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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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LET'S FIGHT AGAINST CORONA VIRUS
TOGETHER!

Only 2 months have passed since the last issue N1 (2020) of electronic edition
«Nanotechnologies in Construction: A Scientific Internet-Journal». And the world has
changed dramatically. It concerns, first of all, spread of COVID-19 throughout the world.
On the 11 of March, 2020, the International Health Organization has declared that
breakout of the infection is of pandemic character. At the time of publication, according
to John Hopkins University, the diseased people have been revealed in more than two
hundred countries. There are many ill patients and deaths in the USA, Italy, Spain, France,
Great Britain, Germany, Iran and other countries. The number of the diseased people
and fatal outcomes is increasing in Russia too.

In the issue N2 1 (2020) the editors of «Nanotechnologies in Construction: A Scientific
Internet-Journal» wished, mainly, Chinese citizens that were in emergency situation in
that time, to overcome this harmful and tricky enemy. One should note the situation
has become much better in China. Our colleagues from Wuhan University has reported
that they had strictly followed the medical requirements: were under quarantine (some
of them didn’t leave their houses for 60 days!), perform personal hygiene rules (first of
all, regularly washed the hands with soap), avoided crowd places, wore medicine masks
if there was a risk of infection, keep the distance at least 1-1,5 meters from the people,
especially, from those with cough, catarrh and high temperature. The same rules are
recommended by IHO’s specialists to prevent illness.

Therefore, the editors, editorial council and editorial board of «Nanotechnologies in
Construction: A Scientific Internet-Journal» wish the infection COVID-19 were eliminated,
first of all, in the USA, Italy, Spain, France, Great Britain, Germany, Iran and other countries.
They also hope that the next issue will claim the suspension of COVID-19. Courage,
patience and good luck in the fight against the harmful and tricky enemy!

Nanobull

13 HAHO ctpoutca F'MIAycnex! ’ !‘f
GlGAsuccess is built from 1

http://nanobuild.ru 64 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in Construction: A Scientific Internet-Journal 2020; 12 (2):
HaHoTexHonornn B cTponTenbCTBE: HayuHbI IHTepHeT-XKypHan 59-64 NanObL" )

NU3OAETCA NMPU NOAAEPXKKE

AVAN

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.
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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 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 mex0yHapoOHO20 pedaKkyUuOHHO20 cosema

YEPHbILLUOB EBreHuin Muxannosu4 - akagemvk PAACH, npepcepatens Mpesnauyma LleHTpanbHOro permoHansHoro
oTaeneHna POCCMINCKOM aKaleMny apXUTEKTYPbl U CTPOUTESNIbHBIX 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,
rnaBHbI 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 TEXHOMOMMUYECKoro yHBepcuTeTa (Kutai); 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 npoekta «Nanobuild.rux, rnaBHbi yuéHblli ceKpeTapb 1 BULle-npe-
3upeHT Poccnnckon n MexgyHapoaHOW HXeHepHbIX akagemun, akagemuk PUA n MUA, KaHgnaat TeXHNYeCKNX Hayk,
uneH Coto3a xypHanuctoB Mocksbl, Poccumn n MexayHapogHoi defiepaunm xypHanucTtos, Poccniickana Oegepaums

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 NHXeHepHOM akagemuu, MoyeTHbI YneH VIHXeHepHbIX
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 HemeTtannmyeckum matepuanam PAH, 3amectutens
npepcepatena KoopanHaLuMoOHHOro 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 MoCcKoBCKOro rocygapCcTBeH-
HOrO CTPOUTENBHOIO YHMBepcuTeTa, 1-1 Buue-npesngeHT PAACH, akagemuk 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 PEAOAKUUWOHHAA KONNETnNA
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 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 mex0yHapoOHoU pedakyuoHHOU Kosuieauu

Mutep . M. BAPTOLLU - 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 PAUOINEKTPOHKKIY, 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 yNpaBneHns, 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
PykoBoguTenb rpynmbl MO BHELWHVM CBA3AM — KaHA,. TexH. Hayk MYMUWHOBA CeetnaHna PawmpoBsHa

YYPEOAUTEJNIb U N3AATEJNb

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

dneKTpoHHOe nspgaHune «<HaHoTexHonorMn B CTpouUTENbCTBE: HaY4HbIN IHTepHET-KypHan» 3aperncTpupoBaHo
KaK CamocToATeNIbHOe CPeACTBO MaccoBol nHbopmaunn 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 gpyrue. Kaxagon HayuHou cTaTbe npucansatotca YK, DOL.

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.
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OBbEANHUM YCUNTUA
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C MOMeHTa BbIXOAa 2NEKTPOHHOro n3gaHnAa «<HaHOTEXHONOrNY B CTPOUTENbCTBE: Ha-
yuHbI MHTepHeT-KypHan» N2 1, 2020 npoLwwno Bcero 2 mecaua. Ho B Mupe npounsownmu
6onblune n3meHeHus. U, npexae BCero, 3To KacaeTca pacnpoCTpaHeHnsA No BCeMy MUpY
KopoHaBupycHom nHpekumm COVID-19 HoBoro Tnna. 11 mapTa 2020 roga BcemupHas
opraHu3auma 3gpaBooxpaHeHns (BO3) o6bABMNa, YTO BCMbILKa Nprobpena xapakTep
naHaemun. B mmpe Ha MOMeHT Nybnukaumm, No AaHHbIM yHUBepcuTeTa [IKoHCa XONKUH-
Ca, BbiABNEHbI 3aboneBLne 6onee yem B ABYX COTHAX CTpaH. OueHb MHOTo 3a6oneBLnx
1 netanbHbix ncxonoB B CLUA, Utanuu, Vicnanun, @paHunn, BenvkobputaHuu, lfepmanmy,
NpaHe n B gpyrux ctpaHax. Pactet uncno 3aboneswunx n ymepwmx B Poccun.

B anekTpoHHOM 13gaHnn «HaHOTEXHONOrMK B CTPOUTENbLCTBE: HAaYUYHbIN IHTepHeT-Xyp-
Han» N2 1, 2020 pepakumsa xenana cnpaBuUTbCA C STUM OMNACHbIM 1 KOBAaPHbIM Bparom,
npexpae Bcero, Xutenam Kntana, KoTopble Ha TOT MOMEHT HaxoAUNMCb B Ype3Bblyan-
HOM cuTyauunu. Ml xouetca oTMeTUTb, YTO CUTYyaLma B KnTae 3HauMTeNIbHO ynyudLllmniach.
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BbIXOAUNM 13 foMa 6onee 60 cyTok!), cobnogany npasuna NMMYHOM rMrneHbl (Npexae
BCEro — PErynapHO MbIIN PYKK C MblIOM), n3berany 60nbLIoro KonmyecTsa Noaen, Ho-
CUNU MeAULNHCKNE MACKM NPY HalMumMm ONacHOCTN 3apa3nTbCa, fIepKanuch oT Nogen
Ha pPaccToAHUN Kak MUHUMYM 1-1,5 meTpa, 0CO6EHHO eCnn y HUX Kallenb, HACMOPK 1
NOBbILWEHHaA TemnepaTtypa. ITO e peKoOMeHaYT 1 cneunanmctbl BO3, utobbl He 3a-
pa3nTbcA.

MNosToMy pepakuma, pefakunoHHbIA COBET U pefakLuMOoHHaA Konnerna «HaHoTexHo-
NIOrNN B CTPOUTENbCTBE: HAay4YHbI VIHTepHeT-XKypHas» XenatwT CNpaBUTbCA C KOPOHa-
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B C/IeAyloLEeM HOMepe XypHana MOXHO 6yaeT coobLWKTb, UTO pacnpoCTPaHeHMe Ko-
poHaBupycHon nHoekumnmn COVID-19 npuocTtaHoBneHo. My»kecTBa, TepneHns 1 ygauu
B 6opbbe C 3TM OnacHbIM U KOBapHbIM Bparom!
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ABSTRACT: To improve physical and mechanical properties of pavements new materials with nanomodified additives are being
actively developed. The authors are investigating the properties of road petroleum bitumen with nanomaterial Taunit.

At the initial stage, oil bitumen was heated to 100° C. Then carbon nanomaterial «Taunit» was added. After that, the mixture was
stirred in an ultrasonic homogenizer until even distribution of the carbon nanomaterial in the total volume. The process of cooling
of the final structure was carried out until the end of the crystallization process. Then, the specimens are exposed to tension and
strength tests with a constant rate of deformation or loading until the moment of rupture on the testing machines. Mixing with
other components of asphalt concrete in the standard mode follows the nanomodification of the bituminous mixture.

Under increased temperatures the bitumen mixture keeps properties of an effective binder. It was revealed that the modified
carbon bitumen has good thermal properties, namely, it has a higher softening temperature (At is in the range from 6 to 10°C).
The indicator, which indirectly characterizes the degree of hardness of bitumen solutions, is within the limits of GOST standards,
decreases by 15-20%.

KEYWORDS: pavement, oil bitumen, Taunit nanomaterial, adhesion.
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INTRODUCTION
The roadbed of roads includes the following com-

t the present stage, research in the country on ponents:

he study of nanotechnology is in demand and is ac- — oil road bitumen, which is a cementitious material
tively supported by the government of the Russian Federa- and the basis for the development of nanomodified
tion, and is on the list of priority tasks for the development bitumen;
of technology and science. In Tatarstan, considerable =~ — slag crushed stone;
attention is paid to the creation of new types of products  — sand of the required size modulus;
modified by nanotubes. Scientific interest at the practi- — finely dispersed mineral powder, which imparts

cal level is the improvement of the operational proper-
ties of pavements based on the modification of bitumen
with the addition of carbon nanotubes for the production
of the required export-oriented and import-substituting

strength properties to the roadbed.

For the construction of high quality roads, the quality
of raw materials, namely the quality of bitumen, is impor-
tant [10]. Bitumens are resinous or solid substances that

products [1-3].

The ever-increasing fleet of vehicles requires good
quality roads. However, at present, we often face the prob-
lem of poor-quality repair of the roadbed, which is being
carried out everywhere due to the poor quality of raw
materials for the manufacture of road surfaces. The up-
per wear layer periodically is renewed as it wears out and
determines the operational properties of the pavement

[4-9].

are a mixture of hydrocarbon fractions and their metal-
containing, nitrogenous, oxygen and sulfur derivatives.

MAIN PART

The development of building complexes determines
a high level of demand for bitumen, forcing producers to
produce bitumen from oils of various qualities, sometimes
not suitable for this. Such road bitumen is characterized
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by low adhesive, physical, mechanical and operational
properties. The priority issues are the quality of the road-
way, provided by increasing the strength characteristics
of the adhesive bond between the mineral filler and oil
bitumen, since this indicator plays a decisive role in main-
taining the integrity of the road surface [11—14].

The decisive characteristic of petroleum bitumen is
adhesion, which characterizes the ability of road bitumen
to adhere to the remaining component particles of the
asphalt mix. In the case of poor adhesion, sand and gravel
are detached from petroleum bitumen and the road sur-
face begins to crumble.

Thermotechnical characteristics of road bitumen are
also important. Thermotechnical characteristics of mate-
rials include the following properties: softening tempera-
ture, flash point, fire resistance, heat capacity, brittleness
temperature, thermal conductivity, etc.

The marking sign of viscous road bitumen, which in-
directly determines the viscosity, is the penetration value,
determined by the depth of penetration of the needle into
the bitumen mixture at temperatures of 25 and 0°C. The
penetration depth of the needle depends on the content
of a sphaltenes in oil bitumen and characterizes the per-
formance properties of bitumen, namely strength, heat
resistance and hardness.

The softening temperature of petroleum bitumen
characterizes the process of changing the viscosity com-
ponent of bitumen with temperature. This indicator is de-
termined by the “Ring and Ball” method, that is, the tem-
perature is determined at which the oil bitumen located in
the ring with the given dimensions softens during the test
and, moving under the influence of a metal ball, touches
the lower part of the plate, at this time the softening tem-
perature is fixed. Bitumen in the molten state is poured
into a copper ring, which is placed on a glass plate im-
pregnated with talc. A ball is placed on a copper ring with
a bitumen mixture and, together with a thermometric
device, is placed in a container of water. For a ball and
aring, in each case, the temperature value is determined
at which the bitumen extruded by the steel ball touches

the lower plate. When the ball presses through the bitu-
men, the test is repeated. In the case of a repeated test,
the bursting is repeated. Experimental measurements are
carried out in accordance with GOST 11506-73.

The fragility temperature is characterized by the tem-
perature of the destruction of oil bitumen under the action
of a short-term force.

The flash point is characterized by the lowest tem-
perature when oil bitumen vapors can flare up when a fire
source is brought to it above its surface. This indicator
characterizes the level of flammability of bitumen in case
of its heating.

All these characteristics must meet the requirements
of state industry standards [15]. When these indicators
deviate from regulatory requirements, roads quickly be-
come unusable, which requires large financial costs for
the restoration and repair of pavements.

To solve the indicated problem, fundamental re-
search is actively carried out using nanomodified materi-
als. Such materials are obtained by adding particles with
very small sizes of about a few nano- and micrometers
to traditional materials in order to improve the required
characteristics and properties of materials [16—19].
There are many different types of nano-additives. It is
proposed to use bitumen composite nanomodified mate-
rials, namely carbon nanotubes. Carbon nanotubes can
be represented as an extended cylindrical structure hav-
ing a diameter of several tens of nanometers and a length
of several centimeters. There are technologies that allow
you to weave nanotubes in the form of filaments of un-
limited length. They may look like one or several tubular
rolled graphene planes with a hemispherical head at
the end, and considered as part of a fullerene molecule
[20—25]. At present, the mechanism of fullerene forma-
tion has not been established. There is an assumption
that fullerenes appear from carbon atoms, which are
connected to each other in a layer consisting of six-
membered benzene articulated rings, then at a certain
moment the layer is folded into a polyhedron. The image
of nanotubes is shown in Fig. 1.

Fig. 1. Image of nanotubes
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Table 1
Parameters of carbon nanomaterial “Taunit”
Characteristics
Carbon : : : : :
nanomaterial | Inner diameter, - Outside T, e Specific geomeztrl- Bulk den351ty
nm diameter, nm cal surface, m?/g g/cm
Taunit 5—-10 20-70 2 and more 120 and more 0.4-0.6
Taunit — MD 4-8 8—15 2 and more 300 and more 0.03-0.05
Taunit M 10-20 30-80 20 and more 180—200 0.03-0.05
RESULT AND DISCUSSION image under the microscope of the Taunit nanomaterial

For the production of asphalt mix, bitumen of the
BND 90/130 variety is used (the depth of penetration
of a needle with a thickness of 0.1 mm at a temperature
of 250°C is in the range from 91 to 130 mm). The com-
ponent “Taunit” was chosen as a carbon nanodditive
[26]. This component is a multilayer stacked nanotube,
mainly conical in the form of graphene layers. The total
amount of impurities in the Taunit product is within 1%,
and its thermal stability is up to 6000°C. Table 1 presents
the parameters of carbon nanomaterial “Taunit”.

To study the physical structure and properties of nano-
materials, we used equipment of the Center for Nanotech-
nology RT LLC (Kazan). The micrometer sizes of car-
bon nanomaterial granules are a structure in the form
of tangled bundles of carbon multi-walled nanotubes. The
microstructures of the Taunit material were investigated.
For this purpose, a high-resolution Merlin electronic field
emission scanning microscope manufactured by CARL
ZEISS was used. This microscope is used to measure
microrelief linear dimensions in various structures. The

is shown in Fig. 2.

Studies were carried out in a certain sequence.
At the initial stage, oil bitumen was heated to 100°C. Next,
Taunit carbon nanomaterial was added to the heated mix-
ture. The volume of carbon nanomaterial that is intro-
duced into the mixture is in the range of 0.01—0.005%
of the mass amount of bitumen. After that, this mixture
was mixed in an ultrasonic homogenizer until the carbon
nanomaterial was evenly distributed in the total volume.
The ultrasonic homogenization process is especially ef-
fective for grinding hard and soft particles. This process is
based on the application of the action of cavitation, when
the studied liquids are subjected to sufficiently intense
action of sound waves, the process is characterized by
the appearance of alternating low and high pressure cycles
(about 20,000 cycles per second). At low pressure, small
vacuum bubbles form. When the bubbles reach a certain
size during the period of high pressure, they instantly col-
lapse. The high velocity and high pressure of the liquid
jet are generated locally during an internal explosion,
and the turbulence and the resulting flows break apart

Fig. 2. Taunit nanomaterial under a microscope
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the particles and contribute to strong collisions between
the individual particles. The cooling process of the result-
ing structure was carried out until the end of the crystal-
lization process. Then, control samples were tested for
tensile strength and at a constant rate of deformation or
loading up to the moment of rupture on testing machines.
Mixing with other components of asphalt concrete in
the standard mode occurs after the nanomodification
of the bitumen mixture.

