ha-
LIMOHAJIbHBIM WHCTUTYTOM MCCJIETOBAHUS TOILJIMBHBIX
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YCOBEPILIEHCTBOBAHHOW  TEXHOJIOTMU  TTPOM3BONICTBA
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u ['apBapacKMM YHUBEPCUTETOM, COBMECTHYIO Jlabopa-
TOPHIO HOBBIX YHEPTOHOCUTENIEN 1 TEXHOJOTUN MEXIy
VVT u MuuyuraHcKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
J1abopaToOpUIO pPa3HOMACIITAOHBIX TEXHOJOTUI KOMIIO-
3ULIMOHHBIX MatepuaioB Mexny YYT u JlabopaTopu-
el yIIy4dIIeHHOUW KOMIIO3UTHOM KepamMuku Oxcdopna.
Ommpasich Ha yKa3aHHBIC MEXXIyHapOIHBIC MCCIICI0BA-
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Abstract: Polyvinyl chloride (PVC) is used to obtain a wide range of materials for various purposes. High demand of PVC
is explained by possibility to modify polyvinyl chloride and produce broad range of materials with improved properties as
well as to have cost efficient ratio: productivity, available raw materials, saving of natural resources. However, under normal
temperature polyvinyl chloride is brittle and inelastic, that limits the fields of PVC application. The production of basic PVC
compositions is impossible without plasticizers — low-molecular compounds that allow direct regulating physical and
mechanical properties of polymer. Production of plasticizers became one of the most important branch of petrochemical
industry. Recently, however, the range and production of plasticizers have drastically decreased due to the increased cost,
which reduced the competitiveness of plasticized PVC products. Therefore, the expansion of plasticizer variety for PVC is a
strategic task of great practical significance.

The present work describes synthesis methods of esters on the basis of oxyalkylated alcohols suggested as polyvinyl chloride
plasticizers. Physico-chemical properties of synthesized compounds were studied. Conditions for their production with maximum
outcome were selected. The results of experiments in which obtained compounds were tested as additives in the plasticization of
PVC showed that the obtained samples of cable plastic, adhesive PVC tapes and multi-layered polyvinyl chloride linoleum satisfy all
the technical requirements by the main indicators: cable plastic compound — GOST 5960-72 with amendment 1-9; a PVC adhesive
tape - Technical Conditions — 2245-001-00203312-2003; multilayered linoleum - GOST 7251-77.

According to the experimental results, phthalates of oxyalkylated alcohols possess rather high efficiency as plasticizers of
polyvinyl chloride and are recommended for use in the above-mentioned industrial PVC recipes.

Keywords: water sorption, soft cabel compound, PVC adhesive tape, multilayer linoleum, polyvinyl chloride plasticizers, tensile
strain, breaking strength, melt flow index, thermostability, oxyalkylated alcohols phthalates.
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INTRODUCTION

Polyvinyl chloride (PVC) is the most demanded volume
polymer produced both in Russia and abroad. The reason
for this is the exceptional ability to be processed by any
means into a wide range of materials and products for vari-
ous purposes. It is commonly known, in recent years there
has been a tendency to an increase in the requirements for
the operational and technological properties of materials
and products obtained on the base of polyvinyl chloride.
Therefore, additives must also meet the requirements.

More than 12 million tones of polymeric additives are
produced every year in the world. The key role of chemical
additives is to facilitate the processing of polymer blends
and give necessary properties to finished products. Ap-
plication of additives allows manufacturing a wide variety
of products — from very soft, gel-like, to elastic, hard
materials.

Plasticizers have the largest part among additives
(more than 50%). Esters of phthalic acid are at the first
place in consumption.

The main representative of phthalate plasticizers is
dioctyl phthalate (DOP), which is considered to be an
international standard plasticizer for PVC that meets pro-
cessing requirements. Its combination of properties is
optimal, it is relatively cheap and provides the necessary
complex of operational properties, but it belongs to sub-
stances of the second hazard class. However, DOP is still
the most commonly used ester plasticizer for PVC [1...6].

Therefore, the development of new effective and eco-
friendly plasticizers is relevant and has important practical
importance.

MAIN PART

The authors are conducting research on the develop-
ment of new plasticizers [7...17]. This paper describes
methods of synthesis, some physic-chemical properties
and results of tests of oxyalkylated alcohol phthalates in
several PVC-composition for construction purposes,
specifically: in the recipes of cabel PVC-plasticate O-40
rec. OM-40 (black), PVC adhesive tape and multilayer
linoleum.

Target esters with third class of hazard are obtained
in two stages. At the first stage oxyalkylated alcohols are
synthesized. Then by esterification of oxyalkylated alco-
hols with phthalic anhydride final products are obtained.

Method of oxyalkylating of alcohols

A four-necked flask equipped with a stirrer, a ther-
mometer, a reflux condenser, and a device for introducing
ethylene oxide (propylene) is charged with the calculated
amount of alcohol and catalyst — sodium hydroxide. The
reactor is heated in an oil bath and blow of with nitrogen
to remove air. Then gradually (with the running mixer),
ethylene (propylene) oxide is introduced. The rate of
ethylene (propylene) oxide feeding is adjusted so that
the unreacted oxide condenses in the reflux condenser
and flows back into the reactor «without liquid flooding».
After feeding of ethylene (propylene) oxide, the reac-
tion mixture is further heated and then cooled to room
temperature.

The catalyst is neutralized with a calculated amount
of sulfuric acid and the resulting mass is filtered.
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0
Method of estirification of phthalic anhydride B, Tl c\//
nCHzLH S ROH , R\ (OCH,CHnOH + 0 — o
In a three-necked flask equipped with a Dean-Stark \0/ (1-22) !
trap cooler thermometer and a mechanical stirrer phthalic T \\O
anhydride, oxyalkylated alcohol and catalyst, p-toluene-
sulfonic acid (PTSA) or tetrabutoxytitanium are placed. Ry
The reaction is carried out until the estimated amount of COO(CH- CH,0)R,
water is formed in the trap. After completion of the reac- + R40H 7
tion, the catalyst is hydrolyzed with water and the product |
of esterification is filtered off. In case of using PTSA, ~ COOR
an inert gas — carbon dioxide or nitrogen — is bubbled @3- 4)1)
through the reaction mixture to facilitate the removal of +R;0H - R
water that forms. I|{4 |2
ini - COO(CH,-CHO), R
The general scheme for obte.umng oxyalkylated phthal + RAOCH,CHnOH (CH2-CHO)n R,
ates of alcohols has the following form: .
COO(CH:-CIHO)nR3
Table 1 (45-76) ™
Optimum conditions for obtaining chemical additives
. Molecular ratio Tempera-
h
Synthesized compounds s ture, °C Note
R; Alcohol: ethy- 1:1-3 | 110—180 |[amount of catalyst
lene (propylene) 0,5—3% (mass. from
R{(OCH,;CH)nOH , oxide loading)
where R, = C,H; R, = H (1-4), CH, (5-8);
R, =C.H,; R,=H (9-12), CH, (13-16);
R, =C.H;R,=H (17), CH, (18);
R, = CH,CH,; R, = CH, (19-22).
R, Phthalic 1:1,5 | 110—140 |amount of catalyst
anhydride: 0,1—2% (mass. from
COO(CH-CH;0)nR; oxyalkylated loading) + activated
= alcohol carbon in quantity 1%
| (mass. from wight of
AN loaded components)
COOR;3
where R, = C,H,; R, = C,H,; R2 = H (23-26), CH, (27-30);
R,=CH, ;R,=CH, ;R,=H (31-34), CH, (35-38);
R,=CH,CH,; R,= C,H,CH,; R, = CH, (39-42);
R,=CH_ ;R,=CH,R,=H (43), CH, (44).
R; Phthalic 1:2,5 | 120—180 |amount of catalyst
e (!'HO anhydride: 0,1-2% (mass. from
(CH-CHO)n R, oxyalkylated loading) + activated
. alcohol carbon in quantity 1%
COO(CH,-CHO)R3 (mass. from wight of
[ loaded components)
Ry
where R, = C,H,; R, = C,H,; R, = H (45-48), R, = CH, (49-52);
R,=CH,;R,= CH,;R,=H (53-56), R, = CH, (57-60);
R, =CH,;R,=CH,;R,=H;R,=H (61-64);
R, =CH,; R,=CH,; R,= CH,; R, = CH, (65-68);
R,=CH,; R,=CH,; R,= H; R, = CH, (69-72);
R, =CH; R,=CH;R,=CH;R,=H (73-76).
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where R, = C,H;; CH; CH,;; CH,CH,; R, = H;
CH;; R, = C,H;; CH

» CH; CH.CH,; R,=H; CH,.

The conditions for obtaining plasticizers with a yield
of more than 80 % are given in the Table 1.

Physic-chemical properties of synthesized compounds
are given in Tables 2, 3.

From Table 2 it can be seen that with an increase in
the degree of oxyalkylation, the density and refractive
index increase.

From the obtained results it can be seen that with an
increase in the degree of oxyalkylation, the refractive

index of the esters decreases and the density increases.

Physical and chemical characteristics of plasticizers were
analyzed according to GOST 8728-88.

RESULTS AND DISCUSSION

To determine the efficiency of developed plasticizers
the changing of Shor A hardness from the concentration
of plasticizer were studied (plasticizer:PVC—1:100). On
the base of calculation of quantitative substitution factor
(SF), which determines the required amount of phthal-
ates of oxyalkylated alcohols compared to DOP and pro-
vides the necessary hardness of flexible PVC under room

Table 2
Physic-chemical properties of oxyalkylated alcohols
Ne compound n a, ) Ester number, mg | ;1. mass, found
KOH/g
Oxyethylated butanols
1 1,5 0,9745 1,4285 790 142
2 2,0 0,9842 1,4333 681 165
3 2,2 0,9875 1,4351 644 173
4 2,4 0,9895 1,4369 615 182
Oxypropylated Butanols
5 1,5 0,9130 1,4274 693 162
6 2,0 0,9224 1,4289 586 192
7 2,2 0,9253 1,4296 552 203
8 2,4 0,9287 1,4303 522 215
Oxyethylated 2-ethylhexanols
9 1,5 0,9141 1,4325 568 197
10 2,0 0,9240 1,4490 510 220
11 2,4 0,9309 1,4580 471 238
12 3,0 0,9382 1,4696 422 265
Oxypropylated 2-ethylhexanols
13 1,3 0,8757 1,4329 538 208
14 1,9 0,8787 1,4342 461 243
15 2,3 0,8841 1,4358 423 265
16 2,7 0,8911 1,4379 386 290
Oxyethylated phenol
7| 1,0 | 1,1007 | 1,5314 | 789 | 142
Oxypropylated phenol
18 | 2,1 | 1,0773 | 1,5338 | 514 | 218
Oxypropylated phenylcarbinols
19 1,1 1,0114 1,5216 640 175
20 1,7 1,0136 1,5259 533 210
21 2,4 1,0162 1,5298 448 250
22 2,7 1,0176 1,5318 416 269
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Table 3
Physico-chemical properties of oxyalkylated alcohols phthalates

W e a a2 4o Acid number, | Ester number, | Molar mass,
D 4 mg KOH/g mg KOH/g found
1 2 3 4 5 6 7
Butylbutoxyethyl phthalates
23 1,5 1,4889 1,0559 0,10 321 349
24 2,0 1,4883 1,0581 0,10 302 371
25 2,2 1,4879 1,0601 0,10 295 380
26 2,4 1,4874 1,0615 0,10 288 389
Butylbutoxypropyl phthalates
27 1,5 1,4814 1,0237 0,05 303 370
28 2,0 1,4796 1,0298 0,08 281 399
29 2,2 1,4781 1,0307 0,08 272 412
30 2,4 1,4775 1,0324 0,10 265 422
Octyloctoxyethyl phthalates
31 1,5 1,4812 0,9875 0,10 242 463
32 2,0 1,4790 0,9930 0,10 231 485
33 2,4 1,4768 0,9986 0,10 222 505
34 3,0 1,4748 1,0097 0,10 213 526
Octyloxytoxypropyl phthalates
35 1,3 1,4775 0,9681 0,20 237 473
36 1,9 1,4745 0,9738 0,20 220 509
37 2,3 1,4733 0,9776 0,20 210 533
38 2,7 1,4719 0,9813 0,20 201 557
Benzylbenzoxypropyl phthalates
39 1,1 1,5189 1,1075 0,20 271 413
40 1,7 1,5178 1,1098 0,15 250 448
41 2,4 1,5168 1,1122 0,20 229 489
42 2,7 1,5163 1,1136 1,15 222 505
Octylphenoxyethyl phthalates
43 | 1,0 | 1483 | 1024 | 010 | 313 | 358
Octylphenoxypropyl phthalates
44 X | 14756 | 10098 | o010 [ 232 | 481
Dibutoxyethyl phthalates
45 1,5 1,0648 1,4855 0,20 271 413
46 2,0 1,0757 1,4816 0,10 243 461
47 2,2 1,0837 1,4755 0,10 236 475
48 2,4 1,0863 1,4742 0,20 226 496
Dibutoxypropyl phthalates
49 1,5 1,0286 1,4779 0,30 246 456
50 2,0 1,0296 1,4751 0,40 217 515
51 2,2 1,0299 1,4745 0,30 207 541
52 2,4 1,0304 1,4739 0,30 200 561
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Table 3
1 2 3 4 5 6 7
Dioctoxyethyl phthalates

53 1,5 0,9887 1,4797 0,30 211 531

54 2,0 0,9982 1,4783 0,30 195 574

55 2,4 1,0047 1,4772 0,38 183 612

56 3,0 1,0132 1,4754 0,30 168 667

Dioctoxypropyl phthalates

57 1,3 0,9642 1,4619 0,30 203 552

58 1,9 0,9978 1,4607 0,40 180 622

59 2,3 1,0253 1,4599 0,30 166 675

60 2,7 1,0429 1,4594 0,50 155 722
Butoxyethylphenoxyethyl phthalate

61 1,5 1,5190 1,1054 0,20 271 415

62 2,0 1,5183 1,1081 0,20 257 436

63 2,2 1,5180 1,1110 0,20 252 444

64 2,4 1,5176 11119 0,20 247 454
Butoxypropylphenoxypropyl phthalate

65 1,5 1,5184 1,1034 0,20 201 558

66 2,0 1,5178 1,1062 0,20 211 514

67 2,2 1,5175 1,1078 0,20 214 524

68 2,4 1,5172 1,1091 0,20 218 531
Butoxyethylphenoxypropyl phthalate

69 1,5 1,5184 1,1034 0,20 201 558

70 2,0 1,5178 1,1062 0,20 211 514

71 2,2 1,5175 1,1078 0,20 214 524

72 2,4 1,5172 1,1091 0,20 218 531
Butoxypropylphenoxyethyl phthalates

73 1,5 1,5187 1,1014 0,20 257 435

74 2,0 1,5183 1,1042 0,20 241 464

75 2,2 1,5178 1,1060 0,20 235 476

76 2,4 1,5174 1,1074 0,20 230 486

conditions, it was found that compounds 24, 29, 31, 35,
39, 44,47, 50, 53, 57, 61, 62, 67 are very similar to DOP
in plasticizing efficiency. These plasticizers are charac-
terized by high-solvency of PVC and a low tendency to
migrate from plasticized film, because, as is known, the
migration of plasticizer from a material plays a big part
in maintaining the properties of PVC materials during
operation for a long time [1]. Analysis of plasticizing
properties showed that obtained PVC films do not pos-
sess visible signs of migration of plasticizer and possess
good elastic properties.

Selected samples were tested in some PVC composi-
tions for construction purposes.

Testing of plasticizers in the formulation of cable plastic
brand 0-40rec. OM-40 (black)

Samples of cable plastic brand O-40 rec. OM-40
(black) was analyzed according to GOST 5960-72 rev. 1-9
«Polyvinyl chloride plasticate for insulation and protec-
tive sheaths of wires and cables». Results of testing are
shown in Table 4.

Represented data in the table show that the main
characteristics — breaking strength, elongation at break,
shatter point of obtained cable plastics are not inferior
to industrial samples, and such indicators as «Weight
loss at 160°C» and «Water absorption» are much lower
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Table 4

Results of testing plasticizers in the formulation of cable plastic brand O-40 rec. OM-40 (black)

Nanobuli

Plasticizer
Norms according Ne compound
Characteristics to GOST 5960-72 | Control 47 50 24 29
rev. 1-9 sample Ne sample
(1% class) 1 11 11 v
Specific insulation resistance No less than L0 . L0 100 100
at 20°C, Ohm » sm 1-100 9,0+ 10 6,3+10 4,5+10 7,510 6,0-10
Breaking strength, kg/cm? No less than 110 147 140 142 144 140
Elongation at break, % No less than 280 385 328 345 336 276
Shatter point, °C Not above —40 Stand the test
Weight loss at 160°C,
within 6 h.. % No more than 3,0 2,2 2,0 1,7 1,8 1,6
Hardness, kg/cm?, No less than
at 20°C 9-20 12,5 11,3 11,8 12,1 11,9
at 70°C 6—12 7,3 7,2 7,1 7,3 7,4
Water absorption, % No more than 0,45 0,080 0,040 0,052 0,350 0,053
Softening temperature, °C 170£10 171 171 172 169 171
Density, g/cm? No more than 1,4 1,38 1,39 1,38 1,39 1,38
Technological properties
Eﬁrm“tab‘my at80°C, 1 GOST 14041-91 |2 h. 15 min.|2 h. 16 min.|2 h. 24 min.|2 h. 35 min.|2 h. 12 min.
Melt flow rate, g/10 min
T = 190°C, P = 10 ke/cm? GOST 11645-73 103,3 106,3 102,0 98,7 102,4
Table 5
Results of testing PVC adhesive tape
Plasticizer
N i Ol Ne compound
Characteristi orms according 53 | 57 | 31 | 35 | 62 | 61 | 67 | 39 | 44
el o s 2245-001- | O G E[ P& D]
00203312-2003 | 2 oSl
D A% VI VII | VIII | IX X XI XII | XIII
Breaking strength, No less
ke/cm? than 50 73 65 71 69 73 65 71 69 70 72
Tensile strain, % No less than 280 | 277 | 258 | 262 | 281 | 276 | 258 | 262 | 281 | 276 | 275
Shatter point, °C Not above —30 Stand the test
Technological properties
Thermostab'lhty GOST 14041-91 2 h: 072 h: 05(2 h_. 15)|2 h: 59(2 h: 06(2 h: 1112 h: 082 h: 272 h: 2912 h: 06
at 170°C, min. min. | min. | min. | min. | min. | min. | min. | min. | min. | min.
Melt flow rate,
at T = 180°C,
H = 16,6 kef. GOST 11645-73 | 10,5 | 14,8 | 12,5 | 14,2 | 12,8 | 14,8 | 12,5 | 14,2 | 13,8 | 14,1
2/10 min.
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specifically when using butylbutoxypropylphthalate and
dibutoxyethylphthalate and dibutoxypropylphthalate.

Testing of plasticizers in the formulation of PVC adhesive
tape

The obtained samples of PVC adhesive tape were ana-
lyzed according to TS 2245-001-00203312-2003 (PVC
adhesive tape). Results of analysis are shown in Table 5.

According to the data from the table, PVC adhesive
tape meets the technical requirements. It is noted that using
the ester compounds obtained by us improves the indica-
tors, specifically: «Breaking strength», «Tensile strain»,
«Shatter temperature» and «Thermostability». Almost in all
cases these samples provide technological and operational
characteristics above the level of the DOP serial plasticizer.

Table 6

Testing of plasticizers in multilayer linoleum

For the manufacture of multilayer baseless linoleum,
polyvinyl chloride films were preliminarily obtained: the
upper transparent, middle and lower layers, which were
analyzed according to the GTP 00203312-100-2006. Re-
sults of analysis are shown in Table 6.

The data from the Table 6 show that replacement
of dioctyl phthalate with oxyalkylated alcohols phthal-
ates makes it possible to obtain PVC films with high
thermal stability and improved melt flow. According
to the test results, in all cases of using the prototypes,
the main technological characteristics were notice-
ably better, that indicates facilitated processing of the
PVC-compositions. It can be seen that the indicators
«Thermalstability time» and «Melt Flow Rate» decrease

Testing results of plasticizers in PVC formulations in the upper, middle and lower layers of linoleum

Plasticicer
Ne compound
Characteristics Norms according to 47 | 50 | 24 | 29 | 53 | 57 | 31 | 35
CSS 00203312-100-2006 Ne sample
| II II1 VI \% VI VII | VIII
1 2 3 4 5 6 7 8 9 10
Industrial formulation of the upper layer of linoleum
(Plasticized PVC plasticate transparent with an embossed surface and without embossing)
Longitudinal strength, kg/cm? No less than
along 175 270 | 284 | 282 | 287 | 279 | 294 | 285 | 290
across 175 277 | 258 | 259 | 232 | 241 221 | 254 | 227
Breaking elongation, % No less than
along 100 221 | 249 | 256 | 275 | 297 | 318 | 249 | 263
across 100 293 | 258 | 281 | 269 | 253 | 301 | 266 | 253
Change in linear dimensions , % No more than 3,0 1,4 1,2 1,5 1,4 2,0 1,3 1,7 1,8
Technological properties
. 1h. 1h. 1h. 1h. 1h. 1h. 1h. 1h.
Thermostability at 180°C, min C"nlt}rl"a?ﬁ r? oP 38 | 51| 41 | 43 | 35 | 48 | 37 | 40
’ ’ min. | min. | min. | min. | min. | min. | min. | min.
Melt flow rate, g/10 min
T = 170°C, P = 16,6 kef 7,1 8,5 9,3 8,4 8,6 7,5 8,3 8,9 9,1
Industrial formulation of the middle layer of linoleum (Plasticized PVC plasticate filled with natural color)
Longitudinal strength, kg/cm? No less than
along 100 149 | 152 | 168 | 162 | 138 143 163 142
across 100 125 136 130 114 105 120 | 140 | 124
Breaking elongation, % No less than
along 100 189 | 198 | 252 | 243 | 190 | 200 | 223 | 209
across 100 242 | 232 | 180 | 192 178 | 204 | 217 | 240
Change in linear dimensions, % No more than 3,0 1,6 1,3 1,0 1,2 1,5 1,0 1,3 1,4
Technological properties
Thermostability at 180°C, min Control with DOP 37 min. 3.1 3.2 3.7 3.4 3.0 3.5 3.9 3.3
min. | min. | min. | min. | min. | min. | min. | min.
Melt flow rate, g/10 min
T = 170°C, P = 16.6 kef 8,1 9,5 9,7 | 10,5 | 9,9 8,4 8,9 | 10,4 | 9,2
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Table 6

1 | 2

| 3| 4| 5[ 6] 7] 8] 9] 1w

Industrial formulation of the lower layer of linoleum (Plasticized PVC plasticate filled)

Longitudinal strength, kg/cm? No less than

116 127 | 133 | 136 117 133 | 129 | 131
80 91 116 118 85 103 99 100

along 75
across 75
Breaking elongation, % No less than
along 100
across 100

211 | 233 | 209 | 223 | 208 | 231 | 245 | 256
151 | 208 | 152 | 163 | 157 | 219 | 252 | 245

Change in linear dimensions, % No more than 3,0

09 (05|05 )| 04] 09 ]| 04| 06 | 07

Technological properties

Thermostability at 180°C, min

Control with DOP 28 min.

20 28 24 25 18 27 21 22
min. | min. | min. | min. | min. | min. | min. | min.

Melt flow rate, g/10 min

T =170°C, P = 16,6 kgf 4.3

5,1 54 | 44 | 46 | 40 | 45 | 48 5,1

when moving from oxypropylated to ethoxylated com-
pounds. This is apparently due to the presence of a side
methyl group in the alcohol part of the oxypropylated
compounds.

At the next stage of producing multi-layer polyvinyl
chloride linoleum, the films were connected in a dupli-
cation unit which consists of heated drums, rubberized
pressure rollers and a cooler conveyor.

Results of testing are shown in Table 7.

As it can be seen from the Table 7, the plasticization of
PVC films with oxyalkylated alcohols phthalates positively
influence on the performance characteristics — abrasion,
change in linear dimensions and absolute deformation
set — of multilayer linoleum.

Table 7
Results of multilayer linoleum testing

CONCLUSION

Thus, the use of developed plasticizers in PVC materi-
als improves their main physical and mechanical, tech-
nological and operational characteristics:

— the indicators «Weight loss at 160°C» and «Water
absorption plastics» are improved in soft cable com-
pound;

— the indicators «Breaking strength», «Tensile strain»,
«Shatter temperature» and «Thermostability» are im-
proved in PVC adhesive tape;

— the indicators «Abrasion», «Change in linear dimen-
sions» and «Absolute deformation set» are at the level
of industrial plasticizer DOP in multilayer linoleum.

Plasticizers used in the — Characteristics =
preparation of polymer | Changeinlinear | o o o tivity, |/bsolutedeformation | 0 in mem,
films UILTERE I Ohm, no more than ik I, no more than
% no more than no more than
Norms accordin;
g g 0,80 5,0+ 105 0,45 90
Control sample 0,71 17,4« 1012 0,42 86
1 0,57 3,4+10" 0,35 74
11 0,47 4,210 0,26 44
111 0,52 3,9+10" 0,34 45
v 0,42 4,1-10"2 0,32 51
\% 0,65 3,2+10% 0,39 82
VI 0,55 4,110"7 0,30 52
VII 0,45 3,6+ 102 0,29 47
VIII 0,50 3,810 0,27 54

hitp://nanobuild.ru

info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTponTenbCTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (1):
52-71

Nanobull

DEVELOPMENT OF NEW POLYMER MATERIALS - PASPABOTKA HOBbIX TOJINMEPHbIX MATEPUAJIOB

BBEJEHUE

omuBrHIIxIopua (ITBX) sBisteTcs ogHnM 13 ca-

MBIX BOCTPEOOBAHHBIX KPYITHOTOHHAXKHBIX TTOJIH -
MEpOB, TIPON3BOINMEIX KaK B Poccun, Tak 1 3a pyoexkoMm.
[TprmamHOM 3TOTO SIBISICTCS MCKITIOUNTEIbHAS CITOCO0-
HOCTB ITPAKTUIECKH JTIOOBIMU CTIOCOOAMM TTepepadaThl-
BaThCS B 3HAUNTETBHBIN aCCOPTUMEHT MaTepHUAaJIOB 1 13-
e pa3TMIHOro Ha3HadeHUs. Kak m3BecTHO, B 1IO-
CJICIHME TOIbI HAMETUJIACh TCHACHIINS K BO3pACTaHUIO
TpeOOBaHMI1 K SKCITTyaTAlIMOHHBIM M TEXHOJIOTICCKIM
CBOICTBaM ITOJTyJaeMbIX Ha OCHOBE TIOJTMBUHIIXJIOPHIA
MaTepuaioB 1 uaaeauii. [ToaToMy mobaBKM TakKe MOJK-
HBI COOTBETCTBOBATH MIPEIBSIBISIEMbIM TPEOOBAHUSIM.

B mupe exxeromHo mpom3BoauTcd Oojiee 12 MITH.
TOHH TIOJIMMEPHBIX 100aBOK. [JTaBHAsT poJIb XMMHKa-
TOB-II00aBOK — 00JIETICHIUE TICPePaOOTKHI TTOJIMMEPHBIX
cMeceil 1 TTpuIaHne TOTOBBIM U3IETUSIM HEOOXOIMMBIX
cBoiicTB. [IpMeHeHNEe T0OABOK MTO3BOJISICT MOIYIaTh
caMbIe pa3HOOOpAa3HBIC TTPOAYKTEl — OT OUYCHB MSITKUX,
TeJIe00pa3HbIX, 10 YIIPYTUX, XKeCTKUX MaTepraiios [ 1...4].

Cpenn m06aBOK HaMOOJIBIIYIO IO 3aHUMAIOT
miactudukaropsl (6osee 50%). Ha mepBoM MmecTe 110
MOTPeOICHUIO TIACTU(UKATOPOB HAXOMATCS 3(UPHI
(¢raneBoit KUCITOTHI [4].

OCHOBHBIM TIpeICTaBUTEIEM (PTATATHBIX TIACTH(DH-
KaTtopoB aBisgeTca nuokTmwidTanar (JJO®D), KoTopslit
CUMTAETCS MEXIYHAPOAHBIM CTAaHIAPTHBIM TLIACTU(DU-
kartopom [1BX, ynosneTBopsiionMM TpeOOBaHUSIM Tiepe-
pabotkn. OH UMEET ONTUMATbHOE COUYCTaHNE CBOMCTB,
CPaBHUTEJIHHO JICIIIEBEIN, 00CCIIEYNBAECT HEOOXOTUMBIN
KOMIUIEKC SKCILUTyaTallMOHHBIX CBOMCTB, HO OTHOCHUTCS K
BemtectBaM II kimacca omacHoctu. Tem He Mmenee, JJO®D
BCe eIIle 0CTaeTCs HanmboJIee pacipoCTpaHEHHBIM CITOXK-
Ho3(pumpHBIM tutactTrudukaropoM IIBX [1...6].

IToaTomy pa3paboTka HOBBIX 3(P(PEKTUBHBIX U 9KO-
JIOTUIHBIX TJIACTU(MUKATOPOB SIBISICTCS aKTyaJIbHOM
¥ IMECT BaXKHOE MPAKTHIECKOe 3HAUCHHUE.

OKCIIEPUMEHTAJIbHAA YACTb

Hamu mipoBoOISITCS MCCIeIOBAaHMS IO pa3paboTKe
HOBBIX Tu1acTuduKaTopoB [7...17]. B manHoit pabote
TIPUBOISITCS METOMIBI CHHTE3a, HEKOTOPHIE (PU3UKO-XU-
MMUYECKIE CBOMCTBA M PE3YIBTAThI CIIBITAHMIA (DTAIaTOB
OKCHAJIKUJIMPOBAHHBIX CITUPTOB B HEKOTOphIX [1BX-
KOMITO3HIINSAX CTPOUTEIBHOTO Ha3HAYCHUS, a MMCH-
HO B peuentypax kabenpbHoro I1BX-mnactukara map-
ku 0-40 perr. OM-40 (gepHbIif), a1eHTH [1BX mumkoit
¥ MHOTOCJIOITHOTO JIMHOJIEYMa.

LlemeBbIe cI0XHBIE 3(DUPHI ¢ 3-M KIACCOM OTTaCHO-
CTHU TIOJIyYajy B ABa 3Tama. B mepByro odyepeab CMHTe-
3MPOBAJI OKCUATKMINPOBAHHBIC CITUPTHL. 3aTeM 3Te-
pudukamnueit nx ¢ GraseBBIM aHTUAPUIOM ITOIYIAIIN
KOHEUHBIC ITPOAYKTHI.

Memoduka okcuarkuaupoganus cRUpmos

B ueThIpexropityto KoJji0y, CHaOKEeHHYI0 MEIIaJIKOu,
TEPMOMETPOM, OOPATHBIM XOJIOAUIEHUKOM W YCTPOIi-
CTBOM IUIST BBOIIA OKCHIA 3TUJICHA (IIPOMMJICHA) 3arpy-
JKafoT PacUeTHOE KOJIMUECTBO CITMPTA M KaTaIM3aTopa —
eIKoro HaTpa. PeakTop HarpeBaioT Ha MacjsTHOI OaHe
1 TIPOIYBAIOT a30TOM IUTS yOAJICHUS BO3myxa. 3aTeM I10-
CTEIIeHHO (MpY padoTaoIIeii MeIIajKe) BBOISIT OKCHI
sTuieHa (mpormieHa). CKOpOCTh MOJaYr OKMCH STHIIC-
Ha (TIpormIeHa) PEeTYIMPYIOT TAKUM 00pa3oM, YTOOBI He
BCTYITMBIIIAsI B peaKIINIO OKMCh KOHIEHCHPOBAIACh B 00-
paTHOM XOJIOIWIEHUKE M CTeKajla 00paTHO B peakTop «0e3
3axJ1eObIBaHM». [1ocITe TTomaun okcuma STrieHa (ITPOITH-
JIEHa) PeaKIIMOHHYIO CMECh TOTIOJTHUTETHEHO HAaIPEeBaroOT
1 3aTeM OXJIAXKIAIOT J0 KOMHATHOI TeMIIepaTyphI.

Karanmm3aTop HEUTpaIn3ylOT pacIYCTHBIM KOJIMIEC-
CTBOM CEpPHOM KUCIIOTH M MOJIYICHHYIO Maccy Duib-
TPYIOT.

Memooduka smepupurayuu pmanesoeo aneuopuoa

B Tpexropiyto Kon0y, CHaOXEHHYIO XOJIOAUIbHU -
KOM ¢ JoBymKoit Jluaa-Crapka, TepMOMETPOM U Me-
XaHUYECKOM MEIIajaKoi, MoMelaoT (TajaeBblii aHTH-
JIpUIT, OKCUATIKWUJIMPOBAHHBIN CITUPT U KaTaJu3aTop —
n-tonyoncynbdokuciory (IITCK) unu TeTpabyTokcu-
TUTaH. Peakiyio BeayT 10 TeX Mop, MokKa B JIOBYLIKE He
obpasyeTcs pacyeTHOE KOJIMYEeCTBO Bobl. [1o okoHuYa-
HUM peakUMy KaTaJu3aTop ’MAPOJU3YIOT BOJOW U ITe-
pudnkar ormIbTpoBEIBatOT. [Ipn MCITOIB30BaHUN
ITCK s obneryeHus yaajieHus oopasyronieiics BOIbI
yepe3 peaklMOHHYIO0 CMeCh 0apOOTUPYIOT MHEPTHBIMN
raz — IMOKCHUJI YIJIepoJa Uiu a3or.

O061mIast cxema IoTy4eHHsT (hTaaTOB OKCUATKILIAPO-
BaHHBIX CITUPTOB UMEET CACAYIOIINIA BU/I;

0
Vi
i i S
nCHQLH ZRIOH | R (0CH,CHOH + o —
Yo/ (1-22)
- Y
%
Ry
COO(CH-CH,0)nR;
+R,0H 7 |
N
COOR;
(23 -44)
—_—]
+R,0H
R, Rz
COO(CHy-CHO), R
+R5(OCH,;CH)nOH

COO(CH;-CIHO)nks

(45-76) ™
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rmme R =CH;CH_;CH;CHCH;R =H;CH,; OBCYXXJIEHMUE PE3VJIBTATOB
R,=CH;CH_;CH;CHCH,;R,=H; CH..

