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

The Main Tasks of the Electronic Edition «<Nanotechnologies in Construction: A Scientific Internet-Journal»:

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

2. Popularization of achievements of leading scientists, engineers, experts and researchers from different countries.
3.To provide information support and participate in the events (forums, conferences, symposia, workshops, exhibitions,
round tables etc) devoted to nanoindustry and problems of application of nanoindustry in construction and housing
and communal services, which are perspective and of great importance.

The electronic edition «Nanotechnologies in Construction: A Scientific Internet-Journal» Nanobuild.ru has been
published since 2009 and its periodicity is 6 issues a year.

The subject of the journal’s articles is given in Appendix 2 (chapter «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»).

Every issue of electronic edition «Nanotechnologies in Construction: A Scientific Internet-Journal» contains the infor-
mation 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 nanotechnological 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 nanoindustrial output.
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JOIN THE FORCES
INTHE FIGHT AGAINST CORONOVIRUS!

Today People Republic of China and other countries are fighting against dangerous
and harmful enemy - a new pneumonic coronovirus. Outbreak of coronavirus infection
of the new type, caused by coronovirus 2019-nCoV, started when the first cases of
pneumonia of unknown origins were revealed among local citizens in Wuhan (Hubei
province, Central China) at the end of December 2019. In January and February 2020
the coronavirus spread over the Chinese borders, sickness cases have been registered
in Japan, Singapore, Thailand, Republic of Korea, Malaysia, Australia, Germany, the USA,
France, Great Britain, Canada and other countries. There are many diseased and deaths,
the major part is in China. The medicals apply all efforts to cure the patients and to stop
coronavirus spreading.

The editors of the electronic edition «Nanotechnologies in Construction: A Scientific
Internet-Journal» successfully cooperate with advanced Chinese universities, some of
them are: Wuhan University of Technology, Shandong University and others.

The editorial staff, Editorial Council and Editorial Board of the electronic edition
«Nanotechnologies in Construction: A Scientific Internet-Journal» hope for the prompt
victory over the coronavirus and the disease will descent in near future and wish to all
people, first of all to Chinese, to have courage, patience and fortune in the battle against
this dangerous and harmful enemy.

We hope for the further efficient cooperation.

Nanobul

13 HAHO ctpoutca F'MIAycnex!
GIGAsuccess is built from

http://nanobuild.ru 9 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://whut.edu.cn/

Nanotechnologies in Construction: A Scientific Internet-Journal 2020; 12 (1):
HaHoTexHOnOrnm B CTPOUTENbCTBE: HayuHblii IHTepHeT-XypHan 4-9 NanObL" ]

NU3OAETCA NMPU NOAAEPXKKE

VAN

POCCUNCKON UHXXEHEPHOW MEXAYHAPOAHOM YXAHbCKOIO YHUBEPCUTETA
AKALEMUYN WHXXEHEPHOW AKALLEMUY TEXHONOTUIA (KUTAIA)

NM3OATEJNIbCKWE CBEOAEHUA

(uenu n 3agauu; NepBbIf rof BbIXOAA; NEPUOANYHOCTb; TEMaT/Ka CTaTell U LeneBas ayauTopus; MexXayHapOoaHbI
peaaKkLVOHHbBIV COBET; MEXAYHapOoAHAA peAakLUOHHAA KOMerus; pefakums; yupeauTenb 1 n3gatenb; u3gaTenbcKkas
3TWKa; KOHTaKTHbIEe JaHHbIE; MVHMMaJIbHble CUCTEMHble TpeboBaHMA, HeobxoaNMble Ans AOCTYMNa K N3[aHNI; apXu-
BMPOBaHMe; rpaduk n3naHus)

OCHOBHOI1 LieN1bio 3/IeKTPOHHOro n3gaHusa «kHaHoTexHoNOrMN B CTPOUTENbCTBE: HayUHblil IHTepHeT-XXypHan»
Nanobuild.ru sBnserca nHpopmauroHHoe o6ecneueHne npouecca cosgaHus v BHeApPeHUA B MUpe HayKOEMKINX
TexHonorui (npexpae BCEro — HAHOTEXHONIOTMYECKON NPOAYKLMM) B 061aCTU CTPOUTENBCTBA, XKUINLLHO-KOMMYHasb-
HOrO XO35IMCTBA, CMEXKHbIX OTpAC/el (MPOMbILIEHHOCTI, SHEPTeTUKN 1 Ap.).

OCHOBHbIE 3a4a4M NIeKTPOHHOr0 n3gaHnA <HaHOTeXHONOrnY B CTPOUTENbCTBE: HayUHblil IHTepHeT-XKypHan»:
1. NMpepocTaBneHrie yuyeHbIM 1 CrieluanimncTam 13 pasHblX CTPaH BO3MOXHOCTU Ny6nKoBaTb pe3ysnbraTbl CBOUX UC-
CflefoBaHUN 1 nosyyaTb MHGOPMAaLMI0 O COBPEMEHHDBIX TEXHOMOMUAX U MaTepuranax, BbICOKO3IGPeKTMBHOM 060py-
LOBaHMM B 06N1aCTU CTPOUTENIbCTBA, XKUJMLLIHO-KOMMYHANIbHOIO XO3ANCTBA, CMEXHbIX OTpacsien (MPOMbILLIEHHOCTH,
SHepreTUKn n gp.).

2. Monynsapun3aumsa AOCTVIXKEHWN BEAYLLMX YUEHBIX, MHXXEHEPOB, SKCNEPTOB Y NCC/IEAOBATENEN 3 PA3fINYHBIX CTPAH.

3. lHdopmaumoHHas nogaep»KKa 1 yyactue B Meponpuatusax (bopymax, KoHbepeHLMAX, CUMMO31yMax, CEMUHAPaX,
BbICTaBKaX, KPYr/ibiX CTOMaX 1 T.4.) MO HAHOVHAYCTPUY U MPUKALHBbIM BOMPOCaM HaHOTEXHONOTUI B 0611acTu CTpou-
TeSIbCTBA W XKUJIMLLHO-KOMMYHAJIbHOO X03ANCTBA, UMEIOLLMX aKTyasIbHOE 1 NepCrekTVBHOE MPAKTUYECKOe 3HAUEHMe.,

SneKTpoHHOe n3gaHue «HaHOTeXHONOrMN B CTPOUTENIbCTBE: HayUHbIl HTepHeT-KypHan» Nanobuild.ru nsgaertca
¢ 2009 ropa, nepruoguYHOCTb — 6 HOMEpPOB B rop,.

TemaTvka cTaTei XypHana npusefeHa B MpunoxeHun 2 (pasgen «o cobniofeHr pefakumen 3N1eKTPOHOro 13aHus
HaHOTEXHOJIOTV B CTPOUTENIbCTBE: HAaYUHbIV MHTEPHET-KYPHar» N34aTeNbCKON TUKM U 3asiBieHne 06 OTCYTCTBUN
3110ynoTpebneHmns ciy)ebHbIM NONoXKeHNeM»).

B KaxjoM HOMepe 31eKTPOHHOIO 13aHnA «<HaHOTEXHONOrMN B CTPOUTENbCTBE: HAYUHbI VIHTepHET-KypHan» ny6niu-
KyeTca nHbopmauma o nepefoBbix MaTepranax U TEXHOSOMMAX, KOTOPbIE YXKe NCMOJb3YHTCA U AOMKHbI MOABUTLCA
B GivKalilee BpeMms, a 3TO BbI3bIBAeT OOJbLUIOW MHTEPeC Y CMeLManmncToB.

MosTomy aBTOpamu 1 YNTAaTENAMU U3AAHUA ABNAIOTCA:

«  CTyHeHTbl, NpenofaBaTeni, acrnpaHTbl 1 JOKTOPAHTbI BY30B;

+  YUeHble 1 CMeuranucTbl HAyYHO-NCCI1Ied0BaTeNIbCKUX UHCTUTYTOB U HAHOTEXHOJIOTMYECKIX LIEHTPOB;

+  PYKOBOAWTENV 1 CMELMANNCTbI yUPEXAEHWI, OPraHn3aunii v NPeANpPUATAI CTPOUTENBHOTO KOMIIEKCA U XKULL-
HO-KOMMYHAJIbHOTO XO35IMCTBa;

+  YUeHble 1 CMeuUranmncTbl CMEXHbIX CO CTPOUTENbCTBOM OTpaciien;

«  3KCnepTbl prpM-NpomrssBoauTeNer NPOAYKLUN HAHOVHAYCTPUN.

http://nanobuild.ru 4 info@nanobuild.ru
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MEXAYHAPOAHbIN PEAAKLLMOHHDbIA COBET
(OBLLECTBEHbIV KOHCYJIbTATUBHbIV OPTAH)

lMpedcedamernb mexx0yHapoOHO20 pedaKyUOHHO20 cosema

F'YCEB bopuc BnaguMmunpoBuny - rnaBHbii pefakTop MeKTPOHHOMo nsgaHnsa «HaHoTeXHONOrnm B CTPOUTENbCTBE:
HayuHbI IHTepHeT-XypHan», uneH-koppecnoHaeHT PAH, npe3sugeHt PUA n MUA, 3aBeaytowmin kadenpon «CTpo-
UTenbHble MaTepranbl U TEXHONOTUU» POCCMIACKOrO yHMBEPCUTETA TPAHCMOPTA, 3aC/y>KEeHHbIN aeATenb Hayku PO,
naypeat locygapctBeHHbix npemuint CCCP n PO, g-p TexH. Hayk, npodeccop, Poccuiickaa Oepgepauus

YneHol mex0yHapoOHO20 pedaKkyUuOHHO20 cosema

YEPHbILLUOB EBreHuin Muxannosu4 - akagemvk PAACH, npepcepatens Mpesnauyma LleHTpanbHOro permoHansHoro
oTaeneHna POCCMINCKOM aKaleMny apXUTEKTYPbl U CTPOUTESIbHBIX HAYK, AUPEKTOP 06pa3oBaTENbHOIO TBOPUYECKOIO
aKaZleMMYeCcKoro LieHTpa «ApxcTpoliHayKa» BopoHexckoro FACY, o-p TexH. Hayk, npodeccop, Poccuiickaa Oepnepauna

OUroBCKUI Oner JIbBOBNY — J€ICTBUTENbHBIN YeH EBponerickon akagemunm HayK, MHOCTpaHHbIN uneH PUA n PAACH,
rmaBHbI pepakTop *KypHanos SITA, OCJ n RPCS, aupektop komnaHun «Nanotech Industries, Inc.», KanudopHus (CLLA),
OupeKkTop MexayHapoaHOro HaHOTEXHOJOMMUYECKOTO UCCIefoBaTeNbCKOro LieHTpa «Polymate» (M3pannb), 3aB. kadegpon
FOHECKO «3enéHas xumusi», npesngeHT N3pannbckon Accounaunm N3obpetatenen, CLUA, M3paunb

30Y OxeHbrul — BefyLmi npodeccop YXaHbCKOro TEXHONMOMMUYeCKoro yHuBepcuteTa (Kutan); naypeat npemun YoHr KoHr
MuHncTepcTBa 0bpasoBaHusa KHP; akagemunk MexxayHapogHou akageMmm kepaMuki; focyapcTBeHHas rnaBHas abopa-
TOpUA NepefoBbIX TEXHOOMMI Afs CMHTE3a 11 00PabOoTKM MaTepurasioB, YXaHbCKIMI TEXHOMOMMYeCKin yHBepcuteT (Kutaii)

MUBAHOB JleoHug AnekceeBuy — pykoBoauTenb npoekTta «Nanobuild.rux, rnaBHbI yuéHblli ceKpeTapb 1 BULle-npe-
3upeHT Poccnnckon n MexgyHapogHOWM HXeHepHbIX akagemun, akagemuk PUA n MUA, KaHgnaat TeXHNYeCKNX Hayk,
uneH Coto3a xypHanuctoB Mocksbl, Poccumn n MexayHapogHol defiepaunn xKypHanucTtos, Poccniickana Oegepavms

KAJIIOXKHbIW Ceprein Bnagnmuposuy - cosetHuk Mpeaceaatens MNpasnexna OAO «<POCHAHO» no HayKe — raBHbiii
yueHbii, uneH MpasneHunsa OAO «POCHAHO», g-p xvm. Hayk, npodeccop, Poccuiickan Oegepauus

KOPOJIEB EBrenui Banepbesunu — npopektop MI'CY no yue6Hot pabote, gupektop HOL| «HaHoTexHonorumy» Hauu-
OHaNbHOTrO NCCNefoBaTENbCKOro MOCKOBCKOro rocyiapCTBEHHOrO CTPOUTENBHOIO YHNBepCUTeTa, coBeTHNK PAACH,
I-p TexH. HayK, npodeccop, Poccuinckas Qegepauna

CypeHpgpa M. WAX - nouetHbIi npodeccop CeBepo-3anagHoro YHusepcuteta, nnunonc, CLUA; YHuBepcuTeTa
JTAkynna, Utanua; TOHKOHICKOro NOAINTEXHNYECKOrO YHBepcuTeTa; [lencTBnTenbHbIN YneH HaunoHanbHOM NHXe-
HepHon akagemumn CLLUA, HOCTpaHHbIN uneH PoCCMnCKOM NHXXeHepHOM akagemuu, MoyeTHbI YneH VHXeHepHbIX
Axkapgemuin Kutas v Mugum (CLLA)

LUEBYEHKO Bnagumup ApocnaBoBuY — arpekTop MHcTUTyTa Xvmmmn cunmnkaTtos nm. U.B. MpebeHwmkoBa, pyko-
Bogutenb HayuyHoro coseta PAH no Kepamnyeckum n gpyrum HemeTannmyeckum matepuanam PAH, 3amectutens
npepcepatena KoopanHaLuMoHHOro coBeTa no pa3BuTUio HaHoTexHonorun npu Komutete Coeta Oepepaunn OC PO
Mo Hayke, KyJnbType, 06pa30oBaHuI0, 34PaBOOXPAHEHUNIO U 3KOMory, akageMmuk PAH, o-p xvum. Hayk, npodeccop, Poc-
cnickaa Qepepaumn

TEJINYEHKO Banepuin UBaHOBUY — npe3naeHT HaumoHanbHOro nccnefoBatenbckoro MoCKoBCKOro rocygapCcTBeH-
HOroO CTPOUTENBHOIO YHMBepcuTeTa, 1-1 Buue-npesngeHT PAACH, akagemunk PAACH, 3acny»keHHbI geaTtenb Hayku PO,
I-p TexH. HayK, npodeccop, Poccuinckas Qegepaunsa

Wy Jin la — nHOCTpaHHbIN YneH POCCMNCKON NHXKeHepHON akagemunu, uneH EBponenckon akagemmm Hayk, JOKTOp
dunocoduu, uneH VIHCTUTYTa MHXKEHEPOB MO 3NEKTPOTEXHUKE 1 3NeKTpoHUKe (IEEE), yupenmtens u rnaBHbin pefak-
Top MKypHana nHayCcTpranbHON MHPOPMALMOHHOW UHTerpauuu, npodeccop OTaena MHPOPMALIMIOHHBIX TEXHONOT I
W HaYKN NPUHATUA peleHnin, YHnBepcnuteT Ong JomuHmoH (CLLA)
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MEXAOYHAPOOHAA PEOAKUUWOHHAA KONNETNA
lMpedcedamenb mex0yHapoOHoOU pedaKyuoHHOU KoJsiieauu

F'YCEB bopuc BnagnMmunpoBuny - rnaBHbii pefakTop MeKTPOHHOMo nsaaHnsa «HaHoTeXHONOrnm B CTPOUTENbCTBE:
HayuHbI IHTepHeT-XypHan», uneH-koppecnoHaeHT PAH, npesugeHt PUA n MUA, 3aBeaytowmin kadenpon «Ctpo-
UTenbHble MaTepurasnbl U TEXHONOTMU» POCCMIACKOrO yHMBEPCUTETA TPAHCMOPTA, 3aC/y>KEeHHbIN AeATenb Hayku PO,
naypeat locygapctBeHHbix npemuint CCCP n PO, g-p TexH. Hayk, npodeccop, Poccuiickaa Oegepauus

YneHol mex0yHapoOHoU pedakyuoHHOU Kosuieauu

Mutep . M. BAPTOLL - npodeccop Koponerckoro YHusepcuteta bendacta (BenukobputaHus), npeacenaTenb
TexHnYeckoro KoMmUTeTa Mo HAHOTEXHOJOTMAM B CTPOUTENbHbIX MaTepuranax PUJITIEM (2002-2009 rr.), 6biBLlUMA py-
koBoguTenb LLloTnaHACKOro LieHTPa NO HAaHOTEXHONOTMAM B CTPOUTENbHbIX MaTepuanax (YHMBepcuTeT 3anagHom
LWoTnaHaun), BennkobpurtaHus

BAXXEHOB KOpuit MuxaiinoBuy - 3asefyolnii Kabegpon «TeXHONOorny BAXKYLLMX BELLEeCTB U OETOHOBY, HaYUHbII
pykosoanutenb HOL «<HaHoTexHONorum» HaumoHanbHOro nccnegoBatenbckoro MOCKOBCKOro rocyjapCTBEHHOMO
CTPOUTENbHOrO yHUBepcCuTeTa, akagemunk PUA, akagemuk PAACH, 3acny»eHHbI feAtenb Haykn PO, A-p TeXH. HaykK,
npodeccop, Poccuiickaa Qepepauus

OAJIMKMAH BauecnaB PyBumoBuu — 1-11 BuLe-npe3ngeHT accounaumm «KenesobeToH», akagemuk PUA n MUA,
YMOJIHOMOYEHHbIN MeXAyHapOA4HOro COt3a KCMEPTOB 1 1abopaTopuii Mo UCMbITAHNIO CTPOUTESNIbHbIX MaTEPMANOB,
cuctem 1 KoHCTpyKuun (PUTEM) B ctpaHax BoctouHol EBponbl n CpeaHen A3unu, YnieH TeXHUYeCKoro KommTteta Amepu-
KaHCKoro nHctuTyTa 6etoHa ACl 241 «<HaHoTexHonorum B 6eToHe», npodeccop HauroHanbHOro ncciefoBaTesibCKoro
MOCKOBCKOro rocyiapCTBEHHOIO CTPOUTENIbHOTO YHUBEPCUTETA, LOKTOP MaTepuanoBefeHus, Poccninckaa Oepepauna

XO3/H Bagum MpuropbeBuy — 3aseayownii Kadbenpon «TexHONory CTpoUTENbHbIX MAaTepPUanos, N34eNNi U KOH-
CTPyKUMiA» Ka3aHCKOro rocyJapCTBEHHOMO apXUTEKTYPHO-CTPOVTENbHOTO YHNBEPCUTETA, 3aCNTyXKEHHDIN JeATesb HayKu
Poccuiickon Qepepaunm n Pecny6nmku TatapcTaH, NOYETHbIN paboTHYIK BbICLLErO NPodeccMoHanbHOro obpasoBaHus
PO, o-p TexH. Hayk, npodeccop, Poccuiickas Oenepauusn

JIbIHbKOB JleoHung MuxaiinoBuy — 3aBefiyoimn Kapegpon «3awurta nHoopmaumm» YO «benopyccKuin rocynapcTBeH-
HbI YHUBEPCUTET MHPOPMATUKN U PAAUOINEKTPOHUKIY, A-P TEXH. HayK, Mpodeccop (r. MuHck, benapycb), benapycb

MAJIKUH Monapg — ctapLuinii HayuHbI COTPYAHUK, YHMBepcuTeT beH-TyproHa B Herese, g-p ¢.-M. HayK, MUHOCTPAHHbIN
uneH Poccuinckon nHxeHepHo akagemnu, feHepanbHbIi anpekTop, «StartUpLaby», M3pannb

MELLEEPVH BukTtop CepreeBud — JUPEKTOP UHCTUTYTa CTPOUTENbHbBIX MaTepranoB TeXxHNYeCKoro yHnBepcmuTeTa
Dpe3pneHa, o-p TexH. Hayk, npodeccop (Ape3neH), lfepmaHus

CUKOPA NaBen - kaHAMZAT HayK, 3anaiHONMOMOPCKNI TeXHOIormyeckunin yHnsepcutet B LeumHe (Monblua), HayyHbIn
COTPYAHMK BepnMHCKOro TeXHNYEeCKoro yHnsepcuteTa, lepmaHus

COBOJIEB KoHcTaHTUH NeHHagueBmny — pyKoBOAMTENb TEXHUYECKOrO KOMUTeTa AMEPUKAHCKOro MHCTUTYTa 6eToHa
ACI 241 «HaHoTexHonorum B 6eToHe», npodeccop YHnsepcuteta BuckoHcun-Munyoku, CLLA

YPXAHOBA Jlapuca AneKkceeBHa — 3aBefytoLias kadeapoi «[Ipon3BoacTBO CTPOUTENIbHBIX MATEPUANIOB W U3LENNN»
BocTtouHO-CnbrnpCKOro rocyaapCTBEHHOIO YHMBEPCUTETa TEXHOMOTMIA U yNpaBieHns, A-p TeXH. HayK, npodeccop,
Poccuninckas Oepepauyma

PEAAKLUA

[naBHbIN pegakTop — A-p TEXH. HayK, npodeccop NYCEB bopuc Bnagnmuposuy
LWed-penaktop — EBCTUTHEEBA Onua AHaTonbeBHa
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HauanbHuk otgena amsariHa u Bepctku - PESHUYEHKO AHgpen CepreeBuy
PykoBoguTens rpynnbl MO BHELWHVM CBA3AM — KaHA,. TexH. Hayk MYMUWHOBA CeetnaHna PawmposHa

YYPEOAUTEJNIb U N3AATEJNDb

000 «UHT «HaHoCTpountenbcTBO»:
+ uneH MexpgyHapogHo accoumaumm no ceasam nsgatenen (MACKW);
+ uneH Accoumaunm HayYHbIX pegakTopoB u nsgatenen (AHPW).

dneKTpoHHOe nsgaHune «<HaHoTexHonoruy B CTpouTeNbCTBE: Hay4HbIN IHTepHET-KypHan» 3aperncTpupoBaHo
KaK camocToATeNIbHOe CPeACcTBO MaccoBol nHbopmauny B OegepanbHom cny»kbe no Haa3opy B chepe CBA3M 1 Mac-
COBbIX KOMMYHMKaL MUHUCTepCTBa CBA3M 1 MAacCOBbIX KOMMYHMKaunin Poccuinckon Oegepauun (CBUAETENbCTBO
0 perncTpauum cpeactsa MaccoBon uHpopmarmm n Ne OC77 — 35813 o1 31 mapTa 2009 r.).

OneKkTpoHHoe nspaHue «kHaHoTeXHONOrMM B CTPOUTE/NIbCTBE: HayUHbIli IHTepHeT-KypHan» BKIloUeHo B [epeyeHb
peLEeH3MpPYeMbIX HayUHbIX N3[aHWI, B KOTOPbIX AOMKHbI ObITb ONMy6/IMKOBaHbl OCHOBHbIE Pe3ybTaThl ANCCePTaLUA Ha
COUCKaHWe yUYeHol CTeNeHn KaHAUAATa HayK, Ha COMCKaHUe YYeHOW CTEMNeHN JOKTopa HaykK.

SneKTpoHHOe nsgaHne «kHaHoTexHONOrMN B CTPOUTENbLCTBE: HaYUHbIil IHTepHeT-XKypHan» BK/IOYEHO B CUCTEMbI
untupoBaHus (6a3bl gaHHbIX): CA(pt) (CLLA); DOAJ (Weeuus); EBSCO Publishing (CLUA); ESCI Web of Science (CLUA);
EZB (TepmaHus); OAJI (CLUA); ProQuest (CLUA); CrossRef (CLLUA); ISSN 2075-8545 (DpaHuma); HayuHas anekTpoHHas
6ubnuoteka (Poccun); Readera (Poccusn); ResearchBib (AnoHua); ResearchGate (CLUA); Ulrich’s Periodicals Directory
(CLLA) n ppyrue. Kaxgown HayuHou cTaTbe npucansatotca YK, DOI, a Takxe HTML-kog.

U3IOATEJIbCKAA 3TUKA

PenakLMOHHbBIN COBET, peflakUMOHHas KOMNerns, KONneKTus pefakunm NoaaepKrBatoT NONUTHKY, HaNpaBieHHYo Ha
cobntofeHme NPYHLMMNOB N3AaTeNbCKOW STUKK, Y MPU3HAIOT, YTO OTC/IeXMBaHVEe COONOLEHNA NPVHLMIMOB U3[aTebCKoM
(PefakUMOHHO) STUKW ABAAETCA OLHOWN U3 FMaBHbIX COCTABALWMX PELEH3UPOBaHNA 1 n3faHnA. OCHOBHbIE STUYeCKMe
MPVHLMMBI Ny6nrKaumm cTaTell U peLieH3npoBaHms ony6MKoBaHbl B XXypHare (pa3gen «O cobnofeHnn pegakumen
3NIEKTPOHHOTO U3JaHUA «<HaHOTEXHONOTUN B CTPOUTENBCTBE: HayUHbI MHTEPHET-KYPHaN» 134aTeNIbCKON STUKM U 3a-
ABNeHre 06 OTCYTCTBUM 3N0YNoTPebeHna cny ebHbIM NonoXKeHeM») U Ha caiTe nsgaHua http//www.nanobuild.ru.

ABTOpPbI ONYONKOBAHHbIX MAaTepPUanoB HECYT OTBETCTBEHHOCTb 3a JOCTOBEPHOCTb NPUBELEHHbIX CBEAEHWI U UC-
Monb30BaHUe JaHHbIX, He MoANEeXaLlnX OTKPbITON Ny6nvkaunn. Pegakuma octaBnset 3a co60i NpaBo BHECEHMS pe-
LAaKTOPCKOW NpaBku. MHEHMe pefakLumy MOXeT He COBMaAaTb C MHEHVSIMU aBTOPOB, MaTepuarbl NyOMKyTCA C Lienbio
0bCyXaeHUn akTyanbHbIX BOMPOCOB. PelakLus He HeceT OTBETCTBEHHOCTU 3a COAiepPKaHMe peknambl 1 06basneHuii (R).
Jlrobasa nepeneyatka MaTEPVANOB MOTHOCTBIO UN YACTUYHO BO3MOKHA TOJIbKO C MUCbMEHHOTO Pa3peLLeHunst pefakumm.
KOHTAKTHbIE OAHDIE

Agpec: Poccninckas Oepepauma, 125009, MockBa, laseTHblIl nep., 4. 9, cTp. 4

Internet: http//www.nanobuild.ru

E-mail: info@nanobuild.ru

APXUBUPOBAHWE

CraTbu 13 )KypHana (MeTagaHHble cTaTel) pa3meLlaloTca B «KOTKPbITOM JOCTYMNEe»:

+  Ha caiiTe 3N1eKTPOHHOrO 13faHNA «<HaHOTEXHONOMM B CTPOUTENBbCTBE: HAYYHbIN MHTEPHET-KYPHa», CCbiiika — http://
nanobuild.ru/ru_RU/, panee — pasnen «<ApxmB HOMEPOBY;

+ B MOJIHOTEKCTOBOWM 0a3e AaHHbIX Hay4YHbIX XypHanoB oTkpbiToro goctyna Open Academic Journals Index (OAJI),
ccbinka - http://oaji.net/journal-detail. htmI?number=6931;
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Ha calnTe HayuHowm aneKTpoHHOM 61nbnnoTeky, ccbinka — http://elibrary.ru/contents.asp?issueid=1568760;

B 6a3e HayuHbIX *kypHanoB Directory of Open Access Journals (DOAJ), ccbinka — https://doaj.org/, panee — ocyuiect-

BiAeTcA Nouck xxypHana «Nanotehnologii v Stroitel'stve»;

B 6a3e daHHbIX Hay4HbIX >KypHanoB ResearchBib, ccbinka - http://journalseeker.researchbib.com/view/issn/2075-8545;

Ha MHTepHeT-pecypce YUEHbIX BCeX HayuHbIX AncumniamH ResearchGate, ccbinka — https://www.researchgate.net/

journal/2075-8545_Nanotechnologies_in_Construction;
B HAay4YHOW MexayHapogHon 6a3e Readera — https://readera.ru/nanobuild;

B APYr1x cucteMax LMTMpoBaHua (6a3ax faHHbIX).
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OBbEANHUM YCUNTUA
B bOPbBE C KOPOHABUPYCOM!

B HacTosAwee Bpema KnTtal n pag opyrux ctpaH 60pioTca C onacHbIM M KOBapHbIM Bpa-
FOM — HOBbIM MHEBMOHMYECKMM KOPOHABUPYCOM. BCnbillKka KOPOHaBMPYCHOM NHEKL M
COVID-19 HoBoOro TMna, Bbi3BaHHaA KopoHaBupycom 2019-nCoV, Hayanacb ¢ obHapy-
XeHunA B KOHUe aekabpa 2019 roga B ropoge YxaHb NpoBUHUMK Xy6311 LeHTPANbHOIO
Kntaa nepBbIx c/iyyaeB MHEBMOHUN HEU3BECTHOIO NPOUCXOXKAEHNA Y MECTHbIX XuUTe-
nen. B avBape-¢dpeBpane 2020 roga KOpoHaBMpPYCHaa MHGEKLMA pacnpoCTpaHUIach 3a
npegensl Kntas, cnyyam 3abonesaHuna o6HapyxeHbl B AnoHnn, CuHranype, TannaHge,
Pecnybnuke Kopesa, Manansuum, Asctpanuun, lfepmannn, CLUA, OpaHunn, Benukobpu-
TaHuW, KaHage n apyrux ctpaHax. OyeHb MHOro 3ab60NeBLMX U NTeTaNibHbIX UCXOA0B,
nogasnAoLLee YNCNO CrlyvyaeB Npuxoantca Ha Kutan. Bpaun npunaratoT Bce ycunus,
4yTOObI BbINEYNTHL 3a00NEBLUNX N OCTAHOBUTb PACNPOCTPaAHEHNE KOPOHaBMpYCa.

Pepakuma anekTpoHHOro n3gaHuna «HaHotexHonormm B CTponTeNbCTBE: HayUHbIn VIHTep-
HeT-XypHan» NI0OJOTBOPHO COTPYAHNYAET C PAAOM BeAyLNX KATaNCKNX YHNBEPCUTETOB.
Cpean HuX: YXaHbCKW YHMBEpPCUTET TexHonorun, LlaHbToycknin yHuBepcuteT n ap.

Pepakuma, pegakumOoHHbIN COBET N pefakLMOHHaA Konnerna «<HaHoTexHonorum B CTpo-
NTENbCTBE: HAYYHbIN VIHTEPHET-)KypHan» HafelTCA Ha TO, YTO B GnunKanluee Bpems
KOopoHaBupyc byaet nobexaeH — 1 6one3Hb NONAET «Ha CNaA» U »KenawT BCeM, Npe-
xnae Bcero — xutenam Kutasa, my>kectsa, TepneHua 1 ygaum B 6opbbe ¢ 3TMM onacHbIM
I KOBAaPHbIM BParom.

Hapeemca Ha fanbHenLwwee NNOJOTBOPHOE COTPYAHNYECTBO.

Nanobul

13 HAHO ctpoutca F'MIAycnex!
GIGAsuccess is built from
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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-

NIUNIVERSITY,
CHNOLOGY
E'EADING}

-

—\
RSI

.

TIEST

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- ing materials, transportation and logistics, mechatronics
eign member of the Russian Academy of Engineering, and automobile, information technology, new energy,
1 member of European Academy of Sciences, 1 fellow  resources and environmental technology as well as Pub-
of Australian Academy of Technological Sciences and  lic Safety and Emergency Management. Meanwhile, the
Engineering and 1 member of World Academy of Ce- University has established about 230 Joint Research Cen-
ramics. Besides, the University has heldpublic global  ters with local governments and enterprises. From 2010,
recruitment of 30 world-renowned professors to be its ~ WUT has obtained 14 National Science and Technology
«Strategic Scientists» in the area of Materials Science  Awards, ranking in the forefront of Chinese higher educa-
& Engineering, Mechanical Engineering, Information  tion institutions.
Technology and Naval Architecture & Ocean Engineer- WUT has established cooperative relations for
ing. WUT owns a great number of academic staff mem- students exchange and scientific research with more
bers listed in national high-level talents programs, with ~ than 190 foreign universities and research institutions
28 of them listed in the Recruitment Program of Global =~ from USA, UK, Japan, France, Australia, Russia and
Experts»(known as »the Thousand Talents Plan»), the Netherlands, etc. and invited over 300 interna-
6 listed in «Ten Thousand Talents Program», 14 listedin ~ tional famous scholars to be strategic scientist, guest
«Cheung Kong Scholars Program», 7 listed in «The Na-  professors or honorary professors. From 2007, WUT
tional Science Fund for Distinguished Young Scholars», ~ was authorized to establish 5 Bases of Foreign Out-
3 listed in «National Renowned Teachers» and 11 listed  standing Expertise-Introduction for Disciplines In-
in «The New Century National Hundred, Thousand novation in China Leading Universities in Advanced
and Ten Thousand Talent Project». Technology for Materials Synthesis and Processing,
The University owns 24 academic schools, 4 State ~ Advanced Technology for High Performance Ship,
Key Laboratories, 8 State key Disciplines, 77 Doctoral ~ Advanced Technology for Functional Film Materials
programs, 226 Master’s programs as well as 90 Bach- Fabrication and Its Application in Engineering, Key
elor’s programs. The Universityhas 54.986 students, Technology for New Energy Vehicles and Environ-
including 36.452 undergraduates, 17,224 postgraduates  mental-friendly Building Materials. As well, the In-

(Master and PhD students), and 1.310 international stu-  ternational Joint Laboratory of Advanced Technology
dents. Besides, Material Science, Engineering Science  for Materials Synthesis and Processing, the Base of
and Chemistry rank the top 5%o in ESI (Essential Sci- International Science and Technology Cooperation in
ence Indicators) global discipline ranking list. Environmental-friendly Building Materials, the base

WUT owns 34 innovative research centers with inter- of International Science and Technology Cooperation
national leading level including two State Key Laborato- on Smart Shipping and Maritime Safety. From 2009,
ries, one State Engineering Laboratory, one National En- ~ WUT has established 14 International Joint Research
gineering Research Center and ministerial or provincial ~ Centers with internationally renowned institutions
level laboratories in the areas of new materials and build- from USA, UK, Italy and the Netherlands, including
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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 7imes 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.

http://nanobuild.ru

12

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNbCTBE: HayuHbI IHTepHeT-KypHan

2020; 12 (1):
10-14

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

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 R

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

6611 obpasoBaH 27 mag 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
ympaBieHneM U locymapCTBEHHBIM VIIpaBJICHHEM
0 HayKe, TeXHOJOTHWSIM M HaIlMOHAJIbHOI Oe3omac-
Hoctu. B mpengpiaymue 70 met YYT BoImycTHi 6ojee
500 000 WHXEHEPOB M TEXHUYECKUX CITEIMAINCTOB,
CTaB, TaKUM 00pa3oM, KPYMHEHIINM YHUBEPCUTETOM
M0 TIOATOTOBKE KaIpOB B TpeX OO0JACTSIX ITPOMBIII-
JICHHOCTU — CTPOMTEIBHBIX 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 o6pa3oBaTeIbHYIO
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 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpodeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KAUECTBE «CTPATETUICCKMX YUCHBIX» B 00IaCTH
MaTepUAIOBEACHUS W WHXEHEPHOTO Iejla, MAaIINHO-
CTpoeHMsI, MHMOOPMAIIMOHHBIX TEXHOJIOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHNKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 HuX 28 Bxomar B IIporpaMmy peKpyTHWHTa
MEXIYHApPOIHBIX BSKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpaMma ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSTH TBICSY CIIeIUanncToB, 14 — B IIporpammy
yuyeHblX Yenr Konr, 7 sBnsitoTcs jaypeatamu Haumo-
HaAJIBHOTO HAyYHOTO (POHA TSI MOJIOIBIX BBITAIOIITIX-
¢S YUICHBIX, 3 BXOOAT B HammoHanpHYIO IporpaMMy 3a-
CITy>KeHHBIX Tpenoaasateiei u 11 — B HaumoHanbHbIH
TIPOCKT COTHH, THICSYU U ICCSITU THICSY CIICIIUATICTOB
HOBOTO BeKa.

YHUBepCUTET BKIIOYAeT 24 HaydHBIE IITKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC J1abopaTopuu, § rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJBHBIX TIPOrpaMM acCIUPAHTYPhl U ITOKTOPAHTYPHI,
226 mporpaMM MarucTparypsl, a Takxke 90 mporpamMm
Oakamaspuara. B ynusepcurere 54 986 oOydaroiimx-
cs1, cpeid KOTOpBIX 36 452 cTymeHTOB OakajaBpua-
Ta, 17 224 CcTyneHTOB MarucTpaTypbl U acITMpPaHTOB,
a takke 1 310 MHOCTpaHHBIX CTYyIeHTOB. boiee ToTO,
MyOJIMKAIIUM TI0 MaTepUAIOBEICHUIO, MHKCHEPHOMY
JeJly U XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETpU-
yeckoit 6aze MHcTuTyra HayuHoit nHdopmatmu CIITA
(Essential Science Indicators) MexXXIyHapOITHOTO peii-
TUHTA 00JIacTel 3BHAHUIA.

YVT pacnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEJILCKUMU IIEHTPAMHI MEKIyHAPOITHOTO YPOBHSI, BKITIO-
yasg IBE TOCYIApCTBCHHBIC KITIOUEBEIC JIAOOPATOPUM,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1abopaTopuIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPHHTOBBIA MCCIICIOBA-
TEJIBCKUI ILIEHTP, a TakKe J1abopaTopry BEIOMCTBEH-
HOTO WM OO0JACTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepuaIoB M CTPOUTEIIBHBIX MaTepHajIoOB, TpaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKN W aBTOMOOMJIECTPOCHUSI,
WH(MOPMAIIMOHHBIX TEXHOJIOTHI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMI 3aIIUTHI OKpPYXKAaroIeit
Cpenbl, a TakKKe YIPaBIICHHUST OOIIeCTBEHHOI Oe3ormac-
HOCTBIO M YPe3BBIYatHBIMU CUTYalIusIMI. BMmecTe ¢ TeM,
YHUBEPCUTET OCHOBaJI OKoJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHHIIWITAJLHBIMHA BIIACTSIMU
1 MecTHBIMM TipennpusatuasMu. Haumnag ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEeHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PECUTUHTE
KHATAWCKMX BBICIINX YUCOHBIX 3aBEICHUIA.

VVT ycTtaHOBWJI CBSI3M 151 CTyAEHYECKOro ooMeHa
¥ HayYHBIX UCCIIefoBaHMIi ¢ 0ojee, yeM 190 mHOCTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIYHBIMM WHCTUTYTAMU
n3 CIIA, Benmkoopuranum, Anonun, @Dpanumu,

Asctpanuu, Poccum, HunmepmanmoB m Ap., a Takxke
npuntacunl 6onee 300 BCceMMPHO M3BECTHBIX HCCIIE-
JIoBaTejicii B Ka4eCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
IAIIEHHBIX U MOYeTHBIX TTpodeccopon. C 2007 roma
YVYT moxyamt 1ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX IEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPO(eCCHOHATLHBIX HAIIPaBICHU B Clle-
IYIOIIUX O0JIACTSIX: TEPCIIEKTUBHBIC TEXHOJIOTUM IIJIST
CHHTe3a W 00padOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [JISI BBICOKOIIPOM3BOMUTEIBHBIX KOpa-
0J1eil, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TTPOM3BOICTBA
(YHKIIMOHAIBHBIX TJICHOYHBIX MAaTEPHAJIOB U €T0 UC-
MIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHUEM allb-
TEPHATUBHBIX BUIOB SHEPTUU W 3KOJOTMIHBIX CTPO-
WUTEJTBHBIX MaTepuaaoB. KpoMme Toro, yHUBepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopus TTePCIIEKTUBHBIX TEXHOJIOTUI UIST CHHTE3a
1 00paboTKM MaTepuanoB, baza MexxayHapomHOro Ha-
YYHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJACTH KO-
JIOTUIHBIX CTPOUTEIBHEIX MaTepuaiioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHMYECKOTO COTPYTHHMYECTBA
B 00JIaCTM WHTEIICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnan
14 MexXIyHapOTHBIX COBMECTHBIX MCCJICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmnkooputanum, Mtanum n Hunepnan-
IIOB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIC M KOHBEpPCHUU (COBMeECT-
HO ¢ MUWYWTAaHCKUM YHHMBEpCUTEeTOM). B 3TOM ImIa-
HE C HUM aKTUBHO coTpyaHu4Yaiu CayTreMNTOHCKUA
VHUBEPCUTET, LIEHTP TEXHOJIOTUI BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0BA-
TEJIbCKUI LIEHTP WHTEJUICKTYaIbHOTO KOopabjecTpoe-
HUS 1 OBIDKeHUS (BMecTe ¢ JdeadTcKuM TeXHUTIeCKIM
yHuBepcutetoM). B 2016 rony B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JdsBun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXIYHAPOIHBIN
UWTSD VYxaubcknii Jlurour Kosnemx.

B 2017 YuwuBepcuteT BolIeJl B TaKUe 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 MaTepuaoBeIeHNUSI M WHXEHEPHOTO Jiea.

YVYT — onuH U3 BeoylUX KUTAUCKUX YHUBEPCUTE-
TOB TION ympaBieHneM MUHHCTepCTBAa 00pa3oBaHUS
¥ OMH U3 YHUBEPCUTETOB, MPUOPUTETHO MOCTPOCH-
HOTO B paMKaxX TOCyZapCTBEHHOTO IpoeKTa «State 211
Project» 1151 KUTalCKMX BBICIIMX YYEOHBIX 3aBEICHUIA.

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJpoB TyTeM IPOBENCHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXTYHApOIHbBIE TIPO-
TpaMMBbI, TIPOTPAMMBbI MaTUCTPATYpPhl U aCIIMPAHTYPHI.
MIIMuW/I 66uta ocHoBaHa B amipesnie 2014 rona u yT-
BepxkreHa JlermapTaMeHTOM 0Opa3oBaHUST MPOBUHIIUN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHA
B niepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETHbHBIX
IIEHTPOB», TOIEPXKUBAaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHMsl KHP 1 MuHMCTEpCTBOM MeEXAyHApPOIHOIO
cotpynHuyectBa. earenbHocts MIIIMuMJI mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCTH MaTepuajioBee-
HUST M UTHXXEHEPHOTO JIeJia 33 CYeT ONITUMU3AINHY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBaTEIbCKOTO
COCTaBa, a TakKXKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTICIIUATTUCTOB C LIETbIO Pa3BUTHUS UH-
JTYCTPUU MaTepUaIOB KaK TEXHOJOTUIECKON TiaTdop-
MBI ¥ Ky3HUIIBI KaJIpOB.