As a result of the experiments, it was found that
the addition of a nanomodifier to the bitumen solution
significantly increases the elasticity and strength of the
resulting asphalt sheet. The following was established:
even insignificant mass additives (up to 0.005%) of carbon
nanomaterials increase the compressive strength of the
bitumen mixture. These characteristics were determined
by the depth of indentation of the stamp element into
the test samples.

We also studied the physical and mechanical proper-
ties of bitumen samples with modified carbon nanoma-
terials, namely, the softening temperature by the Ring
and Ball method and the penetration depth of the needle
by penetration. These properties make it possible to use
nanomodified bitumen as part of the asphalt mix in re-
gions with hot climatic conditions. As a result of the re-
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PE3IOME: [1na ynyuweHna Gpr3nko-mexaHn4eCcKmx CBONCTB [JOPOXKHbIX MOKPbITUI aKTUBHO pa3pabaTbiBalOTCA HOBble MaTepuanbl
¢ pobaBneHnem HaHoMoAUGMLMPOBaHHbIX A06aBOK. ABTOPbI NCCNEAYOT CBOMCTBA AOPOXKHOIO HedTAHOrO 6rTyma C gobasne-
HMeM HaHoMmaTepuana TayHuT.

Ha HauanbHoW cTagum HepTAHON 6UTYM Harpesanu go 100°C. lanee no6aBnsny yrnepoaHbli HaHoMaTtepuan «TayHuT». Mocne
3TOro CMeCb NepemMelLnBany B yNibTPa3ByKOBOM FOMOTreHr3aTope 10 TeX Nop, NMoKa YrinepoaHblii HaHOMaTepwran He 6bin paBHO-
MepHO pacnpeeneH no Bcemy obbemy. MpoLecc oxnaxaeHus nosyyeHHoM CTPYKTypbl MPOBOAMICA AO KOHLA NpoLecca Kpu-
cTannmMsaumm. 3atem KCrbiTbiBalOT 06pa3Lbl Ha PaCTAXKEHMWE U NMPOYHOCTb C NMOCTOAHHON CKOPOCTbIO AedOopMaLv U HArpy3KN
[0 MOMEHTa pa3pbiBa Ha MCMbITaTeNbHbIX MalnHax. CMellBaHve C APYrMU KOMMOHeHTamy acdanbTobeToHa B CTaHAAPTHOM
pexxume NponCXoanT nocse HaHomoanduKauuy GUTYMHOI CMecH.

Mpw NoBbIWEHHbIX TEMMepaTypax bUTyMHas cMecb COXpaHAEeT CBONCTBa 3GdeKTMBHOro cBA3yloLero. BoiaBneHo, yto mognduum-
POBaHHbIV YrepofHblii 6UTYM 06nafaeT XOpOoLIVMU TEPMMYECKUMIN CBOMCTBaMY, @ MMEHHO UMeeT 6osiee BbICOKYIO TemnepaTypy
pa3maryeHns (At HaxogmTca B grnanasoHe ot 6 go 10°C). MNokasaTtenb, KOTOPbIN KOCBEHHO XapaKTepusyeT CTerneHb TBepAoCTr
6UTYMHbBIX PacTBOPOB, HaxoauTtca B npepenax FOCToB, cHuxaeTca Ha 15-20%.

KJTKOYEBbIE CJIOBA: fopoxXHOe NOKpbITUE, HedTAHOWN BUTYM, HAHOMaTepuan «TayHWUT», aaresuns.

ANAa UUTUPOBAHMUA: Kuamos W.K., Baxutosa PU., Capauesa [.A., CugnHa [.B., Cabutos J1.C. ViccnegoBaHne CBOMCTB HaHOMa-
Tepuanos // HaHoTexHonorum B cTponTenbctae. — 2020. - Tom 12, N2 2. — C. 65-70. — DOI: 10.15828/2075-8545-2020-12-2-65-70.

BBEJEHUE

Ha COBPEMEHHOM 3Talle IIPOBOAMMEIC B CTpaHE
UCCJIeTOBAHUS TTO U3YYEHUI0O HAHOTEXHOJIOTU I
BOCTpPeOOBAaHBI M aKTUBHO MOMIEPXKUBAIOTCS IIPaBU-
TeIbcTBOM P®, HaxomsITcs B CIIMCKE IIPUOPUTETHBIX
3a7ad 10 Pa3BUTHIO TeXHUKN 1 Hayku. B Tatapcrane
yIeasieTcsl 3HaYUTEIbHOe BHIMAHNE CO3MaHNUI0 HOBBIX
BUIOB MPOAYKIUU, MOIUMDUIIUPOBAHHBIX HAHOTPYO-
Kamu. HaydHBI MHTEpec Ha TIPaKTUIECKOM YPOBHE
TIPeICTaBIsIeT CO0OM yaydlIeHe SKCIUTyaTallMOHHBIX
CBOWMCTB TOPOKHBIX IIOKPHITUI Ha OCHOBE MOAM(pUKA-
MY OUTYMOB C TOOABJICHUEM YIJIEPOTHBIX HAHOTPYOOK
IUTSI TIPOM3BOICTBA TPEOYEeMBIX SKCITIOPTOOPUEHTHUPOBAH-
HOM 1 UMIIOPTO3aMelaronIeii mpomykunu [ 1—3].
[ToCTOSTHHO YBETMUMBAOIIMIICS ITAPK TPAHCIIOPTHBIX
CpeICTB TpeOyeT aBTOMOOWIIBHBIC TOPOTH XOPOIIIETo Ka-
gecTBa. OTHAKO B HACTOSIIIIEE BPEMsI YACTO CTAIKUBACM-
¢4 ¢ IIpo0IeMOIt HeKaueCTBEHHOTO PEMOHTA JOPOXKHOTO

MOJIOTHA, KOTOPBIA BEAETCS IOBCEMECTHO 13-3a HU3KOTO

KauyecTBa ChIPbsI JJIS1 UBTOTOBJIEHUS TOPOKHBIX MOKPBI-

Tuii. BepxHuii U3HAIIMBAIOIIUIACS CJION MEPUOANYECKHU

BO300HOBJISIETCS IO MEPE €r0 UCTUPAHUS U OTIPEIEsIeT

9KCIUTyaTallMOHHbIE CBOMCTBA JOPOXHOTO MOKPBITUS

[4-5].

JIopoXHOE MOJIOTHO aBTOMOOMJIbHBIX TOPOT BKJIIO-
yaeT B ce0s ciienyrole KOMIOHEHTHI:

— HedTIHbIe TOPOXKHbIE OUTYMBI, SIBJISIONIAECS BSI-
XKYIIMM MaTepuajoM U OCHOBOU JJis1 pa3pabOTKu
HaHOMOAU(PUIIUPOBAHHBIX OUTYMOB;

— 1e0eHb IIaKOBbIH;

— TIeCOK TpeOyeMOro MOyJisi KpyIHOCTH;

— TOHKOJWCMEPCHBII MUHEPaJIbHBIN MOPOLIOK, MpUIa-
01U TOPOXHOMY MOJIOTHY ITPOYHOCTHbBIE CBOMCTBA.
JI11 CTpOUTENBCTBA ABTOMOOWIBLHBIX IOPOT BHICOKO-

ro KauecTBa BaXKHOE 3HAUEHUE MMEET KaueCTBO ChIPbS,

a UMEHHO KadecTBo OuTyMma [6]. Butymsr — 310 cMOITO-

MoaoOHbIE WX TBEpble BEIlleCTBa, MPEACTaBIISIOIINE
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c0001f cMeCh YIIeBOIOPOIHBIX (hpaKIIUiA ¥ X METAJUIO-
COIEPKAIINX, A30TUCTHIX, KUCIOPOIUCTBIX M CEPHUCTBIX
TIPON3BOIHBIX.

OCHOBHAA YACTb

Pa3zBuTHe CTpONTEIBHBIX KOMIUIEKCOB OIIPEICISI-
€T BBEICOKHMI YPOBEHbB CIIpOca Ha OMTYMBI, BEIHYKIas
TIPOM3BOMAUTEJICH TIPX 3TOM K IIPOM3BOIACTBY OMTYMOB
13 HeTell pa3IMIHOro KauecTBa, MHOTIA He TIPUTOIHBIX
IUTsT TOTO. TaKkMe MOpOKHEBIC OMTYMBI XapaKTePU3YIOTCS
HU3KUMU aATe3MOHHBIMHU, (PU3NKO-MEeXaHUIECKIMU
¥ 3KCIUTyaTallMOHHBIMHU CBOMcTBaMu. [1propuTeTHHI-
MM SIBJITIOTCS BOITIPOCHI KaUeCTBAa TOPOKHOTO TTOJIOTHA,
obecrieyBacMbIe TTOBHITIICHNEM ITPOYHOCTHOM Xapak-
TEPUCTUKH aATre3MOHHOU CBSI3M MEXIY MIUHEPATbHBIM
HAITOJIHUTEJIEM W He(PTSIHBIM OUTYMOM, TaK KaK 3TOT
TOKa3aTeJlb UTpacT PEIIAIONIyI0 POJIb B COXpaHCHUM
IEJTOCTHOCTH JIOPOKHOTO TTOKphITHS [7—10].

Omnpenelnstionieit XapaKTepUCTUKON HE(DTIHOTO
OMTYyMa MOXHO BBIICINTH aAre3mnio, XapaKTepu3yio-
IIYIO CITOCOOHOCTH MOPOXKHOTO OMTyMa CIETIISIThCS
C OCTaJJbHBIMH KOMITOHCHTHBIMM YacTUIIaMM acdaib-
TOOCTOHHOI cMecH. B cirygae HM3KOTO KadyecTBa ajre-
3MOHHOM CITOCOOHOCTH IECOK U IIeOCHB OTUEILISIOTCS
OT He(TSITHOTO OMTYMa, 1 MOPOKHOE IMTOJIOTHO HAUMHACT
KPOIINUThCS.

BaxkHBIMM TaKoKe SIBIISTIOTCS U TEIIOTEXHIUICCKIE Xa-
PaKTEePUCTUKY TOPOKHBIX OMTYMOB. TeIIOTEXHIICCKIE
XapaKTePUCTUKH MaTePUAIOB BKITIOYAIOT B CCOSI CIICIYIO-
e CBOMCTBA: TEMIIepaTypa pa3MsITIeHNSI, TeMIIepaTypa
BCIIBIIIKM, OTHECTOMKOCTD, TEITIOEMKOCTb, TEMIIepaTypa
XPYIKOCTH, TEIIJIOIIPOBOTHOCTD U T.II.

MapKrpOBOYHBIM MPU3HAKOM JOPOXKHBIX BSI3KHX
OUTYMOB, KOCBEHHBIM 00pa30M OIIPEACIISIONINM BSI3-
KOCTb, SIBJISIETCSI 3HAUCHUE TICHETPaIlNH, OIIpeaeisie-
Moe TIyOMHOM MPOHNKAHMS UTJIBI B ONTYMHYIO CMECh
npu temnepatypax 25 u 0°C. I'mybuHa mpoOHUKHOBE -
HUS UTJIBI 3aBUCHUT OT COACPKaHMSI ac(haJTbTeHOB B He-
(TsTHOM OMTYME U XapaKTepr3yeT IKCILTyaTallHOHHBIC
CBOIicTBa OMTyMa, a MMEHHO IIPOYHOCTH, TETUIOCTOI -
KOCTh ¥ TBEPIOCTbD.

TemmepaTypa pa3MsrdeHIs HEDTIHOTO OUTyMa Xa-
pakTepu3yeT IPpollecC M3MEHEHNS BI3KOCTHOM COCTaB-
JISIOIIE OUTYyMa ¢ M3MEHEHHEM TeMITepaTyphl. DTOT
TOKa3aTelb oIpenessaeTcss MeTonoM «KoJblra 1 mapa»,
TO €CTh OIIpeelIIeTCS TeMIIepaTypa, P KOTOPOi He-
(TsaHOI OMTYM, PacTIOIOXEHHBIN B KOJIBIIE C 3aJaH-
HBIMH pa3MepaMu, TP UCTIBITAHUH pa3MsrdacTcs U,
MO IeMCTBUEM METAUTMUECKOTO IIapuKa IepeMera-
SICh, KacaceTcCsT HMKHEH YacTH TJIAaCTUHKY, B 3TO BpeMsI
(ukcupyeTcs 3HAUCHUE TEMIIEPATYPhI Pa3MSITUCHMUS.
Bbuty™m B pacIuraBlIeHHOM COCTOSTHUM 3aJTUBACTCS B MEI-
HOE KOJIBII0, KOTOPOE YKJIAAbIBACTCSI Ha CTCKIITHHYIO
TUTACTUHY, TIPONTUTAaHHYIO TaIbKoM. Ha MemHOe KOIbIio

¢ OUTYMHO CMEChIO HaKJIaAbIBAETCsI IIAPHUK U COBMECT-
HO C TEPMOMETPUUYECKUM MTPUOOPOM MOMEIIAETCS B €M-
KOCTb ¢ Bofoii. {7151 maprka 1 KoJiblia B KaXKaoM cllydae
OMpeNeISIIOT TEMITEpAaTypHOE 3HaUYeHUE, TPU KOTOPOM
OUTYM, BbIIABAMBAEMbIl CTaIbHBIM IIAPUKOM, KacaeT-
cd HUKHeW mmactTuHku. Korna mapuk nponaBiuBaeT
OUTYM, UCTIBITAHUE TTIOBTOPSIOT. B ciiyyae mMoBTOpHO-
IO MCTIBITAaHUS TIPOAaBIUBaHIE TTIOBTOPSIETCSI. DKCITe-
PUMEHTAJIbHBIE 3aMePbl MPOBOASTCS B COOTBETCTBUM
¢ 'OCT 11506-73.

TemniepaTypa XpynKoCTH XapaKTepu3yeTcsl TemIiepa-
Typoil pazpylieHust HeTIHOTo OMTyMa Mo A1eCTBUEM
MPUIOXKEHHOU KpaTKOBPEMEHHO CUJIBI.

Temnepatypa BCIbILIKY XapaKTepr3yeTcss HAMMEHb-
et TeMIrepaTypoii, Koraa mapbl He(pTSIHOTO OnTyMa
MOTYT BCTIBIXHYTh MPU MOJAHECEHUN K HEMY UCTOYHUKA
OTHS HaJl €TO TTOBEPXHOCTHIO. DTOT ITOKa3aTellb XapaK-
TepU3yeT YPOBEHb OTHEOIIACHOCTU OUTyMa B CJIydae ero
pasorpesna.

Bce a1 xapaKTepuCcTUKM 10IKHBI COOTBETCTBOBATD
TpeOOBaHUSIM TOCYIAPCTBEHHBIX OTPACIEBbIX CTAHAAP-
toB [11]. IIpn OTKIIOHEHUM 3TUX IMOKA3aTeNeii OT HOP-
MAaTUBHBIX TpeOOBAaHUI aBTOMOOUJIbHBIE TOPOTU OBICTPO
MPUXOISIT B HETOJHOE COCTOSIHUE, YTO TpeOyeT OoblIne
¢UrHaHCOBbBIE 3aTpaThl HA BOCCTAHOBJIEHUE U PEMOHT
JIOPOKHBIX TOKPBITUIA.