YCI1oBUS, TIO3BOJISIIONINE TTOIYIUTh TIACTA(DUKATO- g onpenenenus 2 GEKTUBHOCTU pa3paboTaHHBIX
pHI ¢ BeixogoM 0osiee 80%, npuBeneHb B Ta0I. 1. IUTacTU(UKATOPOB OBLIO NCCIIEA0BAHO N3MEHEHME TBEP-

Du3nKo-XNMHUYECKHE TTOKA3aTeNIM CUHTE3UpoBaH-  gocTh 1o [Hlopy A oT KOHIIeHTpallny ItacTudukaTopa
HBIX COeIMHEHWI TpUBENEeHBI B Ta0.2, 3. (turactudukarop: ITBX — 1:100). Ha ocHoBaHMM pacueTa

M3 1abm. 2 BUIHO, YTO C TTOBBIIIEHUEM CTETIEHU OK- KOJIMIeCTBeHHOTO (pakTopa 3amenieHus (P3), ompene-
CHAJIKWUTMPOBAHUS TUIOTHOCTh U TTOKA3aTellb IIPEJIOM-  JISIONIETO TpeOyeMoe KOJMIEeCTBO (PTaJaTOB OKCHATI-
JICHUS PacTyT. KMJIMPOBAHHBIX CITUPTOB 1o cpaBHeHMIO ¢ [JOD 1 06e-

M3 nosiyueHHBIX pe3yJbTaTOB BUIHO, YTO C YBEJIU- CMEeYMBAIOIIETO HEOOXOAUMYIO TBEpAOCTh THOKoro ITBX
YeHUEM CTeTIeH! OKCUAJIKUJINPOBAaHMS ITOKAa3aTellb IIpe- TP KOMHATHBIX YCIIOBUSIX, OBUIO YCTAHOBIIEHO, UTO CO-

JIOMJIEHUS 3(PUPOB CHMXKAETCS, a TUIOTHOCTD pacteT.  exmHeHus 24, 29, 31, 35, 39, 44, 47, 50, 53, 57, 61, 62,
DuU3NKO-XUMUYECKHE ITOKa3aTeau miacTudukatopoB 67 odeHb cxoxu ¢ JOD no miactuduuupyioeit ag-
a"amusuposanu cormacHo 'OCT 8728-88. ¢dekTuBHOCTH. [J11 5THX TTAaCTU(UKATOPOB XapaKTepHa

Tabauya 1
OnTuMajbHbie YCI0BHS IS NOTyYeHHs] XMMHKATOB-100aBOK

CHHTe3HPOBAHHbIC COeTMHEHNS R o TeMneI:a- Ipumeuanue
HHE PEeareHToB Typa, °C
R, CrupT: oKcun 1:1-3 | 110—180 |koauyecTBO
STUJIEHA katanuzaropa 0,5—3%
R (OCH;CHnOH, (TIpornuyicHa) (Macc. oT 3arpy3Ku)
rie R, = C,H,; R,=H (1-4), CH, (5-8);
R, =CH,;R,=H (9-12), CH, (13-16);
R,=CH,; R,=H (17), CH, (18);
R,=CH,CH,; R, = CH, (19-22).
R, ®ranesbrit an- | 1:1,5 | 110—140 |konnuecTBO
TUIPUI: OKCH- katanusaropa 0,1-2%
COO(CH-CHQO)an AJIKAJIMPOBAH- (Macc. oT 3arpy3ku) +
= HBII CIIUPT AKTUBUPOBAHHBIN
| . YTOJTb B KOJIMYECTBE
AN 1% (Macc. oT Macchl
COOR; 3arpy>KEHHBIX
e R, = C,H,; R, = C H,; R2 = H (23-26), CH, (27-30); KOMIIOHCHTOB)
R,=CH_ ;R,=CH_;R,=H (31-34), CH, (35-38);
R,=CH,CH,; R,=CH,CH,; R,= CH, (39-42);
R, =CH; R, = CH,; R,=H (43), CH, (44).
R) @ranessrit an- | 1:2,5 | 120—180 | kommuecTBO
TMAPUJL: OKCU- katanusaropa 0,1-2%
COO(CH-CHOIn R, AJTKWJIMPOBAH- (Macc. oT 3arpy3ku) +
@ . HBI CIIUPT AKTUBUPOBAHHBIN
YTOJTb B KOJIMIECTBE
COO(CHT?HO)HR3 1% (macc. OT Maccht
Ry 3arpy>KeHHBIX
me R, = C,H,; R,=C,H; R, = H (45-48), R, = CH, (49-52); KOMIIOHEHTOB)
R, =CH,_ ;R,=CH_ ;R =H(53-56), R, = CH, (57-60);
R, =CH;R,=CHg;R,=H; R, =H(61-64);
R, =CH;R,=CH;R,=CH,; R,=CH, (65-68);
R, =CH,; R, =CH;;R,=H; R, = CH, (69-72);
R, =CH_; R, =CH;R,=CH,;R,=H (73-76).
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Tabauya 2
DU3HKO-XHUMHYECKHE CBOICTBA OKCHAIKMIMPOBAHHBIX CIIUPTOB
e n dz n? 9. 4., mr KOH/r M. M. HaiiieHO
COCIUHECHUA 4 D ’
OxcusmuaupoganHole OYmMaHobl
1 1,5 0,9745 1,4285 790 142
2 2,0 0,9842 1,4333 681 165
3 2,2 0,9875 1,4351 644 173
4 2,4 0,9895 1,4369 615 182
OxcunponuaupoganHule OYmMaHobl
5 L5 0,9130 1,4274 693 162
6 2,0 0,9224 1,4289 586 192
7 2,2 0,9253 1,4296 552 203
8 2,4 0,9287 1,4303 522 215
OKcusmuauposanuvle 2-3muneeKcaHonbl
9 1,5 0,9141 1,4325 568 197
10 2,0 0,9240 1,4490 510 220
11 2,4 0,9309 1,4580 471 238
12 3,0 0,9382 1,4696 422 265
Okcunponuauposantvle 2-3muneeKcanonsl
13 1,3 0,8757 1,4329 538 208
14 1,9 0,8787 1,4342 461 243
15 2,3 0,8841 1,4358 423 265
16 2,7 0,8911 1,4379 386 290
OkcusmuaupoganHulii peHon
7| 1,0 | 1,1007 | 1,5314 | 789 | 142
OKkcunponuaupogarHtblil heHon
18 | 2,1 | 1,0773 | 1,5338 | 514 | 218
Okcunponuaupogantule eHUAKapOUHoNbL
19 1,1 1,0114 1,5216 640 175
20 1,7 1,0136 1,5259 533 210
21 2,4 1,0162 1,5298 448 250
22 2,7 1,0176 1,5318 416 269

Xxopoluas pacTBopstoiias cnocooHocts [IBX 1 Hu3kas
CKJIOHHOCTh K MUTPA¥ U3 TIACTUDUIIUIPOBAHHONK
IUICHKU, Bellb, KaK M3BCCTHO, MUTpAIUs TUIacTU(UKA-
TOpa U3 MaTepHalia uTpaeT OOJIBIIIOE 3HAUYCHHE B COXpa-
HeHuM cBoiicTB [1BX-MaTepurasioB npu sKcIulyaTaluu
B T€UEHME JIUTEIbHOTO BpemeHu [1]. MccnegoBanue
TIACTU(UIIMPYIOIINX CBOMCTB ITOKA3aJI0, YTO MOIY-
yeHHble [IBX-1ieHKu He UMEeIOT BUAUMBIX IPU3HAKOB
BBIITOTEBAHMS IUTACTU(UKATOPA U 00IaTaI0T XOPOITAMM
3]IACTUYHBIMU CBOMCTBAMH.

BriOpanHbie 00pa31bl ObUIM UCIBITAHBI B HEKOTOPBIX
TI1BX-KoMMIo3uL1sIX CTPOUTEIbHOTO Ha3HAYEHUSI.

Hcenvimanue naacmugpuxamopos 6 peyenmype Kabenwb-
Hoeo naacmuxama mapku O-40 pey. OM-40 (4)

IMonyyeHnHble 00pa3iibl KaOEJbHBIX MJIACTUKATOB
Mapku O-40 perr. OM-40 (4epHBI) aHAIN3UPOBATIA
o 'OCT 5960-72 ¢ uzm. 1-9 «[limacTrKaT 1OJMBUHIIIX-
JIOPUIHBIN JUTST U30JISIIAY Y 3alIIUTHBIX 000JI0YEK TIPO-
BOIOB 1 Kabeeit». Pe3yabTaTel HCITBITAHUIA TTPUBEICHEI
B Tab. 4.

ITpuBeneHHBIE B Ta0JI. JaHHBIE ITOKA3BIBAIOT, YTO I10
OCHOBHBIM TTOKa3aTeJIsIM — IIPOYHOCTHU TIPU pa3phIBe,
OTHOCHUTEJILHOM YIUIMHEHUH TIPU pa3pbIBe, TeMIIepaTy-
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Tabauya 3
DU3HKO-XUMHYECKHE CBOICTBA )TAIATOB OKCHAJKWIMPOBAHHBIX CIIPTOB

Ne coenunenns n n?, a», I;Sﬁ;’: EI)(Oq}’I/M: M. m. Haiineno
1 2 3 4 5 6 7
Bymuabymokcusmuagpmanamot
23 1,5 1,4889 1,0559 0,10 321 349
24 2,0 1,4883 1,0581 0,10 302 371
25 2,2 1,4879 1,0601 0,10 295 380
26 2,4 1,4874 1,0615 0,10 288 389
Bymunbymokcunponuagpmanamet
27 1,5 1,4814 1,0237 0,05 303 370
28 2,0 1,4796 1,0298 0,08 281 399
29 2,2 1,4781 1,0307 0,08 272 412
30 2,4 1,4775 1,0324 0,10 265 422
Oxmunokmoxkcusmuagpmanamet
31 1,5 1,4812 0,9875 0,10 242 463
32 2,0 1,4790 0,9930 0,10 231 485
33 2,4 1,4768 0,9986 0,10 222 505
34 3,0 1,4748 1,0097 0,10 213 526
Oxmunokmokcunponmuagpmanamoi
35 1,3 1,4775 0,9681 0,20 237 473
36 1,9 1,4745 0,9738 0,20 220 509
37 2,3 1,4733 0,9776 0,20 210 533
38 2,7 1,4719 0,9813 0,20 201 557
bBensunbenzoxcunponuspmanamel
39 1,1 1,5189 1,1075 0,20 271 413
40 1,7 1,5178 1,1098 0,15 250 448
41 2,4 1,5168 1,1122 0,20 229 489
42 2,7 1,5163 1,1136 1,15 222 505
Oxmuaghenoxcusmuagpmanamot
43 | 1,0 | 1483 | 1024 | 010 | 313 | 358
Oxmuaghenoxcunponusghpmanamot
44 X | 14756 | 10008 | o010 | 232 | 481
Jubymoxcusmungpmanamoi
45 1,5 1,0648 1,4855 0,20 271 413
46 2,0 1,0757 1,4816 0,10 243 461
47 2,2 1,0837 1,4755 0,10 236 475
48 2,4 1,0863 1,4742 0,20 226 496
Jlubymoxcunponuasgpmanamot
49 1,5 1,0286 1,4779 0,30 246 456
50 2,0 1,0296 1,4751 0,40 217 515
51 2,2 1,0299 1,4745 0,30 207 541
52 2,4 1,0304 1,4739 0,30 200 561
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Okonuanue maoa. 3

1 2 3 | 4 | 5 6 7
Juoxmoxcusmuagpmanameol
53 1,5 0,9887 1,4797 0,30 211 531
54 2,0 0,9982 1,4783 0,30 195 574
55 2,4 1,0047 1,4772 0,38 183 612
56 3,0 1,0132 1,4754 0,30 168 667
Jluokmokcunponuagpmanamol
57 1,3 0,9642 1,4619 0,30 203 552
58 1,9 0,9978 1,4607 0,40 180 622
59 2,3 1,0253 1,4599 0,30 166 675
60 2,7 1,0429 1,4594 0,50 155 722
bymokcusmunaghenokcusmungpmanamet
61 1,5 1,5190 1,1054 0,20 271 415
62 2,0 1,5183 1,1081 0,20 257 436
63 2,2 1,5180 1,1110 0,20 252 444
64 2,4 1,5176 1,1119 0,20 247 454
bymoxcunponuagenokcunponusgpmanamot
65 1,5 1,5184 1,1034 0,20 201 558
66 2,0 1,5178 1,1062 0,20 211 514
67 2,2 1,5175 1,1078 0,20 214 524
68 2,4 1,5172 1,1091 0,20 218 531
bymokcusmungpenoxcunponusgpmanamot
69 1,5 1,5184 1,1034 0,20 201 558
70 2,0 1,5178 1,1062 0,20 211 514
71 2,2 1,5175 1,1078 0,20 214 524
72 2,4 1,5172 1,1091 0,20 218 531
bymokcunponuaghernokcusmungpmanamoi
73 1,5 1,5187 1,1014 0,20 257 435
74 2,0 1,5183 1,1042 0,20 241 464
75 2,2 1,5178 1,1060 0,20 235 476
76 2,4 1,5174 1,1074 0,20 230 486

pe XPYIIKOCTH — TOJIyIeHHBIC KaOeTbHBIC TIACTUKATHI
HE YCTYIAOT IPOMBIIILICHHBIM 00pa3iaM, a TaKue I10-
Kkaszaresu kKak «IlTorepu B macce ipu 160°C» 1 «Bomo-
TIOTJIOLIEHNE» 3HAYNTEIHFHO HIDKE TIPU UCIIOIb30BAaHUM
oyTuiaOyToKCcHIponuiadTanaTa, TMOyTOKCUITHI(DTAIA-
Ta M TMOYTOKCHUIIpOTMIhTamara.

Hcnoimanue naacmuguxamopos 6 peuenmype 1eHmbl
1IBX aunkoii

TTonyyeHnnble oOpa3siibl ieHThl [1BX nunkoit aHanm-
3upoBay cormacHo TY 2245-001-00203312-2003 (JIenra

TTOJTMBUHWIXJIOPUIHAS JTATIKAsT). Pe3yabTaThl MCIThITa-
HUI IpUBEAEHBI B Ta0JI. 5.

CornacHO TaOJIMYHBIM JaHHBIM, JieHTa [1BX nunkas
COOTBETCTBYIOT TEXHUUECKUM TpeOoBaHUSIM. OTMeUe-
HO, 9TO TIPU MCITOJIb30BaHNH TOJTyYCHHBIX HAMU CJIOXK-
HO3(MUPHBIX COCIMHEHUN YIIYIIIAIOTCS TTOKa3aTeu,
a uMeHHO: «[TpoyHOCTh TTpH pa3pbiBe», «OTHOCUTETEHOE
yIUTMHEeHUe», « TemIrepaTypa XpyImKocTi» 1 «TepmocTa-
OMIBbHOCTD». [IpaKTUYIECKN BO BCEX CIyJasX yKa3aHHBIC
00pas3IIbl 00eCTICYNBAIOT TEXHOJIOTUICCKIE M IKCITTya-
TalIMOHHBIC TIOKA3aTeIN BEIIIIE YPOBHS CEpUITHOTO TIIa-
ctudukaropa JJOD.
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Tabauya 4

Nanobuli

Pe3ynsraThl ncnpiTanuii miacTuukaTopos B penentype KadenbHoro miacrukara mapku 0-40 pen. OM-40 (1)

ITnacrudukarop
Ne coenuHeHus
Hopma
iﬂ“ﬁ:‘;ﬁge moTOCT5960-72| XM= [ 47 T 50 24 29
TPOJIbHbII
cmm. 1-9 obpase Ne oOpasua
1 copr) pasett
( 1 1 I v
YACIBHOE OGHEMHOE KT, He menee 1100 | 9,0-102 | 6,3-102 | 4,5-102 | 75102 | 6,0+ 10®
conpotusienue npu 20°C, Om * cm
IIpouHocTk npu paspeie, Krc/cm? | He menee 110 147 140 142 144 140
OTHOCHTENBHOE VTMHEHHE He menee 280 385 328 345 336 276
Ipu paspuise, %
Temneparypa xpynkoctu, °C He Brire —40 BBIIEPXXWBAIOT
Torepu s macce npu 160°C, He Gonee 3,0 2,2 2,0 1,7 1.8 1,6
B TeueHne 6 4., %
TBepaoCThb, Krc/cm?, He menee
ripu 20°C 9-20 12,5 11,3 11,8 12,1 11,9
mipu 70°C 6—12 7,3 7,2 7,1 7,3 7,4
Bonomnornomenwne, % He 6omee 0,45 0,080 0,040 0,052 0,350 0,053
Temmeparypa pasmsirueHust, °C 170£10 171 171 172 169 171
ITnoTtHOCTD, I/cM? He Gonee 1,4 1,38 1,39 1,38 1,39 1,38
Texnonoeuueckue ceoiicmea
]\T;I]){MOCTa6HHLHOCTb npu 180°C, T'OCT 14041-91 |2 4. 15 MuH. |2 4. 16 MuH. |2 4. 24 MuH. |2 4. 35 MuH. | 2 4. 12 MUH.
IITP, /10 mus npu 190°C, TOCT 11645-73 | 103,3 106,3 102,0 98,7 102,4
P =10 krc/cm
Tabauya 5
PesyabraTel ucnpitanmii JeHTsl IIBX gunkoit
IInacTudukarop
Hopmsi TY Kon- Ne coemuHeHus
Hanwvenosanue 2245-001. |™O™-| 53 | 57 | 31 | 35 | 62 [ 61 | 67 | 39 | 44
floKasaTelt 00203312- | ‘A Ne obpasua
2003 e
3en \% VI VII | VIII | IX X XI XII | XIII
Tpourocts mpu HewmeneeS0 | 73 | 65 | 71 | 69 | 73 | 65 | 71 | 69 | 70 | 72
pasphiBe, KIc/cM
Ornocurenniioe He menee 280 | 277 | 258 | 262 | 281 | 276 | 258 | 262 | 281 | 276 | 275
yumHenue, %
Temneparypa He Bbimre —30 BBIIEPKUBAIOT
xpynkoctH, °C
Texnonocuueckue ceoiicmea
TepMOCTaOMIBHOCTD rocrt 29.07 [29.05(249.15(249.59|249.06|249. 11|24.08|24.27(24.29(24.06
npu 170°C, MuH. 14041-91 MHUH. | MUH. | MUH. | MAH. | MAH. | MUH. | MUH. | MAH. | MAH. | MUH.
ITP, mpu T = 180°C, IoCT
H = 16.6 kre, /10wy, 11645-73 10,5 | 14,8 | 12,5 | 142 | 12,8 | 14,8 | 12,5 | 14,2 | 13,8 | 14,1
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HUcnvimanue nﬂacmud)uicamopos 68 MHO20CAOUHOM AU~

Hoaeyme

711 I3roTOBICHUSTI MHOTOCIIOMHOTO 6€30CHOBHO-
TO JIUHOJIEYMa TIpeIBapUTEIbHO OBLIN MOJTYICHBI TT0-
JIMBUHWIXJIOPUIHBIC TUICHKHU: BEPXHUM MIPO3pavHbIii,

Tabauya 6

CpeIHMIN U HUXHUI CI0M, KOTOPbIE aHAJIU3UPOBAJIN
cornacHo CTII 00203312-100-2006. Pe3ynbrathl KC-
MBITAHUI IPUBEACHBI B TA0JI. 6.

W3 nanHbIX Tab. 6 BUAHO, YTO 3aMeHAa TMOKTUI-
¢ranaTta Ha pragaTbl OKCUATKUIMPOBAHHBIX CIIUPTOB
no3BoJjseT noayuutb [1BX-1JIeHKH ¢ BBICOKOH Tep-

PesyasTaTsl ucnbiTanmii wiactudgukatopos B IIBX-penentypax BepxHero, cpeanero, HIXKHero CJ0eB JIHHOJIeyMa

HaumeHoBanue
moKa3areys

Inacrudukarop

Hopmbt
CTII 00203312-100-
2006

Ne coennnenns

47 | 50 | 24 | 29 | 53 | 57 | 31 | 35
Ne obpa3sua

I o Jm | vi| Vv | wvi]|vi]|vi

Tlpombiuinennas peyenmypa gepxmneeo caos AUHOAEYMA
(Ilnacmukxam I1BX naacmuguuyuposantblii Rpo3pauHblil ¢ MUCHEHOU NOBEPXHOCIbIO U Oe3 MUCHEeHUsT)

TIpodHOCTD IpY pacTSKEHUH, KI'C/CM? He menee
BIOJIb 175 270 | 284 | 282 | 287 | 279 | 294 | 285 | 290
Iorepex 175 277 | 258 | 259 | 232 | 241 221 254 | 227
OTHOCUTENILHOE YUTMHEHKE TIPU pa3pbiBe, % He menee
BIOJIb 100 221 249 | 256 | 275 | 297 318 249 | 263
rnornepex 100 293 | 258 | 281 269 | 253 | 301 266 | 253
M3MeHeHMe IMHEHBIX pa3MepoB, % He 6onee 3,0 1,4 1,2 1,5 1,4 2,0 1,3 1,7 1,8
Texnonoeuueckue nokazamenu
1. 1u. 1u. 1u. 1u. 1u. 1u. 1.
TepMocTabuibHOCTb mpu 180°C, MuH K(I’TE ; fﬁg@ 38 | 51 | 41 | 43 | 35 | 48 | 37 | 40
MWH. | MUH. | MAH. | MUH. | MUH. | MUH. | MAH. | MUH.
ITP, r/10 muu T = 170°C, P = 16,6 krc 7,1 8,5 9,3 8,4 8,6 7,5 8,3 8,9 9,1
[Ipomviunennas peyenmypa cpeone2o caos AUHOACYMA
(IThacmukam T1BX naacmuguyuposantbiii HAaNOAHEHHbLI HAMYPANbHORO U8eMa)
TTpOYHOCTH MPU PACTSIKEHUU, KI'C/CM? He menee
BIOJIb 100 149 152 168 162 138 143 163 142
rnornepexk 100 125 136 130 114 105 120 140 124
OTHOCUTENBHOE YIUIMHEHKE ITPU pa3pbise, % He menee
BIOJIb 100 189 198 | 252 | 243 190 | 200 | 223 | 209
Tornepex 100 242 | 232 180 192 178 | 204 | 217 240
M3MeHeHMe IMHETHBIX pa3MepoB, % He 60:nee 3,0 1,6 1,3 1,0 1,2 1,5 1,0 1,3 1,4

Texnonoeuueckue nokazamenu

TepmocrabunbHocTh pu 180°C, MuH Kowtp. ¢ 10® 3l 32 37 34 30 35 3 33
37 MuH. MWH. | MWH. | MWH. | MWH. | MUH. | MAH. | MAH. | MUH.

IITP, r/10 mun T = 170°C, P = 16,6 Krc 8,1 9,5 9,7 | 10,5 9,9 8,4 8,9 | 10,4 | 9,2

Ilpomviunennas peyenmypa nHusxcreeo caos aunoareyma (Ilracmuxam I1BX naacmupuuuposarnmolii HanoaHeHHbLL)

IIpoYHOCTD MpU PacTSIKEHUH, KI'C/CM? He menee

BIOJb 75 116 127 133 136 117 133 129 131

rornepex 75 80 91 116 118 85 103 99 100

OTHOCUTENTbHOE YIUTMHEHKE TIPU pa3phiBe, % He menee

BIOJIb 100 211 233 | 209 | 223 | 208 | 231 | 245 | 256

nornepexk 100 151 208 152 163 157 | 219 | 252 | 245

M3MeHeHMe TMHEITHBIX pa3MepoB, % He 6onee 3,0 0,9 0,5 0,5 0,4 0,9 0,4 0,6 0,7

Texnonoeuueckue nokazamenu

Kontp. ¢ 0D 20 28 24 25 18 27 21 22
TepmocrabunbHOoCcTh Tipu 180°C, MUH
28 MMH. MUH. | MMH. | MMH. | MUH. | MUH. | MAH. | MUH. | MUH.
TITP, r/10 muu T = 170°C, P = 16,6 krc 4,3 5,1 54 | 44 | 46 | 40 | 4,5 4,8 5,1
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Tabauya 7
Pe3yabTaThl HCHIBITAHUI MHOTOCJIOHOTO JIMHOJIEYMA
HaunmeHnoBaHue mokasarenei
ILnacrugukarops,
HCTIOMb3yeMble I/IsMelv{eHne VienbHOE MOBEPX- AOcomoTHAS
T — JINHEHHBIX HOCTHOE 3JIEKTPH- 0CTATOYHAS HcTupaemocTs,
[1OJTMMEPHBIX ILIEHOK pa3smepoB, % He | YeckKoe compoTupie- | aedopManus, MM, MKM, He 0oJiee
0oJiee nue, OMm, He OoJiee He Oosee
Hopwmebi mo T'OCT 7251-77 0,80 5,0+10° 0,45 90
KoHTponbHBIIT 00pa3sern 0,71 17,4+ 1012 0,42 86
| 0,57 3,4+107 0,35 74
11 0,47 4,2+102 0,26 44
111 0,52 3,9+10" 0,34 45
v 0,42 4,1+10" 0,32 51
A" 0,65 3,2+107 0,39 82
VI 0,55 4,1+10" 0,30 52
VII 0,45 3,610 0,29 47
VIII 0,50 3,8+10" 0,27 54

MOCTaOMIBHOCTBIO U YIYUIICHHON TEKyJeCThIO pac-
mwraBa. CoryracHO pe3yiabTaTaM HUCITBITAHUI, BO BCEX
CITy4JastX MCIIOJIb30BaHMSI OTIBITHBIX 00Pa3II0B OCHOBHEIC
TEXHOJOTHMYECKIE TTOKA3aTeId OBIIA 3aMETHO JIyYIIIe,
YTO CBUACTEIBCTBYET 00 O0JIETICHUH MePepadbOTKI CO-
orBetcTBYyIoIMX [1BX-koMmo3unuii. «Bpems repmo-
crabmipHOCTH» U «[loKa3aTeab TeKydecTH paciiaBa»
CHIKAIOTCS IIPU Tepexone OT OKCHUITPOITMINPOBAH-
HBIX OKCUATIVIMPOBAHHBIX K COCIMHEHMUSIM. DTO, I10-
BUOUMOMY, OOBSICHSICTCS HATMIMEM OOKOBOI METUIIb-
HO TPYIIIEI B CHUPTOBOM YaCTH OKCUTIPOTIINPOBAH-
HBIX COCTMHCHMIA.

Ha caemyrorieM sTare mojydeHUsT MHOTOCIIOTHOTO
TMOJMBUHUIXJIOPUIHOTO JIMHOJIEYMa TICHKY OBLIN CO-
eIMHEHBI Ha YCTAHOBKE AyOJIMPOBAHMS, COCTOSIIEH 13
oborpeBaeMbIX OapabaHOB, 00PE3MHEHHBIX ITPUKUMHBIX
BAJIMKOB U TpaHCHOpTepa oxJiaauTens. Pe3ynbTaTsl uc-
MBITAHW IPUBEACHBI B Ta0. 7.

Kak BuaHo m3 T1abn. 7, maactudukauus [TBX-
IUICHOK (bTajlaTaMU OKCUAJIKMINPOBAHHBIX CIIUPTOB
OKa3BIBACT ITOJIOKUTEIBHOE BIMSHIE Ha SKCILTyaTaly-
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Electronic edifion «Nanotechnologies in Construction: A Scientfific Internet-Jour-
naly Nanobuild.ru was established in 2009. The main aim of electronic edition «Nano-
technologies in Construction: A Scientific Internet-Journaly Nanobuild.ru is to provide
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. scientists and specialists of research institutes and nanotechnological centers;
. heads and specialists of the institutions, organizations and factories from the
area of construction and housing and communal services;
. scientists and specialists of the industries which are adjacent to construction;

. managers and experts of the enterprises that manufacture nanoindustrial pro-
ducts.

One of the important quality indicators for journal is its correspondence to in-
ternational norms and as a result inclusion to international citation systems (data
bases).



The electronic edition «Nanotechnologies in Construction: A Scientific Inter-
net-Journaly has been included in: CA(pt) (USA); DOAJ (Sweden); EBSCO Publish-
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provide maximal access to materials all issues are published at the edition’s website
http://nanobuild.ru/en_EN/; the papers (information about them) is added to cita-
tion systems (data bases).

That allows scientists and specialists all over the world to study journal’s materi-
als and to use them in their work, which includes citation.

Distribution of the journal:

1.  Everyissue of the electronic edition «Nanotechnologies in Constructiony is pub-
lished in free access at the website hitp://nanobuild.ru/en_EN/

2. The papers and/or the information about them are published in citation
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3. Theinformation about new issue which can be viewed and downloaded is sent
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4. Information about published issue is placed at the partners’ internet-sources:
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DAEKTPOHHOE U3ACQHUE

«HAHOTEXHOAOTIUU B CTPOUTEABCTBE:
HAYYHbIN UHTEPHET-)KYPHAAN
NANOBUILD.RU

DAEKTPOHHOE M3AQHME (HOHOTEXHOAOIMKM B CTPOUTEALCTBE: HAYYHbIM MHTEP-
HeT-xypHaA» Nanobuild.ru ©biA0 co3aaHO B 2009 roay. OCHOBHOM LLEABIO DAEKTPOH-
HOMO M3AQHUI (HOHOTEXHOAOTMM B CTPOUTEABCTBE: HAYYHbIM MHTEPHET-KYPHOAN
Nanobuild.ru gBaseTCd MHAPOPMALMOHHOE ObecneyeHme Mnpouecca CO3AAHMS
M BHEAPEHUI HOYKOEMKMX TEXHOAOTMM (MPEXAE BCETO — HOHOTEXHOAOTMYECKOM NPO-
AYKLMM) B OBAQCTU CTPOUTEABCTBA, XXUAMLLLHO-KOMMYHOABHOTO XO34MCTBA, CMEX-
HbIX OTPACAEM (MPOMBILLUAEHHOCTU, SHEPTETUKM U AP.).

B KODKAOM HOMEPE SAEKTPOHHOTO U3AQHMS (HOHOTEXHOAOTMM B CTDOUTEABCTBE:
HAY4YHbIM MIHTEPHET-KYPHAAN MYBAMKYETCS MHADOPMALMS O MEPEAOBBIX MATEPUAACX
M TEXHOAOTUAX, KOTOPbBIE Y>KE UCMOAb3YIOTC MAM AOAXHbI MOSBUTLCS B OAMXKAMLLIEE
BPEMS, A 3TO BbI3bIBAET OOABLLOM MHTEPEC Y CNELMAAUCTOB.

[MO3TOMY ABTOPAMMU U YUTATEAIMM U3AQHUS GBAIIOTCH:
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INTRODUCTION

I January 2019, the World community celebrated the

150" anniversary of one of the greatest discoveries
in the field of fundamental scientific knowledge — the
publication of the periodic table of chemical elements of
D.I. Mendeleev, and it seems relevant to express some
considerations related to modern tasks of scientific and
technological development.

In the structural materials science, the main task of
which is to obtain a substance with high performance
characteristics, it is necessary to turn to the scientific basis
of natural sciences — the periodic law of D.I. Mendeleeyv.
The author of the law himself repeatedly returned to the
issues of its «incompleteness and practical ambiguities,
including the reasons for the law of multiple relationships,
differences in elements and changes in their atomicity,
and at the same time it is necessary to understand what
is mass and aggravation» [1]. And, if the first part of the
problem is practically solved by the science of matter,
then the understanding of the second part is still relevant.

MAIN PART

An important list of questions in terms of improving
knowledge about periodicity was voiced by Nobel Prize
Laureate Academician N.N. Semyonov in a stage lecture
in 1951 to the students of the physics faculty: «The goal is
clear — after eliminating shortcomings, new properties and
interrelationships of elements will be revealed, which will
allow most scientific research at a new, higher level, and
solving engineering problems not only to you — engineers-
physicists, but to all scientists, engineers and practitioners.
So far no one in the world has managed to eliminate these
obvious shortcomings! And this is necessary for advancing
science, technology, and engineering». The main short-
comings of the periodic table were the following:

1. Rows (the so-called half-periods) in the designated
periods have different lengths. The number of free
cells is 37.

2. There are only two elements in the first row; moreover,

hydrogen does not occupy a permanent place, and

these two elements make up a whole period.

Lanthanides and Actinides were outside the table.

4. The group of inert gases discovered subsequently by
scientists was added.

5. The position introduced later in the long-period table
as a whole does not help the issue, the table continues
to remain asymmetric. There are 7 periods, and 10
rows, that is, a half-period and a series are different
mismatched concepts [2].

Many scientists and practitioners from different
countries of the world, from well-known chemists to
persistent practitioners, have made efforts to solve the
proclaimed problem. From the numerous unsuccessful

hed

attempts to improve the periodic table, there follows the
genius of D.I. Mendeleev and the extreme complexity of
the task set by Academician Semyonov, the urgency of
which is not questioned. At the same time, the universal
striving for scientific and technical leadership in master-
ing the sixth technological order observed in the world
economy indicates that informational modernization
of the system of chemical elements is a subject of great
importance [3].

This article presents a three-dimensional matrix of
chemical elements as an identification-analytical tool that
allows you to study a wide variety of physicochemical
properties of already known and not yet open elements
through the construction of dynamic energy models of
the electronic shells of the elements themselves and their
compounds. The universality of the volume matrix lies in
the fact that in addition to the required sequence num-
ber and strict coordinate binding of chemical elements
(or their cluster formations) to groups, there are wide
possibilities for structural analysis of the physicochemi-
cal properties of elements, laws and regularities of their
interactions using periodic orbital structures [3].

When studying the problems of periodicity, rather ob-
vious assumptions were made. The world is multidimen-
sional and is typically considered in spatial dimensions,
and the table is two-dimensional. Furthermore, a more
convincing idea was formulated of considering chemical
elements from the position of their origin as materials
of the Universe (atoms are stellar matter). During the
formation and development of the Universe, at the first
stage only hydrogen and helium existed and they should
be at the head of the table or, more figuratively, of the
three-dimensional matrix. Then light elements appeared
and only stars with their high temperatures and pressures
could synthesize heavy nuclei. The next assumption was
that the creation of elements also took place in a spiral,
as the Universe develops [4].