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

LleHTp pa3BUTHST KUTAICKOTO aKaleMUUECKOTO 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 PEeUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-
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YecKH ¢ HyJis. BMecTe ¢ TeM, YUCIIo crielMaibHOCTEIH,
3anuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1o 4, u3 20—30% BepxHux ctpouek — ¢ 4 10 6. Takue
CITEIMATbHOCTHU, KaK MaTepuaoBecHUEe U UHXKEHep-
HOE JIeJI0, MallTMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSI MapKcuU3Ma U TMPUKIIAJAHAST SKOHOMMKA,
MOKAa3aJIi 3aMETHBIC Pe3yTbTAThI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TPU
IIKOJTBI B paMKax peali3aiii rocy1apCTBEHHBIX KPYII-
HOMACIIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 MHHoBanmoHHas riatdhopma
JUTSL BBICIIMX CITEIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MarepuajioBeneHue U UHXKEHEPHOE NEJI0»
B paMKax (hakyiabTeTa, HayYHBIX MU3BICKAHWIA, MTOATO-
TOBKM WHHOBAallMOHHBIX KaapoB M MEXIyHApOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHUE
HECKOJIbKO JIET BAXKHOCTD CITEIINATbHOCTH U €€ YPOBEHb
OBLTM pacIMpEeHbl, TIOMHSB ee ¢ 22 MecTa B peiThHTe
B 2002 romy mo 5 mecta B 2012 1 1o 3 MecTa B TeKyIIeM
romay. 3a 70 ieT 0GyJeHHUsI 110 3TO CIIeUaTbHOCTH JJIST
CTpaHbl OBUIM TMOATOTOBJIEHBI BBICOKOKBAIM(MUIIUPO-
BaHHbBIC Kalpbl JUJIST CTPOUTEILCTBA U WHIYCTPUU TTPO-
M3BOJCTBA CTPOUTENIHBIX MaTepualioB U TOJTyYCHBI
6osee 100 HAy9HO-TEXHUYECKUX AOCTUKeHUI. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B Pa3BUTHE HAIITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTS 3aHSITUSI BEAYIIETO TIOJIOKCHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTEIIHHBIX 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 MEPEIOBBIX MaTepUalioB, OC-
HoBaHHas1 ['ocynapcTBEHHBIM MJIAHOBBIM KOMHUTETOM
B YVYT B 1987 r. I'KJI HaxomuTcs 1o pyKOBOICTBOM
MunucrtepctBa Hayku U TexHosnoruit KHP. B Hacto-
S MoMeHT HaydyHbli KomuteT I'KJI BosriasisieT
yieH Kuratickoit akanemuu Hayk ripocdeccop I'y bun-
e 1 HetHemHui qupekTop 'KJI mpodeccop Doy
JIKeHbI'U.

HesitenbHoctb I'KJI HampaBiieHa Ha mepeaoBbIe 10-
CTUXXEHUS B MaTepUaJIOBEIEHUN 1 BBIIOJHEHUE TOCY-
JIapCTBEHHbIX 3aKa30B B 310l 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-
HapoJIHble Pa3pabOTKU HEKOTOPBIX KIIOUEBbIX HOBEW-
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mux marepuanon; ['KJI sBasercs Benyieit 1abopato-
pueil IO ITIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATMCTOB M0 MaTepUATOBEAYECKUM CIeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly ¢ HAyYHBIMU U3bICKAHUSI -
mu. I'KJI pa3zBuBaeT MexXnyHapoOaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHWYECTBA, MPOBOJAS COBMECTHbIE
MEXTOCYyIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHUS
OTEYECTBEHHOI KYJbTYPbl U €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha o0ImmX Hersax u 3agadax, ' KJI cos-
JaeT U pa3pabaTbIBa€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclTabHyI0 U MHOTOYPOBHEBYIO TEOPUIO MPOEKTUPO-
BaHUs MaTeprajioB. OHa CTaHET BasXKHBIM PYKOBOICTBOM
IJIs1 pa3paboOTKU TEXHOJOTUU TPAAUEeHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajioB, TEXHOJOTMM HAHOKOMIO3WTOB WU WHTE-
TPUPOBAHHOI MHHOBAIIMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaksKe ITO3BOJIUAT M3yJaTh IIep-
CMEKTUBHBIE KOMITO3UTHbBIE MaTEPUAIbI /151 YIyJILEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPYKEHUSI, MAaTepUaJIbl, CIIO-
COOCTBYIOIIME PALlMOHATILHOMY MCITOJb30BAaHUIO SHEP-
TEeTHYECKUX PECYPCOB TSI HOBBIX 3HEProdh(MeKTUBHBIX
TEXHOJIOTMI, HAaHOKOMITO3UTHbIE OuoMaTepuabl ISt
MEIUKO-OMOIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepraIbl IIsT THMOPMALIMOHHBIX TEXHOJIOTHI 1 TpaHC-
(hopManmmoHHO-OpMEHTUPOBAHHBIX TexHOMormit. ['KJI
OrpeAe/Jvyl 5 HaydyHbIX HaNpaBlIeHUN HCCIeAOBAaHUIA:
rpaleHTHbIE KOMMO3UIIMOHHBIE TEXHOJOTUU U HOBbBIE
MaTepuaibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
TepUaJioB, HAaHOKOMITO3UTHbIE TEXHOJOTMU W HOBBIE
MaTepuabl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTepuayibl, MPOEKTUPOBAHWE MATEPUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEpPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAQYYHBIX COTPYIHU -
Ka, | akamemmk Kwuraiickoii akameMuu HayK, 2 aKame-
muka Kuraiickoit ”HXeHEepHOU akaneMuu, 1 akageMuk
benbruiickoit KopoaeBcKoil akagemun HaykK u EBpo-
neicKol akanemMuu Hayk, 1 akanemMuk MexmyHapom-
HOT aKameMn KepaMUKH, 12 TTOYeTHBIX MHOCTPAaHHBIX
9KCIepTOoB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTPaMM,
5 cruneannatoB MoHma IOATOTOBKU TaIAHTIMBOM
MoJonexu, 4 Beaynmx crenranicra u3 Hanmonans-
HO TIpOTpaMMBI IECSITH THICSY CIIEIUAINCTOB, 7 TI0-
oenuteneil npemuu Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 no-
oenuteneil IlpoekTa nomaep>KKW BbICOKOKIACCHBIX

KoHTaKkTHasa

nudopmauus Postal Code: 430070

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

CHEeLMaJUuCcCTOB HOBOTO BekKa MuHMcTepcTBa 00paszo-
BaHMSI. DTO KOMAaHIa, BOOXHOBIICHHAs WHHOBAIIMSI-
MM W co3umaTeNbHBIM TiporieccoM. ['KJI MoTuBmpyeT
MOJIOIBIX YYCHBIX MOCeIlaTh 3HAMCHHMTBIC MEXKIyHa-
pOIHBIC YHUBEPCUTETH WU MCCIIEIOBATEIbCKIC WH-
CTUTYTBl B IIEJISIX YCTAHOBJICHUSI COTPYIHUYECTBA.
3a TociemHee BpeMs J1TabopaTopus OTIIpaBMjIa Oojee
20 MOJIOIBIX CTICIIMAIMICTOB IUISI YIACTHSI B COBMECTHBIX
KUCCIEAOBAHUSIX 3a TPAHULLY.

I'KJI ycTtaHOBWJIO B3aMMOBBITOIHOE COTpPYIHUYE-
CTBO CO BCEMHMPHO W3BECTHBIMA HAyYHBIMU HWHCTHU-
TyTaMd: MWYUTAHCKAM YHHBEPCUTETOM, SIITOHCKUM
areHTCTBOM aBMAaKOCMMYECKUX TeXHOIOruit, MHCTHTY-
TOM MeTajijioB yHUBepcuteTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHIsT OKChOPICKOTO YHHBEPCUTETA
B BermkoOputanum, HaydHBIM IIEHTPOM KOMITO3UTHBIX
matepuanioB KamugopHuiickoro yauepcurera u Ha-
IMOHAIPHBIM WHCTUTYTOM WCCJICIOBAHUS TOIUTMBHBIX
anemeHToB B Kanane. Ha ocHose I'KJI MuHuctepcTBo
HayK U TEXHOJIOTWIA OCHOBaJ MeXIyHAapOIHYIO Ja-
0OpaTOpUIO HOBBIX MATEPUATIOB M KOMIUICKCHBIX TEX-
HOJIOTUIA, KOTOpasl CTajJla OOTHMM W3 TIePBHIX (hHHa-
JI0B 13 33 MEXIyHapOITHBIX COBMECTHBIX JJadOpaTopuii
B Kutae. PykoBomctBo MuHUCTEpPCTBA MEXKIYHAPOII-
HOTO COTpyaHUYecTBAa 1 MHUHHCTEpCTBA OOpa30oBaHMUS
yupenuy basy MHHOBalLIMiIT ¥ 3HAHUI IJIST HOBBIX TE€X-
HOJIOTUIA CO3MaHUsT KOMIIO3UTHBIX MaTePUAJIOB M YIyd-
IIEHHBIX (QDYHKIIMOHAJIBHBIX MAaTEPUAJIOB, a TakKKe IS
YCOBEPIIICHCTBOBAHHON  TEXHOJIOTUM  IIPOM3BOICTBA
1 pa3pabOTKM WHKCHEPHBIX pEIICHMIT HOBBIX (PYHK-
LIMOHAIBPHBIX TOHKWX IUICHOYHBIX MarepuanonB. ['KJI
OCHOBaJI COBMECTHYIO HaHOJIabopaTopuio Mexmy YVYT
u 'apBapIcKM YHUBEPCUTETOM, COBMECTHYIO J1abopa-
TOPUIO HOBBIX SHEPTOHOCUTENICH W TEXHOJIOTUI MEXKIY
VVT u MuuyuraHckKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
JTabOpaTOPUIO Pa3HOMACIITAOHBIX TEXHOJIOTHI KOMITO-
3ULIMOHHBIX MatepuaioB Mexny YYT u JlabopaTopu-
el yIIy4IIeHHOW KOMIIO3UTHOM Kepamuku Oxcdopna.
Ommpasich Ha yKa3aHHBIC MEXXIyHApOTHBIC MCCIICI0BA-
Tenbekue Tiomanku, ['KJI puHSIo yyacTue B Lesoi
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.
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ABSTRACT: This article is a continuation of a series of articles on the production of porous composite nanomaterials. This paper
presents an overview of the properties of porous, heat-resistant inorganic composite materials. The physicochemical and mechani-
cal characteristics of various porous refractory materials produced industrially are presented. A separate class of materials with
a regular and quasi-regular porous structure is considered. Such materials include the so-called cellular or «lattice» materials, that
are becoming widely applied in modern industry. An example of such materials is ceramic foam — a sintered ceramic material with
a foamy cellular structure. A special group of materials with opal pore structure has been also focused. Synthetic opals have received
intensive development in recent years because they are model objects for the development and research of new spatial-periodic
structures with nonlinear optical properties. Such structures include composites based on classical and inverted opals, in which the
pores are filled with various dielectric, semiconductor, or metallic substances. The optical properties of these systems are determined
by the size of the close-packed particles, as well as the dielectric constant of the components.
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3. Materials with opal pore structure

Another representative of materials with a regular
porous structure are opals. Opal — one of the most fa-
mous jewelry stones. Its name comes from the Latin
«opalus» — a precious stone. Opals are characterized
by a variety of color games, in connection with which,
a number of varieties of noble opal stand out. Opal is
a hydrogel of silicon dioxide SiO, * xH,O with variable
water content. Sometimes in opals, there are impurities
of organic matter. Opals can be colorless or painted in
white, yellow, green, red, brown and black. Opals are
characterized by gloss, as well as opalescence. The hard-
ness of opal is 5.5+6 on the Mohs scale, but it is very
fragile. The refractive index is 1.44--1.46. The density is
1.8+2.3 g/cm? [52].

The development of electron microscopy methods  Fig. 13. Electron microscopic image of opal obtained
made it possible to establish that noble opals consist  in the transmission mode
of uniformly sized SiO, spherical particles with a diameter

of 150—250 nm, which in turn are formed from smaller The voids of the packing of SiO, spheres are filled with
globular structures with a diameter of 5—50 nm (Fig. 13  amorphous silicon oxide. The intensity of diffracted light
and 14). is determined by the «ideal» packaging of microspheres
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Fig. 14. Photomicrographs of synthetic opal obtained by scanning electron microscopy [52]:
a — Facets (111); b — (100)

and the difference in the refractive indices of crystalline
and amorphous silicon oxide. The most noticeable iris
is observed for black opals, the difference in refractive
indices for which is 0.02. The formation of opal in nature
is associated with hydrothermal processes or weather-
ing. Noble opals are extremely rare. Even in the very rich
deposits of Australia, noble varieties of opal make up no
more than 1%.

Synthetic opals are model objects for the develop-
ment and investigation of new spatially periodic structures
possessing nonlinear optical properties. Such structures
include composites based on opals, in which the pores
are filled with various dielectric, semiconductor or metal
compounds, as well as inverted opals. The optical prop-
erties of these systems are determined by the size of the
close-packed particles, as well as by the dielectric permit-
tivity of the components.

Synthetic opals are model objects for the develop-
ment and investigation of new spatially periodic structures
possessing nonlinear optical properties. Such structures
include composites based on opals, in which the pores
are filled with various dielectric, semiconductor or metal
compounds, as well as inverted opals. The optical prop-
erties of these systems are determined by the size of the
close-packed particles, as well as by the dielectric permit-
tivity’s of the components.

The study of such materials intensified more than
ten years ago, when it was theoretically predicted that
photonic crystals active in the visible and near infrared
range would have a variety of exciting optical properties
[42—44]. Therefore, the term «crystal» assumes that these
patterns should consist of perfect ordered arrays of solids.
However, unlike ordinary crystals, which are of the or-
der of several angstroms in length, the photonic crystals
should be of the order of length in the submicron scale.

These systems, called colloidal crystals, consist of ei-
ther silica or polymer colloids; like a natural gemstone
opal, which they resemble, they refract visible and near

infrared light, as a result of submicron diameters of col-
loids. In colloidal crystals of silicon dioxide, there is no
total photonic band gap. Stronger photon behavior can
be realized if the dielectric contrast of these systems is
increased when colloidal crystals are used as templates
for structuring solids with higher refractive indices. The
resulting macroporous samples, commonly referred to
as reverse opals, have arrays of air voids within built-in
solids with a high refractive index, such as ceramics or
metals. In these inverted structures, a complete photonic
band gap can be achieved if the contrast of refractive in-
dices between spheres and interstitial regions exceeds 2.8
[45—4T7].

To create photonic crystals, synthetic opals are
most often used as the initial matrices. Their structure
has a three-dimensional sublattice of interconnected
nanosized pores formed between close-packed spheres
of silicon dioxide. The pore sizes vary within hundreds
of nanometers; the dimensions of the pore-binding chan-
nels reach tens of nanometers. Opals are characterized
by open porosity and, consequently, the pore sublattice
in them is available for filling with other substances. The
main requirement for the formation of nanocomposites
based on photonic crystals is the completeness of the
filling of the porous structure, which imposes signifi-
cant limitations on the choice of the synthesis method.
To fill the porous structure, melt methods (impregna-
tion by melts or a method of introduction from a solu-
tion in a melt), impregnation with strongly concentrated
solutions, followed by evaporation of the solvent, filling
the photonic crystal with a colloid solution of nanopar-
ticles, introducing compounds in hydrothermal and su-
percritical conditions, etc. are usually used.

The formation of macroporous polymers from col-
loidal films provides the simplest illustration of the gen-
eral methodology used to convert opals to inverted opals
[48, 49]. The process begins with a close-packed colloidal
crystal, or normal opal, in which 24% of the volume oc-
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Fig. 15. SEM photomicrograph of reverse opal made of polystyrene [48]:
a — after removing the silica template by chemical etching, the sample contains a large proportion of the free volume;
b — an enlarged view of the porous structure

cupies air. Liquid monomer is introduced into the pores
of opal, usually through a capillary interaction. A suitable
monomer is then photochemical or thermally polyme-
rized around the particles. To remove the colloids, then
chemical etching is used, in the case of silica, or thermal
decomposition, in the case of polystyrene. With results,
they are an exact replica of opal, which now consists
of 76% air in the form of spherical voids in the original
locations of the colloids (Fig. 15a).

Spherical voids are in the same place as the initial
colloidal silica. An important feature of inverted opals is
the creation of small «windows» observed between large
voids (Fig. 15b); they are the result of neck formation
between the original colloids. An enlarged view of the
porous structure shows small holes that connect spheri-
cal voids. These forms are formed around the necks that
exist between the silica colloids and provide an intercon-
nected network of channels for the chemical etching
process. Their diameter is uniform (variance of values
of 0 ~ 6%), and their average size can be varied by ad-
justing the viscosity of the monomer solution. Without

this network of small voids, the chemical etching proce-
dure used to remove the silicon dioxide would not have
been able to open the entire volume of the sample. These
necks can have a significant effect on optical properties,
in that they represent a small departure from the ideal-
ized face centered lattice of balloons that barely touch
their neighbors [47].

Thus, a wide variety of macroporous polymers was
manufactured; with the exception of conductive polymers
[50], the contrast of their refractive indices is similar to
their original systems of silicon dioxide and air. To form
stronger photonic crystals, inverted opals should be ob-
tained from materials with higher refractive indices.

As the introduced substances, it is promising to use
semiconductor or dielectric materials with high refractive
indices such as GaP, SnO, ZrO,, WO,, etc. Moreover,
controlling the degree of filling of the pores with the sub-
stance allows changing the average permittivity of the
composite and thus «rearranging» the position of the pho-
tonic band gap opal. A further increase in the dielectric
contrast can be achieved by selective etching of SiO, from

Fig. 16. A photomicrograph of inverted opals based on SiO, and WO, [46, 47]
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the composite. The spatially ordered nanostructures thus
obtained are called inverted or inverted opals (Fig. 16).

In these inverted structures, the total photonic band
gap between, can be achieved if the contrast of refrac-
tive indices between spheres and interstitial regions ex-
ceeds 2.8 [46, 47]. For interstitial materials, such as silicon
(with a refractive index of ~3.4), this discontinuity occurs
at a wavelength of ~3.5 times the radius of the spheres
forming this structure [46, 51].

CONCLUSION

In this paper, a review of the properties of porous
heat-resistant inorganic composite nanomaterials was
presented. The physicochemical and mechanical char-
acteristics of various porous refractory materials manu-
factured industrially were considered. The greatest suc-
cesses in the production of lightweight refractory materials
were achieved in the USA as a result of the development
of production and flight tests of the space shuttle reusable
spacecraft thermal protection system. A class of materials
with a regular and quasiregular porous structure is sepa-
rately considered as an example. Such materials include
the so-called cellular, cellular or «lattice» materials, which

are increasingly used in modern technology. An example
of such materials is foam ceramics — a sintered ceramic
material with a foam cellular structure. For materials
with a lattice structure, a model was proposed that re-
lates their density and strength to their structure. So with
a low connectivity racks, they have low stiffness, because
the configuration of their cells allows them to bend. This
assumption leads to the idea of lattice structures built from
micro trusses. This assumption made it possible to apply
the generalized Maxwell rule and Maxwell criterion to
these materials. They provide an analytical approach for
the design of lattices with a predominance of tensile forces
in their structure and, accordingly, to obtain stronger and
lighter materials. A special group of materials with an opal
pore structure is considered separately. Synthetic opals
have been intensively developed in recent years because
they are model objects for the development and study
of new spatially periodic structures with nonlinear opti-
cal properties. Such structures include composites based
on classical and inverted opals, in which the pores are
filled with various dielectric, semiconductor, or metallic
substances. The optical properties of these systems are
determined by the size of the close-packed particles, as
well as by the dielectric constants of the components.

Part I of the paper «Properties of porous heat-resistant composition materials» by Kudryavtsev P.G. has been published
in the issue 6/2019 of the journal « Nanotechnologies in Construction».
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PE3IOME: [laHHaA cTaTbA ABNAETCA NPOLOSIKEHVIEM CEPUN CTaTEN, MOCBALLEHHbIX MOJYUYEHMIO MOPUCTBIX KOMMO3MLMOHHBIX Ha-
HomaTepuanos. B 3Toi paboTe npefcTaBneH 0630p CBONCTB MOPUCTbIX TEPMOCTONKUX HEOPTraHNYECKX KOMMO3MLIMOHHbIX MaTe-
pvianos. MpenctaBneHbl GU3NKO-XMMUYECKNE Y MEXaHNYECKME XapaKTePUCTUKM Pas3fyHbIX MOPUCTbIX OFHEYMOPHbIX MaTepranos,
BbIMyCKaeMblX MPOMbILLIEHHO. PaCCMOTPEH OTAENbHbIV KNacC MaTepurasioB C PErynApHOW 1 KBa3VperynapHO NopUCTon CTPYKTY-
poii. K Takium MaTeprianam OTHOCATCA TaK Ha3biBaeMble AYEUCTbIE, KNETOYHbIE UM «PEeLIETOYHbIE» MaTepuasbl, KOTOPble Haxo4AT
pacTyLee nprYMeHeHne B COBPEMEHHON NMPOMbILLIEHHOCTU. [IpMMEpPOM TaKMX MaTepranoB ABNAETCA NeHOKepaMmKa — CieYeHHbIN
KepamMu4ecKumin MaTepman C NeHHON AYencTon cTpyKTypoit. OThenbHO paccMOTpeHa crelvanbHas rpynna matepranos, 06nafatoLmnx
OManoBo MOPOBON CTPYKTYpOI. CUHTETMYECKME Oonasbl MOyYUIN UHTEHCMBHOE Pa3BUTHE B NOCIEAHE rofibl B CBA3U C TEM, YTO
OHV ABNATCA MOAENbHbIMU 06beKTaMM AN1A Pa3paboTKM 1 UCCIEA0BaHUA HOBbIX MPOCTPAHCTBEHHO-MEPUOANYECKNX CTPYKTYP,
obnaganwmx HeNMHENHbIMU ONTUYECKUMM CBONCTBAaMU. K TaKUM CTPYKTYpam OTHOCATCA KOMMO3UTbl HA OCHOBE KJ1aCCUYeCKMX
1 VIHBEPTMPOBAHHbIX OMaJioB, B KOTOPbIX MOPbI 3aMOfHEHbI PA3AVYHbIMU ANSNEKTPUYECKNMU, MONYNPOBOAHVKOBbIMY NN Me-
Tannuyecknmu BelecTBamu. OnTryeckme CBOMNCTBA STUX CUCTEM ONPEAESAITCA Pa3MepPOM MIOTHOYMaKOBaHHbIX YacTyL, a Takxe
AN3NEKTPUYECKUMI MPOHNLAEMOCTAMY KOMMOHEHTOB.

KNIOYEBbBIE CJIOBA: nopucTtbie maTtepuranbl, TEPMOCTONKIME MaTepurasbl, AYENCTble MaTepuasbl, OnanoBble CTPYKTYpPbl.

ANA UWTUPOBAHWUA: Kygpasues [1.I. CBoONCTBa NOPUCTbIX TEPMOCTOMKMX KOMMO3MLNOHHbIX MaTepuanos. Yactb |l // HaHoTexHo-
norun B ctpoutenbctae. — 2020. - Tom 12, N2 1. - C. 15-20. - DOI: 10.15828/2075-8545-2020-12-1-15-20.

3. MarepuaJisl ¢ ONAaJ0BOi OPOBOi CTPYKTYPOii

Eme onHuM mpeactaBuTeseM MaTepUaJiOB C pe-
TYJIIpPHOW IMOPOBOM CTPYKTYPOU SIBISIOTCS OMAJIBI.
Omnan — onuH U3 HauboJIce U3BECTHHIX I0BEIMPHBIX
kaMHeil. Ero HazBaHMe MPOUCXOIUT OT JATUHCKOTO
«opalus» — mparolleHHBII KaMeHb. Omajbl XapaKTepu-
3yI0TCSI pa3HOOOPA3HOU UTPOMi 1IBETA, B CBSI3U C UEM
BBIIEJISIIOT Psii Pa3HOBUAHOCTEN 06J1aropoAHOTO oraa.
Ormas TipeIcTaBIIsieT Co00t TMAPOTeNIh TMOKCUAA KPeM-
Hus SiO, * xH,O ¢ nepeMeHHBIM CONEPKAHUEM BOJIBI.
WMHorna B onajax MpucyTCTBYIOT MPUMECU OpraHuye-
ckoro BemecTBa. Omaibl MOTYT OBITh OECIIBETHRIMU WJIN
OKpalIeHHBIMU B OCJIbI, XKEJThII, 3eJICHbIN, KPACHBI,
KOPHUYHEBBII 1 YepHbIii LiBeTa. IJ1s1 omaioB XapakTepeH
0J1ecK, a TakKe onayecueHuus. TBepaocTh onajia co-
crasiseT 5,5+6 no mkaire Mooca, HO OH OYeHb XPy-

nok. ITokazarens npenomienus 1,44-1,46. ITnorHOCTH
1,8+2,3 r/cMm?[52].

Pa3Butne MeTOmOB 37IeKTPOHHO MUKPOCKOIINH T10-
3BOJIMJIO YCTAHOBUTH, YTO OJIAaTOPOTHEIC OITATBI COCTOSIT
13 OTHOPOIHBIX 110 pasmepy chepuyeckux yactui SiO,
nuametpoM 150250 HM, KOTOpBIE, B CBOIO OUepeb,
00pa30BaHKI U3 00JIee MEJIKUX TTI00YIISIPHBIX CTPYKTYP
nrameTpoM 5+50 HM (puc. 13 u 14).

[Tycrorsl ynakosku cdep SiO, 3anonHeHs aMmopd-
HBIM OKCHIOM KpeMHHUsI. IHTeHCUBHOCTD Tudparu-
POBAHHOTO CBETa OMPEAEISIeTCs «UAeaIbHOCTRIO» YIla-
KOBKHM MUKpochep U pa3IudreM B IMoKa3aTesIX TIpe-
JIOMJICHUSI KPUCTAJUTMIECKOTO U aMOP(HOTO OKCHUIA
kpemHus. Hanbosnee 3amMeTHast Mpu3aust HaOII0MaeTCsT
IIJIST YePHBIX OTIAJIOB, PA3JIMUKE B TTOKA3ATEIISIX TIPEIIOM-
JIeHus aJ1g KoTtophix coctasisgeT 0,02. O6pa3oBaHUe
oITajia B IPUPOIIE CBSI3aHO C TUAPOTEPMATbHBIMU IIPO-
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1eccaMy WK BhIBeTpUBaHUEM. biaropomHeie omabl
BCTpevaloTcst KpaiiHe penko. Jlaxke B BecbMa 0OTaThIX
MECTOPOXIEHUSIX ABCTPAINU OJIATOPOTHBIE PA3HOBUI-
HOCTH OTiaJla COCTaBJISIIOT He 6oee 1%.
CHUHTETUYECKUE OTIAJTBI SIBIISTIOTCSI MOETBHBIMU O0b-
eKTaMu It pa3pabOTKU M UCCIIeTOBAHMST HOBBIX TIPO-
CTPaHCTBEHHO-TIEPUOTNIECKUX CTPYKTYP, 00JIaIatONINX
HEJIMHEHBIMU ONITUYECKUMU cBoicTBaMU. K Takum
CTPYKTypam OTHOCSITCSI KOMITO3UTHI HA OCHOBE OTIAJIOB,
B KOTOPBIX TTOPHI 3aTTOJTHEHBI PA3TMYHBIMU TUDJIEKTPU -
YECKUMU, TTOTYTTPOBOAHUKOBBIMY WJIA METAJUTUIECKU -
MU COEAMHEHUSIMU, a TAKXKE MHBEPTUPOBAHHBIE OTIAJIHI.
OnTudeckure CBOMCTBA 3TUX CUCTEM OTIPENIEIISIIOTCS pa3-
MEpOM TUTOTHOYTaKOBAHHBIX YACTUII, @ TAKXKE TUIJICK-
TPUIECKUMU TTPOHUTIAEMOCTSIMA KOMIIOHEHTOB.
CHUHTETUYECKUE OTIAJTBI SIBIISTIOTCSI MOIETBHBIMU O0b-
eKTaMu It pa3pabOTKU U UCCIIeTOBAHMST HOBBIX TTPO-
CTPAaHCTBEHHO-TIEPUOTNIECKUX CTPYKTYP, 00JIaIat0NINX
HEJIMHEHBIMU ONITUYECKUMU cBoMicTBaMU. K Takum
CTPYKTypam OTHOCSITCSI KOMITO3UTHI HA OCHOBE OTIAJIOB,
B KOTOPBIX ITOPHI 3aTTOTHEHBI PA3TMYHBIMU TUJIEKTPU -
YECKUMU, TTOTYTTPOBOAHUKOBBIMY WJIA METAJUTUIECKU -
MU COEAMHEHUSIMU, a TAKXKE MHBEPTUPOBAHHBIE OTIAJIHI.
OnTudeckure CBOMCTBA 3TUX CUCTEM OTIPENIEIISIIOTCS pa3-
MEpOM TUTOTHOYTAaKOBAHHBIX YACTUII, a TAKXKE TUIJICK-
TPUIECKUMU TTPOHUTIAEMOCTSIMA KOMIIOHEHTOB.
HccnenoBanme Takux MaTepragoB aKTUBU3MPOBA-
JIOCh OOJTBINIE IECSITH JIET Ha3aj, KOT/a TEOPETUICCKU
OBLIO TIPeACKAa3aHO, UTO (POTOHHBIE KPUCTAILTBI, AKTUB-
HbIE B BUIUMOM U OJMKHEM MH(PpAKpaCHOM Tuarna3oHe,
OynyT obnanaTh pa3HOOOPA3HBIMU 3aXBATHIBAIOIIUMU
onTrYecKUMu cBoiictBamu [42—44]. Tak, TepMUH «KpU-
cTajlI» TIPEIoaraeT, 3T 00pa3Ilbl JOJKHBI COCTOSITh
13 BBICOKOCOBEPIIEHHBIX YIOPSIIOUEHHBIX MACCUBOB
TBepabIx Tesl. OMHAKO, B OTJIMYUE OT OOBIYHBIX KPUCTAJI-
JIOB, KOTOPBIE 00IANAI0T MOPSIIKOM TIO ITTMHE TTKAJTBI
B HECKOJIBKO aHTCTPeM, (DOTOHHBIE KPUCTAJUTBI TOJKHBI
WMETh TTOPSIIOK JUTMHBI B CYOMUKPOHHO 1ITKaJIe.

500 mm
_

Puc. 13. DneKTpoHHO-MIUKPOCKOMMIECKHIT CHUMOK
omnaJja, MnoJyYeHHbIi B MPOCBEYNBAIOLIEM PeKIMe

DTu cucTeMbl, Ha3bIBaeMble KOJUIOUTHBIMUA KPU-
CTaJUIaMU, U COCTOAT JIUOO0 U3 TUOKCUIA KPEMHUS WU
MOJIMMEPHBIX KOJUIOUIOB; TOLOOHO MPUPOJHOMY JIpa-
TOLIEHHOMY KaMHIO OMajly, KOTOPBIf OHU HATTOMUHAIOT,
OHMU TIPEJIOMJISTIOT BUIMMBIN 1 OvkHMUI nH pakpac-
HBII CBET KaK pe3yJIbTaT CYOMUKPOHHBIX TUAMETPOB
KOJIJIOUJOB.

B KoJUTOMIHBIX KpUCTAJUTAX U3 TUOKCUNIA KPEMHUS
HEeT MOJTHOM (POTOHHO 3aTpeiieHHOM 30HbI. CuibHEe
(oTOHHOE TTOBEACHNE MOXET OBITh PEATM30BAHO, ECIIU
JASJIEKTPAYECKUI KOHTPACT ITUX CUCTEM YBEJIMUUBACTCS
TPU UCIIOJIBb30BAHUU KOJJIOMIHBIX KPUCTAJUIOB B Kaye-
CTBE 1IA0JIOHOB TSI CTPYKTYPUPOBAHUS TBEPIBIX BEILIECTB
¢ Oosiee BBICOKMMU KO3 GHUITMEHTAMY TTPETOMIICHUSI.
[TosnyuyeHHbIE B pe3yibTaTe MaKpOIIOPUCTHIE 00PA3LIbI,
00BIYHO HA3bIBa€MblE OOPATHBIMU ONaJIaMU, 00JIafal0T
MacCUBaMU BO3IYUIHBIX MyCTOT BHYTPU BCTPOECHHBIX
TBEPIBIX BELIECTB C BBICOKUM I0KA3aTeJIeM IIpeIoMIIe-

Puc. 14. Mukpodororpadun CHHTETHIECKOTO ONAJIA, MOJyYeHHbIE METO0OM CKAHUPYIOMIEH 3JIeKTPOHHOM
mMukpockomun [52]: a — rpanu (111); 6 — (100)
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HUS, TAaKNX KaK KepaMHKa WM MeTaJlTbl. B aTnx mepe-
BEpPHYTHIX CTPYKTYpax, ITOIHas (hOTOHHAS 3aIIpeIleHHAS
30Ha MOXET OBIT JOCTUTHYTA, €CJIM KOHTPACT IToKa3aTe-
JIel TIpeJIOMIICHHST MKy cchepaMU M MEKITOY3eIbHBIMU
obJyracTaMu npeBwIacT 2,8 [45—47].

Hawnbonee yacTo B KauecTBe UCXOMHBIX MATPHUIL TSI
co3gaHus (DOTOHHBIX KPUCTAJIOB UCITOB3YIOT CHHTETH -
YeCKHUe OMaJIbl, CTPYKTYpa KOTOPBIX UMEET TPEXMEPHYIO
TOIPEIICTKY B3aMOCBSI3aHHBIX HAHOPAa3MEPHBIX 110D,
00pa3yIoIINXCS MEXAY IUIOTHOYITAKOBAaHHBIMH IIIapa-
MU IUOKCcHUOa KpeMHHUsI. Pa3Mepbl mop BapbUPYIOTCS
B IIpeIeiax COTeH HAaHOMETPOB, pa3Mephl CBSI3BIBAO-
IIMX TTOPHI KAHAJIOB JOCTUTAIOT JCCITKOB HAHOMETPOB.
Omansl XapaKTepU3YIOTCS OTKPBITONM MTOPUCTOCTHIO,
a CJIeIOBaTEeIbHO, TIOAPEIIeTKA IOP B HUX JOCTYITHA TSI
3aITOTHEHUS IPYTUMHU BemecTBaMu. OCHOBHBIM TPeOO-
BaHMEM K (DOPMUPOBAHNIO HAHOKOMIIO3UTOB Ha OCHOBE
(POTOHHBIX KPUCTAIIJIOB SIBJISICTCS TTOJTHOTA 3aTIOJTHEHUS
TIOPUCTOM CTPYKTYPBI, UTO HAKJIAIBIBACT CYIIICCTBEHHEIC
OTpaHMYCHUS Ha BEIOOP METOIA CHTe3a. [IJ1sT 3armosrHe-
HUS TTIOPUCTOI CTPYKTYPHI OOBIYHO MCIIOIB3YIOT pac-
TUTaBHBIC METOIHI (IIPOTUTKA paciUlaBaMM WJINM METO]I
BHEIPEHMS M3 pacTBOPA B pacIlIaBe), IIPOIUTKY CUITEHO
KOHIICHTPUPOBAaHHBIMM PACTBOPAMMU C TTOCICIYIOIIIM
BBITIApMBAHUEM PACTBOPUTEIIS, 3aIIOTHEHNE (POTOHHO-
ro KpHUCTajula KOJUIOMIHBIM pacTBOPOM HAHOYACTHII,
BHEAPEHUE COCANHEHUI B THAPOTEPMAIBHBIX 1 CBEPX-
KPUTHYCCKHX YCIIOBUSIX U T.II.

dopMupoBaHUEe MaKpPOIIOPUCTHIX ITOJMMEPOB
W3 KOJUTOMIHBIX IUIEHOK 00ECIICINBACT CAMYIO IIPOCTYIO
WLTIOCTPAIINIO OOIIEH METOMOJNIOTUH, UCITOB3yeMOit
IJIST TIpe0Opa30BaHUs OITAJIOB B TIEPEBEPHYTHIC OB
[48, 49]. I1poliecc HaUMHAETCS C TUIOTHOYIIAKOBAHHO-
T0 KOJIJIOMIHOTO KPHCTalIa WM HOPMaJIbHOTO OTlaa,
B KoTopoM 24% o0bema 3aHMMAaeT BO3ayX. Kuakuii
MOHOMEP BBOIUTCS B ITIOPHI OITajia, KaK IIPaBUIo, 4epe3
KaImuIsipHOE B3anMopeiicTeue. [logxonsimii MOHOMEp

Nanob%

3aTeM (DOTOXMMHUIECKUM MU TEPMUUECCKIUM METOIOM
ITOJIMMEPU3YETCS] BOKPYT YacTull. 71T yoaneH!s KOJLIo-
HMIOB 3aTeM MCITOJIB3YIOT MO0 XMMUYECKOE TPaBJICHHE,
B cIydae KpeMHe3eMa, WK TePMIIECKOe pa3IoXKeHNUe,
B cIy4ae IoJaucTupoia. Kak pe3ymbTaT OHU SIBISTIOT-
csI TOYHOM KOITMEH OITajia, KOTopast TeIepb COCTOUT U3
76% Bo3nyxa B Buie chepuyecKrX IyCTOT B IIEPBOHA-
YaJIbHBIX MECTaxX KOJJIOMOOB (puc. 15a).
Cdepuueckue IMyCTOTHI paCIIONIOXEHEI B TOM Ke
MECTe, YTO ¥ UCXOTHBIC KOJUIOMAB TUOKCHUIA KpeM-
HUs. BaxxHOM 0COO0CHHOCTHIO MIEPEBEPHYTHIX OITAJIOB
SIBJISIETCS CO3JaHue HeOONbIINX «OKOH», HabJtoaa-
eMBIX MeXIYy KPYITHBIMU ITycToTaMu (puc. 150); oHmM
SIBJISTFOTCSI PE3YIbTaTOM 00pa30BaHMS IICHKN MEXKIY
IIepBOHAYATbHBIMH KOJUIOMAAMU. YBEIMICHHBIN BUL
IIOPUCTOM CTPYKTYPHI IIOKA3BIBACT MaJIbIe OTBEPCTHS,
KOTOpEIC CBSA3BIBAIOT C(hepUUeCKUe ITyCTOTHI. DTH (pop-
MBI 00pa3yIoTCs BOKPYT IIeeK, KOTOPBIC MMEIOTCS MEXKIY
KPEMHE3eMHBIMH KOJUIOMIAMU U 00CeCITeYNBAIOT B3al-
MOCBSI3aHHYIO CE€Th KaHAJIOB JIJIST ITPOIIECCa XMMIUIECKO-
ro TpaBieHus. IX mmaMeTp MOCTaTOYHO paBHOMEpPEH
(mucriepcust 3HaYeHU 0 ~ 6%), U UX CpEeIHUNT pa3mep
MOXHO BapbHpPOBATh IIyTeM PETyJIMPOBAHUS BSI3KOCTH
pacTtBopa MOHOMepa. be3 3Toif ceTr HeOOIBIITNX MyCTOT
TIPOIIEAYPE XMMUIECKOTO TPABJICHNS, UCITOIb3YeMOM IUTS
yIAJCHNUST TMOKCHUIA KPEMHUSI, HE YIaI0Ch OBl OTKPHIThH
Bech 00beM 0Opa3sia. DTH MICHKNA MOTYT OKa3aTh 3aMeT-
HOE BJIMSIHIE Ha ONITUYCCKIE CBOMCTBA, B TOM, UTO OHHI
MIPEACTABIISTIOT COOO0I HEOOIBIIION OTXO OT UIACATU3H -
POBaHHOU TPaHEIICHTPUPOBAHHON PEIICTKY BO3MYIITHBIX
IIIapoB, KOTOPBIE €1Ba KacaloTcsI CBOUX coceneii [47].
Takum oO6pa3oM, ObLIO U3rOTOBJICHO LIMPOKOE pa3-
HOOOpa3une MaKpOIIOPHUCTHIX ITOJTMMEPOB; 32 UCKITIOUe-
HUEM MPOBOISIINX TOJMMepoB [50] KoHTpacT nx mokKa-
3arelreii mpeIoMIICHUS aHAIOTYICH X IIepBOHAYATbHBIM
crcTeMaM IMOKCHaa KpeMHUS U Bo3ayxa. s popmu-
poBaHUsA 60Jiee CHITHHBIX (POTOHHBIX KPUCTAJITIOB TIepe-

Puc. 15. COM muxpodororpacdusi 00paTHOro onaja, u3roToBJIeHHOro u3 noymucrupoia [48]:
a — MocCJIC YoaJICHUA mabJioHa KpEMHEe3CMa IIYTEM XMMHNYCCKOTI'O TPAaBJICHUA 06]:)336].[ COOCPXKUT 60J’Ib]l[y10 JOJIIO
CBOOOJHOTO 00beMa; 0 — YBEIMUEHHBIN BUJI TIOPUCTOM CTPYKTYPbI
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Puc. 16. Mukpodotorpadust HHBepTHPOBAHHBIX ONaioB Ha ocHose Si0, n WO, [46, 47]

BEPHYTHIE OMAJTbI JIOJKHBI OBITH TIOJTYIeHBI U3 MATEPU -
aJioB ¢ 00Jiee BEBICOKMMMU TTOKA3aTEISIMU TTPEIIOMIICHUS.

B xauecTBe BHeIpsSIeMbIX BEIIECTB MEPCTIEKTUBHO
WCTIONIH30BATh MOJYITPOBOAHUKOBBIE UTW TUDJIEKTPU -
YecKMe MaTepualibl ¢ BBICOKMMHU TTOKA3aTEeISIMU TIpe-
JomiieHus, Takue Kak GaP, SnO, ZrO2, WO, u np. I1pu
9TOM KOHTPOJIb CTETICHU 3aTTOJTHEHUSI TTIOP BEIIECTBOM
TMO3BOJISIET U3MEHSITh CPEAHIOI TUITEKTPUIECKYIO
TIPOHUIIAEMOCTh KOMIIO3UTA U TAKUM 00pa3oM «Iiepe-
CTpanBaTh» MOJIOXKeHUE (DOTOHHOI 3aTTPEIIeHHON 30HbI
omana. JlampHeiinero yBeuueHus TUJIEKTPUIECKOTO
KOHTpPACTa MOXHO JIOCTUTHYTh C TIOMOIIIBIO CEIEKTUB-
Horo BbiTpaBuBanus SiO, u3 komnosura. [onydeHHbie
TaKuM 00pa30oM TIPOCTPAHCTBEHHO-YOPSIIOYCHHBIE Ha-
HOCTPYKTYPBI HAa3bIBAIOT OOPAIIEHHBIMU VIV MHBEPTH -
POBaHHBIMHU omajiamu (puc. 16).

B aTux mepeBepHYTHIX CTPYKTYpax mojiHast (POTOH-
Hasl 3arpenieHHast 30Ha MOXKET OBITh JOCTUTHYTA, €CJIN
KOHTpACT TIoKa3aTeJieil peioMIeHusT Mexny chepa-
MU ¥ MEXI0Y3eJIbHBIMU 00JIACTSIMU TIpeBbIlaeT 2,8
[46, 47]. 1nst MexXmOy3ebHBIX MaTEpPUAIOB, TAKMX KaK
KpeMHuii (¢ koddbUIIMeHTOM TpesomiaeHus ~3,4),
9TOT Pa3pbIB IPOUCXOIUT HA IJIMHE BOJTHBI, COCTABIISI -
foteit ~3,5 pasza paguyca cep, 00pa3yImx TaHHYIO
CTPYKTYpY [46, 51].