Jlns pemeHust 0003HaYEHHOM Mpo0JIEeMbl AKTUBHO
MpoBOAAT (PyHIAMEHTalbHbIE UCCIIEI0OBAHUS C MTPU-
MEHEHUEM HAaHOMOAUMUIIMPOBAHHBIX MaTEpUATIOB.
Takue Matepuraibl MOIYYarOTCS METOAOM 100aBJICHUS
B TPaIMLIMOHHBIE MaTE€pUaJbl YACTUIL] C OYEHb MaJIbI-
MU pazMepaMu OKOJIO HECKOJIbKUX HAHO- U MUKPOMeE-
TPOB C LIEJbIO YIYUIIeHUS TPeOyeMbIX XapaKTEpUCTUK
n cBoiicTB MaTepuanoB [12—13]. CymecTByeT MHO-
ro pa3Ju4yHbIX BUAOB HaHomoOaBok. [lpennaraercs
MPUMEHSITbL OUTYMHBIE KOMITO3UIIMOHHBIE HAHOMO-
IU(UUIMPOBAHHBIE MaTepUalibl, a UMEHHO YIJepo/-
Hble HAHOTPYOKU. YTJIepOoaHbIe HAHOTPYOKU MOXKHO
IIPEICTAaBUTh KaK MPOTSKCHHYIO TUJINHIPUICCKYIO
CTPYKTYPY, UMEIONIYIO TUaMETP B HECKOJILKO AECITKOB
HAHOMETPOB 1 JUIMHY B HECKOJIBKO CAaHTUMETpOB. Cy-
LIECTBYIOT TEXHOJIOTMU, KOTOPbIE MO3BOJISIIOT CILJIETATh
HaHOTPYOKHU B BUJE HUTEH HEOTPAaHWUYEHHOU IJIMHBI.
OHM MOTYT BBEIIVISIIETh KaK OJHA YJIM HECKOJIBKO TPYO-
YaTbIX CBEPHYTHIX Tpa()eHOBBIX MJIOCKOCTEN, UMEIOIINX
morychepruiecKyro TOJIOBKY B KOHIIE, M pacCMaTpu-
BaIONIYIOCS KaK 4acTh MOJIEKYJIBI (pyyuiepeHa [14—15].
B nacrostmmii mepuon MexaHu3M oOpa3oBaHuUs (yi-
JIEpEHOB He YyCTaHOBJIeH. EcTh IIpenmonaoxkeHne, 4To
dyiiepeHbl MOSIBISIOTCS U3 aTOMOB yrjiepoaa, KOTo-
pBie COeMUHSIIOTCS MeXAy cOo00I B CIOM, COCTOSIIIIUIA
13 0€H30JbHBIX IECTUUJIEHHBIX COUJIEHEHHBIX KOJIell,
3aTeM B OIpeAeSIeHHbIi MOMEHT CBOPAUYMBAIOT CJIOM
B KaKoW-11nb0 MHOrorpaHHukK. M3o0paxkeHue HaHO-
TpyOOK IT0Ka3aHo Ha puc. 1.
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Puc. 1. I300pakeHne HAHOTPYOOK

IMPOBEJAEHUNE DKCIIEPUMEHTOB

st usroropieHus achajabTOOETOHHON CMECH TIpu-
MeHsIoT onTyM pasHoBugHoct BHJI 90/130 (rmy6ouna
TIPOHUKAHUS U TOMIIUHEI 0,1 MM TIpU TeMITepaType
25°C Haxomutcs B mrana3oHe ot 91 mo 130 mm). B xaue-
CTBE YIJIEpOIHOI HAHOIO0ABKY OBLT BEIOPaH KOMIIOHEHT
«TayHuUT». DTOT KOMIIOHEHT MPEACTaBIISIET COOOI MHO-
TOCJIOMHBIC TAKETUPOBAHHBIC HAHOTPYOKM, B OCHOBHOM,
KOHMYECKOI (popMbI TpadeHOBBIX ci1oeB. OO 00beM
puMeceil B IpoayKTe « ayHUT» HaXOMUTCS B TIpenesiax
1%, a ero tepmocTtadbmibHoCTh — 10 6000C. B Ta6:. 1
TIpeICTaBIICHEI ITapaMeTPhI YIJICPOIHOTO HaHOMAaTepraja
«TayHuT».

Hnsg nsydyeHUs: GU3NIECKON CTPYKTYPHI M CBOMCTB
HaHOMAaTepUaIoB UcHoab30BaM obopyroBane OO0
«entp Ha"orexHonoruii PT» (1. Kazans). Mukpome-
TPUUYECKUX pa3MEPOB I'PaHYIIBI YIJIIEPOTHOTO HaHOMATe-
pHajia IpeaCcTaBISIIOT CO00M CTPYKTYPY B BUIE CITyTaH-
HBIX ITYYKOB YTJIICPOTHBIX MHOTOCTEHHBIX HAHOTPYOOK.
HccenoBamich MUKPOCTPYKTYPBI MaTepraa « [ayHuT.
C 2TOM 1IeJTbIO IPUMEHIIIH 3JICKTPOHHBIN aBTO3MMCCH-
OHHBII CKAaHUPYIOIINI BBICOKOPA3PEIIAOIIAN MUKPO-
ckon Merlin mpousBoactBa kommanun CARL ZEISS.
DTOT MUKPOCKOIT IPUMEHSIETCS IJIST M3MEPEHUIT MUKPO-

peiibeHBIX TMHEUHBIX Pa3MEPOB Y Pa3INYHbIX CTPYK-
Typ. M300paxeHue rmoa MUKPOCKOIIOM HaHOMaTepuaja
«TayHuT» MOKa3aHO Ha puc. 2.

HccnenoBanust IpOBOAWINCH B OIPEEIEHHO 10~
ciefoBaTeIbHOCTU. Ha mepBoHaYalbHOM 3Talle OCy-
IIeCTBWIN HarpeB HedTssHOTo 6MTyMa 1o 100°C. danee
B pa30rpeTyio cMeCh N00AaBWIM YIJIEPOIHBII HAHOMA-
tepuan «Taynut». O6beM yrIepoOaIHOrO HaHOMATepUa-
J1a, KOTOPBIil BBOIUTCS B CMECh, HAXOAUTCS B IIpeaesiax
0,01-0,005 % ot maccoBoro Konudyectsa ouryma. [locie
9TOrO B YJIbTPa3BYKOBOM I'OMOTE€HM3aTOPE IEPEMEIIIN -
BaJIM JAHHYIO CMECh O PABHOMEPHOIO paclipeaesie-
HUs YIJIEPOJHOTO HaHOMAaTepuaja B 001IeM o0beMe.
[Ipoliecc yabTpa3ByKOBOI TOMOreHU3ALKN OCOOEHHO
¢ deKTUBEH 11 pa3MeIbYeHUS TBEPAbIX U MSITKUX Ya-
CTULI. DTOT IIPOLIECC OCHOBAH HA PUMEHEHUU ACUCTBUS
KaBUTALIMK, KOTIA UCCeAyeMbIe XUIKOCTH OABEPra-
I0TCSI JOCTATOYHO UHTEHCUBHOMY JICHCTBUIO 3BYKOBBIX
BOJIH, IIPOLIECC XapaKTePU3YETCsI BOSHUKHOBEHUEM Ue-
PEOYIOLINXCSI MEXKIY COOOM LIMKJIOB HU3KOIO 1 BBICOKO-
ro maieHnit (oxojo 20 000 muKI0oB B ceKyHAy). I1pm
HU3KOM JABJIEHUM 00Pa3yloTCs BAKYyMHbIE ITy3bIPb-
KU MaJIbIX pa3mepoB. [lpu nocTuxeHun my3blpbKaMu
OIIpeIe/IEHHOI0 pa3Mepa B IepUOJ AeHCTBUS BHICOKO-
o JaBJIEHUSI OHM MTHOBEHHO pa3pyilaiorcs. Beicokas

Tabauya 1
ITapameTpn! yriiepoanoro HaHomMatepuajia « TayHur»
XapakTepuCTHKH
e IToBepxnocTh
HAHOMATEPHAT Jduamerp Jnamerp IInoTHOCTH
BHYTPEHHHIi, HM | HApYXKHBbIil, HM ATGED e YACTLHAA TEOME- | L immas r/cem3
’ ’ TpUYECcKasi, M%/T

Taynut 5—10 20-70 2 u bonee 120 n 6oee 0,4-0,6

Taynnut — M]], 4-8 8—15 2 u bonee 300 u 6onee 0,03-0,05

Taynutr — M 10—-20 30—-80 20 u 6o7ee 180—200 0,03—-0,05
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Puc. 2. Hanomartepuan «TayHuT» noa MEKPOCKONOM

CKOPOCTh M BBICOKOE TaBJICHUE KUIKOCTHOI CTPYH Te-
HEPUPYIOTCS JIOKATHLHO BO BpeMsI BHYTPEHHETO B3PHIBA,
a TypOYJICHTHOCTD U ITOJYYCHHBIC TIOTOKU Pa3phIBAIOT
aHTJIOMEpaTHBIC YACTHUIIBI M CIIOCOOCTBYIOT CHJIBHBIM
CTOJIKHOBEHUSIM MEXKITy OTHEIbHBIMH YacTuIlaMu. [1po-
ecC OXJIaXKICHMS TIOJTYYeHHON CTPYKTYPHI OCYIIECT-
BJISUICS 1O OKOHYAHUS IIpollecca KpUCTaUTU3AIINH.
3areM Mpou3BelN MPOBEPKY KOHTPOIBHBIX 00pa3IloB
Ha pacTsKeHUE U IIPOYHOCTH C TIOCTOSTHHOM CKOPOCTBIO
nIeOpMUPOBAHNS MJIN HATPYKEHUSI IO MOMEHTA pa3phl-
Ba Ha NCITBITATeIbHBIX MamMHax. CMEIIeHNE C IpyTHU-
MM KOMITOHEHTaMH1 ac(abToOCTOHA TP CTAHIAPTHOM
pexXuMe ITPOUCXOIUT TTOCIe HAaHOMOTU(MUITUPOBAHNIS
OUTYMHOIT CMECH.

B pesymbrate IpoBeneHNUST 5KCIIEPUMEHTOB BEISIBIIIH,
YTO HoOaBIeHIE HaHOMOAU(UKaTOpa B ONTYMHBII pac-
TBOP 3HAYUTETHHO YBEIMUMUBACT YIIPYTOCTh ¥ IPOYHOCTH
oJIy4yaeMoTo ac(abTOBOTO MOJOTHA. YCTAaHOBUIN
cIemyroIee: 1axke He3HAUYNTEIbHBIC ITO Macce T00aBKH
(mo 0,005%) yriiepomHbBIX HAHOMATEPUAIOB ITOBHIIIIAIOT
TIPOYHOCTHBIC XapaKTePUCTUKN OUTYMHOM CMeCH TIpH
CcXKaTUU. DTU XapaKTEePUCTUKI OTIPEICIIVIIN IT0 TIIyOHE
BIaBJIMBAHUS IITAMIIOBOTO 3JIEMEHTA B MCCIIEIyeMbIe
00pasIbl.

Taxxe n3yannm prU3UKo-MeXaHNIeCKIE CBOCTBA
00pas3ioB 6UTyMa ¢ MOAU(PULIMPOBAHHBIMU YIJIEPO/ -
HBIMA HaHOMAaTepHajlaMH, a UMEHHO TeMIIepaTypy
pasMsITdeHUS MeTonoM «Kosblia u mapa» 1 TIIyOuHY
TIPOHUKAHUSI UTJIBI METOIOM ITeHeTpannu. JJaHHbIe
CBOIICTBA MAalOT BO3MOXKHOCTD MCIIOJIb30BaHUS HAaHO-
MoIu(PUIMPOBAHHOTO OUTYMa B cocTaBe achaibTobe-
TOHHOI CMECH B PETHOHAX C JKapKUMHU KIIMMaTUICCKIMU

yCIIOBUSIMU. B pe3ynbraTe IIpoBeaecHMST MCCICIOBaHMI
OBLJI0 YCTAaHOBJICHO, YTO MOAM(UIIMPOBAHHAS YIJIC-
pomHast OMTYMHasl cMeCh MMella YAyYIIeHHBIE TEILIO-
TEXHUYECKIME CBOMCTBA, TaK KaK 00JjIamaia JOCTaTOYHO
BBICOKOM TeMIlepaTypoil pasmsarueHus. [lokazaTens,
KOCBEHHO XapaKTepHU3YIOIINii YPOBEHb TBEPIOCTH OU-
TYMHBIX CMeCeil, a UMEHHO ITOKa3aTesIb IIeHeTPallnH,
HaXOIWJICS B TOMMYCTUMBIX IIperesiaX B COOTBETCTBUM
c Hopmamu I'OCTa [1].

HccenoBaHus ITOKA3bIBAIOT, YTO JasKe MAJIOE KOJIH-
YeCTBO YIVIEPOIHOTO HaHOMATepHaJa ITO3BOJISICT IIOBBI-
CHTB ITIPOYHOCTHBIC XapaKTePUCTUKI OMTYMHOM CMECH,
TaKWe KaK INIACTUYHOCTD, aITe3MOHHbIC CBOCTBA M TOJI-
roBe9HOCTh. CyIlecTByeT HeOOXOMUMOCTD B IIPOBEACHUN
HCCICIOBAHMI BIVSIHUASI HAHOCTPYKTYPHBIX U TTOJIMMED-
HBIX MOIM(MDUKATOPOB B KOMIUIEKCE Ha IIPOYHOCTHBIC
XapaKTePUCTUKHN HEPTIHBIX OUTYMOB [2].

3AK/IIOYEHUE

[Tpu TOBBITIIEHHBIX TEMTIEpATypaxX OUTYMHAsT CMECh
coxpaHsieT cBoiicTBa 3(P(PeKTUBHOTO BSIKYIIETO MaTe-
puana, u, KaK CJIeICTBUE, COXPAHSIOTCS KaueCTBEH-
HbIEe KCIUTyaTallMOHHbBIE TTapaMeTphl. BoIsiBUIN, 4TO
MOIU(UITUPOBAHHBIN YTIEPOIHBIN OUTYM UMEET XO-
pollne TeTIOTeXHUYECKNe CBOMCTBA, a UMEHHO 00-
Jamaet 0oJiee BHICOKOU TEMTIEpaTypoil pa3MsaTdyeHUs
(At HaxonguTcs B uHTepBaie ot 6 1o 10°C). [Toka3zaTeb,
KOTOPBIII KOCBEHHO XapaKTEepPU3yeT CTENEHb TBEPIOCTH
OUTYMHBIX PaCTBOPOB (TIOKa3aTeJb IIEHEeTPaINi ), HaX0-
nuTcs B ripenenax HopMm 'OCTa, a nnorga Ha 15—20%
YMEHbIIIaeTCs.
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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, an invention «A method to produce metal-polymer nanocomposite materials with metal nanoparticles»
refers to the method used in production of polymer articles with nanoparticles of silver or copper, widely applied in different
engineering areas and used as antibacterial material. The invention provides environmental responsible and reagentless method
to obtain polymer articles with metal nanoparticles which size is 5-15 nm and boosts rangeof polymers, including hemicrystalline
and amorphous glass-like ones.

The invention «Exfoliated polyurethane nanocomposite with polyfluoroalkyl groups» refers to design of composite and
nanocomposite materials and can be used to create materials applied in polymer industry, in particularly, in production of
solidcoatings for sport facilities, hydroinsulation and roof coatings, construction sealers and tribotechnical articles.

The specialists can also be interested in the following inventions in the area of nanotechnologies: a method to obtain metal
nanopowder from lead bronze wastes in distilled water, a method to produce collector plates, a water defluoridation method,an
exfoliated polyurethane nanocomposite with polyfluoroalkyl groups, amultifunctional grease lubricant for heavy loaded
friction joint, a thermostatic system to perform nanocalorimetric measurements, a self-hardening composition based on
polydimethylsiloxane et al.

KEYWORDS: nanotechnologies in construction, nanopowder materials, nanocomposite materials, nanoparticles, calorimetric
measurement.

FOR CITATION: Ivanov LA., Kapustin I.A., Borisova O.N., Pisarenko Zh.V. Nanotechnologies: a review of inventions and utility models.
Part Il. Nanotechnologies in Construction. 2020, Vol. 12, no. 2, pp. 71-76. DOI: 10.15828/2075-8545-2020-12-2-71-76.

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 metal-polymer nanocomposite
materials with metal nanoparticles (RU 2711427 C1)

Theinventionrefersto the method used to obtain poly-
mer products with silver or copper nanoparticles widely
applied in different engineering areas and used as anti-
bacterial material [1]. The method consists ofpullingp-
rolateshapepolymer product in organic solvent that con-
tains dissolved silver or copper salt, according to crazing
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mechanism or when impregnating open-porous polymer
matrix of physically active liquid-saturated medium with
dissolved silver or copper salt. Hemicrystalline glass-like
polymers which crystallinity is 20—80% or amorphous
glass-like polymers are used as initial polymer. Silver or
copper salt is selected among bromide, chloride, nitrate
or their mixture.