The three-dimensional matrix presents the indexes
of chemical elements in the form of a continuous series
of natural numbers from 1 to 118 and further, evenly dis-
tributed in a spiral from top to bottom (Fig. 1). The index
number of the element coincides with the value of the
nuclear charge and the same total number of energeti-
cally balanced electrons in the orbitals. The approach is
universal with respect to both the short-term table of
D.I. Mendeleev and the long-period IUPAC table.

The 3D-spiral matrix of chemical elements has 4 pe-
riodicity blocks [3]:

— inthe first block A, the first elements of the emerging

Universe are hydrogen and helium;

— the second block B consists of two identical periods
of eight elements from lithium to argon;

— inblock C, two additional cluster formations appeared:
iron, cobalt, nickel and ruthenium, rhodium, palla-
dium;
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Fig. 1. Three-dimensional periodic matrix of chemical elements
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in block D, the lanthanide and actinide families were
additionally included, as well as two clusters: osmium,
iridium, platinum, and hassium, maytnerium, and
darmstadtium.

The form of the three-dimensional periodic matrix
allowed structuring the anomalous families of the third
(lanthanides and actinoids) and eighth (metalloids)
groups of the third C and fourth D levels of block pe-
riodicity. In addition, the level formulas of electronic
shells facilitate the formation of a model for studying the
system regularities of periodicity, including saturation
mechanisms and the interlevel valence transition through
the distribution of electrons over different energy levels
(orbitals, states) of the electron shells. The consistency of
periodicity is relevant to the study of subtle mechanisms
of interlevel transitions and stable failures of the synthesis
of electronic orbitals.

In connection with the anniversary of the publica-
tion of the fundamental discovery of D.I. Mendeleey, it
is appropriate to consider four levels of knowledge of the
periodic law.

Table 1
Energy levels of electron shells of chemical elements

The first level corresponds to a generalization of the
facts of changes in chemical properties depending on
the structure of the nucleus and the increase in atomic
masses.

The second level of knowledge corresponds to the
introduction of the concept of periodicity of electron
shell structure of atoms, which energetically balances
the nuclear charge and demonstrates the repetition of
similar types of electronic configurations of atoms as the
atomic number (index number) increases.

The third level of knowledge is associated with the de-
velopment of a periodic structure of electron-level orbitals
of shells in the system of atomic energy levels, realized as
a model of atomic-energy (valent) interaction.

The fourth level will make it possible to form methods
and conditions for the formation of models of substances,
taking into account the energy interactions of the chemi-
cal elements involved in this process.

The concept of block structure properties, which al-
lows predicting chemical elements beyond the 118" ele-
ment based on electron-level formulas, should also be at-

| d-elements | f-elements |

2-{] 3anonHeHHsIl sHepeemudeckull ypogers L™ =

Short electron STRUCTURE of energy shell completion in the atoms of

26

2s°2p°

| s - elements ] p - elements
Ne, denotation,
Name of the elements chemical elements
The short block A 1" energy level K=
1 [ H | Hydogen [K' _
2 | He Helium K 1" complete energy level K = 18"
Block B 2 energy levels KL*”
3 [ Lithium | K°L'
4 | Be Berilium | K°L°
5 B Boron KL
6 I Carbon | K1**
7 N Nitrogen  K°L**
8 | 0O Oxygen K™
9 | F Fluorine | KL
10 | Ne Neon oo
3 aHepaemuyeckux ypoeHs KL M™*
11 | Na Sodium [ KELZM'
12 | Mg | Magnesium |K°L™°M’
13 Al | Aluminum | KCL*MF
14 | Si Silicon | KEL*OM**
15 | P | Phosphorus | KL“°M*°
16 | S Sulphur KEL*M™
17 | €l Chlorine | KL*M*®
18 | Ar Argon | KLZOMES

M® = 35°3p°
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Continuation of Table 1

Block C 4 energy levels K* L*P MFP*N**
19 | K Potassium | K°L“°M*°N'
20 |BCH Calcium KL= M°N°
21 (NS¢ Scandium | KCLTMTTN®
it
30 | Zn Zinc K2LZOMEo TN 3-U1 3anonHeHHbil yposers ME51° = 35%3p°3d™
31 | Ga Galium | KELZMEPTON
32 Ge  Germanium | KLZPMETONZ2
33 | As Arsenic KELZONEEON2S
34 | Se Selenium | KPLZMPEONZ*
35 | Br Bromine | KLZMP P ONZ
36 | Kr Krypon | KPLZSMP S ON%® N*® = 4s°4p°
5 energy levels K*-L*P M7 ON*P 0"
37 | Rb Rubidium KL'M N0
38 | Sr Strontium | K°L“°M*7N°O*
39 [y Yitrium KLM TN

i}
48 | Cd Cadmium | KELZMPE TIN5 10? NZ510 = 4g240°4d™
49 | In Indium Lo TN E
50 | Sn Tin KCL2ONP o T2 e 0022

51 | Sb Antimony | KPLZOMPETONZE 0023
52 | Te Tellirium LM N
53 | | lodine LM O IO

54 | Xe Xenon ?L! aMf'«r—wNz-m R S 55‘5p"
sk L 6 energy levels K= LSP MFP o NFPOFQsP-apss

55 | Cs Cesium LT N TN o
_Ba Barium ?LJ"’M""'N&!)JUOd-b

80 Hg Mercury K‘z’_z-snd?-a-wNz-o-m-mOM 2 o5 = 5545p05dw

81 | TI Thallium | KCLZ PP ONP 5 10732 610p21

82 | Pb Lead s T s s 7 =

83 | Bi Bismuth LM TN e

84 | Po Polonium KELZ N TONE & 101325102 %

85 | At Astatine | KELZCMPE TONPE 101332 610p25

86 | Rn Radon KL M ON T o IS P*® = 6s"6p°

7 energy levels K LSP M P N°P QS P o psPagse
87 Fr Francium LM N Ty R e
88 Ra Radium KZLZ-EIM”-E-"JNE-E.10—1‘02L571QP2€QZ
89 Ac Actinium L i D P
1
103 | Lr Lawrencium | KLZ WP 1IN S0 1902 81 04p2 e 02
4

112 | Cn Copemicium | KELZSpEP 1IN T30# 0 0apeellne pRe il - geZgnbeq Tl
113 | Nh Nihonium Woz e oy
114 | F Flerovium | KeLZOpP o TONP&- 101352 6-T0-T4p2 510322
115 | Mg || Moscovium, | KL MNP g e

=i

116 | Lv Livermorium | KCL2 PME 2 ONFo 10 132 61014 p2 610y 24

117 [aE Tennessine | KCL T Y PN T 10 RO2 S o pZET00ZS
118 | Og Oganesson | KCLZ oMo ONPE 1O RQ# 6 1014p2e1002E 26 = 767705
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Continuation of Table 1

block E 8 aHepzemuueckux yposHel K= -LSP - MF P& NP O Qe Paro-psharQspay e
1 1 g 5'1 S-Orbital KZLZ-SM?-E IBNZ 6-10-1402 -6-10- 14P2 -6~ 1DQZ~SX1
120 s_2 S-Ol’bi'[al KJLZ-bM!-b IﬂNz’-b-'lU-‘ld Z2-6-10- 14P£ = 1U 26 z
1 21 g_1 g_ Ol’bltal - KZLZ-BMZ-H-II'UN?-b-'lU-T4OZ—B—1 0-14-1 P2—5—1 UOZ—BX‘Z
+
138 9'-1 8 g_ orbital 1 K2L2;5M'2-6;1UN2-6-10#1402-6-'10-1‘4-'18"32-'5-'1DQZ-SXZ'
1 39 1 f- Orb]tal KZLZ-SW-’GJGNZ-B-TG-TlO'Z-S-ID-h'-1BP2751[¥1025X2
1
152 | £14 | f-orbital KL SN E g S P pE SRR
153 d‘1 d_ Ofbitaj _K2L2-6M2-6-10N2-6-10-1402-6:10-14-1EP2.5‘1D-14QZ.6_1X2
| -+
162 d_.l 0 d_ Orbital KQLZ-SMZ-E-!UNZ-S-TB-TJO'Z'-S-TD-T#IBPZAB:H)-140%#[}‘)(2
163 p_1 p_ Orbital KZLZ-SME-S-VTONZ-S-TD-T4OZ-6-ID-74-TBPZf&10—1402—[371DX271
164 | p-2 p- orb_ltal ' KELZ-SME-E-IIUNZ-S-10-.1402-6-10-14-iBPZ—G10—1402—571O“)(Z—Z
165 | p-3 p- orb!tal . KELZ P o TONF-6 10-1392-6-10-T4 18 2:6-10- 14 2-6-10¢ 23
. 1 66 p_4 p_ Orb|ta| K?L.z.ész-’nN'Z-é_10—140?-6_-10-14-18P.275_710714Q'27E?71DX‘274
1 67 p_5 p_ crbltal 7KiLZ'bMZ*-70N£-b-1&1JOZ-b-'0-T"WPZ’%JU’MQ'&%JUX.H)
168 p_s p_ Orb|ta| K2L2<5‘M2-5—10N2-5-10-1402-6-70-14-18P2—b 1[}1402 Ey1UXZ B !
9 sHepeemuyeckux yposHel K= -L¥P - NP P& NoP O gF P-arg-pspaig qspdiyspdysp
169 s-1 s-orbital . KZLZ-EM?-S =10 p $2-6-10-14 6-T0-7. Iiapz-§1r}14oz Gr1DX2 EY
170 3'2 ‘ s_orbital K L2-6M2-5-10N2-6-ﬁ-1402-5-10-14-18|32 6-10- 14Q2 6- 19X2 6Y2
| 171 : g_.l g_ Drb|tal KZLZ-SMZ-S-IDNE-S-10-1402-5-10-14—1BP275—1D—1471027571 DXZBYZ
4
| 188 g_1 8 g_ orbital .K2L2-5M2-5-10’v2-6-10-1402-6-'1‘0-1‘4-IBPMQZ—E%1OXZ—SYZ
189 f'1 f = Orbital iFLZEN’zE-:EiFEﬁ:ﬂ Ezﬁ-iﬂ-iziEPZ—Er1K)—14—1BQZ-6-1D-1X2-bY2
4
202 . £14 f- Orbjtal 7 K2L2-5-M2-6'-1'0N2-6'-1?—14'02-8:10-14-78P?T6i?'1&'1?—1?@ gi5:1 2714X2~S-Y2
203 . d-1 d- orbital -W#»b»w»m-mazbn0»14Xz4>-1Yz
212 | d-10 d-orbital | 1!(213*511/#“_'_"*"’n.r?“‘“*’‘*_'"c:f*‘"’__’_"'_"""’_Fﬁ*ﬁ""‘‘_‘*‘_‘E‘QZ“_’_*‘_‘%“‘“_xmj¢1 ¥
21 3 p_1 p_ Orb!tal K2L£-5M2-6-10 -&1“—1402-§-1W1¢IBP276—1U—14»1BQ2—b—1O—14X2—5—1DY'Z—1
214 | p-2 P- orb!tal KL 2B PP T 0N 1012 o604 T80 2°6-10-14- 182 6-10- 14 D6-10y,2°2
215 p_s p_ Orb!ta| KZLZ-EMZ-E 10N2 6-10-1402 -6-10-14- IBPZ 6-10-14- 1802 6-10- 14X2 6- 10Y2 3
216 p_4 p_ Orb|ta| Kw.‘L"bMZ-b IUNZD-TU-I4OJD-PU-1‘4—1&PA 6-10-14- 1802b1u14xzb 1UY&4
21 7 p_s p_ Orb!ta] L M{ - Nd 6-10-7 Pz -6-T0-14- 'IBQZ B6-10- 14xz 6- 1UY£ ]
21 8 p_e p_ orblta| K2L2-5M2-6-1DN2-6-1D-1402-5-10-14-1BPZfb—1D—1471Boz—b—1()—14xéfb—1DYﬂ

tributed to this. Tab. 1 shows the electron-orbital formulas
of chemical elements for all blocks, including the fifth E
block, which covers elements from 119 to 218.

From the standpoint of physics, it is advisable to
consider the result of energy interactions that determine
all the properties of a substance. There may be two ap-
proaches that define two energy models of the structural
representation of matter. One model using electron-
orbital formulas (formal) (Table 1), and another model
(physical) from the standpoint of structuring based on
quantum phenomena and physical constants.

The physical method is different from the formal one
in that it is based on the causal correspondence of the
energy interactions of the physical fields (cause) of the
space-time position of the electrons of the shells of ho-

mogeneous and heterogeneous chemical elements (con-
sequence). This situation is similar to the concepts of
classical mechanics and can be determined by a number
of constants [4].

CONCLUSION

Further research on the formation of substance struc-
tures and the assessment of its influence on all types of
interactions are the strong and weak electromagnetic and
gravitational fields, which will be characterized by fun-
damental physical constants. The authors will continue
research on the consideration of those constants that af-
fect the processes of structure formation and the creation
of new types of structural materials.
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BBEJEHUE

BHHBapC 2019 roma MupoBoe coO0IIEeCTBO OTMETH -
J10 150-7eTre BeaMyalIIero OTKPEITUS B 00IaCTH
(byHIaMeHTaTbHBIX HAYIHBIX 3HAHUU — OITyOJIMKOBA-
HUS TIEPUOIMUYCCKON TaOIMITHI XUMIUIECKUX 3JIEMEHTOB
.. MeHneneeBa — U IIpeACTaBIISICTCS aKTyaIbHBIM BbI-
CKa3aTh HEKOTOPBIC COOOPAKEHMSI, CBSI3aHHEIC C COBpe-
MEHHBIMU 3aJadaMi HAyIHO-TEXHUYCCKOTO Pa3BUTHS.
B KOHCTPYKIIMOHHOM MaTepHaJIOBeICHUN TJIaBHOM
3aadycii SIBJISIETCS TTOIYICHIE BEIIECTBA C BRICOKMMH
SKCITIyaTallMOHHBIMU XapaKTePUCTUKAMHU, M HEM30EKHO
TIPUXOIUTCST 00paIIaThes K HAyIHO OCHOBE €CTECTBO3-
HaHUs, Tiepuoandeckomy 3akony .M. Menneneena.
CaM aBTOp BBIIAOIIETOCS 3aKOHA HEOTHOKPATHO BO3-
BpaIIajICcs K BOIIPOCAM €T0 «HE3aBEPIIEHHOCTH U TTPaK-
TUIECKNX HESICHOCTEH, B TOM YMCIIe K IIPUIMHAM 3aKOHA
KpAaTHBIX OTHOIICHUI, pa3INdus 2JICMEHTOB 1 M3Me-
HEHMS UX aTOMHOCTH, ¥ B TO K€ BpeMsI HY>XKHO TTIOHSITb,
YTO TaKOE Macca U TaroteHue» [1]. M ecam mepBas 4yacThb
3aJja4d HAyKO# O BellleCTBE MPaKTUYECKU pellleHa, TO
TMOHUMAaHNE BTOPOI € YaCcTH aKTyaIbHO IO CUX TI0D.

OCHOBHAA YACTb

BaxxHbIii TTepedeHb BOIIPOCOB B IIAHE COBEPIIIEH-
CTBOBAHUWS 3HAHUI O MEPUOANYHOCTH O3BYUYMII JIay-
peat HobGeneBckoit mpemun akageMuk H.H.Ceménon
B ITOCTAaHOBOYHOI JieKumu 1951 roma mepen cTyaeHTa-
mu ®usrexa: «Llenpb sicHa — mocne ycTpaHeHUs Helo-
CTAaTKOB OOHapy>kaTcsl HOBbIE CBOMCTBA Y B3aMMOCBSI3U
3JIEMEHTOB, YTO ITO3BOJIUT MPOBOAUTH OOIBIIMTHCTBO
Hay4YHBIX MCCJIEIOBAHUN Ha HOBOM, 00Jiee BLICOKOM
YPOBHE U pellaTh CTOSIME WHXEHEPHbIE 3a1a4yMl He
TOJIBKO BaM — WHXXeHepaM-(pU3nKaM, a BCEM YYEHBIM,
WHXeHepaM U IIpakKTUKaM. YCTpaHUTh 9T OYEBUIHbBIC
HEJIOCTATKM TTOKa HUKOMY B MHUpE He yIanoch! A aTo
HEOOXOIMMO JJIsI MPOABUKEHUS HAYKU, TEXHOJIOT WA,
TeXHUKU U WHXeHepnHu Briepe». O3BydeHbI TJIaBHEBIE
HEIOCTATKU TTePUOANIECKON TaOINIIBI:

1. Psamel (Tak Ha3pIBacMBIC TTOIYIIEPHOIBI) B 0003HA-
YEeHHBIX ITepUOIax UMEIOT pa3Hylo muHy. [Tpu aTom
YUCII0 CBOOOIHBIX MECT — KJIETOK 37.

2. B mepBoM psay 2JIEMEHTOB BCETO ABa; K TOMY Xe
BOJOPOJ, HE 3aHUMAET ITOCTOSTHHOTO MECTa, a OTH IBa
3JIEMEHTA COCTABJISIOT LIEJIbII TEPUO]I.

3. JlaHTaHOMIBI U AKTMHOWIBLI OKA3aJIMCh 3a TIpeeiaMu
TaOJINIIBL.

4. JlobaBuyach OTKPBITAsT BIIOCIEACTBUM YYESHBIMU
TPYITIa MHEPTHBIX Ta30B.

5. BBenmeHHas nosxe JIMHHOIEPUOIHAS TaOIMIIA O~
JIOXKEHHUS B 1IeJIOM He cracaeT, TadJmia mpomgo-
JKaeT ocTaBaThcd acuMMeTpuuHoii. [lepuomnos 7,
a psaoB 10, TO ecTh MONYNEPUOA U pSII — pa3sHbIe
HeCOBITaJaoNIe NOHATH [2].

K paspernreHIIo IpoBO3IIIAIICHHON ITPOOIEMBI TIPH-
JIOXKVUIA YCUJIUSI MHOTHE YICHBIC W TIPAKTUKH U3 Pa3HBIX
CTpaH MUpa, OT U3BECTHBIX XUMUKOB IO HACTOMYMBBIX
MMPaKTUKOB. 13 MHOTOUMCIIEHHBIX 0€3yCIEIIHBIX T10-
ITBITOK YCOBEPIIICHCTBOBATh MIEPUOINICCKYIO TAOIHUILY
creayet reHuanbHOCTh .. MeHneneeBa 1 upe3BbIyaii-
Hag CJIOKHOCTD rocTasiieHHoM akagemukoM H.H. Cemé-
HOBBIM 3a/1a49H, aKTYaJIbHOCTb KOTOPOI HUKTO HE CTABUT
o1 coMHeHme. BmecTe ¢ TeM, HabIiomaeMoe B MUPOBOit
9KOHOMMKE BCEOOIIEe CTPEMIIEHUE K HAYUYHO-TeXHUYE-
CKOMY JIMIEPCTBY B 0CBOCHUHM VI-TO TEXHOJIOTMIECKOTO
VKJIaJa CBUAETEIBLCTBYET O TOM, UYTO MH(pOpMaIIMOHHAS
MOIEPHM3ALMS CUCTEMbI XUMUUYCCKIX DJICMEHTOB SIBJISI-
eTcd TIpeaIMeTOM OOJIBIIION 3HAYUMOCTH [ 3].

B Hacrosimeit cratbe TIpencTaBiIcHa OObeMHas Ma-
TpUILa XUMUIECKUX 3JICMEHTOB B KaueCTBEe MICHTU(H-
KaIIMOHHO — aHAJIUTUYECKOTO MHCTPYMEHTA, KOTOPBIA
MO3BOJISIET U3y4YaTh 00JIbILIOE MHOI000Opa3ue (u3uKo-
XUMUYECKNX CBOMCTB yK¢ M3BECTHBIX U CIIe HE OT-
KPBITBIX 3JIEMEHTOB Yepe3 ITOCTPOCHNE TMHAMUUIECKIX
SHEPreTHYCCKUX MOIEIICH 3JIEKTPOHHBIX 000JI0UeK CO0-
CTBCHHO 2JIEMECHTOB M MX COCIMHECHWI. YHUBEPCAIb-
HOCTH OOBEMHOI MAaTPUIIBI COCTOUT B TOM, UTO TTOMIMO
0053aTeIBHOTO TTOPSIAKOBOTO HOMEpPa M CTPOTOM KO-
OPIMHATHOM MPUBSI3KU XUMHIECKHUX JIEMEHTOB (JTM00
UX KJIACTEPHBIX 00pa30BaHUIT) K TPyHIIaM MMEIOTCS
IIUPOKHE BO3MOXHOCTHU CTPYKTYPHOTO aHaImM3a (pr3u-
KO-XMMHMYECKNX CBOMCTB 3JIEMECHTOB, 3aKOHOB 1 3aKO-
HOMEPHOCTEH NX B3aMMOACHCTBHI ¢ NCIIOIh30BAHUEM
OpOUTAJIBHBIX CTPYKTYP MEPUOTUIHOCTH [3].

[Ipu u3ydeHnM podIeM IIEPUOTNIHOCTH B KAUECTBE
uneu ObUTU cHOPMYIUPOBAHBI JOCTATOYHO OYEBUIHBIC
ITOJIOKEHMSI. MUp MHOTOMEpPEH M, KaK IpaBUIIO, pac-
CMaTpHUBAeTCs B IIPOCTPAHCTBEHHBIX M3MEPCHMSIX, a Ta-
onuua — aByxMmepHasi. anee Obl1a cpopmynmpoBaHa
Oosiee yoenuTeabHas Uaesl paCCMOTPEHUSI XUMUYECKUX
5JIEMEHTOB C TTO3UINHU WX IIPOUCXOXICHNS B KAUeCTBE
MaTepuaioB BceneHHOM (aTOMBI — 3TO 3Be3IHAS Ma-
tepus). [Ipu o6pazoBaHUM 1 pa3BUTHHM BceleHHOI Ha
IIEpBOM 3Talle CYIIIECCTBOBAIMN TOJIHKO BOTOPOI 1 TEJINIA,
1 OHHU JTOJDKHEI OBITH BO TJIaBe TaOIUIIBI MJIH, 9TO OOJIee
00pa3Ho, 00BEMHOI MATPHUIIBL. 3aTeM BO3HUKIIN JICTKIE
5JIEMEHTBI, ¥ TOJIBKO 3BE3IbI C X BBICOKIMU TeMIIepa-
TypaMHM U TaBJICHUSIMU MOTJI CHHTE3UPOBATD TSKEITbIC
saapa. B kadecTBe clieAyIomero mMpeanoIoKeHNs ObIIO
TIPUHSITO, YTO CO3MaHMUE IIEMEHTOB TaK K¢ TTPONCXOIMIIO
10 CITUpaJIi, KakK pa3BuBaercs Becenennas [4].

Ha o0beMHO-KapKacHOM MaTpuIIe IIpeacTaBIeHBI
HOMepa XUMUIECKUX 3JIEMEHTOB B BHUIIE HEIIPEPHIBHO-
ro psaa HaTypaJdbHBIX urcen ot 1 no 118 u manee, paB-
HOMEPHO paclpeAcICHHBIX IT0 CITMPaIN CBEpXY BHU3
(puc. 1). [TopssaKoBBIif HOMED 3JIEMEHTA COBITafacT C Be-
JIMYMHOM 3apsiaa sapa U TAKUM XK€ CyMMapHBIM KOJTIIe-
CTBOM SHEPTCTHUYCCKY YPABHOBEIIMBAIOIINX ICKTPOHOB
Ha opbuTasx obonouek. Iloagxon yHuBepcaieH KaK 110
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AHANTUTUMECKME NAPAMETPbI
1. ATOMHBbIA HOMep, N (1:118..),

¢ BNOKA

v nepBblii Op61TanbHbIA S-ypoBEHb
t BNIOKB

2. FpynnoBbile cBOKCTBA (group |:VIII), B, | BTOpOiA
paanyc-BeKTOP 3EMEHTa, s, MR nepuod 2 (snemenTsi 3, 4, 5-10) | Op6uTanbHbIii
gl (0/2m) gVin) 1 S-p-ypoBeHb
gl (n/4) gvi(s/any 0 A gN IR 1
gl (n/2) g Vil (3/2n) 1
| LT VIl (7/4 1
g & e U - nepuod 3 (3nementsi 11, 12,13-18)
‘l 3. DNeKTPOHHLIW 3HEpreTUYEcKnin 1
noteHuyuan (3D-moaens), E,
. @ 2 ¥ t BNOKC
3 e <L) f | Tpetmi
4. IneKTpOHHanA nepuod 4 (anementsi 19, 20,21-36) | OpBuranbHbiii
yposHesas : s-d-p-yposeHb
dhopmyna i
anemeHTa cemeiicmeo (“Ni. ) i
1
1
1
1
1
1
1
nepuod 5 1
(anemenTol 37, 38, 39-54) 1
1
cemeiicmeo 1
memannos-2 :
T, 1
S 1
1
v
BNOK D
4YeTBepTbli
OpbuTanbHbIi

Narama- CEr:(
Houdos ("¥bil
“Tag

cemelicmeo
memannos-3

nepuod 6

s-f-d-p-yposeHb
(3nemenTei 55, 56, 57-86)

t
|
|
|
|
I
I
I
I
|
|
|
|
I
I
I
|
|
|
|
|
I
I
I
I
|
|
|
|
I
I
I
I
|
|
|
|
I
I
I
I
I
|
|
|
I
I
I

D i
' mm nepuod 7
1 mm (3nemeHTbI
) CPues? o 87,88, 89-118)
! cemelicmeo " Firta L "Mds)
AxmuHoudoe T, TR
cemeiicmeo D
T08 Gy
meman - Sa
(P H S i
C™My S f:
"Ds. I
/_ZIL
E uz(;vnz, 1o
3 ‘ J'H'Fl!‘
L S [
e
""TSs 5’." * 1
ns g K & — v
: 4t § U ZR{O T "/2 m};4ﬂ'; t ENOK D
| naTbiA

Puc.1. O6bemMHas nepuoandecKasi MATPUIIA XUMUYECKUX JJIEMEHTOB

I OpbutanbHbIA
| s-g-f-d-p-yposeHb
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OTHOIIIEHUIO K KopoTKonepuoaHoi Tadbmuue 1. 1. MeH-
JeyneeBa, Tak v qnHHoIiepuogHoi Tadbmune [UPAK.
3D-crmpanbHO TPOCTPAHCTBEHHAS PACXOMSIIASICS
cucTeMa Kapkaca MaTpMIIbl XMMUYECKUX 2JIEMEHTOB
nMeerT 4 6;10Ka IepruoauIHoCcTH [3]:
B IIepBOM 0J10Ke A TIpeICTaBI€HbI IEPBbIE DJIEMEHTHI
HaponuBieiicss BceaeHHOM, BOOOPOI U TeIni;
BTOpOIi 010K B 00pa3yioT 1Ba 0OAMHAKOBBIX ITIEPHOJIA
M3 BOCbMU 3JIEMEHTOB OT JIMTHUS 10 aproHa;
B 0s10ke C MOSBIIINCH IBA TOIMOJHUTEIIHHBIX KiIa-
CTEpHBIX 00pa30BaHUSs: XKeJie30, KOOAIbT, HUKEIb U
pYTE€HUIA, ponuvii, IajIaguii;
B 0;10Ke D 1OMoJHUTEIbHO BKIIOUMIMCh CEMECTBA
JIJAHTAaHOUJIOB M aKTUHOMIIOB, a TaKXKe ABa KJacTe-
pa: ocMuii, UpUINHA, TIJIATUHA U XaCCUU MAaTHEPUA,
ITApMIITaaTUA.
IIpocTpancTBeHHas1 popMa 0OBEMHON MEPUOAU-
YyecKol MaTpMIIbl MO3BOJIWIA CTPYKTYpUPOBaTh aHO-
MainbHBIe cemeticTBa I11-11 (TaHTaHOWIBI 1 AKTHHOWIH )
u VIII-it (MeTayutonnsl) rpymil TpeTbero C 1 9eTBEpTO-
ro D ypoBHeii 6J104HOI NEPUOAUYHOCTH, 4 YPOBHEBbBIE
(bopMyITBI 37IEKTPOHHEIX 000JI0YEK 00JIeTIaroT (popMu-
pOBaHUE MOJIECJIN U3YYEHUS CUCTEMHbBIX 3aKOHOMEPHO-
CTeil MepuoANYHOCTH, BKJTIOYAsi MEXaHU3MBbI HACbIIIIE-
HUSI 1 MEXYPOBHEBOTO T€pPeXoa BAJIEHTHOCTU Yepes
pacripenesieHue 3JeKTPOHOB IO pa3HbIM dHEpPreTuye-
CKHM YPOBHSIM (OpOUTAIM, COCTOSTHUS) JICKTPOHHBIX

Tabauya 1

o6osouek. CUCTEMHOCTh IEPUOANIHOCTH aKTyaTbHA
MPYU U3YyYeHUU TOHKUX MEXaHU3MOB MEXYPOBHEBBIX
TepexXo0B U yCTOMYMBBIX COOEB Mpollecca CUHTE3a
3JIEKTPOHHBIX OpOUTAJIEH.

B cBs131 ¢ MexXIyHapOIHBIM 1001JIeeM OITyOJIMKOBa-
Hust pyHgameHTanbHOro otkpoitus .M. MenneneeBa
YMECTHO pacCMaTpUBATh YEThIPE YPOBHS TTO3HAHUS Tie-
PUOIMYECKOTO 3aKOHA.

[lepewiil ypoeHb COOTBETCTBYET O00OIIEHUIO (DAKTOB
U3MEHEHUS] XUMUYECKUX CBOMCTB B 3aBUCUMOCTH OT
CTPYKTYPHI SIJpa U BO3pacTaHUsI aTOMHBIX Macc.

Bmopomy yposHio TIO3HAHUSI OTBEYAET BBEICHUE T10-
HSITHSI O TIEPUOAMYHOCTH CTPYKTYPHI DJIEKTPOHHOI 000-
JIOYKH $ITpa aTOMa, SHEPTeTUIECKU YPAaBHOBEIITBAIOIIIEH
3apsif SApa v IEMOHCTPUPYIOIIEH TTOBTOPEHUE CXOTHBIX
TUTIOB 3JIEKTPOHHBIX KOH(MUTYPAIINIT aTOMOB TIO MeEpe
YBEJIMYEHUSI aTOMHOTO HOMepa (TIOPSIIKOBOTO HOMEpPA
SJIEMEHTA).

Tpemuil yposensb TIO3HAHUS CBSI3aH C pa3pabOTKOM
TIEPUOINIECKON CTPYKTYPhI AIEKTPOHHO-YPOBHEBBIX OP-
ouTaseit 000JI0UeK B CCTEME SHEPTETUUECKUX YPOBHEH
aToma, peajm3yIonuX B BUIE MOJEIN aTOMHO-9HEpTe-
TUYECKOTO (BAJICHTHOTO) B3aMMOIEHCTBUSI.
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K 3TOMYy Xe ciiemyeT OTHECTH IMTOHSATHE O CBOMCTBAX
OJIOYHOI ITAPHOCTU CTPYKTYP, TTO3BOJISIONICE Ha OCHOBE
3JIEKTPOHHO-YPOBHEBBIX (hOPMYJI IIPOTHO3UPOBATH XM -
MHUYECKUE 3JeMEHTHI 3a TipeaenaMu 118-ro ameMenTa.
B Tabin. 1 npencraBiaeHbl 3JIeKTPOHHO-OPOUTAIbHEIC
(hopMyIIBI XUMHIECKUX JIEMECHTOB IIJISI BCEX OJIOKOB,
B TOM uucJie S 6ioka E, BKIIIoYaoIero 3JeMeHThbl CO
119 mo 218.

C mo3unmu GU3NKA MeIeco00pa3HO pacCMOTPETh
pe3yJIbTaT SHEPTeTUUCCKNX B3aMMOICHCTBUIA, OTIpee-
JITFOIINX BCe CBOMCTBA BelecTBa. [1py 3TOM MOTYT OBITh
IIBa TTOIX0/1a, KOTOPBIC OIIPEIEIISIOT IBE SHEPIeTUICCKIE
MOJIEIIN CTPYKTYPHOTO TIpeACTaBIeHUs BemecTBa. OmHa
MOJIENTb C UCITOJIb30BAaHNEM 3JIEKTPOHHO-OPOUTAIBHBIX
dbopmyn (BOD) (Tadm. 1), mpyras Momenb (pru3mdecKas
C TIO3WIINI CTPYKTYPUPOBAaHUS Ha OCHOBE KBAaHTOBBIX
saBIeHUN 1 pusmdeckmx KoHcTaHT (DK).

DusnaecKuii METOI IO CPAaBHEHMIO ¢ (POpMaTbHBIM
OTJINYAETCS TEM OOCTOSITEILCTBOM, UYTO OH OCHOBAH Ha

MPUYUHHO-CJIEACTBEHHOM COOTBETCTBUU SHEPTreTUYE-
CKMX B3aMOICUCTBUN (DM3MIECKUX IOJIeH (ITpUIMHA)
MMPOCTPAHCTBEHHO-BPEMEHHOTO MOJIOKEHUS SJIEKTPOHOB
000JI0YE€K OTHOPOIHBIX U PA3HOPOIHBIX XMUMUYECKUX
3JIEMEHTOB (CJIEACTBUE). DTO MOJOXKEHNE aHATOTUIHO
MPENCTABICHUSAM KJIACCUYECKON MEXaHUKUA U MOXET
OBITH OITPEAEICHO PSIOM KOHCTAHT [4].