SAKJTIOYEHUE

B nanHoi1 paboTe O6bL1 TpencTaBieH 0030p CBOMCTB
TIOPUCTHIX TEPMOCTONKNX HEOPTAHUIECKUX KOMITO3M -
LIMOHHBIX HAHOMAaTepuaaoB. beutn paccMOTpeHbl Hu-
3UKO-XUMHWYECKHNE U MEXaHUYECKUE XapaKTEePUCTUKN
PA3JIMYHBIX MOPUCTBIX OTHEYITOPHBIX MAaTepPUAJIOB,
BBIITyCKAaE€MbIX TpoMbIIIEHHO. Hanbonbive ycnexu
B 00JIACTU MOJIy4YEHUS JIETKOBECHBIX OTHEYITOPHBIX Ma-
Tepuanos O0buTH nocTurHyTH B CIIIA B pe3ynbrate pas-
paboTKX MTPOU3BOJCTBA U JIETHBIX UCIIBITAHUI CUCTEMBI

TEIJI03alIUThl MHOTOPA30BOT0 BO3MYIITHO-KOCMUYECKO-
ro ammapara «Space shuttle». B kagectBe mipumepa ot-
JIEJIBHO PACCMOTPEH KJIACC MATEPUAJIOB C PETYISIPHON
U KBa3UPETYISIPHON MOPUCTON cTpyKTypoil. K Takum
MaTepuasaM OTHOCSITCS TaK HAa3bIBa€MbIE STYEUCTHIE,
KJIETOUHBIE WU «PEIIETOYHbIE» MaTepUasbl, KOTO-
pble HaXOIAT pacTylliee IPUMEHEHNE B COBPEMEHHOMN
TexHuke. [IpumMepoM Takux MaTepuasioB SIBJISIETCS TTe-
HOKEpaMUKa — CIIEYEHHBI KepaMU4YeCKUl MaTepu-
aJl C IEHHOU SI4euCTOl CTPYKTYpoil. 1151 MmaTepuaion
C pElIeTYaTON CTPYKTYpOi ObUIA MPENIOXKEeHA MOLEIb,
CBSI3BIBAIOIIAS UX IUIOTHOCTD U MIPOYHOCTD C UX CTPOE-
HueM. Tak, Ipu HU3KOU CBSI3HOCTU CTOEK OHU UMEIOT
HU3KYIO KECTKOCTb, ITOCKOJIbKY KOH(UTYpAIIHS X STIeeK
TO3BOJISIET UM M3TUOATHCS. DTO TIPEIITOIIOKEHUE TIPU -
BOIIUT K UJIE€ PELIeTYATHIX KOHCTPYKUUI, ITOCTPOCH-
HBIX 13 MUKpOhepM. DTO TIPENITOTOKEHNE TTO3BOIIIO
OPUMEHUTH K 3TUM MaTeprajiaM 0000IIeHHOE TTPaBUIIO
Maxkcgenna u kputepuit Makcsemuta. OHU JalOT aHa-
JIMTUYECKUI TIOAXOM TSI TPOEKTUPOBAHUS PEIIETOK
¢ mpeo01aTaHueM PACTITUBAIOIINX YCWIUHI B UX CTPYK-
Type U, COOTBETCTBEHHO, K IMOJYYEHUIO 00JIEE MPOYHBIX
¥ JIeTKuX MatepuaioB. OTOeIbHO pacCMOTpEHA CTICIU -
aJibHas TPYyINa MaTepuaaoB, 00JIaaI0MINX ONaTOBOMI
TMOPOBO# CTPYKTypoii. CHHTETUUYECKNE OTIaIbl TTOTY-
YUJIM UHTEHCUBHOE PA3BUTHE B TTOCJIEIHUE TONBI B CBSI3U
C T€M, YTO OHU SIBJIIIOTCS MOIEJIbHBIMU OOBEKTAMU LTSI
pa3paboTKU U UCCIIeNOBAHNS HOBBIX TPOCTPAHCTBEHHO-
TMEePUOANYECKUX CTPYKTYP, 00JIANAIOIINX HETUHEMHBIMU
ONTUYECKUMU CBOVicTBaMU. K TakUM CTpyKTypam OT-
HOCSATCS KOMIO3UThl HA OCHOBE KJIACCUYECKUX U UH-
BEPTUPOBAHHBIX OMAJIOB, B KOTOPBIX MOPHI 3aMIOJTHEHBI
Pa3TNYHBIMU JUSJIEKTPUYECKUMHU, TOJTYIPOBOIHUKO-
BBIMU WJIA METATMIECKUMU BetiecTBaMu. OnTuieckue
CBOICTBA 3TUX CUCTEM OMPEIEISIOTCS Pa3MEPOM TUIOT-
HOYITAKOBAHHBIX YACTULI, a TAKXKE TUIEKTPUYECKUMU
MPOHULIAEMOCTSIMU KOMITOHEHTOB.

Yacmo 1 cmamovu Kyopseueesa I1.1I. «Ceoiicmea nopucmuix mepmocmoiukux KOMRO3UGUOHHIX MAMEPUalos» onyoau-
Kkoeana 6 Homepe 6/2019 scypnasa « Hanomexnonozuu ¢ cmpoumenscmee».
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ABSTRACT: Plasticized polymer materials are widely used in all spheres of human life. The most common plasticizers are aromatic
compounds-esters of o-phthalic acid. However, their use was limited in accordance with the EU Directive REACH (2009) due to pos-
sible toxicity, which contributed to the development of new non-toxic alternatives, which include polyester plasticizers.

Polyester plasticizers are classified as special purpose plasticizers. Due to the wide variety of starting materials and the ability
to vary the size of the molecule, a wide range of plasticizers can be synthesized. These are mainly polyesters of polyatomic
alcohols esterified with dibasic acids and modified with monocarboxylic acid or aliphatic alcohol. Polyesters-based plasticizers
contribute to the production of PVC compositions with improved properties such as low volatility, resistance to extraction,
excellent flexibility, wear resistance, UV resistance and heat resistance. Also, such plasticizers exhibit an excellent non-sweating
property of plastics.

This paper describes a method for preparing a polyester compound propylene glycol adipate modified with cyclohexanecarboxylic
acid, proposed as a plasticizer of polyvinyl chloride. Conditions of its production with maximum output are given. Physical and
chemical properties of the resulting compound were studied. The formulation of PVC-composition on the basis of the received
polyester plasticizer is offered. The results of tests of PVC plastic according to state standard 5960-72 are presented. It is shown
that the use of propylene adipate modified with cyclohexanecarboxylic acid provides a plasticizing efficiency as high as DOP, while
having a reduced migration. This fact allows us to use the developed polyester plasticizer as a non-toxic alternative to industrial
PVC plasticizers. It has been found that the use of calcium adipate nano quantities in the production of propylene glycol adipate
increases the yield of the desired ester and improves the physical and mechanical properties of PVC plastic.

KEYWORDS: adipic acid, cyclohexanecarboxylic acid, cyclohexanoate, esterification, modifying groups, polyester plasticizer, poly-
vinyl chloride, 1,2-propanediol, propylene adipate, stabilizer.
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INTRODUCTION

olyvinyl chloride is the only large-capacity poly-

mer that is less dependent on the oil market: PVC
production consumes no more than 4 % of the world’s
oil [1]. In addition, about 30% of chlorine produced as
a by-product is involved in the production of PVC, which
serves to improve the environmental situation [2—5].

PVC is a universal polymer, the products of which are
characterized by durability, resistance to climatic condi-
tions, low flammability [6—8]. A wide range of areas of its
application is also due to the fact that polyvinyl chlo-
ride is a material that, after molding the product, retains
the ability to be recycled [9—15].

The unique combination of properties and low price
contributes to the further growth of the use of polyvinyl
chloride [3]. The most important additives necessary for
processing polyvinyl chloride are plasticizers [16—20].
Traditional phthalate plasticizers are the most widely
used all over the world. But their use is gradually limited
due to toxicity. The main direction for the replacement
of phthalates is the development of non-toxic plasticizers,
which are obtained on the basis of adipic and citric ac-
ids, polyesters and epoxy compounds [21—28]. Polyester
plasticizers based on adipic acid are characterized by high
performance, low extractability from the polymer to water
and cleaning solutions, organic solvents; oil and gasoline
resistance, and minimal migration from the polymer to
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other materials that are in contact with it, as well as low
water absorption, increased thermal stability [29]. This
type of plasticizers is used in products that have high re-
quirements for toxic safety, such as food packaging, bev-
erage tubes, medical and health products, interior items,
children’s toys, wires and cables [30—31].

Thus, there is still a need for polyester plasticizers,
which show the optimal combination of plasticization
and the necessary properties of PVC plastics, since too
large a molecular weight of the polyester plasticizer can
degrade the properties of PVC plastic, for example, in-
crease the viscosity and processing time of the composi-
tion, and also leads to a decrease in plasticity. Therefore,
the adjustment of the structure of the polyester oligomer
is an important condition for the development of this
type of plasticizers.

In this regard, we obtained and tested a new poly-
ester plasticizer with low toxicity and migration, and
also investigated the effect of small amounts of calcium
adipate on the yield of the target compound during

|
OH

synthesis and the physical and mechanical parameters
of PVC plastic.

MAIN PART

Previously, we have obtained and described alkoxy-
lated alcohol adipates [32—33]. This paper presents
a synthesis method and some physicochemical proper-
ties of a new polyester compound — poly(1,2-propylene
glycol) adipate with terminal cyclohexanoate groups. It is
shown that the use of nano quantities of calcium adipate
in the preparation of this compound increases the yield
of the target ester and improves the properties of the ob-
tained PVC plastics. The results of tests of the developed
polyester plasticizer in PVC composition for construction
purposes are presented.

The target polyester plasticizer was prepared in two
stages. The general scheme of obtaining poly(1,2-propyl-
ene glycol) adipate modified with cyclohexanecarboxylic
acid has the following form:

C-OOH
CH;~CH-CH,-OH + (CHa)

e —

C-OOH

—— HO-CH-CH,-0—~(C(CH,),~C—OCH-CH,-O),H

|
CHs

|l
O

|
O CHs

(1)

(1) + <:>—ﬁ—OH—>

— |(i,‘—OCH—CHz—O(C

|
O CH;

Synthesis of the polyester plasticizer was carried out
by a two-stage method of condensation telomerization,
since in this case oligoesters are more homogeneous in
molecular weight and with a lower content of diesters
compared to the one-stage method [34]. First, polycon-
densation of 1,2-propanediol and adipic acid was per-
formed to obtain an oligoester with terminal hydroxyl
groups, and then the resulting oligomer was esterified with
cyclohexanecarboxylic acid.

O

[l
o

(CHz)aﬁJ—O(ITH—CHz—O)n—ﬁJ—

O CH; O

Method of preparation of polyester oligomer poly(1,2-
propylene glycol) adipate

In a round bottom flask equipped with a magnetic
stirrer, distillation column filled with a six-inch mesh
of stainless steel distillation head with receiving flask and
an inlet for nitrogen (100 ml/min) load 146 g (1 mol)
of adipic acid, 119,2 g (1.6 mol) 1,2-propanediol, 0.44 g
(0.3% wt. in relation to the mass of adipic acid) of cal-
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Table 1
Physical and chemical properties poly (1,2-propylene glycol) adipate/dicyclohexanoate
(PPA/DCG)
Indicators
Acid number, - . s, A
mg KOH /g a», n* Flash point, °C Pour point, °C
PPA/DCG 0.30 1.0150 1.4420 245 —43

cium adipate and catalyst 0.49 g of tetrabutoxytita-
nium (C,H 0),Ti and 0.98 g of activated carbon. The
amount of catalyst is calculated 0.33% wt. in relation to
the mass of adipic acid, the amount of activated carbon —
0.66% wt. The reaction mixture is heated to a temperature
of 180°C and gradually bring the temperature to 220°C at
a speed of 10°C/h. For distillation of the reaction water,
a circulating entraining agent (toluene) is used. Stirring
at this temperature is carried out for two hours. Then, as
the process deepens, the pressure is gradually lowered
from 120 mm Hg up to 10 mm Hg. Hold the pressure at
10 mm Hg then, bring to the degree of acidity of the tar-
get product — 3 mg KOH/g. Then the resulting product
is filtered at a temperature of 170—180°C and cooled to
room temperature.
The resulting ester is a viscous yellow liquid.

Method of preparation of polyester oligomer of
poly(1,2-propylene glycol) adipate modified with cyclo-
hexanecarboxylic acid

In a round-bottomed flask equipped with a stirrer,
a thermometer, a reverse refrigerator, the calculated
amount of cyclohexanecarboxylic acid and the resulting
oligoester is loaded at a molar ratio of 1:2,2. The pro-
cess is carried out at a temperature of 80—90°C and at
a residual pressure of 0.14-0.4 atm in the presence of a
catalyst, 0.49 g of tetrabutoxytitanium (C,H,0),Ti and
0.98 g of activated carbon. The amount of catalyst is cal-
culated 0.33% wt in relation to the mass of adipic acid,
the amount of activated carbon — 0.66% wt. To facilitate
the distillation of the released water, nitrogen is passed
through the reaction mass in a small amount. Synthesis in
the presence of a catalyst is completed in 4 hours. Upon
completion of the synthesis, the volatile components,
including the entrainment agent, are distilled with acute
superheated steam. Dicyclohexanoate obtained is treated
with water to transfer the titanium compounds in the in-
soluble form. The finished ester is purified from activated
carbon by filtration.

Physical and chemical properties of synthesized poly-
ester are given in table 1.

The resulting product has a high flash point and a low
pour point, the acid number meets the requirements for
ester plasticizers.

DISCUSSION OF RESULTS

The sample with the developed plasticizer was tested
in a PVC composition for construction purposes (table 2).

To determine the effectiveness of the developed plas-
ticizer, the optimal ratio of plasticizer: PVC was deter-
mined, at which the best characteristics of PVC-plasticate
are achieved. Shore a hardness of plasticizer concentration
(plasticizer : PVC — 1:100) — 84.

Table 2
The formulation of PVC composition
Structure of composition Mass parts

PVC 100
Plasticizer 70
Epoxidized soybean oil 5
Stabilizer 2
Calcium adipate 0.4

Based on the calculation of the quantitative substitu-
tion factor (FS), which determines the required amount
of poly(1,2-propylene glycol) adipate /dicyclohexanoate
in comparison with dioctyl phthalate (DOP) and provides
the necessary hardness of flexible PVC at room condi-
tions, it was found that the resulting compound is not
inferior to DOP in plasticizing efficiency.

The resulting sample of plastic was tested in PVC
composition for construction purposes according to state
standard 5960-72. DOP was selected as a control sample.
The test results are given in table 3.

Hygienic parameters were determined according to
state standard R 50962-96: smell, taste, color change and
transparency of water extract (table 3).
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Table 3

The test results plasticizer in the formulation of cable plastic grade O-40

Plasticizer
Indicators Norm according state
standart 5960-72 (1 class) | COntrol sample PPA/DCG
Specific volume electric. resistance . 1010 . 1012 . 1013
at 20°C, Ohm  cm notless 110 9.0-10 4.5-10
Tensile strength, kgf/cm? not less 110 147 248
o . . 2 h 25 min
Thermal stability at 180°C, min state standart 14041-91 2 h 15 min e
(2 h 15 min)
Temperature of fragility, °C Not above —40 Stand the test Stand the test
Water absorption, % Not above 0.45 0.08 0.05
Weight loss at 160°C for 6 hours, % Not above 3.0 2.2 0.7
Gas resistance (weight loss after
holding at 25°C for 48 h), % state standart 12020-2018 Not above 10 6.0
Oil resistance (weight loss after
maintenance at 25°C for 48 h),% state standart 12020-2018 Not above 10 9.0
Hygienic parameters state standart R 50962-96 — Stand the test

* — PVC plastic that does not contain calcium adipate.

From the given data it is visible that the offered plasti-
cizer does not concede to the control sample on the basic
physical and mechanical indicators and corresponds to
state standard; the introduction of nano quantities of cal-
cium adipate improves some of the physical and me-
chanical properties of PVC plastic, namely the thermal
stability index.

SUMMARY
Thus, the resulting PVC composition with the de-

veloped polyester plasticizer poly(1,2-propylene gly-
col) adipate modified with cyclohexanecarboxylic acid
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PE3KOME: MnactndunumnpoBaHHbie MOIMMEPHbIE MaTepuasibl HAXOAAT LUMPOKOE NPYIMEHEHNE BO BCeX chepax XKu3HefeATeNbHO-
CTV Yenoseka. Hanbonee pacnpocTpaHeHHbIMU NnacTUdrKaTopamm ABAAIOTCA apoMaTUUeCKue CoefJMHEeHNA — CITOXKHbIe 3UpbI
o-pTaneBom KNcnoTbl. OfHAKO MPUMeHeHe 1X GbIIo OrpaHNyeHo B cOOTBETCTBUY ¢ aupekTrBoi EC REACH (2009) no npuuymHe
BO3MO>KHOW TOKCMYHOCTY, YTO CNOCO6CTBOBANO pa3paboTke HOBbIX HETOKCUYHBIX anbTePHATUB, K KOTOPbIM NMPUYNCAAIOT MO-
nnadupHble nnacTudrKkaTopsbl.

MonvadrpHble NnacTndrKaTopbl OTHOCATCA K KaTeropum nnactnduKaTopoBs creymanbHOro HasHauyeHus. Bcnegctaue 6onbLioro
pa3Ho06pa3naA NCXO[HOTO CbiPbA U BO3MOXXHOCTW BapbUPOBaHUA Pa3MepOB MOJIEKYIIbl MOXXHO CUHTE3MPOBATb WMPOKMWIA CNEKTP
nnacTnduKaTopoB. 3TO B OCHOBHOM CJIOXKHble NONN3GrPbl MHOFOATOMHbIX CMPTOB, 3TePUULNPOBAHHBIX ABYXOCHOBHbBIMM
KUCnoTamu 1 MOANGULMPOBaHHbIE MOHOKAaPOOHOBOI KMCIOTON UK anudatnyeckum cnuptom. MNnactudrkatopbl Ha OCHOBe
CITOXHbIX MONN3$NPOB CMOCOBCTBYIOT NonyyeHuto NMBX-KOMMO3MLKMIA C ynyylleHHbIMM CBOMCTBaMM, TaKUMU Kak HU3KasA NeTyyecTb,
CTOMKOCTb K 3KCTPaKLuK, NPEBOCXOAHAA TMOKOCTb, M3HOCOCTONKOCTb, CTOMKOCTb K yNnbTPadroneToBOMy M3/TyYeHUIO 1 Temnso-
CTOMKOCTb. Takxe NoAo6HbIe NNACTUPMKATOPbl AEMOHCTPYPYIOT MPEBOCXOAHOE CBOWNCTBO OTCYTCTBMA BbINOTEBAHMWSA U3 NNACTHKOB.
B naHHoW paboTe onvcaH MeTog NonyyYeHra Nonn3GUpPHOro COeANHEHNA NPONUIEHIMKONbagunHaTta, MoagNGULMPOBaHHOTO
LMKNorekcaHKkapboHOBOW KUCNOTON, MPeAsIOKEHHOTO B KauecTse nnactrduxkatTopa nonverHunxnopuaa. lNpriseneHol ycnosusa
€ro MoJly4YeHns C MakCMMasnbHbIM BbIXOAOM. M3yyeHbl Gpr3NKO-XxMMmnyecKrie CBOMCTBa NONMyYEeHHOro coeanHeHus. MpeanoxeHa
peuenTypa MBX-KOMMNO31LUMM Ha OCHOBE MOSTyYEeHHOTOo NoNM3dUPHOro nnacTudrkatopa. MNpeacTaBneHbl pe3ynbraTbl UCMbITAHUIA
MBX-nnactukata no FOCT 5960-72. MoKa3aHo, YTO NPVYMeHeHVe NPOMUIIEHTNIMKONbaAWMNHATa, MOAUULIMPOBAHHOIO LMK/OTeK-
caHKapboOHOBO KMCNoToN, obecneyrBaet nnactuduumpyoLyio 3GHeKTVBHOCTb CTOMb Xe BbICOKYI0, Kak 1 0D, obnagas npu
5TOM MOHWXEHHOW Murpauuein. [JaHHbIN GakT No3BONAET UCMOJIb30BaTb pPa3paboTaHHbI NONM3GUPHDLIN NnacTuduKaTop B Ka-
yecTBe HETOKCMYHO anbTepHaTMBbI MPOMbILLIEHHbIM MnacTndukaTopam MBX. O6HapPYKeHO, YTO MPYMEHEHVE HAHOKOTMYECTB
aAMnuHaTa KanbLuya Npy nosyyeHny NnponuneHrnKonbagunnHaTa yBenuuvBaeT BbIXo Lenesoro s¢upa u ynyywaet Gpusmko-
MexaHuyeckune nokasartenu MBX-nnactukara.

KJNKOYEBDIE CJIOBA: agnnvHoBas KucnoTa, MmogmouurpyoLwmne rpynmbl, TOAVBUHUAXIOPUA, MOAN3GUPHLIA nnactudukaTop,
1,2-nponaHAnon, NPONUAEHINIMKONbaANMNMHAT, CTabUAN3aTOP, LMKIOreKCaHKapboHOBas KUCIOTa, LMKIOreKcaHoar, STepudnkayms.

ANA ULUTUPOBAHUA: MasuTosa A.K., Buxapesa W.H., AmuHosa K., CaBnuesa O0.H., lapeesa H.b., WanxynnuH W.P. Bnnaxue Ha-
HOA06aBOK MPU MOJTyUYEHMM SKONOMMYHbIX NoAn3bUpHbIX Nnactrdukatopos // HaHoTexHonorum B ctpontenbcrae. — 2020. — Tom 12,
Ne 1.-C.21-26.-DOI: 10.15828/2075-8545-2020-12-1-21-26.

BBEJEHUE

HOJ‘IHBI/IHI/UIXJ‘IO[)I/I,Z[ — eIMHCTBEHHBIN KPYITHOTOH-
HaXXHBIU TTOIMMEp, MEHee 3aBUCSIINIA OT phIHKA
HedTu: Ha ipousBoacTBo [1BX pacxomyercs He Gomee
4% nobwiBaemoii B Mupe Hedtu [1]. Kpome Toro, B po-
n3pogctse I1BX 3ageiicrBoBano okono 30% 1mpounsBo-
IMMOTO B KauecTBE ITOOOYHOTO MPOAYKTa XJIOpa, UYTO
CIIY>KUT YIYJIIIEHUIO KOJIOTMYECKOM 00CTAaHOBKM [2—5].

I1BX — 3T0 yHMBepCaJIbHBIN TTOJUMED, TIPOIYKIINS
13 KOTOPOTO OTIIMYACTCST OJITOBEYHOCTHIO, CTOMKOCTHIO
K KITMMaTUIECKAM YCIOBHUSIM, HI3KO# BOCIITIaMEHSIEMO-
cthio [6—8]. Illupokuii criekTp obacTeii ero mpuMeHe-
HHS 00YCIOBJICH TaKXKe TEM, UYTO TTOJMBUHUIXIOPHI, —
MaTepHraj, KOTOPHIii TTociie (pOpMOBaHMS M3IEHST COXpa-
HSIET CIIOCOOHOCTD K BTOPUYHOM nepepaboTke [9—15].

YHUKaIBHOE COYeTaHME CBOICTB 1 HEBBICOKOM IICHBI
CIOCOOCTBYET JaTbHEHIIIEMY POCTY IIPUMEHEHMUS T10-
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JmBrHWIXIIopuaa [3]. Hamnboiree BasxkHBIMU T0OaBKaMU,
HEOOXOTUMBIMH TS TIepepabOTKI TTOIMBUHMIIXIOpHIA
ABIISIOTCS TIacTuuKaTopsl [16—20]. TpaguiimoHHBbIe,
(¢ranaTHBIC THTACTU(DUKATOPHI HAMOOJIEE IITUPOKO HC-
TOJIB3YIOTCS BO BceM Mupe. Ho mpuMeHeHne ux I1o-
CTETIEHHO OTPAaHUIMBAETCS 110 IPUINHE TOKCUYHOCTH.
OCHOBHBIM HaIlpaBJIeHHEM [IJIST 3aMEHBI (hTaJaTOB SIB-
JIsIeTCsI pa3padoTKa HETOKCUIHBIX TIACTU(UKATOPOB,
KOTOpBIC TTOTYyJalOT Ha OCHOBE alUITMHOBOU W JIMMOH-
HOM KHCJIOT, CJIOKHBIX TTOJMA(MHUPOB M STTOKCUIHBIX CO-
equHeHnit [21—28]. [TommadupHbie TUIaCTUGUKATOPHI
Ha OCHOBE aTWUNIMHOBOI KMCIIOTHI XapaKTePU3YIOTCS
BBICOKMMH SKCIUTyaTallMOHHBIMU XapaKTePUCTUKAMU,
HU3KOM 3KCTParupyeMOCThIO M3 TIOJIUMEPa B BOIY 1 MO-
FOIIIMIe PaCTBOPHI, OpTAaHMICCKIE PACTBOPUTEIIN; Mac-
JIO- U GEH30CTOMKOCTHIO U MUHUMAJILHOW MUTrpaluei
W3 TIOJIUMEPA B IPYTUEC MaTePUAIbl, KOTOPBIC HAXOMSITCS
B KOHTaKTe C HUM, a TaK:Ke HU3KUM BOIIOIIOTJIOIICHN -
€M, YBeJIMYEHNEM TepMOCTaOMIbHOCTH [29]. JlaHHBII
THTI TIaCTU(PUKATOPOB IMIPUMEHSIIOT B U3NCIHSIX, K KO-
TOPBIM IIPEIBSIBIISIOTCS BRICOKIE TPEOOBAHMS TOKCH -
YeCKOM 0e30MacHOCTH, TaKMX KaK YIIaKOBKA ITUIIEBBIX
MPOLYKTOB, TPYOOUKM JJIS1 HAMUTKOB, B MEIULIMHCKUX
¥ 03I0POBUTEIBHBIX TIPOMYKTaX, IIPEIMETHI MHTEPhEpa,
JIeTCKMe UTPYIIKH, TTpoBoja u Kabemm [30—31].

Takum oOpa3om, coxpaHsieTcsl TOTPEOHOCTH B I10-
TM3(PUPHBIX TIaCTU(GUKATOPaX, KOTOPHIC ITOKA3bIBAIOT
ONITUMAJILHOE COYeTaHMe TIACTU(MKAIINN M HEOOXOI-
MbIX cBoMcTB [1BX-m1acTukaToB, ITOCKOJIBKY CIMIIIKOM
00JTBITIAsT MOJICKYJIIPHAS Macca O3 (UPHOTO TUIACTH-
(pmkaTopa MoXeT yxyamath cBoiicta I1BX-mmactnkara,

CH;~CH-CH,-OH + (CHa)

|
OH

HaIrpuMep, YBEJIMUMBATh BSI3KOCTb U BpeMsi 00pabOTKH
KOMITO3ULIMH, a TAKXKE TPUBOAUT K CHUXKEHUIO IJIaCTUY -
HocTu. [1o3TOMY KOppeKTUPOBKA CTPYKTYPhI MOJIUI-
(GUpHOTO oJUroMepa SIBJISIETCSl BAXKHBIM YCIIOBUEM IS
pa3paboTKU JAaHHOTO TUIIA IIACTU(UKATOPOB.

B cBs131 ¢ 3TUM HaMU TOJIyY€H U UCTIbITAH HOBBIM
oJIMaGUPHBIN TIIAaCTUUKATOP, 00JTaTAIOINIT HU3KOI
TOKCUYHOCTBIO 1 MUTpallMEN, a TakKKe B paboTe uc-
CJIeJOBAHO BIMSIHUE HEOOIbIINX KOJIMYECTB aIMITMHATA
KaJIbLIMSl HA BBIXOJ, LI€JIEBOTO COCIMHEHMS TIPU TIPOBE-
JNIEHUY CUHTEe3a U (PU3UKO-MEeXaHWUYeCKre MoKa3aTeIun
IIBX-nnactukara.

OCHOBHAA YACTb

Panee HamMu OBUTM TIOJTyYeHBI I OTIMCAHBI ATUTTHA-
TBI OKCUAJIKMJIMPOBAHHBIX cTpTOB [32—33]. B nanHoit
paboTe TIpUBEICH METON CUHTE3a M HEKOTOphIe (pU3u-
KO-XMMHMYECKIE CBOMCTBA HOBOTO MOJIMA(GHUPHOTO CO-
eIUHEHUS — TIPOIIICHIINKOJIbaAUTIMHATA C KOHIICBHI-
MM IIUKJIOTEKCaHOATHBIMU TpyImaMu. [TokazaHo, 9To
IIPpUMEHEHIEe HAaHOKOJIMICCTB afUITMHATA KaIbIINAS TIPU
TTOJTYYCHNN JAaHHOTO COCIMHEHUS YBEIMUMBACT BBIXO
IIeJICBOTO 3(pUpa U yaydIIacT CBOMCTBA MOTYICHHBIX
[IBX-mractukaTtoB. [IpuBeneHbl pe3yibTaThl UCITBITA-
HUI pa3pabOTaHHOTO MOIMA(PUPHOTO IUTacTHdUKaTOpa
B [1BX-KOMMNO3ULIMK CTPOUTETHLHOTO Ha3HAYEHUSI.

LleneBoii mommadUPHBI IIACTU(UKATOP TTOIyIaTH
B 1Be ctannu. OOIIast cxema IoIyIeHUS IIPOITVIICHTIIN -
KOJTbaIuITMHATA, MOIU(DUIIMPOBAHHOTO IMKJIOTeKCaH-
KapOOHOBOI KHUCIOTOM, UMEET CJICAYIOIINIA BUI:

(ll‘—OOH

e —

C-OOH

—— HO-CH-CH,-0—~(C(CH,),~C—OCH-CH,-O),H

|
CHs

1 +

|l
O

Il
o

|
O CHs

(1)

-OH —
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CuHTe3 oIM3(OUPHOTO MIACTU(UKATOPA OCYIIECT-
BIISLTU IBYXCTaIVUMAHBIM CIIOCOOOM KOHICHCAIIMOHHOM
TeJIOMepHU3aIiM, TTOCKOIBKY B JaHHOM CJIydae ITOJTy-
JaloT OJUTO3(GUPEI 00JIce OTHOPOMIHBIE TI0 MOJIEKY-
JIIPHOI Macce M ¢ MEHBIITNM CoIepXKaHueM TU3(PUpPOB
10 CPAaBHEHUIO C OMHOCTAAUIHBIM crtocoooMm [34]. CHa-
YaJjia IMpOBOIMIIN ITOIMKOHACHCAIINIO 1,2-TIpoImaHanoa
¥ aTATTMHOBOM KUCIIOTHI C MMOJIyIeHUEM OJIUTOo3(hMpa
C KOHIIEBBIMH TUIPOKCUJIBHBIMU TPYIIIIAMU, a 3aTeM
3TepUMUITIPOBATN TTOIYICHHBIA OJIMTOMED C ITUKITO-
reKCaHKapOOHOBOM KMCIOTOM.

MeTonmka nosrydeHust NoM3(UPHOro 0JTUroMepa npo-
MUJIEHIJTMKOIbaJHINHATA

B xpyrinogoHHyto K00y, CHAOXKEHHYIO MarHuT-
HOM MeIIaJKO, TUCTUJUISIMOHHON KOJOHKOM, 3a-
TMOJTHEHHOW IIECTUAIOMMOBOI CETKOW M3 HEPXKABEIO-
el cTann, IMCTUWUISIHIMOHHON HacaaKol C MpUeMHO
KOJIOOI M BITYCKHBIM OTBEPCTHEM IS TTIOJAYM a30Ta
(100 mu1/Mun) 3arpyxaroT 146 r (1 M0OJIb) afMITMHOBOM
kuciotel, 119,21 (1,6 moab) 1,2-nponanauona, 0,44 r
(0,3 % macc. 1Mo OTHOIIEHHUIO K Macce aIullnHOBOMI
KMCJIOTHI) amMIIMHATa Kalblus, KaTtaau3atopa 0,49 r
terpabyrokcururana (C,H,0),Ti u 0,98 r aktuBupo-
BaHHOTO yriisd. KommuecTBo KaTtaam3aTopa pacCUnTHI-
BaroT 0,33% Mac. 10 OTHOLIEHMIO K Macce aqulIMHOBOI
KUCJIOTHI, KOJMYECTBO aKTUBUPOBaHHOTO yriisd — 0,66%
Mac. PeakIImoHHYIO cMeCh HarpeBaloT 0 TEMIIepaTyphl
180°C m TIoCcTeTIeHHO IOBOISIT TeMIepatypy mo 220°C
co ckopocTthio 10°C/4. [IyIsT OTTOHKHM peaKIIMOHHOMK
BOIBI IPUMEHSIIOT IUPKYIUPYIOIINN YBICKAO I
areHT (tomyoun). [lepemMemmmBaHMe TIpU TaHHOUN TeM-
TepaType OCYIIEeCTBIISIOT B TeUCHUE IBYX 9acOB. 3aTeM
10 Mepe YIIyOJIeHUS TIpoliecca JaBJIeHUE TIOCTETICHHO
noHmxaloT co 120 MM pT.cT. 10 10 MM pT.CT. Yaep-
JKUBasl JaBjeHWe Ha ypoBHE 10 MM PT.CT., JOBOIST
IO CTeTICH! KMCJIOTHOCTH IIEJEBOTO MPOAYKTAa — 3 MT
KOH/r. lanee moaydeHHBIN MTPOAYKT (PUIBTPYIOT IIPU
temmepatype 170—180°C u oxyaxxmaloT 10 KOMHATHOM
TEeMITepaTypHl.

[MoxyyeHHBIN 3P MPEeaCcTaBIsIeT COOOM BI3KYIO
KHMIKOCTD XEJITOTO IIBETA.

Tabauya 1

MeToauka noJry4eHus nou3(upHoro oaMromMepa npo-
NMUJIEHIIMKOIbAAMIUHATA, MOAU(DUIUPOBAHHOTO HUKJIO-
TeKCaHKapOOHOBOIi KHCJIOTOI

B xpyriogoHHy10 K00y, CHa0XKEHHYIO MEIIAJIKOM,
TEPMOMETPOM, OOPAaTHBIM XOJIONMIIBHUKOM, 3aTPyKaloT
pacyeTHOE KOJIMIECTBO IIMKIIOTeKCAHKapOOHOBOM KIC-
JIOTHI ¥ TIOJIyY€HHOTO OJTUTO3(hHpa TP MOJIBHOM COOT-
HomreHuw 1:2,2. [Ipoliecc IpoOBOIIT TIpU TeMIlepaType
80—90°C u rpm ocratouHoM masieHuu 0,14—0,4 atm.
B npucyTcTBUM Kartaiausatopa 0,49 r teTpaOyTOKCH-
turana (C,H,0),Ti n 0,98 r akTMBUPOBAHHOTO YIJIA.
KonnuecTBo Katanusaropa paccunthiBaior 0,33% Mac.
IT0 OTHOIIICHUIO K Macce amuITMHOBOM KMCIIOTHI, KO-
JINYECTBO aKTUBUPOBAHHOTO yrisd — 0,66% Mac. g
00JIeTYCHIUST OTTOHKY BEIIEISIONICIICS BOIBI Uepe3 peak-
LIMOHHYIO Maccy B HEOOJBIIOM KOJIMIECTBE TIPOITYCKAIOT
a30T. CHHTe3 B IPUCYTCTBUU KaTaJIu3aTopa 3aBepIIacTCs
3a 4 4. [1o 3aBepIIeHNN CUHTE3a JICTY4Yre KOMITOHCH-
THI, BKJTIOYAs YBJICKAIOIINI areHT, OTTOHSIIOT C OCTPHIM
reperpeTeIM napom. IToaydeHHBI TUIIMKITOreKcaHoaT
00pabaTEIBaIOT BOMOI [T TICPeBOIA COCTMHEHII TUTaHA
B HepacTBopumyto ¢popmy. ['oToBEIN 3¢pup OUMIIAIOT
OT aKTUBMUPOBAHHOTO YTJIS ITyTeM (bMIBTPALINH.

DOU3NKO-XNUMUIECKHE CBOMCTBA CUHTE3MPOBAHHOTO
nonuagupa npuBeaeHbI B Ta0I. 1.

[MoxyaeHHBII TTPOAYKT 00JI1amaeT BEICOKOU TeMIIC-
paTypOii BCIIBIIIKY ¥ HU3KUM 3HAUCHUEM TeMIIepaTyphl
3aCTBIBaHUS, KUCIOTHOE YMCJIO COOTBETCTBYET TpeOOBa-
HUSIM, TIPEIbSIBISICMBIM K CIOXHO3(MUPHBIM TLIACTHU-
¢dukaTopam.

OBCYXJIEHUE PE3YJIbTATOB

O6pa3selr ¢ pa3paboTaHHBIM IIACTU(MUKATOPOM OBLT
ucnbiTadH B [IBX-KoMno3uuuy cTpouTeIbHOrO Ha3Ha-
yeHus (Tao. 2).

st ompenenenust 3((HeKTUBHOCTU pa3pabOTaHHOTO
IacTrUKaTOpa OBLIO OIIPEIEICHO ONITUMATBHOE COOT-
HoteHue riactudukarop : [1BX, mpu KoTopoM 10CTH-
rarorcsl Hauyuinue xapaktepuctuku [1BX-1macrukara.
Tsepnocts 1o Lllopy A OT KOHLIEHTpaluK TIacTU(UKA-
Topa (rractudukartop : [IBX — 1:100) — 84.

DU3MKO-XUMHYECKHE CBOICTBA MOIMIPONMIEHIIMKOIbaAMNMHATA / munuKiaorekcanoata (IITA/JILID)

Indicators
K.1., vr KOH/r 4 a2 Temnepatypa Temnepatypa
4 D BCHBIMKH, °C 3acTeiBanus, °C
IIIA/aUr 0,30 1,0150 1,4420 245 —43
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Tabauya 2
Penentypa I1BX-komMmno3umym
CocTaB KOMIO3UIUH Mac. yactu

IMBX 100
Inactudukarop 70
DIMOKCUANPOBAHHOE 5
COEBOE Maciio
Crabunuzarop 2
AINTIMHAT KaJbLs 0,4

Ha ocHOBaHMM pacueTa KOJMIECTBEHHOTO (DaKkTopa
3ametneHusI (P3), ompenessroniero TpedyemMoe KO-
YeCTBO MOJUITPOITIICHTITUKOIbaTUIINHATA/ TUITUKIIO-
reKcaHoara 1o cpaBHEHMIO ¢ nHOKTIIdTazaroM (JOD)
¥ 00eCIIeYNBAOIIETO HEOOXOINMYTO TBEPIOCTh THOKOTO
TI1BX nipy KOMHATHBIX YCJIOBUSIX, ObLIO YCTAHOBJIEHO,
YTO IMOJYICHHOE COCNMHEHNE TI0 TTACTU(UITUPYIOIICH
addexTuBHOCTH He yerymnaeT JJOD.

IMonyyeHHbIi1 00pa3el] mjIacTukKara ObLI UCIIBITAaH
B [1BX-KOoMMNO3u1IMy CTPOUTEIbHOTO Ha3HAYEHUSI T10

Tabauya 3

I'OCT 5960-72. B kauecTBe KOHTPOJBHOIO 00Opa3ia
onu1 BeIOpaH JO®. Pe3ynpraThl NCTIBITAHWI TIPUBEIC-
HBI B TA0JI. 3.

I'mruenmueckue nokasatenu onpeaensiu mo FOCT
P 50962-96: 3amnax, puBKYyC, U3MEHEHUE 1[BETA U IIPO-
3pPaYHOCTH BOTHOM BHITSIKKH (Ta0II. 3).

W3 mpuBeaeHHBIX TaHHBIX BUIHO, YTO IIPEITOKEH-
HBIU ITACTU(HUKATOP HE YCTYITaeT KOHTPOJIBHOMY 00pa3-
IIy TT0 OCHOBHBIM (DM3MKO-MEeXaHUTICCKIM ITOKA3aTeIIsSIM
u cootBeTcTBYeT 'OCT; BBemeHIEe HAHOKOJIMIECTB ali-
MMMHATA KaJIBIIS CITOCOOCTBYET YIYUIICHIIO HEKOTOPHBIX
¢u3nKo-mMexaHnyecknx nokasaresneit [1BX-rmnacrtukara,
a UMEHHO TTOKa3aTelIsl TePMOCTA0MIbHOCTH.

BbIBO/IbI

Takum ob6paszom, nonyueHHas: [1BX-komnosuuus
¢ pa3paboTaHHBIM MOJUAI(PUPHBIM TIACTU(PUKATO-
POM TOJIUTIPONMJICHTTNKOIbaUITMHATOM, MOTU(DH -
UPOBAHHBIM IUKJIOTEKCAHKApOOHOBOUW KHUCIIOTOIA,
IT0 OCHOBHBIM (PM3MKO-MEXaHMICCKUM TTOKA3aTeIIsIM
HE yCTyIaeT KOHTPOJIHLHOMY 00pa3Ily M MPeacTaBIsIcT
00011 HETOKCUIHYIO aJbTepPHATUBY TPaTUIIMOHHBIM
¢ramatHeM TUTacTHdUKaTopaMm. HoBbit mmactudukaTop
XapaKTepU3yeTcsT HU3KOU 9KCTParupyeMOCThIO 1 MUATPa-
LIMEN U3 ToIMMepa B IPYIrUe KOHTAKTUPYIOIIUE C HUM
MaTepHalbl, YTO OOCCIIEYNBACT CTOMKOCTh ITacTUKaTa

Pe3ynbraThl McnbiTaHMi IIacTH(GHUKATOPA B pelienType KadeabHoro miactukara mapku O-40

ILnacrudukarop
HanvenoBanue noxasareueii Hopma o TOCT 5960-72 | KoHTpoJbHbIiA IIIIA/TLIT

c usM. 1-9 (1 copr) obpaszeir
VienbHoe 00bEMHOE BJIEKTP. He memee 1+ 101 9.0+ 10" 4,5+ 10"
conporuieHue pu 20°C, Om * cm
I1IpoyHOCTD IpU pa3pbiBe, KIC/CM? He meHee 110 147 248
TepmocTabunbHOCTD Tipy 180°C, MUH I'OCT 14041-91 24 15 MuH (22: fss ;\ZI:)*
Temneparypa xpynkoctu, °C He Bbilie —40 BBIIEPXK. BBIIEPX.
Bononomromenue, % He 6oiee 0,45 0,08 0,05
ITorepu B Macce npu 160°C B Teuenue 6 4, % He 6omee 3,0 2,2 0,7
BeHsocToiikocTh (II0TepH Beca mmociie FOCT 12020-2018 te Gonee 10 6.0
BbIIepKKY TIpu 25°C B Teuenue 48 1), % ’
MaciocToiikocTh (IIoTepu Beca mociie FOCT 12020-2018 He Gonee 10 9.0
BbiAepXKHU 11pu 25°C B TeyeHue 48 1), % ’
T'urnennyeckue nokasareian I'OCT P 50962-96 - BBIICPXK.