After that 150% or 200% pulled product is dried and
it is exposed toionizing radiation in the presence of hy-
droalcoholic medium with alcohol that provides deacti-
vation of forming OH-radicals. Radiation is performed
with efficient quantum energy that provides reduction
of the metal ions and formation of nanoparticles directly
in nanoporous structure of polymer matrix, for example,
under 16—25 keV. The invention provides environmental
responsible and reagentless method to obtain polymer
articles with metal nanoparticles which size is 5—15 nm
and boosts polymer range, including hemicrystalline and
amorphous glass-like ones.

A method to obtain metal nanopowder from lead bronze
wastes in distilled water(RU 2710707 C1)

The waste products of lead copper are exposed to
spark-erosion dispergating in distilled water with pulse
frequency95...105 Hz, electrode resistance 190...200 V
and condenser capacity 65,5 uF, after that separation
of nanosize particles from large-size ones is performed
by centrifuging solution [2]. Average cost per unit of en-
ergy for the production of the spark-erosion powder
made of lead copper wastes is 2,4 kg/kWh, that is less
than in other methods used for the same aim. The tech-
nical result is obtaining nanopowder from lead copper
wastes with regular spherical particles and low energy
consumption, ecological safety of spark-erosion dis-
pergation (SED).

Nanopowder materials obtained by lead copper waste
spark-erosion dispergating can be efficiently used to ap-
ply wear-resistant, antifrictional, corrosion-resistant,
antiscoring coatings — to restore and strengthen units
of equipment in mining and metallurgical industry, ve-
hicles, ships, energy supply and oil industries as well as
to spray decorative coatings.

A method to produce collector plates (RU 2710758 C1)

The invention refers to electric engineering, in par-
ticularly, to production of collector plate used in direct-
current machines and can be applied in machine building
plantsproducing direct-current machines. As collectors in
direct-current machines perform under high rotary veloc-
ity and mechanical loads and are exposed to dynamic im-
pacts, collector plates are to meet following requirement:
high electric- and thermal conductivity, low and stable
transition resistance, corrosion and friction resistance,

durability, proper plasticity, higher softening temperature,
specified processability [3].

Technical result is widened range of the methods for
collector plates production and at the same time increased
durability and electrical conductivity of the plates as well
as decreased plate pressuring power. Furnace charge is
prepared in paddle-type mixer, trapezoidal section plate
is pressed on slanting hobs, after that melting is performed
under 800°C temperature for 45 minutes and calibra-
tion is done under pressure 5 t/cm?. Furnace charge is
prepared from 98,5 mass.%copper electrolytic powder
and 1,5 mass.% carbon nanotubes modified with copper.
Lubricant taken in quantity 2,0 mass.% of furnace charge
weightis added into furnace charge. Lubricant is the result
of mixing 50 mass.% industrial oil and 50 mass.% kero-
sene oil. That provides increased durability and electric
conductivity of collector plates as well as decreased plate
pressuring power.

A multifunctional grease lubricant for heavy loaded
friction joints (RU 2711022 C1)

The invention refers to composition of multifunctional
grease lubricant for heavy loaded friction joints that can
be used in mobile machinery and stationary equipment
mechanisms of different purposes [4]. Application of mul-
tifunctional grease lubricant in heavy loaded friction joints
requires their composition to possess anti-wear/antiscor-
ingadditives, and/or fine-disperse additives and fillers
(molybdenum and wolfram disulfides, mineral carbon,
fluoroplastic, colloidal carbon), and/or nanostructured
functional additives of different nature.

Multifunctionalgreaselubricantcontains, mass.%:
gelling material — 4,0—25,0; nanostructured functional
additive — nanosize particles of borat and/or calcium
carbonate — 0,5—5,0; antioxidant — 0,2—0,5; corrosion
inhibitor — 0,0—2,0; additive with anti-wear and/or an-
tiscoring properties — 0,0—3,0; hard filler — 0,0—20,0;
base oil — up to 100. Achieved result is decreased wear
and scoring prevention due to formation of durable che-
misorptive film, thatprotects surface from friction, in
transition layer and modification gelling material fibers
with borat and/or calcium carbonate nanosize particles
in the course of formation of grease lubricants structural
framework.

An exfoliated polyurethane nanocomposite with
polyfluoroalkylgroups (RU 2711458 C2)

The invention refers to design of composite and nano-
composite materials and can be used to develop materials
applied in polymer industry, in particularly, in manufac-
ture of solid sport, hydroinsulation and roof coatings,
construction sealers and tribotechnical articles [5]. Exfo-
liated polyurethane nanocomposite with polyfluoroalkyl
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groups is described. The composite contains oligobuta-
dienediol, polymethylenepolyphenylenepolyisocyanate
with isocyanate group content 29,3 mass.%, glycerine,
stannumdibutyldilaurate and modifier. At this modifier is
montmorillonite preliminary dispersed with 1,1,3-trihy-
droperfluoropropanol-1 in ultrasound field with frequency
40 kHz under 30°C in n-heptane medium. The invention
provides nanocomposite with increased thermal-oxidative
resistance and water-repellency.

A thermostaticsystemtoperformnanocalorimetricmeas
urements (RU 2711563 C1)

The invention refers to instrument manufacture
and can be used to conduct combined in-situ research
of structure and thermophysical properties of different
materials within wide temperature range [6]. The pre-
sented invention for thermostat control of new genera-
tion nanocalorimetric sensors makes it possible to place
severalnanocalorimetric sensors of different types (XEN-
40014, XEN T08, FlashDSC chip) inside the frame. The
system can be integrated into instrument group to mea-
sure thermophysical and structural parameters of the
samples. The system boosts applicability of nanocalo-
rimetric methods due to possibility to heat sample up to
450°C and to cool it up to —20°C. Moreover, the configu-
ration of the system allows using sensors with two active
zones, one of which can be reference cell.

The system consists of the frame made in such a way to
link up connector and it possesses windows of radiotrans-
parent material. The frame comprisesa nanocalorimetric
sensor, a rectangular Peltier element, a heat-transport
plate made of thermal-conductive material, a liquid-cool-
ing system embedded into frame. The heat-transport plate
has a hole to radiation transport, and the sensor with stud-
ied sample is fixed on this plate in such a way to provide
displacement of sensor active part within hole projection.
Electronic boards are embedded into the frame to provide
possibility to connect different sensors. Technicalresulti-
simprovedqualityofconductedresearch.

A subnanosecondelectron accelerator (RU 2711213 C1)

Theinventionreferstosubnanosecond electron accel-
erator [7]. The accelerator contains nanosecond high-
voltage impulse source, gas-filled generator of nanosec-
ond voltage impulses and accelerating tube. The frame-
work of the former is dismountable and it consists of two
units between which fusible element is leaktight installed.
An inner conductor of the second forming line is fixed on
the fusible element with cone hollow isolator. The fus-
ible element is connected to the second unit with the use
of centering elements to provide mutual radialpulseof
the conductors in the second forming line no more than
0.2 mm. The first forming line is in the first unit, a trans-

mitting line and accelerating tube are un the second unit.
Impulse travel time in the transmitting line is 0.3—0.5 ns
and the iterative impedance is 40—80 Ohm. The inner
conductor of the transmitting line in the zone that joints
tube isolator contains biconic radial projection that cuts
opening distance between projection and core electrode
in front of the projection.

The technical result is expanded performance charac-
teristics of accelerator and keeping outcome parameters
due to shorter length of the former, enhanced service and
improved performance reliability in the presence of vi-
bration and other destabilizing factors as well as due to
improved mutual coincidence of conductors in the second
forming line.

A method to produce fluorescent ceramics on the basis
of complex oxides with garnet structure (RU 2711318 C2)

Theinventionrefersto the methods used to produce
ceramic fluorescent and scintillation materials [8]. These
materials are used as scintillator for X-ray computed to-
mography, screening equipment et al., as well as lumino-
phor for solid-state lighting. The method allows obtain-
ing nanostructures powders and fluorescent ceramics on
the basis of them with the content of Gd, Ga, Ce, Al and
if it is necessary Y.

The method consists of the following consistent stages:
preparation of aqueous solution of salt of initial compo-
nents with accurately specified concentrations; integration
of these solutions taken in required quantity to provide
proper composition; preparation of precipitant solution;
pouring initial components solutions into precipitant so-
lution; sediment detachment; drying; thermal treatment
under 800—1000°C; compacting and agglomerating under
not less than 1500°C. To keep stoichiometry the solu-
tions of the initial components are split into two or more
groups and their precipitation is conducted separately, and
the amount of precipitator is chosen in such a way to pro-
vide total precipitation of the components of the group.
Gadolinium and gallium are parts of different groups. The
obtained residual mattersare mixed, jointly dried, and
then are exposed to thermal treatment and other process-
ing stages. The technical result is the possibility to obtain
fluorescent ceramics on the basis of complex oxides with
garnet structure of the accurately specified composition.

A water defluoridationmethod (RU 2711741 C1)

The invention refers to water treatment [9—11]. The
technical result is removal of fluorine ions from natural
and city water due to selective binding of fluoride-ions in
water defluoridation method that is characterized by high
adsorbability. The method is safe, simple and available as
it employs bacterial cellulose modified with aluminium
oxide (ALO,)nanolayer [12].
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The invention is that water defluoridation methodin-
cludes following stages: water is filtered through cylindri-
cal filter structure which comprises a system that consists
of 5 cm thin silica dioxide layer, 10 cm thin granulated
absorbent carbon layer and 0.5 cm thin sorbent layer. Sor-
bent includes a material on the basis of bacterial cellulose
modified with Al,O,nanolayer. Itisdesirablethatthicknes-
sofAl,O, nanolayerwouldbe 50 nmor 100 nm.

Novelty of the given method is to use a material on
the basis of bacterial cellulose as a matrix. The bacterial
cellulose possesses unique combination of necessary char-
acteristics: high degree of crystallinity with great number
of “anchored” hydroxyl groups on the surface, that favors
formation of durable Al,O,nanolayer.

A self-hardening composition based on polydimethyl-
siloxane (RU 2712558 C1)

Rubbers, glues and sealers based on polydimethyl-
siloxane are applied in many industries and domestic
spheres due to set of unique characteristics, such as high
thermal resistance, frost resistance, high electric insula-
tion properties, resistance to thermal, thermal-oxidative,
ultra-violet impact, biological inertia. The main disadvan-
tage of elastomer materials based on polydimethylsilox-
ane is low mechanical durability and it is caused by weak
intermolecule interaction of polymer chains.

Technical result achieved due to implementation
of the given invention boosts range of silicone elastomer
compositions due to creation of new self-hardening trans-
parent composition based on polydimethylsiloxane with
high durability [13]. The given technical result is achieved
due to creation of self-hardening composition consisting
of polydimethylsiloxane with end 3-aminopropyl — dial-
coxysylyl groups and nanogel.

A method to enrich and recycle solid domestic waste
(RU 2542116 C2)

Technical task of the invention is to increase efficiency
of enrichment and recycling solid domestic waste, to de-
crease recycling costs and to provide continuous process
performance [14—16].

The posed task is solved in the following way:
the solid wastes are sortedandbiodegradablecut frac-
tion with size from —60 to —100 mm is separated, it is
exposed to gravity separation to obtain concentrate and
tailings, at this gravity separation concentrate is consis-
tently thermally treated (under 150°C for 1,5 hours till
humidity content 38—40%), grinded (in impact-cutting
mill), screen separated by class 20 mm with obtaining

undersize and oversize product, thenundersize product
is dried (till humidity content 10—12%) and it is crushed
in roll mill. The crushed product is screen separated
by class 5 mm and 10 mm with obtaining undersize
and oversize product, then undersize product is sepa-
rately crushed in roll mill and is screen separated by
class 2 mm and 5 mmwith obtaining undersize products
and their consolidation in a final product (food frac-
tion without any harmful mechanical admixtures); all
oversize products are excluded from sorting process and
are forwarded cither to ground disposal or to thermal
treatment (contain waste paper, leather, textile, rubber,
plastic, wood).

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

* A method to obtain modified carbon nanotubes [17].

* A method to obtain detonation nanodiamonds [18].

* A method to obtain nanocomposite material based on
aluminum [19].

* A method to apply thin metal coatings [20].

« A fabric with antistatic characteristics [21].

* Nanoparticles-generatingdevice [22].

* A method to obtain strengthenednanocomposite with
additional properties [23].

* A method to obtain functional coating on the basis
of aluminium-carbon nanofibers [24].

*  Composition of additive for break-in oil used ingear
set testing [25].

* Synthesis of environmental responsible ferrum-hu-
minnanofertilization [26].

* Production of ultradisperse nanocomposite [27].

CONCLUSION

It is known that it is precisely the popularization and
introduction of inventions that is an important factor for
the success of many successful companies. For example,
General Electric, which entered world history as one
of the most innovative companies of the 20" century, is
a company that was originally listed in the Dow Jones
index in 1896 and is still there. Therefore, we hope that
the information published in this section will be in de-
mand and useful for specialists. Confirmation that articles
from the “Invention Review” column are particularly
popular is information on the number of views of materi-
als, for example, in the full-text database of open access
scientific journals Open Academic Journals Index OAJI
(USA), link — http://oaji.net/ journal-detail. html? num-
ber = 6931.
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PE3IOME: B pedepatriBHOI popme npoBoamTca 0630p n3obpeteHuin. PeynbtaTbl TBOPUECKOW AEATENbHOCTU YUYEHbIX, HXEHEPOB
W CNEeLManucToB, B T.U. U N306peTeHrsa B 06/1aCT HAHOTEXHOJIOMMI 1 HAHOMATEPUANOB NMO3BOMAIT B CTPOUTENIbCTBE, XKUINLLYHO-
KOMMYHanIbHOM XO3ANCTBE, CMEXHbIX OTPACIAX SKOHOMUKM B0OUTbCA 3HaunTenbHOro addekta. Hanprmep, nsobpeteHne «Cnocobd
Nosly4YeHUA MeTan-noIMMEPHbIX HAHOKOMMO3MUVOHHbBIX MaTepranoB C HAHOYACTVLLAMY METaNoB» OTHOCUTCA K CNocoby nony-
YeHNA NOIMMEPHBIX M3AENUIA C HAHOYaCTMLLaMK cepebpa 1y mefu, NpeaHasHauYeHHbIX ANA LWPOKOTO NPYMEHEHMA B Pa3INYHbIX
OTPaCNAX HayKN 1 TEXHUKY, @ TaKXKe B KauecTBe aHTnbaKTepuanbHoro mateprana. i3obpeTteHne obecneunBaeT SKONOrmyecKkm
YMCTbIN 1 6e3peareHTHbIN CNocob NonyyYeHra NOANMMEPHbIX U3AENUIA C HaHOYaCTULAMU MeTasla pa3mepom oT 5 Ao 15 HM npu
pacliMpeHnn Kpyra nosIMMepoB — MONYKPUCTAININYECKUMU 1 aMOPGHBIMU CTEKSTO06Pa3HBIMU.

MN306peTeHne «IKchOoNMMpoBaHHbI NOAMYPETaHOBbI HAHOKOMMO3UT C NONMGTOPASIKUIbHBIMU FPYNMammu» OTHOCUTCA K 0651acTu
CO3[aHnA KOMMO3NLUOHHBIX 11 HAHOKOMMO3MLMOHHbIX MaTepranoB U MOXET ObITb MCMONb30BaHO A1A Pa3paboTKM MaTepuanos,
NPUMEHAEMbIX B MOIMMEPHOW MHAYCTPUW, B YaCTHOCTH, AJ1A U3rOTOBNEHWA MOHOJIMTHBIX CMOPTUBHDIX, FMAPOV30NALMOHHbIX 1 KPO-
BEJIbHbIX MOKPbITVI, CTPOUTENBHBIX FePMETUKOB Y N3NNI TPUOOTEXHNYECKOTO Ha3HAYEeHNA.

Tak>ke NpefCTaBNAT UHTEPEC ANA CNELMANNCTOB CeayLve n306peTeHns B 06/1aCT HAHOTEXHOOTMIA: CMOCO6 NonyyeHns me-
Ta/NIMYECKOro HAaHOMOPOLLKA U3 OTXO4O0B CBUHLOBOI GPOH3bI B ANCTUIIMPOBAHHON BOAE, CMOCO6 U3roTOBIEHUA KOMIIEKTOPHbIX
NAacTVH, cnocob obechTopmBaHUA BOfbl, SKCHONMMPOBAHHDIN MOSINYPETAHOBBIN HAHOKOMIO3UT C NONNGTOPANKMIbHBIMMI FPyMNamu,
MHOroLenieBas MnacTMyHana cMasKa AnA TAXKeIOHarpy»KeHHbIX Y3/10B TPEeHWs, TepMOCTaTUpYytoLLee YCTPOWCTBO f/1A NPOBefeHNA
HaHOKaNoPUMETPUYECKUX N3MEPEHNIA, CAMOOTBEPXKAIOLLAACA KOMMO3MLMA Ha OCHOBE NONVAVMETUICAIIOKCAHA 1 Ap.