3AK/IIOYEHUE

JanpHele ncciaeaoBaHus Mo GopMHUpoOBaHUIO
CTPYKTYpPHI BEIlIeCTBAa B HAIIPaBJICHUN OILICHKM BIIVSI-
HUS BCEX BUIIOB B3aIMOICICTBUS: CUIbHBIC 1 CITa0bIe
5JICKTPOMArHUTHBIC 1 TPAaBUTAIIOHHBIC TT0JIsI, KOTOPBIC
OynyT XapakTepu3oBaThCsl GyHIaMEHTAIbHBIMU (PU3U-
YECKMMU KOHCTAHTAMH. ABTOPBI TIPOIOJIKAT UCCIICIOBA-
HUSI TI0 PACCMOTPEHUIO TeX KOHCTAHT, KOTOPBIC BIUSIIOT
Ha TIPOIIECCHI CTPYKTYPOOOpa30BaHUS 1 CO3IaHNE HOBBIX
BUIOB KOHCTPYKIIMOHHBIX MaTepHUAJIOB.
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INTERNATIONAL BOOK REVIEW « MEXXYHAPO/ZJHOE KHVXXHOE ObO3PEHUE

The monograph
«Surface Nanostructuring»
has been released

A.M. Pashayev, A.Kh. Janahmadov
SURFACE NANOSTRUCTURING

Scientific Editor: Acad. Boris Gusev, President of the International Academy of Engineering,
Winner of State Prizes of the USSR and the Russian Federation

he book outlines the principles of nanostructuring of surface
layers and coating. Some examples of the implementation

AN T of nanotechnological approaches are given and the advantages
A.X. xanaxvegos |  Of their use in practice are shown. New methods of hardening
N materials by nanostructuring their surface layers, applying
nanostructured coatings, and forming submicrocrystalline
structures at internal interfaces are considered.

The approaches of the fractal method of modeling the
film growth on metal surfaces are developed, the kinetics of
corrugation is analyzed, and the numerical simulation of the
film growth is provided.

The book is intended for science and technical experts in
the field of mechanics and physics of plasticity and strength
of solids, physical materials science, and can also be useful
for teachers, graduate students and senior students of higher
educational institutions.

https://azertag.az/ru/xeber/Vyshla_v_svet_monografiya_Nanostrukturirovanie_poverhnostei-1244535

hitp://nanobuild.ru 89 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (1):
HaHoTexHOnMOrMM B CTPOUTENBCTBE: Hay4HbIN IHTEPHET-KypHan 89-90 NanObU|

v

INTERNATIONAL BOOK REVIEW « MEXXYHAPO/ZJHOE KHVXXHOE ObO3PEHUE

Bbiwna B cBeT MOHOrpadums
«HaHOCTpyKTypupoOBaHue
noBepxXHoOCTen»

Aaep6al7|m|<aHCKv|e yueHble — peKkTop HaumoHanbHoWn aka-
JemMun  aBmauun, akagemuk HaumoHanbHOW akagemuun

AM Tt Hayk AsepbangxaHa Apudg Mawaee v 3aBefyownn Kadpeppom

A.X. Ixxanaxme/10B TpaHCI'IOpTHOIz MeXxaHMKM HaunoHanbHOM akagemMun aBuauyunm,

BuLe-Npe3naeHT AlepbalrifKaHCKON UHXXEHEPHOW akagemuu,
LOKTOP TEXHUYECKNX HayK, Npodeccop Axaod [xaHaxmeooe —
noAroToBUAN 1 N3Jann MoHorpaputo «HaHOCTPYKTyprpoBaHue
noBepxHoCTeN». KHMra coctont us 4 pasgenos, B obwem obbe-
me 320 cTpaHuy,. HayuHbiM pegaktopom moHorpadum aBnsaetca
npesnaeHT MexayHapoAHOW NHXEHEepPHOW akagemuu, naype-
at lfocypapctBeHHbix npemuin CCCP n Poccunckon Oegepauun
akagemuk bopuc lycees.

B KHUre wu3noxeHbl MPUHLMMbI HAaHOCTPYKTYPUPOBAHUA
MOBEPXHOCTHbIX C/IOEB M HaHeCeHUA NOKPbITUIA. MNprBoaAaTca
HeKOoTopble NpUMepPbl OCYLLECTBIEHNA HAHOTEXHONOMNYECKIMX
NoAXOAOB M NMOKa3aHbl NPenMyLLecTBa UX UCNONIb30BaHUA Ha
npakTke. PacCMOTpPeHbl HOBble MEeTOAbl YNPOYHEHUA MaTePManoB NyTeM HAHOCTPYKTYPUPO-
BAHMA UX MOBEPXHOCTHBIX C/IOEB, HAHECEHMA HAHOCTPYKTYPHbBIX MOKPbLITUN, GOPMUPOBaAHMA Ha
BHYTPEHHMX rpaHunLax pasgena CyoMUKPOKPUCTANINYECKON CTPYKTYpPbI.

Pa3Butbl nogxoppbl d)paKTaanoro MeToda MoAENMNPOBaAHNA POCTa NNEHOK Ha NMOBEPXHOCTU
MeTaJIJTI0B, aHAJIN3NPYETCA KNHETUKA rocl)pmpOBava n npmnBoanTCA YnCneHHoe MmoaeimpoBaHmne
[POCTa NMJIEHOK.

KHura npegHa3sHayeHa Ana HayYyHO-TEXHMYECKMX CNeLManmCcToB B 06/1aCTU MeXaHMKN 1 ¢pUsn-
KM NNAaCTUYHOCTX Y NPOYHOCTU TBEPAbIX TeN, GPM3NYECKOro MaTeEpPUANIOBEAEHNA, @ TaKXKe MOXKET
6bITb NONIe3Ha A4N1A NPenoAaBaTesNien, aCnMPaHTOB U CTYAEHTOB CTaPLUMX KYPCOB BbICLUNX YYeOHbIX
3aBefleHWIA.

https://azertag.az/ru/xeber/Vyshla_v_svet_monografiya_Nanostrukturirovanie_poverhnostei-1244535
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The inventions in nanotechnologies as practical solutions.
Part|

Authors:

Leonid A. lvanov,
Vice President, the International Academy of Engineering, Moscow, Russia,
L.a.ivanov@mail.ru

Oksana N. Borisova,
Ph.D. in Engineering, Assistant Professor, Higher School of Service, Russian State University of Tourism and Service;
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Svetlana R. Muminova,
Ph.D. in Engineering, Assistant Professor, Russian State University of Tourism and Service;
Cherkizovo, Moscow region, Russian Federation, it.rguts@mail.ru

Abstract: A brief review of patents is given. The research performed by scientists, engineers and specialists in the area of
nanotechnologies and nanomaterials result in increased efficiency of construction, housing sector and adjacent fields of economy.
The invention «A method of introduction of single-shell and/or double-shell and/or multi-shell carbon nanotubes in adhesive
additive composition for asphalt coating and application of single-shell and/or double-shell and/or multi-shell carbon nanotubes
as a part of adhesive additive composition» refers to construction, in particular, to the materials used in road, airdrome and civil
construction. Concentration (content) of single-shell and/or double-shell and/or multi-shell carbon nanotubes varies from 0,01%
to 15% of volume of asphalt covering. The invention «A method to produce nanocomposite material» based on aluminium refers
to powder metallurgy, in particular to production of metal and carbon composite materials and articles of them in different shapes
and can be used in auto industry, shipbuilding, aircraft engineering and instrument manufacture and other areas. The invention
«A method of low temperature application of nanocrystal coating of alpha-oxide aluminium» refers to method of production
nanocrystal coating of alpha-oxide aluminium with high rate under low temperature. Coatings of aluminium oxide are characterized
by high thermal resistance, chemical inaction, hardness, compression resistance, heat-insulation capacity and is widely used for
protection the products exposed to high temperatures and aggressive environments.

The specialists can also be interested in the following inventions in the area of nanotechnologies: device and method for
production of powder materials based on nano- and microparticles through electric explosion of wire; vacuum machine for
application of nanostructured coating made of material with shape memory effect on the detail surface; hierarchically reinforced
heteromodular extrudable solid lubricant nanocomposite based on UHMW PE and a method to produce it; hydrogen-accumulating
materials and a method to produce them et al.

Keywords: nanotechnologies in construction, carbon nanotubes, nanocomposite material, nanostructured coating, nano- and
microparticles, nanocrystal coating.

For citation: Ivanov LA., Borisova O.N., Muminova S.R. The inventions in nanotechnologies as practical solutions. Part I.
Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 1, pp. 91-101. DOI: 10.15828/2075-8545-
2019-11-1-91-101.
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Pestome: B pedepatuBHOI popmMe NpoBoamnTCcs 0630p N306peTeHMIN. Pe3ynbTaTbl TBOPUECKON AeATENIBHOCTU YUEHbIX, UHXEHe-
OB U CMELMANINCTOB, B T.U. M U306pETeHNs, KOTOpble B 06/1aCTV HAHOTEXHONOT I U HAHOMATEPKAOB MO3BOJISAIOT B CTPOUTENBCTBE,
XKUNNLLHO-KOMMYHaNIbHOM X035CTBE, CMEXHbIX OTPAC/IAX IKOHOMUKY J0OUTbCA 3HaUUTENbHOTO 3ddeKTa. 306peTteHre «Cnocob
BBe[leHs1 OOHOCTEHHbIX /UMW ABYCTEHHBIX U/ MHOTOCTEHHbIX YINIePOAHbIX HAHOTPYOOK B COCTAB aAre3rvioHHbIX 106aBOK Asis
acdanbToBOro NOKPbITUA 1 MPUMEHEHWE OAHOCTEHHDBIX /U ABYCTEHHbIX U/ MHOTOCTEHHbIX YrlIepOAHbIX HAHOTPYOOK B COCTaBe
aAre3noHHbIX JO6ABOK» OTHOCUTCA K CTPOUTENIbHOM OTPAC/v, B YaCTHOCTYM, K MaTepurasam, NCrosb3yeMbiM B JOPOXKHOM, a3po-
APOMHOM U FpaXAaHCKOM CTpouTenbcTBe. KoHUeHTpauus (cofepKaHne) OQHOCTEHHbBIX U/UNU ABYCTEHHBIX U/WI MHOTOCTEHHbIX
yrnepofHbIX HAaHOTPYOOK cocTaBnseT ot 0,01 o 15% oT o6beMa achasnbTOBOro NOKPLITUA 1 06ECNeyrBaeT Hauslyyllee KauecTBO
1 aAresrBHblE CBOMCTBA acPanbToBOro NokpbiTus. 3o6peteHne «Cnocob nonyyeHrss HAHOKOMMO3MTHOTO MaTepuana Ha OCHOBe
ANOMVHNA» OTHOCUTCA K 06N1aCTU MOPOLLIKOBOI METASIYPruu, B YHaCTHOCTU, K MOJTYYEHUIO METANIOYrIePOAHBIX KOMMO3UTHBIX MaTe-
puanoB 1 aeTanemn n3 HXX pasnnyHoi GopMbl U MOXET ObITb MCMOJIb30BAHO B aBTOMOOUNECTPOEHUHN, CYAOCTPOEHUN, aBUACTPOEHNY,
NprYGOPOCTPOEHUM 1 APYTUX OTpachsX. M306peTeHre «Cnocob HU3KOTEMMEPATYPHOIO HaHECEHMSI HAHOKPUCTA/IMYECKOTO NMOKpPbI-
TA 13 anbda-oKCKaa aNnoMUHNIA» — MOKPLITUSA 13 OKCMAA allOMUHUS XapaKTepU3yoTCs BbICOKON TEPMOCTOMKOCTBIO, XMMUYECKOM
VNHEPTHOCTbIO, TBEPLAOCTHIO, MPOYHOCTBIO MPU CKATUU, TEMIOU30NALMOHHON CMOCOOHOCTbIO U LUMPOKO NPUMEHSIIOTCA AN1A 3aLLUThl
V3AeNni, SKCNyaTUPYIOLUXCS B YCITOBUAX BbICOKMX TEMMEPATYP WU BO3AENCTBUSA arpecCUMBHbIX Cpef.

Takke NpeACcTaBnsIOT MHTEPEC AN CNELMANIMCTOB CefyoLime N306peTeHrs B 06/1aCT HAHOTEXHONIOTUIA: YCTPOMCTBO 1 CNocob
ANA NoyYeHUs NOPOLLKOBbLIX MaTepPUanoB Ha OCHOBE HAHO- Y MUKPOYaCTULL MyTeM 3/IEKTPUYECKOrO B3pbliBa NMPOBOJIOKY; BaKyyM-
Has yCTaHOBKa AJ1fl HAHECEHUSI HAHOCTPYKTYPUPOBAHHOMO NOKPLITWA 13 MaTepurana ¢ 3GdeKTomM namaT GopMbl Ha MOBEPXHOCTY
JeTanu; epapxrnyeckn apMrpoBaHHbI reTepOMOAYSbHbI SKCTPYAUPYEMBIA TBEPAOCMA30YHbI HAHOKOMMO3WT Ha ocHoBe CBMIMD
1 Ccnocob ero NonyyeHus; BOAOPOA-aKKyMyNvpyioLme MaTepurasbl 1 CNOCO6 UX MOyYeHUs 1 ap.

Knroyeebie cnoea: HaHOTEXHONOTUM B CTpOouTENbCTBE, yrnepoaHblie HaHOpr6KI/I, HAHOKOMMO3UTHbIN MaTepuan, HAHOCTPYKTY-
PpPpOBaHHOE NOKPbITNE, HAHO- U MUKPOYaCTULbl, HAHOKPUCTaNIN4YeCKoe NoKpbITHE.

Ana yumupoeaHus: VisaHos J1.A., Bopurcoa O.H., MymuHoa C.P. I306peTeHnsa B 0611acTi HAHOTEXHOOTUIA, HaMPaBJEeH-
Hble Ha peLueHVe npaKkTuyecknx 3agay. Yactb | // HaHoTexHonorum B ctpontenbcTee. — 2019. — Tom 11, N2 1. - C. 91-101. - DOI:
10.15828/2075-8545-2019-11-1-91-101.
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INTRODUCTION

The practical application of the results achieved by
scientists, engineers and specialists can become efficient
tool to increase number of import-substituting goods and
to rise labor productivity. An invention is known to be a
new, with distinctive characteristics technical solution
with proved efficiency (new technologies, structures or
new substances). The paper reviews the essence, technical
result and practical value of some inventions concerning
nanotechnologies.

MAIN PART

A method of introduction of single-shell and/or double-
shell and/or multi-shell carbon nanotubes in adhesive ad-
ditive composition for asphalt coating and application of
single-shell and/or double-shell and/or multi-shell car-
bon nanotubes as a part of adhesive additive composition
(RU 2675515 C1)

The invention refers to construction, in particular,
to the materials used in road, airdrome and civil con-
struction [1]. The method is based on introduction of
single-shell and/or double-shell and/or multi-shell car-
bon nanotubes through mixing in grinding mills. Con-
centration (content) of single-shell and/or double-shell
and/or multi-shell carbon nanotubes varies from 0,01% to
15% of volume of asphalt covering, i.e. final product. It is
this interval that provides the best quality and adhesive
properties of asphalt covering. This is due to lower con-
centration (0%) doesn’t lead to this effect and the higher
one can cause improper quality.

The application of single-shell and/or double-shell
and/or multi-shell carbon nanotubes as a part of adhe-
sive additives for asphalt coating with road bitumen and
polymer binders improves adhesive properties of adhesive
additives for aphalt coatings and increase lifetime and
quality of asphalt coatings.

Ceramic material based on zirconium dioxide of te-
tragonal modification with low sintering temperature
(RU 2675391 C1)

The invention refers to production of highly dense ce-
ramics on the basis of tetragonal zirconium dioxide and can
be used as wear-resistant article, cutting tool, ceramic ball
bearing as well as implants for replacement of bone defects
[2]. Ceramic material is produced from furnace charge
that contains mass. %, 2—5 sodium silicate, 0,5—2 ferrous
oxide and 93—97,5 tetragonal zirconium dioxide stabi-
lized with yttrium oxide. The materials is characterized
with nanocrystal structure in which the size of crystals
is 50—100 nm, open porosity no more 0,01% and high
mechanical parameters: cross-breaking strength is at least

400 MPa. The technical result of the invention: increased
service life of materials sintered to dense state under low
temperature 1250°C, that is possible due to simultaneous
use of sodium silicate additives and ferrous oxide additives.

Device and method for production of powder materials
based on nano- and microparticles through electric explo-
sion of wire (RU 2675188 C1)

The invention refers to powder metallurgy in particular
to production of powder materials with content of mixture
of nano- and microparticles as well as to production of
powder materials of heatproof, heat-resistant, corrosion-
resistant alloys for additive technologies for complex system
detail synthesis [3]. The method consists of electric explo-
sion of metal wire in reactor and separation of particles by
size. Forced circulation of gas environment is provided
in reactor under condition that speed of gas flow at the
entrance in reactor is from 1,5 m/c to 2,5 m/c. Electric
explosion of wire is performed when pressure of gas envi-
ronment in reactor is from 1 to 3 atm and energy supplied
to wire is from 0,6 to 0,9 of metal wire sublimation. The
particles of produced powder are finely fractionated; their
size is less than 5 mkm. The efficient separation of particles
in gas flow into two fractions is provided.

Multilayer wear-resistant coating on steel base
(RU 2674795 C1)

The invention refers to wear-resistant multilayer coat-
ings with diamond-like carbon and can be used in metal
working, mechanical engineering, chemical industry to
increase performance of articles with different function-
ality [4]. Multilayer wear-resistant coating on steel base
includes a layer that contains titanium carbide and a lay-
er of diamond-like carbon. Thickness of the coating is
200—2500 nm and mentioned above two types of layers
are interchanged, thus the number of each type varies from
10 to 100. Thickness of layer of each type is 20-25 nm and
a layer with titanium carbide is made in the form of nano-
composite of titanium carbide and amorphous carbon with
total carbon content 25—60 mas.%. This provides increased
wear-resistant of the coating.

Modern mechanical engineering widely uses tools
and parts of mechanical systems which working surfaces
are covered with nanostructured coatings. Application of
protective coatings on process tools significantly increases
their service life.

Vacuum machine for application of nanostructured
coating made of material with shape memory effect on the
detail surface (RU 2674532 C1)

The invention refers to mechanical engineering and
metallurgy, in particular to machines of combined meth-
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ods for application of coating of materials with shape
memory effect on the detail surface [5]. Vacuum machine
contains a frame with installed on it vacuum camera. The
camera is connected to vacuum pump. The machine also
includes a detail fastening mechanism, gas flame burner,
supplier of powder material to burner, technological unit
for ion treatment of processed detail, pyrometer, two
magnetrons with power supply device and a supplier of
ion metal implanting with power-unit. Control unit is
connected with gas flasks. Detail fastening mechanism is
made in the form of three-jaw patron installed on posi-
tioner table in vacuum camera. The table is connected to
electric motor. Gas flame burner is fastened in rotating
mechanism equipped with pyrometer and laser scanner.
The mechanism provides 30—150 degree rotation motion
in vertical area respect to machine screw assembly. Rotat-
ing mechanism is installed in screw-and-nut fastened in
bottom part of vacuum camera and connected to electric
motor. Technical result provides even and accurate ap-
plication of coatings on detail surface and increased level
of process automation.

Hierarchically reinforced heteromodular extrudable
solid lubricant nanocomposite based on UHMW PE and
a method to produce it (RU 2674258 C1)

The invention refers to production of extra-strong,
wear-resistant and extrudable polymer nanocompos-
ites on the basis of ultra-high molecular polyethylene
for tribonodes including one operating under extremal
conditions in Far North [6]. Hierarchically reinforced
heteromodular extrudable solid lubricant nanocomposite
based on UHMW PE and a method to produce it were
developed. Technical result of the invention is produc-
tion of nanocomposite with high durability and tribo-
logical properties and sufficient flow behavior for additive
manufacturing technologies. Hierarchically reinforced
heteromodular extrudable solid lubricant nanocomposite
based on UHMW PE includes, weight %: carbon fibers
of nanosize 0.3—0.5, carbon fibers of millimeter size 2—5,
copolymer of ethylene of high density HDPE-g-SMA
5—10, UHMW PE — the rest. A method of production of
nanocomposite includes a stage of mixing basic compo-
nents and production of nanocomposite sample by means
of hot pressing under pressure 100,5 MPa and tempera-
ture 200x5°C with rate of further cooling 200£5°C/min.

A method to produce nanocomposite material based on
aluminium (RU 2676117 C2)

The invention refers to powder metallurgy, in particu-
lar to production of metal and carbon composite materials
and articles of them in different shapes and can be used
in auto industry, shipbuilding, aircraft engineering and
instrument manufacture and other areas [7]. The method

is based on preparation of furnace-charge through appli-
cation of metal-catalyst nitrate solution on the surface of
aluminium particles and drying it, thermal decomposition
of metal-catalyst nitrate into metal-catalyst oxide, deoxi-
dization of metal-catalyst oxide into metal in hydrogen
environment, grow of carbon nanostructures on surface
of aluminium particles coated with metal-catalyst from
gas phase of hydrocarbon gas and sintering of obtained
furnace-charge with hot pressing. The aluminium parti-
cles are precooled to the temperature no less than — 100°C
and then are heated in vacuum to the temperature no less
than 300°C within no less than 180 min. Aqueous solution
of cobaltous and ferrous nitrate mixtures or nickel and
ferrous nitrate mixtures (content of nitrates in aqueous
solution is 0,1—10 mas.%) are applied on the surface of
aluminium particles as a solution of metal-catalyst nitrate.
And carbon nanostructures in the form of nanofibers are
grown on the surface of aluminium particles coated with
metal-catalyst. This provides increased quality and longer
carbon nanostructures as well as isotropy of mechanical
and thermophysical properties of nanocomposite.

The articles made of composite materials on the basis
of metal matrix and with content of carbon nanofibers are
characterized with low specific gravity, increased strength,
thermal resistance, hardness and varying thermal conduc-
tivity. In particular, these properties can be used to rise
hardness and durability of instrument cases, to protect
electric elements of device from negative frost impact as
well as to protect accumulators and batteries from drastic
volume fall and damages under frost conditions.

Hydrogen-accumulating materials and a method to pro-
duce them (RU 2675882 C2)

The invention refers to hydrogen technologies and
energy, in particular to search and development of new
materials for compact and safe storage of hydrogen in
bound state and method to produce it [8]. Hydrogen-
accumulating materials contain following components,
mass.%: 97—75 MgH, and 3—25 nickel-graphene hydro-
genation catalyst, that is 10 or 25 mass.% Ni nanoparticles
which size is 1—10 nm, evenly fixed on graphene surface.
The materials are manufactured by means of mechanical
and chemical treatment of metal magnesium with nickel-
graphene hydrogenation catalyst under room temperature
and hydrogen pressure 10—30 atm. Produced hydrogen-
accumulating materials contain in large quantities revers-
ible hydrogen and possess high cycling stability and at
the same time content and size of nickel nanoparticles
is reduced.

Hydrogen-accumulating materials can be used to
create compact and safe metal-hydride accumulators
of reusable hydrogen that can be employed in hydrogen
technologies as well as the use of hydrogen as a chemical
reagent, disoxidating environment, for hydrate dispersion,
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for fuel elements, as highly efficient energy carrier, for hy-
drogen system of backup supply and energy conservation.
Such systems are needed to provide continuous running
of telecommunication equipment, computers, transport
infrastructure, autonomous electric energy consumers,
security systems et al.

A method of low temperature application of nanocrystal
coating of alpha-oxide aluminium (RU 2676719 C1)

The invention refers to method of production nano-
crystal coating of alpha-oxide aluminium with high rate
under low temperature [9]. The method includes the
following stages: application of isostructural chrome
oxide underlay on the product surface, heating of the
product, melting and evaporation of aluminium and
coating deposition on the product surface in oxyargon
discharge plasma under ion bombarding. Concentration
of oxyargon plasma and aluminium evaporation rate are
controlled independently and in a broad range by chang-
ing distribution of current between anode-crucible, in
which melting and evaporation of aluminium run, and
hole anode-ionizer through which oxygen is supplied.
Formation of coatings with alpha-oxide aluminium
structure for the specified aluminium evaporation rate
is achieved by setting displacement potential on the
product and current in the chain of anode-ionizer that
provide required conductance and ion energy on the
surface of growing coating for formation of nanocrystal
alpha-phase of aluminium oxide.

Coatings of aluminium oxide are characterized by
high thermal resistance, chemical inaction, hardness,
compression resistance, heat-insulation capacity and is
widely used for protection the products exposed to high

temperatures and aggressive environments. Considering
all characteristics, one can select heat-proof rhombohe-
dral phase of aluminium oxide (aluminium alpha-oxide)
as the most appropriate for practical use. Its hardness is
25 GPa and melting temperature 2044°C.

These are inventions in nanotechnological area that can
be interesting for specialists:

« Protection system for city buildings and a method to
erect it [10];

« Increase of durability of basalt fibre concrete by means
of nanostructures additives [11];

« A method to prepare strengthen mortar [12];

« A method to store natural gas by means of adsorption
in industrial gas balloons [13];

« A method to treat superficial and ground water from
titanium and its compounds with carbon nanotubes
and ultrasound [14,20];

« A method to produce a web of composite reinforce-
ment [15];

« A method to increase water-proof properties of felt
materials with hydrophobic nanoparticles of silica
dioxide [16].

« A method to enrich and recycle of municipal waste
[17—19].

CONCLUSION

The innovative economy of any country cannot be
developed without intellectual property which partially
consists of patents. This is why much attention should be
given to promotion and support of researches in different
scientific areas. And the results of these works could be
startpoint for efficient solutions of practical tasks.
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BBEJEHUE

B coBpeMEHHBIX YCITOBHSIX MCITOJIb30BaHME N300pe-
TEHUI YYEHBIX, UHKEHEPOB U CIIELIMAIMCTOB MOXET CITO-
c00CTBOBATh 3(P(HEKTUBHOMY PEIICHUIO 33124 UMIIOPTO-
3aMEIeHUS 1 TIOBBIIICHUS IIPOM3BOAUTEIIEHOCTHI TPYIA.
Kaxk n3BectHO, 1300peTeHrEe — 3TO HOBOE, 00JIaJarolee
CYLIECTBEHHBIMU OTJIUYMSIMU PELICHUE TEXHUUYECKON
3a7a4n, 00eCIICUYNBAOIIEEe TTOJIOXKUTEIBHBIN 3DdeKT
(HOBBIC TEXHOJIOTUU, KOHCTPYKIIMH, HOBBIC BEIIICCTBA).
B cTaTbe paccMOTpeHBI CYIITHOCTD, TEXHUICCKHIT pe-
3yJIbTaT, TIPAKTHIEeCKass 3HAYMMOCTb HEKOTOPBIX M30-
OpeTeHU i, OTHOCSIIMXCS K 00J1aCTM HAHOTEXHOJIOTUM.

OCHOBHAA YACTb

Crioco0 BBeieHus OIHOCTEHHBIX M/ WM IBYCTEHHbIX U/
WJIM MHOTOCTEHHBIX YTJIEPOTHBIX HAHOTPYOOK B COCTAB a1~
Te3MOHHbIX J100aBOK 1151 C(ATHTOBOTO MOKPHITHS U NPH-
MeHeHHe OJJHOCTEHHBIX W/WJIH IBYCTEHHDBIX /WA MHOTO-
CTEHHDIX YIJIEPOAHbIX HAHOTPYOOK B COCTABE AAT€3MOHHBIX
nobaBok (RU 2675515 C1)

M3o0peTeHne OTHOCUTCS K CTPOUTEIIFHOM OTpac-
JIA, B YACTHOCTH, K MaTeprajiaM, UCITOJIb3YEeMBIM B 10~
POKHOM, a3POIPOMHOM U TPAKIAHCKOM CTPOUTEITHCTBE
[1]. Crtoco0 3akimoyaeTcs B BBEACHUM OTHOCTEHHBIX
¥/WIIA IBYCTEHHBIX ¥/VJIM MHOTOCTECHHBIX YIJIEPOTHBIX
HAHOTPYOOK ITOCPEACTBOM pa3MeIIMBaHUS Ha U3MEITb-
Jaomux MeJdbHuIax. KoHmeAaTpanus (comepkaHme)
OMHOCTEHHBIX 1/ IBYCTCHHBIX 1/ WJIN MHOTOCTCHHBIX
YIJIEpOAHBIX HAaHOTPYOOK cocTasiseT ot 0,01 mo 15%
oT o0beMa achajabTOBOTO MOKPHITHUS, T.€. OT 00beMa
TOTOBOTO MpomyKra. IMeHHO 3TOT MHTepBas obecIie-
YUBaeT HAWIyUIIIee Ka4eCTBO M aATe3WBHBIC CBOMCTBA
ac(aJbTOBOTO TTOKPHITUSI. DTO 00YCIOBICHO TEM, UYTO
6osee Hu3Koii KoHueHTpauuu (0%) Tpedyemblii o ekt
He OyIeT IOCTHUTaTh, a 60Jiee BRICOKAs] KOHIICHTPALIUS
MOXET IIPUBECTH K HapYIICHUIO Ka4eCTBA ITPOMYKTA.

[IpnMeHeHe OMHOCTEHHBIX U/WIN OBYCTCHHBIX
W/VJTA MHOTOCTEHHBIX YIJIEPOIHBIX HAHOTPYOOK B COCTa-
BE are3MOHHBIX J00ABOK IIJIsT ac(haTbTOBOTO ITOKPBITHS,
comepKallero JOPOXKHBIC OMTYMBI 1 TTIOJTUMEPOUTYM-
HbIE BSDKYIME, MPUBOAUT K MOBBILIEHUIO aAre3MOHHBIX
CBOWCTB aATre3MOHHBIX J00aBOK I ac(aTbTOBBIX IT0-
KPBITUI 1 K TIOBBIIICHUIO KAa9eCTBA W JOJITOBEYHOCTH
ac(aIbTOBBIX ITOKPHITUIA.

Kepamudeckuii MaTepuan ¢ HU3KOii TeMIepaTypoii cre-
KaHHUs HA OCHOBE TUOKCHIA IMMPKOHUSA TeTpaI‘OHaJ]LHOﬁ
momudukamumn (RU 2675391 C1)

MN300peTeHrEe OTHOCUTCS K O0JIACTU TIOJYYCHUS
BBICOKOIUIOTHOI KepaMUKK HAa OCHOBE TETpParoHajb-
HOTO JUOKCHUAA IMPKOHUS U MOXKET OBITH MCITOJIH30-

BaHO B Ka4e€CTBE M3HOCOCTOMKUX U3AEINIA, PEXYILIErO
MHCTPYMEHTa, KEpaMUYeCKMX MOIIIMITHIUKOB, a TAKXe
MMIUIAHTATOB IS 3aMELIEHMSI KOCTHBIX Ae(eKTOoB [2].
Kepamuueckuit MaTepHall IOIy4aloT U3 IIUXThI, COAEP-
Kaieir mace. % 2—5 cunukara Hatpust, 0,5—2 okcuna
xene3a n 93—97,5 TeTparoHaJIbHOTO TMOKCHIA IIUPKO-
HUsI, CTAOWIM3UPOBAHHOTO OKCUAOM UTTpus. [lomy-
YEHHBII MaTeprall XapaKTepU3yeTCsl HAHOKPUCTAUIYe-
CKOI1 CTPYKTYpOI ¢ pazMepoM KpucTtamuioB 50—100 HM,
OTKPHBITOI IMOpUCTOCThIO He Gosee 0,01% U BbICOKUMU
MeXaHMYECKMMU XapaKTePUCTUKAMU: IIPOYHOCTBIO IIPU
n3ru6e He MeHee 400 MITa. TexHudeckuii pe3ynbTar
M300peTeHUS] — YBEJIMYEHKE IIPOYHOCTA MAaTEPUAIIOB,
CIIEKAIOLIMXCS A0 IJIOTHOTO COCTOSIHUS IIPU HU3KOM
temrreparype 1250°C, 9To cTao BO3MOXHBIM B PE3YIThb-
TaTe COBMECTHOI'O MCIOJIb30BaHUS J00ABOK CUJIMKATA
HaTpusl KU OKCHUIA KeJle3a.

YCTpoiCTBO U CNOCO0 IS MOJyYeHUsT OPOMKOBBIX
MAaTepUAJIOB HA OCHOBE HAHO- 1 MUKPOYACTHII ITyTeM dJIeK-
Tpudeckoro B3pbiBa mporoJioku (RU 2675188 C1)

M3006peTeHre OTHOCUTCS K MOPOIIKOBOM MeTall-
JIyPTUM, 2 UMEHHO K TTOJIYICHHIO TTOPOITKOBBIX MaTe-
pHajoB, comepKalluX cMech HAaHO- 1 MUKPOYACTHII,
B YaCTHOCTH JIJISI TTOTYICHUSI TIOPOIITKOBBIX MATCPUAIOB
13 XKapOITPOYHBIX, KapOCTOUKHUX, KOPPO3ZMOHHOCTONKIX
CIIaBOB [UTSl aITUTUBHBIX TEXHOJIOTUI CHHTE3a IeTaIei
cJIoXHBIX cucTeM [3]. Crtoco6 BKITIO4aeT dJIeKTpUUe-
CKHWI B3pBIB METAJTIMICCKOM ITPOBOJIOKH B peakTope
7 cellapallfio YacTHII ITo pa3MmepaM. B peaktope obe-
CTICYNBAIOT MPUHYIUTEIBHYIO ITUPKYIISIINIO Ta30BOM
cpemsl TIpU CKOPOCTH Ta30BOTO TTOTOKA Ha BXOZE B pe-
aKTop B MHTepBase ot 1,5 1o 2,5 M/c. DIeKTpUIeCKIA
B3PBIB IIPOBOJIOKH BEAYT IPU JABJICHU Ta30BOI CPEIbl B
peaxTope oT 1 10 3 aT™M 1 BeTMIMHE SHEPIUH, BBEICHHOMN
B IIPOBOJIOKY, B MHTepBase ot 0,6 10 0,9 sHeprum cyosm-
MaIluy MeTaJiIa IIPOBOJIOKH, a CETTapalliio ITOTyYeHHBIX
YaCTHII TTOPOIITKA BEAYT C BRIICICHIEM MEJTKOU (hpaKIInn
¢ pa3MepaMu JacTuIl MeHee 5 MKM. O0ecIieanBacTCs
a3 heKTUBHOE pa3aejeHIEe YacTUIl B Ta30BOM ITOTOKE
Ha 1Be (ppaKLnU.