* — TIBX-nactukat, He conepxKallnii aqumuHaT KaabLus.
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N1 ITOCTOAHCTBO 3KCIIyaTalIMOHHBIX XapaKTCPpUCTUK. YJay4dylaacT ImoKa3aTeJib TepMOCTa6I/IJ'[bHOCTI/I pa3p360—
HpI/IMeHeHI/Ie HaHOKOJIMYECTB aAJuIIMHAaTa KaJIbLIA ITpU TaHHON PECLCIITYPbI Ka0eJIbHOIO TIJIaCTUKATA. BepOHTHO,
ITIOJIY4CHUU HOJ'[I/ISCDI/I]:)HOI‘O HJIaCTI/I(I)I/IKaTOpa CII0C00- HaOII0IaeTCs CHUHEPIU3M JefCcTBUSI HAHOJO0ABKU U UC-
CTBYET YBCIIMYCHMIO BbIXOA4a LEJIEBOTO S(I)I/Ipa., a TaK>Ke MOJIb30BAaHHOTO CTA0MJIM3aT opa.
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ABSTRACT: A brief review of patents is given. The research performed by scientists, engineers and specialists in the area of
nanotechnologies and nanomaterials resulted in increased efficiency of construction, housing sector and adjacent fields of
economy. For example, the invention «A method to produce titanium carbide nanopowder» refers to inorganic chemistry and
nanotechnology and can be used to produce wear-resistant abrasive materials, high-temperature ceramic materials and coatings,
high-strength composite materials. The technical result is TiC nanopowder in free-filled condition in the form of particles with
average size no less than 30 nm, as well as TiC nanopowder with controlled ratio titanium-carbon. All that boosts technical
opportunities for its application.

The specialists can also be interested in the following inventions in the area of nanotechnologies: a method to obtain a mixture
of micro- and nanoparticles of binary alloys, hydrocatalytic processes of recycling heavy oil fractions with the use of perspective
nanosize catalysts, a method to produce graphene oxide, a method to decrease electrization of liquid hydrocarbons when
applying them, a method to produce composite material boron-carbon, Modeling of static mixer (oil — water) performance
for oil desalting and development test, a method of chromatographic separation of single layer carbon nanotubes by chirality
and other.

KEYWORDS: nanotechnologies in construction, titanium carbide nanopowder, binary alloy nanoparticles, nanosize catalysts,
carbon nanotubes.
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INTRODUCTION

he practical application of the results achieved by sci-

entists, 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 to produce titanium carbide nanopowder
(RU 2707596 C2)

The invention refers to inorganic chemistry and nano-
technology and can be used to produce wear-resistant
abrasive materials, high-temperature ceramic materials
and coatings, high-strength composite materials [1].

Laminar gas-carrier downflow 2 is supplied to verti-
cal reactor (Fig. 1.) made of thermal-resistant dielectric
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material. On top titanium wire is introduced into reac-
tor, then it is heated in high-frequency field of counter-
current inductor 3 up to melting temperature. A drop
of melted titanium 4 is obtained at the end of the wire,
after that the drop is hanged without contact between
spirals of countercurrent inductor, then evaporation
of metal titanium from surface of the drop is provided.
The gas-carrier flow 2 continuously takes away titanium
vapour from the drop 4, vapour condensation into tita-
nium nanoparticles is performed in condensation zone 5
and then the particles are delivered in reaction zone 6 in
which carbon-containing gas-reagent 7 is also supplied
from leak 8. Obtained titanium carbide nanoparticles are
transferred into cooling zone 9, they are caught with filter
and thus final product in the form of titanium carbide
nanopowder in free-fill condition is produced. The aver-
age size of the particles is no less than 30 nm and the ratio
between titanium and carbon without halogen and oxy-
gen is specified. Titanium evaporation from the drop 4
is compensated by continuous supplying titanium wire.
A rare gas is used as gas-carrier, and hydrocarbon from
alkane, alkylene and alkine class is used as a gas-reagent.

Fig. |

The technical result is:

— facilitated technological cycle and provision of con-
tinuous production process for titanium carbide
nanopowders;

— production of TiC nanopowder in free-fill form with
the particles which size is no less than 30 nm, produc-
tion of TiC nanopowder with specified ratio between

titanium and carbon. All that boosts technological op-
portunities and application areas of the nanopowder.

A method to produce ferrum-based composite material
strengthened with metal nanopowder oxides (RU 2707686
C1).

The invention refers to the powder metallurgy, in
particularly to the designed technology for production
of steels strengthened with disperse nanooxides. The
invention can be used in manufacture of high-strength
constructional parts of railway rolling stock [2].

The technical result is reduced labour intensity, re-
duced technological process life, 20—30% increase
of durability characteristic due to speeded rotation ve-
locity of grinded device (bead mill) up to 3000 rpm, use
of monodisperse heat resistant nanooxides obtained
through high-energy impact on initial components.

The result described above is achieved due to
the method of production of ferrum-based composite
material strengthened with metal nanopowder oxides. The
stages of the method: mechanical alloying of the mixture
prepared from iron oxide powder which is unsteady under
deformation and alloy-treated steel powder which is pow-
der of the steel alloyed with yttrium and/or titanium, and/
or wolfram, forming heat-resistant nanooxides.

A method to modify carbon nanotubes for hydrophilic
or hydrophobic surfaces (RU 2707930 C1)

The invention refers to physics and nanotechnology
and can be used in production of super condensers, fil-
ters and sensors [3]. To provide specified value for wet-
ting angle carbon nanotubes are modified by bombard-
ing flows of ions, for example, argon, helium, ferrum,
carbon or terbium ions. An array of carbon nanotubes
which diameter is 8—250 nm and density is 0,1—3 g/cm?
is used. To obtain carbon nanotubes which wetting angle
is 180° a surface of nanotubes is bombarded with ions
and value of displacement per atom (DPA) divided by
average diameter of carbon nanotubes in the sample up
to 0,0075 DPA/nm inclusive is provided at this. To ob-
tain carbon nanotubes which wetting angle is less 90°
nanocarbon surface is bombarded with ions and value
of displacement per atom (DPA) divided by average di-
ameter of carbon nanotubes in the sample more than
0,025 DPA/nm is provided. The invention makes it pos-
sible to control wettability of carbon nanotubes surface
and obtain hydrophobic or hydrophilic coatings.

Spherical powder of pseudoalloy based on wolfram and
a method to produce it (RU 2707455 C1)

The invention refers to spherical powder of pseu-
doalloy based on wolfram [4]. Granulation of nanosize
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composite powder is performed. The nanosize compos-
ite powder consists of metal particles with size no less
than 100 nm and it is obtained as a result of hydrogen
reduction in thermal plasma of mixture of wolfram oxide
powder with powder chosen from group including Ni,
Fe, Co, Cu and Ag or powders of oxides of metal chosen
from the given group. Then obtained powder granules
are spheroidized by fluxing in thermal plasma. Obtained
powder contains 3—50 mass. % of binder of metal chosen
from group including Ni, Fe, Co, Cu and Ag or alloy
of the metals chosen from the given group. The powder
consists of spherical particles with size 20—70 um, and
possessing submicrone structure with evenly distributed
wolfram granules which size is no more thanl um.

The advantage of the proposed method is explained by
the opportunity to produce final micropowder of pseudo-
alloy consisting of spherical particles with sizes 5—100 um,
in which wolfram granules of submicronic size range are
evenly distributed in metal binder matrix. This powder can
be efficiently used in additive technologies to manufacture
products of pseudoalloys with improved performance
characteristics.

Thermostating device for conducting nanocalorimetric
measurements in controlled atmosphere (RU 2707665
C1)

The claimed thermostating device for conducting
nanocalorimetric measurements in controlled atmosphere
sets nanocalorimetric sensor in the frame [5]. The device
can be integrated into instruments used to measure ther-
mal, physical and structural parameters of the samples.
The case of the device can be coupled to connector and it
has windows of X-ray transparent material in which nano-
calorimetric sensor, Peltier rectangular element, heat re-
moval plate made of thermal conductive material, liquid-
cooling system embedded in the case are placed. There is
a hole on the heat removal plate for radiation transport
and a sensor with the studied sample is placed on the plate
to provide active part of the sensor within the hole projec-
tion. The case is integrated with electric board to couple
nanocalorimetric sensors. The technical result: improved
applicability of nanocalorimetric methods due to heating
the sample up to 450°C and cooling the sample to —20°C,
as well as due to creation of controlled atmosphere inside
the device (control of humidity and gas mixture content).

A method to produce functional coating based in
aluminium-carbon nanotubes (RU 2709688 C1)

The invention refers to the method aimed at produc-
tion of composite material for manufacturing functional
coatings of aluminium and carbon nanofiber alloy and
can be used in aircraft, space, shipbuilding and other in-
dustries [6]. The method includes following stages: supply

of powder by means of two dosing units into supersonic
flow of heated gas with formation of heterophase stream
and application of powder composition onto article sur-
face. From the first dosing unit powder AL O, is introduced
into the supersonic flow to process the article until juvenile
surface is obtained, then powder composition is consis-
tently applied with gas dynamic cold spray method. To
apply the first wear-resistant layer from the second dosing
unit composite powder material containing carbon and
aluminium is introduced into the supersonic flow; to ap-
ply the second one — aluminium powder PA-4; to apply
the third hardening layer — composite powder material
containing carbon and aluminium; to apply the forth bind-
ing layer — aluminium powder PA-4 and to apply the fifth
wear-resistant layer — composite powder material contain-
ing carbon and aluminium. The carbon content in the first
layer is 0,4—0,6 mass. %, Al and inevitable admixtures is
the rest; the carbon content in the third layer is 0,5—1 mass.
%, Al and inevitable admixtures is the rest; the carbon con-
tent in the fifth layer is 0,6—1,6 mass. %, Al and inevitable
admixtures is the rest; carbon nanofiber is used as carbon
in composite powder material. That provides obtaining
of composite material for wear-resistant coating with higher
hardness, which is more 1,9 hPa, low friction coefficient up
to 0,4, high damage tolerance during performance process
and at the same time conservation of low wear, necessary
strength and impact toughness.

A method to produce high-strength composite
material based on thermoplastic polymer, a modifier for
manufacturing composite material and a method to produce
modifier for manufacturing composite material (options)
(RU 2708583 C1)

The invention refers to the technologies for obtaining
a modifier used to produce composite material based
on thermoplastic polymer containing carbon, glass or
basalt fibers and carbon nanotubes (options) as well
as to the methods to produce it and to manufacturing
of material containing obtained modifier [7]. According
to the first option, the modifier is obtained by mixing
thermoplastic polymer (7—15 mass. %), solvent (70—
94 mass. %) and alkali salts (3—15 mass. %) until total
polymer resolving. Then nanotubes taken in the quantity
up to 5 mass. %. are added into the mixture. A coagulant
is introduced into the obtained dispersion. The disper-
sion is filtered, the precipitation is washed off and dried.
According to other options, a modifier for composite
material is prepared on the basis of polyamide. Nano-
tubes are mixed with caprolactam. Dispersion is heat-
ed, can be treated with ultra-sound, then caprolactam
polymerization catalyst or polymerization activator is
added to it. After that the dispersion is heated and dried.
To obtain composite material thermoplastic material
is mixed with fibers and modifier which contains car-
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bon nanotubes in the quantity from 5 to 33 mass. %.
The invention is a solution for creation of high-strength
composite material.

A method to produce modified carbon nanotubes
(RU 2708596 C1)

The invention refers to nanotechnologies and can be
used to strengthen mechanical properties of composite
materials based on epoxy resins, to modify mixed glue
and to obtain supercondensers [8]. A solution containing
carbamide and/or thiocarbamide, water and consentrated
mineral inorganic acid is processed in ultra sound concen-
trator. Then fluoridated carbon nanotubes taken in quan-
tity that provides their concentration 1,2 mg/g in solution
are added. Processed solution is diluted and filtered with
water washing till neutral acidity. Filtered modified car-
bon nanotubes are diluted with water, processed in ultra
sound bath and diluted with water one more time. The
obtained solution are filtered and washed with acetone.
The carbon nanotubes modified with carbamide and/
or thiocarbamide are dried. If it is necessary they can
be additionally functionalized with water-soluble epoxy
resins, for example, DEG-1, TEG-1 or epoxy-hydantoic
resin EG-10. That leads to greater final product outcome,
decreased energy consumption and reduced time for pro-
duction modified carbon nanotubes.

A method to process cold-worked titanium of great flow
(RU 2709416 C1)

The invention refers to manufacture of nanostruc-
tured cold-worked titanium with improved mechanical
and corrosion properties and to the methods to process
it. The invention can be applied in different engineering
areas, including chemical industry [9]. Technical result is
a production of cold-worked titanium that combines high
values of micro-hardness and high corrosion-resistance:
positive steady potential, high capacity to passivation un-
der anodic polarization.

Technical result is achieved due to the following tech-
nology: the method to process cold-worked titanium in-
cludes great plastic flow deformation by rotation under
high hydrostatic pressure no less than 6 hPa under room
temperature. According to the invention, the deformation
is performed by two rotations and obtained nanostructure
of cold-worked titanium consists of 80—85% alpha phase
with average size 50—60 nm and 15—20% omega phase.
The deformation is performed in Bridgman chamber.

A method to produce coating on the surface of non-
ferrous metal workpiece (RU 2710094 C1)

The invention refers to mechanical engineering, in
particularly to the methods for obtaining coating on

Nanob%

the surface of non-ferrous metal workpieces by trans-
ferring with high-temperature nanoparticle gas flow
[10]. The method includes formation of high-speed
atomizing cone of high-temperature gas flow by burning
fuel in oxidant in combustion chamber; supply of high-
speed atomizing cone of liquid initial material which is
a source of nanoparticles formation into combustion
chamber; formation, heating and transfer of nanopar-
ticles by means of high-temperature gas flow and pre-
cipitation of the nanoparticles on the workpiece surface.
At this the material which is a source of nanoparticles
formation is simultaneously used as a fuel for high-
temperature gas flow formation, and the material is
a molecular or colloid solution of organic and/or inor-
ganic compounds in organic solvent or mixture of sev-
eral solvents. Transfer by means of high-temperature
gas flow of nanoparticles and precipitation of them on
the workpiece surface is performed jointly with work-
piece surface prior processed with electric arch gener-
ated between two wolfram electrodes under alternate
current 35—45 A, resistance 12—16 V and moving along
workpiece surface with the rate of high-speed spray
atomized set to spray at the distance between the arch
and gas stream woth sprayed powder material 2—4 mm.
Technical result of the invention is increased adhesion
strength, increased cohesion durability of material coat-
ing and reduced porosity of the coating.

A method to purify polluted subsoil water with nanosize
ferrum of zero valency ( RU 2709593 C1)

The invention refers to water treatment [11].

Fig. 2

A method to purify polluted subsoil water includes
introduction of suspension of nanosize zero-valent fer-
rum into drilled hole 1 (Fig. 2) under overpressure ex-
ceeding the pressure of purified horizont. Drilling of the
hole 1 is performed till the middle of bedding of purified
water-bearing strata 2. Underground reservoir 5 is made
by means of hydro expanding. Proppant is pumped in
the reservoir. Suspension is obtained by mixing nano-
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size zero-valent ferrum with normalized water till values
pH 4,5-5,5. Metal guide tube 3 is placed into the hole 1.
One pole terminal of alternating-current source with
frequency 0,5—5 Hz is coupled to the guide tube, and
the second terminal pole is coupled to ground which dis-
tance from the hole 1 is two-three depths of the hole 1.
The invention makes it possible to increase the value
of water treatment and prevent from purification sub-
stances loss.

A catalyst of combined hydrotreatment for a mixture
of vegetable and oil hydrocarbon stock and a method to
prepare it (RU 2707867 C2)

The invention refers to chemistry, in particularly to
production of catalysts used for hydrotreatment of vegeta-
ble and oil hydrocarbon stock and can be applied in oil re-
fining and petrochemical industries [12]. Technical result
is creation of a new catalyst of combined hydrotreatment
for a mixture of vegetable and oil hydrocarbon stock. The
catalyst possesses increased activity in reactions of sulfur
and oxygen removal compared to traditional bimetal sys-
tems due to simultaneous employment of two promoting
metals (Co u Ni) as promoter. Technical result is achieved
due to catalyst of combined hydrotreatment for a mixture
of vegetable and oil hydrocarbon stock which contains
in calcined under 550°C state: Mo — 9,0—15,0% mass.,
Co — 0,5-3,5% mass., Ni — 0,5—3,5% mass., the rest —
porous carrier with carbon content 0—5% mass.; specific
surface of the catalyst is 100—250 m?/g, specific volume
of the pores is 0,3—1,1 cm’/g, average diameter of the
pores is 4,0—10,0 nm.

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

* A method to increase tensile strength of composite

material by preliminary impregnation of carbon fibers
with carbon nanotubes [13].
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PE3IOME: B pedepatuBHOI popme NnpoBoanTcst 0630p n306peTeHnid. PesynbTraTbl TBOPUECKON AEATENBHOCTY YUEHbBIX, UHXEHEPOB
W CNeuunanunucToB, B T.U. 1 N3006peTeHns B 061aCTV HAHOTEXHOJIOTUI U HAHOMATEPUAJIOB NMO3BOJIAIOT B CTPOUTENBCTBE, XUULLHO-
KOMMYHaIbHOM XO35IMCTBE, CMEXHbIX OTPAC/IAX SKOHOMUKM AOOUTHCA 3HaunTenbHOro abdekta. Hanprmep, nsobpeteHne «Cnocob
MoJslyYeHUsi HAHOMOPOLLKA Kapbuaa TUTaHa» OTHOCUTCS K HEOPTraHNYECKOW XMMUY 1 HAHOTEXHOJIOT M U MOXET ObITb UCMOJIb30Ba-
HO AJ1A NONyYeHWs M3HOCOCTONKUX abpa3nBHbIX MaTepuasnoBs, BbICOKOTEMMEPATYPHbIX KEPaMUYECKUX MATEPUAIOB 1 NMOKPbITAN,
BbICOKOMPOYHbIX KOMMO3MLMOHHbBIX MaTepuanoB. TeEXHUYECKINI pe3ynbTaT n300peTeHs BblpaXaeTcs B MOSTyYeH HAHOMOPOLLKa
TiC B cBO60AHO-HACBIMHOM COCTOSIHUM B BUAE YaCTULL CO CPEAHMM pa3mepom MeHee 30 HM, B MOJTyYeHr I HAHOMOPOLWKa Kapbuaa
TUTaHa C PerynmpyemMbiM COOTHOLLEHNEM TUTaHA 1 YINIepoa 1 PaclUMPEHUN TEM CaMbIM TEXHOJTIOTMYECKMX BO3MOXHOCTEN cnocoba
1 06nacTu ero NpYMeHeHUs.

TakKe NpeACTaBnAT MHTEPEC AN CNeuuancToB cnegyline n3obpeteHns B 0651aCTi HAHOTEXHONOMMIA: CMOCO6 NoJyYeHUs
CMeCy MUKPO- 1 HAHOYACTUL, BMHAPHBIX CMJIAaBOB, M’MAPOKATAIMTUYECKUE NPOLECChl NepepaboTKy TAXesNbiX HedpTAHbIX dpaKLuii
C UCMONb30BaHVEM NEPCMNEKTUBHBIX HAHOPA3MEPHbIX KaTasnM3aTopos, Cnocob nosyyeHus okcnga rpadeHa, cnocob CHUXKeHNs
3MeKTPU3aLMU XULKNX YITIEBOLOPOAOB NPU 06paLleHn C HUMK, CNOCo6 NMOosyyeHUss KOMMO3MLMOHHOTO MaTepuana 6op-yrnepoga,
MOAENIMPOBaHMe PaboTbl CTaTUUECKOTO cMecuTens (HepTb—Bofa) AnA 06ecconBaHNA HEDTU 1 OMbITHO-MPOMBILLNIEHHOE UCTIbITAaHWE,
cnoco6 xpomatorpaduryeckoro pasgesieHns OQHOCIONHbIX YrePOAHbIX HAHOTPYOOK MO XMPaNbHOCTYN 1 Ap.

KNIOYEBDIE CJIOBA: HaHOTEXHOJIOTM B CTPOUTESIbCTBE, HAHOMOPOLOK Kapbuaa TUTaHa, HAHOYACTULbI GUHAPHBIX CMIABOB, Ha-
HOpa3MepHble KaTanun3aTopsbl, yrieponHble HAHOTPYOKN.

ANnAa UNTUPOBAHUA: VeaHos J1.A., bokosa E.C., MymmnHosa C.P, KatyxuH J1.00. 306peTeHuns, OCHOBaHHble Ha 1CMONb30BaHUN
HaHOTEXHONOr I, MO3BONAAIOT MONYYNTb NPUHLMMMANBHO HOBble TEXHNYeCKMe pe3ynbraTbl. YacTb | // HaHoTexHONOrMmM B CTpoun-
TenbctBe. — 2020. - Tom 12, N2 1. - C. 27-33. - DOI: 10.15828/2075-8545-2020-12-1-27-33.

BBEJEHUE

B COBPEMEHHBIX YCIIOBUSIX UCIIOIB30BaHIE N300peTe-
HU YICHBIX, MHXXCHEPOB U CITCIINATINCTOB MOXET
CIT0co0CcTBOBaTh 3P (PEKTUBHOMY PEIICHUIO 3a1a4 M-
TOPTO3aMEIICHNS 1 TTOBBIIICHUS ITPON3BOAUTEIBHO-
ctu Tpyna. Kak m3BecTHO, M300peTeHE — 3TO HOBOE,

o0OJiagaroiee CyleCTBEeHHbIMU OTJIUYUSIMU pelleHUe
TeXHUYECKON 3amauu, oOecreynBaloIiee MOJI0XKM-
TEJbHBIN 3¢ (PeKT (HOBBIE TEXHOJIOTUM, KOHCTPYKIIUH,
HOBbIE BellecTBa). B cTaThbe pacCMOTPEHBI CYIIIHOCTD,
TEeXHUUECKUN pe3yJIbTaT, IpaKTUUecKasi 3HaUMMOCTh
HEKOTOPBIX U300peTeHU, OTHOCSIIMNXCS K 0071aCTU Ha-
HOTEXHOJIOTUIA.
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OCHOBHAA YACTb

Cnioco0 moyrydeHuss HAHONOPOIIKA Kaponaa TUTaHA
(RU 2707596 C2)

M3006peTeHre OTHOCUTCSI K HEOPTAaHMIECKOM XUMMIH
W HAHOTEXHOJIOTUU M MOXET OBITh MCITOJIb30BAaHO IS
TIOJTyYEHUST M3HOCOCTOMKNX a0pa3uBHEBIX MaTepHAJIOB,
BBICOKOTEMIIEPATYPHBIX KEpaMUICCKUX MaTepUaIOB
¥ TIOKPBITUM, BEICOKOTIPOYHBIX KOMIIO3UITMOHHBIX Ma-
Tepuaios [1].

Puc. 1

B BepTUKanbHO OPUEHTUPOBAHHBIN peakTop 1
(Puc. 1) u3 TepMOCTOMKOTO TUAJIEKTPUICCKOTO Ma-
Tepuraa IMoJalT HUCXOMSIINI JJaMUHAaPHBINA TTOTOK
rasza-Hocutess 2. CBepXy BHYTPbh peakTopa BBOASIT
TUTAHOBYIO TIPOBOJIOKY, Pa30TPEBAIOT €€ B BBICOKOYA-
CTOTHOM TI0JI¢ TIPOTUBOTOYHOTO MHIYKTOPA 3 10 TeM-
TepaTyphl IUIaBJICHUSI, TTOJIyJaroT Ha ee KOHIIe KaruTio 4
pacIIaBICHHOTO TUTaHA, 0ECKOHTAKTHO ITOIBEIITBA -
FOT KaruTio MeXXOy BUTKaMM IIPOTUBOTOYHOIO MHAYK-
TOpa M 00CCIIEUMBAIOT UCITApEHNE METAJIMICCKOTO
TUTaHa C MTOBEPXHOCTHU Karuii. [10oTOKOM rasa-HoCH-
Telst 2 HETIPepBIBHO YHOCST Maphl TUTaHA OT KaIlIn 4,
obecIeuynBalOT KOHACHCAIIMIO ITAPOB B HAHOYACTH -
Bl TUTaHA B 30HE KOHACHCAIIUM 5 U HAIIPABJISTIOT MX
B 30HY peakuuu 6, KyJaa TaKxKe [10Aai0T YIJIePOACOAep-
JKaInii ra3-peareHT 7 u3 HateKaTens 8. [lomyaeHHBIS
HAaHOYACTHIIBI KapOuaa TUTaHa IIEPEHOCST B 30HY OX-

JTAXIeHWS 9, yIaBIUBAOT UX QIIBTPOM U MOJIYIalOT
TOBapHBIM MPOOYKT B BUIE HAHOIOPOIIKAa Kapouaa
TATaHa B CBOOOTHO-HACHIITHOM COCTOSTHUU CO CPEITHUM
pa3MepoM yacTuil MeHee 30 HM U ¢ peTyJIupyeMbIM
COOTHOIIICHWEM THTaHa U yIrjiepoma 6e3 raJoreHOB
1 Kuciopona. Mcrmaperre TUTaHa U3 Karind 4 BOCIIOJ-
HSTIOT HETIPEePBIBHOM Momadeil TATAaHOBOM ITPOBOJIOKH.
B xauecTBe Ta3a-HOCUTEIS NCITOIB3YIOT MHEPTHBIN Ta3,
a B KaueCTBe Ta3a-pearcHTa — yIJIeBOOOPOI U3 KJIacca
aJIKaHOB, aJIKCHOB MJIN aJIKUHOB.

Texamaeckuii pe3yIbTaT M300pETCHMS BEIPAKACTCS:

— B YIIPOIICHUHY TEXHOJIOTMIECKOTO IIMKJIa 1 0becITe-
YeHUU HEIIPEPBIBHOTO IPOIecca TMOIyIeHUST HAaHO-
ITOPOIITKOB KapOraa TUTaHA;

— B T1oJiydeHUM HaHomopomka TiC B ¢cBoOOTHO-HA-
CBHITTHOM COCTOSTHUM B BUIE YACTHIL CO CPETHUM Pa3-
MepoMm MeHee 30 HM, B TOJIYICHUN HAHOITOPOIIKA
KapOuaa TUTaHa C PEryIMpPyeMBbIM COOTHOIICHUEM
THTaHA U YTIJIEPOIa U PACIIUPECHUN TEM CaMBIM TEX-
HOJIOTHYECKHUX BO3MOXKHOCTEH criocoda 1 00J1acT
€ro TIPUMCHEHUS.

Crnioco6 moJryueHus ynpogHsIeMoro OKCHIAMH HAHOIIO-
POLIKOB METAJIJIOB KOMITO3UIIMOHHOTO MATEPHAJIA HA OCHO-
Be xeine3a (RU 2707686 C1)

WN300peTeHre OTHOCUTCSI K 001aCTU MOPOIIKOBOI
METaJUTypTUH, a UMEHHO K pa3pabOTKe TeXHOJIOTUM U3-
TOTOBJICHUST YITPOUHSIEMBIX TUCIIEPCHBIMA HAHOOKCHUIA-
MM CTaJIeil, 1 MOXKET OBITh MCITOJTh30BaHO, B YaCTHOCTH,
IIJIST U3TOTOBJICHUST BEICOKOITPOUYHBIX KOHCTPYKIIMOH-
HBIX JIeTaJIei TTOABIZKHOTO COCTaBa KeJIe3HOTOPOXKHOTO
TpaHcnopTa [2].

TexamYecKNM pe3yabTaTOM IIpeIaracMoro n3o0pe-
TEHHUS SIBJIIETCS CHIDKEHME TPYIOEMKOCTH, COKpaIllEHNE
BpPEMEHH TEXHOJIOTUYECKOTO IPOIlecca, MOBBIIICHIE
IIPOYHOCTHBIX XapaKTePUCTUK KOMITO3UIIMOHHOTO Ma-
tepuaia Ha 20—30% 3a cueT MOBBILIEHUSI CKOPOCTU
BpallleHNST YCTPOMCTBA IJII M3MEIbUcHUS (I1apOBOM
MepHHUIB) 10 3000 06/MWH, HCITOJIB30BaHUS MOHO-
IHUCIIEPCHBIX TEPMOYCTONINBBIX HAHOOKCHIOB, TTIOJIY-
YaeMBIX ITyTEM BBICOKOSHEPTETUUECKOTO BO3ICUCTBUS
Ha NCXOTHBIC KOMITOHCHTHI.

Brlmreyka3aHHBIN TeXHUYECKUI PE3yIbTAT JOCTH-
raeTcs 3a CUeT CII0co0a MOJyIeHUS YIIPOUYHSIECMOTO
OKCHIaMM HaHOIOPOIIIKOB METAJIJIOB KOMITO3UITHOH -
HOT'0 MaTepHaja Ha OCHOBE XKeje3a, BKIIIOUAIOIIeTo
MeXaHNIeCKOE JISTUPOBAHUE CMECH, IIPUTOTOBIICHHOMN
13 TIOPOIIKA MaJIOYCTOMIMBOTO TIpH Ae(hopMaIim OK-
cHma Xeje3a U OPOITKa JISTUPOBAaHHOM CTall, B Ka-
YeCTBE KOTOPOTO MCITOJIB3YIOT HAHOIIOPOIIIOK CTaJH,
JIETUPOBAHHOM UTTPHUEM W/WIU TUTAHOM, W/ VTN BOJIb-
dpaMoM, 00pa3yIOIIUMHI TEPMOYCTOMINBEIC HAHO-
OKCHIBI.
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Crnioco0 Moau(puKanum yriiepoaHbIX HAHOTPYOOK Jist
NOJy4eHUsI TUAPO(MUILHBIX WM THAPO(OOHBIX MOBEPX-
Hocreii (RU 2707930 C1)

M300peTeHre oTHOCUTCS K 00J1acTU (PU3UKU U Ha-
HOTEXHOJIOTUH 1 MOXKET OBITh MCITOJIb30BaHO IIPH U3-
TOTOBJICHUH CYIIEPKOHICHCATOPOB, (DMILTPOB M CCH-
copos [3].

VYraepoaHble HAHOTPYOKM MJIs1 0OecreyeHus Tpe-
OyeMBIX 3HaYCHUI KPaeBOTo yIila CMaYMBacMOCTH MO-
INGUIUPYIOT IIyTeM OOJIydeHMs ITOTOKaMHW MOHOB,
HaIlpuMep MOHAMU aproHa, Tejus, JKeJje3a, yIjIepoa,
TepOus. MIcTionb3yIoT MacCUB yIIICPOTHBIX HAHOTPY-
00K nuaMeTpoM oT 8 10 250 HM, TIpY 3TOM TJIOTHOCTD
maccuBa oT 0,1 mo 3 r/cm’. [ljis mony4eHus yriaepo-
HBIX HAaHOTPYOOK CO 3HAYCHHUEM KpaeBOTO yIJIa cMa-
YUBAeMOCTH OKOJIO 180° MoBepXHOCTh HAHOTPYOOK
00 Iy4aroT IMTyIKOM MOHOB C 00eCIIcUeHUEM ITapaMme-
TpoB cMmemeHUs Ha atoM (DPA), memeHHOTO Ha cpen-
HUU OuaMeTp YIJICPOIHBIX HAHOTPYOOK B oOpa3siie,
1mo 0,0075 DPA/BM BKITIOUMTEIBHO.. 171 TTOTydeHUS
YTJICPOIHBIX HAHOTPYOOK CO 3HAUCHMEM KPaeBoOTO yIIa
cMaurBaeMoCTH MeHee 90° TTOBEpXHOCTh HAHOTPYOOK
00JTyJaIOT ITy9KOM MOHOB C 00eCTICUCHIEM TTapaMeTPOB
cmenieHusda Ha atoM (DPA), neieHHOro Ha cpenHui
IHaMeTp yTIepOOHBIX HAHOTPYOOK B 00pasiie, bojee
0,025 DPA/am. M300peTeHME TTO3BOISIET YIIPABISATH
CMauyMBaeMOCTbhIO TTOBEPXHOCTHU yTJIEPOTHBIX HAHO-
TPYOOK U1 TTOJIy4aTh THAPOMDOOHBIC MU THAPODIITHHEIC
TTOKPBITHSI.

Cdepuuecknii MOpoIOK ICEBIOCIIABA HA OCHOBE
Bosbpama u cnocod ero moxydenns (RU 2707455 C1)

M3ob6pereHne oTHOCUTCS K c(hepUIECKOMY ITOPOILIKY
TICeBIOCIUIaBa Ha OCHOBe Boibdpama [4]. BemyT rpa-
HYJIMpOBaHHE ITOPOIITKAa HAHOPA3MEPHOTO KOMIIO3HTA,
COCTOSIIIETO M3 METAJUIMICCKHUX YACTHIL C pa3MepaMu
MeHee 100 HM ¥ ITOJIy9eHHOTO BOITOPOIHBIM BOCCTA-
HOBJICHHEM B TEPMUUYCCKOM IIJIa3Me CMECH TTOPOIITKOB
OKCHIOB BOJIb(hpama C TIOPOIIKOM MeTaJlIa, BBIOPAHHOTO
n3 Tpynmsl, BkIovaromeit Ni, Fe, Co, Cu u Ag, wm
TMOPOIIKAMU OKCUIOB METAJUIOB, BEIOPAHHBIX M3 YKa-
3aHHO TPYMITBI, a 3aTeM IIPOBOISIT chHepONIN3AIIIO
TOJIyIeHHBIX IPaHyJI TTOPOIIKa pacIulaBJIcHUEM B I10-
TOKE TePMHUYCCKOI 1a3Mbl. [1oydeHHBII MOPOIITOK
comepxut 3—50 mac. % CBsSI3KM U3 MeTaJUla, BHIOPAHHOTO
un3 rpynmsl, Bkmovalomeid Ni, Fe, Co, Cu u Ag, nian
CILTaBa METAJIOB, BEIOPAHHBIX M3 YKa3aHHOU TPYIIITHI,
TIPY 3TOM ITOPOIIIOK COCTOUT U3 CheprIeCKUX YACTUII
pazMmepoM 20—70 MKM, UMEIOIIMX CYOMUKPOHHYIO
CTPYKTYPY C paBHOMEPHO pacIipeeIeHHBIMU B Helt 3ep-
HaMU BoJIb(paMa pa3MepoM, He TIPEBHIIIAIONIIM 1 MKM.

[IpenMyIIIecTBO TIPEIIOKEHHOTO CIIOC00a oTpene-
JISIETCST BOBMOXHOCTBIO TIOJTYICHHST KOHETHOTO MUKPO-

ITOPOIITKa IICEBIOCIUIABA, COCTOSIIIETO U3 CPeprmIecKIX
YaCTHUII B Iramna3oHe pa3MepoB 5—100 MKM, B KOTOPBIX
3epHa BoJIb(hpaMa CYOMUKPOHHOTO IUaIla30Ha pa3MepOB
PaBHOMEPHO pacrpeaesIeHbl B METAJUTMICCKON MaTPHIIe
cBs13kU. Takoii mopoiIoK MoxeT 3((HEeKTUBHO UCIIOJb-
30BaThCS B AMIUTUBHBIX TEXHOJIOTHSIX JIJIST TIPOMU3BOICTBA
W3IEINI 13 TICEBIOCTUIABOB C ITOBBIIIICHHBIMY SKCILTya-
TallMOHHBIMU XapaKTePUCTUKAMMU.

TepmocTaTupyloee yCTpOHCTBO /151 IPOBEIeHHS HA-
HOKAJIOPUMETPUYECKUX U3MEPEHU B KOHTPOJIMPYeMOii
atmocdepe (RU 2707665 C1)

3agBiIsseMoe TepMOCTaTHUPYIOIIee YCTPOUCTBO
IIJISI TIPOBEICHNUSI HAHOKAJIOPUMETPUUECKUX M3Mepe-
HUI1 B KOHTPOJIUPYEMOIT aTMOoC(depe ITO3BOIISIeT pas-
MEIIaTh BHYTPU KOPITyca HAHOKAIOPUMETPUICCKUIA
ceHcop [5]. YcTpoiicTBO MOXET ObITh MHTETPUPOBA-
HO B MPHOOPHI A M3MEPEHUS TEIIO(MU3NICCKUX
1 CTPYKTYPHBIX MTapaMeTpOB 00pa3IloB. YCTPOMCTBO
BKJTIOYAET KOPITYC, BEITIOJTHEHHBIN ¢ BO3MOXHOCTBHIO
IMOIKITIOUCHUSI K KOHHEKTOPY U CHAOXKCHHBI OKHAMK
13 PEHTTEHOMIPO3pavyHOTO MaTeprajia, B KOTOPOM pa3-
MeIIeH HAaHOKAJIOPUMETPUICCKUM CEHCOP, DIIEMEHT
[lenbpThe MPIMOYTONBHOM (DOPMBI, TETIOOTBOISIIAS
IUTACTUHA, M3TOTOBJIICHHAS M3 MaTepHaia ¢ XOpOoIIei
TETUIOTIPOBOTHOCTBIO, CHCTEMa XUIKOCTHOTO OXJIaXK-
IeHUS, BMOHTHPOBaHHAs B KOpITyc. TeIrooTBoasIIAast
IUTAaCTMHA CHAOXEHA OTBEPCTUEM IIJISI TIPOXOXKICHUS
U3TyYeHUSI, a CEHCOP C MCCIIemyeMBIM 00pa3IoM pac-
ITOJIOKEH Ha 3TOM IJIACTHHE ¢ 00eCIIeYeHIEM pa3Mellle-
HUsI aKTUBHOI YacTH ceHCOpa B TIPOCKIINI OTBEPCTHSI.
B xopmyc BcTpoeHa 3eKTprUUecKast IiaTa s BO3-
MOXHOCTH ITOOKITIOUCHUS HAHOKAIOPUMETPUUCCKUAX
ceHCOopoB. TeXHUUECKUiT pe3yIbTaT — pacIIupPeHUE
BO3MOXHOCTH METOIOB HAHOKAJIOPUMETPHUH 3a CUET
peann3ay BO3MOXHOCTH HarpeBa oopa3siia go 450°C
" oxJIaXkaeHus obpasia 1o —20°C, a Takke 6yarogaps
BO3MOXKHOCTH CO3IaHUSI KOHTPOJINPYEMOit aTMOC(hEPhI
BHYTPH YCTPOICTBA (peryJIMpoBaHNE BIaKHOCTH U CO-
cTaBa Ta30BOil CMecH).

Cnoco6 mosyyeHus: (PyHKIMOHAJILHOTO MOKPBI-
THS HA OCHOBE AJIOMHHHUII-YIJIEPOAHBIX HAHOBOJIOKOH
(RU 2709688 C1)

N300peTeHre OTHOCUTCS K CIIOCOOY TTOJTyYeHUS
KOMIIO3UIIMOHHOTO MaTepuaja I M3TOTOBICHUS
(YHKIIMOHAJBHBIX TTOKPBHITUI U3 CIJIaBa aJllOMUHUS
1 YTJICPOTHOTO HAHOBOJIOKHA M MOKET OBITh MCITOTB30-
BaHO B aBHAIIMOHHOI, KOCMIUYECKOM, CYTOCTPOUTEITh-
HO 1 IPYruX 00J1acTsIX IMpoMbIiuieHHocTH [6]. Crioco6
BKJTIOYACT OAAvy MOPOIIKA C MCIIOJh30BAaHUEM IBYX
I03aTOPOB B CBEPX3BYKOBOI MOTOK ITOIOTPETOTO Ta3a
¢ o0pa3oBaHMEM reTepoda3HOTO ITOTOKA M HAaHECEHME
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TOPOIITKOBOM KOMIIO3UIINY Ha TTIOBEPXHOCTh U3ICIHS.
B yIIOMSTHYTBII CBEpX3BYKOBOI ITOTOK 13 TIEPBOTO 0~
3aropa BBOAAT oponok Al O, 111 06paboTKK U3eNusl
110 00pa30BaHMSI IOBEHUJILHOM ITOBEPXHOCTH, 3aTeM Ha-
HOCST ITOCIIEA0BATEIFHO METOIOM XOJIOTHOTO Ta3001-
HaAMHUYECKOTO HAITBLICHNS ITOPOIIKOBYIO KOMITO3HUIIHIO.
I HaHeCceHUsI TIEPBOTO M3HOCOCTOMKOTO CJIOS B YIIO-
MSTHYTBIA CBEPX3BYKOBOM MOTOK M3 BTOPOTO T03aTOpa
BBOIST KOMIIO3UIITMOHHBIN MOPOIIKOBEIN MaTepuall,
comepKaIINi YIJIEPOI U alIOMUHUIN, IJIST HaHECCHUS
BTOPOTO CBSI3YIOIIETO CIIOST — aJIIOMUHUEBHIA MTOPO-
ok ITA-4, ng HaHeceHUST TPEThEeTO YIIPOUHSIONIETO
CJI0SI — KOMITO3UIIMOHHBII TTOPOIIKOBBIN MaTepual,
comepKaIINi YIJIEPOI U alIOMUHUN, 1T HaHEeCCHUS
YETBEPTOTO CBSI3YIOIIETO CIOST — ATFOMUHUEBEII TTOPO-
ok [TA-4 n 11t HaHeCeHMS IISITOTO0 N3HOCOCTOMKOTO
CJI0SI — KOMITO3UIIMOHHBII TTOPOIIKOBBIN MaTepurall,
comepxamuii yriaepon n amomMuHuit. ComepkaHue
yriepoa B iepBoMm ciioe cocrasisier 0,4—0,6 mac.%,
Al 1 Hen30eXXHBIe IPUMECH OCTaIbHOE, COIepKaHMe
yriepoja B TpeTbeM ciioe cocrasiseT 0,5—1 mac.%,
Al 1 Hem30eXXHBIe IPUMECH OCTaIbHOE, COIepKaHMe
yriaepoza B IsaToM ciioe cocrapisiet 0,6—1,6 mac.%, Al
¥ HEU30eKHbBIC TIPUMECH OCTaIbHOE, B KAUECTBE yIJIe-
pona B KOMITO3UIIMOHHOM ITOPOIITKOBOM MaTepuale
HCITOJIB3YIOT YIJIEpOTHOE HAaHOBOIOKHO. ObecrieunBa-
€TCSI TTONTyYeHIE KOMITO3UITMOHHOTO MaTepraia ISl 13-
HOCOCTOMKOTO TTOKPBITHSI, IMEIOIIETO 00JIee BHICOKYIO
TBEPIOCTh, cocTaBIIsTIoNIyio 6omee 1,9 I'Tla, Hu3knmii
ko3 dumueHT TpeHus 10 0,4, BBICOKYIO YCTOMYUBOCTD
K pa3pyIIeHUIO BO BpeMsI SKCIUTyaTally IIPU OTHOBpE-
MEHHOM COXpaHEHUH HU3KOT'0 N3HOCA, HEOOXOTUMOiT
TIPOYHOCTHU U YAAPHOM BI3KOCTH.