KJTOMEBDIE CJIOBA: HaHOTEXHONOMMN B CTPOUTENbCTBE, HAHOMOPOLLKOBbIE MaTepuasbl, HAHOKOMMO3ULNOHHbIE MaTepuansl,
HaHOYACTNLbl, HAHOKANIOPUMETPUYECKIE U3MEPEHMS.

ANA UUTUPOBAHUA: MeaHos J1.A., KanyctrH U.A., Bopucosa O.H., MncapeHko X.B. I306peTeHus, oCHOBaHHble Ha MCMONb30BaHNM
HaHOTEXHOJIOT I, NO3BONAIOT NOYUYNTb NPUHLMMMANbHO HOBble TeXHMYecKme pesynbTaTtbl. YacTb Il // HaHoTexHonorum B ctpoun-
TenbctBe. — 2020. - Tom 12, N2 2. - C. 71-76. - DOI: 10.15828/2075-8545-2020-12-2-71-76.

BBEJIEHUE pe3yJbTaT, IMpakKTUIecKasl 3HAUMMOCTb HEKOTOPBIX M30-

OpeTeHMIT, OTHOCSIIINXCS K 00JIaCTH HAHOTEXHOJIOTHIA.

B COBPEMECHHBIX YCIIOBUSIX CTIONTb30BaHIE N300peTe-
HUI YICHBIX, MHXXECHEPOB U CITCIIUATIICTOB MOXET

CIT0co0CTBOBAaTh 3P (PEKTUBHOMY PEIICHUIO 3a1a4d MM-

OCHOBHAA YACTb

TIOPTO3aMEIICHUS 1 TTOBBIIICHUS TIPOU3BOINTEILHOCTH
tpyna. Kak u3BectHo, n300peTeHrne — 3T0 HOBOE, 00-
JTajaroIree CyIeCTBeHHBIMI OTIMIUSIMU PEIICHUE TeX-
HIYIECKON 3amaun, 00eCIIeYnBaIOIIee TTOTOXNUTEIBHBII
3 deKT (HOBBIC TEXHOJIOTUH, KOHCTPYKIINN, HOBBIC Be-
mecTBa). B cTaThe paccMOTPEHBI CYIITHOCTh, TEXHUTIEeCKII

Crnoco0 mosry4eHusi MeTaJLI-NMOJUMEPHBIX HAHOKOM-
TO3UIMOHHBIX MATEPUAJIOB C HAHOYACTHIAMH METAJLIOB
(RU 2711427 C1)

N300peTeHUEe OTHOCUTCSI K CIIOCOOY TTOJIyYeHUS
TTOJIMMEPHBIX U3IEINA ¢ HAaHOYACTUIIAMU cepedpa MIIn
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MeIn, TIpeTHA3HAYCHHBIX IJIST IMUPOKOTO IPUMCHECHUS
B Pa3IMIHBIX OTPACIISIX HAYKU 1 TEXHUKH, a TAKKe B Ka-
yecTBe aHTHMOaKTepuaabHoro Matepuaina [2]. Crioco6
BKJTIOUACT BBITSKKY TTOJTMMEPHOTO MU3IEIISI BBITSIHYTOMN
(opMBI B OpraHMIECKOM PAaCTBOPUTEIIC, COMEpPKAIIEeM
pPacTBOPEHHYIO COJIb cepedpa WM MeOH, IT0 MEXaHN3MY
KpeW3UHTa, WX TIPU IIPOITUTKE OTKPHITOIIOPUCTOM TT10-
mmMmepHoi Matpuiibl DAXKC ¢ pacTBOPEHHOI COJIBIO
cepebpa M Menn. B KagecTBe MCXOMHOTO TTOIMMEpa
HCITONTB3YIOT MTOIYKPUCTAINICCKIE CO CTETICHBIO KPH-
crauimaHocTr oT 20 10 80% wim aMopdHBIe CTEKII00-
6pasnbie noamMepbl. CoJib cepedpa W MeIy BEIOUPAIOT
13 OpoMMIa, XJI0puaa UM HUTpaTa UKW UX CMECH.

Jlanee TIpOBOISAT CYIIKY BBITSITHYTOTO Ha 150 mim
200% wn3nenus M BO3IEWCTBUE Ha HETO MOHNU3UPYIOIAM
00JTydeHIEM B TIPUCYTCTBUH BOITHO-CIIUPTOBOI CPEIbI
¢ comepXaHUEM CITMPTa, 00eCIIeUNBAIOIINM IeaKTH-
Banmio oopasyromuxcss OH-pagukanoB. O6imydeHue
BenyT ¢ 3¢ GeKTUBHOM SHEPTHEI KBAHTOB, 00eCIIeUN-
BaloIleii BOCCTAHOBJIICHNE YKa3aHHBIX MOHOB METaJl-
JIOB 1 (hOPMHUPOBAHNE HAHOYACTHIL HEITOCPEACTBEHHO
B HAHOITOPHUCTOU CTPYKTYpE IMOJIUMEPHON MATPHIIHI,
Hanpumep, ipu 16—25 kaB. M300peTeHne obecrieunBaer
9KOJIOTUIECCKH YMCTHIN 1 0e3peareHTHRIN CITOCO0 TOJTy-
YeHUS TIOJIMMEPHBIX U3ACINI ¢ HAaHOYACTUIIAMU Me-
TaJlJla pa3MepoM OT 5 10 15 HM mpu paclIMpeHUN KpyTa
TIOJIMMEPOB — MOJYKPUCTAIINICCKUMHI ¥ aMOP(PHBIMHI
CTEKJIIOO0Pa3HBIMMU.

Cnoco0 moJy4eHHs METAUIMIECKOT0 HAHOMOPOINKA
M3 0TXO0/I0B CBHHIIOBOi1 OPOH3bI B IMCTHLIMPOBAHHOI BOIE
(RU 2710707 C1)

OTX0mBI CBUHIIOBOM OPOH3BI IIOABEPIaiOT IEKTPO-
3PO3MOHHOMY IMCIICPTUPOBAHUIO B IUCTIIIMPOBAHHOM
BOJIe TP YaCTOTE CJIeTOBAHUS UMITYJIbcOB 95...105 T,
HanpspkeHnH Ha sekrponax 190...200 B 1 emMkocTr KOH-
JeHcaTtopoB 65,5 Mk®D, ociie 4ero BeayT OTAeICHUE
HaHOpa3MEepPHBIX YACTHUII OT KPYITHOPa3MEepHEIX IIeH-
TpudyrupoBanuem pactsopa [2]. CpegHue yneabHbBIE
3aTPATHI SJIEKTPOIHEPTUHU TIPU TIPOM3BOICTBE JICKTPO-
3PO3MOHHOTO IMOPOIITKA M3 OTXOIOB CBUHIIOBOIT OPOH3EI
cocraBisieT 2,4 Kr/KBT14, 4TO HIKEe APYTHX CIIOCOOOB
TIOJTYYCHMST TIOPOIITKOB M3 CBUHIIOBOI OpOH3HI. locTH-
raeTcs CICAYIOIINIA TeXHIUECKUI pe3yIbTaT: IOJyIeHIE
HAHOIIOPOIIKOB M3 OTXOA0B CBMHIIOBOM OPOH3HI ¢ Ya-
CTULIAMU TIPABUWIBHOI chepraecKoil (popMBI ¢ HEBBICO-
KNMU SHEPTeTUICCKUMHU 3aTpaTaMM 1 SKOJIOTMIECKOMN
YHUCTOTOI TIPOoIIecca CITOCOOOM 3JIEKTPO3IPO3NOHHOTO
nucneprupoBanust (DD1).

HanHormoponikoBbie MaTepHabl, oxydaembie DD]]
13 OTXOJI0B CBUHILIOBOI OpPOH3bI, MOTYT 3(p(PEKTUBHO
HCTIOJTb30BaThCS MIJIST HAHECEHMST M3HOCOCTOMKMX, aHTH-
(bpUKIIMOHHBIX, KOPPO3ZMOHHOCTOMKIX M IIPOTHUBO3a-
OTUPHBIX TTOKPHITUIM — IUIST BOCCTAHOBIICHUS W YIIPOU-

HEHMs IeTalieid MallliH TOPHO-MeTaJITyprudecKou
IIPOMBINIIJICHHOCTH, aBTOMOOMJILHOTO, TpaMBailHO-
TPOJUICHIOYCHOTO M CYIOBOTO TpaHCIIOPTa, SHEPIeTH -
YeCKOro 1 He(pTera30Boro 000pyaoBaHMsI, a TAKXKe IS
HaITBUICHUSI IEKOPATUBHBIX ITOKPBITUIA.

Cnoco0 m3roToBjieHHsI KOJUIEKTOPHBIX IJIACTHH
(RU 2710758 C1)

M3obpeTeHNEe OTHOCHUTCS K DIIEKTPOMAIITMHOCTPO-
€HHIO, B YaCTHOCTU K TEXHOJIOTUU M3TOTOBJICHUS KOJI-
JIGKTOPHBIX TUTACTUH, UCITOIB3YEMBIX B JICKTPIUICCKIX
MallliHaX MTOCTOSTHHOTO TOKAa, I MOXET OBITh MCITOJIb-
30BaHO HAa MAaIIMHOCTPOUTEIHFHBIX IIPESITIPUSITASX, BBI-
ITYCKAIOIINX 2JICKTPUICCKIE MAIITUHBI ITOCTOSTHHOTO
ToKa. KOJUTEKTOPHI 3JIeKTPUISCKUX MAIIUH PabOTaIOT
IIPY BBICOKMX OKPYKHBIX CKOPOCTSIX M MEXaHUUICCKIX
Harpy3Kax, IoABepKeHBI TMHAMIUYCCKIM BO3ICHCTBUSIM,
ITO3TOMY K KOJIJICKTOPHBIM TUTACTHHAM TIPEIBSBIISIIOTCS
cJIemyIoNIe TpeOOBAaHMS: BEICOKHE SJIEKTPO- U TETUIO-
IIPOBOIHOCTH, HU3KOE M CTAOMIIEHOE BO BpeMEHU TIepe-
XOITHOE COTIPOTUBJICHUE, SPO3NOHHAS U (PPUKIIMOHHAS
CTOMKOCTB, IIPOYHOCTh, JOCTATOUYHAS TUIACTUIHOCTD,
OoJiee BEICOKAS TeMITepaTypa pa3ylpOYHEHNSI, XOPOIIas
obpabaTbIBaeMOCTh [3].

TexHnueckwmit pe3ynbTat, Ha JOCTIKEHIE KOTOPOTO
HaIIpaBJICHO 3asBIIIeMOe TEXHMIECKOE pellleHIe, 3a-
KJTI0YaeTCs B paclIMpeHUN apceHaja CIIoco00B M3T0-
TOBJICHUST KOJUIEKTOPHBIX TUTACTUH C OMHOBPEMEHHBIM
YBEIMUCHUEM MX IIPOYHOCTH U 3JICKTPOIIPOBOIHOCTH,
a TaKKe CHIDKCHUEM YCUJINI ITPeCcCOBAaHUS TIACTHH.
T'OTOBST IMXTY B JIOITACTHOM CMECHUTEJIE, IIPECCYIOT Tpa-
TeeNIaTbHBII ITPOMIIIb TUIACTUHBI HA CKOIIEHHBIX ITy-
aHCOHAX, TIOCJIC YeTO BEMyT CTIICKaHWe TIPU TEMIIepaType
800°C B TeueHue 45 MUHYT M KaJTMOPOBKY MO, AaBJIe-
Huem 5 t/cm?. Lluxty rotoBat u3 98,5 Mac.% MeIHOro
BJIEKTPOJIUTUYECKOTO mopoiuka u 1,5 mac.% moaudu-
LIMPOBAHHBIX MEIBIO YIJICPOIHBIX HAHOTPYOOK. B 1mx-
Ty 100aBIISIIOT cMa3Ky B Kojmdectse 2,0 mac.% oT Beca
mwuxTel. CMa3Ky mojydaior cMewmmBaHuem 50 mac. %
uHaycTpuaabHoro macia u 50 mac.% kepocuna. O6e-
CTICYMBACTCS YBEIMUCHUE TIPOYHOCTH U BJICKTPOIIPO-
BOITHOCTHU KOJIJICKTOPHBIX TNTACTUH, a TAKKe CHIKCHIE
YCUJIUH TIPEeCCOBAHUS TIJIaCTHH.

MpHorouejeBasi IJACTHYHAA CMA3Ka /IS TXKEIOHA-
rpy:kennsbix y3jo0B Tpennsi (RU 2711022 C1)

M300peTeHne OTHOCUTCST K KOMITIO3UITUM MHOTOIIE-
JIEBOI TUTACTUYHOM CMa3KM ISl TSLKEJTOHATPY:KEHHBIX
Y3JI0B TPEHUSI, KOTOpPasI MOXKET OBITh MCIOJIb30BaHa
B MEXaHM3MaX pa3IMIHOTO Ha3HAUYCHMS MOOMIBHOMN
TeXHUKU U cTallMOHapHOTro obopynoBanud [4]. [pn-
MEHCHME TIACTUIHBIX CMa309YHBIX MAaTePHUAJIOB B TSKe-
JIOHATPYKEHHBIX Y3JIaX TPEHUS TpeOyeT HATUIUS B UX
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cocTaBe TIPOTUBOM3HOCHBIX/TIPOTUBO3aINPHBIX IIPH-
CamoK, W/MJIN MEJIKOIUCIICPCHBIX TOOABOK 1 HATIOJIHU -
Teselt (MCynbGhUIb MOIMOICHA 1 BOIb(hpaMa, Tpadur,
(¢Toporutact, caxa), 1/MIM HAHOCTPYKTYPHUPOBAHHBIX
(byHKIIMOHABHBIX 100ABOK Pa3IMIHON ITPUPOLIHL.
MHoro1eneBas IUIaCTUYHASI cCMa3Ka COHCPIKUT,
mac.%: 3aryctutenb — 4,0—25,0; HAHOCTPYKTYPUPO-
BaHHYIO (PYHKLIMOHAIBHYIO 100aBKY — HAHOPa3MEpHBIC
YaCTHULIBI OopaTa n/miu KapooHarta Kambums — 0,5—5,0;
anTrokucurtesb — 0,2—0,5; THrMOUTOP KOPPO3un —
0,0—2,0; mpucanky ¢ mpOTMBOM3HOCHBIMU W/ VJIN TIPOTH-
Bo3agupHbIMU cBolicTBamu — 0,0—3,0; TBepAbIil HATION -
autensb — 0,0—20,0; 6azoBoe Maciio — 1o 100. Jocturae-
MBI TEXHUIECKUI Pe3yIbTaT 3aKITI0YacTCs B CHIDKCHIH
HM3HOCA U IPEIOTBPAIICHUH 3aA1pa 3a CICT 00pa30BaHUs
B TIOTPAaHIYHOM CJI0€ IIPOYHOI XeMOCOPOITMOHHOM TUTCH-
KU, 3aIIUIIAIONICH TOBEpXHOCTH TPESHUSI, U MOITU(bHUKA-
LIV BOJIOKOH 3aryCTUTE TSI HAHOpa3MEPHBIMI YaCTUIIAMK
OopaTa 1/mm KapOoHaTa KaJIbIUs B TIpoliecce (hopMu-
pPOBaHUS CTPYKTYPHOTO KapKaca ITTAaCTUIHBIX CMa30K.