MHoroc/i0iinoe U3HOCOCTOKOE MOKPBITHE HA CTATbHOI
nomoxke (RU 2674795 C1)

M300peTeHe OTHOCHUTCS K N3BHOCOCTOMKIM MHOTO-
CJIOMHBIM TTIOKPBITHASIM € aJIMa30TI0A00HBIM YIIIEpOIOM
1 MOXKET OBITh UCITOJIb30BAaHO B METAII000paboTKe,
MaIIMHOCTPOEHU M, XUMUUECKON MPOMBIIIIEHHOCTH
JIJTSE TIOBBITIIEHUST DKCIUIyaTallMOHHBIX XapaKTepUCTUK
n3nenuii GYHKIIMOHAIBHO pa3IMYHOro Ha3HaYeHUd [4].
MHOTOCIOITHOE N3HOCOCTOMKOE ITOKPBITHE Ha CTAIbHOM
MOJIJIOXKKE BKITIOYAET CJION, COepKaIInii KapOouI TUTa-
Ha, U CJIOI U3 aJIMa30IT0I00HOTO yIiiepoaa. YIIOMSIHYTOe
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TOKPBITHE BBITTOTHEHO TomuHoi 200—2500 HM ¢ uepe-
JIOBaHMEM YIIOMSIHYTBIX IBYX CJIO€B B KojindecTse oT 10
1o 100. TommmHa Kaxkaoro cjios coctasisieT 20—25 HM,
a CJIOM, cofepXKalluii KapOuI TUTaHa, BBIIIOJIHEH B BUE
HaHOKOMIIO3MTa U3 KapOuaa TUTaHA U aMOP(HOIO yIJie-
poaa ¢ o01IMM comepxkaHueM yriaepoaa 25—60 mac.%.
O6GecneunBaeTcs MOBBIIIEHUE U3HOCOCTOMKOCTH I10-
KPBITHS.

B coBpeMeHHOM MAlIMHOCTPOECHUH IIIMPOKO IIPUME-
HSIETCSI MHCTPYMEHT U JeTaIM MEXaHUYEeCKUX CUCTEM, Ha
pabouyIo IOBEPXHOCTh KOTOPBIX HAHECEHBI HAHOCTPYK-
TYpHBIe MTOKPbITUsI. HaHeceHne 3alUTHBIX TOKPBITUIA
Ha 00pabaThIBaOIIKEe MHCTPYMEHTHI U JeTald MaIliH
3HAYUTEJIHHO YBEJIMUMBAET UX CPOK CIIYXKOBbI.

BakyymHas ycTaHOBKA I HAHECEHUSI HAHOCTPYKTYpPH-
POBAHHOTO MOKPBITUA U3 MaTepuaa ¢ 3 ekrom namsaTu
topmbi Ha moBepxHocTH Aetamu (RU 2674532 C1)

M30o6peTeHrne OTHOCUTCS K 00J1aCTH MaIIMHOCTPO-
€HUSI U MEeTaJUTypryuu, B YaCTHOCTU K YCTAaHOBKaM JIJIST
KOMOMHUPOBAHHBIX CITOCOOOB HAHECEHUS TOKPBITHS U3
MaTepuaoB ¢ 3P dekToM maMsITi hOpMBI Ha TTOBEPX-
HocTu getanu [5]. BakyymMHasi yctaHOBKa COOEPKUT
paMy ¢ YCTAaHOBJICHHOI Ha Hell BaKyyMHOI KaMepOW.
Kamepa coeqrHeHa ¢ BAKyyMHBIM HAaCOCOM. Y CTaHOBKaA
TakKe COAEPXKUT MEXaHU3M 3aKpeEIIeHUs AeTaJIu, Ta30-
TUIAMEHHYIO TOPEJIKY, MEXaHU3M MOJa41 TMTOPOIIKOBOTO
MaTtepuajia B Ta30rjaaMeHHYIO TOpeJiKy, TEXHOJOrnye-
CKUII MOIYIb JIJISI MOHHOI OUYMCTKU oOpabaThiBaeMoOit
JeTajlu, MUPOMETP, JiBa MAarHETPOHA C UCTOYHUKOM
MUTAHUS U UCTOYHMK JIJISI MIOHHOW UMIUIAaHTALIUU Me-
TaJJIOB ¢ OJIOKOM NUTaHUs. BJIoK yrpaBiieHUs coeau-
HEeH ¢ 6ajIoHaMM ¢ ra3oM. MexaHU3M 3aKperieHuUs
JleTali BBITTOJIHEH B BUIE TPEXKYJIAUKOBOTO MaTpOHa,
pa3MelleHHOrO Ha YCTAaHOBJIEHHOM B BaKyyMHOM Ka-
Mepe ToBOpOoTHOM cTosie. CTOJI COeAMHEH C DIIEKTPO-
nsuratenem. l'azoriameHHasl ropejika 3akpernjaeHa
B OCHAIllEHHOM ITMPOMETPOM U JIa3€PHBIM CKaHEPOM
n obecrieuynBaInM ee moBopotT 30—150 rpamycos
B BEPTUKAJIbHOU MIOCKOCTU OTHOCUTEIBLHO OCU BUH-
Ta MOBOPOTHOM MexaHu3Me. [ToBOpOTHBIM MexaHUu3M
YCTaHOBJIEH B Mepeaaye BUHT-raiika, 3aKpernjieHHO’
B HIXKHEW 4aCTH BaKyyMHOM KaMepbl U CBSI3aHHOM
¢ aiekTpoaBurareaeM. TeXHUYECKUl pe3yabTaT 3a-
KJII0YaeTcsl B ooecneyeHu paBHOMEPHOCTU U TOYHO-
CTU HaHECEHUSI MOKPBITUI HA TTOBEPXHOCTHU AETalu
M TIOBBILIEHUHU CTETEHW aBTOMaTU3allM1 Mpoliecca.

Hepapxuyeckn apMUPOBAHHDIIA reTepOMOAYJIbHBII IKC-
TPYAUpyeMblii TBEPI0CMA304HbI HAHOKOMIIO3UT HA OCHOBE
CBMIID u ciocod ero moaydenus (RU 2674258 C1)

M306peTeHre OTHOCUTCS K 00JIaCTU MOJIYYEHUS BbI-
COKOTIPOYHBIX, U3HOCOCTOMKUX M DKCTPYIUPYEMBIX

IMOJIMMEPHBIX HAHOKOMITO3UTOB HAa OCHOBE CBEPXBHI-
COKOMOJICKYJISIPHOTO TTOJIUSTUIICHA IIJISI TPHUOO0Y3JI0B,
B TOM 4YMcCJie pabOTAIOIIUX B 9KCTPEMaAJIbHbIX YCIOBU-
sax Kpaitnero Cesepa [6]. [IpemioxeH nepapxudecku
apMUPOBAHHBIM TeTEPOMOAYIBHBIN 3KCTPYIUPYEMBbIA
TBEPIOCMA30YHBIIT HAHOKOMITO3UT Ha ocHoBe CBMIID
1 CTIOCO0 ero moydeHusI. TeXHMIeCKIM pe3yIbTaTOM
M300peTeHUS IBIISICTCS TTOJIyIeHE HAHOKOMITO3UTa
C BBICOKMMU TIPOYHOCTHBIMHU U TPUOOIOTHICCKIMU
CBOIICTBAMM M YIOBJIECTBOPHUTEILHON TEKYyJeCThIO IS
AIIUTUBHBIX TEXHOJOTUI MOTYIYCHUS U3IACINA. YKa-
3aHHBIN TEXHUUCCKUI pe3yabTaT JOCTUTACTCS TEM, YTO
HepapXUIecKi apMUPOBAHHBIN TETEPOMOMYIBHBIN SKC-
TPYIUPYEMBI TBEPIOCMA30UYHBI HAHOKOMITO3UT Ha
ocHoBe CBMIID Bkitovaer, Bec.%: yriaepoaHblie BOJIOK-
Ha HaHOMeTpoBoit pazmepHoctH 0,3—0,5, yriepoaHbie
BOJIOKHA MUJJIMMETPOBOH pa3MepHOCTH 2—5, coTo-
JIMMep 3TWICHA BhICOKOM TutoTHOocTH HDPE-g-SMA
5—10, CBMIID — ocranbpHoe. Crioco0 IoJrydeHus Ha-
HOKOMITO3HTa 3aKJTI0YAeTCS B CMEIITMBAHNUY MCXOTHBIX
KOMIIOHEHTOB U TTOJTyYeHUN 00pa3iia HAaHOKOMIIO3UTa
ropsiauM TnpeccoBanueM mpu gapiaenun 10+£0,5 MIla,
temneparype 200+5°C co cKOpOCThIO TTOCIEIYIOIIETO
oxnaxneHuss 3—4°C/MuH.

Crnoco6 moJryueHHsi HAHOKOMIIO3UTHOTO MaTepraja Ha
ocHose amomunusi (RU 2676117 C2)

MN300peTeHrEe OTHOCUTCS K 00JIaCTH MTOPOLIKOBOM
METaJUTypTUH, B YACTHOCTH, K MOJIYICHUIO METAJIIO-
VTJIEPOTHBIX KOMITO3UTHBIX MAaTepHAaIOB U IeTaneit u3
HUX pa3IMIHON POPMBI ¥ MOXET OBITh MCTIOJIBb30BaHO B
ABTOMOOWJICCTPOCHNH, CYIOCTPOCHNH, aBUACTPOCHUN
U TIpUOOPOCTPOCHNHU U ApyTux oTpaciiax [7]. Cmocod
BKJTIOYACT TIPUTOTOBJICHHE IIIUXTHI ITyTeM HaHECCHUS
pacTBOpa HATpaTa MeTalJla-KaTajan3aTopa Ha IoBepX-
HOCTb YaCTHII aJTIOMUHUS U €TO CYIIKU, TEPMUICCKO-
ro pa3IoXeHMsS HUTpaTa MeTajjla-KaTajanu3aTopa o
OKCcHIa MeTajlja-KaTaan3aTopa, BOCCTAHOBICHUS
OKCHIa MeTaJUla-KaTajau3aTopa A0 MeTajia B Cpele
BOZIOPO/A, BEIPAIIMBAHMS YTICPOIHBIX HAHOCTPYKTYP
Ha TTOBEPXHOCTSIX, MOKPBITHIX METaJIOM-KaTaJan3a-
TOPOM YaCTHII AIIOMUHUS U3 Ta30BOM (ha3bl Ta300-
Opa3HBIX YIJIEBOIOPOIOB, M CIICKAHUS TIOJIYICHHOMN
IIUXTHI TOPSYNM IIpeccoBaHUEM. YacTUIIBI allOMHU-
HUS IIPEIBapUTEIbHO OXJIAXIAIOT IO TeMIIEpaTypPh
He MeHee 100°C m 3aTeM HarpeBaloT B BaKyyMe J0
teMmiepatypsl He MeHee 300°C B TeueHUe He MeHee
180 MmuH. Ha TOBepXHOCTH YaCTHUII ATIOMUHUS HAHOCSIT
B KauecTBE pacTBOpa HATpaTa MeTajlla-KaTajan3aTopa
BOIHBIN PacTBOP CMECH HUTPATOB KOOANIbTa M KeJie-
3a WJIM HUTPATOB HUKEIS U XKeJie3a P COACPKaHUKN
HUTPATOB B BogHOM pactBope 0,1—10 mac.%, a Ha 1o~
BEPXHOCTSIX, MOKPBHITHIX METAJIJIOM-KaTaln3aTOPOM
YaCTHUI aTIOMUHWS, BEIPAIIMBAIOT YTJIePOTHBIC Ha-
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HOCTPYKTYpbI B BUJI€ HAHOBOJIOKOH. [Ipu aTOM 006e-
CIIEYMBAETCS MOBBILIEHUE KayecTBa U YBEJIUUYECHUE
JIUTMHBI YTJEPOAHBIX HAHOCTPYKTYP, a TaKXKe U30TPOM -
HOCTb MEXaHMYCCKUX W TCIUIO(PU3NIESCKNX CBOMCTB
HaHOKOMIIO3UTA.

JeTanu, BIMOJHEHHbIE U3 KOMITO3UTHBIX MaTepu-
aJIOB Ha OCHOBE METAJIMYECKOU MaTPULIbl U COAEp-
JKallle B CBOEM COCTaBe YrjiepoHble HAHOBOJIOKHA,
XapaKTepU3YIOTCSI HU3KUM YIeJIbHBIM BECOM, MOBBI-
IIEHHOW MPOYHOCTHIO, TEPMUIECKON CTOMKOCTHIO,
TBEPIAOCTbHIO U BapbUPyeMOIi TETJIOMPOBOJIHOCTHIO.
B yacTHOCTM, naHHBIE CBOMCTBA MOTYT OBITh UCTIOJb-
30BaHBbI [IJ151 MOBBILIEHWS TBEPAOCTU U TPOUHOCTU KOP-
MYCOB 3JEKTPONIPUOOPOB, IS 3aILUTHI JEKTPOHHBIX
KOMITOHEHTOB NMPUOOpa OT HETaTUBHOTO BO3JIEHCTBUS
X0J10/1a, a TAKXEe MJIS 3alUThl aKKyMYJISITOPOB U OaTa-
peli OT pe3KOro YMeHbILIEeHUSI EMKOCTU U MOBPEXICHU I
o/, BO3IEWCTBUEM XOJI0Aa.

Boaopoa-akkymy/Mpyronme MaTepuajibl U CIOCo0 X
noxydenns (RU 2675882 C2)

M300peTeHNe OTHOCUTCS K BOTOPOIHBIM TEXHOIO-
TUSIM 1 BOIOPOTHOM SHEPTETUKE, 3 UMECHHO K TIOMCKY
¥ pa3paboTKe HOBBIX MaTEPHAJIOB JUISI KOMIIAKTHOTO
1 0e30IMaCHOTO XpaHEeHUSI BOIOPOAa B CBI3aHHOM CO-
CTOSTHUU U crmoco0y nx nonydeHud [8]. Bomopom-ak-
KYMYJIHPYIOIIE MaTepUaIbl COAepKaT CICIYIOIINe
KOMIIOHEHTHI, Mac.%: 97—75 MgH, n 3—25 Hukenb-
rpacdeHOBOTO KaTajanu3aTopa TUAPUPOBAHUS, TIPS -
crasigoLero co6oit 10 wim 25 mac.% HaHOYACTULL
Ni pazmepoMm 1—10 HM, paBHOMEPHO 3aKPETUIEHHBIX
Ha rpadeHOBOI MMOBEPXHOCTU. YKa3aHHBIC MaTe-
pHAaJBl ITOJIYyYaloT MEXaHOXUMHUIECKOM 00paboTKOM
METaJUTMYECKOTO MarHusI ¢ HUKEIb-TrpadeHOBBIM Ka-
TaIN3aTOPOM TUAPUPOBAHUS TP KOMHATHOM TeM-
nepatype u gpaBiaeHuu Bomopoaa 10—30 at™. ITomy-
YeHHBIC BOIOPOI-aKKyMYJINPYIOIINEe MaTeprabl 00-
JTamaioT OOJBIIMM COIepXKaHUEeM 0OpPaTUMOTO BOIO-
poma M BHICOKON MUKINYECKON CTaOMILHOCTBIO TIPU
YMEHBIIICHUY COAEPKaHUI M pa3MepOB HAHOYACTHUIL
HUKEJIS.

Bomopom-akKyMyInpyIOIme KOMIIO3UIIMOHHEIC
MaTepUalibl MOTYT OBITh UCITOJIb30BAHEI IJIsI CO3MaHUS
KOMITaKTHBIX U O€30TTaCHBIX METAJUIOTUAPUIHBIX aK-
KYMYJISITOPOB BOIIOPOIa MHOTOKPATHOTO IEMCTBUS,
KOTOPBIC MOTYT OBITH BOCTPEOOBAHEI JIJIT BOMOPOIHEIX
TEXHOJIOTHI, B TOM YHCJIC TIPX MCITOJIb30BaHUHU BOIO-
poa B Ka4eCTBE XMMUIECKOTO pearcHTa, BOCCTAaHABIIM -
BaloIIeil Cpembl, IUIST TUAPUIHOTO TUCTICPTUPOBAHMS,
IJIST 00eCIIeUeHUST TUTAaHNEM TOTUTMBHBIX 3JICMEHTOB,
TaK1X KaK BBICOKO3((HEKTUBHOTO SHEPTOHOCUTEIS,
IS BOMOPOIHBIX CHCTEM PE3ePBHOTO 3JICKTPOITUTAHMS
W aKKyMYJIUPOBaHUS 3JICKTpOsHEprun. Takme cucre-
MBI HYXKHBI JUIST 00eCIIeUeHs HEIIPEePBIBHOM PabOThI

TEeJICKOMMYHUKAITMOHHOTO 000PYIOBAaHUSI, KOMITHIO-
TepPHOI TEXHUKHU, TPAHCIIOPTHOM MH(MPACTPYKTYPHI,
ABTOHOMHBIX O0BEKTOB 3JICKTPOIIOTPEOICHMS, CUCTEM
0e30TTaCHOCTH M T.1I.

Crioco0 HH3KOTeMIIEPATYPHOTO HaHeCeHHs] HAHOKPH -
CTA/UIMYECKOro MOKPBITHA U3 a/1b(a-0KCHAA ATIOMHHUS
(RU 2676719 C1)

N300peTeHre OTHOCUTCS K CIIOCOOY TTOJTyYeHUS
HAHOKPHCTAJUTMIECKOTO TTOKPHITUS U3 allb(da-oKcuaa
AJIIOMUHUS C BBICOKOI CKOPOCTBIO MPY MTOHUXKEHHOM
temmepatype [9]. Cmocob BKIIro9aeT HaHECCHME Ha I10-
BEPXHOCTb U3MEJIUSI UBOCTPYKTYPHOTO TOJCIIOS U3 OK-
cMIa XpoMa, HarpeB U3Je/usl, TUIaBJIEHUE U UCTIapeHne
AJIIOMUHUS U OCaXkAE€HWE MOKPBITUS HA TTOBEPXHOCTh
U3JEIUsI B KUCIOPOJHO-aprOHOBOM IJ1a3Me pa3psiaa
B YCJIOBUSIX MOHHOM O0oMOapaupoBku. KoHLleHTpauus
aproH-KWCJIOPOJIHOM Mia3Mbl U CKOPOCTh UCIIApEHUs
QIIOMUHUS PETYJUMPYIOT HE3aBUCHMO U B IIUMPOKUX
npeaeaax U3MEHEHUEeM paclipefesieHrsT ToKa MeXay
aHOJOM-TUTJIEM, B KOTOPOM MPOUCXOIUT TLJIaBJIEHUE
U UCMapeHue aJIlOMUHMUS, U TIOJBIM aHOJOM-UOHU3A-
TOPOM, Yepe3 KOTOPHIN HallycKaioT Kuciopon. Pop-
MHpPOBaHNE TTOKPHITUI CO CTPYKTYPOIt alb(a-oKcuma
AJTIOMUHUS TOCTUTAIOT TeM, YTO TIPU 3aJJaHHOM 3Haue-
HUU CKOPOCTU UCTAPEHUS aTIOMUHUS YCTaHABIMBAIOT
BEJIMUMHY MOTEHIIMAAa CMEILIEHUS Ha U3EUSIX U TOK
B LIEMKX aHOJA-MOHM3ATOpa, IIPU KOTOPBIX obecrneyn-
BaeTcs TpedyeMast 1151 GOpMUPOBAHUSI HAHOKPUCTAN -
Jnyeckoit anbda-da3bl OKCUaa aTIOMUHUS TUIOTHOCTh
TOKA U SHEPTrusl MOHOB Ha MTOBEPXHOCTU PACTYLIETO
MOKPBITHUSI.

ITokpeiTUs U3 OKCUAA ATIOMUHMS XapaKTEPU3YIOTCS
BBICOKOI T€PMOCTOMKOCTHIO, XUMUIECKOM MHEPTHO-
CTbIO, TBEPAOCTHIO, TPOYHOCTHIO TIPU CXKATUU, TETLIOU-
30JIILIMOHHOM CITOCOOHOCTBIO U ITMPOKO MPUMEHSIIOTCS
JUTSL 3alUMTHI MBS, SKCIUTyaTUPYIOLIUXCS B yCIIO-
BHUSIX BBICOKMX TEMIIEpATyp WJIU BO3AEHCTBUS arpec-
CUBHBIX cpell. [To COBOKYIMHOCTHU XapaKTEepUCTUK HaU-
OOJIbIIMI MHTEpEC IJIs1 MPAKTUYECKOTO UCTOJIb30BAHUS
MpeacTaBsieT TepMOCTabuIbHasE poMOo3apruyecKas
daza oxcuna amomMuHus (aab@a-oKcu aJloMUHMSA),
TBEPIOCTh KOTOpoii mocturaet 25 I'Tla, a Temmepatypa
rraBiaeHus 2044°C.

Taxxce npedcmaeasiiom unmepec 045 CREUUAAUCTIOB
caedyrouue u300pemenus 6 004acmu HaHOMeEXHOA02UlL:

* YCcTpoHCTBO 3alIMTHOM CUCTEMBI TOPOJICKOM 3a-
CTPOMKM 1 cr1ocob ee Bo3BeneHwus [10].

 [loBbIlIeHNE TOATOBEYHOCTH 06a3aIbTOONOPOOETOHA
HAHOCTPYKTYpHBIMU no0aBKamu [11].

* Cmoco0 mpUTOTOBIICHUS YKPEIUISIIONIETO pacTBOpa
[12].
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*  Crrocob xpaHeHHUsI ITPUPOTHOTO Ta3a IIPH ITOMOIIIH all- 3AK/IIOYEHUE
COpOIIMM B TIPOMBIIIIJIEHHBIX Ta30BBIX OaytoHax [ 13].

*  Croco0 OYMCTKY TTOBEPXHOCTHBIX 1 TTOI3EMHBIX BOI M3BecTHO, YTO MMEHHO TIOIMYJISIPU3AIINs U BHEIAPE-
OT TUTAaHA M €TO COCIMHEHMI C TIOMOIIBIO YIJIEpOA-  HHE M300pPETCHMI SABISIeTCS BaXKHBIM (DAKTOPOM yCIIe-
HBIX HAHOTPYOOK ¥ yiabTpa3Byka [ 14, 20]. Xa MHOTUX MpeyclieBalolux KoMnanuii. Hanpumep,

* Cnoco0 M3roTOBJICHMST CETKHA M3 KOMIIO3UTHOM ap- General Electric, KoTopas BoIJla B MUPOBYIO UCTO-
marypsl [15]. PUIO KaK OJTHA U3 CaMbIX MHHOBAIIMOHHBIX KOMITAaHU M

*  Croco0 TTOBBIIIICHNS BOTOOTTATKUBAIOIINX CBOMCTB 20 BeKa, SIBJISICTCSI KOMIIAaHUEH, KOTOpast M3HAYaJIbHO
BOMMJIOYHBIX MaTepuaaoB ruapohoOHBIMUA HAaHOYA-  [IOIajia B CIIMCOK uHaekca Jloy-/xoHca B 1896 romy
CTULIAMM JUOKCHIA KpeMHUs [16]. 1 0 CUX ITOp TaM HaxomuTcs. [ToaToMy HameeMcs, 4TO

* Crrocob oboratieHus U repepadboTKI TBEPABIX KOM- nyOiuKyeMasl B JTaHHOI pyOpuke nHGopmauus OyaeT
MYHaJIbHBIX OTXOIOB [17—19]. BOCTpPeOOBAHHOU U TOJIE3HOM 7151 CIIELIMATUCTOB.
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About the international Tang Prize

he international Tang Prize was established in Taiwan in 2012. The Tang Prize is the highest

scientific and social award for the outstanding contributions and achievements in the
following nominations: «Sustainable development», «Biopharmaceutical Science», «Sinology»,
«Rule of law» and it keeps the traditions of such events as Olympic movement, Nobel Prize and
other international rewards.

The founder of the Tang Prize

The CEO of the Tang Prize Foundation
is Doctor Samuel Yen-Liang Yin

is Professor Jenn-chuan Chern
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The Tang Prize Medal.

The Tang Prize Medal, designed by Japanese designer
Fukasawa Naoto, is a single piece of 214 g., 99,99 pure
gold. The spiral curves imply the structure of DNA,

a spiral galaxy, an image of a dragon, in addition to
speaking of one’s life force and expressing a dynamism
of movement. Although the spiral curves are based on
a circular structure, they never return to the same posi-
tion. What they express is a sense of infinity that applies
to our history, growth, and life.

2018 Tang Prize Diploma Design Concept
Tang Prize Diploma is a token for recognizing
the contribution of the laureates. 2018 Tang
Prize Diploma design has been commissioned
to the world renowned Dutch book designer
Irma Boom. Abstract and original, the diploma
design is paper art in its simplicity, reflecting
the philosophy of the Tang Prize. Vivid green,
yellow, red, and blue represent the four prize
categories, Sustainable Development, Biop-
harmaceutical Science, Sinology, and Rule of
Law, respectively.

The Prize has been given every two years since 2014. The fund of each nomination is about
1360 000 USD, and additional grants for further research are about 340 000 USD, the total amount
for winner is about 1,7 million USD.

For more detailed information see website
www.tang-prize.org
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O mexxgyHapoaHoun npemum TaH

M exxgyHapogHaa npemua TaH yupexaeHa B 2012 r. Ha TaneaHe. [pemua TaH ABnAeTCA BbiCLLEN
Hay4HOW 1 06LWEeCTBEHHOW Harpaiown 3a BblAaloLWmMeca JOCTVXKEHMA N 3aC/TyT B HOMUHALN-
AX: «<YCTONunBoe passutume», «<bnomeguumHar, «CuHonorusay», «lOprucnpygeHuma», n NpoaoKaeT

Tpaanunn, KOTopblie NMMEKTCA B MI/IpOBOIh MPaKTUKe, Takne Kak Onnmnunickoe noBmxeHunme, Hobe-
NneBCKada npemMna n apyrme mexgyHapoaHble KOHKYPCbI.

OcHoBatenb NMpemun TaH - PykoBoputenb ®oHaga npemun —
poktop Camyan Nen-Jlan UH npodeccop MxeHH-YyaH YepH
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Mepanb npemun TaH

Mepanb pa3spaboTaHa ANOHCKNM gu3aiHepom HaoTto
DdykacaBa 1 npeacTaBnaeT LesfbHbIN Kycok 2141
yucToro 30s5107Ta 99,99 NpPo6bi, BbINOMHEHHDIN B BUge
cnupanu. Cnupanb nogpasymeBaeT co60l CTPYKTYpyY
DOHK, cnupanbHble ranakTuku, 06pas ApakoHa, roBOpuT
O CuJ1e XN3HU 1 BblpaXaeT AVHaMU3M ABUKeHMA. XOTA
cnupany UMeIOT He KOJIbLEBYIO CTPYKTYPY, OHN HNKOT-
[a He BO3BpalLaloTCA Ha Ty e nosuyuio. OHM Bbipaxa-
10T 6€CKOHEYHOCTb, UTO OTHOCUTCA 1 K HaLlel ncropuu,
K TEHAEHL MW POCTa HaLLEen XKU3HN.

Ovnnom NMpemun TaH 2018 aBnaeTca 3HaKom
NpY3HaHWA BbIAALWNXCA JOCTVKEHNI naype-
atoB. Junnom Mpemun TaH 2018 pa3paboTan
BCEMMVPHO U3BECTHbI FONTAHACKNA KHUKHbIN
ausaiiHep Mipma Bym. AGCTpaKTHbI 1 opurn-
HaNbHbIN AN3aMH AUNJIOMa — 3TO UCKYCCTBO
COoBMeLleHMA Ha 6ymare NpPoCTbIX LiBETOBbIX
coyeTaHul, oTpakatowwmx punocoduto Mpe-
mun TaH. ApKO-3eneHbli, XKenTbiil, KpaCHbIN

1 CUHUI NPeACTaBAAIOT YeTbipe Npu3oBble
KaTteropum: «<YcTonuymsoe pa3sutune», «<bnome-
AunumHar, «<CuHonorua» n «l0pucnpyaeHumna»,
COOTBETCTBEHHO.

MNpemuna BpyyaeTca pa3 B ABa roga, HaumHaa c 2014. Ee pa3mep B KaKAow M3 HOMUHaLUN
coctaBnaet okono 1 360 000 gonn. CLUA, a Takke gononHuTenbHble rpaHTbl okono 340 000 gonn.
Ha NpoBeAeHNe AanbHENWNX NccnefoBaHui, utoro okono 1,7 mnH gonn. CLUA gnsa nobegutens.

bonee noppo6Haa nHpopmaumna Ha canTe
www.tang-prize.org
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Research of effectiveness of natural and modified
sorbents for wastewater treatment based
on mica quartzite treatment waste
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Abstract: Results of a research of efficiency of sorbents on the basis of the waste of production and processing of micaceous
quartzites (MQ), montmorillonite clays (MC) modified by humic connections (HC), received by extraction of waste brown coal are
shown.

Chemical composition of mica quartzite processing waste depending on the fraction size was previously investigated: element
structure by method of the power-dispersive X-ray fluorescent analysis and mineral structure by method of X-ray phase analysis,
for purpose of interrelation establishment between the structure of fraction and adsorptive properties of the received composite
sorbents and also for the purpose of an exception as a part of MQ and, respectively, a sorbent of dangerous and toxic substances
I-Il of hazard classes.

The efficiency of adsorption of the obtained sorbents was studied, an increase in sorption activity was found depending on
composition of sorbent and method of modification (preliminary temperature processing and drawing on a surface of a sorbent
of HC nano- and a microdimensional layer). It is determined that the greatest efficiency of adsorption of ions of heavy metals is
observed for the sorbent which underwent temperature modification at 800°C and then HC covered with a layer up to 1% of masses.

Use of waste of MQ containing 40-60% of quartz (SiO,) in composition with MC and with further modification of a surface (up
to 1% of masses.) humic connections will allow receiving highly effective, universal and inexpensive sorbents for sewage treatment
from heavy metals and other pollutants.

The offered composite sorbents will allow to solve several ecologically important problems in a complex: to carry out effective
purification of industrial sewage (machine and instrument-making, metallurgical, petrochemical and other enterprises) of heavy
metals ions and to utilize waste of micaceous quartz processing of and brown coal extraction.

Keywords: waste, micaceous quartzite, montmorillonite clays, humic connections, surface modifying, sewage treatment, heavy
metals ions.
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UccnepoBaHmne 3¢ppeKTUBHOCTN NPUPOAHDbIX
n moanpuLMPOBaAHHDbIX COPOEHTOB AJIA OUNCTKN CTOUYHbIX
BOJ Ha OCHOBE OTXOA0B 06paboTKM CNIOANCTbIX KBAaPLMTOB
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Pe3tome: NoKa3zaHbl pe3ynbTaTbl NccnefoBaHNA SPGEKTUBHOCTU COPOEHTOB Ha OCHOBE OTX0A0B A00bIUM 1 06PabOTKM Chto-
Anctbix kBapumtoB (CK), MOHTMOPUNNOHUTOBBIX rMUH (M), MoandrLMPOBaHHbIX FyMUHOBbIMK coeauHeHnamm (FC), nonyyeHHbIX
nyTem 3KCTpaKLun 0Txo[0B fobblun 6yporo yrnsa.

MpenBapuTenbHO GbiA NCCNEe[0BaH XMMUYECKMIA COCTaB OTXOL0B 06paboTKM CNIOAMCTOrO KBapLumMTa B 3aBUCUMOCTM OT pas-
MepoB GpaKLMU: SNIeMEHTHbI COCTaB METOLOM SHEepPro-AUCNePCMOHHOMO PEHTreHO-PpNyopecLeHTHOrO aHann3a 1 MMHepPanbHbIi
COCTaB MeTOLOM PeHTreHo(ha30BOro aHanM3a, € Liebio YCTaHOBIEHMA B3aVIMOCBA3N MEXAY COCTaBOM GpaKLum 1 aAcopOLOHHbIMI
CBOWCTBaMU NMOJYYEHHbIX KOMMO3ULIMOHHbIX COPOEHTOB, a Tak»Ke C LieNblo cKtoveHua B coctaBe CK 1, cooTBETCTBEHHO, copbeHTa
OMacHbIX 1 TOKCUYHbIX BewecTs |-l kKnaccoB onacHocTw.

M3yyeHa appeKTMBHOCTD aicopbLmK NoTyUeHHbIX COpOEeHTOB, 06HapPYKeHO yBennyeHne COpOLIMOHHON aKTVBHOCTU B 3aBUCU-
MOCTV OT cocTaBa copbeHTa 1 meToAa moanduKaumm (NpefBapuTenbHasa TemnepatypHas o6paboTka 1 HaHeceHne Ha MOBEPXHOCTb
copbeHTa 'C HaHO- N MUKPOPA3MePHbIM CJI0eM). YCTaHOBMIEHO, YTO HanbonbLias 3GGeKTUBHOCTb aAcOPOLIMN MOHOB TAXKENbIX MeTasl-
noB HabniopaeTca ana copbeHTa, NpoLueLlero TemnepaTypHyto moagndmkauuto npm 800°C 1 3atem nokpbitoro cnoem MC o 1% macc.

Mcnonb3oBaHue otxogos CK, cogepawwmx 40-60% kBapua (SiOZ) B KoMno3suumm ¢ MI, n ¢ fanbHenwen moanudukaumnen no-
BEpPXHOCTY ([0 1% Macc.) 'yMUHOBBIMU COEAMHEHNAMYM MO3BOIUT NONYYNTb BbICOKO3IPPEKTUBHDIE, YHUBEPCASIbHbIE U HeAOpOrue
COpOEHTbI AN1A OUNCTKM CTOUHBIX BOA OT TAXESbIX METaNoB 1 APYrUX 3arpAsHUTENeN.

Mpegno)eHHble KOMMO3MLMOHHbIE COPOEHTHI MO3BONAT KOMIMJIEKCHO PELUNTb HECKOSbKO SKOMOMMYECKN BaXHbIX Npobnem:
ocyLecTBNATb 3PHEKTUBHYIO OUNCTKY MPOMbILLIEHHbBIX CTOUYHbIX BOZ (MalUMHO- 1 NPUOGOPOCTPOUTESNIbHBIX, MeTaNlypruiyeckmx, He-
dTEXUMMYECKNX 1 APYTUX NPefNPUATUI) OT MOHOB TAXKENbIX METAINIOB 1 YTUAN3NPOBATb OTXOAbl 06paboTKM COAMCTOrO KBapLa
1 fo6blun 6yporo yrns.