Cnioco0 moJiy4eHns1 BBICOKOIPOYHOTO KOMIIO3HIIOH-
HOI'0 MATEPHAJIA HA OCHOBE TEPMOILIACTHYHOIO IOJIMME-
pa, MOAU(HUKATOP /15 IPUrOTOBICHH KOMIO3UIIHOHHOTO
MaTepHaJIa | CIocod MoIydeHns: MOAU(pUKATOPA I/1s IPH-
rOTOBJIEHHSI KOMIO3MIHOHHOIO MaTepuaia (BApHAHTHI)
(RU 2708583 C1)

M300peTeHNe OTHOCUTCS K TEXHOJIOTHSIM ITOTYJCHMS
MoauduKaTopa WISl IPUTOTOBICHUS] KOMITO3UITMOHHBIX
MaTepHajioB Ha OCHOBE TEePMOILTIACTUYHBIX TTOJIMMEPOB,
comepKalIuxX B CBOEM COCTaBe YIJICPOIHBIC, CTCKIISTH-
HbIC WM 0a3aIbTOBBIC BOJIOKHA W YIJIEPOIHBIC HAHO-
TpyOKu (BapuaHThbl), a TAKXKe K crtocodaM MoJydyeHUs
ero, 1 K TTOJIyIeHNIO0 KOMIIO3UIIMOHHOTO MaTepuaa,
coaepxalero mojaydyeHHblit Moaudukarop [7]. ITo oxa-
HOMY BapUaHTy MOAU(PUKATOP MOIYyYAIOT IMyTEM CMe-
LIEHKS TePMOILIaCTUYHOTO nojaumMepa (7—15 macc. %)
¢ pactBoputesieM (70-94 macc. %) 1 COISIMU LLETOYHBIX
MetainoB (3—15 mMacc. %) IO TIOTHOTO PaCTBOPECHUS
nonuMepa. Jlagee B cMech QJOOABIISIIOT HAHOTPYOKU
B KOJIMYECTBE 110 5 Macc. %. B mojydyeHHYIO IMCIIepCHio

IIpY TIepEeMEITMBAHUH BBOIST KOATyJIsSTHT. Jluciepcuio
GUIBTPYIOT, 0OCaTOK MPOMBIBAIOT U cymmiaT. I1o npyrum
BapuaHTaM roTOBST MOAU(MUKATOP JJ151 KOMIIO3ULIMOH-
HOTO MaTepuayia Ha OCHOBe TTojramMuna. HaHoTpyOkm
CMEIIMBAIOT ¢ KarpoiakTaMoM. JIycITepcuio HarpeBaoT,
BO3MOXKHO, 00pabaThIBAIOT YJILTPA3BYKOM, 100ABIISIIOT
KaTaJIM3aTop MOJIMMEPHU3aINY KarlpojJaKTaMa, BO3MOX-
HO aKTHBATOP MTOJIMMEPU3aIlN, HarpeBarOT 1 BBICYIIIN-
BatoT. JIJIsT moJTydeHUsT KOMIIO3UIIMOHHOTO MaTepuaia
TEPMOILIACTUIHBII MaTepHall CMEIIMBAIOT C BOJIOKHAMU
1 MOIU(PUKATOPOM, COAEPKAIIUM YIIICPOIHBIC HAaHO-
TPYOKM B KOIM4ecTBe OT 5 10 33 macc.%. N3o6pereHune
pelaeT 3amady Co3MaHusT KOMITO3UIIMOHHOTO MaTepHraa
TTOBBIIIIEHHOM MPOYHOCTH.

Croco6 nosryuenust MoquuIMPOBAHHBIX YTJIEPOTHBIX
Hanotpyook (RU 2708596 C1)

M30o0peTeHre OTHOCUTCS K HAHOTEXHOJIOTUU U MO-
XKeT ObIThb UCITOJIb30BAHO JIJIS YCUJICHUST MEXaHUYECKMX
CBOWCTB KOMMO3UILIMOHHBIX MaTepUaIOB Ha OCHOBE
SMOKCUIHBIX CMOJI, MOAU(UKALIMU KJIEEBbIX COCTABOB,
TTOJIY9eHUs CYTIepKOHIeHcaTopoB [8]. B yabTpa3BykoBoM
KOHIIEHTpaToOpe 00pabdaThiBalOT PaCTBOP, COAEPKAILIUIA
MOUYEBUHY 1/WJIN THOMOYEBUHY, BOIY U KOHIICHTPH -
POBaHHYIO MUHEPATbHYIO KHCIIOTY. 3aTeM J00aBIISIOT
dTOpUpPOBAHHbIE YIJIEPOJHbIE HAHOTPYOKU B KOJIU-
yecTBe, 00ecIeurBapolleM X KOHIEHTPalMIO B pac-
TBOpe 1—2 Mr/r. OOpaboTaHHBII PacTBOP Pa30aBIISIOT
U QGUIBTPYIOT C IPOMBIBKOI BOAOM 10 HEHUTpaJIbHOM
kucinotHocTH. OTPMIBTPOBaHHBIE MOTUMDUIIPOBAHHEIC
yIJIepoIHble HAHOTPYOKM pa30aBIIsSIIOT BOmOIi, 00pada-
THIBAIOT B YJIbTPa3BYKOBOI BaHHE M CHOBA pa30aBJIsIIOT
Bonoii. [TomyueHHBI pacTBOP (PUITLTPYIOT C IPOMBIBKOI
areToHoM. MoaudumpoBaHHbEIe MOYCBUHON 1/WITN
TUOMOYEBUHON YIlIepoaHble HAHOTPYOKU cyuiar. [pu
HEOOXOIUMOCTHU WX MOXHO JTOMOJHUTEIBHO (DYHKIIN-
OHAJIM3UPOBATh BOJIOPACTBOPUMBIMU STTOKCUAHBIMU
cmonmamu, Hanpumep ADI-1, TOI-1 unm smoKcuaHo-
TAIaHTOMHOBOM cMmoioit DI-10. YBenmunBaeTcsa BBIXOL
KOHEUYHOTO MPOAYKTa, CHUXKAIOTCS 9HEPro3aTparhbl U CO-
KpalllaeTcsl Mepruo BpEMEeHHU IS TTOJydYeHUsT MOauU-
LIMPOBAHHBIX YIJIEPOIHBIX HAHOTPYOOK.

Crnoco6 00pad0OTKN TeXHMIeCKH YHCTOr0 THTAHA 00JIb-
moii miactuyeckoii nedpopmanueii (RU 2709416 C1)

M300peTreHne OTHOCUTCS K 00JIaCTU MOTYyYEHUST Ha-
HOCTPYKTYPHOTO TeXHUUYECKU YHUCTOTO THUTaHA C IO-
BBIIIEHHBIMU MEXaHUYCCKUMHU M KOPPO3UOHHBIMH
CBOICTBAaMU U CIIOCO0Y €ro 00paboOTKM U MOXKET OBITh
HCITOIB30BAaHO B PA3IMUYHBIX 00JIACTAX TEXHUKH, B TOM
YHCJIe B XUMHUUECKOM TpoMblnieHHOCTH [9]. TexHu-
YeCKUi pe3yabTaT, Ha pellIeHre KOTOPOTO HAIIPaBICHO
M300peTeHNE, 3aKITI0YACTCS B IIOJTYYCHUN TEXHUIICCKHT
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YHCTOTO TUTAaHA, COYCTAIOIIETO BHICOKME 3HAUYCHUS
MUKPOTBEPIOCTHA W BHICOKYIO KOPPO3MOHHYIO CTOI-
KOCTbh: MOJIOXKUTEIBHBIA CTAIIMOHAPHBIN ITOTCHIINAI,
BBICOKYIO CKJIOHHOCTH K ITaCCUBAIlMK MPHU aHOIHOMI
TOJISIPU3AIINMN.

Texuanueckmit pe3yIbTaT M300pETCHUS TOCTUTACTCS
TEM, UTO B CITOCOOE 0OPAOOTKU TEXHUYECKU YHUCTOTO
TATaHA, BKIIIOYAIOIIEM OOJIBIIYIO ITACTUIECKYIO nehop-
MaIIfIo KpyYeHUEM 10 BBICOKUM TUAPOCTATUICCKIM
naBieHueM He MeHee 6 I'Tla mpu KoMHATHOM TeMiepa-
Type COTJIACHO M300peTeHMIO ae(OPMALIIIO TIPOBOIST
TIpY IBYX 000POTaX, IIPH 3TOM ITOJIyIeHHAs] HAHOCTPYK-
Typa YUCTOro TuTaHa coctout u3 80—85% anbpda dasbl
co cpeaanM pasmepoM 50—60 uM 1 15—20% omera dasbl.
Hedopmarnmio TpoBoasIT B Kamepe bpumkmena.

Crnioco0 mosTy4eHus1 HOKPHITHS HA OBEPXHOCTH JIETAJIH
u3 nBeTHbIX MeTasioB (RU 2710094 C1)

N300peTeHre OTHOCUTCS K 00J1aCTH MAIlIMHOCTPO-
€HMsI, a UMEHHO K CIoco0aM TOoJy4YeHUs MOKPbITHS
Ha MOBEPXHOCTH AeTajeii U3 IIBETHBIX METAJLJIOB MMyTEM
nepeHoca BbICOKOTEMITEPaTYPHBIM Ta30BbIM OTOKOM
Hanouactull [10]. Crroco6 BKiItogaeT (hopMUpOBaHUE
B KaMepe CropaHus BBICOKOCKOPOCTHOTO PaCIbLINTE-
JISI BHICOKOTEMITEpPaTypHOTro Ta30BOr0 MOTOKA MyTEM
COKUTaHUS TOTUIMBA B OKMCIIMTEJE, MoAauyy B KaMepy
CropaHusl BLICOKOCKOPOCTHOI'O PACITBUIUATES KUIKO-
0 MCXOMHOTO MaTepuaa, SIBJSOIIEerocsi ICTOYHUKOM
o0Opa3oBaHUsI HAHOYACTUL], 0Opa3oBaHuE, pPa30TPeB
U TIEPEHOC BBICOKOTEMIIEPATYPHBIM ra30BbIM ITOTOKOM
HAHOYACTUI] U OCaXKIECHUE UX HAa MOBEPXHOCTHU JIeTa-
JIW, TIpUYEM YIIOMSIHYTBIN MaTepual, SIBJISIIOIIACS 1C-
TOYHMKOM 00pa3oBaHUSI HAHOYACTULL, OMHOBPEMEHHO
HCITOIB3YIOT B KAUECTBE TOIUIMBA IJIsT (DOPMUPOBAHUS
BBICOKOTEMITEPATYPHOTO Ta30BOr0 MOTOKA, IIPU 3TOM
YIOMSIHYTBIN MaTepuall TpeacTaBiasIeT COO0M UCTUH-
HBII WJIM KOJUTOMIHBIN PAcTBOP OPraHMYECKUX W/WIIN
HEOpraHMYeCKMUX COeIUHEHUN B OPraHMYeCcKOM pac-
TBOpUTEJIC UJIM CMECHU HECKOJIbKUX PACTBOPUTENICH, TIpU
3TOM MEPEHOC BBICOKOTEMITEPATYPHBIM Fa30BbIM I10-
TOKOM HAHOYACTUI] U OCAXJIEHUE X Ha TOBEPXHOCTU
JIeTaJIu OCYLIECTBIISIIOT COBMECTHO C HEMOCPEACTBEHHO
npealiecTByoleir UM 00pabOTKOU MOBEPXHOCTH Jie-
TaJn 3JEKTPUYECKOW TYrol, CO30aBa€MOU MEXY IBY-
Ms BOJIL(PAMOBBLIMU 3JIEKTPOIAMU TIPU TTIepeMEHHOM
ToKe 35—45 A, Hanpskennu 12—16 B u mpoxogsiieit
10 MTOBEPXHOCTU JIE€TaJId CO CKOPOCTHIO MepeMeIIeHUS
BBICOKOCKOPOCTHOTO PACIbLIUTENST YCTAHOBKM 7151 Ha-
MbUIEHUS HA PACCTOSIHUM MEXIY NyrOl U cTpyeit rasza
C HaAMBUISEMbBIM MOPOIIKOBLIM MaTepuaioM 2—4 MM.
TexHuuyeckuM pe3ybTaTOM U300pETEHMS SIBISIETCS MO~
BBIIICHUE aAT€3MOHHOM IIPOYHOCTU, MOBBILIEHNE KO-
re3MOHHO IMMPOYHOCTU MaTepuraa IMOKPBITUS, a TAKKe
YMEHbIIIEHUE TTOPUCTOCTH MOKPBITUSI.

Nanob%

Crnioco0 0YMCTKY 3arpsi3HEHHBIX TPYHTOBBIX BOJI C HC-
M0JIb30BAHHEM HAHOPA3MEPHOTO JKeJie3a HyJIeBOil BAJIeHT-
soctu ( RU 2709593 C1)

W300pereHune oTHOCUTCS K BogoouncTke [11].

Puc. 2

CI1oco6 OYHMCTKM 3arpsS3HEHHBIX TPYHTOBBIX BOI
BKJTIOYAET BBEICHME CYyCIICH3MN HAHOPa3MEPHOTO HYJIb-
BaJICHTHOTO 3KeJie3a B ITPOOYPEeHHYIO CKBaxXUHY 1 (puc. 2)
ITOJI TIOBEINIICHHBIM JaBJICHUEM, ITPEBHIIIAIOITAM JaB-
JICHUE OYMIIaeMOro TOpr30HTa. BypeHne cKBaxkUHHI 1
IIPOBOMSIT IO CePeANHEI 3aJIeTaHNs OUMIIAeMOTO BOIO-
HOCHOTO cJos1 2. ['mapopacimpeHrneM co3IatoT IMOa3eM-
HBII KOJIJICKTOP 5, B KOTOPHI 3aKauMBarOT IIPOIIITAHT.
CycneH31I0 MOJIyJaroT IyTeM CMEITMBAHUS ITOPOIIKA
HaHOPa3MEPHOTO HYJIb-BaJICHTHOTO 3KeJie3a ¢ HopMaJjI-
30BaHHOU Bomoit no 3HaueHwmit pH 4,5—5,5. B ckBaxkuHy
1 moMeNIaoT MEeTAJIMIECKYIO 00CaTHy0 TPYOy 3, C KOTO-
POi1 TTOIKITIOYAIOT OMH ITOJTFOC UCTOYHUKA TIEPEMEHHOTO
ToKa ¢ yactoToii 0,5—5 I'tr, a Bropoit moJToc MogKIIIoYaoT
K 3a3eMJICHIIO, KOTOPOE PacIToiaraiT OT CKBaXKWHEI 1
Ha PacCTOSTHUM, PABHOM JIBC-TPU BEJIWIUHBI TJTyOMHEI
CcKBaXkuHbI 1. U300peTeHre MO3BOJISIET YBEIUUUTDH O0b-
€M OYMCTKH BOIBI U MPEAOTBPATUTH YHOC OUUIIAIOIIIX
BEIIIECTB.

KaranuzaTop coBMeCTHOI THAPOOYMCTKI CMECH PACTH-
TeJILHOrO M He()TAHOTO YTIJIEBOJOPOIHOTO CHIPbS U CIOCOD
ero npurotosyenus (RU 2707867 C2)

M3006peTeHne OTHOCUTCS K 00JIaCTU XMMUU, 2 UMEH-
HO K 00J1aCTU MPOM3BOJCTBA KaTaanu3aTOpOB, MpeaHa-
3HAYEHHBIX UIST TUAPOOYNCTKU PACTUTEIHLHOTO U He-
(GTIHOTO YIIEBOIOPOTHOIO CHIPhSI, I MOXET OBITh
HCIIOJIb30BAaHO B HedTenepepabaTeIBaloleii 1 HedTe-
XUMWYECKOM poMBbIIIeHHOCTH [12]. TexHmueckum
pe3yIbTaTOM M300PETeHUS SIBIISICTCS CO3MaHIEe HOBOTO
KaTaJim3aTopa COBMECTHOI TMIPOOYNCTKI He(DTIHOTO
U PACTUTEILHOTO CHIPhsI, 00JIaIaloIIEero MOBBIIIEHHOM
AKTUBHOCTBIO B PEaKIINSIX yIAJICHUS Cephbl U KUCIOpOoIa
110 CPAaBHEHUIO C TPAAUIIMOHHBIMUA OMMETAJUINYECKIM

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

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

2020; 12 (1):
27-33

Nanobull

OB30P U3OBPETEHUW B O6JIACTU HAHOTEXHOJIOMUN

CHCTEeMaMU 3a CYET MCITOIb30BaHUS B KAUECTBE IIPOMO-
TOpa OMHOBPEMEHHO IBYX IIPOMOTHPYIOIINX METAJIJIOB
(Co m Ni). TexHnuecKuii pe3yabTaT JOCTUTACTCS 3a CUET
KaTajan3aTopa COBMECTHOU THAPOOUYNCTKI PACTUTEIb-
HOTO 1 HE(DTSTHOTO YTIIEBOIOPOIHOTO CHIPhS, COIEp-
JKaliero B pokajeHHoM Tipu 550°C coctossHun: Mo —
9,0—15,0% mac., Co — 0,5—3,5% mac., Ni — 0,5-3,5%
Mac., OCTaJIbHOE — ITOPUCTBIA HOCUTEIb C COMCPKaHNEM
yriaepona 0—5% Mac.; KaTajiu3aTop UMEET YAeIbHYIO
noBepxHocTh 100—250 M?/1, yaenbHblid 00beM mop 0,3—
1,1 eM3/r, cpennnit nuametp mop 4,0—10,0 Hm.

Taxouce npe()cmawuuom unmepec dasn cneuuaaucmoes
cztet)ymmue u306pememm 6 00aacmu HAHOMEXHOA02UTL:

*  Croco0 TTOBHIIIICHNS IIPOYHOCTH Ha pa3phIB KOMIIO-
3UTHOTO MaTepuaia ¢ IIOMOIIIBIO TIPpeABAPUTEILHOMN
TIPOTUTKH YIJIEBOJIOKOH YIIEPOIHBIMUA HAHOTPYO-
Kamu [13].

* Croco06 ToayuyeHIsST CMECH MUKPO- M HAHOYACTHUIT
OMHAPHBIX CIUIaBOB [ 14].

* T'mapokaTaquTHYeCKue TIPOIECCHI TTIepepadbOTKH TSI-
JKEJTBIX He(DTIHBIX (DpaKIIUIA C MCITOIh30BAHUEM TIep-
CIIEKTUBHBIX HAHOPAa3MEPHBIX KaTain3aTopos [15].

*  Cnoco0 monydyeHus okcnaa rpagena [16].

*  Crioco0 TonydeHus JIaTepaaTbHBIX HAHOCTPYKTYp [17].

* Cnoco0 CHIDKEeHUS 3JIEKTPU3ALNHT XUIKNX YTICBO-
TIOPOIOB IIpU 0OpaIleHNN ¢ HUMU [18].

*  Croco0 mmoayJIeHsT KOMITO3UIIMOHHOTO MaTepHaia
6op-yriepor [19].

* YIOpouyHEHHBI CTEKISHHBINM cocyn (BapuUaHTHI)
M CITOCO0 YITPOYHEHMS CTEKIISTHHOTO cocyna [20].

CIINCOK JINTEPATYPBI

* Cnoco0 M3roTOBJICHUS aIMa3HOTO MHCTPYMEHTa
¢ HaHOMOIU(HUIIMPOBAHHOM pexXyIeit yacTeio [21].

*  MogeapoBaHue pabOTHl CTATUYECKOTO CMECUTEIIS
(HeTh—BOmA) IST 0OeCCONMMBAaHUSA HE(PTU U OITBIT-
HO-TIPOMBIIIJIEHHOE UCITBITaHue [22].

* Cmocob xpoMatorpadnIecKoro pa3aeaeHUsT OTHO-
CJIOMHBIX YTJIEPOIHBIX HAHOTPYOOK MO XMPaTbHOCTU
[23].

+ CucremMa OYMCTKU CTOYHBIX BOJ C MCIIOJIb30BaHNEM
HaHOMOIU(UIINPOBAHHBIX IIPUPOTHBIX COPOCHTOB
[24].

+  Kepammyeckuii KOMITO3UIIMOHHBIN MaTepual [25].

3AK/IIOYEHUE

M3BecTHO, UYTO UMEHHO NMOMYJIsSiPU3aLus ¥ BHeIPpeHue
H300peTeHuii SIBIISICTCS BasKHBIM (DaKTOPOM ycTiexa MHO-
IUX mpeycreBaomux Komnanuii. Hampumep, General
Electric, koTopas Bollljla B MUPOBYIO UCTOPUIO KaK OJHA
M3 CaMbIX MHHOBAIIMOHHBIX KoMmaHuit 20 BeKa, SBsI-
eTcs KOMIIaHWEH, KOTopast M3HAYaJIbHO II0Taia B CIIU-
cok mHaekca Joy-/IxxoHca B 1896 rony u 10 cux mop
TaM Haxonutcs. [ToaToMy HageeMcs, 4TO ITyOIUKyeMast
B TaHHOI pyOpuKe MH(pOpMAIsI OyIeT BOCTpeOOBaH-
HOM 1 TI0JIe3HOM 15T criennanucToB. [loaTBepskneHreM
TOTO, YTO CTATbU U3 pyopuku «O0630p N300peTeHMIT»
ITOJIB3YIOTCSI 0CO0O0I MOIYISIPHOCTBIO, SIBIISICTCST WH-
dopMaInsT 0 KOIUYECTBAX IIPOCMOTPOB MaTEepHAJIOB,
HapuMep, B IIOJTHOTEKCTOBOI 0a3e HAYIHBIX XKYPHAJIOB
oTKphITOTO Hoctyrma Open Academic Journals Index
OAJI (CIIA), ccrimka — http://oaji.net/journal-detail.
html?number=6931.
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ABSTRACT: The use of concrete in building allows obtaining reliable and long-lasting operation of buildings, but such conditions
require concrete with specified characteristics. Today hardly one can produce a concrete structural mix of high quality without any
additives.

To control actively the structure and properties of a concrete mix and concrete, along with chemical additives, mineral additives are
used. The mineral additives are the powders of various mineral nature, obtained from natural or man-made raw materials: ground
slag, rocks, etc.

The article introduces the method of obtaining a mineral additive for a structural mix, in particularly for concrete. Qualitative charac-
teristics of the additive obtained were studied as follows: the index of the degree of grinding to be equal to 1, standard consistency
(normal density) - (180+5) mm with a mass ratio of «additive: water») - 100: 70, setting time — beginning 20 min, water absorption
0.27%, water content 9.65%, the proportion of insoluble residue in hydrochloric acid solution is 1.70%.

Implementation of the additive in the concrete composition has shown that the quality of the product does not fall, and the actual
strength is 250.7 kgf/cm? which is slightly higher than the strength of the concrete sample without an additive. It was determined
that the quality of concrete products with a mineral additive corresponds to GOST as follows: density 1775 kg/m?; mass humidity
0.3%; volume humidity 0.5%. The introduction of a structural mix will significantly improve the properties of a concrete structural
mix and will also reduce the fuel resources consumption for production of the concrete structural mix, products and constructions
of its basis.

KEYWORDS: concrete structural mix, active mineral additive, sulfur-alkaline effluents of petrochemical plants, waste soda, the
secondary use of materials.

FOR CITATION: Badikova A.D., Sakhibgareev S.R., Fedina R.A., Rakhimov M.N., Tsadkin M.A. Effective mineral additive on the basis
of wastes of petrochemical plants for a concrete structural mix. Nanotechnologies in Construction. 2020, Vol. 12, no. 1, pp. 34-40.
DOI: 10.15828/2075-8545-2020-12-1-34-40.

INTRODUCTION

he majority of chemical industries is defined by con-

siderable amount of by-products. Their utilization,
on the one hand, contributes to a substantial increase in
work efficiency of chemical plants and is aimed at en-
vironmental protection, on the other hand, it is a way
of building materials production chemicalization, cost
reduction, intensification of technological processes, line
expansion and improving the quality of building products.
Chemical industry of by-products can be classified by
the following criteria: by the content of a specific chemi-
cal component, namely iron materials, phosphorus- and
fluorine-containing slags, gypsum- and lime-containing

products; by a process value in building material produc-
tion, namely raw materials, intensifier of technological
processes, additive-modifiers of material properties [1, 2].

For building materials production the most valuable
raw materials from chemical industry by-products are
slags of electrothermal production of phosphorus, lime
and ferruginous waste products, polymeric products,
gypsum-containing products etc. [3, 4].

In phosphorus production with a thermal method
in electric furnaces, by-products are phosphorus slags.
At 1300...1500°C calcium phosphate interacts with coke
carbon and silica, creating phosphorus and molten slag.
The slag is drained from furnaces in a liquid-molten state
and is granulated with a wet method. Upon obtaining 1 t
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of phosphorus 10—12 t of slag are formed. Up to 2 million
t of slag per year can be obtained at large chemical plants.
The total content of CaO and SiO, is 95%, P,0, and CaP,
is 3%, AL,O, is 4% [5].

A by-product of acetylene production when water has
an effect on calcium carbide is carbide residue. Lime paste
on the basis of so called «carbid sludge» contains impu-
rities of undecomposed calcium carbide and dissolved
acetylene. The content of active compounds (CaO+MgO)
in the carbide residue depends on its residence time in
the air in dumps and is 50—60% [6].

In sulfuric acid production by processing iron pyrite,
wastes are pyritic slags (ferruginous by-products). The
amount of Fe,0, is 56—77 %; SiO, is 9-22%; Al O, is
1-18%; CaO is 0.8—5.0%; MgO is 0.1-0.2%; SO, is
1-11%.

Wastes of a number of chemical industries and those
related to them are gypsum-containing by-products. Gyp-
sum-containing products are formed when manufacturing
the following products: inorganic acids (phosphogyp-
sum and phosphohemihydrate, borogypsum, ftorangidrit
(hydride fluoride), fluorogypsum), organic acids (citro-
gypsum etc.), chemical processing of wood (hydrolytic
gypsum), aqueous solutions processing of some salts and
acids (silicone gypsum, titanogypsum etc.), treating of in-
dustrial gases, which contain sulfogypsum; salt produc-
tion from lake brine (brine gypsum) [7].

A significant amount of raw materials containing cal-
cium carbonate is gathered as waste within soda, pulp
and paper, nitrogen and fertilizer plants. Millions of tons
of fixed residue i.e. still waste sludges have gathered within
soda industry plants. They are composed of the following
components: CaCO, is 50—65%, Ca(OH), is 4—-10%,
CaSO,*2H,0 is 5-10 %, CaCl, is 5-10%, impurities
of clay minerals and quartz are of 5—10%. One of the in-
dustrial areas of using these resources is to obtain a lime-
belite binder and silicate brick on its basis. The presence
of calcium chloride and sulfate in wastes dramatically
increases reactive capacity of raw mix, that makes it pos-
sible to kiln a binder at 950...1000°C [8—13].

Wastes of soda production are also used to obtain
a filler of bitumen-concrete mixes, floor covering (li-
noleum), a PVC tile (polyvinyl chloride) and plugging
materials [14].

Sulfatcalcium wastes of hydrogen fluoride produc-
tion are used as concrete and may be used when making
building materials and products. This is possible due to
anhydride obtained from waste by grinding and treat-
ing with sulfuric acid and its further neutralization with
a calcium-containing material that excludes thermal en-
ergy consumption when obtaining the anhydride [15].

Sludge wastes on the basis of calcium carbonate are
applied as cement mix from the stages of caustic treatment
of sodium chloride brine to prepare a cement clinker [16,
17]. The sludge is preliminary diluted with water and gas

treated on the basis of carbon dioxide followed by sludge
wastes decantation and mixing of an aluminium-ferro-
silicate component, which simplifies the use of sludge as
a cement clinker. Sludge waste of CHP (combined heat
and power station) chemical water treatment is applied as
a binder in plaster and brickwork solutions. The calcium
carbonate contained in sludge is proceeded to a sulfate
phase by neutralizing it with a sulfuric acid solution and fol-
lowing it with autoclave treatment, which allows to increase
binder strength and reduce water requirements [14, 18].

At the moment, a building materials industry can ap-
ply various occurring production wastes quite effectively
and in large quantities to make building materials.

Products and materials of required quality are manu-
factured on the basis of wastes of various branches of a
building materials plant, with less production costs than
using virgin raw materials since costs of extraction, han-
dling and processing of raw materials are excluded. Under
current conditions, recycled raw materials are mainly used
as additives, which provide building products with various
properties or serve as a substitute of mineral raw materi-
als. The building materials industry has gained positive
experience in the use of wastes as raw materials to make
effective building materials such as concrete, plaster and
brickwork solutions, which are as good as products ob-
tained when using virgin raw materials [19].

Due to accumulation of large quantity of various
industrial wastes, today it has been a common practice
to use them as mineral additives. For example, wastes
of phosphorus and boron production such as phospho-
gypsum and borogypsum, which substitute gypsum quite
effectively in concrete and building solutions, but prelimi-
nary treatment of these wastes before being used as an
active mineral additive is a very time-taking and relatively
inefficient process.

The content of sulfate ions in sulfur-alkaline effluents
of petrochemical plants exceeds the TLV norms (threshold
limit value) 72900 times for fishery objects and 72500
times for utility consumption [20]. Owing to high concen-
trations of sulfate ions the sulfur-alkaline effluents can be
considered as an additional source of raw materials in pet-
rochemical plants and building materials production [21].

In this paper the ways to obtain and define qualitative
characteristics of a mineral additive on the basis of wastes
of petrochemical and chemical industries for concrete
were considered.

MAIN PART

Experimental part

Sulfur-alkaline effluents of petrochemical industries
and wastes of chemical production of soda, the compo-

sition of which is shown in Table 1 and 2, were used as
primary components to obtain a mineral additive.
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Table 1
Sulfur-alkaline effluents composition (waste I)

Composition Content, mg/1
Sulfates 60000—100000
Sulfides 0.001-0.500
Phenols 35-50
Petroleum products 100—200

It can be seen from the data submitted that the effluent
is more saturated with sulfate ions according to the quan-
tity of the additives contained.

The sulfur-alkaline effluent was treated with waste
soda (waste II).

Table 2
Waste soda composition (waste IT)

Composition Content, % wt
Mg(OH), 8—10
CaCoO, 70—80
CaSO, 0.5—1
NaCl 16—20
Ca(OH), 5-8

Waste soda with various concentrations was used in
the experiment, the characteristic is shown in Table 3.

Table 3
Characteristic of waste I1
No. Concentration, % p, g/cm?
1 10 1.011—-1.012
2 50 1.050—1.051
3 75 1.081—1.082

For concrete samples preparation brand 400 portland
cement was used, sand and crushed stone correspond to
GOST.

For treatment of waste II with concentrations
of 10, 50, 75%, dried waste of chemical production in
the amount of 100, 500, 750 g was used. The amount
of waste, which had been preliminary determined by
weighing on analytical scales, was poured in a container
with a capacity of 1000 ml, further the waste was poured
with water in the amount of 1000 ml. The solution was
preliminary mixed before each adding.

Sulfate ions were extracted on a periodic laboratory
facility. A sulfur-alkaline efluent sample under study in

the amount of 200 ml was placed into a reactor. A cor-
responding amount of waste soda was subsequently added
drop-wise by mixing constantly. The mixing lasted for
10 min followed by a reaction mix to be settled for 2 hrs.
The residue was divided and effluent was analyzed for
the content of sulfate ions afterwards.

After preparatory drying the residue obtained was used
as an active mineral additive in concrete.

Dried concrete components were weighed of defi-
nite quantities under a concrete brand (Table 4, 5), were
poured on a wooden panel studded with iron and then
thoroughly mixed.

Table 4

Materials consumption for preparing 1 m?

of M 200 concrete

Materials Content , % wt

T1I1-400 concrete 12
Gravel 45
Sand 30
Water 13
Additive 0

Table 5

Materials consumption for preparing 1 m?
of M 200 concrete with an additive

Materials Content, % wt
ITII-400 concrete 9
Gravel 45
Sand 30
Water 13
Additive 3

Water was added and all components were mixed af-
terwards until a homogeneous consistence. The amount
of water used was regulated by defining concrete mix free-
dom of movement, which was identified by a slump cone.

The cone, which had been dipped in water beforehand
was filled with a concrete mix in three layers of the same
height, thus rodding each layer for 25 times using an iron
core. After the concrete mix was laid in a cone, a mix
excess was cut with a metal ruler and raised, ensuring that
it was lifted without shifts.

Further the height of the concrete mix settled after
cone removal was measured with a ruler. If the differ-
ence between cone height and concrete mix was 3 cm and
more, the concrete mix had to be prepared again. An ex-
periment was repeated until the normal density of the
concrete mix was determined and the amount of the taken
water became optimal [17, 22, 23].
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The concrete mix was laid with a spatula in moulds
with the size 10x10x10 cm, which had been prepared in
advance and oiled. 4 samples were prepared as follows:

Table 6

Results for sulfate ions defining

2 standard samples of concrete and 2 samples with the ad- Waste soda Ratio of «sulfur- 5942_ .concentra—
dition of the mineral additive obtained. Moulds with ——— ’ alkaline effluent: | HOmin emuent
a concrete mix were put on a vibrating table for 2—3 min. solution waste soda» after being
They were compacted and evened with a spatula. Then treated, mg/1
the moulds were delivered to a steam curing room and left 1:0.6 58959.72
until the ngxt dz}y at tempfar.ature T= 79—90"C. 1:07 39750.90
An active mineral additive was obtained from sulfur-
alkaline effluents on a periodic laboratory facility. The 10% 1:0.8 36919.78
concentration of sulfate ions in an initial efluent amount- 1:0.9 36804.56
ed to 67600 mg/1. The results are shown in Table 6. 1:1 32261.60
The content of sulfate ions in an effluent after treat- 1:06 42300.00
ment was reduced by 28532—37420 mg/1. When the con-
centration of waste soda changes and the ratio is 1:1, 1:0.7 38220.00
the content of sulfate ions in a sulfur-alkaline effluent 50% 1:0.8 35340.00
changes insignificantly. 1:09 34260.00
The dependence of the content of sulfate ions in a sul- 11 31512.56
fur-alkaline effluent from temperature and process time . .
(Fig. 1, 2) was studied. 1:0.6 39067.81
When changing process parameters the residual con- 1:0.7 37421.81
tent of sulfate ions in waste I practically does not change. 75% 1:08 36244.92
The process material balance is calculated (Table 7). 1:09 34409.63
It follows from the material balance calculated that — -
to obtain 53.7 g of the residue used further as an active 1:1 30180.00
- 33000 -
S B 32500 - — -
g £ 32000 - ——10%wt
£ 3 31500 - [ ———1 | o 50% ot
£ < 31000 | e T5% vt
© % 30500 -
30000 —_ 0
20 40 60 80 Temperature, °C

Fig. 1. Dependence of the content of sulfate ions from temperature in waste I

32500 -

/d

- ==75% wt
== 50% wt
=e=10% wt

32000

31500
31000

Concentration of
sulfate ions, mg/l

30500

30000 - T - T : T : .
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Fig. 2. Dependence of the content of sulfate ions from temperature in waste I
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Table 7
Sulfur-alkaline effluent material balance
Taken m, g % wt Obtained m, g % wt
Sulfur-alkaline effluent 100.00 50.00 Effluent treated 125.98 62.99
Waste soda (75% aqueous 100.00 50.00 Residue 53.70 26.85
solution) Loss 20.32 10.16
200.00 100 200.00 100
Table §
Obtaining a mineral additive from sulfur-alkaline effluents through 3 stages
Ratio of «sulfur-alkaline SO *~ concentration in effluent
Stage No. 9 R
Waste soda effluent: waste soda» after being treated, mg/1
75% aqueous 1:1 30180.00
solution 2 1:1 18929.00
1:1 9546.80

mineral additive 100 g of a sulfur-alkaline efluent and
100 g of waste soda will be required.

Effluent multistage treatment was applied to increase
residue outlet (Table 8).

In case of the sulfur-alkaline effluent being treated
through 3 stages the content of sulfite ions is to be reduced
by 7 times.

Based on the results acquired 3-stage treatment of the
effluent is preferable to obtain greater residue outcome
(Table 9)

While sulfur-alkaline effluent processing through
3 stages the residue outcome has increased to 230 g.

The residue obtained was used an active mineral ad-
ditive for concrete.

Table 9
Material balance of sulfur-alkaline effluent extraction
Taken m, g % wt Obtained m, g % wt
Sulfur-alkaline effluent 300.00 50.00 Effluent treated 309.50 51.58
Waste soda (75% aqueous 300.00 50,00 Residue 230.00 38.33
solution) Loss 60.50 10.08
600.00 100 600.00 100

Table 10

Quality parameters of the active mineral additive obtained

Parameter

Experimental sample

Industrial sample

Standard consistency, d-diameter
of spreading, 180+5 mm

Mass ratio of «additive:
water»—100:70

Mass ratio of «additive:
water»—100:50—100

Beginning 20 min —

Setting time Beginning 20 min — end 2 hrs end is not defined
Index of the degree of grinding 1
Insoluble residue content, % 0.5—-1.7 0.6—1.6
Water absorption, % 0.27 0.17—0.30
Crystallization water content, % 9.65 8.35-9.68
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Table 11
Characteristic of concrete samples
Date of
Sample notation Sample size, cm — -
Filling Testing
) No. 1 10.06x10.04x10.06 05/10/19 05/11/19
Experimental sample*
No. 2 10.06x9.99x10.09 05/10/19 06,/08/19
No. 1 10.09x9.94x10.05 05/14/19 05/15/19
Test sample
No. 2 10.10x9.89x10.08 05/14/19 06/12/19

Qualitative characteristics of the mineral additive were
determined according to GOST (Table 10).

An experimental sample is slow-setting and coarse
grinding. The standard consistency is under norms with
a mass ratio of «additive: water»-«100:70».

Using the active mineral additive obtained samples
of brand M 200* concrete containing a 3% additive
(Table 11) were prepared.

Table 12
Concrete sample quality parameters
Experimental | Test sample
[ENENTCD sample No. 2 No. 2
Actual strength,
kef/cm’ 250.7 244.9
Density, kg/m? 1775 1986
Mass humidity, % 0.3 0.3
Volume humidity, % 0.5 0.5
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pair the quality of the product, and the actual strength is
250.7 kgf/cm?, which is slightly higher than the strength
of the concrete sample without an additive.
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the index of the degree of grinding 1, standard consis-
tency (normal density) — (180%£5) mm with a mass ratio
of «additive: water» — 100:70, setting time — beginning
20 min, water absorption 0.27%, water content 9.65%,
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PE3IOME: MpumeHeHMne 6eTOHa B CTPOUTENIbCTBE AaeT BO3MOXKHOCTb HAaZIeXXHOM 1 [ONTOBEYHOI SKCMTyaTaLuy COOPY»KEeHWI, HO
ANA TaKUX YCIIOBWI SKCMyaTaumuin Tpebyetca 6€TOH C HEOOXOAVMbBIMY XapaKTeprcTnkamu. Ha cerogHAWHNIA feHb HEBO3MOMXHO
npencTaBuTb CO3/aHNE BbICOKOKaUYeCTBEHHOW 6ETOHHOW CTPOUTENbHOW cMeck 6e3 Kaknx-nnbo fobaBokK. [1na akTMBHOro ynpas-
NEHUA CTPYKTYPOW U CBONCTBaMM BETOHHOWN cmecu 1 6eToHa HapAay C XUMUYeCKnMU JobaBKkaMu MPUMEHAIOT MUHepasbHble
A06aBKM, NpefCTaBALWYe MOPOLWKY Pa3IMYHON MUHEpPanbHOW NPUPOAbI, NoyYaemble 13 MPUPOAHOIO WU TEXHOFEHHOTO
CbIPbA: MOJOTbIX LUMAKOB, FOPHbIX MOPOA U Ap. OHU NCNONb3YIOTCA, HaNpUMep, ANA NOoNyYeHUA NAOTHOro 6eTOHa, NMOBbIWAT
CTOMKOCTb 6eTOHa K BO3[ENCTBIMIO arpeccrBHbIX CpeA 1 T.4. B faHHON cTaTbe NpeasioxkeH MeTog nosyyeHns MruHepanbHON [o-
6aBKM K CTPOUTENIbHOIN CMECK, @ UMEHHO K 6eTOHY. M3yueHbl KaueCTBEHHbIE XapaKTePUCTUKN MONyYeHHOW A06aBKN: NHAEKC
CTeneHu NOMona paBeH efuHNLIe, CTaHAaPTHaA KOHCUCTeHUMA (HopManbHas ryctoTa) — (180+5) Mm npu MaccoBOM COOTHOLLe-
HUM — «gobaBKa : Boga») — 100:70, CpOKM CxBaTbiBaHWA — Hayano 20 mMvH, BogonornoueHue 0,27%, copgep»kaHune Bogbl 9,65%,
[ONA HEPaCTBOPUMOro ocTaTKka B pacTBope conAHomn kucnotbl 1,70%. AnpobupoBaHrie fobaBKky B cocTaBe 6eToHa nokKasano,
UTO KauyecTBO M3AENUA He yXyaluaeTca, a akTnyeckas NPOYHOCTb cocTaBnAaeT 250,7 Krc/CM?, 1 3TO HECKOMNbKO Bbille MPOYHOCTH
obpasua 6eToHa 6e3 J06aBKN. YCTaHOBMIEHO, YTO KauecTBO OETOHHBIX M3AENWI C MMHepanbHoi fobaBKko cootseTcTByeT FOCTY:
NNOTHOCTb 1775 Kr/m3; BnaxkHOCTb No macce 0,3%; BNaKHOCTb Mo 06bemy 0,5%. BBejeHMe MHepanbHOM o6aBKM 3HAUNTENIbHO
YNyULWWT CBOMCTBA BETOHHOW CTPOMTENbHOM CMECH, a TaKXKe YMEHbLUWT Pacxof TOMVBHbIX PECYPCOB Ha NMPOW3BOACTBO CaMol
6EeTOHHOW CTPOUTENbHOW CMECU, 3AENNI KOHCTPYKLMI Ha ero OCHOBe.

KJTIOYEBDIE CJIOBA: 6eTOHHas cTpouTenbHas CMeCb, akTVIBHasA MHepanbHasa Ao6aBKa, CEPHUCTO-LIENOYHbIE CTOKN HehTeXmu-
YyecKmx NpeAnpuATAN, OTXOAbI MPOU3BOACTBA COAbl, BTOPMYHOE MCMOMb30BaHNE MaTeprasnos.

ANnAa UUTUPOBAHUA: bagukora A.l., Caxmbrapees C.P, ®eanHa PA., Paxumor M.H., lagkux M.A. DddeKTrBHas MnHepanbHas
f06aBKa Ha OCHOBE OTXOA0B HEDTEXVMUYECKNX MPOM3BOACTB AiA GETOHHOWN CTpouTENbHON cMeck // HaHOTeXHONOrnN B CTpOU-
Tenbcte. — 2020. - Tom 12, N2 1. - C. 34-40. - DOI: 10.15828/2075-8545-2020-12-1-34-40.