DK OIMIPOBAHHDII MOJHYPETAHOBbIN HAHOKOMIO3UT
¢ moymropankuisHeivu rpymmamu (RU 2711458 C2)

M3obpeTreHre 0OTHOCUTCS K 00JIaCTU CO3MaHUS KOM-
TMO3WIITMOHHBIX 1 HAHOKOMITO3UIIMOHHBIX MaTepHraIoB
¥ MOXKET OBITh MCTIOJIB30BAHO IIJIST Pa3pabOTKHA MaTepH-
aJIOB, TIPUMEHSIEMBIX B TTOJIMMEPHOM MHAYCTPUU, B 9aCT-
HOCTH, IUISI U3TOTOBJICHUSI MOHOJIMTHEIX CTIOPTUBHBIX,
TUAPOU3OJISIIIMOHHBIX I KPOBEJIBHBIX IIOKPHITHI, CTPO-
WUTEIBHBIX TePMETUKOB W 3NN TPHOOTEXHNICCKOTO
HaszHauyeHUd [5]. OnmcriBaeTcsT 2KchOJIMUPOBAHHBIN
TIOJIMYPETaHOBBIN HAHOKOMITO3UT C TTOIU(PTOPATKIIIb-
HBIMU TpyIrmaMu. KoMIo3uT BKITI0YaeT 0JIUro0yTaman-
SHIINOJI, TIOJIMMETIJICHITONN(DEHICHIIOIMU30IINaHAT
C colepxKaHMeM M30LMaHaTHBIX rpyni 29,3 mac.%,
TIALEepUH, TUOYTUIAMIAYypUHAT 0JIoBa U MOIUGU-
katop. [IpunueM MmomudukaTop 1npeacraBiasieT coO0it
MOHTMOPWJIJIOHUT, TIPEeABAPUTEIIHFHO AUCIICPTUPOBAH-
HBI ¢ 1,1,3-TpuruaporiepdTopIponaHoaoM-1 B yiib-
TPa3BYKOBOM IIOJIC C YaCcTOTOM yabTpa3Byka 40 kI'11 ipu
30°C B cpene H-TenTaHa. M300peTeHne obecrieunBaeT
HAHOKOMIIO3UT C TIOBBIIIEHHON TepMOOKUCIUTEIBHOM
YCTOMYUBOCTHIO U TUAPOGOOHOCTHIO.

TepmocTaTupymoiee yCTpOHCTBO i IPOBEIEHNUS HA -
Hokasopumerpudeckux nsmepennii (RU 2711563 C1)

M300pereHne oTHOCUTCS K 001aCcTU IIPUOOPOCTPO-
€HUS M MOXKET OBITh MCITOJIb30BAHO JJISI TIPOBEICHUST
KOMOMHMPOBAHHBIX in-situ UCClIeNOBAaHUN CTPYKTYPhI
¥ TETIO(PM3UIECKNX CBOMCTB MAaTepHAIOB Pa3IMIHO-
ro TUIA B IIMUPOKOM TeMIIEpaTypHOM MHTepBaje [6].
3asgBsIeMoe YCTPOMCTBO IS TEPMOCTATUPOBAHMS Ha-
HOKAJIOPUMETPUICCKIX CEHCOPOB HOBOTO TTOKOJICHUS

ITO3BOJISIET pa3MeIlaTh BHYTPU KOPITyca HECKOJIBKO
PA3IMYHBIX TUTIOB HAHOKAJIOPUMETPUUECKIX CECHCOPOB
(XEN-40014, XEN T08, FlashDSC chip). YcrpoiicTBo
MOXET OBITh HHTETPUPOBAHO B IIPUOOPHI TSI M3MEPEHUS
TEIUTO(PU3NICCKIX U CTPYKTYPHBIX ITapaMeTPOB 00pa3-
IIOB. YCTPOMCTBO pacIIrpsieT BO3MOXHOCTH METOIOB
HAHOKAJIOPMMETPHH 3a CUECT peaIu3alii BO3MOXKHO-
ctr HarpeBa obpasma mo 450°C 1 oxiraxxaeHus oopas-
ma 1o —20°C. KpomMe Toro, KOHCTPYKIIHST YCTPOICTBA
ITO3BOJISIET UCIIOJIH30BaTh CEHCOPHI, MEIOIINE IBE aK-
TUBHBIC 30HBI, OTHY 13 KOTOPBIX MOKHO MCIIOJIH30BATh
B KQ4ECTBE STAJIOHHOUW SYEUKU.

YcTpoiicTBO BKIIIOYACT KOPITYC, BBHITTOJTHCHHBIN
C BO3MOKHOCTBIO TTOIKTIOUCHUS] K KOHHEKTOPY M CHA0-
JKeHHBIIT OKHAMH U3 pEHTTCHOIIPO3PavHOTrO MaTepraa,
B KOTOPOM pa3MellleH HaHOKAJIOPUMETPUICCKUIA CeH-
cop, daeMeHT [1eabThe TPSIMOYTOIBHOI (hOPMBI, TETUIO-
OTBOIIIAS TUIACTUHA, N3TOTOBJICHHAS U3 MaTepHaia
C XOPOIIIEH TeTUTOITPOBOTHOCTBIO, CHCTEMA XUIKOCTHOTO
oXJIaXIeHMsI, BMOHTHPOBaHHAas B Kopiyc. Tem1ooTBo-
IsIIIast TJIacTUHA CHaOXeHa OTBEPCTUEM I TIPOXOXK-
IeHUS U3TYICHUS, a CEHCOP C UCCIIeAYeMBIM 00pa3IioM
pAacIIONIOKEH Ha 3TOH IUIACTUHE C 00eCIIeYeHNEM pa3-
MEIIIeHUST aKTUBHOM 9aCcTH CeHCopa B MPOCKIINH OT-
BepcTUsl. B KopITyc BCTPOCHBI SIIEKTPUICCKIE TUTATHI
IIST BO3MOXKHOCTHY TIOTKITIOUCHUS Pa3IMIHBIX CEHCOPOB.
Texunueckwmit pe3yIbTaT — IMOBBIICHE Ka4eCcTBa IMPO-
BOIVMBIX UCCIICTOBAHUIA.

CyOHaAaHOCEKYHIHBIH YCKOPHUTEIb 3JEKTPOHOB
(RU 2711213 C1)

MN300peTeHne OTHOCUTCS K CYOHAHOCEKYHIHOMY
YCKOPUTEIIIO 3JEKTPOHOB [7]. YCTpPOMCTBO COAEPKUT
WCTOYHMK HAHOCEKYHIIHBIX BbICOKOBOJIbTHBIX UMITYJIb-
COB, Ta30HAIIOTHEHHBIN (hOpMUpOBaTEIh CyOHAHOCE-
KYHIHBIX UMITYIbCOB HAMIPSDKEHUS M YCKOPUTEITBHYIO
TpyOKy. Koprmyc (popmupoBaresist BIIOJIHEH pa3beMHbBIM
M COCTOUT M3 IBYX CEKIIWi1, MEXKIYy KOTOPBIMU TepMe-
TAYHO YCTaHOBJICHA BCTaBKa, HAa KOTOPOU ITOCPEICTBOM
KOHHUYECKOTO ITOJIOTO M30JISITOPa 3aKPETUICH BHYTPECHHIIA
TIPOBOTHUK BTOPOT (hpopMUpyIOIIeit TMHNN, BCTaBKA CO-
eIMHEHAa CO BTOPOI CEKIIME ITpH ITOMOIIN IIEHTPOBOY-
HBIX 3JIEMEHTOB C 00eCIIeYeHIEM B3aMHBIX paTHaTbHbIX
OMeHUl TIPOBOOHUKOB BTOPOIi (popMUpyIOIIeit IMHUN
He 0oiee 0.2 MM, B IepBOIT CEKIINU paCIIONIOXKEHA TIepBast
opMuUpyIOIIAs TMHMUS, BO BTOPOIT CEKITNH PACITOIOXKEHEI
repenaonias JMHUsS U yCKopuTebHas TpyoOka, nepeaaro-
IIast TMHMS BBITIOJIHEHA ¢ BpeMEHEM IIpobera MMITyJIbca
0.3—0.5 HC ¥ ¢ BOJTHOBBIM COIPOTUBJIEHUEM B TIpeIesiax
40—80 OM, BHYTpEeHHUI TIPOBOIHUK TIepeIarOIICii -
HUU Ha YyJ9acTKe, IPUMBIKAIOIIEM K U30JISITOPY TPYOKH,
COIEPKUT OMKOHMICCKUIA paIraibHbIIN BEICTYII, Cpe3ato-
Ui 3230p 0Opa30BaH MEXKIY BBICTYIIOM M CTCPSKHEBBIM
5JICKTPOIIOM, YCTAHOBJICHHBIM HAIIPOTHB BEICTYIIA.
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TexHUUEeCKNM Pe3yIBTaTOM SIBIIICTCS paCIINpPEeHUE
9KCILUTyaTallMOHHBIX BO3MOXHOCTEH YCKOPUTEIIS C CO-
XpaHEHNEM €TO BBIXOMHBIX ITAPAMETPOB 3a CUYET YMCHbB-
IICHWST [UTMHEI (POPMHUPOBATEIIS, IIOBBIIICHUS IIPOCTOTHI
00CTYXUBaHUS M HAIEXKHOCTH pabOTHI MPU HATMINU
BUOpanuii U APYyTUX AECTAOMIN3UPYIOIINX (PaKTOPOB,
a TaKKe 3a CYET YIyYIIeHHST B3aUMHOM COOCHOCTH IIPO-
BOJIHUKOB BTOPOI (pOpMUPYIOLLIEH TUHUM.

Cnoco0 mosyuenusi JIOMHHECHEHTHOH KepPaMHKH
HA OCHOBE CJIOKHBIX OKCHIOB CO CTPYKTYPO#l rpaHaTa
(RU 2711318 C2)

M306peTeHne OTHOCUTCS K CIIOCOOaM MOJTydeHusI Ke-
paMIIECKUX JIIOMAHECIICHTHBIX ¥ CHIMHTJUISIITMOHHBIX
Marepuaos [8]. Takue MaTepraibl HAXOIST TPUMEHEHNE
B Ka4eCTBE CLHMHTWIISITOPOB IIJIST CUCTEM PEHTTEHOBCKOI
KOMITBIOTEPHOI TOMOTpaduu, TOCMOTPOBOI TEXHUKH
M JIp., a TaKXKe B KaUeCTBE JTIOMIHO(DOPOB TSI CUCTEM
TBEPAOTCIIHHOTO OCBEIICHMS. 3asiBJICHHBIN CITOCOO TI0-
3BOJISICT TTOJIy4aTh HAHOCTPYKTYPHPOBAHHEIC TTOPOIIKH
¥ JIIOMIHECIICHTHYIO KepaMHUKY Ha X OCHOBE, CoepKa-
mryro omHoBpeMeHHO Gd, Ga, Ce, Al 1 HeoOs3aTeIBHO Y.

CI10c006 BKITIOUACT CIICAYIOIINE TTOCICI0BATEIbHEBIC
CTaJNU: TIPUTOTOBJICHNE BOTHBIX PACTBOPOB COJICH MC-
XOIHBIX KOMIIOHEHTOB C TOYHO M3BECTHBIMU KOHIICH-
TpalusIMHU, O0BEIMHEHNE STUX PACTBOPOB B HEOOXOIM -
MOM KOJIMYECTBE IIJIST O0CCIIeUeHUS TPeOyeMOTo CoCTaBa
KOMITOHCHTOB, TIPUTOTOBJICHUE pPacTBOPa OCAIUTEIS,
TIPWINBAaHUE PACTBOPOB NCXOTHBIX KOMITOHECHTOB B pac-
TBOp OCAIMTEIIsI, OTICICHIE OcamKa, CYIIKy, TepMOO0-
paboTky rmpu TeMmeparype 800—1000°C, KOMITAKTUPO-
BaHUeE U cIIeKaHWe TIpy TemIiepaType He MeHee 1500°C.
It coOMOaeHUST CTEXNOMETPUM PACTBOPHI MCXOTHBIX
KOMITOHEHTOB pa3IesisTIoT Ha 2 Wi 00JIee TPYIIIBI U ITPO-
BOIAT MX OCAXICHME Pa3mebHO, IIPUIEM KOJTMICCTBO
ocaauTelisl BRIOUPaOT TaKUM 00pa3oM, YTOOKI oOecte-
YUTHh HAaNOOJIee TTOTHOE OCAXKICHIE BXOMSIINX B TPYIIITY
KOMIIOHEHTOB. ['alOJTMHWIA 1 TaJIINIA BXOOSIT B pa3HbIC
rpynmsl. [ToxydyeHHBIE OCaIKM CMEIIMBAIOT, IIPOBOMIST
WX COBMECTHYIO CYIIKY M 3aTeM — TepMOOOpadbOTKY
TOJIyICeHHOTO MPOAYKTA M BCE MOCIICIYIONINE CTAINMN.
TexaMIecKNM pe3yIbTaTOM 3asIBIICHHOTO N300peTCHUS
SIBIISICTCST BO3MOXHOCTD TTOJIydeHUS TIOMUHECIICHTHOM
KepaMUKHU Ha OCHOBE CJIOKHBIX OKCHIOB CO CTPYKTYPOit
rpaHaTa TOYHO 3aJaHHOTO COCTaBa.

Crnioco6 obecdropusanus Boasi (RU 2711741 C1)

M3o6peTeHre oTHOCUTCS K BogoouncTke [9—11]. Tex-
HUYECKUI Pe3ybTaT 3aKJII0YaeTCs B YIaJICHUN MOHOB
(Topa n3 mpPUPOTHOI M BOAOIIPOBOTHOM BOMIBI 32 CUCT
CEJICKTUBHOTO CBS3BIBaHMS (DTOPUI-MOHOB B CIIOCO0OE
obecToprBaHMS BOIBI, KOTOPHI 00IamaeT BEICOKOM
XapaKTEPUCTUKON amCcOPOIIMOHHON €MKOCTH, SBIISICTCS

0e30MacHBIM, TIPOCTBIM U JOCTYITHBIM, 32 CUCT MCTIOIB30-
BaHMsI 0AKTEPUATBHOM 1ICIITIONO3bI, MOTU(DUITNPOBAHHOMN
HaHocs10eM okcuza amomunus (ALO,) [12].

CyIIHOCTh U300pPETeHUS 3aKIIF0YACTCSI B TOM, UTO
cnocob obecToprBaHMUS BOABI BKIIIOYACT (PUIIBTPALIUIO
BOIBI Uepe3 (PMIIBTPYIONIYIO KOHCTPYKIINIO IMINHIPHU-
YecKoit (hbOpMEI, B KOTOPOIA pacItoIoKeHa CUCTeMa, Co-
CTOSIIIIAsT M3 CJIOS TMOKCHUIA KPEMHMS TOJIIMHOM 5 ¢M,
CJI0ST TPAaHYJIMPOBAaHHOTO aKTUBMPOBAHHOTO YTJIS TOJI-
myHoi 10 cM u citost copbenTa TommuuHoit 0,5 cm. Cop-
OCHT BKJTIOYAaeT MaTepuajl Ha OCHOBE 0aKTepUaIbHOM
LEJLTI0NO03bI, MOAUGUIMPOBaHHON HaHocnoeM Al O..
Tommumna Hanocnos Al O, cocTaBiIseT, MPEATIOYTUTE b=
Ho, 50 M rm 100 HM.

HoBusHa 3asBIIeHHOTO CIT0c00a 3aKITI0YaeTCs B MC-
ITOJTb30BaHNY B KaUeCTBE MaTPUIIBI MaTeprajia Ha OCHO-
Be OaKTepHATEHOM 1IEJUTION036I, 00IagaroIieii yHUKaIb-
HOI KOMOWHAaIMEN HEOOXOANMBIX CBOMCTB: BBICOKAS
CTENCHb KPUCTAIIMIHOCTU C OOJIBIINM KOJIMICCTBOM
Ha TTOBEPXHOCTHU «IKOPHBIX» TUIPOKCWIBHBIX TPYITI, YTO
CITOCOOCTBYeET 00pa30BaHUIO IIPOYHOTO HAHOPA3MEPHOTO
cios us ALO,.

CamMo0TBepKIAI0NIASICS KOMIIO3UIINSA HA OCHOBE TO-
mymuvetwicwiokcana (RU 2712558 C1)

Pe3nHEbl, KJ1en ¥ TepMETUKY Ha OCHOBE TIOJTMINME-
TUJICWJIOKCAHA HAaXOIIT CBOE TPUMEHEHNWE BO MHOTHX
00J1aCTSIX TIPOMBIIIJIEHHOCTU U B OBITY Oy1aronapst psimy
VHUKAJIBHBIX CBOMCTB, TAKMX KaK BBICOKAS TepMUUYCCKAST
CTOMKOCTBb, MOPO30CTOMKOCTbD, BEICOKHE SJICKTPOM30JISI-
IIMOHHBIC XapaKTePUCTUKH, YCTOMUYNBOCTD K TEpMUUC-
CKOMY, TePMOOKUCIUTEIIFHOMY, YIbTPaDNOICTOBOMY
BO3ICHCTBUIO, OMOIOTMYECKast MTHEPTHOCTh. OCHOBHBIM
HEIOCTaTKOM 3JIaCTOMEPHBIX MaTepPHaIOB Ha OCHOBE T10-
JIMONMETIICHIOKCAaHA, BEI3BAHHAS CITA0BIM MEKMOJICKY -
JIIPHBIM B3aMOICIICTBIEM IIETICi TToTMMepa, SIBISICTCST
HU3Kasl MeXaH4IeCKas IIPOYHOCTD.