Knioyeebie criosa: oTXOAbl, CIOANCTBIN KBapunT, MOHTMOPWIJTIOHNTOBbIE TMNHbI, 'YMUHOBbIE COeANHEHNSA, MO,El,VId)VILl,VIpOBaHVIe
NOBEPXHOCTU, OYNCTKa CTOYHbIX BOJ, NOHbI TAXKEJIbIX METaJI0B.

Ana yumupoeanus: Apacnarosa J1.X., CanbmaHosa 3.P, Conosbesa E.A., JlapbknHa A.A., Tyktaposa W.0., Hazapos A.M. Viccne-
AoBaHve 3GGEKTVBHOCTY NPUPOAHbIX 1 MOANGULIMPOBaHHbIX COPOEHTOB ANA OUNCTKM CTOUYHbIX BOJ Ha OCHOBE OTXO[0B 06paboTKM
CNIOANCTBIX KBapuunToB // HaHoTexHonorum B ctpoutensbctae. — 2019.-Tom 11, N2 1. - C. 106-116. - DOI: 10.15828/2075-8545-2019-
11-1-106-116.
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BBEJIEHUE

CTqume BOIBI HE(PTEXUMUICCKIX, METAJUTypTride-
CKMX, MAIlTUHO- W TIPHOOPOCTPOUTEIHHBIX OTpac-
JIeH TIPOMBIIIITICHHOCTH COoiepsKaT O0JIbIIIOe KOJTMIECTBO
MOHOB TSDKEJIBIX METAJIOB. JIJIST OUMCTKY CTOYHBIX BOI
OT MOHOB TSDKEJIBIX METAJIJIOB IIPUMEHSTIOT Pa3IMIHBIC
METOIBI, B TOM YKciie 1 copomoHnsie [1, 2]. Miconb3y-
FOT COPOCHTHI Ha OCHOBE aKTUBHPOBAHHBIX YIJICH, TTOJIH-
MEPHBIX U IPYTUX MaTepHUaIOB, OMHAKO 3TH MaTepUAaIIbI
MMECIOT BEICOKYIO CTOMMOCTB 1 TPEOYIOT MCITOIH30BaAHMS
TIPUPOIHBIX pecypcoB [3—5].

Hcnonb30BaHUE OTXOTOB TOPHO-000TaTUTEIBHBIX
kom6uHatoB (I'OK) [6], a Tak:Ke OTXOIOB 1 OTBAJIOB He-
PYIHBIX MaTepuanoB [7—10] TO3BOIUT MoIydaTh HEIO-
porue 1 BEICOKO3(M(PEKTUBHBIC COPOCHTHI TSI OUMCTKI
CTOYHEBIX BOJI.

Jlnst MoguuKaLy MOIYyYeHHbBIX COPOLIMOHHBIX Ma-
TepHajoB IPUMEHSIOTCS (QU3NIECKIE M XUMUICCKIE
METOIbI aKTUBAIINH.

Llenpio naHHOU pabOTHI SBSIETCST pa3padOTKa TeX-
HOJIOTUU TIOJIYYEeHMsI KOMIIO3UIIMOHHOTO COpOeHTa
Ha OCHOBE OTXOIIOB TOOBIYM M OOPAOOTKH CIIFONMCTOTO
KBaplMTa U MOHTMOPUJIJIOHUTOBOI TJIMHBI, a TaKXKe
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HCCIIEMOBAHNE MX alcOpPOIIMOHHON 3(h(hEeKTUBHOCTH
B 3aBIUCHMOCTH OT COCTaBa U TEMIIEPATYPHOTO peXKMMa
TIOATOTOBKU COPOCHTOB.

XUMUYECKUN COCTaB KBAPLUUTOB XapaKTePU3YeTCs
BBICOKHM COIEpKaHUEeM KPEeMHEKUCIOTHI, BXOMSIICH
B COCTaB KBaplia, B MCHBIIICH CTEIICH! CUJIMKATOB.
OKUCITBI Xejie3a CBSI3aHbl C MAarHETUTOM, MEHBIIIAs
YacTh — C TEMAaTUTOM U CIJIMKaTaMM. B KauecTBe BTO-
pocTeneHHbIX npumMeceil npucyrersyior Al,O,, CaO,
K,0, Na,O.

B HayuHOI1 1uUTEepaType MIPUBOMSATCS PE3yIbTaThl
HCCIIeTOBaHIT COPOCHTOB HA OCHOBE MPUPOIHBIX Ma-
TepuaaoB, coaepxamux KBapil [11], a Takke maTeHTHI,
B KOTOPBIX TIPEIJIOKEHBI CIIOCOOBI TTOIyIeHUS COPOCH-
TOB Ha OCHOBE KPEMHHCTO-IICOJIUTOBOM PYIBI, COIEP-
xKateit 10 24% ueonura u 1o 28% ksapuura [12, 13],
M MarHeTUTOBOIO KBaplla B COYETaHUU C LIeOTUTaMU
[14]. OmHako gaHHBIE MATEPUAIILI IJIST OUMCTKH CTOUHBIX
BOJI OT TSIKCJIBIX METAJUIOB MaT03(h(hEeKTUBHEI.

[mMuANCTRIe MUHEPAIBI YCTYIIAIOT IT0 aICOPOIIMOH-
HBIM XapaKTepucTukam meonaurtam [15—17], ogHako
B CBSI3M C BBICOKMMU BSDKYLIMMHU U TIACTU(PULIIUPYIO-
IIUMH CBOMCTBAMU WX MOXHO IIPUMEHSITh B KAUeCTBE
KOMITOHEHTOB TSI TIOJTYICHHMS TIPOMBIIIJICHHBIX acOp-
6eHTOB [18—22].

[MUHUCTHIC TPUPOTHEBIC COPOCHTHI IIPEICTABISIOT
00011 TTOTMMEpPHBIC BBICOKOIMCIIEPCHBIC CHUCTEMBI
CO CJIOKHBIM XMMHUYECKUM cocTaBoM: 40—72% SiO,;
5-33% ALO,; 1,2—15% Fe,0,; no 8% MgO; 4—5% ox-
CHIOB IIEJIOYHBIX M APYTUX METAJIOB, COOTBETCTBEHHO
[14]. dng rIMHUCTBIX MUHEPAJIOB, TaK Xe, KaK W I
LIEOJIUTOB, HAPSIAY C MOHHBIM OOMEHOM XapaKTepHa (hr-
3U4YecKast U MOJICKYJISIpHAST COPOILIMSI.

H3BecTHO, yTo I'C — GUonommMepsl, 00pas3yroniue-
cs B IIOYBE, BOTOEMAX, 3¢MHOI KOpe, KayCTOOMOINTAX.
Bnaromaps nanuumio B coctaBe I'C (pyHKIIMOHATBLHBIX

rpymi (KapOOKCUITbHBIC, (PeHOJIbHBIC 1 CITUPTOBEIC TH-
IPOKCHIIBI, METOKCHIIBHEIC, XUHOUIHBIC, JAKTOHHBIE,
S€HOJIbHBIC, CJIOKHO3(MUPHBIC, ATbICTUIHBIC, KETOHHEIC
TPYIIbI, MOCTUKOBBIA U TE€TEPOLIMKIINYECKUI KUCTIOPOL,
1 T.11.) OHM SBIISIOTCS 3P (HEKTUBHBIMI KOMILIEKCOOOpa-
30BaTeJIIMU TSKEJTBIX MeTaJIOB [23].

Hcnonp3oBanue I'C, MOTydYeHHBIX U3 OTXOMOB 0~
ObI4M OypOTO YIJISl, TIO3BOJISIET TIOJYYUTh BICOKOA((PEK-
TUBHBIC MOIU(DUIIMPOBAHHBIC TTIOBEPXHOCTH COPOCHTOB
Ha ocHoBe otxonoB CK 1 MT.

B ciarogucThix KBapumMTax, 10ObBIBaeMbIX Ha Ypale,
B ToM uncie B Pecriyonuke bamkoprocTtaH, HaOmoaa-
€TCsI BBICOKOE coaepxkaHue KBapua (10 60%), 4ro 1mo-
3BOJISICT MCTIOJI30BATh OTXOBI MOOBIYN 1 IIEPepadOTKH
TMAHHOI TTOPOIBI IPH TTPOM3BOICTBE COPOCHTOB MJIST 3(P-
(eKTUBHOI OUNCTKH CTOYHBIX BOI.

OCHOBHAA YACTb

B HacTosmeit paboTe MCITOIb30BaIMCh OTBITHEIC
00pasibl OTXOA0B AOOBIYU U 00PabOTKHU CIIOAUCTOTO
kBapumTa (CK) TeMsIcOBCKOTo MECTOpOXKICHMS, a TaK-
Ke MOHTMopuyuioHuToBas rmmHa (MI') Kyranakckoro
MecTtopoxaeHus Pecryonmmku banrkopTocTtaH, OTXOIbI
Oyporo yrist TIoIbraHCKOTO MECTOPOKICHUS.

DpaKIIMOHHBIN COCTAB OTXOIO0B JOOBIMU 11 00pabOT-
K{ CTIOOMCTOTO KBApIIUTa CICOYIOIINIA: C pa3MepaMu
dbpakunii 6oee 0,1 mm — 72%; 0,1—-0,3 mm — 15%;
0,3-0,5 MM — 4,5% 1 605ee 0,9 mm — 8,5%.

®paxunu pazmepoM 6ojee 0,9 MM OBLIN MCITOJb-
30BaHBI TI0CJIC BHICYIIMBAHUS 0€3 IIpeaBapUTSIbHON
ITOATOTOBKY. Menkue dhpakimu pazmMepoM MeHee 0,9 Mm
ob6benuHsin (91,5%), 3aTeM cMELIMBAIA C MOHTMOPIII-
JIOHMUTOBOI INIMHOMU B TIportopiinud 1:1 (¢ mobaBmeHmEM
30—40% Boabl), TPaHYAUPOBAJIM, BHICYLINBAIN IPU
200°C. 3aTeM npocenBay Yepe3 CUTO, OTOMPATN OCHOB-

Tabauya 1
MuHepaibHbIiA COCTaB ONBITHBIX 00pa3nos CK
Conepxanue Mmunepana, %
HaumenoBaHue MuHepaia
Pa3mepsi ¢ppakomm 0,3—0,5 mm Pa3mepsi ¢ppaknum 6oee 0,9 mm

KBapig 41,8 60,3

Jlumut 23,3 13,1

MycKoBUT 2,8 5,0

Aipour C-1 5,02 -

AHOpUT 6,4 2,6

MUKpOKINMUH 4,7 16,4

Canau 3,1 5,6

Harponur 4,1 -
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HyI0 (pakumio pa3mepoM o6oee 0,9 MM 1 momBepraxm
TePMIIECKOI 00PabOTKeE IPU Pa3IMIHBIX TeMITepaTypax
(400, 600 1 800°C) B TeueHue 1 yaca.

Hanecenue Ha oBepxHocTh copoeHToB I'C m1poBo-
JIAJTA TI0 METOIMKeE [6].

MuHepanbHBINA cocTaB OIMBITHBIX maptuii CK ObLT
HCCAeI0BaH METOIOM PEHTTeHOMAa30BOTO aHaIM3a
(PDA), pe3yabTaThl KOTOPOTO IPUBEACHBI B TA0. 1.

Crenyer OTMETHTb, YTO conepkanue KBapua SiO,
TIpH TIepexone OT 0ojiee MEIKUX (hpaKIUii Bo3pacTacT
ot 41 10 60,3%.

DJIEeMEHTHBII cOCTaB (B IepecueTe Ha OKCHUIBI) 00-
pasioB otxomoB CK orpemesicst MeTOIOM peHTTEHO-
(bayopeciieHTHOTO HEePTrOANCIIEpCMOHHOTO aHAIU3a
(POB[): SiO, — 65,5%; ALO, — 15,9%; K,O — 6,7%;
Fe,0, — 7,0%; Na,0 — 1,6%; MgO — 0,94%; SO, —
1,36%; MnO — 0,112%; ZrO, — 0,116%; V,0, — 0,055%;
ZnO - 0,027%; Rb,0, — 0,029%; Y,0, — 0,018%.

Ha ocHOBaHUM TTOJTYYCHHBIX JaHHBIX MOXHO OTME-
TUTb, YTO TIPU MEepexoe K 0ojiee MEIKUM (ppaKIImsm
ob1Iee comepkaHNe KPEMHUS U OKCHIA aTIOMUHUS He-
CKOJTIbKO YBEJTMIMBACTCSI, a OKCHIA JKeJie3a — CHIDKACTCS.

Kpowme Toro, nanasie POA 1 POD]1-aHanm30B CBU-
IIETEIBCTBYIOT 00 OTCyTCTBHH B cocTaBe CK TOKCHMUHBIX
u ormacHbIX BerecTB (I—I1I kmaccoB omacHoOCTH).

OmnBITHBIE 00PA3IIBI COCTABOB COPOCHTOB Ha OCHOBE
otxonoB CK 1 MI uccienoBanm Ha 2 PEeKTUBHOCTD afl-
COPOIINH TIPH OYMCTKE MOAEIBHBIX CTOYHBIX BOII, COIEp-

*kammx comu Fe(I1l) ¢ xonteHTpanmeii 0,7 Mt/ (ipe-
TIETHHO JOITyCTHMAsT KOHIICHTPAIIUSI 3Kele3a B ITUTheBOI
Boxe 0,3 mr/m) u Cr(VI) ¢ xonnenTpamueit 0,1 mMr/n
(TIpeneTbHO MOITyCTUMAsT KOHIICHTPAIIMS XpoMa B ITH-
TheBoii Boze 0,05 Mr/m). BBUTO yCTaHOBIEHO, YTO KPYII-
Heie ppakun CK pazmepom 6osee 0,9 MM 1OCTaTOYHO
5(hGEKTUBHO MOTIONIAIOT TSLKEIbIe MeTaUThI (puc. 1),
a Menkue ppakamy pasmMepom MeHee 0,9 MM MCITOTB30-
BaTh B YMCTOM BHUIE OBUIO HEBO3MOXKHO M3-3a HU3KOU
IIPOIYCKHOM CITIOCOOHOCTY TIPU OOBITYHOM TaBJICHUM.
IToatomy st monydeHust copOeHTa ObUT MCTIOIBb30BaH
He uncThlii otxon CK, a ero kommosnumst ¢ MI', koTo-
past moaBeprajaach Harpesy rpu Temmeparypax 400, 600
n 800°C B Teuenue 1 yaca. Kpome Toro, Kak 0bLIO MO-
Ka3aHo B paboTe [6], TyMaThbl IPUBOIST K ITOBBIILIEHUIO
ancopOLMOHHOM 3((PEKTUBHOCTU B TIPOILIECCE OUMCTKU
CTOYHBIX BOI OT TSKEJIBIX METAJIJIOB, TIO3TOMY B psIIe
SKCIIEPUMEHTOB OBIIN MCCICAOBAHBI 00pa3IIbl, MO -
¢ummposannasie I'C MUKpPO- 1 HAHOPa3MEPHBIM CIIOEM.
KoHIeHTpammy MOHOB Xejie3a U XpoMa OIIPEIess-
JINCH TI0 M3BECTHBIM METOIMKAM C IIPUMEHEHHEM KOM-
IUIEKCOHOMETPUH U CITeKTpo-(poTomeTpnu [24, 25].
HccrenoBaHme TIporiecca OYMCTKA MOIETBHBIX CTOY-
HBIX BOJI OT MOHOB XeJle3a U XpoMa IIPOBOIMIOCH TP
KOMHATHOI TeMIIepaType B IPOTOYHOM pEeXKMMeE: B KO-
JIOHKY mrameTpoM 10 MM u BeIcoTO# 200 MM 3arpyxa-
JI COPOEHT, Yepe3 KOTOPHIN ITPOITyCKaIach MOICIbHAST
cTouHas Boga co ckopocthio 0,3—0,5 nm3/4 [26].
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Puc. 1. KuneTyecKkre KpuBble CHIDKEHHS KOHIIEHTpauu HoHOB keJie3a (11I) B MomesHOM pacTBOpe CTOYHBIX BO,

B Ipoliecce MPOIyCcKaHus Yepe3 oopasmpl 1 u 2
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HccnenoBanust mMpoBOAMINCH C UCTIONb30BaHeM  — obOpasenr 3 — «CK» (dbpakuus pazmepom Oosee
COpPOEHTOB PA3JIMYHOTO COCTABA: 0,9 MM, 6e3 ipokanuBanusl, ¢ HaHeceHreM ['C (1%));
— obpa3zer; | — «CK» (ucronszoBanachk dpakunst CK — obpazenr 4 — «CK+MTI'» (ucronb3oBanach hpakims

pasmepom Gostee 0,9 MM, 63 TpOKATMBAHUS); pasmepom MeHee 0,9 MM, mpokaieHHas mpu 800°C,
— o6pa3supl 2, 2-1 u 2-2 — «CK+MI» (dbpakuus pas- ¢ nocienyomuM HaneceHueM ['C (1%)).

Mepom MeHee 0,9 MM, ipokaneHHas ipu 800, 600 KuHetnueckue KpuBble 3aBUCMMOCTU KOHIIEHTPA-

1 400°C, COOTBETCTBEHHO); 1IMM MOHOB XeJe3a U XpOMa B MOAEIbHBIX PAaCTBOPAaX
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Puc. 2. KuneTnuecKkne KpuBble CHIDKEHHS KOHIIeHTpauu noHoB xpoma (VI) B MogeIbHOM pacTBope
CTOYHBIX BOJI B MPoOIIecce MPOMyCKaHus Yepe3 oopa3upi 1 u 2
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Puc. 3. KuHeTHuecKne KpuBble CHIZKEHHSI KOHIIEHTpauy HoHOB KeJe3a (111) B MomeasHOM pacTBOpe
CTOYHBIX BOJI B IpoIiecce MPOIMYCKAHNUS Yepe3 00pa3mpl 3 u 4

hitp://nanobuild.ru 111 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTponTenbCTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (1):
106-116

Nanobull

RATIONAL USE OF NATURAL SOURCES - PALINOHAJIbHOE UCIOJIb30BAHUE INMPUPO/HbIX PECYPCOB

Tabauya 2

D¢ eKTHBHOCTD OYMCTKH MOJIEIbHBIX CTOYHBIX BOJI C PUMeHEeHHeM copOeHTOB Ha ocHoBe 0Tx010B CK u MTI

HcxonHasi KOHIEHTPANKS HOHOB TSKeJIbIX METAJLIOB
YeJi0BuS MOJTydeHHs] COPOEHTOB . .
B MOJIEJIbHOIi CTOYHO# BoOjie

0,7 mr/n uonos Fe | 0,1 mr/a uonos Cr

Pazmep Conepxanne | Temneparypa | Conepxanue I'C B copOenTe nocie ux Moguduxanun rymaTamu,
bpaxkumii MT B copben- | monudukanuu % Bec.

copbenta, MM | Te, % Bec. | copbenra, °C | 1 | 0 | 1
D eKTUBHOCTb OUNCTKH OT MOHOB TSIKEJIbIX METALIOB (), %

6outee 0,9 0 20 99,0 99,5 65,0 -

400 57,1 — — —

menee 0,9 50 600 88,5 - - -

800 94,3 97,3 70,0 —

CTOYHBIX BOJ MOCJIE IIPOMNYCKAHUS X Yepe3 KOMIIO3M-
LIMOHHbIE COPOEHTHI Ha OcHOBE 0TX010B CK mpuBeaeHbI
Ha puc. 1-3.

DD heKTUBHOCTH COPOIIN WIIN CTETIEHD TTOTJIOIIECHUS
(o) ompenenstach 1Mo opmyiie:

a=(C,_—C)+100/C

nex’

rae C,_ m C — ucxoaHas M paBHOBECHAs KOHLEH-
TPaIl¥ MOHOB TSKEJIBIX METAJUIOB B PaCTBOPE, COOT-
BETCTBEHHO, MI/IM?.

DKcIeprMeHTATbHBIC JaHHBIC TT0 N3YYCHIIO 3aBUCH -
MocTU 3((PEKTUBHOCTU COPOLIUMN U CTETICHU TTOTJIOLIE-
HuA () oT ppakiImoHHOTO coctaBa oTxomoB CK u yc-
JIOBUI MOAM(UKALINY COPOESHTOB IIPUBEIEHEI B Ta0I. 2.

AHaIM3UPYS TIOJyYeHHBIC JaHHBIC, MOXHO OTME-
TUTh, 4TO 0Opa3ell 1 mokaszai 3(pheKTUBHOCTH COPOIIUN
HMOHOB XeJe3a 99% u noHoB xpoma — 65 %, cOOTBET-
CTBEHHO.

Kowmmosnmn Ha ocHoBe CK ((ppakius pasmepoMm
meHee 0,9 Mmm) 1 MI', monBeprimecs TepMAIECKOMN
o0pabotke mpu Temmneparypax 400 u 600°C, mokasann
addexruBHocTs 57,1 u 88,5%, coorBercTBeHHO. Hau-
OoJIhbINasl CTETICHb OYMCTKU MOIEIBHBIX CTOUHBIX BOII
OBbLIa yCTAaHOBJICHA IIJIsT 0Opa3na 2 (ITpoKaJIeHHOTO TP
800°C) — 94,3%).

O0pa31bl COPOECHTOB ¢ HAHECEHHBIMU Ha MX ITOBEPX-
HOCTb TYMUHOBBIMU coenuHeHussMu (1%), MoydeHHbI-
MM METOIIOM IIEJIOYHOM 3KCTPAKIINU OTXOIOB TOOBIYHN
OypoTo yIJIsI, ITOKA3bIBalOT MaKCUMAJIBbHYIO 3(P(PeKTUB-
HOCTb: Ha0I10aeTCcsl pOCT MpHU Tepexoe oT odpasia 1
K 00pasiy 3 — 99 1 99,5%, a or o6pasiia 2 K oopasiy 4 —
94,31 97,3%, COOTBETCTBEHHO.

3AK/IIOYEHUE

[TokazaHo, YTO KOMITO3NLIMOHHBIE COPOEHTBI, TIOJTY-
YeHHBIC Ha OCHOBE OTXOMIOB TOOBIYU 1 OOPAOOTKH CITIO-
IHICTOTO KBAapIIUTAa 1 MOHTMOPWLTIOHUTOBBIX TJINH, MO-
IUGUIMPOBAaHHBIC ABYMS MeToIaMH (TIpeaIBapuTeIIbHAS
TepMHUUYecKast 00padboTKa rpaHyIMPOBAHHOTO KBapIIUTa
npu remrepatypax 400—800°C n Hanecenue I'C Ha no-
BEPXHOCTH COpOCHTA MUKPO- ¥ HAHOPA3MEPHBIM CIIOEM)
MOTYT OBITh MCTIOJIB30BaHBI IJIsT 3(P(EKTUBHOM OUMCTKH
CTOYHBIX BOJI IIPOMBIIIIJICHHBIX TIPSAIPUSTHI OT TSLKe-
JeIX MeTajutoB (Ha mpumepe noHoB Fe(I1I), Cr(VI)).

M3ydeHa 3aBUCHUMOCTD 3(D(EKTUBHOCTHA COPOCHTOB
OT UX XUMUYIECKOTO M (PPaKIIMOHHOTO COCTaBa, OT BJIM-
STHUST TeMIIepaTypbl Mogudukanny 1 HaHneceHus: ['C
Ha IMMOBEPXHOCTh MUKPO- U HAHOPa3MEPHBIM CJIOEM.

VYcraHoBiaeHo, yTo HanboJbiast 3(pPEeKTUBHOCTD
agcopbLmMy HabmogaeTces 11 oopasios 1 u 3.
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RUSNANO PROJECTS - [TPOEKTbl POCHAHO

Composite materials <NCC» have been used
to repair aerotanks «Yaroslavsky broiler»

N anotechnological center of composites» (<NCC») which stockholder is Fund of infra-
« structural and educational programs by RUSNANO developed and launched pro-
duction of special composite handrails made of glass-fiber composite. The pilot project has
been performed on poultry plant «Yaroslavsky broiler» (Yaroslavl) in the course of modern-
ization of aerotanks of waste treatment facilities.
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RUSNANO PROJECTS « [TPOEKTbl POCHAHO

Komno3sutHblie matepuanbl «<HLK»
NCNONb30BaHbl AN PeMOHTa a3POTEHKOB
«fApocnaBsckoro 6ponnepa»

?.I "'-‘“I“IIﬁv\ il I

Dot

HaHO'rexuonorwquKwﬁ yeHTp Komno3utosB» («kHLUK»), akunoHepom Kotoporo asns-
« etca QoHA MHPpacTpyKTypHbIX N ob6pasoBatenbHbix nporpamm POCHAHO, pas-
pa6oTtan n Hayan NPon3BOACTBO CNeLnaNbHbIX KOMMO3UTHbIX NEPUIbHbIX OrpaXkaeHun ns
cteknonnactuka. MunotTHbIN NpoekT peanusoBaH B flpocnasne Ha nTuuedabpuke «Apoc-
naBcKui 6poiinep» B xofe PEKOHCTPYKLMN a3POTEHKOB OUNCTHbBIX COOPYXKEeHUIA.

KOHCTpYKUMA NepUIbHbIX OrpaXkaeHNN N KOMMO3UTHBIV MaTepuan paspaboTaHbl C y4eToM no-
CTOSIHHOW 3KCMyaTauuy B XMMUYECKU arpPeccrBHBIX YCNIOBMSAX, ObICTPO paspyLualowmx meTtas-
NNYecKne KOHCTpyKumn. CTeKNonnacTuKoBbli NPoduib, NCMNONb30BaHHbIA MPU NPOWN3BOACTBE
orpakaeHuii, He NOABEPXKEH KOPPO31M, MPEBOCXOANT CTaslbHble aHANOr MO PALY MPOYHOCTHbIX
XapaKTepUCTUK, CocobeH 3KCnyaTMpoBaTbcA B TeueHme 30 neT, He TpebyeT oKpacKu.

KoMMNo3uUTHble NepusibHble OrpaXkAeHWs TPAAMLNOHHO MPUMEHAIOTCA KaK 3aMeHa MeTaniu-
UECKMX Ha MOCTOBbIX COOPYXXEHUAX. B 0TnnMume oT MeTannmueckmx, KOMNo3uTHble nepwna npo-
n3sopctea OO0 «HLK» umetoT psag 3HaUUTENbHbIX NPEMMYLLECTB: Masblii BEC, KOPPO3NOHHYIO
CTOMKOCTb, JONIFOBEYHOCTb, paKTMUECKOE OTCYTCTBME 3aTpaT Ha 0O6CY>KMBaHUE B NepUog SKCny-
aTaLMK 1 NPOCTOTY 3aMEHbI 3IEMEHTOB KOHCTPYKLMK. [10 XKenaHuio 3aKa3urka, MaTtepuasny MOXHO
M3HauanbHO NpMAaTh N06ON LBET, B AaSIbHENLLIEM MOKPacKa He NoTpebyeTcs.

CTeknonnactTukoBbli NPodusb, Kak anbTepHaTBa TPAANLMOHHOMY MeTananyeckomy, Hanbo-
nee 3pPeKTUBEH B YCNOBUAX arpecCrBHbIX Cpef, BbICOKOW BaXHOCTU, Hanpumep, Ha MP3C, ToL,
A3C. B utore, xota 310 orpaxaeHue Ha 10% fopoxke OObIYHOrO MeTa/INYEeCcKoro, 3a CYeT 3Ha-
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RUSNANO PROJECTS « [TPOEKTbl POCHAHO

YATENBbHOINO yaNMMHEHNA MEXPEMOHTHbLIX CPOKOB, MUHNMAJIbHbIX 3KCMJTyaTalMOHHDbIX pPaCcXoaoB,
NPOCTOTbl PpEMOHTAa KOMMO3UTHbIE MaTepPMalibl OKa3biBaloTCA SKOHOMUNYECKHN 6onee BbIrOAHbIMW.

«JTerkoctb KOHCTPYKLUM, MOXET ObITb, He BCerga Hy»Ha. Ho fonroseyHoCTb aKkcnnyaTaymm —
HeoMpPOBEPXNMOE MPENMYLLECTBO KOMMO3UTHbIX MaTepunanos, — yoexaeH ANpeKTop Nno Hayu-
HO-TEXHMYECKMM Bonpocam npoektHon geAatenbHocTn YK «POCHAHO» Bnadumup Cknap. — Kom-
MO3UTHble MaTepUanbl MOTYT 3aMEHUTb BCe METANINIMYECKUX OTPaKAEHMA Ha OTKPbITOM BO3AyXe,
B arpeccuBHbIX Cpefax. PbIHOK Bcerga HEMHOro KoHcepBaTMBeH. Ho aAna noTpebuTtenein, KOTOpPbIM
BaXKHbl HE TONIbKO KanuTasibHble, HO U 3KCMJlyaTaLMOHHbIE pacxoAbl, BbIOOP B MONb3y CTeKnonna-
CTUKa JosiKeH ObITb o4eBUAEH. VIX He HY>KHO KpacuTb, 3TO XOPOLNIA AUINEKTPUK, He TpebyeTca
n3onnposatb. CO BpeMeHeM KOMMO3UTbl 3aiMyT AeCATKN NPOLIEHTOB HbIHELLIHEro pbiHKa MeTan-
NMYecKoro Npoduna — KOHCTPYKLMOHHOIO MaTepurana, MMEILWEro WwupoYaniee npuMeHeHue.
Ocob6eHHO aKkTyanbHO 3TO AJ1A TOPOACKOro CTPOUTENLCTBA. «YMHbBIV rOpOoL» AOMIXKEH B TOM Uyncne
BKJIlOUYATb YMHbI€ M HU3KO3aTpaTHble NPpW SKCMayaTaLm KOHCTPYKLNOHHbIE MaTepurarnbl».

C yBaxkeHuem,
npecc-cnyx6a GoHpa MHGPaACTPYKTYPHbIX
1 06pa3oBaTeibHbIX NPOrpaMm

MNp-1 60-netna OkTAbpsA, a. 10A, Mockea, 117036
T.:+7 495 988-53-88, n06. 1631
WWW.rusnano.com
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ON THE OBSERVANCE OF PUBLISHING ETHICS BY THE EDITORS

OF ELECTRONIC EDITION «<NANOTECHNOLOGIES IN CONSTRUCTION:
A SCIENTIFIC INTERNET-JOURNAL» AND THE STATEMENT

OF PREVARICATION ABSENCE.

ON THE USE OF THE CONTENT IN ACCORDANCE WITH CREATIVE
COMMONS CC-BY «<ATTRIBUTIOND».

DECLARATION OF THE OPEN ACCESS JOURNAL.

General statements

These are the principle ethical regulations which are observed by the editors of electronic edition «<Nanotechnolo-
gies in Construction: A Scientific Internet-Journal»:

1. The paper publication in the journal is free of charge.

2. No plagiarism is allowed. That concerns the case when the author submits published or unpublished paper by
other authors under his name as well as the case when the author misappropriates one’s ideas. If the author uses the
fragments borrowed from other sources in his paper, he should make a reference to these sources. The examples of
the references are given in the section «For the authors».

3. The editors publish the papers of the authors from all countries and of all nationalities who deal with the prob-
lem determined by the editorial policy.

4. The editors don't cooperate with the authors who have ever been caught in plagiarism in his papers submitted
to the electronic edition «Nanotechnologies in Construction: A Scientific Internet-Journal» or other editions if this fact
will be revealed.

5. The editors use software to reveal plagiarism related to the papers available in Internet.

6. The editors will be grateful to the readers for any information concerning revealed elements of plagiarism and
breaking of ethical rules by the authors. This information will be published in the edition.

7. The editors undertake obligations not to publish papers appealing for terrorism and containing xenophobia
and offences of other authors or citizenry.

8. Blind peer review procedure is applied to all manuscripts. At least three outer experts review each paper.

9. Among the requirements to be met by the reviewers there is plagiarism elements disclosure. The reviewers'’
duties are given in the section «For the reviewers».

10. Unreviewed papers or editorial materials are marked by proper references.

11. The journal allows authors to keep author’s rights and their rights on publication without restrictions.

12. The authors of the materials published in the journal permit using their content according to the license Cre-
ative 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. More details about the license Creative Commons
CC-BY are available here http://creativecommons.ru/.

13. Declaration of the Open Access journal. The editors follow the politics of «open access» for the published
materials. According to the Budapest Open Access Initiative (BOAI) the editors consider free access to the published
materials in Internet and the right of each user to read, download, copy, distribute, print, search or link to the full
text papers, search with indexer robot, enter them as data in software or use them for other legal purpose without
financial, law or technical obstacles excluding those that regulate access to the Internet itself. The only restriction for
reproduction and distribution and the only condition of copyright in this area must be the author’s right to control
the entity of his work and obligatory links to his name when his work is used and cited. More information about the
Budapest Open Access Initiative is available here http://www.budapestopenaccessinitiative.org/boai-10-translations/
russian.
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The full texts (parts or metadata) of the papers published in the journal «Nanotechnologies in Construction:
A Scientific Internet-Journal» are free accessed in Internet at the official website of the edition (www.nanobuild.
ru), Scientific electronic library eLIBRARY.RU, citation systems (data bases): ISSN, Russian Index of Scientific Citation,
Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib,
CrossRef et al.

Every paper must contain the following information: place of work (university (institute), enterprise and other
types of organizations, city, and country), position, academic degree, academic title, full postal address and email that
allows scientists and specialists from different countries to contact authors.

Each paper is assigned UDC, DOl and metadata of the paper contains machine-readable information on CC-licens-
es (HTML-code), other identifiers of the materials.

14. The detailed information about publication ethics, the material reviewing procedure, license principles, decla-
ration of Open Access journal, observance of author and joint rights to follow is presented in international standards,
laws of the Russian Federation, professional codes, and guidelines. One of them is International standards of the Com-
mitte on Publication Ethics (COPE), licenses Creative Commons, Budapest Open Access Initiative, the guidelines for
Elsevier's reviewers, Civil Code of Russian Federation (item IV), the law of RF «<On mass media», the law of RF «On the
advertisement», Code of the journalist professional ethics, Code of scientific publication ethics etc.

For the editor-in-chief

Decision on Paper Publication. The editor-in-chief of electronic edition «Nanotechnologies in Construction:
A Scientific Internet-Journal» 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 sci-
entists and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial
council and 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 editorial council, editorial board or reviewers.

Justice. 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.