BBEJIEHUE KnaccuguumnpoBaTh moOOUHBIE TPOIYKTHl XUMUYECKOMN
TIPOMBIIIJICHHOCTH MOXHO TIO CICIYIOIINM KPUTCPHSIM:
TI0 COMEPKAHMIO XapaKTePHOT'O XUMIIECKOTO KOMIIOHEH-
Ta — 3TO KeJIe3UCThIe MaTepHuaibl, pocdop- 1 propcomep-

Kamye nuiakv, rurco- U U3BECTbCOACPKAalIE IMPOAYK-

I ; OJIBIIMHCTBO XUMUYIECKHX TIPON3BOICTB XapaKTepH-
3YIOTCSI BBIXOIOM 3HAUMTEIIFHOTO KOJMYECTBA I10-
OOYHBIX IMPOMYKTOB. YTWIN3ALMS MX, C OMHOM CTOPOHBI,

CIIOCOOCTBYET CYIIECTBEHHOMY ITOBBIILIEHNIO 3(P(PEKTUB-
HOCTH paOOTHI XMMUYCCKUX TIPESATIPUSTHIA 1 HalTpaBIeHa
Ha OXpaHy OKPYKalollel cpebl, a C IPYroi — sSBIsIeTCs
OIHUM U3 TIyTeil XUMMU3AIIUK TIPOU3BONICTBA CTPOUTEITb-
HBIX MaTePHUAJIOB, CHIDKCHUS 3aTpaT, MHTCHCU(DMKALINT
TEXHOJOTUYECKHUX TIPOIIECCOB, PACITMPEHMS aCCOPTU-
MEHTA 1 TIOBBIIICHNST KaueCTBA CTPONTEIBHBIX M3ICIIHIA.

THI; TIO TEXHOJIOTMIECKOMY Ha3HAYCHUIO B TIPON3BONICTBE
CTPOUTEIILHBIX MAaTEPUAJIOB — 3TO CHIPhEBHIC MATCPHATIBI,
MHTEHCHU(PUKATOPBI TEXHOJIOTMIECKIUX ITPOIIECCOB, T00aB-
KN-MOAM(PUKATOPHI CBOMCTB MaTepuaos. [1, 2].

7151 TpON3BOICTBA CTPOUTEIHHBIX MAaTEPUAIOB HAU-
0oJiee IIEHHBIM CBIPheM U3 IIOOOYHBIX ITPOAYKTOB XMMU-
YeCKOM ITPOMBIIINICHHOCTH SIBJISTIOTCS IIUTAKK 3JICKTPO-
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TEPMHUIECKOTO TIPON3BOICTBa (pocopa, N3BECTKOBBIC
¥ XKeJIe3UCThIC OTXOMIBI, TIOJIUMEPHBIC TIPOXYKTHI, THII-
cocoaepxkaiue u np. [3, 4].

B npou3sBoacTBe ¢ochopa TepMUIECKUM CIIOCO-
O0M B 3JIEKTpOITeYax MTOOOYHBIM MPOIYKTOM SIBJISTIOTCS
dochopnbie nutaku. [Mpu Temmeparype 1300...1500°C
(ocdar Kampusa B3aUMOICHCTBYET C YIJIEPOIOM KOKca
¥ KpeMHE3eMOM, B pe3y/IbTaTe Yero oopasyrorcs docdop
¥ IIUTAKOBBIN pactiiaB. I1mak cimBaeTcs U3 Teveit B or-
HEHHO-XUIKOM COCTOSTHUY U TPAHYINPYETCS MOKPBIM
cnocoboM. ITpu monyuenum 1 T pocdopa obpasyercs
10—12 T mmaka. Ha KpymHBIX XUMUYECKUX TIPEAITPUSI-
THSIX TTOJIYYaloT I0 2 MJTH T Ij1aka B rom. CymMmapHoe
conepxanue B Hux CaO u SiO, — 95%, P,O, u CaP, —
3%, AL,O, —4% [5].

B mpom3BoacTBe aneTriIcHA TIPU OCICTBUM BOIBI
Ha KapOWI KaJIbIIUS TOOOYHBIM ITPOIYKTOM SIBIISICTCS
KapOumHas n3BecTh. MI3BeCTKOBOE TECTO HAa OCHOBE TaK
Ha3bIBAEMOTO «KapOMITHOTO MJIa» COMEPKUT IIPUMECH
Hepas3I0XUBIIErocs KapOuma KajabIrs U pacCTBOPCH-
Horo anetmwieHa. ComepxkaHne akTuBHBIX (CaO+MgO)
B KapOMIHOM M3BECTH 3aBUCUT OT MPOIOKUTEIHHO-
CTU ee TIpeOBIBaHMS Ha BO3AYXE B OTBAIAX U COCTABIISICT
50—-60% [6].

B mpou3BoacTBe CepHOIl KMUCIOTH IMyTEM IIepe-
pPabOTKM CEPHOTO KOTIECIaHA OTXOMOM SIBJISTIOTCS TTH-
PUTHBIC OTApKM (3KEJIe3UCThIC TOOOUYHEIC TIPOIYKTHI).
Komuuectso B Hux Fe,0, — 56—77%; SiO, — 9-22%;
ALO, — 1-18%; CaO — 0,8—5,0%; MgO — 0,1-0,2%;
SO, — 1-11%.

OTxomaMu psifa XUMUYECKUX W CMEXKHBIX C HUMU
TIPOM3BOJICTB SBJISIOTCS TUIICOCOIEPKAIIE TTIOOOTHEIC
npomyKTel. [MIIcocomepskamme IpoayKThl 00pa3yIoT-
sl TIPY TIPOU3BOICTBE CIACAYIOMNX MPOAYKTOB; MITHE-
panbpHBIX KUCIOT (pochorumc u pochomnoayrumpar,
6oporuric, GTOPaHTUAPUT, (DTOPOTHUIIC), OPTAHIMIECKIX
KHUCTOT (LIMTPOTUIIC U Op.), XUMUIECKOM 00padoTKe
NpeBeCUHbI (TUAPOJU3HBIN TUMC), 00paboTKe BOIHBIX
pPacTBOPOB HEKOTOPBIX COJIEH M KUCIOT (KPEMHETHIIC,
TUTAHOTHUIIC 1 IP.), OYMCTKE IPOMBIIIICHHBIX TA30B, CO-
IepKalnuX CYIb(OOTHUIIC; IPOM3BOICTBE COJICH U3 03ep-
HOI1 pamsl (parrHoii Turc) [7].

Ha comoBbIX, LIeUTI0I03H0-0YMasKHBIX, a30THO-TYKO-
BBIX TIPEATIPUSATHSIX CKAILJIMBACTCS B BUIE OTXOIOB 3HA-
YUTETHLHOE KOJIMYECTBO CHIPhS, COACPKAIIETO KapOOHAaT
KajbLus. Ha IpeImpusaTusix comoBoil TpOMBIIIICHHO-
CTU HAKOIWJINCh MIJIJTMOHBI TOHH TBEPIBIX OCTATKOB —
IUCTWIICPHBIX IITAMOB. B 11X cOCTaB BXOISIT ClIeMyIONIe
kommnoHeHTe: CaCO, — 50—-65%, Ca(OH), — 4—10%,
CaSO,*2H,0 - 5-10 %, CaCl, — 5-10%, npumecu
TIMHKUCTBIX MUHEpaJoB' M KBapua — 5—10%. Ogaum
W3 IIPOMBIIIUICHHBIX HATIPaBICHUI NCITOJIb30BAHUS STUX
PECYpPCOB SIBJISICTCS TIOJTYICHUE N3BECTKOBO-0EIMTOBOTO
BSDKYIIETO 1 CHUIMKATHOTO KMPITJa Ha ero ocHoBe. Ha-
JIMYKE B COCTaBE OTXOIOB XJIOPUAA U CY/Ib(haTa KaTbIIHs

3HAYMTEJILHO MOBBIIIAET PEaKIIMOHHYIO CIIOCOOHOCTD
CBIPbEBOM CMECH, MO3BOJISISI BECTU OOXUT BSIKYLIETO
mpu 950...1000°C [8—13].

OTXOIBI COMOBOTO TTPON3BONCTBA UCIIONB3YIOTCS TaK-
Ke IIJTs TIOJTyYeHMsI HAITOJTHUTEIIST acDaTbTOOCTOHHBIX
cMeceid, JIMHoJieyMa, TOJMBUHUIXJIOPUAHON MINTKU
1 TAMITOHAXXHBIX MaTepuaios [ 14].

CynbhaTKaTbLIEeBBIE OTXOIBI IIPON3BOICTBA (hTOPO-
BOJIOPOA UCITOJIb3YIOTCSI B KAUeCTBE LIEMEHTA U MOTYT
HaWTU IpUMEHEHUE MPU TTPOU3BOJICTBE CTPOUTETBHBIX
MaTepHaioB 1 U3IEINIA. DTO BO3MOXHO Oraromapsl 1mo-
JIY4EHMIO aHTUAPHUIA U3 OTXOAA IyTEeM U3MEIbUYeHUS
1 00pabOTKU CepHOI KUCIIOTOM ¢ TTOCTeAyIolIel ee Heli-
Tpalu3aluein KalblUuiicoaepKalluM MaTepuaaioM, 4To
KCKJIIOYAET 3aTpaThl TETJIOBO SHEPTUU MIPU MOJIyYEHUN
anrugpupa [15].

[1l;1amoBBI€ OTXOABI HA OCHOBE KapOoHAaTa KaJlbLUs
CO CTaIuii COMOBO-KAYCTUYECKON OYMCTKH paccoia XJio-
PUCTOrO HATpUs MPUMEHSIOTCS B KaUeCTBE LIEMEHTHOM
CMecCH IS IPUTOTOBJIEHUST LIEMEHTHOTO KJIMHKepa
[16, 17]. Ilam nipeaBapuTEIbHO pa30aBiIsSIOT BOLOM
1 00pabaThiBalOT ra30M Ha OCHOBE AMOKCHIA YIJIepO-
Jla ¢ MOCJEAYIOIIUM 00€3BOKMBAHUEM IIIJIAMOBBIX OT-
XOJIOB U CMEIIMBAHUEM C aJIIOMOXEIE30CUTUKATHBIM
KOMITOHEHTOM, YTO YIPOILAET UCIOJb30BaHUE IIIaMa
B Ka4yecTBe LieMeHTHOro kianHkepa. LllnaMoBblii oTX01
XUMBOIOITOATOTOBKY TOLI IprMeHsieTcsT B KaueCTBe
BSIXKYILETO B IITYKATYPHBIX U KJIAAOYHBIX pacTBOpax.
HMmMetoiuiics B cocTaBe 11j1aMa KapOOHAT KaJIbLIUS TIEpe-
BOIAT B CyJb(haTHYIO (ha3y MyTeM HEUTpaTU3aluU eTo
PacTBOPOM CEpHOM KMCJIOTHI U JaJbHEMIIel aBTOKJIaB-
HOI 00pabOTKOI, YTO MO3BOJISIET YBEIUYUTH TIPOYHOCTD
BSDXYIIETO U YMEHBIINUTD BOAOTIOTPeOHOCTD [ 14, 18].

Ha cerogHsimuHMii 1€Hb MPOMBIIIJIEHHOCTb CTPO-
UTEJbHBIX MaTepUasoB AOCTATOYHO 3(h(PEKTUBHO
U B OOJIBIINX 00beMaX MOXET IPUMEHSITh 00pa3yIolI-
€Csl OTXO/IbI Pa3JIMYHBIX MPOU3BOACTB JJISI U3TOTOBJIECHMS
CTPOUTENIbHBIX MATEPHUAJIOB.

Ha ocHoBe 0TX0I0B pa3IMYHbIX OTpaCIeil Mpeanpu-
SITUST CTPOUTEIbHBIX MAaTEPUAJIOB BbIMTYCKAIOT U3MEJIUST
1 MaTepuaibl JOJKHOTO KauecTBa, TPpUYeM ¢ MEHbLLIMMU
3aTpaTaMM Ha TTPOM3BOJCTBO, YEM MPU UCITOJb30BAHUN
MEPBUYHOTO ChIPbSI, TaK KaK MCKJIIOYAIOTCSI PAcXObl
Ha 100bI4Y, TPAHCIIOPTUPOBAHUE, 0OPAOOTKY ChIPbSI.
B coBpeMeHHBIX YCIOBUSIX BTOPUYHBIE ChIPbEBbIE Ma-
Tepuajbl UCTIOJIb3YIOTCS B OCHOBHOM B KauyecTBe q00a-
BOK, MPUIAIOIIUX CTPOUTEbHBIM U3JETUSIM pa3InyHble
CBOICTBA, WIM SIBJISIIOTCS 3aMEHUTEISIMU MUHEPATbHOTO
ChIpbs. [IpOMBIIIIEHHOCTBIO CTPOUTEbHBIX MAaTEPUAJIOB
HaKOTLIEH TMOJOXUTEIbHbIU OTBIT NCIOJb30BAHMS OTXO-
ITOB KaK CHIPbhSI VTSI TPOM3BOACTBA 3(D(HEKTUBHBIX CTPO-
WUTEJbHBIX MaTEPUAIOB, TAKMX KaK OETOH, IITyKaTypHbIE
U KJIQIOYHbIE PACTBOPbI, HE YCTYMAIOIIUX 110 KA4eCTBY
WU3IETMSIM, OJYYeHHBIM ITPU UCITOJb30BAaHUM TTEPBUY-
HOTO CBIpbs [19].
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Tabauya 1

BBumy HakOIIIEHNS OOJTBIIOTO KOJMICSCTBA Pa3INd-
HBIX TIPOMBIIIICHHBIX OTXOM0B Ha CETOTHSIIHUN TeHb
CTaJI0 aKTyaJIbHBIM MCITOJIb30BaTh UX B KAUeCTBE MUHE-
paJbHBIX 100aBOK. Hampumep, OTXOIBI IPOM3BOICTBA
docdopa u 6opa, hocdoruric 1 GOPOTUTIC, KOTOPHIE T0-
BOJILHO 3((PEKTUBHO 3aMEHSIIOT THIIC B 0TOHAX M CTPO-
HUTEIBHBIX pacTBOpax, HO IIpeIBapUTeIbHAs 00padoTKa
3TUX OTXOMOB TEpe UCITOJIb30BaHNEM UX B KaUCCTBE
AKTUBHOM MUHEPAJTbHOM T00aBKM — IIPOIIECC TOBOJIBHO
TPYIOEMKHUI 1 OTHOCUTEBHO HE PAKTUIHBIIA.

B cepHUCTO-IIEIOYHBIX CTOKAX HE(TEXUMHUIECKIX
TIPEOIIPUSITAN comepKaHne CyIb(aT-NOHOB IIPEBHITIA-
eT HopMbl TTK st ppiO0X03s1iiCTBEHHBIX 00BEKTOB
B 72900 pa3 u mIst X03siCTBEHHO-0BITOBOTO ITOTPEOIIe-
Hus B 72500 pas [20]. BenencTBue BBICOKMX KOHIIEH-
Tpamuit cyiab(paT-noHOB CEPHUCTO-IIETOYHBIC CTOKHI
MOXKHO PacCMaTpUBaTh KaK JOTIOJTHATEIBHBIN NCTOYHUK
CBHIPbsI He(hTEXUMUYECKUX TIPEATIPUSITUH, a TAKKE TTPO-
M3BOJICTBA CTPOUTENILHBIX MaTepraioB [21].

B Hacrosmeit paboTte paccMaTpUBaIOCh IOIyICHUE
¥ oIlpee/IcHNe KaueCTBEHHBIX XapaKTePUCTUK MITHE-
pabHOI MOOaBKM Ha OCHOBE OTXOHOB He(pTeXUMUUe-
CKUX U XUMUYECKUX IIPOU3BOACTB M1 OETOHOB.

OCHOBHAA YACTb

B KavecTBe MCXOMHBIX KOMITOHEHTOB UTS TTOJTYICHUST
MWHEPaIBHOM T00aBKM UCIIOIb30BaINCh CEPHICTO-IIIC-
JIOUHBIC CTOUHBIC BOIBI HE(DTEXUMMIUIECKIX ITPON3BOICTB
¥ OTXOIBI XUMUYECKOTO ITPOU3BOACTBA COIBI, COCTaB
KOTOPBIX TIPEICTaBICH B Ta0d. 1 m 2.

W3 mipemocTaBiIeHHBIX JAHHBIX BUIHO, YTO IT0 KO-
JIMYECTBY COIEPKAIINXCS B HEM IIPUMECE CTOK Ooree
HACHIIICH CYIb(aT-nOHAMMA.

CepHUCTO-IIETIOYHOM CTOK 00pabaThIBAICS OTXOIOM
comoBoro mpon3BoacTsa (orxox II).

B sxcnieprMeHTe MCIONIB30BAJICS OTXOM ITPOM3BO/I-
CTBa COMBI C Pa3TMIHBIMU KOHIICHTPAIIUSIMU, XapaKTe-
pUCTHKA MIpeacTaBicHa B TaOI. 3.

st IpUroTOBIEHMST 00pa31oB OETOHA UCTOIb30-
BaJIMCh TTOpTIaHAeMeHT Mapku 400, TTecok 1 mebdeHb
cootBeTcTBYIOT [OCT.

Hnsg moaroroBku orxona Il ¢ konnentpanmsamu 10,
50, 75% wncnoab30BajICs BBICYLIEHHbBIA OTXOH XUMUYE-
ckoro npousBozacTsa B KommdyecTse 100, 500, 750 . B xo-
HIYIECKYIO0 EMKOCTb BMecTUMOCThIO 1000 M1 HackImamm
TIpeIBapUTEIbHO OIPeACcICHHOE ITyTeM B3BCIIMBAHUS
Ha aHAIUTHUYCCKUX Becax KOJIMUYECTBO OTXOMa, Jajice
OTXOJ, 3aJTUBaJii Bomoil B koamuecTBe 1000 mut. Tlepen
KaXXIIBIM TOOABJICHUEM PaCTBOP MPEABAPUTEIIHHO TIepe-
MEIITUBAaJIA.

M3BiieueHMe Cymb(haT-mOHOB OCYIIECCTBIISIIN Ha JIa-
0OpaTOPHOI YCTAaHOBKE TIEPUOIANICCKOTO ICHCTBUS.
B peaxkTop momemanu 200 M1 McclienyeMoii TTpoObI
CEePHUCTO-IIEIOTHOM CTOYHOI BOIBI. 3aTeM 10 KaIlIsSIM

CocTaB CepHUCTO-IETOYHBIX CTOYHBIX BO1 (0TXO01 I)

Cocras Coaep:kanue, Mr/
CynbdaThbl 60000—100000
Cynbhuabt 0,001-0,500
DeHob 35-50
HedrenpoaykTsl 100—200

Tabauya 2

Cocras oTxoaa npou3BoacTsa copi (orxoxn IT)

CocraB Conepxkanue, % mac.
Mg(OH), 8—10
CaCO, 70—80
CaSO, 0,5—1
NaCl 16—20
Ca(OH), 5-8

Tabauya 3
Xapakrepuctuka orxoaa Il
Ne Konuenrpanus, % o, r/em’
1 10 1,011-1,012
2 50 1,050—1,051
3 75 1,081—1,082

IOOABIISIT COOTBETCTBYIOIIEE KOJIMISCTBO OTXOIA COMO-
BOTO IIPOM3BOJICTBA IIPH ITOCTOSTHHOM TTepeMeITMBaHNMN.
[NepeMenBaHMe OCYIIECTBIISIOCH B TeueHNe 10 MUHYT,
TTOCJIC YEeTO peaKIIMOHHAsI CMECh OTCTaNBAIACh B TCUCHIE
2 gacoB. 3aTeM OTHCISIICS OCaTOK W aHAIM3UPOBAJICS
CTOK Ha cofep:KaHUe CyIb(aT-nOHOB.

[Toce ipenBapUTEIHFHOM CYIIIKH TTOTydeHHBII Oca-
IIOK IIPUMEHSIJICS B KaueCTBe aKTUBHOI MUHEPAIBHOM
n00aBKU B OETOHAX.

Cyxue cocTaBJIsTIoNIe 0eTOHA B3BEIIMBAJIN B OTIPE-
JIeJICHHBIX KOJIMIECTBAaX B COOTBETCTBUHU C MApKOIi OETO-
Ha (Tabi. 4—5), BBICHITIAIN HA ICPEBSIHHBIN IITUT, O0H-
THIN XKeJIe30M, 1 TIIATeIbHO ITepeMEITNBaIIH.

3aTeM 100aBJISIIN BOMY M TIePEMEIBAJIN BCE KOMITO-
HEHTBI 10 OMHOPOIHOM Macchl. KommaecTBo ncmosb3ye-
MO BOIBI HOPMHMPOBAJIH ITyTeM OIIPEICICHUS CTCTICHN
ITOOBIKHOCTH OETOHHOM CMECH, KOTOPYIO OTIPeACIISUTI
IIpY TIOMOIIIN CTAaHAAPTHOTO KOHYCA.

Konyc, mpeaBapuTeIbHO CMOUYCHHEBINM BOIOM, Ha-
ITOJTHSUTM OETOHHOM CMEChIO B TPU CJIOST OMMHAKOBOM
BBICOTBI, IITBHIKYSI KaXKIBII CIIOI 25 pa3 MeTaJUTMIeCKIM
crepxHeM. [Tocie Toro Kak 6eTOHHAsI cMeCh ObLIa YII0-
JKeHa B KOHYC, M30BITOK CMECH Cpe3aid METaJUTMIECKOM
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Tabauya 4 Tabauua 6

Pacxon maTepuasio Ha npuroTojenue 1 m3
0erona M 200

Marepuaib Conepxanue, % mac.
Lement IT1[-400 12
I'paBuii 45
Ilecok 30
Bona 13
JloGaBka 0
Tabauya 5

Pacxon maTepuasios Ha npurorosjenue 1 M3
oerona M 200 ¢ 1o0aBiaeHueM 100aBKU

Marepuaibl Conepxanue, % mac.
Lemenrt ITL-400 9
I'paBuit 45
TTecok 30
Bona 13
JloGaBka 3

JIMHEUKON, TOTHUMAJIH, CJIeIs 3a TEM, YTO0 OH ITOTHU-
Masics 6e3 IIepeKOoCoB.

Haiee mpy MOMOIIY JTUHEHKHN 3aMEPSUI BBICOTY
OCEBIIIcIt OETOHHOM cMecH TIociie CHITHS KoHyca. Ecim
pa3HMIIA MEXIY BBICOTOI KOHyca M OETOHHOI CMeChIO
cocTaBJIsiyIa 3 cM 1 6oJiee, To OeTOHHAsI CMeCh TOTOBUJIACh
3aHOBO. DKCIICPUMCEHT MOBTOPSIICS, TTOKAa HOpMaJIbHasI
TycTOTa OCTOHHOM CMECH He ObLlTa yCTaHOBJICHA, M KOJIH -
YeCTBO B3SITOI BOIBI HE CTAJIO ONITUMAILHBIM [17, 22, 23].

BeTtoHHYT0 cMeCh BEIKJIAIBIBANIN IIITIATEIEM B 3apaHee
TIOATOTOBJICHHBIC CMa3aHHBIC MAacJIOM (DOPMBI pa3MepOM
1010+ 10 cm. T'oToBMIIMCH 4 0Opa3la: 2 cTaHAAPTHBIX
oOpasiia 6eToHa 1 2 obpasiia ¢ 1obaBjIeHUEeM MOJTy-
YeHHOIT MUHepaIbHOI 1006aBKoii. MOpMEI ¢ 6ETOHHO
CMEChIO CTaBUJINCh Ha BUOPOCTON Ha 2—3 MUH. YTUIOT-
HSUIMCHh U BBIPABHUBAIUCH IITATeIeM. 3aTeM (DOPMEI
OTHOCWUJIH B TIPOTIAPOYHYIO KaMepy 1 OCTaBJISIIN 10 CJIe-
ayloiero aHs npu Temmeparype T = 70—90°C.

Pe3ynbTaThl onpenesieHns Cyab(paT-HOHOB

CooTHomenue
Orxoz coio- Konuenrpanus
«CEPHUCTO- 2
BOTO NPOM3- N SO~ B cToke
HIEJIOYHOM CTOK:
BOJICTBA, BOJIH. NoCJie OYUCTKH,
0TX0] COIOBOTO
pacTBop mr/J
MPOM3BOICTBA»
1:0,6 58959,72
1:0,7 39750,90
10% 1:0,8 36919,78
1:0,9 36804,56
1:1 32261,60
1:0,6 42300,00
1:0,7 38220,00
50% 1:0,8 35340,00
1:0,9 34260,00
1:1 31512,56
1:0,6 39067,81
1:0,7 37421,81
75% 1:0,8 36244,92
1:0,9 34409,63
1:1 30180,00

[lonmyuyeHne akKTMBHOII MHHEpaJlbHON MOOABKU
13 CEPHUCTO-IIETOTHBIX CTOUYHBIX BOJ OCYIIECTBIISIIN
Ha JJabopaTOPHOM YCTaHOBKE MTEPUOINICCKOTO MIeii-
crBusi. KoHileHTpams cyab¢haT-nOHOB B MCXOITHOM
cToke cocrapisuia 67600 mr/in. Pe3yabraThl mpeacTaB-
JIEHBI B Ta0J1. 6.

ConepxaHne cyab(aT-mOHOB B CTOKE TTOCTIe 00pa-
00TKM yMeHbIIanoch Ha 28532—37420 mr/n. Ilpn us-
MEHEHUM KOHIICHTPAIIUN OTXOAa IIPOM3BOICTBA COIBI
U cooTHoleHuu 1:1 cogepkaHue cyabdar-uoHOB B CEP-
HHUCTO-IIEIOTHOM CTOKE M3MEHSICTCS He3HAYNTEIBHO.

HccrenoBanach 3aBUCHUMOCTD CONEPKAHUS CYIb(haT-
HMOHOB B CEPHHUCTO-IIEIOTYHOM CTOKE ITOCJIe 00pabOTKI
OT TeMIIepaTypsl ¥ BpeMeHU Tipoliecca (puc. 1 u 2).

Tabauua 7
Marepua/ibHblii 021aHC CEPHHCTO-NIEI0YHOTO CTOKA
Basaro m, r % mac. IToayueHo m, r % Mmac.
CePHCTO-IENOTHO CTOK 100,00 50,00 | QOpadorammas |, g 62,99
CTOYHasd BOOa
Ocano 53,70 26,85
Orxof, COL[OBE)FO MMPOU3BOACTBA 100,00 50,00 S
(75% BoxHBIi pacTBOp) MMotepu 20,32 10,16
200,00 200,00 100
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Puc. 2. 3aBucumocTts conepkanus cyibdaT-uoHoB B orxoze I ot Bpemenu

[1pu U3MEeHEeHNHN TTapaMEeTPOB TIPOIIECCa OCTATOUYHOE
comep:KaHUe CyIb(aT-nOHOB B 0TX0e I TIpakTiuecKn
HE MEHSICTCS.

Paccumtan MmaTepuwadbHBIII OajlaHC IIpollecca
(Tadm. 7).

M3 paccurTaHHOTO MaTepHUaIbHOTO OaaHca CIIemyeT,
YTO IUTS TIOJTyIeHMST 53,7 T ocamKa, KOTOPBIi UCITOIb3Y-
eTCs B TaJIbHEUIIIeM KaK aKTUBHAsT MITHEpabHas 100aB-
Ka B 6eToHBI, moTpedyeTcs 100 r cepHUCTO-1IETOUHOTO
croka n 100 T 0TX0ma IIPOM3BOICTBA COMBI.

151 yBeTMICHMST BBIXOIA OCAIKa IIPUMEHSIT MHOTO-
3TaIHYI0 00pabOTKY cTOKa (TabII. 8).

B ciayuae 06paboTKM CEpHUCTO-IIEJIOYHOTO CTOKA
B 3 3Tama comepxXaHue CcyabhaT-mOHOB B HEM YMEHbB-
maetcs B 7 pa3. Micxoms 13 TTOIyIeHHBIX pe3yIbTaToB,
TIPEINOUTHTEIbHA TpeX3TaITHAsE 00paboTKa CTOKa IS
TIOJTyYeHMST OOJIBIIIETO BBIXOHa ocanka (Tabm. 9).

Tabauuya 8

ITpu 06paboTKe CEPHUCTO-ILETOUYHOTO CTOKA B 3 3Ta-
ITa BBIXOM ocanka yBeamawmics o 230 1.

[ToxyueHHBIN O0CamOK MCITOJB30BaJICSI B KaUeCTBE
aKTUBHOU MUHEPaTbHOU T00aBKM I 6eToHOB. Orpe-
TIEJISUTACH KAaUeCTBCHHBIC XapaKTePUCTUKY MITHEPAIbHOM
nmo6asku 1o [OCT (ta6m. 10).

DKCIIepUMEHTATBHEBINA 00pa3el] SIBISICTCS MEIJICH-
HOTBEpACIOIINM 1 Tpydoro momosa. CTaHmapTHast KOH-
CHCTEHIINSI COOTBETCTBYET HOPME ITIPH MacCOBOM COOT-
HOLLIEHUHU «100aBKa : Boga» — «100:70».

C noyiydeHHOM aKTUBHOW MWHEPaIbHOM T0OAaBKOM
OBLIY TIPUTOTOBJIEHBI 00pa31bl 6eToHa Mapku M 200*
¢ cogepxaHueM no6asku 3% (tabi. 11).

OrpeneneHbl Ka9YeCTBEHHBIC XapaKTePUCTUKH TTOTY-
YeHHBIX 00pa3ioB (Tadm. 12).

ArnpoOupoBaHHasi 1o0aBKa IIpy BBEACHUU B OETOH
HE YXyIIIaeT KauecTBa U3Ieus, a (haKTIuIecKast IIpod-

[ToyyeHune MUHEPAJIbHON 1OOABKH U3 CEPHUCTO-INEIOYHBIX CTOYHBIX BOA B 3 3Tana

CooTHouIeHne

Konuenrpamus SO > B cToke

Ne 3rana «CEPHHCTO-IIEIOYHOI CTOK : OTXO]T
Orxox conosoro COZIOBOTO POM3BOJCTBA» nociie O1HCTKH, MI/1
gg(;dsnoncma, 1:1 30180,00
BOJIH. -
0 BOJIH. P-p 1:1 18929,00
3 1:1 9546,80
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Tabauya 9
MarepuajibHblii 0aaHC U3BJI€YEHHS] CEPHUCTO-IETIOYHOTO CTOKA
Basaro m, r % Mmac. IToayueHo m, r % mac.
CepHICTO-IENOUHOI CTOK 300,00 50,00 Obpadoratas | 34 5 51,58
CTOYHas BoAa
Ocagok 230,00 38,33
Otxon COLOBOTO MPOU3BOACTBA 300,00 50,00 I
(75% BomHBIA p-p) IMorepu 60,50 10,08
600,00 600,00 100

Tabauya 10

IToka3aTenn KayecTBa MOTYY€HHOH AKTHBHON MHHEPAJIbHOI 100aBKH

IToxka3arenn

DKCnepruMeHTAIbHBI 00pa3en

IIpombinieH bl 00pa3en

CranpapTHass KOHCUCTeHLIMs, d-nruamMeTp
pacruibiBa, 18015 MM

MaccoBoe COOTHOIIIEHUE
«1o0aBka : Boga» — 100:70

MaccoBoe COOTHOILIIEHNE
«1o00aBKa : Boga» — 100:50—100

CpOKI/I CXBaTbIBaHMA

Hauaso 20 MuH — KoHelr 2 4

Hauaio 20 MUH — KOHeIL
HE HOpMUpPYETCS

Nunexkc crenenun momosna 1 1
CoznepkaHue HepacTBOPMMOro ocTaTka, % 0,5-1,7 0,6—1,6
Bononomiomenue, % 0,27 0,17—0,30
ConepxXaHue KpUCTaUIM3allMOHHOM BoAbl, % 9,65 8,35-9,68
Tabauya 11
XapakTepucTHKa 0ETOHHBIX 00Pa3I0B
Jlara
O003HayenHne 00pa3ioB Pa3smep oOpa3sua, cm
3anuBKH HcnpiTanns
DKCTepHMEHTATbHEL 0Gpazerr* Ne 1 10,06x10,04x10,06 10.05.19 11.05.19
No 2 10,06x9,99x10,09 10.05.19 08.06.19
KontponsHetii 06paserr Ne 1 10,09x9,94x10,05 14.05.19 15.05.19
Ne 2 10.10x9,89x10,08 14.05.19 12.06.19
HOCTB cocTaBisieT 250,7 Krc/cM?, 4TO HECKOJIBKO BBILIIE 3AK/IIOYEHUE

IpOYHOCTU 0Opa3ia 6eToHa 0e3 JOOaBKU.

Tabauya 12
IToka3aTem KadecTBa OETOHHBIX 00PA3LOB
DKcnepuMeH- .
. KonTtpoabHblii
IToka3zarenn TaJbHbIA ST e )
obpasei Ne 2 -
dakTuyeckast : 250,7 244.9
MPOYHOCTb, KI'C/CM
ITnoTHOCTB, KT/M? 1775 1986
Bnaxnocts 0.3 0.3
o macce, %
BnaxHocTb
1o 0onemy, % 0,5 0,5

TakuMm o6pa3om, nmojyyeHa MUHepajbHas oOaBKa
Ha OCHOBE OTXOHOB He(TEXUMNICCKIX U XUMUICCKIX
MIPEINPUSITUIA, OTIpeIelIeHbl e¢ KaueCTBEHHBIC XapaK-
TePUCTUKU: MHACKC CTEIICHN TToMoJIa 1, cTaHmapTHas
KOHCHUCTeHIUS (HOpMaybHas Tyctota) — (180%£5) MM
IIPU MAaCCOBOM COOTHOIIECHUM — «I00aBKa: BOga» —
100:70, cpoxu cxBaThIBaHUS — Havajo 20 MUH, BOIO-
nonowenue 0,27%, conepxanue Boabl 9,65%, nois
HEPacTBOPUMOTO OCTaTKa B pacTBOPE COJITHOM KHC-
JoTel 1,70%.

IToka3aHo, 9YTO KaueCTBO OCTOHHBIX U3IEIIHIA C J0-
6aBkoii cooTBeTcTBYeT TpeboBanusiM 'OCT Ha map-
Ky M-200 (dpaxktmueckas IMpOYHOCTh 00pa3IlOB —
250,7 xrc/cM?; IIOTHOCTL 1775 Kr/m?; BlIaxKHOCTh
o macce 0,3%; BiaxxHoCTb 110 00bemy 0,5%).
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ABSTRACT: In the paper the review of achievements of nanoindustry is carried out: the use of nanosilica as an additive that improves
the fire and thermal resistance of cementitious composites; a welding filler reinforced with nanoparticles for aerospace structures;
smart, mobile and autonomous station for collecting and accumulating solar and electric energy; materials authentication with the
use of nuclear quadrupole resonance spectroscopy, etc.

Areas of application, economic effect and social significance of projects developed in different countries are given. For example,
researchers and developers at Ben-Gurion University in the Negev, Israel and Ulyanovsk state technical University, Russia have
jointly created a device in the field of alternative energy that allows you to collect and store solar and electric energy for later use.
The device has a unique smart system of protection against voltage interruptions and overheating due to the controller devices and
software. Also, the device has a number of innovative engineering solutions to reduce the temperature of the heated elements of
the device, increase protection from dust and moisture. All this together is a unique solution different from the existing solutions
capable of generating and storing solar energy for a long time (up to 10 years).
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MAIN PART

The use of nanosilica as an additive improving the fire
and thermal resistance of cementitious composites

Nanomaterials were found to be a suitable admixtures
and additives for decreasing the deterioration of cement
based composites (mortars and concretes) under the ther-
mal exposure. The most common types of nanomaterials
used for this purpose are: nanosilica, carbon nanotubes,
and nanoclays [1]. However, the biggest attention in the
recent years has been paid to nanosilica (nano-SiO,).

Due to high reactivity of nanosilica with cement
stronger, less porous and more durable microstructure
of cementitious composite is produced. In addition, the
bond between cement paste and aggregate particles is
improved [2—3].

As a result of reaction of nano-SiO, with calcium hy-
droxide (CH) more calcium silicate hydrate (C—S—H)
gel is produced. In addition, nanosilica contributes to

decreased thermal conductivity of cement-based compos-
ites [4—5]. This results in increased resistance to elevated
temperature as material retains high residual strength and
is less susceptible to cracking [5—7].

Another approach suggested by researchers is to im-
prove the properties of cement admixtures and additives
by coating them with nano-SiO, via sol-gel process [8].
Nano-SiO, can be used as a coating material (shell) for
other nanosized admixtures with lower thermal resistance
(i.e. carbon nanotubes). Therefore, increasing the resis-
tance of core material to elevated temperature as well as
improving its binding ability with cement matrix [9, 10].

A Welding Filler Reinforced with Nanoparticles
for Aerospace Structures (NSF Grant 1345156/ PI:
O.M. Suarez (PI) / University of Puerto Rico-Mayaguez)

In the quest for cost-efficient processes for aerospace
structures, a new filler for tungsten inert gas (TIG) weld-
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ing of aluminum structures was developed using nanopar-
ticles as reinforcements.

This aluminum-based nanocomposite becomes an
appealing alternative to commercial aluminium alloy
fillers with lower thermal expansion coefficient and ad-
justable electrical resistivity to attain reasonable welding
temperatures.

This breakthrough technology is based on years of
development at the University of Puerto Rico of new
aluminum matrix composites reinforced with diboride
particles [11—12].

Further development led to a US patent [13].

This permitted a better understanding of the process-
ing techniques needed to fabricate wires reinforced with
nanoparticles with adjustable electrical resistivity and
melting temperatures without significantly modifying the
chemical composition [14—15].

Nowadays, the developers of these novel fillers are
working on optimization parameters that concern:
a) proper adjustment of the nanoparticle size and dis-
tribution in the wire; b) stir melting of the wires’ parent
composite; ¢) wire annealing and cold working; d) alter-
native alloying with minor additions of metals forming
solid solutions with aluminum.

One important operation benefit is that no new TIG
welding methods need to be developed, as the fillers are
designed to be interchangeable with competing commer-
cial ones.

Thus, this welding material can raise the standards of
quality tools and infrastructure.

After practical approval the novel filler not only would
meet tight aerospace specifications but also expands the
range of possibilities of new derivative technologies.

In summary, the new material assists in providing
improved operational efficiency in aerospace structure
technology.

Smart, mobile and Autonomous station for collecting
and accumulating solar and electric energy

Researchers and developers at Ben-Gurion University
in the Negev, Israel and Ulyanovsk state technical Uni-
versity, Russia have jointly created a device in the field

of alternative energy that allows you to collect and store
solar and electric energy for later use [16].

This device is an intelligent, mobile and Autonomous
station for collecting and accumulating solar and electric
energy, for use in smart production, smart transport
and smart home. The device is capable of providing an
output voltage of 100—240 V, USB charging with support
for many standards of fast charging, as well as an output
voltage of 12—16 V to the cigarette lighter socket. There
are options for voltage output to various standards of
sockets, including universal. The device has a unique,
smart engineering T-shaped design that can be trans-
formed into a mobile case for transportation and storage
of the device.

The device in the unfolded form has a folding surface
of solar panels on the type of accordion, the number of
panels can be arbitrarily much to improve performance, in
the lower, Central part, under the surfaces of solar panels
is the main body containing all the main components of
the device: batteries of the required capacity, AC inverter,
microcontroller control software, protection controller,
holders, wires, diodes, buttons, switches, output sock-
ets, input connectors, control display, heat dissipation
plates, sensors of orientation, illumination, temperature
and other devices are possible for different versions of the
main device, to achieve maximum output parameters.
The device (Fig. 1) has a unique smart system of protec-
tion against voltage interruptions and overheating due to
the controller devices and software, and the device has
a number of innovative engineering solutions to reduce
the temperature of the heated elements of the device, in-
crease protection from dust and moisture. All this together
is a unique solution different from the existing solutions
capable of generating and storing solar energy for a long
time up to 10 years.

Solar panels in the open sun at high ambient tempera-
tures have the properties to heat up to very high tempera-
tures, which is a problem of portable devices containing
solar panels, battery systems, inverters and other electron-
ics necessary for the operation of the device, which also
emit heat during operation. It is necessary to isolate the
contact of the housing and solar panels, to exclude its
heating from direct sunlight and to ensure the removal

Fig. 1. General view of the device
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and dispersion of heat from all components of the sys-
tem and their continuous temperature control. For these
purposes, the main body of the device is located in the
shade of solar panels, as well as in the body of the device
there is a U-shaped air channel for air circulation, which
reduces the average temperature by 5—10 degrees, as well
as to the walls of the body installed heat dissipation panels
that remove internal heat to the ventilated outer walls
of the body, which reduces the average temperature by
10—15 degrees, thus reducing the risk of overheating of
the system of devices and batteries.

The microcontroller regulates the operation of the
devices and provides a stable and efficient operation of
the system and protection against overheating. Thus, the
set of systems and factors in the complex are interrelated
and allow to achieve the most effective result.

Materials authentication using nuclear quadrupole
resonance spectroscopy (NSF Grant 1563688,/ Soumyajit-
Mandal, Hope Barkoukis, SwarupBhunia / Case Western
Reserve University, University of Florida)

Counterfeit, substandard, and/or contaminated phar-
maceuticals, dietary supplements, and food items have
emerged as a major worldwide health problem.

High-value items such as packaged medicines, which
are often sold online through untrusted supply chains, are
particularly prone to fraud.

The trade in such illicit medicines is worth tens of
billions of dollars annually, and these products now ac-
count for about 20% of all illegal goods seized at national
borders.

This project is developing spectroscopy, data analy-
sis, and machine learning techniques that exploit the
nanoscale structure of materials in the solid state for
authenticating their chemical composition.

The overall goal is to enable users throughout the
supply chain to reliably verify the identity and source of
consumables (medicines, supplements, and food items)
using portable and low-cost devices.

The adoption of such authentication technology is
expected to eventually have a major positive impact on
public health by enhancing the security of the supply
chain for consumables.

About 50% of all the atoms in the periodic table con-
tain so-called quadrupolar nuclei that generate nuclear
quadrupole resonance (NQR) spectra [17—18].

These include common nuclei such as nitrogen (*N)
and chlorine (¥*Cl and YCl).

The proposed authentication approach takes advan-
tage of the sensitivity of such NQR spectra to the electric
field gradient (EFG) tensor in the neighborhood of the
quadrupolar nucleus, which in turn is primarily deter-
mined by the spatial distribution of valence electrons in
the crystal lattice.

Thus, such spectra are highly sensitive to chemical
composition and physical properties, i.e., act as unique
«chemical signatures» that are difficult to emulate or fal-
sify.

Our work has focused on i) understanding the funda-
mental physical principles that underlie the generation of
such signatures; and ii) optimizing the sensors, measure-
ment protocols, data analysis methods, and classification
techniques to improve sensitivity and specificity, and thus
the precision with which such signatures can be measured.