TexHUuecKUii pe3yabTaT, JOCTUTAEMBII IIPH PeaTH-
3aIIAH 3asBISIEMOTO U300peTEeHMS, 3aKJTI09acTCs B pac-
IMUPEHUHT HOMEHKIIATYPBI 371aCTOMEPHBIX KpEMHUIOP-
TAaHWMYECKNX KOMITO3MIINIA 3a CYET CO3MaHUsI HOBOU ca-
MOOTBEPXKIAOIIEIICS TTPO3pavHOL KOMITO3UIINH Ha OC-
HOBE IMOJMINMETHICHIIOKCAaHA, 00IaIaroIIeii BHICOKOM
MPOYHOCTHIO [ 13]. 3asgBiIsIeMBIii TEXHUYECKUI pe3yIbTaT
MOCTUTACTCS 3a CUCT CO3MAHMST CAMOOTBEPKIAIOIICIACS
KOMITO3UIINH, COCTOSIICH 13 TTOTUINMETHICHIIOKCAaHa
C KOHIIEBBIMH 3-aMIHOIIPOIIIII-TAATKOKCUCHIVTBHBIMIA
TpyIITaMU 1 HAHOTEJIS.

Cnoco0 odoramenusi 1 nepepadoOTKH TBEPABIX KOMMY-
HaJbHBIX 0TX0710B (RU 2542116 C2)

Texumaeckoit 3amadeit U300peTeHUS SIBIISICTCS T10-
BEITIICHIE 3()(DEKTUBHOCTH 00OTAIIICHUS U TIepePadbOTKH
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TBEPIBIX KOMMYHATbHBIX OTXOIOB, CHIKEHHE PAaCXOI0B
Ha nnepepadbotky ThO, obecrieueHre HENTPEPLIBHOTO pe-
KnMa padotsl [14—16].

ITocTaBmeHHasT TeXHUYECKasl 3aada pelIaeTcs Ta-
KUM 00pa3oM, 4TO B CITOCOOE KOMILJIEKCHOM mepepadoT-
ku THO, BKiTIOUaroIeM COpTUPOBKY OTXOIOB C BBIICIIC-
HueM GuopasiaraeMoii ¢ppakiuu KpyImHOCTbIO 0T —60
1o —100 MM, ee MOABEPTalOT IPaBUTALIMOHHOM cemapa-
LIMU C MOJIyYeHUEM KOHILIEHTpaTa U XBOCTOB, MPU 3TOM
KOHIICHTPAT TPaBUTALIMOHHON ceTlapalliy ITOIBepraroT
TIOCJIeIOBATEIBHO TepMooopadoTKe (rmpu 150°C B Teue-
Hue 1,5 4 1o comepxanus Biaru 38—40%), Ipo0IECHUIO
(B IpoOMIIKE YIApHO-PEXYILETO NEWCTBUS), TPOXOUEHUIO
1o Kiaccy 20 MM € TIOJTy9eHHEM TTOIPEIIeTHOTO 1 Hampe-
IIETHOTO TIPOMYKTA, CYIITKE TIOAPEIICTHOTO IIPOMyKTa (10
10—12% Bnaru) u ero ApoOJIeHUIO B BAJIKOBOI APOOUII-
Ke, TPOXOUYCHUIO TTPOAYKTa IPOOJICHHUS TI0 KiTaccy 5 MM
u 10 MM ¢ TTOJTydeHEM TTOIPEIIeTHOTO M HAAPEIIETHOTO
TIPOIYKTOB, pa3neIbHOMY IPOOJICHHUIO TTOAPECIICTHBIX
MIPOIYKTOB B BAJIKOBOI APOOMIIKE, TPOXOUCHUIO TIPOIYK-
TOB IPOOJICHUS 10 KJIaccaM 2 MM M 5 MM C TTOJIydeHHEM
TIOIPEIIECTHBIX ITPOMYKTOB U MX OOBbSIMHEHIEM B TOTOBEII
TPOMYKT (MUIeBast Ppakiys, He comepKalias BpeIHBIX
MEXaHMUYCCKMX TIPIMECeii); Bce HaIpeIIeTHRIC TTPOIYKTHI
oIrepaIii TPOXOUeHMS U3 IpoIlecca COPTUPOBKHU BHI-
BOIATCSI ¥ HATIPABIISIIOTCS JTMOO Ha 3aXOpOHEHME JT00
B TEPMUUYECKYIO TIepepadOTKy (comepKaT MaKyJIaTypy,
KOXY, TeKCTHJIb, PE3UHY, TIACTMACCY, IEPEBO).

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

*  Croco6 momyueHus MOTU(DUIINPOBAHHBIX YTIICPOI-
HBIX HAHOTPYOOK [17].

*  Croco0 ToIy9eHUs TeTOHAIIMOHHBIX HaHOAIMAa30B
[18].

CIINCOK JIUNTEPATYPBI

*  Crroco0 1oTyJ4eHIs HaHOKOMITIO3UTHOTO MaTepuaia
Ha OCHOBe aymfoMuHud [19].

*  Crroco06 HaHeCEeHMST TOHKUX METAITTNIECKIX TTOKPHI-
it [20].

* TxaHb c aHTUCTATUYECKMMM CBoMicTBamMu [21].

*  YcTpoiicTBO TeHepUpOBaHUI HaHOYACTHIL [22].

+  Crroco0 mory4eHUs YIIPOYHEHHOTO HAaHOKOMITO3UTA
C IOTIOJTHUTEIFHBIMHU CBOMcTBaMM [23].

* Cmoco6 norydeHus (PYHKIIMOHATBHOTO TTOKPBITHS
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[24].
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3AK/IIOYEHUE

M3BecTHO, YTO UMEHHO MOMYJISAPH3ANKs 1 BHEAPEHHE
H300peTeHuii SIBIISICTCS BasXKHBIM (DaKTOPOM ycriexa MHO-
IUX mpeycreBaomux Komnanuii. Hampumep, General
Electric, koTopas Bollljla B MUPOBYIO UCTOPUIO KaK OJHA
M3 CaMbIX MHHOBAIIMOHHBIX KoMmaHuit 20 BeKa, SIBsI-
eTcs KOMIIaHWEH, KOTopast M3HAYaJIbHO II0Taia B CIIU-
cok unaekca Jloy-/IxoHcaB 1896 rogy u 10 cux mop
TaM Haxonutcs. [ToaToMy HageeMcs, 4TO ITyOIUKyeMast
B ITaHHOI pyOpuKe MH(GOpMAIsI 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,
HampuMep, B ITOJTHOTEKCTOBOM 0a3¢ HayYHBIX SKYPHAJIOB
oTkphIToro moctyna OpenAcademicJournalsindexOAJI
(CIIA), cceutka — http://oaji.net/journal-detail.
html?number=6931.
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ABSTRACT: The data of studies on the effectiveness of impregnating Aquastat waste generated as a result of the development of
limestone-shell rock deposits are presented. As a result of sand impregnation, the water absorption coefficient as a result under-
went a significant decrease from 7 to 17 times, while the water absorption coefficient decreases from 32.5% for the initial to 1.9%
impregnated. Even treatment with low concentrated (p = 1.17 g / cm?) calcium polysulfide solution made the water absorption
coefficient to decrease to a value of 4.5%. As a result of impregnation of crushed stone from limestone-limestone with a solution
of calcium polysulfide, the water absorption coefficient decreases from 25.0% for untreated to 5.2% for treated, and the decrease
in the coefficient of water absorption is greater for concentrated solutions. It was found that a solution density of 1.24 g/cm? is
sufficient to reduce the water absorption coefficient to a value of 5.2%, the same as for a density value of 1.35 g/cm?. Comparison
of the results of impregnation with «Aquastat» solution and sulfur melt showed that as a result of treatment with sulfur melt, the
water absorption coefficient decreases by 13.3 and strength increases by 2 times, and as a result of impregnation with «<Aquastat»
solution decreases by 4.62%, strength increases by 1.35 times. Despite the high efficiency of sulfur melt processing, such treatment
has drawbacks associated with the use of autoclave technology and high temperatures.

The results of the modification of sand and crushed stone from shell rock by impregnating it with the «Aquastat» solution, a signifi-
cant decrease in the water absorption parameter, an increase in compressive strength, revealed the possibility of using impregnated
crushed stone as the layer material lying at the base of the road structures of local roads in the form of crushed stone and sand
instead of the more expensive imported crushed stone.

KEYWORDS: limestone, shell lime, sulfur, impregnation, strength, waste, hydrophobization, polysulfide.
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INTRODUCTION

hell rock is a type of porous limestone, consisting

of mollusks shells, sand and clay that pressed for thou-
sands of years under high pressure and temperatures. The
material is given to man by nature and is completely ready
for use. The large distribution of limestone makes it pos-
sible to extract it in various regions of the world [1-6].
The majority of large deposits are confined to the western
part of Russia. There are quarries for the extraction of this
stone in the Voronezh, Tula, Belgorod, Arkhangelsk and

Vologda regions. Limestone is also mined in the North
Caucasus, the Urals, in certain regions of Siberia and
in the Moscow region. The most profitable deposits are
located in the central regions of the European territory
of Russia. The Chelyabinsk region has the largest reserves
in the Urals, and in Siberia: Novosibirsk, Kemerovo re-
gions and the Krasnoyarsk Territory. There were explored
122 limestone deposits in Kazakhstan, suitable for lime
production, and the reserves of these deposits are very
extensive. Kazakhstan can be considered as a Klondike
for the production of various types of lime and has an
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excellent regional location for the supply of limestone
and finished lime to neighboring regions and countries
of the Customs Union.

Shell rock mined in quarries often has a widely de-
veloped capillary system in its microstructure, filled with
air. Due to this fact, the stone has high noise-canceling
properties and minimal thermal conductivity, which
allows to save on expensive energy resources. For the ex-
traction of shell rock, explosive, excavator, and com-
bine methods are used, and a lot of waste is generated
in the form of crushed stone and small crumbs, which
can be used during construction and road filling. Despite
the widespread use of limestone-shell rock in construc-
tion, it is necessary to note some of its shortcomings,
which can reduce the operational characteristics and
durability of building materials. This material is hygro-
scopic, has a significant porosity of 22—50%, gradually
dissolves in water, the dissolution rate increases when
exposed to groundwater and precipitation saturated
with acidic compounds, which determines its relatively
low frost resistance (frost resistance grade F15—F35)
and a decrease in strength upon saturation with water,
the softening coefficient is 0.6—0.9. Thus, the issues
of protection of building materials from limestone-shell
rock from moisture and increasing their durability are
relevant [7-9].

One of the simplest and most technologically ad-
vanced methods for solving the problem of improving
operational properties and increasing durability is impreg-
nation with polysulfide solutions. So, an impregnation
was carried out for shell rock, providing deep penetration
of the polysulfide solution into the material [10]. As a re-
sult, it was shown that the impregnation of limestone-shell
rock with polysulfide solutions improves the operational
properties and increases the durability of wall, facing and

road building materials based on it, exposed to atmo-
spheric influences.

It should also be noted that in many quarries in Russia
and the Republic of Kazakhstan, as a result of the barbaric
mining of limestone in order to use it as a facing mate-
rial, a significant amount of limestone has accumulated
in the form of sand of various fractions, the improve-
ment of its operational characteristics along with crushed
stone would make it possible to obtain a very important
building material sand for road construction. The posi-
tive results of the use of polysulfide solutions can serve as
an incentive for the processing of waste from limestone
quarries of limestone (in the form of sand and gravel),
which in the natural state do not possess the set of physi-
cochemical properties necessary for their use in road and
industrial construction [11—13]. Thereby, an experiment
was conducted on the impregnation of limestone sand
and crushed stone in order to reduce the water absorp-
tion parameter, using the polysulfide solution treatment
technique [14—17].

MAIN PART

To modify the properties, we used sand as screen-
ing of limestone-shell rock of the Beineu deposit of the
Mangistau region of a fraction of 2.5 mm, which is formed
when crushed stone is obtained from limestone-shell rock.
The indicated fraction of sand was impregnated with so-
lutions of calcium polysulfide of various densities, Fig. 1
shows images of sand of the initial 1a and impregnated
with a solution of calcium polysulfide with a density
of 1.24 g/cm? for 1 hour.

Fig. 1 shows that the impregnation leads to a no-
ticeable change in the color of sand, and studies have
shown that the impregnation of sand led to a noticeable

Fig. 1. Sand fraction 2.5 mm from the screening of limestone-shell rock, a — the original, b — impregnated
with a solution of «Aquastat» with a density of 1.24 g/cm? for 30 minutes; ¢ — impregnated with the Aquastat
solution with a density of 1.24 g/cm? for 60 minutes
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Table 1

Physico-mechanical properties of sand from limestone-shell rock, fraction 2.5 mm,
impregnated in solutions of calcium polysulfide of various densities

5| et g | TCEES e, | TSkt ot
original — — 0.551 32.5

1 1.16 14.25 0.701 4.5

2 1.17 17.17 0.679 3.5

3 1.19 17.33 0.678 2.2

1 1.20 17.68 0.683 2.6

5 1.22 19.27 0.697 2.5

4 1.24 21.69 0.693 2.0

6 1.35 22.64 0.704 1.9

increase in bulk density in the range from 23—28% and
an increase in the degree of impregnation (increase in
the weight of the impregnated sample). The coefficient
of water absorption as a result of impregnation decreased
repeatedly from 7 to 17 times (see table 1). Even when
processing with a low-concentrated (p = 1.17 g/cm?®) cal-
cium polysulfide solution, the water absorption coefficient
decreased to a value of 4.5%, an increase in the solution
concentration led to a further decrease in the water ab-
sorption coefficient to 1.9%.

In experiments on the modification of crushed stone
of limestone-shell rock, samples of the Beineu deposit
of the Mangistau region were used. To study the effect
of the concentration of the impregnating solution on its
water absorption, samples of limestone rubble were im-
pregnated with solutions of calcium polysulfide of various
densities; the appearance of the original (unimpregnat-
ed) gravel and impregnated samples is shown in Fig. 2.

The impregnation was carried out by immersion of sam-
ples of crushed stone from limestone-shell rock (fraction
10—20 mm.) in solutions for one hour (see Fig. 2), the re-
sults of measuring the bulk density and water absorption
coefficient are shown in table 2.

Data given in table 2 show that the impregnation
of crushed stone as well as sand in solutions of calcium
polysulfide of various densities leads to a significant de-
crease in the coefficient of water absorption, at the same
time, bulk density increases slightly. As a result of im-
pregnation of crushed stone from limestone-shell rock
with a solution of calcium polysulfide, the bulk density
of crushed stone increased by an average of 2.4%. From
table 2 it is also seen that the water absorption of the
initial samples is 25.0%, and treatment with a solu-
tion with the lowest density equal to 1.17 g/cm? leads to
a threefold decrease in this parameter, and a parameter
value of 8.1% is achieved. It was found that a gradual

Fig. 2. Impregnation of crushed stone samples by immersion in «Aquastat» solutions of various densities in the range
from p = 1.17 g/cm’ to p = 1.35 g/cm’; a — impregnation of crushed stone samples; b — the appearance of the samples
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Table 2

Dependence of bulk density and coefficient of water absorption of crushed stone on the density

of the «Aquastat» impregnating solution

Ne bulk density p, g/cm? solution density p, g/cm? water absorption, %

original — 0.675 25.0

1 1.17 0.685 8.1

2 1.19 0.697 7.9

3 1.20 0.679 7.5

4 1.22 0.686 6.5

5 1.24 0.682 5.2

6 1.35 0.691 5.2

increase in the density of the impregnating solution
leads to a monotonic decrease in the coefficient of wa-
ter absorption. The smallest value of the parameter
of water absorption which equals to 5.2% belongs to
a sample impregnated with a solution of calcium poly-
sulfide with a maximum density of 1.35 g/cm?. It was
found that solution density of 1.24 g/cm? is sufficient
to reduce the water absorption coefficient to a value
of 5.2%, the same as for a density value of 1.35 g/cm?.
The latter is important because it allows for hydropho-
bization of crushed stone and sand to dispense with
solutions of a density of no more than 1.24 g/cm?, which
are much easier to prepare than more concentrated with
a density of 1.35 g/cm?.