Confidentiality. The editor-in-chief, editorial staff, members of the editorial council must not disclose information
on the submitted manuscript to the third person except for the author, reviewers, potential reviewers, the editorial
council’s consultants, and the publisher.

Disclosure and Conflict of Interests. The information contained in the submitted paper cannot be used in the
paper of the editor-in-chief, members of the editorial council or 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.

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

The editor-in-chief should ask all authors to present information on the certain competitive interests and publish
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.

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

For the reviewers

Review of the paper assists the editor-in-chief to take decisions on the publication of it, and the reviewers’
criticism can help the author to improve his paper. The editors of electronic edition «Nanotechnologies in
Construction: A Scientific Internet-Journal» appoint reviewers from the members of the editorial council, edi-
torial board or engage outside experts. Review is aimed at evaluation of scientific importance and novelty of
the submitted manuscript. The authors of the submitted manuscripts recognize expediency and necessity of
the review. Having agreed to do review, the future reviewer undertakes the following obligations.

Promptness. The persons addressed by the members of the editorial staff through the editor-in-chief in respect to
the review of scientific papers, have ethical obligations concerning the efficiency of review. If it is not possible to pres-
ent the review within the given period, one must inform the editor-in-chief about that and new reviewer is appointed.
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Confidentiality. Each manuscript submitted to the review is to be reviewed as a confidential document. It is not
to be examined and discussed with the third persons, except for those appointed by the editor-in-chief.

Neutrality. The reviews must be done impartially. No personal accusations for the author are allowed. The re-
viewer should express his point of view in a clear and reasoned way.

The reference evaluation. The fact that there are no references in the manuscript should be marked and consid-
ered by the reviewer. If the manuscript partially of completely coincides with the publications known by the reviewer
and the references to these publications are absent, that must be pointed out by the reviewer. The examples of the
bibliographic references are given in the section «For the authors».

Plagiarism disclosure. In the case of suspicion of paper duplication or plagiarism the reviewer should point out
this fact in his review.

Ethical rules. Confidential information and ideas of reviewed paper must not be disclosed. Materials of the re-
viewed paper must not be used for reviewer’s self-profit. The reviewer follows the rule according to which he doesn’t
use ideas and statements obtained from the reviewed paper in his own work and publications without written per-
mission of the author.

The reviewer should not review the paper if there is a conflict of the interests evolving from competition, coopera-
tion or other relations with someone from the authors, companies and organizations which are related to the paper.

For the authors

1. The authors submit to the editors:

* electronic manuscript (by email info@nanobuild.ru) performed according to the paper format guidelines for
text and graphical materials given in Appendix 1. The topics of published materials must correspond to the
topics stated by the editors of the electronic edition «<Nanotechnologies in Construction: A Scientific Internet-
Journal» in Appendix 2. The format of submitted papers must be done according to the structure given in
Appendix 3.

* 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 CC-BY «Attribution»; agree that each paper is assigned UDC, DOI and that metadata of the paper contains
machine-readable information on CC-licenses (HTML-code) and another identifiers of the materials; agree to publish
full texts (parts or metadata) of the paper in free access in Internet at the official website of the edition (www.nano-
build.ru), Scientific electronic library eLIBRARY.RU, citation systems (data bases): ISSN, Russian Index of Scientific Cita-
tion, Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib,
CrossRef, ProQuest et al.

All that authors indicate in the cover letter. More details about the license Creative Commons CC-BY are available
here http://creativecommons.ru/.

2. The paper should reflect the results of original research and its relation to the previous research performed by
the author himself or other scientists. The relation to other research can be presented directly in the body of the paper
as well as in the form of the references to the previous sources. If the author uses the material from other publications,
the paper must contain the references to these materials. The references follow the body of the paper. The examples
of the references are given in Appendix 4.

When writing a paper, one should follow the principles of professional ethics, be competent, objective and an-
swerable.

3. The editors, the editorial council or the editorial board may ask the authors to present all firstprimary sources
and materials relating to the submitted paper. Materials must be kept for 1 year after the paper has been published.

4. Every paper published in the journal is peer-reviewed to confirm its originality and correspondence to
paper format guidelines. The use of other scientists’ results and thoughts must be done in a proper form. No
plagiarism is allowed. The authors must confirm the fact that the paper is published for the first time or they ask
to publish it for the second time.

5. The information obtained in informal way, for example, in private discussion or correspondence, cannot be
presented in the paper without written permission of the source of information. The information which source is a
private activity, in particularly, reviewing of manuscripts or grant applications, cannot be used in the paper without
written permission of the authors.

6. Republication of the paper on the editorial council’s (or editorial council’s) own initiative is made in agreement
with the authors, editors and holder of the intellectual property right on the paper. In the case of the paper republica-
tion the publisher is to make a statement on that.
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To submit a paper with co-authors is possible if all persons indicated as co-authors made their contribution to
development of the concept, design, performance or interpretation of the described research.

If the contribution of a person who cooperated on the research described in the paper is not enough significant to
regard him as a co-author, he should be acknowledged in the paper.

The paper publication for post-graduates is free of charge.

7.The contact author must provide reading and approval of the final version of the paper by all co-authors, as well
as their approval to the publication.

8. In the case of conflict of interests including potential one the author or co-authors must inform the editors
as soon as possible. When a principle mistake or inaccuracies have been revealed in the issued paper by the author
himself, he must urgently inform the executive editor and render editor-in-chief efficient assistance to publish dis-
proof or correction. If the editor-in-chief gets the information on the serious mistake contained in the paper from
the third person, the author must present urgent disproof of that at the same time producing proofs of his rightful-
ness to the executive editor (or to the editor-in-chief) and provide necessary changes.

9. The authors should be aware of the fact that the editors, the editorial council and the editorial board of the
electronic edition «Nanotechnologies in Construction: A Scientific Internet-Journal» take the responsibility for the
assistance to scientific community to observe all aspects of publishing ethics, particularly in the cases of paper dupli-
cation or plagiarism.

10. The authors of the published materials are responsible for the reliability of the given information and the use
of the data which are not to be issued in public. The editors have the right to make corrections. The editors’ opinion
can be different from the authors’ opinion; the materials are published to discuss the problems of current importance.
The editors are not responsible for any information contained in advertisement.

11. Having reviewed the submitted materials, the editors notify the authors of their decision by email. If the paper
has been rejected, the editors send reasoned refusal to the author.

12. Any full of partial reprinting of the materials is allowed only by the written permission of the editors.

Dear authors,
we kindly ask you to adhere strictly
to format guidelines when formatting your paper.
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Appendix 1

The paper format guidelines

The papers are submitted by email (info@nanobuild.ru)
and formatted in the following way.

1. The body of the paper
«  The number of pages in the paper — more than 3 but less than 10 pages in A4 format.
Margins: left and right — 2 cm, bottom and upper - 2,5 cm.
The body of the paper is performed in Word.
The font of the body - Times New Roman.
The font size of the text is 14 pt, the factor of line-to-line spacing - 1,15.
To keep the style uniform, don't use font effects (italics, underlined etc).
Indention — 1 cm.
Complex formulas are performed by the means of MS Equation 3.0. contained in WinWord.
Formulas are placed in the center of the column (page) without indention, their numbers are given in round brack-
ets and are placed in the column (page) with right justification. If there is only one formula in the paper, it is not
numbered. Above and at the bottom of the text formulas are not separated by additional space.
To make the reference to the formula in the text use round brackets (1), to make reference to the bibliographical
source use square brackets [1].
The size of the references is 12 pt.

2. Graphical design of the paper
Illustrations are stored in vector format eps or in any other design applications of MS Office 97, 98 or 2000.
After the first mentioning of the diagrams, pictures and photos in the text, they are inserted in the form which is
suitable for the authors.
The legends (12 pt, normal) are placed under the figures in the center after reduced word Fig. and number (12 pt,
bold) of the figure. If there is only one figure, it is not numbered.
Between the legend and the following text — one line-to-line spacing.
All pictures and photos must be contrast and the resolution of the pictures and photos must be no less than
300 dpi. lllustartions are desirable to be coloured.
The lines of the diagrams must not be thin (the line width — no less than 0,2 mm).
Copies and figures scanned from the books and journals of a low quality and resolution are not accepted.
The word Table and the number of the table are placed with right justification. The heading of table is on the next
line (center adjustment without indention). Between table and the text — one line-to-line spacing. If there is only
one table, it is not numbered.

3. The format of the modules
Modules must be contrast and the resolution of the modules must be no less than 300 dpi (format .jpg).
The size of the modules, mm:
1/1 =210 (width) x 297 (height);
1/2 - 170 (width) x 115 (height).
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Appendix 2

The Topics of Published Materials

«  Nanostructured systems strength and penetrability formation theory development.

« Mathematical quantum and other types of models for nanomaterials characteristic research.

+ The problems of nanomaterials and nanotechnologies implementation in construction and building materials.

« Technological principles of nanostructures creation (liquid melts, sol and gel synthesis).

« Creation of new functional materials in construction.

- Development of transition principles «disorder-order» when creating composites with the use of synergetic and
other approaches.

+ Study of different technological principles when creating nanosystems in industrial production.

« Diagnostics of building systems nanostructures and nanomaterials.

« The problems of obtaining of high-density and high-durability building materials (concretes, ceramics etc.).

- Technologies of mineral particles grinding to nanodimensional levels.

« Technology of blending mixtures with nanodispersed particles and methods to activate them.

«  Hydrodynamic methods and other methods of aqueous suspensions and solutions activation.

- Modification of aqueous solution of different nanodimensional additives used in construction.

+ Research in the area of powder nanomaterials toxicity.

« Metal reinforcement modified by nanodimensional materials in production process.

« Carbonic, basalt and aramid fibers and other types of fibers of small diameters with nanodimensional structural
characteristics.

« Cement and other binders with mineral and organic additives.

«  Concretes and solutions modified by nanodimensional additives.

«Mineral particles suspensions used for laques, paints as well as for modifiers for concretes and solutions; proper-
ties, fabrication method and durability.

« Organic materials dispersions used in laques and paints production as well as to manufacture additives for con-
cretes and solutions; activation methods and durability of these dispersions.

« Use of nanopowder of different nature to modify building materials properties.

«  New characteristics of building materials based on nanosystems.

+ Modification of building materials with nanofibers.

- Disperse composite materials with nanocoating.

«  Formation of nanostructure coatings by means of laser sputtering.

«  Development of the methods aimed at studying materials nanostructure on the basis of disperse systems, includ-
ing studying of vacuum nanoobjects in porous systems.

- Technologies aimed at studying nanomaterial properties.

+ The systems of teaching the fundamentals of nanotechnologies.

The topics can be different, directly or indirectly related to the areas mentioned above.
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The structure of the paper

SECTION (In English) / SECTION (In Russian)

DOI
UDC

Title (In English)

Author(s):

Place of employment for each author (university
(institute), enterprise or other companies, city, country),
position (In English), email of each author

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, contain

main results of research, structured, compact -
200-250 words) (In English)

Keywords: (In English)
Acknowledgements: (if available) (In English)
For citation: (In English)

Machine-readable information on CC-licenses
(HTML-code) in metadata of the paper

The paper has been received by editors:
The paper has been received by editors
after peer-review:
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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, contain

main results of research, structured, compact -
200-250 words) (In Russian)

Keywords: (In Russian)

Acknowledgements: (if available) (In Russian)
For citation: (In Russian)

Text of the paper: (In English)
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MAIN PART
CONCLUSION

Text of the paper: (In Russian)
INTRODUCTION

MAIN PART
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References: (In English)
References: (In Russian)
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Appendix 4

Reference Formats
(according to guidelines of VINITI RAN)

References are given after the text of the paper. The references in the list must be numbered.

Description of a Paper from Electronic Journal:

Falikman V.R., Vainer A.Y. Photocatalytic Cementitious Composites Containing Mesoporous Titanium Dioxide
Nanoparticles. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2014, Vol. 6, no. 1, pp. 14-26. Avail-
able at: http://nanobuild.ru/en_EN/ (Accessed __ ____).(InRussian).

Note: Volume 1 - 2009; Volume 2 - 2010; Volume 3 - 2011; Volume 4 - 2012; Volume 5 — 2013; Volume 6 - 2014;
Volume 7 - 2015; Volume 8 - 2016 etc.

Description of a Paper from Journal:
Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timonov A.V., Kardymon D.V. Technical and economic optimi-
zation of hydrofracturing design. Neftyanoe khozyaistvo — Oil Industry, 2008, no. 11, pp. 54-57. (In Russian).

Description of a Paper from Ongoing Edition (Proceedings):

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnosti soedinenii «stal’-kompozit» [Experi-
mental study of the strength of joints «steel-composite»]. Trudy MGTU «Matematicheskoe modelirovanie slozhnykh
tekhnicheskikh sistem» [Proc. of the Bauman MSTU «Mathematical Modeling of Complex Technical Systems»], 2006,
no. 593, pp. 125-130.

Description of a Paper with DOI:

Korolev E.V., Smirnov V.A,, Evstigneev A.V. Nanostructure of matrices for sulfur constructional composites: meth-
odolody, methods and research tools. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2014, Vol. 6,
no. 6, pp. 106-148. DOI: dx.doi.org/10.15828/2075-8545-2014-6-6-106-148.

Description of Conference Proceedings:

Usmanov T.S., Gusmanov A.A., Mullagalin .Z., Muhametshina R.Ju., Chervyakova A.N., Sveshnikov A.V. Features
of the design of field development with the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma
«Novye resursosberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc. 6th Int. Symp.
«New energy saving subsoil technologies and the increasing of the oil and gas impact»]. Moscow, 2007, pp. 267-272.
(In Russian).

Description of Book (Monograph, Collection):
Lindorf L.S., Mamikoniants L.G., eds. Ekspluatatsiia turbogeneratorov s neposredstvennym okhlazhdeniem [Op-
eration of turbine generators with direct cooling]. Moscow, Energiia Publ., 1972, 352 p. (In Russian).

Kanevskaya R.D. Matematicheskoe modelirovanie gidrodinamicheskikh protsessov razrabotki mestorozhdenii ug-
levodorodov [Mathematical modeling of hydrodynamic processes of hydrocarbon deposit development]. Izhevsk,
2002. 140 p.

Description of Translated Book:

Timoshenko S.P, Young D.H., Weaver W. Vibration problems in engineering. 4th ed. New York, Wiley, 1974. 521 p.
(Russ. ed.: Timoshenko S.P, lang D.Kh., Uiver U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985.
472 p.).
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Brooking A., Jones P, Cox F. Expert systems. Principles and case studies. Chapman and Hall, 1984. 231 p. (Russ. ed.:
Bruking A., Dzhons P, Koks F. Ekspertnye sistemy. Printsipyraboty i primery. Moscow, Radio i sviaz’ Publ., 1987.224 p.).

Description of Internet Source:

APA Style (2011). Available at: http://www.apastyle.org/apa-
style-help.aspx (accessed 5 February 2013).

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources)
Available at:

http://www.scribd.com/doc/1034528/ (accessed 7 February 2013).

Description of Thesis or Abstract of Thesis:
Semenov V.I. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyi tor. Dokt, Diss. [Mathematical model-
ing of the plasma in the compact torus. Doct. Diss.]. Moscow, 2003. 272 p.

Description of State Standard (GOST):
State Standard 8.586.5-2005. Method of measurement. Measurement of flow rate and volume of liquids and gases
by means of orifice devices. Moscow, Standartinform Publ., 2007. 10 p. (In Russian).

Description of Patent:
Palkin M.V. Sposob orientirovaniia po krenu letatel'nogo apparata s opticheskoi golovkoi samonavedeniia [The
way to orient on the roll of aircraft with optical homing head]. Patent RF, no. 2280590, 2006.

Description of Unpublished Document:
Pressure generator GD-2M. Technical description and user manual. Zagorsk, Res. Inst. of Appl. Chem. Publ., 1975.
15 p. (In Russian, unpublished).
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O COBJIIOAEHUU PEQAKUMEA SNIEKTPOHHOIO U3AAHUA
HAHOTEXHOJ1IOTM B CTPOUTEJIbCTBE: HAYYHbI UHTEPHET-
KYPHA» U3AATENIbCKON STUKU N 3AABJIEHUE OB OTCYTCTBUN
3J10YNOTPEBJIEHUA CNYXEBHbIM NOJIOXKEHUEM.

Ob UCMNOJIb3OBAHUUN KOHTEHTA B COOTBETCTBUU
C JIMLEEH3UEN CREATIVE COMMONS CC-BY «ATTRIBUTION».

AEKJIAPALIMA OPEN ACCESS XKYPHAJIA

O6uwume nonoxeHna

OCHOBHble 3TMYECKMe HOPMbl, KOTOpble COOMOAAeT pefakuusi SMEKTPOHHOro M3gaHus «HaHoTexHonoruu
B CTPOUTENbCTBE: HAYUHbI IHTepHeT-KypHan»:

1. Nybnukauma ctatein B XypHasne 6ecnnatHa.

2. HeponycTumbIM SIBASIETCA MJarvat, B Kakoll Obl TO HU 6b10 dopme. ITO KacaeTcs Kak npefcTaBieHus
K Nybnukauum nog CBOUM MMEHeM npexae onybinmkoBaHHbIX UM HEOMYOIMKOBaHHbIX PaboT ApYyrx aBTOPOB, Tak
N NPUICBOEHNA YyXKX uaen. B cnyyae 3aMcTBOBaHUA GparMeHTOB Uy»KUX paboT aBTOP JOMKEH yKa3aTb MCTOYHMK.
Mpumepbl 6ubnNorpadryecknx CCbiok NpuBeLeHbl B pasgene «ABTopam».

3. Pepakuma nybnukyeT cTaTby aBTOPOB BCEX CTPAH M HALMOHANbHOCTEN, KOTOPbIe UCCIeAYoT NpobnemaTuky,
onpefeneHHyo pefakuMoHHON NOSINTUKON.

4. Pepakuus He COTPYAHMYAeT C aBTOpaMuy, KOTOpble KOrga-nmbo AonyCcTWAW Cilyyan njarvata B CTaTbsX,
NpefCcTaBNeHHbIX B SNEKTPOHHOE M3aaHme «HaHOTeXHONOry B CTPOUTENbCTBE: HayUHbIN VIHTEpHET-KypHan» munm
OPYrux N3JaHUsAX, eCNn TaKoBOe CTaHeT N3BECTHbIM.

5. Pepakuwmsa ncrnonb3yeTt nporpaMmHble CpeficTBa M obecrneyeHre 4 BbIABNEHWA NarvaTta us pabot, umerowwmnxca
B WHTepHeTe.

6. Pepakuus Oynet C Npu3HaATENbHOCTbIO MPUHUMaTb MHGOPMALMIO OT YUTaTeNell OTHOCUTENBHO BbISIBEHHbIX
MM 3TIEMEHTOB MJiarvaTa U HapyLlleHUsi aBTOPamMm MOPaJsibHbIX HOPM 1 My6NIMKOBATb €€ Ha CTPaHMLAX XypHana.

7. Pepakuumsa 6epeT Ha ceba 06a3aTeNbcTBa He NyONMKOBaTb CTaTbl, KOTOPbIE COAEPKAT NPU3bIBbI K TEPPOPU3MY,
NposBeHNs KCeHOPOOMM, OCKOPONEHMA APYTX aBTOPOB UMW FPpaXKaaH.

8. B pepakumn KypHana npoBOAMTCA BHELUHee peLeH3MpoBaHne cTaTer, Ana peLeH3MpoBaHNA Kax[on cTaTby
NPUBNEKaeTCA He MeHee 3 3KCMepToB.

9. Cpean TpeboBaHUW, NpedbABAEMbIX K PeLeH3eHTaM, eCcTb OnpefeneHne Hanvuuua 3NeMeHTOB Mnaruarta.
06s3aHHOCTU peLIEH3EHTOB NprIBefeHbl B pa3aene «PeLieH3eHTamy.

10. CTpyKTypa peLeH3MpOoBaHHbIX CTaTen npusedeHa B [MpunoxeHnn 3.

11. XKypHan no3BonseT COXPaHATb aBTOPaM aBTOPCKME NpaBa 6e3 orpaHNYeHU, a TakKe COXPaHATb aBTopam
npaea Ha nyb6nukauuy 6e3 orpaHuYeHNiA.

12. ABTOpbI NYONMKYEMbIX B XXYpHase MaTepranoB AOMYCKalT MCMONb30BaH/E KOHTEHTa B COOTBETCTBUW
¢ nuueHsmenn Creative Commons CC-BY «Attribution» (<ATpmOyuus»). 3Ta NWUEH3Us MO3BONAET [PYrvm
pacnpoCcTpaHaTb, pefaKkTMpOoBaTh, MOMNPABAATb U 6paTh 3a OCHOBY NPOU3BEJeHe aBTOPOB, AaXKe KOMMepPYEeCKH, 4O
Tex Nnop, NoKa OHU yKa3blBaloT Balle aBTOPCTBO. JInLeH3na pekoMeHoBaHa AN MakCMManbHOMO pacnpoCTpaHeHUs
N VCNONb30BaHUs NIMLEH3MPOBAHHbIX MaTepuanos. MogpobHo o nuueHsum Creative Commons CC-BY cmotpuTte
3pechb http://creativecommons.ru/.

13. Hdeknapauma Open Access »KypHana. Pegakuma n3gaHua nNpuaepKnBaeTca NOMUTUKU «OTKPbITOro JOCTymna»
K nybnukyembiM MaTepuanam. [log «OTKPbITbIM JOCTYNMOM» B COOTBETCTBMM C byaanewtckon WHWULMATMBON
«OTKpbITHIN goctyn» (BUO[) penakuma nogpasymeBaeT cBOOOAHbIM AOCTYN K MyOnVKyeMbIM B »KypHane Matepuanam
yepe3 nyonuuHbIN VIHTEpPHET 1 NpaBO KaXKAoro Mosib30BaTesisl YMTaTb, 3arpy»aTb, KOMMPOBaTb, PacnpOCTPaHATb,
pacneyvaTblBaTb, UCKaTb UK eNaTb CCbUIKU Ha MOJIHOTEKCTOBbIE CTAaTbl, MPOBOAWTb MOUCK POGOTaMU-MHAEKCATOPaMK,
BBOAWTb VX KaK JaHHble B MPOrpaMMHOe obecreyeHrie Uiy UCMOJb30BaTb AMs APYTX 3aKOHHbIX LieNiell Npy OTCYyTCTBUN
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(bUHAHCOBBIX, MPABOBbIX Y TEXHUYECKKX MPErpag, 3a UCKMIoUYEHEM TeX, KOTOPbIe PerynvpyioT JOCTYn K COOCTBEHHO
NHTepHeTy. EAVHCTBEHHBIM OrpaHUYEHNEM Ha BOCMPOW3BOACTBO M PACNpPOCTPaHEHNE U eAVHCTBEHHBIM YCIIOBUEM
KomnupaliTa B 3TO 0651acTV AOMKHO ObITb NMPABO aBTOPA KOHTPOJIMPOBATb LIeNIOCTHOCTb CBOE paboTbl 1 06sA3aTeNbHbIe
CCbIIKM Ha €ro VMsi MPW WCMOMb30BaHMU paboTbl 1 ee uMTMpoBaHuUK. MoapobHo o byaanewTckon MHUUMATVBE
«OTKpbITbIN fOCTYN» cMOTpUTe 3aeck http://www.budapestopenaccessinitiative.org/boai-10-translations/russian.

B OTKpbITOM [OCTyne pa3mMellatoTcs MOMHble TEKCTbl CTaTeW U3 »KypHana «HaHOTexHonornm B CTPOUTENbCTBE:
HayuHbI VIHTepHeT-KypHasn» (MX COCTaBHble YAaCTV UV MeTaflaHHbIe) B VIHTepHeTe Ha canTe n3gaHusa (www.nanobuild.
ru), HayuHow anektpoHHon 6ubnuotekn eLIBRARY.RU, B cnctemax umTtrpoBaHua (6asax aaHHbIx): ISSN, Poccuiickui
MHAEKC Hay4yHoro untnpoBaHusa, Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science,
EBSCO Publishing, ResearchBib, CrossRef, ProQuest u ap.

B KaX[ol HayuyHOW CTaTbe Yy aBTOPOB 00fA3aTeNbHO YKa3blBAKTCA: MeCTo paboTbl (yHUBEpPCUTET (MHCTUTYT),
npegnpuATMe M Apyrne OpraHU3auuuv, ropof, CTpaHa), JOJKHOCTb, YYeHas CTerneHb, YYeHOe 3BaHWe, MOJIHbIN
MOYTOBbIV afpPeC 1 3MEKTPOHHbIN agpec, YTo 06ecrneynBaeT BO3MOXHOCTb HEMOCPEACTBEHHO OOLWATbCA YYeHbIM
1 CneumnanmcTamM 13 pasHbiX CTPaH C aBTOpPamu.

Kaxkpgown ctatbe npucsausaetca UDC, DOI, B MeTalaHHbIX CTaTbAX pa3MeLLaeTcs MallnHourTaemas uHGopmMaLms
o CC-nuueHsnn (HTML-kopn), opyrve naeHTMdrKaTopbl MaTepranos.

14. bonee noppobHasa vHboOpMauMA O COONMIOAEHUM W3[ATENbCKOW 3TUKKM, MOPALKE pPeLeH3MpoBaHMs
MaTepranos, NPUHLMNax IMLeH3npoBaHusa, aeknapaumm Open Access XKypHana, CobioeHUN aBTOPCKOTO Y CMEXKHbIX
npaBax, KOTOPbIMI HY>KHO PYKOBOJACTBOBATbCS, COAEPKUTCA B MEXAYHAPOAHbIX CTaHAApPTaX, 3akoHax Poccuiickon
Mepepaumm, npodeccroHanbHbIX Kofekcax, pykosoactBax. Cpean Hux — MexpayHapoaHble cTaHzapTbl KomuteTa
no stmke nyb6nukaumin (Committe on Publication Ethics — COPE), Jluuensumn Creative Commons, byganewTckasn
nHMumaTea «OTKPbITbIN JOCTYM», PykoBOACTBO ANA peLleH3eHTOB n3gaTenbctBa Elsevier, paxkgaHcknii kogeke PO
u. IV, 3akoH PO «O cpepctBax maccoBor uHpopmaLmmy», 3akoH PO «O pekname», Kogekc npodeccmoHanbHOM 3TUKK
XypHanucTta, KogeKkc 3TvKy HayuHbIX nyonnkauum u gp.

MaBHOMY pepakTopy

PeweHne no ony6nuKoBaHWIO CTaTbW. [NaBHbII PEAAKTOP 3MEKTPOHHOrO um3fdaHusa «HaHoTexHonoruu
B CTPOMWTENbCTBE: HAYUHbIV VIHTEpHET-KypHas», OTBeYaeT 3a NPVHATAE PeLLEHs O TOM, KaKre 13 NpeacTaBieHHbIX
B pedakuuio XypHana pabot cnepyeT ony6nMKoBaTb. JTO pelleHMWe BCerga AOMKHO MPUHMMATBCS HA OCHOBE
NMPOBEPK/ AOCTOBEPHOCTM PaboTbl 1 ee BaXXHOCTW AN UCCNefoBaTenen 1 untatesiel. [MaBHbIA pefakTtop MOXeT
PYKOBOZACTBOBATHCA METOANYECKUMI PeKOMeHAAUMAMY, Pa3paboTaHHbIMY PeCOBETOM 1 PeKOIEren XypHana,
N TaKNMU opuanyeckummn TpeboBaHAMN Kak HeflonyLleHne KNeBeTbl, HapyLleHWs aBTOPCKOro npaea 1 niarvata.
TakxXKe Npy NPUHATAM pPeLlleHns No NyOnMKaLMmM rMaBHbIA PefakTop MOXEeT COBETOBATbCA C UfleHaMU PeAcoBeTa,
pPEenKONNerum Ny peLeH3eHTamu.

CnpaBegnuBoCTb. [11aBHbI pefakTop OLEHMBAET MNpefcTaBieHHble PaboTbl MO WX WHTEIEKTYallbHOMY
coflepXKaHuio, HEeB3Mpas Ha pacy, MOJ, CeKCyalibHYl OPUWEHTALMIO, PENUrnio, 3THUYECKOEe MPOUCXOXKAEHNe,
rpak4aHCTBO U NMONIMTUYECKUE B3IA4bl aBTOPa.

KoHduaeHUManbHOCTb. [MaBHbIN pelakTop, COTPYAHMKM PelaKLny, YneHbl PefiCOBETA U PefICOBETA HE JONIXKHbI
pacKkpbiBaTh HGOPMaLMIO O NPeCTaBNeHHO PYKONUCHU KOMY-TMO0 APYroMy, 3a UCKITIOUYEHEM aBTOPA, PELIEH3EHTOB,
MOTeHUMaNbHbIX PEeLieH3eHTOB, KOHCYJIbTAHTOB PeAakLMOHHOIO COBETA, a TaKXKe n3gaTtens.

PasrnaweHve cBepeHUNn U KOHPNANKT NHTepecoB. CBefieHNA, COAepKalLMeca B NpeACTaBleHHON CTaTbe,
He [OJIKHbl UCMONb30BaTbCA B KaKOW-NMO60 coOCTBEHHONM paboTe rnaBHOro pepaktopa M UEHOB pefcoBeTa
1 pefKonierum 6e3 NMCbMEHHOI0 paspelleHrsa aBTopa. KoHouaeHumanbHaa HGopmauus i ngeu, nonyyeHHbole
npu peLeH3npPoBaHN, AOJIXKHbI XPAHUTBCA B CEKPETE U HE UCMONb30BaTbCA AJ1s MONYyYEeHUs TIMYHON BbIFOAbI.

[naBHOMY pefakTopy CrefyeT OTKa3aTbCA OT CBOEro y4yacTusi B PeLeH3NPOBaHUN B CJlyYae, ecyiv NpUCyTCTByeT
KOHQNUKT MHTEPeCOoB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA UIN APYIMX OTHOLEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI NN YUPEXKAEHWUIN, UMEIOLLNX OTHOLLEHNE K CTaTbe.

TnaBHOMY peflakTopy CliefyeT TpeboBaTb OT BCEX aBTOPOB »KypHasia NpefoCTaBsTb CBeIEHNA O COOTBETCTBYHOLLUX
KOHKYpUPYILWMX UHTepecax U Mny6nvMKoBaTb UCMPABMEHNA, ecii KOHGNUKT MHTepecoB Obii pa3obnaveH nocrne
nybnukauyun. B cniyyae HeOOGXOAUMOCTH, MOXET BbIMONHATLCA APYroe Noaxopsiuee cyiyyalo OelCTBUE, TaKoe Kak
ny6nunKauus onpoBepPKeHNA UK BblpaXkeHrA 03a60UYEeHHOCTY.

UsyueHne xanob sTuueckoro xapakrepa. [1aBHOMy pefakTtopy crielyeT NprvHMMaTb Pa3yMHO ObICTpble MepbI
npu NOCTYIJIEHNM XaNlob STMYECKOro XapakTepa B OTHOLUEHWW MPeACTaBIEHHON PYKOMUCH U ONy6/IMKOBAHHOM
CTaTbU, IMeA KOHTAKT C pefakLuuen, n3gartesnem.
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PeuyeH3eHTam

PeueH3npoBaHe MOMOraeT rMaBHOMY pefaKkTopy Npu MNPUHATUM peleHus o6 onybnukoBaHUM pPaboTh,
a bnarofapsa 3ameyaHVsM U MPedsIOKEHUSAM PELEeH3eHTOB MOXET TakXe MOMOYb aBTOpY Y/yUllUTb ero paboTy.
Pepakuuna anekTpoHHOro nsgaHua «<HaHOTeXHONOrMM B CTPOUTENbCTBE: HayUHbI VIHTepHeT-KypHan» npusnekaet
PELIEH3EHTOB 13 YMCIIa BHELLIHMX SKCNePTOB. PelleH3rpoBaHrie [OMKHO 06ecneunTb OLEHKY HayYHOW 3HAUMMOCTU U
OPUTMHANIbHOCTY NPELCTAaBIEHHON pyKonucu. ABTOPbI PYKOMNMCEN, MPeACTaBeHHbIX K OMyO/IMKOBaHWIO, MPU3HAKT
LieniecoobpasHOCTb U HEOOXOAUMOCTb peLieH3upoBaHus. Cornawasncb Ha peLeH3npoBaHne, Oyaylmin peLeH3eHT
GepeT Ha cebs cnepyiolme obA3aTenbCTBa.

OnepaTMBHOCTD. JI1La, K KOTOPbIM OOPATUIUCH YieHbl Pefakuun Yepes MaBHOrO PefakTopa OTHOCUMTENbHO
peLEeH3UPOBaHUs PyKOMKUCEN HayuyHbIX paboT, MMeT MopasibHble 00s3aTeNbCTBa OTHOCUTENIBHO €€ OMepPaTUBHON
oueHKU. MNpy HEBO3MOXHOCTY NPEeACTaBAEHUS PELIEH3UN B YCTAHOB/IEHHBIN CPOK, 06 3STOM MHPOPMUPYIOT FMaBHOIro
pefakTopa 1 Ha3HayalT HOBOTO peLieH3eHTa.

KoHdungeHymanbHoOCTb. Ka)kgad nonyuyeHHas OnA pPeleH3UpOBaHWA PYKOMUCb [OMKHA pacCcmMaTpmBaTbCA
Kak KoHOUAeHUManbHbI AOKYMeHT. Ee He mpocmaTpuBaloT 1M He OOCYXAAT C APYrUMK NULamu, KPoMme N,
YNOMHOMOUYEHHbIX [N1aBHbIM PEAAKTOPOM.

O6BbEKTUBHOCTD. PeLieH31K JOKHbI BbINOMHATLCA OOBbEKTUBHO. HeonyCT!MbI IMYHOCTHbIE HaMaZKM Ha aBTopa.
PeLieH3eHTy cneflyeT BbipakaTb CBOIO TOUKY 3PEHMSA AICHO 1 0O0CHOBAHHO.