CONCLUSION

The Editorial Board of the electronic edition «Nano-

technologies in Construction: A Scientific Internet-Jour-
nal» invites authors and organizations to publish materials
in the heading «A review of the achievements of nano-
technology». Articles (metadata of articles) take places
in «open access»:
on the website of the electronic edition «Nanotech-
nologies in construction: a scientific internet-journal»
http://nanobuild.ru/ru_RU/, next-section «Archive
of numbers»;
in the full text database of open access scientific jour-
nals Open Academic Journals Index (OAJI), http://
oaji.net/journal-detail. html?number=6931;
on the website of scientific electronic library, http://
elibrary.ru/contents.asp?issueid=1568760;
in the base of scientific journals Directory of Open Ac-
cess Journals (DOAJ),https://doaj.org/, then — search
journal «Nanotehnologii v Stroitel'stve»;
in the base of scientific journals ResearchBib, http://
journalseeker.researchbib.com/view/issn/2075-8545;
on the Internet resource of scientists of all scientific
disciplines ResearchGate, https://www.researchgate.
net/journal/2075-8545 Nanotechnologies_in_Con-
struction;
in the international scientific base Readera — https://
readera.ru/nanobuildand other.
This allows scientists and specialists around the world
to get acquainted with the materials of the journal for
free and use them in their activities, including quoting
in their articles.
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PE3IOME: B pedepaTrBHOIN popme NpoBOANTCA 0630p AOCTUMNKEHUN HAHOUHAYCTPUN: MPUMEHEHVIE HAHOKPEMHEe3€eMa B KauecTBe
A06aBKU, ynyyllatoLel OrHECTONKOCTb 1 XapOCTONKOCTb LIEMEHTHbIX KOMMO3MTOB; apMUPOBAHHbI HAHOYACTULLAMI CBAPOYHbIN
3aMoNIHNTENb ANA a3POKOCMUYECKMX KOHCTPYKLUIA; yMHaA, MObMIbHAA 1 aBTOHOMHaA CTaHLMA AnA cobopa U HaKoMIeHNA CONHeu-
HOW 1 31eKTPMNYECKON 3Hepruu; npoLeaypa NpoBepKn NOANHHOCTA MaTepranos C UCNOSb30BaHMEM AAEPHON KBaApPYynoSibHOM
pe30HaHCHOW CNeKTpoCKonuu u ap.

MpviBefeHbl 06NacTV NPUMEHEHUA, SKOHOMMYECKI 3GdEKT 1 coLmanbHaa 3HauYMOCTb NMPOEKTOB, Pa3paboTaHHbIX B Pa3HbIX
cTpaHax. Hanpumep, nccnepgosateny u paspabotunkn YHusepcuteta beH-TyproHa B Herese (M3paunb) n YnbAHOBCKOIo rocy-
[APCTBEHHOTO TEXHUYECKOTO YHMBepcuTeTa (Poccnsa) COBMEeCTHO CO3Aanu yCTPOWCTBO B 0651aCTW anbTepHATMBHOW SHEPTeTHKY,
no3BosnfwLiee CobrpaTb U HaKanIMBaTb COMHEYHYIO U SNIEKTPUYECKYIO SHEPTUID, [NA MOCHeyoLero UCNob3oBaHUA. YCTPOMCTBO
UMeET YHUKaJIbHY0 UHTENNEKTYabHYI0 CUCTEMY 3aLLMTbl OT NepeboeB HaNpAXKeHVA 1 Neperpesa 3a CYeT KOHTposepa yCTPONCTB
1 MPOrpaMMHOro obecrneyeHuns. TakKe YyCTPONCTBO UMEET PAA UHXXUHUPKHIOBBIX HOBAaTOPCKUX PELLEHNIA, MO3BONAILWMX CHU3NTD
TemnepaTtypy HarpeBaemblX 31€eMeHTOB YCTPONCTBA, MOBbICUTb 3aLMTy OT Mbiv 1 BRarn. Bce 310 B COBOKYMHOCTN ABAAGTCA YHU-
KaslbHbIM peLleHMeM, OTAIMYHBIM OT CYLLECTBYIOLNX PELLEHNI, CTOCOBGHbIX reHepPUPOBaTh 1 HaKanMBaTb COTHEYHYIO SHEPTUIO
B TeUeHue annTenbHoro Bpemenu (go 10 ner).

KJTKOYEBDIE CJIOBA: focTUXeHWA HAHOUHAYCTPUN, HAHOKPEMHE3eM, HAaHOYACTHLbl, MOBWIIbHAA U aBTOHOMHas CTaHLUS.

ANnAa WMTUPOBAHUA: CmupHoBa J1.H., PyunHcka T, 3Be3g0oB A.W. [JlocTvKeHWsA HaHOMHAYCTPUN: NPOEKTbl, 0611acTb NPYMEHEHUS,
SKOHOMMYeCKMin 3bdPeKT 1 obLiecTBeHHan 3HauUMMOoCTb // HaHoTexHonorum B ctpoutenbctee. — 2020. — Tom 12, N2 1. — C. 41-45. -
DOI: 10.15828/2075-8545-2020-12-1-41-45.

BBEJAEHUE OCHOBHAA YACTDb

IIpuMeHeHHe HAHOKPEMHE3eMa B KaueCcTBe T00ABKH,
YIyYIIAKIIEd OTHECTOMKOCTD W XKAPOCTOMKOCTD IIEMEHT-
HbIX KOMIIO3UTOB

H3BeCTH0, YTO CpeICTBa MacCOBOM MHMOpPMAIINH,
SIBJISISICH OMHUM W3 BJIEMEHTOB KOHIIeIIIUH 4P,
AKTUBHO COIEHCTBYIOT IIPOIBIIKCHUIO UACH YUICHBIX
¥ CIICLIMAJIICTOB, IMIPOIYKIINN KOMITAHWI, Pa3bICHSIS

TIpenMYyIIecTBa 1 0COOCHHOCTH UICH, TOBAPOB M YCIIYT
IUIST TToJTh30Bartesieil. OCOOEHHO 3TO aKTyaJlbHO TSI HO-
BBIX MEPCIIEKTUBHBIX HAIIPABICHUI pa3BUTHSI HayKU,
TEXHOJIOTUI I IPOMBIIILICHHOCTH, TI¢ TOBEPHUS TIOTpe-
ouTeseil IBHO HemocTaTouHo. Hammpumep, Korma pedb
WIET 0 HAaHOMAaTepHraiaxX M HaHOTeXHOJIOTUsIX. MMeHHO
TOMYJIIPU3AIINN JOCTVKCHU HAHOWMHAYCTPUU B pa3-
JIMYHBIX 00JIACTSIX TTOCBSIICH JaHHBII 0030p.

HanoMaTepuaisl 0Ka3aanch MOIXOISIINMY TIPH-
MeCSIMH 1 JOOaBKaMH IJISI YMEHBIIICHUS TTOBPEKICHUIMA
KOMITIO3UTOB Ha IIEMEHTHOM OCHOBE (pacTBOPHI U Oe-
TOHBI) MPU TeMIlepaTypHOM Bo3aeicTBuu. Haubonee
pacIpocTpaHeHHBIMA TUTIaMU HaHOMAaTepPHUaJioB, HC-
ITOJIB3YEMBIX JIJISI TOM 1LIENIH, SIBJISTIOTCS HAHOKpEMHe-
3eM, YIJIepOIHbIe HAHOTPYOKM 1 HaHOKJIeH [1]. OmHako
B ITOCJICIHNE TOIBI 3HAUNTEIIPHOC BHUMAHUE YICISICTCS
HaHOKpeMHe3eMy (HaHoSiO,).
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Braromapst BEICOKOI peaKIIMOHHOM CITOCOOHOCTH Ha-
HOKpeMHEe3eMa ¢ IICMEHTOM YBEJIMIMBACTCsI IIPOYHOCTH
KOMITO3UTa, IIPA 3TOM MHKPOCTPYKTypa IIEMEHTHOTO
KOMITO3UTa CTAHOBUTCSI MEHEE ITOPHUCTOM U OoJIee ITpoU-
Hoit. KpoMe Toro, yaydimaeTcst CBsI3b MEXKIy IIEeMEHTHO
TacTO¥ M YaCTUIIAMU 3aITOTHUATENS [2—3].

B pesynbTaTe peakmy HAHOKpEeMHe3eMa ¢ TUIPOK-
cunom Kanbiust (CH) obpasyetcst 6oIbIire resrst ruapaTa
crmkara Kanbeius (C—S—H). Kpowme 3Toro, HaHOKpeM-
HE3eM CITOCOOCTBYET CHUKCHUIO TETIJIOIIPOBOTHOCTH
KOMITO3UTOB Ha OCHOBE 1IeMeHTa [4—5]. DTo MpuBOINT
K TIOBBITIICHUIO JKapOCTOMKOCTH B CBSI3M C TEM, YTO Ma-
TepHajl COXpaHSIET BBICOKYIO OCTATOYHYIO IIPOYHOCTH
1 MeHee MOJABEPKEH pacTpecKuBaHUIO [5—7].

Hpyroii TOIXo 3aKII09YaeTCs B YIyUIICHUN CBOICTB
IEMEHTHBIX TIpUMeceil M T00aBOK IMyTeM HaHEeCCHUS
Ha HMX HaHOKPEeMHe3eMa C TTIOMOIIILIO IIpoIiecca 30J1b-
renb [8]. HaHokpeMHe3eM MOXXHO MCIOJIb30BaTh Kak
MaTepHaI IIOKPHITHUS (CKOPIIyTIa) IS IPYTUX HaHOpa3-
MEpHBIX TIpUMeceit ¢ 6ojiee HU3KUM TePMUICCKIM CO-
TIPOTUBJICHUEM (T.€. YIJIEPOOHBIX HAHOTPYOOK). Takmm
00pa30oM, TTOBBIIIACTCS JKaPOCTOMKOCTh OCHOBHOTO Ma-
Tepuraja, a TakKe yIyJIIaeTcsl eTo CBSI3YIOIasi CIioco0-
HOCTB ¢ IIeMeHTHOM MaTpureii [9, 10].

ApMHPOBAHHBIII HAHOYACTHIIAMH CBAPOYHbINA 3a-
MOJIHHATEIb I a3POKOCMUYeCKHX KOHCTpYKnuii (NSF
Grant 1345156)

B moroHe 3a peHTaOeIbHOCTHIO TSI a3POKOCMMYIC-
CKUX KOHCTPYKIIMIT OBLIT pa3padboTaH HOBBIN 3aII0JIHU-
TEeJIb IUIST BOTB(MPAaMOBOM CBapKM aTIOMUHUEBBIX KOH-
crpykunit uHepTHBIM Ta3oM (TIG — anexmpodyeosasn
CBAPKA HeNAABAUUMCS INeKMPOOOM 8 3aAUiUMHOL AMMOC-
hepe unepmroeo eaza) ¢ VCIOIB30BaHNEM HAHOYACTHIT
B Ka4eCTBE YCUJICHUS.

OCHOBaHHBIN Ha ATIOMIHUY HAHOKOMITO3HUT CTaHO-
BUTCSI 3aMaHYMBOI aIbTePHATUBON peKIIaAMUPYECMBIM
3AITOJTHUTEIISIM M3 aJTIOMIHHIEBBIX CITIaBOB ¢ 00JIee HI3-
KM KO3 OUIMEHTOM TeMIIePaTypHOTO pacIIipeHUs
W PeTyJIMPYEeMBIM 3JICKTPUICCKUM COIPOTUBIICHUEM
IJTST JOCTVKCHUSI pa3yMHBIX 3HAUCHUM TeMIIepaTyp
TIpU CBapKe. DTa MPOPHIBHASI TEXHOJOTHUSI OCHOBaHA
Ha MHOTOJICTHEel pa3paboTKe HOBBIX aJTIOMUHUEBBIX
MaTPUYIHBIX KOMITO3UTOB, apMUPOBAHHBIX YaCTUIIAMU
nudopuna, mposogumoii B YHusepcurere Ilyspro-
Puxo [11-12].

PesynbTaThl TTOCTEYIONINX MccaemoBanmii [13] mo-
3BOJIAJIN JIYYIIIE U3YYUTh METOILI 00Pa0OTKM, HEOOXOIM -
MBIC JIJIST M3TOTOBJICHUS apMUPOBAaHHBIX HAHOYACTUIIAMU
TIPOBOIOB C PETYIUPYEMBIM 3JIEKTPUICCKIM COITPOTUB-
JICHUEM ¥ TeMIIepaTypoil TIaBJICHUSI 0€3 CYIIIeCTBEHHOTO
W3MEHEHUs XMMUYeCcKoro cocTaBa [14—15].

B Hacrogiiee BpemMst BeAyTcsl paOOTHI 110 ITOA00PY
OIITUMAJIHbHBIX TTApaMETPOB, KaCAIOIINXCS:

a) IpaBWJIbHOTO TT0A00pa pa3Mepa 1 pacrpeneaeHus
HAHOYACTUIL B TPOBOJIOKE;

0) nporecca nepeMeIMBaHus UCXOAHOTO KOMITO3UTa
MPOBOJIOKMU;

B) OTKHTA IIPOBOJIOKM M XOJIOITHOI 00pabOTKH;

I') aJIbTEPHATUBHOTO JIETMPOBAHUS C HE3HAUYUTEb-
HbIMU T0OaBKaMU METAJJIOB, 00pa3yoIIMX TBEpAbIe
pacTBOPHI C ATIOMUHUEM.

BaxxHbIM TperMyIIECTBOM SIBJISIETCSI HE HOBBIH CITO-
co0 cBapku TIG, a o Mepe pa3pabOTKHU 3aTTOJTHUTEIEH
pa3BUTHE CYIIECTBYIOLIETO CIIOCcO0a, YTO MO3BOJISIET
OBbITh JAHHOMY 3aITOJTHUTEII0 KOHKYPEHTOCITOCOOHBIM
C YK€ UMEIOIIMMUCS Ha pbIHKE aHAJIOTaMMU.

Takum 06pa3zoM, 3TOT CBAPOUHBI MaTeprall MOXKET
MOBBICUTbH KAU€CTBO MHCTPYMEHTOB 1 000PYIOBaHUSI.

IMocne nonHoit anpo6aliy HOBBIM 3aITOJTHUTENb
HE TOJIbKO OYIET OTBeUaTh XKECTKUM a39POKOCMUYECKUM
TpeOOBaHUSM, HO M PACIIMPUT CIIEKTP BO3MOXKXHOCTEM
HOBBIX MPOU3BOAHBIX TeXHOJIOTUIA. TakuM 0Opazom, HO-
BBIIf MaTepHall CITOCOOCTBYET MOBHITIICHUIO 3(P(PeKTUB-
HOCTH MCITOJIb30BAaHUS TEXHOJIOTUM a3POKOCMUYECKUX
KOHCTPYKIIMA.

‘YMHas, MOOWIIbHASI | ABTOHOMHAS CTAHIIMS JUIs cOopa
M HAKOILJICHUSI COJTHEYHOM M JJIEKTPUYECKOi JHePruun

WUccnenoBaTtenu u pa3paboTuYMKy YHUBEpPCUTETA
ben-TI'ypuona B Herese (M3pamnb) n YIbSIHOBCKOTO
TOCyIapCTBEHHOTO TeXHUYECKOro yHUBepcuTeTa (Poc-
CHST) COBMECTHO CO3[aJIM YCTPOMCTBO B 00JIACTH aJIbTep-
HATUBHOM BHEPreTUKHU, MTO3BOJISIIONIEe COOUPATh U Ha-
KaruIMBaTh COJTHEUHYIO U 3JIEKTPUYECKYIO SHEPTUIO, IS
ITOCJIEAYIOIETO MCTIONBb30BaHus [16].

JlaHHO€ yCTPOMCTBO SIBSIETCS MHTEJJIEKTYaIbHOM,
MOOMJIBHOM 1 aBTOHOMHOM CTaHLIMe! 1J1s1 cOopa 1 Ha-
KOIUIEHUSI COJTHEYHOU U 3JIEKTPUYECKOI SHEPTUM, LIS
KCITOJIb30BaHUSI B YMHOM MTPOU3BOICTBE, YMHOM TpaHC-
MOPTE U YMHOM JIOM€. YCTPOICTBO CITOCOOHO obecrme-
YyuBaTh BhIXogHOe HampsokeHue 100—240 B, 3apsaaky
o USB ¢ moamepkKoii MHOTUX CTaHIAPTOB OBICTPOIA
3apsIKM, a TaKXKe BBIXOAHOE HampsokeHne 12—16 B
Ha po3eTKy NMpuKypuBaTteas. Bo3aMoXHbBI BapuaHTbI
BbIBOJA HAMPSIKEHUS HA pa3jMYHble CTaHAAPThI PO-
3€TOK, B TOM YMCJIe, HA YHUBEpPCaJabHbIE. Y CTPOHCTBO
MMEET YHUKAJIbHYIO0, YMHYIO MHXEHEepHYI0 T-00pa3Hylo
KOHCTPYKIIMIO, CITOCOOHYIO TpaHC(hOPMUPOBATHCS
B MOOWJIbHBIM KeWC JIs1 TPAaHCTIOPTUPOBKU U XpaHe-
HUSI YCTPOIMCTBA. YCTPOUCTBO B pa3joXXEHHOM BUIE
MMEET packKjiaablBaeMble TTOBEPXHOCTU COJHEUHBIX
naHesei mo tuny rapmoinka. Konnuectso naHemnei
MOXET ObITb CKOJIb YTOAHO MHOTIO JIJIsI TTOBBILIEHUS
MPOU3BOAUTEIBHOCTHA B HUXKHEI U LIEHTpaJbHON Ya-
ctu. [Toa MoBEepXHOCTSIMU COJTHEUHBIX MaHeJIel Ha-
XOJIUTCS OCHOBHOI KOPITyC, COepKalllMii BCE OCHOB-
Hble KOMITOHEHTbI YCTPONCTBA: aKKYMYJISITOPHI HE-
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00X0IMMOM €MKOCTH; UHBEPTOP MEPEMEHHOTO TOKA;
MUKPOKOHTPOJUIEP YIIPABIEHUS C TPOrpaMMHbBIM 00€-
ClieYeHreM; KOHTPOJUIEp 3alllUThl; AepXKaTeau; po-
BOJA; AUOAbI; KHOMKM; MEePEKII0YaTeIN; BEIXOAHBIE
pPO3ETKM; BXOAHBIE pa3beMbl; IUCILICH yIIpaBICHUSI;
TETUIOOTBOSIIINE TIACTUHBI; JaTYMKWA OPUEHTALIUHU,
OCBEIIEHHOCTH, TeMIepaTypbl U APYTrUe YCTPONCTBA,
HEO0OXOIUMBIE JIJIs1 Pa3JIMYHbIX BADMAHTOB UCITOJHEHMS
OCHOBHOTO YCTPOMCTBA [JIS1 TOCTUXKEHUS UM MaKCHU-
MaJbHBIX BEIXOOHBIX TTapaMETPOB. YCTPOUMCTBO (pHC.
1) mMeeT YHUKAJIBHYIO WHTECJUICKTYaJbHYIO CUCTEMY
3alMUThI OT IEPeOOeB HAMPSIKEHWS U MIEpErpena 3a CUeT
KOHTpOJiepa YCTPOMCTB U MPOTpaMMHOTO 00eCTIeUeHUsI.
Taxoke ycTpoiicTBO MMEET psii UHXKMHUPUHTOBBIX HOBA-
TOPCKUX PELICHUI, TTO3BOJISIIOIINX CHU3UTD TeMITIepa-
TypY HarpeBaeMbIX 9JIEMEHTOB YCTPOMCTBA, MTOBBICUTH
3alIMTY OT MbIJIM U Bjiaru. Bce aTo B COBOKYMHOCTHU
SIBJISIETCSl YHUKAJIbHBIM pellleHWeM, OTJUYHBIM OT CY-
IIECTBYIOIIUX PEeIIeHUI, CTTOCOOHBIX TeHEPUPOBATh
¥ HaKaIJMBaTb COJTHEUHYIO SHEPTUIO B T€UEHUE U -
TeJbHOTO BpeMeHU 1o 10 seT.

CoJrtHeYHBIe TTAaHEJIM HAa OTKPBITOM COJTHIIC TIPHU BhI-
COKOM TeMIlepaType OKPYXKalolIero BO3ayXa UMEIOT
CBOICTBA HArpeBaThCs 10 OYEHb BHICOKMX TEMIIEpaTyp,
YTO SIBJISIETCS TIPOOJIEMOI TOPTATUBHBIX YCTPOMCTB, CO-
JIepKallnX B ce0e COTHEYHbIE TTaHe, CUCTEMbI aKKyMY-
JISTOPHBIX OaTapeii, UHBEPTOPHI U IPYTYIO JIEKTPOHUKY,
HEeoOXoMUMYIO 111 (YHKIIMOHUPOBAHUSI YCTPOMCTBA,
KOTOpbIE TaKXKe BbIACSIOT TETJI0 MpU padoTe.

Heobxonnmo uzonnpoBaTh KOHTAKT KOPITyca U COJI-
HEYHbIX 0aTapeit, MCKJIIOUUTDb €T0 HArpeB OT Iollaaa-
HUSI MPSIMbBIX COTHEUYHBIX JIydyeil 1 06ecneunuTb OTBO,
M paccerBaHue TEIia OT BCEX KOMIIOHEHTOB CUCTEMbI
W UX HEMPEPBIBHBIN TeMMepaTypHbI KOHTPOIb. J1jis
9THUX LIeJIeld OCHOBHOM KOpPMyC YCTPONCTB pacroJiara-
eTcsl B TEHU COJTHEUHbIX TTaHesel. Kpome aToro, B Kop-
nyce ycrpoiictBa umeercss U-o0pa3HbIii BO3OYIIHBINA
KaHaJI IUIsT MUPKYJSIIIUT BO3IyXa. DTO IMO3BOJISIET CHU-
XKaThb cpegHIo TeMmepatypy Ha 5—10 rpagycos. Takke
Ha CTEHKHU KOpIlyca YCTaHOBJIEHbI TEIIOOTBOASIIINE
MaHeJu, KOTOpble OTBOASIT BHYTPEHHEE TEIJIO Ha BEH-
TUWJIMPYEMbIE BHEILIHUE CTEHKU KOPITyca, YTO MO3BOJISIET
CHITXATh CPeIHIO TemIiepaTypy Ha 10—15 rpamycos.

TakuMm o6pa3oM, pUCK IeperpeBa CUCTEMBI YCTPOICTB
1 aKKyMYJISITOPOB CHIKaeTcs. MUKPOKOHTPOJIIED pery-
JIMpyeT paboTy YCTPOMCTB 1 00eCIeyrnBacT CTAOMIBHYIO
1 3P PeKTUBHYIO pabOTy CUCTEMBI M 3aIIUTY OT IIepe-
rpeBa. COBOKYITHOCTh TaHHBIX CUCTEM M (haKTOPOB
KOMILIEKCHO B3aMMOCBSI3aHBI, YTO MO3BOJIACT JOCTUIh
MaKCUMaJIbHO 3¢ (PEKTUBHOTO pe3yabTaTa.

IIpoueaypa npoBepKy NOJTUHHOCTH MATEPUATIOB C UC-
MO0JIb30BAHUEM SIICPHOM KBAAPYNOJbHOM PEe30HAHCHOM
cnekrpockonun (NSF Grant 1563688)

darpcnuImpoBaHHBIC, HEKAYSCTBEHHBIC 1/ TN 3a-
IpsI3HEHHEBIC (hapMalleBTUIECKHE TIperapaThl, IUIICBEIC
I00aBKU 1 TIPOMYKTHI ITUTAHUS CTAJIM OTHOI M3 OCHOB-
HBIX IIPOOJIEM 3IpaBOOXPAHEHMS BO BCEM MHpE.

0Oco0060 TToaBePXKEHBI MOIIEHHNYECTBY TAKHE TOPO-
TOCTOSIIIIME TOBAPhI, KaK yITaKOBaHHBIC JICKAPCTBCHHBIC
IIperapaTsl, KOTOPhIC YacTO IIPOMAIOTCSI B OHIAITHOBOM
pexXmMe depe3 HeHaIeKHBIC IEITOYKN MOCPESIHUKOB.
[TpuOBLIE OT TOPTOBIN TAKUMU HE3aKOHHBIMU JIeKap-
CTBEHHBIMU CPEACTBAMU €KETOTHO JOCTUTACT NECSITKOB
MIWLUIHAPIOB M0JUIapoB. Ha Mmoo aTuxX mpoayKToB ce-
FOMHSI TpUX0aUTCst 0K0JI0 20% Bcex He3aKOHHbBIX TOBa-
pOB, U3BATHIX Ha TAMOXKHE.

IIpoBommMoe ncciaemoBaHNe HATIPABICHO Ha pa3BU-
THE CTICKTPOCKOITNH, aHAJI3a JAHHBIX U IIPOTPaMMUIPO-
BaHUS CTAHKOB, KOTOPBIC MCITOJIB3YIOT HAHOPa3MEPHYIO
CTPYKTYpPY MaTepHajIoB B TBEPIOM COCTOSTHUU IS TIPO-
BEPKH IMOUTMHHOCTHU X XUMUIECKOTO COCTaBa.

['maBHAS 1LIETb ATUX MCCICTOBAHUN 3aKITIOUACTCS
B TOM, YTOOBI TTO3BOJIUTH ITOJIH30BATE/ISIM Ha KaXKIOM
9Tare MOCTaBKU C BHICOKOM MOJIei BEPOSITHOCTA TOYHO
YCTaHABJIMBATh COCTaB ¥ UICTOUHUK PACXOTHBIX MaTepH-
aJIoB (MEIMKaMEHTOB, 10OABOK 1 IIPOMYKTOB ITUTAHNS )
C TIOMOIIBIO MIOPTATUBHBIX M HEIOPOTUX YCTPOUCTB.

OXUIgaeTcst, 9YTO BHEIPEHNE TaKOW TEXHOJIOTUH ay-
TeHTU(DUKALINY B KOHCTHOM MUTOTE OKAXKET 3HAUNTEITb-
HOE TTOJIOXXUTEIFHOE BO3ICHCTBIE HA CUCTEMY 3IPaBO-
OXpaHEHUS B 1IeJIOM, TIOBBICHB 0€30ITaCHOCTH ITOCTAaBOK
PACXOIHBIX MAaTEPUAJIOB.

OkoJ10 50% Bcex aTOMOB IIEPUOANYECKON TAOIULIBI
comep:KaT TaK Ha3bIBaeMbIe KBaIPYITOIbHBIC sTapa [17—

Puc. 1. O0mmii Bux ycTpoiicTBa
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18], KoTOpBIe TCHEPUPYIOT CIIEKTPHI SIIEPHOTO KBAIPy-
noibHOTO pe3oHanca (NQR). K Hum oTHOCSATCS 001IMe
sapa, Takue Kak a3ot (“*N) u ximop (**Cland*Cl).

[IpenaraeMsrit TOAXON ayTeHTU(DUKAIIAN UCTIONb-
3yeT YYBCTBUTEIBHOCTh TAKMX CIICKTPOB SIIEPHOTO KBa-
IPYIIOJIEHOTO pe30HaHCa K TEH30PY T'palleHTa JICKTPH-
geckoro noisg (EFG) B okpecTHOCTH KBagpyIIOJIHLHOTO
sgapa, KOTOPEII CHayajia, B CBOIO O4epelb, OIPEICIsI-
€TCS TIPOCTPAHCTBEHHBIM pacIipeicIcHUEM BaJICHTHBIX
3JIEKTPOHOB B KPUCTAINTMUCCKOU peIeTKe.

Takum ob6pa3om, Takue CIIEKTPhI 00JIa1aI0T BEICOKOM
YyBCTBUTEIBHOCTBIO K XUMHIECKOMY COCTaBY U (DPU3H-
YeCKUM CBOIICTBaM, T.¢. IEUCTBYIOT KaK YHUKAJIbHEIC
«XUMHUYECKHE aBTOTpadbl», KOTOPHIE TPYIHO UMUTHPO-
BaTbh WK asibcuduumrponaTb. PaboTa uccinenosareneii
3aKJTI09aIach B:

1) moHnMaHnu PpyHIAMEHTAITBHBIX (DU3NIECKHX
TIPUHIINIIOB, JICKAIINX B OCHOBE (hDOPMUPOBAHMS TaKNX
XUMHMYECKUX aBTOTpadoB;

2) ONITUMU3ALNHI JaTINKOB, IIPOTOKOJIOB M3MEPEHMIA,
METOIOB aHaJIN3a JAaHHBIX M METOIOB KJlacCH(UKAIIII
IUTST TIOBBIIICHUS 9YBCTBUTEIBHOCTH M CICIIM(DUIHOCTH
M, CJICIOBaTeIbHO, TOUHOCTH, C KOTOPOM TaKNe XUMU-
YecKHe aBTOrpadbl MOTYT OBITh U3MEPCHBEI.

3AKTIOYEHUE
Penakuns snekrpoHHOro uznanns «HaHoTexHo-

JIOTUY B CTPOUTEIILCTBE: HAYYHBI MHTEPHET-KypHAIT»
TIPUTJIAIIACT aBTOPOB U OPTAaHU3AIINH K ITyOJIMKAIIUH

CIINCOK JINTEPATYPBI

MaTepHajoB B pyopuke «O030p TOCTIKEHIIT HAHOMHTY -

ctpun». C y4eToM TOTO, YTO CTaThU M3 XKypHaia (MeTa-

TAHHBIC CTAaTe) Pa3MEIIalOTCsI B «OTKPBITOM TOCTYIIC»:

— Ha caliTe 2JIeKTPOHHOTO n3naHus «HanorexHoo-
YU B CTPOMTEILCTBE: HAYIHBIN MHTEPHET-KypHAIT»,
cchutka — http://nanobuild.ru/ru_ RU/, namee — pa3-
neJl «<ApXUB HOMEPOB»;

— BIIOJTHOTEKCTOBOM 0a3¢ JaHHBIX HAYUYHBIX XKyPHAJIOB
oTkpuIToro gocryna OpenAcademicJournalsIndex
(OAJI), ccpuika — http://oaji.net/journal-detail.
html?number=6931;

— Ha caiiTe Hay4HOM 3JIEKTPOHHOI OMOIMOTEKH, CChLI-
Ka — http://elibrary.ru/contents.asp?issueid=1568760;

— B 0a3e HayuyHBIX XypHayoB Directory of Open Access
Journals (DOAJ), cceika - https://doaj.org/, nanee
— OCYLLIECTBJISIETCS ITOUCK XXypHaia «Nanotehnologii
v Stroitel’stve»;

— B 0ase maHHBIX Hay4YHBIX XypHaiaoB ResearchBib,
cchlTka — http://journalseeker.researchbib.com/view/
issn/2075-8545;

— HaWMHTEpPHET-pecypce YUYEeHBIX BCEX HaYUYHBIX
mucuunianH Research Gate, cceutka — https://
www.researchgate.net/journal/2075-8545
Nanotechnologies_in_Construction;

— B HayYHOIT MeXOyHapomHoii 6aze Readera — https://
readera.ru/nanobuild 1 npyrux,
5TO TI03BOJISICT YICHBIM M CIICIINAICTAM BO BCEM

MHpe CBOOOTHO 3HAKOMUTHCS C MaTeprajIaMHU XKypHaia

1 VICTIOJIb30BaTh UX B CBOCH NCSITEILHOCTH, B T.4. [TUTHU -

pOBaTh B CBOUX CTAThSX.
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ON THE OBSERVANCE OF CODE OF ETHICS OF ELECTRONIC EDITION

«NANOTECHNOLOGIES IN CONSTRUCTION: A SCIENTIFIC INTERNET-

JOURNAL» AND ON THE PROCEDURE IN CASE OF ABUSIVE PRACTICE
(INFRINGEMENTS).

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

DECLARATION OF THE OPEN ACCESS JOURNAL

General statements

Code of Ethics of the electronic edition “Nanotechnologies in Construction: A Scientific Internet-Journal” (further -
the edition) is a collection of rules that set basic principles and values for all participants of research and publishing
process. The Code regulates behavior and relations between the publisher, the editor-in-chief, editorial staff, mem-
bers of international editorial council and international editorial board, authors, reviewers and readers of the edition.

These rules are obligatory to comply as that improves quality of the edition and bolsters credibility of the interna-
tional scientific community as well as society to it.

These are the common principles on which the editors base their activities:

operativeness;

privacy;

neutrality;

competence;

professionalism;

honesty;

courtesy;

fairness.

These principles are specific and are performed by each side of research and publishing process in a particular way.

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

1. Editorial Council, Editorial Board and the editorial staff follow the politics aimed at observance of ethical pub-
lishing principles and admit that controlling observance of ethical publishing principles is one of the main tasks in
reviewing and publishing activities.

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. At least three experts evaluate quality of the paper. External blind paper review is performed by two invited
experts with corresponding specialty and Doctor degree. The editors send paper to the experts without author’s
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information and the review form to fill. The papers are reviewed for free and voluntary. In case of positive external
review the paper is sent to a member of Editorial Council or Editorial Board for further evaluation. The paper is recom-
mended for publication in case of three positive review.

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.

Articles from the journal (article metadata) are available in open access:

« on the website of the electronic publication «Nanotechnologies in Construction: A Scientific Online-Journal»,
link — http://nanobuild.ru/en_EN/archieve-of-issues/;

« in the full-text database of open-access scientific journals Open Academic Journals Index (OAJI), link — http://
oaji.net/journal-detail.html?number=6931;

« on the website of the scientific electronic library, link — http://elibrary.ru/contents.asp?issueid=1568760;

« in the database of scientific journals Directory of Open Access Journals (DOAJ), link — https://doaj.org/, next —
the journal is searched «Nanotehnologii v Stroitel'stve»;

+ in the database of scientific journals ResearchBib, link - http://journalseeker.researchbib.com/view/issn/2075-

8545;

« on the Internet resource of scientists of all scientific disciplines ResearchGate, link — https://www.researchgate.
net/journal/2075-8545_Nanotechnologies_in_Construction;

- in the international scientific base Readera - https://readera.ru/nanobuild;

« in other citation systems (databases).

That allows scientists and specialists all over the world to study journal’s materials and to use them in their work
as well as to cite them.

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 V), 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.

15. On the procedure in case of abusive practice (infringement).

Publisher, editor-in-chief, each member of editorial staff or international editorial council, member of international
editorial board, author, reviewer or reader must comply journal’s Code of Ethics and is obliged to report any known
facts concerning committed infringement of Code’s requirements or laws, rules or statements in force.

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

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.

’
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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 (review) assists the editor-in-chief to take decisions on the publication of it, and the review-
ers’ criticism can help the author to improve his paper (review). The editors of electronic edition «Nanotechnologies
in Construction: A Scientific Internet-Journal» appoint reviewers from the members of the editorial council, editorial
board or engage outside experts. Review is aimed at evaluation of scientific importance and novelty of the submit-
ted 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 present the review within the given period, one must inform the editor-in-chief about that and new reviewer is
appointed.

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.
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On request the editors may forward reviews to the Higher Certification Committee of the RF, as well as to the inter-
national citation systems (databases) to evaluate the quality of the papers and review procedure in general.

In particular, the editors confirm their permit to transfer and publish the following materials on website of Scien-
tific electronic library eLIBRARY.RU together with License materials of the journal:
« texts of reviews for library’s users;
« surnames and information on reviewers for library’s users.

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.

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-
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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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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 __ ). (In Russian).

Note: VVolume 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:
methodolody,methods and research tools. Nanotehnologii v stroitel'stve = Nanotechnologies in Construction. 2014,
Vol. 6, no. 6, pp. 106-148. DOI: 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:
Ponomarev A.N., Seredokho V.A., Sofronov A.Yu. Construction structural element. RF Patent 2683836 C1. 2019.

Bulletin N2 10.

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 COBJIIOAEHNN OTUYECKOTIO KOAEKCA 3JIEKTPOHHOIO
M3aAHNA «<HAHOTEXHOJIOTMU B CTPOUTEJIbCTBE:
HAYYHbIVA UHTEPHET-KYPHAJI» U NPOLIEAYPbI

B CJIYYAE 3JIOYNOTPEBJIEHUIA (HAPYLUEHUN).

OB UCMNOJIb3OBAHUU KOHTEHTA B COOTBETCTBUU C JIMLLEH3UEN
CREATIVE COMMONS CC-BY «ATTRIBUTION».

AEKJIAPALINA OPEN ACCESS XKYPHAJA

O6wume nonoXxeHunsa

STUYECKUIN KOAEKC SMEKTPOHHOro M3faHma «HaHOTEXHONOrMU B CTPOUTENbCTBE: HayuHbI VIHTepHeT-KypHan»
(nanee — »KypHan) — 3To CBOA, NpaBwi, yCTaHABAMBAKOLWMNIN OCHOBHbIE MPUHLNMbI U LEHHOCTHbIE OPUEHTUPbI 418 BCeX
YUYaCTHUKOB Hay4HO-Nyb6nnKaLMoHHOro npouecca. C ero moMoLLblo PerynmpyroTcs NoBeeHre U B3aMMOOTHOLLEHUS
n3gaTens, rMaBHOro pefakTopa, COTPYAHUKOB pefakLummy, YNeHOB MeXKAYHapO4HOro pefakuMOHHOro COBeTa U Mex-
OYyHapOAHOW pefakuNOHHONM KOMIerim, aBTOPOB, PeLeH3eHTOB 1 YnTaTenein XypHana.

CobniofeHrie 3TUX NPaBUI HOCUMT 00A3bIBAKLMI XapaKTep, Tak Kak CMocobCTBYeT MOBbILEHUIO KayecTBa M3ja-
HUA, MOAAEPKNBAET JOBEPME K HEMY KaK MEXAYHAPOLHOIO Hay4YHOro COOOLecTBa, Tak 1 06LLecTBa B LIEMOM.

O6LW MMM NPUHLIMNaMU, Ha KOTOPbIX 6a3upyeTcs AeATeNbHOCTb pefaKuny XypHana, sBsATCA:

+ ONepaTUBHOCTb;

+  KOHdUAEHUMNANbHOCTb;
«  06bEeKTUBHOCTb;

+  KOMMETEHTHOCTb;

«  npodeccroHanu3m;

+  YeCTHOCTb;

+  BEX/MBOCTb;

«  [106pPOCOBECTHOCTb.

STV NPVIHLMIMbBI UMEIOT CBOU OCOOEHHOCTU U CrielndrUecKn Peanmn3yroTca Kax o CTOPOHOW HayYHO-Nybnnkaum-
OHHOrO npouecca.

OCHOBHbIE 3TUYECK/E HOPMbI, KOTOPblE COOJIOAAET peaKLnaA SNeKTPOHHOro n3gaHus «HaHoTexHonornm B CTpo-
UTeNbCTBE: HayUYHbI IHTepHET-XypHan»:

1. PeOakuMOHHbIV COBET, peakLMOHHAA KOers, KONNeKTUB pefakunmy noaaepKmBatoT NoINTUKY, HanpaBfieH-
HYI0 Ha COOMIofeHVEe MPYHLMMOB U34aTe/IbCKOM STUKY, Y MPU3HAIOT, YTO OTCSIEXKMBaHUE COONIOAEHA MPVHLUMOB U3-
JaTenbCKol (pefakuMOHHOM) STUKN ABNAETCA OAHOW U3 MTaBHbIX COCTaBAALWMX PELEeH3MPOBaHUA 1 N3JaHUA.

2. HeponycTUMbIM ABASIETCA Nlarvat, B Kakol 6bl TO HX 6b10 dopMe. ITO KacaeTcs Kak NpeacTaBneHus K nyonm-
KaLuu1u nog CBOMM UMeHeM MNpexae onybimKoBaHHbIX UM HEOMYHIMKOBAHHbIX PaboT ApYryX aBTOPOB, TaK 1 NPYCBO-
€HVA uyXux ngen. B cnyyae 3anmcTBoBaHUs GparMeHTOB UyKMX paboT aBTOP AOMKEH yKa3aTb UCTOYHUK. Mprmepbl
6ubnunorpadryeckux cCbiylok NpuUBeLeHbl B pasaesnie «<ABToOpamy.

3. Pepakuma nybnukyeT cTaTby aBTOPOB BCEX CTPAH M HALMOHANbHOCTEN, KOTOPbIe UCCIeAYIOT NpobiemaTuky,
onpefeneHHyto pefakuMoHHOW NOSINTUKON.

4. Pepakuus He COTPYLHMYAET C aBTOPaMU, KOTOpble KOraa-nmbo JomnyCcTUnm cyiyyaun niarvata B CTaTbaAx, npeg-
CTaB/IEHHbIX B 3/IEKTPOHHOE 13faHne «HaHOTEXHONOrM B CTPOUTENbCTBE: HaYUHbIN VIHTepHET-KypHan» nnv apyrux
N3JaHNAX, €C/IN TAKOBOE CTaHET N3BECTHbIM.

5. Pepakuwma ncnonb3yeT NporpaMmHble CPeACTBA 1 0becrneyeHre A BbIABNEHUSA Niarnata u3 paboT, MetoLmxca
B VIHTepHeTe.

6. Pepakuus Oypet C Npu3HaATENbHOCTbIO MPVHUMaTb UHGOPMALMIO OT YMTaTeNell OTHOCUTENBHO BbISIBIEHHbIX
VMW 3TIEMEHTOB MJarvaTa U HapyLlleHUsi aBTOPamMm MOPasibHbIX HOPM 1 My6JIMKOBATb €€ Ha CTPaHMLAX XypHana.
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7. Pepakumsa 6epeT Ha ceba 06a3aTeNbcTBa He NyONMKOBaTb CTaTbl, KOTOPbIE COAEPKAT NPU3bIBbl K TEPPOPU3MY,
NposBeHNs KCeEHOPOOMM, OCKOPONEHMA APYTX aBTOPOB UMW FPpaXKaaH.

8. B pepakuuum B oLeHKe KauecTBa coepKaHnA CTaTbM yYacTBYIOT, KAK MUHUMYM, 3 3KcnepTa. [lpoBoaunTcA
BHELLHEe C/ienoe peLeH3npoBaHue cTaTel, AfA PeLeH3POoOBaHUA KaXKAoW CTaTbu NMPUBMEKalTCsa 2 dKcnepTa.
PeueH3npoBaHue cTaTen ocywWwecTBAAETCA CNeLnanncToM COOTBETCTBYIOLWEro NPpodusia, UMEKLKM YUEHyYIo CTe-
neHb He HXKe JOKTOpa HayK. Pefakuma HanpaBiseT peLleH3eHTy CTaTbio 6€3 yKazaHuA cBefeHuUn ob aBTope(ax)
n dopMy ans NOArOTOBKM peLieH3un. PeLleH3npoBaHe cTaTen BbIMOHAETCA Ha JOOPOBONbHON 1 6e3B0O3Me3[-
HOW OCcHOBe. B ciyyae NosioXXUTeNbHOroO BHELIHErO PeLleH3MPOBaHNA CTaTbA HAaNPaBNAETCA 1A OLEeHKN OLHOMY
U3 UJIeHOB pefCcoBeTa Unu peakonneruu. Mpy NONOXKNUTENbHOM pPeLleHNN TPEX SKCNEPTOB CTaTbsl PEKOMEHYeT-
cA K nybnukaumm.

9. Cpeau TpeboBaHUi, NPeAbABAAEMbIX K PELIEH3EHTaM, €CTb ONpPEeAENeHNe HaNNUUs 311eMeHTOB narnata. 06a-
3aHHOCTW PeLeH3eHTOB NprBefeHbl B pa3gese «PeLeH3eHTamy.