OueHkKa ccbinok. OakT OTCYTCTBUA CCbIFIOK B PYKOMUCHK, MPEACTaBIeHHON Ans onyOnnKoBaHNsA, JOMKEH ObiTb
OTMEYEeH U1 OLeHeH peLeH3eHTOM. B cnyyae cxoacTBa MM 4acTUYHOTO COBMAAEHMA PYKOMUCU C U3BECTHbIMU
peLeH3eHTy nyonnkKauusammu, Ha KOTopble OTCYTCTBYIOT CCbUIKM, 3TO AOMKHO OblTb TaKXKe YKa3aHO pPeLeH3eHTOM.
Mpumepbl 6ubnMorpadpryeckux CCbiiok NpUBeLeHbl B pasgene «ABTopam».

BbiaBneHue nnarvarta. PeueH3eHT, B C/lyyasix MOAO3peEHMA MO NoBody AyOnMpoBaHUA CTaTbU MAW Miarvara,
LOJIXKEH yKa3aTb 06 3TOM B peLieH3nu.

3Tnyeckme Hopmbl. KoHoupeHuranbHas WHPopMaLMA U WMAEWN PELEH3UPOBAHHOW CTAaTbU HE [OJKHbI
pa3srnawatbca. MaTepuanbl peLeH3MPOBaHHON CTaTbW He [OMKHbl WCMOMIb30BaTbCA ANA MOJyYEeHUA JINYHOWN
BbIrOfbl peLieH3eHTa. PeLieH3eHT cobnogaeT HopMy, COrlacHO KOTOPOW OH He MCMOoJb3yeT B COOCTBEHHON paboTe u
nyonnKauusax naeun 1 NoJIOKEHVA peLeH3nPOBaHHON M CTaTbi 6€3 MMCbMEHHOTO COrNacus ee aBTopa.

PeLieH3eHTy cnieflyeT 0TKa3aTbCA OT CBOErO yyacTuA B PeLieH3UPOBaHMN B Cllyyae, eCiiu NPUCYTCTBYET KOHGINKT
WHTEPEeCOoB, NPONCTEKAOWMIA N3 KOHKYPEHLMN, COTPYAHMYECTBA UK APYrMX OTHOLUEHUI C KeM-N6o 13 aBTOPOB,
KOMNaHWI UNn yYpexAeHWI, UMeIoLL X OTHOLLEHNE K CTaTbe.

ABTOpam

1. ABTOpbI NPeACTaBNAAIOT B peAaKumio:

+  PYKOMUCK B SNEKTPOHHOM BuAe (MO 3neKTpoHHoU noute info@nanobuild.ru) B cooTBeTcTBUM C nMpaBunamu
odopmMneHNA TEKCTOBbIX 1 rpadryecknx MaTepuanos, npuseaeHHbIMY B MpunoxeHun 1. Tematuka nyonnkyembix
MaTepranoB [O/KHA COOTBETCTBOBATb 3asB/IEHHON pPeAaKuMen SMEeKTPOHHOro usgaHusa «HaHoTexHonorum
B CTpouTenbcTBe: HayuHbll WHTepHeT-XypHan» B [punoxeHum 2. [lpeactaBnsaemble CTaTbW [OSKHbI
COOTBETCTBOBATb CTPYKTYpPe, NnpuBefeHHoN B MpunoxeHum 3.

+  COMPOBOAMTENbHOE NMMCbMO (PefaKLyA BbICbUTAeT aBTopam obpaseL no nx npeBapuUTesibHOMY 3anpocy).
ABTOpbI MYO/MKYEMbIX B »KypHasiie MaTepuasioB [OMyCcKaloT WCMONIb30BaHME KOHTEHTa B COOTBETCTBMM

¢ nuueHsuei Creative Commons CC-BY «Attribution» («ATprbyumsa»); cornacHbl C nprcBoeHrem Kaxgon ctatbe UDC,

DO, ¢ pa3melleHriem mMawHounTaemon nHopmauum o CC-nuuensnm (HTML-koa) B MeTafaHHbIX CTaTbAX, APYTUX

nAeHTUPMKATOPOB MATEPMANIOB; COMMTAaCHbI C Pa3MeLLEHVIEM B OTKPbITOM JOCTYME NOJHbIX TEKCTOB CTaTel (MX COCTAaBHbIX

yacTeln UM MeTagaHHbIx) B IHTepHeTe Ha canTte usgaHusa (www.nanobuild.ru), HayuyHon anekTpoHHo 6nbnmnoteku
eLIBRARY.RU, B cuctemax uutmpoBaHusa (6a3ax faHHbix): ISSN, Poccuncknii nHpekc HayuHoro uutmposaHus, Ulrich’s

Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib, CrossRef

n gp. O6 3Tom aBTOPbI YKa3bIBalOT B CONPOBOANTENIbHOM nrcbMe. [MogpobHo o nuieH3un Creative Commons CC-BY

cmoTpuTe 3aech http://creativecommons.ru/.

2. B cTaTbe [OMKHbI COfepKaTbCsA Pe3ynbTaTbhl OPUTMHANIbHBIX UCC/IeAOBAaHUN U MPOCNEXNBATLCA CBA3b

C NpeabiayLL MMM UCCTIeJOBAaHUSAMY, BbIMOJIHEHHBIMW JIMYHO aBTOPOM U APYrMU yyeHbiMu. [TocnegHee JOMKHO

ObITb MPeACTaB/ieHO Kak B OCHOBHOM TEKCTe, Tak U B PpOpMe CCbIIOK Ha MpefbigyliMe NCTOYHUKK. B cnyuae

MCMNONb30BaHUA MaTepuranoB 13 paboT Apyrux aBTOPOB CTaTbsl JOJKHA COMEp)KaTb COOTBETCTBYIOLME CCbIIKM.
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Bubnuorpaduuecknii CNUCOK NPUBOANUTCA MOC/e TeKCTa cTaTbu. MNpumepbl obopmneHna 6ubnrorpadpuueckmnx
CCbINOK AaHbl B Mpunoxenunn 4.

Mpu HanucaHuy cTaTby criegyeT cobnoaaTb NPUHLMMNBI TPOGECCUOHANBHOW STUKK, NPOABNAATD KOMMETEHTHOCTD,
06BEKTNBHOCTb 11 OTBETCTBEHHOCTb.

3. Pepakuus, pefakUMOHHbIN COBET UV pefakLUOHHAA KONIervsa MoryT nonpocuTb aBTOPOB NPefOCTaBUTb BCe
MepBOMCTOYHVIKM 1 MaTeprasbl, MMeLe OTHOLWEHNe K HamMcaHuio nybnrkyemon ctatbu. Matepuranbl JOMKHbI
XPaHWUTbCA B TeYeHUe 1 rofa nocse nyoamkaumm.

4. Kaxpaa cTtatba, nybGnvKyemas B >KypHase, PeLeH3NpyeTcs SKCMepTamy Ha npeameT OPUrMHANbHOCTM
N COOTBETCTBMA MpaBusiaMm odopmieHus. Vcnonb3oBaHne TPYAOB WM MbICAEN APYrUX YUYEHbIX AOMKHO ObiTb
odopmneHo Hagnexawum obpasom. Hegonyctum nnarvat B nmobon dopme. ABTOPbI JOSKHbI NMOATBEPAUTb, UTO
nyOnAMKyIOT CBOIO CTaTblO BMEPBbIE NN NMPOCAT OCYLLECTBUTL €€ MOBTOPHYIO Nybnnkayuio.

5. VMHdopmauwsa, nonyyeHHas HeopULUMANbHO, HANPVMEP, B YaCTHOM OOCYXXAEHWUW UMM NepPernunucke, He MOXeT
ObITb NpefCTaB/ieHa B CTaTbe 6€3 NMUCbMEHHOTO Pa3peLleHns CO CTOPOHbI NCTOUYHKKa UHGopMauuun. Hdopmauns,
NCTOYHUKOM KOTOPOW sIBNsieTCA KOHOMAEHUMANbHAA AeATENbHOCTb, B YaCTHOCTY PELIEH3MPOBAHME PYKOMUCEN 1N
3as1BOK Ha MosyyeHre rpaHToB, He MOXKeT ObITb MCMO/Nb30BaHa B CTaTbe 6e3 MMCbMEHHOrO COrflacus aBTOPOB.

6. MepeusgaHue cTaTbyM MO MHUUMATUBE pPefaKLMOHHOTO COBeTa (pefakUMOHHOW KOMnerum) XypHana
OCYLLEeCTBNAETCS C COrNacusi aBTOPOB, pefaKLMmM 1 0b6nagaTens NpaBa UHTENNIEKTYalbHOWM COOCTBEHHOCTM Ha CTaTbHO.
B cnyyae noBTOpHOM NybnmKaLmm cTaTby U3gaTeslb ieNlaeT COOTBETCTRYOLLee coobLieHre 06 3TOM.

MpenctaBneHne cTaTby B COABTOPCTBE BO3MOXHO, €C/IM BCE JNIMLA, YKa3aHHble KakK COaBTOPbl, CAenanu
3HAUUTENbHBIN BKNaZ B Pa3paboTKy KOHLENUUN, MIaHNPOBaHME, BbINOJTHEHME WM UHTEPMPETALIMIO ONUCIBAEMOrO
nuccnepoBaHus. B cnyyae ecnv BKnag nuua, onpefeneHHbIM 06pa3oM COAEeCTBOBABLLIErO OCBELLEHHOMY B CTaTbe
NCCNefoBaHMIo, He HACTOJIbKO CYLLECTBEHEH, YTOObl BK/IOUUTb €0 B COABTOPbI, €My AOJKHA OblTb BblCKa3aHa
npuU3HaTeNnbHOCTb. NnaTta c acNMpaHTOB 3a NyONMKaLuio CTaTel He B3MMAETCS.

7. ABTOP-KOPPECMOHAEHT JO/MKeH 0becrneuntb NpoyTeHne u ofobpeHne BCEMM COABTOPAaMM OKOHYATENbHOW
BEPCUM CTaTbK, @ TaKXKe MX corflacue Ha nybnukauuio.

8. Mpu Hanuumm KoHGNMKTa UHTEPECOB, B TOM UMUCTIE U MOTEHUMANbHOIO, aBTOP WM COABTOPbI AOMKHbI
MHGOPMMPOBATL U3AATENS KaK MOXHO paHblue. [py BbIABAEHUN MPVHUUNMAbHBIX OWMOOK UM HETOUYHOCTEN
B CBOEW yxxe orny6iMKOBaHHOW paboTe aBTOp 06s3aH CPOYHO COOOWMTL 06 3TOM wWed-pefakTopy U OKasaTb
MaKCUMasibHOEe COAENCTBUE MMTAaBHOMY PefakTopy »KypHana Ana nyonivKaumm OnpoBep»KeHUs MO0 MCnpaBieHUi.
B cnyyae nonyyeHus rnaBHbIM pefakTopom MHGOPMaLUM OT TPETbUX NIUL, O COAEepXKallencs B Onyb/iMKOBaHHOM
paboTe CylecTBEHHOW OWNOKe aBTOp 06s3aH NPeACcTaBrTb CPOYHOE OMPOBEPKEHME C MPEfOCTAaBIEHNEM [TTABHOMY
penakTopy (wed-penaktopy) AoKa3aTeNbCTB CBOEN MPABOTbI UM HEOOXOAMMbIE NCMPaBAEHUS.

9. ABTOpPbI JO/KHbI OCO3HaBATb, UTO PefaKUns, PeaKUMOHHbIN COBET 1 pefaKLUMOHHasA KOJIernst SeKTPOHHOIo
n3gaHusi <cHaHOTEXHONIOTMM B CTPOUTENbCTBE: HayuHbIN VIHTEepHeT-KypHan» 6epyT Ha cebs 06A3aTeNbcTBa MOMOraTb
Hay4yHOMY COOOLLEeCTBY B COOMIOAEHMM BCEX aCMEKTOB U3AATENbCKON STVKM, OCOOEHHO B Cilyyasx MOJO3PEHMUSA MO
noeofy Ay6nvMpoBaHWA CTaTby UMW Marnara.

10. ABTOpbI ONYONMKOBaHHbBIX MAaTepUasioB HECYT OTBETCTBEHHOCTb 33 JOCTOBEPHOCTb MPVIBEAEHHbIX CBeleHN
1 UCMONb30BaHUE JaHHbIX, HE MOAJIeXallxX OTKpbITOW Nyonunkauun. Pegakuma octaBnseT 3a cob6oli NpaBo BHECEHNWA
penakTopckon npaBku. MHeHVe pefakuum MOXeT He COBMafaTb C MHEHWEeM aBTOPOB: MaTepuasbl NMybnukyoTcs
C Uenbio OOCY>KAEHUA aKTyasllbHbIX BOMPOCOB. Peflakuna He HeceT OTBETCTBEHHOCTU 3a COAEP)KAHME peKambl
1 06BABNEHUN.

11. MNocne paccMOTpeHUsi MaTEPVANOB pefaKkuus YBe[OMSISIeT aBTOPOB O CBOEM pPEeLIeHUM 3SNEKTPOHHbIM
nMcbMoM. B cnyyae ecnu cTaTbs He MOANEXUT NYONMKALMK, pefakumsa HanpasseT aBTOPY MOTVBUPOBAHHbI OTKas3.

12. Jliobaa nepeneyaTka MaTepPUaNioB NMOTHOCTBIO MM YAaCTUYHO BO3MOXHA TONIbKO C MMCbMEHHOTO pa3peLleHms
pepakumn.

YBakaemblie aBTOpbDI!
Mpocbb6a B LenAx SKOHOMUN BpeMeHU cefoBaThb
npasunam opopmneHnsa ctaten B XKypHane.

hitp://nanobuild.ru 132 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (1):
HaHoTexHonornm B cTpouTenbCTBe: HayuHbI IHTepHeT-XKypHan 120-137 NanObL" )

lMpunoxeHue 1

MpaBuna opopmneHna matepunanos

CraTbu NpeACcTaBAIOTCA NO IeKTPOHHON noyTte
(e-mail: info@nanobuild.ru) n opopmnsiorca cnepgyrowmm o6pasom.

TekcT cTaTbm.

O6bem cTaTby — He MeHee 3 1 He 6onee 10 cTpaHuy popmata A4.

Mona: cnesa n cnpasa — NO 2 CM, CHU3Y 1 CBEPXY — MO 2,5 cm.

OCHOBHOW TEKCT CTaTbU HabupaeTca B pegaktope Word.

LpudT ocHoBHOro TekcTa — Times New Roman.

TekcT HabrpaeTcs 14 Kr, MeXAYCTPOUHbIN MHTEPBAs — MHOXKTeNb 1,15.

[lns ogHOPOAHOCTY CTUNA He NCMNONb3ynTe WPKTOBbIE BbIAENeHUs (KypCrB, NOgUYEPKUBAHMWSA U P.).

OTcTyn nepBoii CTPoKM ab3aua — 1 cm.

CnoxHble hbopmynibl BbINOMHAITCA Npy noMoLym BctpoeHHoro B WinWord pepaktopa ¢popmyn MS Equation 3.0.
Dopmyrnbl PacnonaralTCs Mo LeHTPY KOJTIOHKM 6e3 0TCTyna, UX MopPAAKOBbI HOMEP YKa3blBaeTCA B KPYTJIbIX CKO6-
Kax 1 pa3MeLlaeTcs B KONIOHKe (CTpaHuLe) C BbIK/OUYKON BNpaBo. EAnHCTBEHHas B cTaTbe dopMyna He HymepyeT-
cs1. CBepxy U CHK3Y GOpPMyIibl HE OTAENAIOTCA OT TEKCTA JOMONHUTENIbHBIM UHTEPBATOM.

[na ccobinok Ha Gopmyrbl B TEKCTE UCMOMb3YOTCA KPYrible CKOOKM — (1), Ha nUTepaTypHble NCTOUYHWKY — KBagpaT-
Hble ckobku [1].

Bubnuorpaduryeckun cnucok npueogutca 12 Kr.

Ipadunueckoe opopmneHmne cratbm.

WnniocTpaumy BbINOMHAIOTCA B BEKTOPHOM ¢dopmaTte eps nnbo B N06OM 13 rpadpuueckmx npunoxkeHun MS
Office 97, 98 nnun 2000.

lpaduku, pucyHkn n oTtorpadurm BCTaBAATCA B TEKCT NOCIIE NEPBOro YNOMVHAHWA O HUX B yAOOHOM A5l aBTopa
BUAeE.

MogpurcyHouHble nognuc (12 Kr, 06bIYHBIN) AAOTCA NOA MIMIOCTPALMAMM MO LEHTPY NOC/Ie COKPALLEHHOTO C/TI0Ba
Pnc. c nopagkoBbiM HoOMepom (12 Kr, NOnyKMPHbIN). EUHCTBEHHbIV PUCYHOK B TEKCTE HE HYMepyeTCA.

Mexxgy Nognuchio K PUCYHKY 1 MOC/EAYIOLMM TEKCTOM — OfMH MEXIAYCTPOYHbIV MHTepBar.

Bce pucyHKkun 1 poTorpaduv 4OMKHbI ObITb KOHTPACTHBIMY U UMETb pa3peLleHre He meHee 300 dpi. Unnioctpatue-
HbI1 MaTepran kenaTenbHO NPeACTaBATb B LBETHOM M300paXXeHnu.

lpadurKm HeNb3sA BbIMOMAHATE TOHKUMU JIMHUAMMW (TOMNLWMHA TMHUIA — He MeHee 0,2 MMm).

KcepokonvpoBaHHbIe, a TaK»Ke MI0X0 OTCKAHMPOBAHHbIE PUCYHKI N3 KHUT 11 XKYPHANIOB He MPUHMMAIOTCA.

Cnogo Tabnuua ¢ NopsaKoOBbIM HOMEPOM pacnosiaraeTcs C BbIK/IOUKONM BNpaBo. Ha cneaytoleln cTpoke npreo-
LUTCS 3arofIoBOK K Tabnuue (BbipaBHUBAHME MO LEHTPY 6e3 oTcTyna). Mexay Tabnuueil v TeKCTOM — OQUH MeXay-
CTPOYHbI UHTepBan. EAMHCTBEHHas TabnuLa B CTaTbe He HYMepyeTCs.

OdopmneHne mopynei.

Mopynu fomKHbl 6bITb KOHTPACTHLIMU 1 UMETb pa3pelleHre He meHee 300 dpi (B dopmare .jpg).
Pa3smepbl mogynen, mm:

1/1 = 210 (wnpwHa) x 297 (BbicoTa);

1/2 = 170 (wnpwHa) x 115 (BbICOTa).
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lMpunoxeHue 2

TemaTuka nyonnkKyembix matepmnanos

- Pa3pabotka Teopuu GopMUPOBaHUA MPOYHOCTM 1 HEMPOHMLLAEMOCTM HAHOCTPYKTYPUPOBAHHbIX CUCTEM.

+ MaTemaTtnyeckne KBaHTOBbIE 1 ApYyrre BUAbI Mmogenein ana ncciefoBaHnA CBOMCTB HAHOMATEPUANoB.

« [Mpobnembl NpUMEHEHNSI HAHOMATEPWAJIOB U HAHOTEXHOJIOTNIA B CTPOUTENbCTBE U CTPOUTESNIbHBIX MaTepuanax.

« TexHonoruyeckue NPUHLMMbI CO3JaHNA HAHOCTPYKTYP (pacnniaBbl, 30/b-reneBbll CUHTE3 1 Ap.).

« Co3faHue HOBbIX GYHKLIMIOHaNbHbIX MaTePUAoB B CTPOUTENbCTBE.

- Pa3paboTka MpUHUUMNOB Nepexoaa «becrnopsanoK-nopsAoK» MpPU CO3OaHUN KOMMO3UTOB C WUCMOJIb30BaHUEM
CYHEpPreTuKu.

+  W3yuyeHwne pasnnyHbIX TEXHONOTMYECKUX MPUHLMMNOB NPY CO34aHNN HAHOCUCTEM B NPOMbILLIIEHHOM NPOV3BOACTBE.

« JlnarHocTrKa HaHOCTPYKTYpP 1 HAHOMaTepranoB CTPOUTESbHbBIX CUCTEM.

« [pobnembl MoNy4YeHUsi BbICOKOMIOTHbIX 1 BbICOKOMPOYHbIX CTPOUTENIbHbIX MaTepuarnoB (6eToHbl, KepamuKa
nap.).

«  TexHonoruu n3menbyeHnsa MMHePanbHbIX YacTWL 1O HAHOPa3MepPHbIX YPOBHE.

«  TexHOnormA nepemelBaHnA CMecer C HAHOANCNEPCHBIMM YacTMLLAMN M METOZbI X aKTUBaLUN.

« TnppogmHamuyeckne n gpyrne metodbl akTMBaLUM BOGHbIX CYCMEH3UN 1 PacTBOPOB.

«  MogundukaLms BogHbIX PacTBOPOB Pa3/MYHbIX HAHOPA3MEPHbIX JO6ABOK, MCMONb3yeMblX B CTPOUTENbCTBE.

«  WccnepoBaHue B 0611acTyi TOKCUYHOCTU MOPOLLKOBBIX HAHOMATEPMANOB.

«  MeTtannnyeckas apmatypa, MogmouLMpoBaHHas B MPOLLeCCe N3roTOBIEHNA HAaHOPAa3MePHbIMY MaTepuanamm.

« BonokHa yrnepogHble, 6a3anbToBble, apaMuiiHbie U Opyrie BOJIOKHA MarbiX AMAMETPOB C HAaHOPA3MEpPHbIMU
CTPYKTYPHbIMW XapaKkTepucTukamu.

« LlemeHTHble 1 apyrue BXKyLLMe C MUHEPAJIbHbIMUM 1 OpraHMYecKnMiy fJobaBKkamum.

- beToHbl 1 pacTBOpPbI, MOAUPULNPOBAHHBIE HAHOPA3MEPHbIMY 106AaBKaMMU.

«  CycneH3ny MUHepasibHbIX 1 OpraHNYecKnx JO6aBoK, MCMOMb3yemble 4JiA 1aKOB, KPACoK, a Takke MoandrkaTopos
K 6eTOHaM 1 pacTBOpaMm; CBOMCTBA, TEXHOOMMA X MPUTOTOBNIEHNA U XKNBYYECTb.

« [NpumeHeHVe HAHOMOPOLLKOB Pa3IMYHOM NPUPOabI AN MOANPUKALIMY CBOMNCTB CTPOUTENbHbIX MaTePUasoB.

+ HoBble cBONCTBaA CTPOUTENIbHbBIX MAaTEPMASIOB HA OCHOBE HAHOCUCTEM.

« MoaudunumnpoBaHmne CTPOUTESNIbHbIX MAaTeEPMANOB HAHOBOTOKHAMM.

»  [ncnepcHble KOMMO3MLUVOHHbIE MaTepuarsbl C HAHOMOKPbITUEM.

«  QopmnpoBaHMe HAHOCTPYKTYPHbIX MOKPbLITA Ta3ePHbIM HamMbIIEHNEM.

« Pa3paboTka MeTofoB MCCIef0BAHMA HAHOCTPYKTYPbl MaTEPMANOB HAa OCHOBE AVCMEPCHbIX CUCTEM, B TOM Yuncie
NCCnefoBaHUsi HAHOOOBEKTOB MYCTOTbI B MOPUCTbIX CUCTEMAX.

»  TexHonoruuv nccnegoBaHmA CBONCTB HAHOMATEPUAnoB.

«  Cnctembl NpenofaBaHns OCHOB HAHOTEXHOMOTUIA.

Temamuka cmamed Moxem 6bimb UHOU, NPAMO UJTU KOCBEHHO CB8S3AHHOU C NepeyuC/IeHHbIMU HaNPAasgieHUsMU.
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CTpykTypa ctatbun

PYBPUKA (Ha aHrunckom asbike) /
PYBPUKA (Ha pycckom Ai3bike)

DOI
YOK

3arnaBue (Ha aHMMNICKOM A3bIKe)

ABTOp(bI): 06513aTe/NIbHOE YKa3aHUe MecTa PaboTbl Kax-
[0ro aBTopa (yHUBepcuTeT (MHCTUTYT), NpegnpusaTne

1 opyrvie opraHnu3aunu, ropog, CTpaHa), AOMKHOCTM

(Ha aHrNMICKOM A3bIKE), 21IEKTPOHHbBIN agpec

Pe3stome: He3aBMCUMBI OT CTaTbU UCTOYHUK MHPOPMA-
LUK, KOTOPbIN NMO3BOSIET POCCUNCKIM U 3apyDeXKHbIM
cneumanvcTam caenatb BbIBOA O KauecTBe N cofeprka-
HUW CTaTby (pe3tome AOMKHbI 6bITb MHGOPMaLMOHHDI-
MU, OPUTVHANbHbIMKY, COepP>KaTb OCHOBHbIE pe3ysbTa-
Tbl UCCNEAO0BAHNIN, CTPYKTYPUPOBaHHbIMM, KOMMAKTHbI-
MU — YKnagbiBaTbcA B 200-250 cnoB) (Ha aHMMIACKOM
A3blKe)

KnioueBble cnoBa: (Ha aHMNUMICKOM A3bIKe)

BbnarogapHocTu: (Npu HanMuMm) (Ha aHFUIACKOM
A3blKe)

Ona yunTupoBaHMA: (Ha aHMNNCKOM A3bIKe)

MawunHountaemaa nuipopmaumsa o CC-nmueH3nax
(HTML-kopg) B MeTaiaHHbIX CTaTbu

CraTbs NocTynuna B pegaKkumio:
CraTbs NocTynuia B pegakuuio
nocne peueH3npPoBaHNA:

CraTbsl NpUHATa K Ny6nukayun:

3arnaBue (Ha pycCKOM f3biKe)

ABTOp(bI): 06513aTe/IbHOE YKa3aHUe MecTa PaboTbl Kax-
[oro aBTopa (yHUBepcuTeT (MHCTUTYT), NpegnpusaTne

W opyrvie opraHnu3aunm, ropog, CTpaHa), AOMKHOCTM

(Ha pyccKkom A3blKe), SNeKTPOHHbIN agpec

lMpunoxeHue 3

Pe3tome: HE3aBMCUMBIN OT CTaTbl UCTOYHVK MHbOPMa-
LUK, KOTOPbIN NO3BOSISIET POCCUNCKIM U 3apyOEXKHbIM
cneumanncTam CaenaTb BbIBOA O KauecTBe 1 cofeprka-
HUK CTaTby (pe3tomMe JOMKHbI ObITb NHOPMALMOHHDI-
MU, OPUTMHANbHbIMUY, COep>KaTb OCHOBHblE pe3ysbTa-
Tbl UCCNEA0BAHNIN, CTPYKTYPUPOBAHHbIMMY, KOMMNAKT-
HbIMM — YKNaabiBaTbcA B 200-250 cnoB) (Ha pycckom
A3bIKe)

KnioueBble cnoBa: (Ha pycCKoMm fA3biKe)
BnarogapHocTu: (Mpy Hannumm) (Ha PyCCKOM A3bIKe)
Ona unTupoBaHUA: (Ha PyCCKOM A3blKe)

TekcT cTaTbm (Ha aHMVMINCKOM A3bIKE)

- BBOOHAA YACTb (BBEOAEHWE)

- OCHOBHAAYACTb

- 3AKJTIOYEHUE (BbIBObI)

TeKcT cTaTbm (Ha PYCCKOM A3bIKE)

- BBOOHAA YACTb (BBEOAEHWE)

- OCHOBHAAYACTb

- 3AKJTIOYEHUE (BbIBObI)

CnucokK nutepartypbli: (Ha aHINNCKOM A3bIKe)
Cnucok nutepartypbli: (Ha PYCCKOM A3bIKe)
NHdopmauma 06 aBTope(ax): (Ha aHIMNICKOM A3bIKE)

Undopmauus 06 aBTope(ax): (Ha pycCKoM A3biKe)

KoHTaKTbI:
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lMpunoxeHue 4

OdopmneHmne 6ubnnorpadpunyecknx cCbiIok
(B coorBeTcTBUM ¢ TOCT P 7.0.5-2008 n TOCT P 7.0.7-2009)

Bu6nuorpaduuecknii CNMcoK NPUBOANTCA NOCJe TeKCTa cTaTbu. Bce ccbinkm B cnucke nocnegoBaTesibHO
HyMmepyloTCcH.

OnuncaHve cTaTby U3 3/IEKTPOHHOIO XXypHana:

®anukmaH B.P, BanHep A.Al. DoToKaTanMTnyeckmne LemMeHTHble KOMMNO3UTbI, COAep»KaLlie Me30nopucTble HaHOYa-
CTUUbI AoKCMAaa TuTaHa // HaHoTexHonorun B ctpoutenbcTee. 2014. - Tom 6, N2 1. — C. 14-26. URL: http://nanobuild.
ru/ru_RU (naTta obpalueHus:: __ )

CnpaeoyHo: Tom 1 — 2009 rog; Tom 2 — 2010 rog; Tom 3 — 2011 rog; Tom 4 — 2012 rog; Tom 5 — 2013 rog; Tom 6 —
2014 rog; Tom 7 — 2015 rog; Tom 8 - 2016 rog v T.4.

OnuncaHme cTaTby U3 XKYPHaNoOB:
3arypeHko A.l., KopotoBckux B.A., KonecHukos A.A., TumoHoB A.B., KapabimoH [1.B. TexHKo-3KOHOMMUYeCKad on-
TUMK3auus au3aiHa rmgpopaspoliBa nnacta // HedraHoe xo3amcteo. — 2008. — N2 11. — C. 54-57.

OnucaHue cTaTbu U3 NpoAoKaloLLerocs usgaHus (c6opHukKa TpyaoB):
ActaxoB M.B., TaraHues T.B. SkcnepumeHTanbHoOe UCCefoBaHMe NPOYHOCTU COeAUHEHUA «CTaNlb-KOMMO3UT» //
Tpyabl MITY «MaTematrnyeckoe MOAeNMpPOBaHMe CIIOXKHbIX TEXHUYECKUX cucTem». — 2006. — N2 593. - C. 125-130.

OnucaHwme ctatbu c DOL:

Kopones E.B., CmnpHoB B.A., EBcTrHees A.B. HaHOCTpYyKTypa MaTpuL, CEPHbIX CTPOUTESNIbHbIX KOMMO3UTOB: METO-
[oNnorus, MetTofbl, MHCTPyMeHTapui // HaHoTexHonornm B ctpoutensctae. — 2014. — Tom 6, N2 6. — C. 106-148. DOI:
dx.doi.org/10.15828/2075-8545-2014-6-6-106-148

OnuncaHve maTtepuanoB KOHpepeHLuIA:

YcmaHoB T.C., T'yecmaHos A.A., MynnaruH U.3., MyxameTwuHa PIO., Yepssakosa A.H., CBelwHunkos A.B. OcobeHHOCTM
pa3paboTKy MeCTOPOXAEHMA C MOMOLLbIO MMAPABAMYECKOro pa3pbiBa niacta // Tpyabl 6 MexayHapogHoro cummno-
3uyma «HoBble pecypcocbeperatoLme TeEXHONOMMY HelPOMNOoJIb30BAHMA U NOBbIWEHUs HedTerazooTaaum». — Mocksa,
2007.-C.267-272.

OnucaHmne KHUrn (MoHorpadumn, C6OpHNKN):
Nungopd J1.C., MamunkoHunaHTc J1.T. SKcnnyatauus TypboreHepaTopoB C HeNOCPEACTBEHHbIM OXnaXKaeHuem. — Mo-
ckBa: M13g. SHeprua, 1972. - 352 c.

KaHeBckaa PJl. MaTemaTuyeckoe MOAeNMpoOBaHVE TMAPOAMHAMUYECKMX MPOLIECCOB pa3paboTKy MecTopoXae-
HWI YrNeBodopoAaos. — Mxesck, 2002.

OnuncaHvie NnepeBoOAHON KHUIA:

Tumowenko C.I., Anr [1.X., Yagep Y. KonebaHus B nHxeHepHoM gene. — 4-e nsa. — Hoto-Mopk: Yainu, 1974. - 521 c.
(Pyc. n3g.: Tumowenko C.IM., Axr 1.X., YaBep Y. KonebaHus B nHxeHepHoMm gene. - Mocksa: M34. MawrHocTpoeHme,
1985.-472 c.).
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BpykuHr A., IxoHc M., Kokc ®. SkcnepTHble cucteMbl. MpuHUMMbI paboTsl 1 npumepsbl. — YanmaH 1 Xonn, 1984. -
231 c. (Pyc. n3ga..: bpykunr A., IxoHc IM., Kokc @. dkcnepTHble cuctembl. MpuHUmnbl pabotbl 1 nprumepsbl. — MockBa:
WM3n. Pagno v cBsizb, 1987. - 224 c.).

OnucaHune MHTepHeT-pecypca:
Crunb APA (2011) [DnekTpoHHbI pecypc]. — Pexxkum gocTtyna: http://www.apastyle.org/apa-style-help.aspx (gata
ob6paueHus: 5.02.13).

MpaBuna UUTMPOBAHUA WCTOYHMKOB [INEKTPOHHbIN pecypc]l. — Pexum poctyna: http://www.scribd.com/
doc/1034528/ (naTa obpalyeHus: 7.02.13)

OnucaHve auccepTauum unm asTopedepara guccepraymn:
CemeHoB B./. MaTtemaTryeckoe mogennpoBaHue niasmbl B cricteme «<KOMMAKTHbBIN TOP»: AKC. ... A-pa G13NKO-Ma-
TemaTuny. HayKk. — MockBa, 2003. - 272 c.

Onucanme N0CTa:
FOCT 8.586.5-2005. I3mepeHume pacxoda U KONNYECTBA XKULKOCTEN 1 Fra30B C MOMOLLbIO CTAaHAAPTHbIX CY>KatoLLMX
ycTpoiicTB. MeToauKa BbinonHeHns namepeHuin. - Mocksa: U3g. CrangaptuHdopm, 2007. - 10 c.

OnucaHve naTteHTa:
ManknH M.B. Cnocob opreHTUPOBaHUsA MO KPeHy fieTaTeNbHOro annapaTa ¢ ONTUYeCKON FOfIOBKOW CaMOHaBefe-
HuA // MateHT PO N2 2280590. — 2006.

OnucaHne HeoNnyGNMKOBaHHOIO fOKYMeHTa:
leHepaTop pgaBneHna GD-2M. OnuncaHre TeXHMYECKMX XapaKTePUCTUK 1 PYKOBOACTBO NOJSib30BaTena. — 3aropck:
W3gaTtenbctBo HAW MpuknagHoit Xumunm, 1975. — 15 c. (He ony6nnkoBaHo).
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