10. CTpyKTypa Hay4HbIx cTaTen npreeaeHa B MpunoxeHum 3.

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

12. ABTOpPbI NYGVKYEeMbIX B KypHaJsie MaTepurasioB JONYCKaloT NCMOSIb30BaHVE KOHTEHTa B COOTBETCTBUU C NU-
ueHsuen Creative Commons CC-BY «Attribution» («<ATprnbyLus»). 3Ta nmuueH3na No3BosSET APYTM PAacipOCTPaHATD,
penakTMpoBaTb, NONPaBsaTb 1 6paTb 3@ OCHOBY MPOM3BEAEHME AaBTOPOB, aXe KOMMEepPUEeCKu, 4O Tex rnop, nokKa
OHU YKa3blBalOT Balle aBTOPCTBO. JIMLEH3MA peKOMeHAOBaHa A/ MaKCVMasibHOTO PacnpOCTPAHEHNsA U UCMOMb30-
BaHWA JIMLEH3MPOBaHHbIX MaTepuanoB. NMoapobHo o nuueH3nn Creative Commons CC-BY cmoTtpute 3gech http://
creativecommons.ru/.

13. Heknapauma Open Access XypHana. Pegakuma vsgaHna npuaep<nBaeTca NofMTUKK «OTKPbITOro AoCTyna» K
ny6nukyembiM MaTepuanam. MNog «oTKpbITbIM JOCTYNOM» B COOTBETCTBUM ¢ ByganewTckon nHmumatmeo «OTKpbITbIN
poctyn» (BUO[) penakums nogpasymeBaeT CBOOOAHDBIV AOCTYM K NMyOVIKyeMbIM B XKypHasie MaTeprianam yepes nyonmnu-
HbI IHTEPHET 1 MPABO Ka)A0ro nosib30BaTeNs UnATaThb, 3arpy»aTb, KONMPOBaTb, PACMNPOCTPAHATD, pacneyaTbiBaTb, UC-
KaTb WN AenaTb CCbUIKM Ha MOJIHOTEKCTOBbIE CTaTbU, MPOBOAUTL MOUCK POOOTAMU-NHAEKCATOPAMY, BBOAUTb MX KaK
[aHHble B MPOrpaMmmMHoe obecrneyeHune 1y UCnosb3oBaTh AJ1A APYTX 3aKOHHbIX Liefie Npy OTCYTCTBUM GpUHAHCOBbIX,
MPABOBbIX 1 TEXHNYECKIX NMPErpag, 3a UCKITIYEHNEM TEX, KOTOPbIE PErynupYoT JOCTYN K cO6CcTBeHHO HTepHeTy. EanH-
CTBEHHbIM OFPaHMNYEHVEM Ha BOCMPOU3BOACTBO U PacipOCTPaHeHre 1 eQUHCTBEHHbBIM YC/IOBUEM KOMUPaTa B STOMN
06nacT fOMKHO ObITb MPABO aBTOPa KOHTPONIMPOBATb LIEIOCTHOCTb CBOEN PaboTbl M 06s3aTeNbHble CCbIIKM Ha €r0 UMSA
Mpw KCNob30BaHUN PabOTbI 1 ee LNTUPOBAHUN.

CraTtby 13 KypHana (MeTaflaHHble CTaTel) pa3MeLLaloTCA B «OTKPbITOM JOCTYMex:

+ Ha CalTe 3MeKTPOHHOro M3fdaHna «HaHOTEXHONOIrUN B CTPOUTENIbCTBE: HAYUHbIN MHTEPHET-KYPHa», CCbUIKa —
http://nanobuild.ru/ru_RU/, nanee — pa3gen «ApxvB HOMepOB»;

+ B MOJIHOTEKCTOBOW 6a3e aHHbIX HayuyHbIX XypHaNioB OTKpbIToro pgoctyna OpenAcademic)ournalsindex (OAJI),
ccbinka — http://oaji.net/journal-detail.html?number=6931;

+ Ha calite HayuHOW 311eKTpOHHOM 6nbnmnoTekuy, ccoiika —http://elibrary.ru/contents.asp?issueid=1568760;

« B 06a3e HayuHbIx XypHanos Directory of Open Access Journals (DOAJ), ccbinka — https://doaj.org/, panee - ocy-

LecTBNAETCA NOUCK »KypHana «Nanotehnologii v Stroitel'stve;

« B 6a3e faHHbIX HayuHbIX KypHanoB ResearchBib, ccbinka — http://journalseeker.researchbib.com/view/issn/2075-

8545;

+ Ha UHTepHeT-pecypce YUYEHbIX BCEX HAYUHbIX aucumnivH ResearchGate, ccbinka — https://www.researchgate.net/
journal/2075-8545_Nanotechnologies_in_Construction;

« B Hay4yHOW MexayHapopnHou 6a3e Readera - https://readera.ru/nanobuild;

+ B JPYrvX cMCTeMax UMTUPOBaHUA (6a3ax JaHHbIX).

3TO NO3BONAET YYeHbIM 1 CrelmnancTaMm BO BCEM MUPe CBOOOAHO 3HAKOMUTBLCA C MaTepPranamm XypHana u uc-
Mosb30BaTb UX B CBOEN AeATeNbHOCTY, B T.U. LUTUPOBATb B CBOVX CTaTbsAX.

B kaaol1 HayuHOW CTaTbe y aBTOPOB 06513aTefIbHO YKa3blBAKTCA: MECTO PaboThl (YHUBEPCUTET (MHCTUTYT), Npes-
npuaTre 1 Apyrve opraHv3auny, ropog, CTPaHa), JOMKHOCTb, YUeHas CTerneHb, y4eHoe 3BaHMWe, MOJHbIA MOYTOBbIN
afpec 1 3NeKTPOHHBIN agpec, YTo obecrneyrBaeT BO3MOXKHOCTb HEMOCPEeACTBEHHO OOLIATHCS YUEHbIM 1 CrieLanm-
CTaM 13 Pa3HbIX CTPaH C aBTOPaMMU.

Kaxpon ctatbe npuceamsaetca UDC, DOI, B MeTaflaHHbIX CTaTbsIX Pa3MeLLaeTcs MallMHovTaeMas UHpopmaumns
0 CC-nuueHsnn (HTML-kopn), opyrve naeHTMeprKaTopbl MaTepranos.

14. bonee nogpobHas MHPopMaLMA O COONIOAEHUN N3[ATENBCKOW ITUKM, MOPALKE PeLeH3MpPoBaHNA MaTepua-
NOB, MPVIHUMMNAX IMLEH3MPOBaHWA, Aeknapauun Open Access »KypHara, Co6nofeHNr aBTOPCKOrO 1 CMEXKHbIX Npa-
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Bax, KOTOPbIMW HY>KHO PYKOBOZCTBOBATbCA, COQEPXKNTCA B MEXAYHAPOAHbIX CTaHAAPTaX, 3akoHax Poccunckon Oepe-
pauuu, npodeccroHanbHbIX KofgeKcax, pykosoacTteax. Cpean Hux — MexayHapofHble cTaHAapTbl KomuTteTa no strke
ny6nukauyun (Committe on Publication Ethics — COPE), JluueHnsnun Creative Commons, byganewTckas nHiymaTea
«OTKpbITbIN fOCTYN», PyKOBOACTBO ANA peLieH3eHTOB u3aatennbcTsa Elsevier, MpaxgaHckun kogekce PO u. IV, 3akoH
PO «O cpencTBax maccoBor nHbopmaunmy, 3akoH PO «O peknamer, Kofekc npodeccmoHanbHOM STUKM XKYPHANUCTa,
KopeKc 3TKM HayuHbIX Nybnnkauum u gp.

15. O npoueaypax B cyvae 3noynorpe6neHui (HapyweHuin).

M3patenb, rnaBHbIA pefakTop, KaXKabli COTPYAHMK pefaKkuuu, YneH MexXAyHapoAHOro pefakuMOHHOro COBETa,
ufieH MeXAyHapOAHOWN pefakUMOHHOWN KOMMEerny, aBTop, PeLeH3eHT 1 uutatenb obA3aH cobnopatb ITUYeCcKun
KOZleKC XypHarna, 1 06s3yeTcst CooOLaTh O JIObIX N3BECTHBIX eMY CJTyUasiX YKe COBEPLUEHHOIO W NOTEHLMANbHOTO
3110ynotpebnenns (HapyLeHus) TpeboBaHWin Kogekca nnm feicTByOLLEro 3aKOHOAATENBCTBA, NPAaBWI 1 MOJIOKEHWA.

Pepakuuen )xypHana HesameanuTenbHO MPOBOAUTCSA pacc/iefOBaHME MO BCEM COODOLLEHUSAM O 3/10yNoTpebieHnAxX
(HapyweHusx) u, ecnn nHGOPMaLUs NMOATBEPXKAAETCA, NMPUHMMAIOTCA Mepbl MO YCTPAHEHWIO 3710ynoTpebneHui
(HapyweHun). Ecnm 3to TpebyeTcs B COOTBETCTBUM C 3aKOHOAATENIbCTBOM, MaTepuaJibl epedaloTcs B COOTBETCTBYOLLME
rocyfapCTBEHHbIE OpraHbl.

Ha Bce npeTeH3nn aBTOPOB pepakuus NPefoCTaBiseT pa3BepHyTble U 060CHOBaHHblE OTBETHI, Mpuaras Bce
yCUnuA Ans paspeLlleHns KOHPIMKTHbIX CUTyaLuii.

MaBHOMY pepakTopy

PelueHne no ony6nmKoBaHMIO cTaTbU. [J1aBHbIN pefakTop SMEKTPOHHOro ugaHus «HaHoTexHonorum B CTPo-
UTENbCTBE: HayYHbI VIHTEpHET-KypHan», OTBeYaeT 3a NPUHATUE PeLLUEHNA O TOM, KaKue 13 NpeacTaBlieHHbIX B pe-
LAKLUMI0 XypHana paboT criefyeT ony6iMKoBaTtb. 3TO pelleHne BCeraa LOMKHO MPUHNMATBCSA Ha OCHOBE MPOBEPKM
LOCTOBEPHOCTY PaboTbl 1 ee BaXKHOCTU ANA UCciiefoBaTenen u untatenei. [MaBHbIN pelakTop MOXET PYyKOBOACTBO-
BaTbCA METOANYECKUMI PEKOMEHZALMAMM, pa3paboTaHHbIMY PEACOBETOM 1 PeIKOUIErMEen XypHarna, v TakuMm iopu-
OVNYECKMM TPebOoBaHUAMM KaK HeJOMNYLLEeHNe KIIEBETbI, HapYLLEHWsl aBTOPCKOTO Npaga U nnarvata. Takxke npu npu-
HATWW peLleHns No Ny6vKaLumK raBHbIA PefAaKTOP MOXET COBETOBATbCA C UlleHaMU PefiCOBETa, PeAKOSIIeruu nim
peLeH3eHTaMu.

CnpaBegnnBOCTb. [T1aBHbIN pefakTop OLEHUBAET NpeAcTaBieHHble PaboTbl MO VX MHTENNIEKTYaNlbHOMY coflepa-
HUIO, HEB3UMPasA Ha pacy, NoJ, CEKCYanbHYI0 OPUEHTALMIO, PENTUTUIO, STHUYECKOE NPOUCXOXKAEHWE, TPaXAaHCTBO 1N
NnonuTMYecKme B3rnaabl aBTopa.

KoHduaeHUManbHOCTb. [MaBHbIN PejakTop, COTPYAHMKIM PelaKLny, YieHbl PefiCOBETA U PefiCOBETA HE JONIXKHbI
pacKkpbiBaTb UHGOPMALMIO O NMPeACTaBEHHOW PYKOMUCK KOMY-TMO0 [pYyromy, 3a UCKIIOYEHNEM aBTOPA, PeLleH3eH-
TOB, MOTEHLMANbHbIX PELIEH3EHTOB, KOHCY/IbTAaHTOB PeaKLMOHHOIO COBETA, a TaKXe n3JaTens.

PasrnaweHve cBegeHuii 1 KOHGNUKT UHTepecoB. CBefieHsA, cofepKallmecs B NPeACTaBeHHON CTaTbe, He
LOJIXKHbI MCMOMb30BaTbCA B KaKOWN-IMO60 cO6CTBEHHON paboTe rMaBHOMO peakTopa U YieHOB peAcoBeTa U peaKos-
nervv 6e3 NMCbMEHHOTO pa3peLleHns aBTopa. KoHbuaeHuanbHaa nHbopmauma nnm ngew, NolyYeHHble Npu peLeH-
3UPOBaHNN, AOMMHbI XPAaHUTbCA B CEKPETE U HE UCMONb30BaTbCA A/1A MONYUYEHUA TMYHOW BbIFOAbI.

[naBHOMY pefakTOpy crielyeT OTKa3aTbCA OT CBOEro y4YacCTuA B PeLIeH3NPOBaHWM B Cyyae, ecyii NpucyTCTByeT
KOHQMUKT MHTEPeCOoB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA WU APYTMX OTHOLEHUN C KeM-n6o 13
aBTOPOB, KOMMAHWI NN YUYPEXAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

TnaBHOMY pepakTopy crieflyeT TpeboBaTb OT BCEX aBTOPOB XKypHasia NpefoCTaBNATb CBEAEHUSA O COOTBETCTBYIO-
LMX KOHKYPUPYIOLWNX MHTEPECcax 1 Ny6MKOBaTb UCMPABNEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocne
nybnukayun. B cnyyae Heo6xoaMMOCTM, MOXET BbIMOJIHATLCA ApYyroe nogxofsilee cyiyyaio AecTBre, Takoe Kak ny-
6511KaLMA ONPOBEPXKEHWS NN BbIPAaXKeHNA 03a00UYeHHOCTH.

UzyueHne xanob sTnueckoro xapakrepa. [aBHOMy pefiakTopy cyielyeT NprvHMMaTb Pa3yMHO ObICTpble MepbI
npu NOCTYIJIEHNM XaJlob STMYECKOro XapakTepa B OTHOLUEHWW MPeACTaBIEHHON PYKOMUCH UM ONy6/IMKOBAHHOM
CTaTby, MMEeA KOHTAKT C pefaKuunen, nsgatenem.

PeuyeH3eHTam

PeuieH3MpoBaHMe NOMOraeT rMaBHOMY pefakTopy Mpuv NPUHATAW pelleHns 06 ony6MKoBaHMM PaboTbl CTaTby
(0630pa), a Gnarogapa 3aMevYaHUAM 1 NMPEASIOKEHNAM PELIEH3EHTOB MOXET TaKXKe MOMOYb aBTOPY YyullinuTb €ro
paboTy. Pefakuma 3neKTpoHHOro n3gaHus «HaHoTeXHONOrmMM B CTPOUTENIbCTBE: HayuHbIN VIHTepHEeT-KypHan» npu-
B/IEKAET PELIEH3EHTOB M3 YMCJIa BHELUHNX SKCNepToB. PeLieH3npoBaHue JOMKHO 06ecneunTb OLEHKY Hay4yHOW 3Ha-
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UVIMOCTM 1 OPUTMHANIBHOCTY NPEeACTaBAEHHOW pyKonucy. ABTOPbl PyKONKWCEN, NPeACcTaBAeHHbIX K OnybnKoBaHuio,
NPU3HALOT Lienecoobpa3HOCTb U HEOOXOAUMOCTb peLieH3rpoBaHuA. Cornawanch Ha peLeH3npoBaHue, Oyayunii pe-
LieH3eHT 6epeT Ha cebs cnepytoLive obA3aTeNnbCTBa.

OnepaTMBHOCTD. J1La, K KOTOPbIM OOPATUIUCH YfleHbl PefakLumM Yepes MaBHOro PefakTopa OTHOCUTENBHO
peLEeH3UPOBaHUs PYKOMUCEN HayuyHbIX paboT, MMeT MopasibHble 00s3aTeNbCTBa OTHOCUTENIBHO €€ OMepaTUBHON
oueHKW. MNpy HEBO3MOXHOCTY NPeACTaBNEHUS PELIEH3UN B YCTAHOB/IEHHBIN CPOK, 06 3STOM MHPOPMUPYIOT FMaBHOIrO
penakTopa U Ha3HAYaloT HOBOTO peLieH3eHTa.

KoHndugeHumanbHoCTb. Kaxas nonyyeHHas 4fia peLeH3npoBaHMsA PYKONMCh AOMKHA PAcCMATPYBATHCA Kak KOH-
duageHUManbHbIN JOKYMeHT. Ee He MpoCMaTprBaloT 1 He 06CYKAAl0T C APYrUMU INLL@AMU, KPOME JIULL, YOJTHOMOYEHHbIX
rMaBHbIM PeJaKTOPOM.

O6BbEKTUBHOCTD. PeLieH31K JOKHbI BbINOMHATLCA OObEKTUBHO. HeonyCT!MbI IMYHOCTHbIE HaMaZKy Ha aBTopa.
PeLieH3eHTy cneflyeT BbipakaTb CBOIO TOUKY 3PEHMSA AICHO 1 0OOCHOBaHHO.

OueHKa ccbinok. DakT OTCYTCTBUA CCbITOK B PYKOMNMCY, MPeACTaBIeHHON /15l Ony6/MKOBaHUSA, OMKEH ObITb OT-
MEUEH 1 OLEHEH peLieH3eHTOM. B criyyae cxofcTBa MM YacTUYHONO COBMAAEHMUA PYKOMUCU C U3BECTHbIMU PeLieH-
3€HTYy Ny6NMKaLUMAMY, Ha KOTOPbIE OTCYTCTBYIOT CCbITKM, 3TO JOJIKHO ObITb TakXKe yKa3aHO peLeH3eHToM. [pumepsl
6ubnrorpaduuecknx CCbisIok NprBeAeHbI B pasaesne «<ABToOpam».

BbiaBneHue nnaruara. PeLieH3eHT, B C/lyyasx MoAo3peHMs No noBoay Ay6nnpoBaHna CTaTby UV Narnata, fos-
KeH yKa3aTb 00 3TOM B peLieH3UNn.

3Tnueckne Hopmbl. KoHouaeHUranbHasa uHGopMaLmsa 1 naen peLeH3rpoBaHHON CTaTbl HE AOMKHbI pasrna-
waTtbcA. MaTepuarsnbl peLeH3POBaHHON CTaTbU HE AOMKHbI MCMOMb30BaTbCA 415 NMONTyUYeHNs JIMYHOW BbIFOAbl PELIEH-
3eHTa. PeLieH3eHT cobniogaeT HOpMy, COrNTacHO KOTOPOW OH He MCMOfb3yeT B COOCTBEHHOMN paboTe 1 nybnmukaLumsax
nAen 1 NONOXKEHUs PeLieH3POBAHHOM MM CTaTbl 6e3 MMCbMEHHOrO COrflacus ee aBTopa.

PeuieH3eHTy cnefyeT oTKasaTbCA OT CBOErO YYacTUsl B PeLieH3NPOBaHNY B CJlyYae, eC/IN NPUCYTCTBYET KOHPIUKT
WHTEPECOB, NPOUCTEKAILUNIA N3 KOHKYPEHLMM, COTPYAHUYECTBA WU APYTrMX OTHOLLEHUI C KeM-NNOO 13 aBTOPOB,
KOMMAHWI U yUYpeXxaeHUi, UMeIOLLMX OTHOLLEHME K CTaTbe.

Pepakuma moxeT, No 3anpocy, HanpaenATb peueH3nn B BAK PO, a Takxe B MeXKAyHapOAHble CMCTeMbl LUTUPOBa-
HUA (6a3bl JaHHbIX) AJ1A OLEHKM KauecTBa NybnmKyeMbix CTaTel 1 NpoLecca peLeH3npoBaHus B LIEJIOM.

B wacTtHOCTU, pegakuma nogTBepXxaaeT CBoe corfiacme Ha nepegavy 1 pasmelleHne Ha cante HayyHowm sneKTpoHr-
How 6rnbnnotekn eLIBRARY.RU BMecTe ¢ JTnLieH3VMOHHBIM MaTepuasiaM XypHana cieayioLx MaTepuasnos:
«  TEKCTbl peueH3unii ans nonb3oBartenen bubnnoTeku;
«  damunnm 1 gaHHble O peLeH3eHTax OJid Nosib3oBaTesien GUGIMOTEKN.

ABTOpam

1. ABTOpbI NPeACTaBNAAIOT B peAaKLmio:

+  PYKOMUCK B SNEKTPOHHOM BuAe (MO 3neKTpoHHoW noute info@nanobuild.ru) B cooTBeTcTBUM C nMpaBunamu
obopMnEeHNA TEKCTOBBIX U rpaduUecKrx MaTepuanos, npuseaeHHbiMu B MpunoxeHun 1. Tematuka nyonvkye-
MbIX MaTepuasioB AOMKHA COOTBETCTBOBATL 3aABJIEHHON pedaKkuuneln 3NeKTPOHHOro n3aaHna «HaHoTexHonornm
B CTPOWTENbCTBE: HayUHbl VIHTepHeT-)KypHan» B MpunoxeHun 2. lpegcraBnsaemble CTaTbh JOKHbI COOTBET-
CTBOBAaTb CTPYKTYpe, npvBeeHHou B MpunoxeHun 3.

+  COMPOBOAMTENbHOE MMCbMO (PefaKLA BbICbIIAeT aBTopam obpaseL no nx npeBaputesibHOMYy 3anpocy).
ABTOpPbI NY6GNVMKYeMbIX B XypHasie MaTepuasnioB JOMYCKaloT UCMOb30BaHNE KOHTEHTA B COOTBETCTBMM C JIULIEH-

3uen Creative Commons CC-BY «Attribution» («ATpunbyLus»); cornacHel ¢ nprcBoeHrem Kaxgon ctatbe UDC, DO,

C pa3meLleHriemM MallmHounTaemon nHdopmauum o CC-nnuenHsmm (HTML-koa) B MeTalaHHbIX CTaTbAX, APYrUX UOEH-

TUPVKATOPOB MATEPMasIOB; COrMaCHbl C Pa3MeLleHneM B OTKPbITOM JOCTYre MOJHbIX TEKCTOB CTaTel (MX COCTaBHbIX

yacTeln UM MeTagaHHbIx) B IHTepHeTe Ha canTte usgaHusa (www.nanobuild.ru), HayuHon anekTpoHHo 6nbnmnotekn

eLIBRARY.RU, B cuctemax uutmpoBaHusa (6a3ax gaHHbix): 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. [oapobHo o nuiueH3un Creative Commons CC-BY

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

2. B cTaTbe JOMKHbI COfepaTbCs pe3yNibTaTbl OPUTMHANbHbIX NCCNEA0BAHNIA U MPOCEXNBATLCA CBA3b C Npe-
ObIAYLMM UCCNIeOBaHUSAMY, BbINOJIHEHHBIMA JIMYHO aBTOPOM U APYrMY yyeHbiMU. [locnegHee fOMKHO ObiTb
npeacTaB/ieHO Kak B OCHOBHOM TeKCTe, Tak U B pOpMe CCbIIOK Ha npefblaylivie UCTOYHUKN. B cnyyae ncnonb3o-
BaHVA MaTepUanoB 13 paboT Apyrux aBTOPOB CTaTbA JOJIKHA COfep»KaTb COOTBETCTBYOLME CCbiKK. Brbnuorpa-
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buryeckmin CNUCoK NPUBOAUTCA MOC/E TeKCTa cTaTbu. Mpumepbl obopmieHna Grbnunorpadryeckx CCbifIoK AaHbl
B MpunoxxeHun 4.

Mpu HanucaHuy cTaTby criegyeT cobnoaaTb NPUHLMMNBI TPOGECCUOHANBHON STUKK, NPOABATD KOMMETEHTHOCTD,
06BEKTNBHOCTb 11 OTBETCTBEHHOCTb.

3. Pepakuus, pefakuMOHHbIN COBET UV PefakLUOHHAA KONIervs MOryT NonpocuTb aBTOPOB MNPefOoCTaBUTb BCe
NMepBOVCTOYHVKM U MaTepuarsibl, UMeoLLe OTHOLLEHUE K HaN1CcaHWIo Ny6nrKyemon ctatbu. Matepuasbl JONXKHbI Xpa-
HUTbCA B TeueHe 1 roga nocne ny6nvkaumu.

4. Kaxpas ctatba, NybnunKyemas B XXypHase, peLeH3npyeTcsa SKCNepTaMm Ha NpeMeT OPUrMHaNbHOCTU 1 COOT-
BETCTBMA NpaBuiam opopmieHus. Vicnonb3oBaHue TPyAoOB WU MbICIEN APYTUX YUEHBIX BOMKHO ObiTb 0hOpMIIEHO
Hagnexawmm obpasom. Hegonyctm nnarvat B 060 popme. ABTOPbI JOSXKHbI MOATBEPANTD, UTO NMYOIUKYIOT CBOIO
CTaTbio BMEpPBbIE MM MPOCAT OCYLLECTBUTL €€ MOBTOPHYIO My6MKauuio.

5. VMHdopmauusa, nonyyeHHas HeopUUMANbHO, HAaNPMEP, B YaCTHOM OOCYXXAEHWUW UM NepPerunucke, He MOXeT
ObITb NpefCTaB/ieHa B CTaTbe 6€3 MUCbMEHHOTO Pa3peLleHns CO CTOPOHbI NCTOUYHKKA UHGopMaLuun. Hdopmauns,
NCTOYHUKOM KOTOPOW siBNsieTCA KOHOMAEHUMANbHAA AeATENbHOCTb, B YaCTHOCTY PELIEH3MPOBAHME PYKOMUCEN Un
3aABOK Ha MOJlyYeHUe rpaHTOB, HE MOXKET ObITb CMOJIb30BAHA B CTaTbe 6€3 MMCbMEHHOTO COrlacksa aBTOPOB.

6. MepeunsgaHue cTaTby MO NHULMATVBE PefaKkLMOHHOIO CoBeTa (pefaKkLMOHHOM KOMIErnn) XKypHana ocCyLiecT-
B/ISIETCA C COrNacusi aBTOPOB, pefakuum 1 0bnagatens npasa HTENeKTyanbHON COGCTBEHHOCTY Ha CTaTbio. B cnyuae
MOBTOPHON Ny6NVKaumy CTaTbl M3aTeslb AeflaeT COOTBETCTBYIOLLEE COObLLEHe 06 STOM.

MpencTaBneHne CTaTbl B COABTOPCTBE BO3MOXKHO, €C/IN BCE NNLIA, YKa3aHHbIE KaK COABTOPbI, CAENANN 3HAUUTESb-
Hbl BKNag B pa3paboTKy KOHLENUUW, MAAHNPOBaHNE, BbIMONIHEHWE UN MHTEPNPETALNIO ONMCbIBAEMOTO UCCe0Ba-
HuA. B cnyyae ecnn BKnag nuua, onpegeneHHbIM 06pa3om COeCTBOBABLUErO OCBELLEHHOMY B CTaTbe MCCIIeA0BaHMIO,
He HaCTONbKO CYLLECTBEHEH, YTOObI BK/IOUMTb €ro B COABTOPbI, EMY [JO/KHA ObITb BbiCKa3aHa Npu3HaTeNibHOCTb. MnaTa
C aCMMpaHTOB 3a NY6NUKaLMIO CTaTel He B3UMAETCH.

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

8. Mpu Hanuumm KOHONKTa UHTEPECOB, B TOM YMCIIE U MOTEHLMASNIbHOMO, aBTOP WS COABTOPbI OJIKHbI MHPOP-
MUPOBATb U3JaTeNsA Kak MOXXHO paHblue. [pu BbiABAEHUY NPUHLMMNANIbHBIX OLIMOOK UM HETOYHOCTEN B CBOEN YXKe
onybnuKoBaHHOW paboTe aBTOp 06513aH CPOUYHO COOOLWMTL 06 3TOM LWed-pefakTopy 1M OKasaTb MaKCMMabHOE COo-
LENCTBUE IMaBHOMY pedaKTopy XKypHana Anisa nyonvkauny onpoBepeHus nnbo ncnpasnennii. B cnyyae nonyyeHus
rMaBHbIM PefakTopoM MHbOPMaUMK OT TPETbUX NIUL O cofepKalleincs B onybnnmkoBaHHOW paboTe CyLeCcTBEHHOMN
olwnbKke aBTOp 006si3aH MPEACTaBUTb CPOUYHOE OMPOBEPXKEHWe C NpeAoCTaBieHUEM FMlaBHOMY pedakTopy (wed-
penaKkTopy) foKasaTenbCTB CBOEN NPABOTbI UM HEOOXOAMMbIE NCTPaBIEHUS.

9. ABTOpPbI JO/IKHbI OCO3HABATb, UTO PefaKLus, PefaKLUOHHbIN COBET U PeAaKLUMOHHAA KOMErns 3MeKTPOHHOro
n3gaHua «HaHOTeXHONOMMM B CTPOUTENBCTBE: HAYUHbIN IHTEepHEeT-XypHan» 6epyT Ha cebs 06sA3aTeNIbcTBa MOMOraThb Ha-
YUYHOMY COO0bLLECTBY B COOMIOAEHN BCEX aCMEKTOB U3[ATENIbCKOW 3TUKM, OCOOEHHO B Cllyyasix MOLO3PEHNS MO NOBOAY
oybnnpoBaHWs cTaTby UM NnarvaTa.

10. ABTOpbI OMY6NIMKOBAHHbIX MAaTEPUASIOB HECYT OTBETCTBEHHOCTb 3a [JOCTOBEPHOCTb MPUBEAEHHBIX CBEAEHUN
W UCMONb30BaHVE JaHHbIX, HE MOANEXALLMX OTKPbITOM Nybnukaumu. Pefakuus octaBnset 3a cob6oli NpaBo BHeCEHNA
penakTopcKon npaBku. MHeHMe peflakLum MOXET He COBMafaTb C MHEHVEM aBTOPOB: MaTepurasbl MyOnMKYTCA C LeNblo
0b6CyXeHUA aKTyanbHbIX BONPOCOB. Pefakuya He HeceT OTBETCTBEHHOCTU 3a COAEPKAaHUE PEKIaMbl Y OObABIIEHNI.

11. MNocne paccMOTpeHUsi MaTEPVANOB pefaKkuus YBe[OMSISIET aBTOPOB O CBOEM pPEeLIeHUM SNEKTPOHHbIM
nMcbMoM. B cnyyae ecnm cTaTbs He MOANIEXUT NYONMKALMM, pefakunsa HanpasseT aBTOPY MOTVBUPOBAHHbI OTKas3.

12. Jliobaa nepeneyaTka MaTepPUaNioB NMOIHOCTBIO MM YAaCTUYHO BO3MOXHA TONIbKO C MMCbMEHHOTO pa3peLleHms
pepakumu.

YBaKaemble aBTOpbDI!
Mpocb6a B LenAx 3KOHOMUN BpeMeHU
cnepoBaTtb npaBunam opopmneHUa cTaTen B XKypHane.
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MNMpunoxeHue 1

MpaBuna opopmneHna matepunanos

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

TekcT cTaTbm.

O6bem cTaTby — He MeHee 3 1 He 6onee 10 cTpaHul popmaTa A4.

MNona: cnesa n cnpasa — NO 2 CM, CHU3Y N CBEPXY — MO 2,5 cm.

OCHOBHOW TeKCT cTaTbh HabnpaeTca B pegakTope Word.

LWpndT ocHoBHOro TekcTa — Times New Roman.

TekcT HabrpaeTcs 14 Kr, MeXAYCTPOUHBIN MHTEPBA — MHOXKTeNb 1,15.

[lns ogHOPOAHOCTY CTUNA He NCMONb3ynTe WPUTOBbIE BbiAeNeHUs (KypCrB, NogUYepKUBaHUSA 1 ap.).

OTcTyn nepBoii CTpoKM ab3aua — 1 cm.

CnoxHble hbopmynbl BbINMOAHAITCA Npy noMoLm BctpoeHHoro B WinWord pegaktopa popmyn MS Equation 3.0.
Dopmyrbl pacnonaralTcs Mo LeHTPY KOJTOHKM 6e3 0TCTyna, UX NopPAAKOBbI HOMEP YKa3blBaeTCA B KPYTJIbIX CKO6-
Kax 1 pa3MeLLlaeTcs B KOJMIOHKe (CTpaHuLe) C BbIK/OUKON BNpaBo. EAnHCTBEHHas B cTaTbe GopMyna He HymepyeT-
cA. CBepxy U CHK3Y GOpPMyJibl HE OTAENAIOTCA OT TEKCTA JOMONHUTENIbHBIM UHTEPBAIOM.

[na ccoblnok Ha Gopmysibl B TEKCTE UCMOMb3YOTCA KPYrible CKOOKM — (1), Ha nUTepaTypHble NCTOUYHVKY — KBagpaT-
Hble ckobku [1].

Bubnuorpadpuueckunin CnMcok npruBoanTcsa 12 Kr.

Fpadunueckoe opopmneHne craTbu.

WnniocTpaumy BbINOMHAIOTCA B BEKTOPHOM ¢dopmaTte eps nnbo B nt0b6OM 13 rpadpuueckmx npunoxkeHun MS
Office 97, 98 nnu 2000.

lpaduku, pucyHkn n oTtorpadrm BCTaBAAOTCA B TEKCT MOCIIE NEPBOro YNOMVHAHWA O HUX B YAOOHOM A5l aBTOpa
BUAeE.

MogpurcyHouHble nognucy (12 Kr, 06bIYHbIN) AAOTCA NOA MIMIOCTPALMAMM MO LEHTPY NOC/Ie COKPALLEHHOTO C/TI0BA
Puc. c nopagkoBbiM HOMepom (12 Kr, NOnyKMPHbIN). EUHCTBEHHbIV PUCYHOK B TEKCTE HE HYMepyeTCA.

Mexxgy NognuChio K PUCYHKY 1 MOC/EAYIOLMM TEKCTOM — OfVH MEXAYCTPOUHbIV MHTepBarl.

Bce pucyHkun 1 doTorpaduv fOMKHbI ObITb KOHTPACTHBIMY U UMETb pa3peLleHre He meHee 300 dpi. Mnnioctpatus-
HbI1 MaTepran kenaTefbHO NPeACTaBATb B LBETHOM M300paXXeHnu.

lPadurKn HeNb3s BbIMOMAHATE TOHKUMU JIMHUAMMW (TOMNLWMHA TMHUIA — He MeHee 0,2 MMm).

KcepokonvpoBaHHbIe, a TaK»Ke MI0X0 OTCKAHMPOBAHHbIE PUCYHKI N3 KHUT 1 XKYPHANIOB HE MPUHUMAIOTCSA.

Cnogo Tabnuua ¢ NopsAaKOBbLIM HOMEPOM pacrosiaraeTcs C BbIK/IIOUKONM BNpaBo. Ha cneaytolein CTpoke npreo-
LUTCSA 3arofIoBOK K Tabnuue (BbipaBHUBAHME MO LEHTPY 6e3 oTcTyna). Mexxay Tabnuvueil v TeKCTOM — OQUH MeXay-
CTPOYHbIV UHTepBas. EAMHCTBEHHas TabnyLa B CTaTbe He HYMepyeTCs.

OdopmneHune mopyneii.

Mopynv foMmKHbI 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 (wunpwHa) x 115 (BbicOTa).
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MNMpunoxeHue 2

TemaTuka nyonnkyembix matepmnanos

« Pa3pabotka Teopuu GoOpMUPOBaHUA MPOYHOCTM 1 HEMPOHMLLAEMOCTM HAHOCTPYKTYPUPOBAHHbIX CUCTEM.

« MartemaTtunyeckne KBaHTOBbIE U ApYrve BUAbl MOZesNel Ana nccnefoBaHna CBOMCTB HAHOMATEPUANOB.

« Mpobnembl NPUMEHEHNS HAHOMATEPWAJIOB U HAHOTEXHOJIOTNIA B CTPOUTENbCTBE U CTPOUTENIbHBIX MaTepuanax.

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

« Co3paHve HOBbIX GYHKLIMIOHaMbHbBIX MaTePUAoB B CTPOUTENIbCTBE.

- Pa3paboTka MpUHUUMNOB Nepexoaa «becrnopsanoK-nopsAaoK» MpPU CO3OaHUN KOMMO3UTOB C WUCMOSIb30BaHUEM
CYHEpPreTuKu.

«  M3yueHre paznnyHbIX TEXHONOTMYECKUX MPUHLUMOB MPY CO34aHUN HAHOCUCTEM B MPOMbILLIEHHOM MPON3BOACTBE.

+ [narHoCTMKa HaHOCTPYKTYP 1 HAHOMATEPUAIOB CTPOUTENbHBIX CUCTEM.

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

« TexHonoruun n3menbyeHnsa MMHeEPanbHbIX YacTUL 1O HAHOPa3MepPHbIX YPOBHEN.

«  TexHonorua nepemeLnBaHNA CMeCel C HAHOAMUCMEPCHBIMUN YaCTMULAMU 1 METOAbI X aKTUBALUN.

« [ngpoagvHammyeckne n gpyrne MeTofbl akTMBaLMN BOAHbIX CYCMEH3MIA U PacTBOPOB.

«  MogundukaLmsa BogHbIX PacTBOPOB Pa3/INMUYHbIX HAHOPA3MEPHbIX O6ABOK, MCMONb3yeMblX B CTPOUTENbCTBE.

«  WccnepoBaHue B 0611aCTVi TOKCUYHOCTU MOPOLLKOBBIX HAHOMATEPMANIOB.

«  MeTtannnyeckas apmatypa, MogMouLMpPoBaHHasA B MPOLLeCCe N3roTOBMIEHNA HAaHOPa3MePHbIMY MaTepuanamm.

« BonokHa yrnepogHble, 6a3anbToBble, apaMuiiHbie U Apyrie BOJIOKHA MarbiX AMAMETPOB C HAaHOPA3MEpPHbIMU
CTPYKTYPHbIMU XapaKTePUCTUKAMU.

« LlemeHTHble 1 gpyrue BXKyLLMe C MHEPAJIbHbIMUM 1 OpraHnYecKnmy fJobaBkamum.

« beToHbl 1 pacTBOpbI, MOAUPULNPOBAHHBIE HAHOPA3MEPHbIMY 106AaBKaMMU.

«  CycneH3nv MUHepasibHbIX 1 OpraHNYecKnx JO6aBOK, MCMOMb3yemble 4JiA 1aKOB, KPACOoK, a Takke MoandrkaTopos
K 6eTOHaM 1 pacTBOpaMm; CBOMCTBA, TEXHOMOMMA UX MPUTOTOBJIEHNSA U >KNBYYECTb.

« [NpumeHeHVe HAHOMOPOLLKOB Pa3IMYHON NPUPOabI AN MOANPUKALIM CBOMNCTB CTPOUTENbHbIX MaTePUasoB.

+ HoBble CBONCTBA CTPOUTENIbHbIX MAaTEPUANOB HA OCHOBE HAHOCUCTEM.

«  MoaudunumpoBaHmne CTPOUTESNIbHbIX MAaTePMANOB HAHOBOOKHaMM.

« [ucnepcHble KOMNO3ULMOHHbIE MaTepurasibl C HAHOMOKPbITUEM.

«  QopmnpoBaHMe HAHOCTPYKTYPHbIX MOKPbITU Ta3ePHbIM HamMbIIEHNEM.

« Pa3paboTka MeTofoB MCCIef0BaHMA HAHOCTPYKTYPbl MaTEPMANOB HAa OCHOBE AMCMEPCHbIX CUCTEM, B TOM uuncie
NCCneaoBaHUsi HAHOOOBEKTOB MYCTOTbI B MOPUCTbIX CUCTEMAX.

+ TexHonoruuv nccnegoBaHmA CBONCTB HAHOMATEPUAnoB.

«  Cunctembl NpenofaBaHnsa OCHOB HAHOTEXHOMOTUIA.

Temamuka cmamed Moxem 6bimb UHOU, NPAMO UJTU KOCBEHHO CB8A3AHHOU C Nepeyuc/ieHHbIMU HaNPasgieHUusMUu.
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OdopmneHne 6mbnnorpadunyecKkmnx cCboK
(B coorBeTcTBUN ¢ TOCT P 7.0.5-2008 nTOCT P 7.0.7-2009)

Bu6nuorpaduuecknii cCnMcok NPUBOANTCA NOCEe TeKCTa cTaTbu. Bce ccbinkm B cnucke nocnegoBaTenibHO
HyMmepyloTCcS.

OnuncaHme cTaTby U3 3/IEKTPOHHOIO XXypHana:

Q®anukmaH B.P, BanHep A.Al. DoToKaTanMTnyeckmne LemMeHTHble KOMMNO3UTbI, COAep Kallie Me30nopucTble HaHOoYa-
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.

OnuncaHue cTaTby U3 XKYPHaNoB:
3arypeHko A.l, KopotoBckux B.A., KonecHukos A.A., TumoHoB A.B., KapabimoH [1.B. TexHnKo-3KOHOMMUYeCKadA on-
TUMK3aUus au3aiHa rmgpopaspoiBa nnacta // HedraHoe xo3amctso. — 2008. — N2 11. — C. 54-57.
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ActaxoB M.B., TaraHues T.B. SkcnepumeHTanbHoe UCCiefoBaHe NPOYHOCTU COeAUHEHNA «CTaNlb-KOMMO3UT» //
Tpyabl MITY «MaTemaTmnyeckoe MOAeNMPOBaHME CIOXKHbIX TEXHUYECKUX cucTem». — 2006. — N2 593. - C. 125-130.

OnucaHwme ctatbu c DOL:

Kopones E.B., CmupHoB B.A., EBcTurHees A.B. HaHOCTpyKTypa MaTpuL, CEPHbIX CTPOUTESNIbHbIX KOMMO3UTOB: METO-
[ONorusA, MeTofbl, MHCTPyMeHTapuii // HaHoTexHonorum B ctpoutensctae. — 2014. — Tom 6, N2 6. — C. 106-148. DOI:
10.15828/2075-8545-2014-6-6-106-148

OnucaHue maTepranoB KOHGepeHLuia:

YcmaHoB T.C., T'ycmaHos A.A., Mynnarun U.3., MyxameTwuHa PIO., Yepssakosa A.H., CeelwHunkos A.B. OcobeHHOCTM
pa3paboTKy MeCTOPOXAEHWA C MOMOLLbIO MMAPABAMYECKOro pa3pbiBa niacta // Tpyabl 6 MexayHapogHoOro cummno-
3uyma «HoBble pecypcocbeperatoLirie TEXHONOM HEAPOMOJb30BaHUSA 1 MOBbIWEHNA HedTerazootgaum». — MockBa,
2007.-C.267-272.

OnucaHune KHUrn (MoHorpadumn, C6oOpHNKN):
Nungopd J1.C., MamunkoHunaHTc J1.T. SKcnnyaTayus TypboreHepaTopoB C HeNOCPEACTBEHHbIM OXaXKaeHuem. — Mo-
cKBa: M3a. dHeprua, 1972. - 352 c.

KaHeBckaa PJl. MaTemaTuueckoe MOAENMpPOBaHME TMAPOAMHAMUYECKMX MPOLIECCOB pPa3paboTKy MecTopoXae-
HWI yrneBogopoAaos. — Mxesck, 2002.

OnuncaHvie NnepeBoOAHON KHUIA:

TumoweHko C.IM., AHr O.X., YaBep Y. KonebaHusi B HXXeHepHOM fene. — 4-e usg. — Hblo-l7lopK: Yannu, 1974.- 521 c.
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