It should be noted that traditionally sulfur in construc-
tion was used as a melt [18—20], which was used to im-
pregnate building materials. For comparison, the method
of hydrophobization with a polysulfide solution and a sul-
fur melt is shown in Table 3 below, which shows the values
of a number of parameters of limestone rubble impreg-
nated under different conditions. The comparison shows

Table 3

a significant increase of 2.1 times the compressive strength
during the treatment with sulfur melt, while the treatment
with a solution of calcium polysufide leads to an increase
in this parameter by 1.36 times. The water absorption
of crushed stone during treatment with a solution of cal-
cium polysulfide decreases by 4.6 times, and when treated
with a molten sulfur it decreases by 13 times.

But when comparing the effectiveness of the meth-
ods used, it is necessary to take into account the dif-
ficulties of using a sulfur melt in order to hydrophobize
building materials. Impregnation of materials with a sul-
fur melt includes a number of successive technological
processes: heating of sulfur to 150°C; drying and heat-
ing products at a temperature of 130—140°C; immer-
sion of products in the melt and impregnation; extrac-
tion of products from molten sulfur and their cooling.
To carry out effective sulfur melt impregnation, it is
necessary to use a sealed bath equipped with a vacuum
system. As practice has shown, the following disad-
vantages are also inherent in the method of impregna-
tion of concrete products with a sulfur melt. Firstly,

Dependence of strength and coefficient of water absorption of crushed stone during treatment with calcium polysulfide
solution and sulfur melt. Designations in the table: ND — regulatory documents on test methods; 1 — control sample;

2 — processed sample

Solution impregnation Aquastat . .
| ), AT ST Sulfur melt impregnation
The name ND o ’ ’ temperature 160°C, 30 min
of indicators 1 hour
1 2 1 2

Density, g/cm? GOST 9758 792 801 763 842
The compressive
strength in the cylin- GOST 9758 0.53 0.72 0.58 1.24
der, MPa
Water absorption, % GOST 9758 24.0 5.2 28.0 2.1
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for the implementation of sulfur melt impregnation, it
is necessary to heat both sulfur and concrete products
to a temperature of 140—150°C, which significantly in-
creases the energy intensity of the process. In addition,
heating products to such temperatures can cause stresses
in the material and lead to a decrease in strength. Sec-
ondly, due to the relatively high viscosity of the sulfur
melt, it is necessary to use evacuation or overpressure,
which greatly complicates and increases the cost of sul-
fur melt impregnation technology.

It should also be noted that the process is sensitive
to temperature fluctuations, since sulfur is liquid only
in a certain temperature range. Therefore, in spite of a
marked improvement in the characteristics (water ab-
sorption, frost resistance, mechanical strength, chemical
resistance) of sulfur-impregnated concrete, this method
was not widely used, even despite the environmental safety
of the impregnated products. The disadvantage in this
method is the difficulty of impregnation from the molten
state. Currently, products impregnated with molten sulfur
are used in special cases when it is necessary to protect
concrete from aggressive environments (acidic environ-
ments and saline solutions) [21—22].

FINDINGS

1. Research data on the efficiency of impregnation
with polysulfide solutions of sand and gravel formed dur-
ing the development of limestone-shell rock deposits and
their use in road dumping have been presented. As in ear-
lier studies, impregnation allows polysulfide molecules to
penetrate into the pore structure of limestone-limestone
and, when the material dries, sulfur nanoparticles crys-
tallize from its polysulfide solution in its pores, partially
filling the pore space and forming a protective, durable,
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PE3KOME: MpepacTtaBneHbl JaHHble NCCIeAoBaHNN 3GPEeKTUBHOCTM NPONUTKY «AKBaCTaT» OTXOL0B, 00pa3yoLmxca B pesynbrate
pa3paboTKy MeCTOPOXKAEHNI N3BECTHAKA-PaKyLLIeYHKa. B pesynbrate nponuTky necka KosgpduumeHT BOAONOMIOLWEHUA Npe-
TeprneBas CyLeCcTBEHHOE CHIKeHVeE OT 7 fo 17 pas, Npu 3TOM KO3$PULIMEHT BOAOMOTOLWEHNA CHXAETCA € 32,5% ANA NCXO[HOrO
1o 1,9% nponutaHHoro. [laxe npu o6paboTke cnabo KoHLeHTprpoBaHHbIM (p = 1,17 r/cm®) pacTBopom nonucynbomnaa Kanbumsa
KO3dOULMEHT BOLOMOITOLEHNA CHUMXACA [JO 3HaUYeHUA, paBHOro 4,5%. B pesynbrate nponuTtky WebHA 13 N3BECTHAKA-PaKy-
LeYHMKa pacTBOPOM nonucynbounaa Kanbumsa Ko3douLumeHT BOAOMNOMOWEHUA CHUXKaeTCA ¢ 25,0% ana HeobpaboTaHHOTO A0
5,2% pna o6paboTaHHbIX, MPUYEM CHUXeHVE KoabdnLmeHTa BOgonornoLeHra 6onblue AnA KOHLEHTPYPOBAHHbIX PAaCTBOPOB.
BbiABNIEHO, YTO MAIOTHOCTU PAcTBOPA, PaBHOTO 1,24 r/cm?, AOCTaTOUYHO ANA CHUXKEHMA KO3pdULUreHTa BOJOMOOLWEeHNA [0 3Ha-
YEHUA, PaBHOTO 5,2%, TAaKOTO Xe KaK 1 AN 3HaYeHWsA MIoTHOCTU paBHoro 1,35 r/cm®. CpaBHeHWe pe3ynbTaToB NPOMUTKN pacTBO-
pom «AKBacTaT» 1 pacrniaBom cepbl NMOKa3asno, 4To B pesynbTate 06paboTKM pacniaBom cepbl KO3GOULMEHT BOJOMOTOLEHNA
CHuKaeTca B 13,3 1 NPOYHOCTb MOBbIWAETCA B 2 pas3a, a B pe3ysbTaTte NPONUTKM pacTBOPOM «AKBacTaT» CHUXaeTca B 4,62%,
NPOYHOCTb NoBblwaeTtcs B 1,35 pa3. HecMoTpsa Ha 60onblyo 3¢PeKTMBHOCTL 06paboTKM pacniaBoM cepbl Takas 06paboTka
MMeeT He[OCTaTKM, CBA3aHHble C MPYIMEHEHVIeM aBTOKaBHOM TEXHONMOMMN 1 MOBbILLEHHbIX TemnepaTyp.

Pe3ynbtaTbl MOAUdMKaLMy necka v WebHA 13 pakylleyHKa NPoNnTKON ero pacTBOPoMm «AKBacTaT», OGHapy»KeHHoe cylie-
CTBEHHOE CHVXeHMe napameTpa BOAOMOINOLEHNS, yBeIMYEHNA MPOYHOCTU Ha CKaTre OTKPbIBAIOT BO3MOXXHOCTb MPVYIMEHEHNA
NPOMNUTaHHOTO LWebHA B KauecTBe MaTepuana CJos, nexallero B OCHOBaHUN [OPOXKHbIX KOHCTPYKLMI MECTHBIX [JOPOT B BUAE
webHA 1 necka B3ameH 6oee OPOroro NPMBO3HOTO LWe6Hs.

KJTKOYEBDIE CJTOBA: 13BeCTHAK-PaKyLIEUYHNK, Cepa, MPONUTKA, MPOYHOCTb, OTX0Abl, rnapodobusauus, nonucynboug,.
BNIAFOAAPHOCTMW: aBTopbl 6narogapat MNU® Pecnybnunkn KasaxctaH n poHA «CKOKOBO» 3a OKasaHue NoanepKKu.

ANnAa UNTUPOBAHUA: Maccanumos W.A., Maccannumos b.M., AxmeTwuH b.C., Ypykaes ®.X., Bypknt6aes M.M. MpeobpazoBaHue
0OTXO[0B A06bIUM N3BECTHAKA-PAKYLLIEYHMKA MPONUTKOM NonncynbGuiHbiMm pactsopamu // HaHoTeXHoONornm B CTponTenbCTBe. —
2020.-Tom 12,Ne 2. - C.77-83. - DOI: 10.15828/2075-8545-2020-12-2-77-83.

BBEJEHUE

PaKyLueqHI/IK — Pa3HOBUIHOCTH ITOPMCTOTO M3BECT-
HsIKa, COCTOSINAsT M3 PAKOBUH MOJITIOCKOB, IECKa
¥ TJIMHBI, KOTOPBIE CITPECCOBBIBAINCH THICSTICIICTUSIMU
TIOM ACHCTBHEM HaBJICHUS W BRICOKUX TeMIeparyp. Ma-
TepHal, TOJapEeHHBIN YeJI0BEKY IIPUPOI0I1 U TIOJTHOCTHIO
TOTOBBI K ynoTpebeHnio. bopimoe pacmipocTpaHeHe
M3BECTHSKA MIeJIacT BO3MOXHOM ero JOOBIIY B pa3ind-

HBIX pernoHax mupa [1—6]. B Poccun GoabIIMHCTBO
KPYITHBIX MECTOPOXIEHUI TTPUYyPOUYEHBI K 3aIlaJHOM
yacTu ctpaHbl. Kapbepsl 1o 1o0ObIU€ 3TOTO KaMHS €CTh
B BopoHnexckoii, Tyabckoii, benroponckoii, ApxaHreib-
ckoii u Boyoroackoii oomactsax. JloObIBalOT U3BECTHSIK
takcke Ha CeBepHoM KaBkase, Ha Ypaie, B OTICITbHBIX
paiionax Cubupu u B MockoBcKoit obiactu. Han-
0osiee peHTabebHbIE MECTOPOXIECHMST PACTIONOXKEHbI
B LIEHTpaJbHBIX palioHax EBporeiickoii Tepputopuun
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Poccun. Ha Ypane nHaubosnbimmu 3anacaMu o0J1agaeT
Yengbunckas obnacth, a B Cubupu — HoBocubupcekas,
Kemeposckast oonactu u KpacHosipckuii kpaii. B Ka-
3axcTaHe pa3BemaHo 122 MecTOpOKICHNUS N3BECTHSIKOB,
TIPUTOMHBIX UTSI IIPOU3BOACTBA M3BECTH, M 3aI1aChl 3TUX
MECTOPOKICHMI SIBISTIOTCST BeChbMa o0mmmpHBIMU. Kazax-
CTaH MOXHO cuuTaTh KIToHmaiiKoM IJjIsT TTpOM3BOICTBA
pa3IMYHBIX BUOOB U3BECTH, OH 00JIaIacT IIPEeKPacHBIM
PETHOHAIBHBIM PACITOIOKEHMEM JUTSI ITIOCTAaBOK M3BECT-
HSIKOBBIX ITOPOI ¥ TOTOBOM M3BECTH B COCCITHIE PETHOHBI
u ctpaHbl TamoxxeHHOT0 Coro3a.

PakyIieyHnKk, moOBIBaeMBIil B Kapbepax, 3a4acTyio
MMeeT IMMPOKO Pa3BUTYIO KAIMMUISIPHYIO CUCTEMY B CBO-
el MUKpPOCTPYKTYpe, KOTOpasl 3aII0THEHA BO3IYXOM.
Braromapst sTomy KaMeHb 00J1agacT BEHICOKIMH IIIyMO-
TOIABJIIONINMI CBOMCTBAMM I MUTHMMAJILHOM TETIIO-
TIPOBOTHOCTHIO, YTO TTO3BOJISICT SKOHOMUTH Ha JOPOTO-
CTOSIIIMX Hepropecypcax. st JoOBIM paKkyIeTHrKa
NPUMEHSIIOTCS B3PbIBHOM, 9KCKaBaTOPHBIN, KOMOali-
HOBBIIT METOIBI, TIPU 3TOM 00pa3yeTcss MHOTO OTXOIO0B
B BUIE IIEOHS U MEJIKOU KPOIIKH, KOTOPask MOKET OBITH
WCITOIb30BaHa TIPU TIPOBEACHNIN CTPOUTEIBHBIX PadoT
¥ pabdoT 110 OTChINKE mopor. HecMoTps Ha mmpokoe
IpUMEHEHNE M3BECTHIKA-PaKyIICUHNKA B CTPOUTEITb-
CTBE HEOOXOIMMO OTMETUTh HEKOTOPBIC €TI0 HEIOCTAaTKH,
KOTOPBIC MOTYT CHITKATh 9KCILTyaTallMOHHBIC XapaKTe-
PUCTUKHA U TOJTOBEIYHOCTH CTPOUTEIBHBIX MATEPHAJIOB.
DTOT MaTepuall THTPOCKOITMYEH, 00J1agacT 3HAUNTEITb-
HBIM 00BEMOM ITOPUCTOCTH, paBHOM 22—50%, TTocTereH-
HO pacTBOPSIETCS B BOAE, MHTEHCUBHOCTb PACTBOPEHMST
MOBBIIIAETCS MPU BO3AEHCTBUM HA KAMEHb MOI3€MHbBIX
BOJI ¥ aTMOC(EPHBIX OCAIKOB, HACHIIIICHHBIX KHCJIBIMI
COCTMHEHMSIMHI, UTO TIPEIOIPEACIIICT €r0 CPAaBHUTEITHHO
HEBBICOKYIO MOPO30CTOMKOCTE (MapKa IT0 MOPO30CTOI -
koct F15—F35) u cHmXKeHMe MPOYHOCTU MPU HACHI-
IIECHUY BOIOI, BeIMUMHA KO3(DDUITMEHTa pa3MATICHUS
cocrasiset 0,6—0,9. Takum 00pa3oM, aKTyaJbHbIMU
SIBJISTIOTCSI BOIIPOCKI 3aIIIUTHI CTPOUTEIIBHBIX MATEPHAJIOB
W3 U3BECTHSIKA-paKyIICYHNKA OT YBIIAXKHEHUS ¥ TIOBBI-
IIEHUS UX JOJITOBEYHOCTH [7—9].

OgHUM 13 Hambosee TMPOCTHIX U TEXHOJIOTUIHBIX
CITOCOOOB PEIICHUS 3adauy YIyIIIeHUS SKCIUTyaTalli-
OHHBIX CBOMCTB U TTOBBIIICHMSI JOJTOBCUHOCTH SIBIISICTCS
TIPONUTKA MOIUCYIbGUIHBIMA pacTBOpaMu. Taxk, mirst
paKyIIIeyHNKa IIPOBeIeHA TIPOINTKA, 00CCIICUNBAIOIIAS
TITyOOKOE IIPOHUKHOBEHNE TTOJIMCYTH(UIHOTO pacTBOpa
B Matepuai [10]. B pe3ynbrare mokaszaHo, 4YTO TIPOITUTKA
M3BECTHSIKA-PAKYIICYHIKA TTOINCYIb(MUIHBIMI PACTBO-
paMM TIO3BOJISICT YIIYUIINTh SKCIUTyaTallMOHHEBIC CBOMCTBA
¥ TIOBBICUTH TOJITOBEYHOCTh CTCHOBBIX, OOJIMIIOBOYHBIX
¥ TOPOKHBIX CTPOUTEIHPHBIX MAaTepHUAJIOB Ha €TO OCHOBE,
TIOABEPTAIOIINXCS aTMOC(EPHBIM BO3ICHCTBUSIM.

Heo6xommMo TakKe yKa3aTh, YTO Ha MHOTHUX Ka-
pbepax Poccun u Pecnnyonuku Kazaxcran B pe3ybTaTe
BapBapCKOil JOOBIYM M3BECTHSIKA B LIEIISIX TIPUMEHCHUS

€ro B Ka4eCTBEe OOJIMIIOBOYHOTO MaTeprajia HaKOIIOCh
3HAYNTEIbHOE KOJIMUYECTBO M3BECTHSIKA B BUIE TTecKa
Pa3IUYHBIX (paKIIWii, YIyJIIIeHNE ero SKCIUTyaTalu-
OHHBIX XapaKTepUCTUK HaPSAY ¢ IMIcOHEM ITO3BOJIMIIO
OBI ITOJTYINUTH OUYCHB BaXKHBIN CTPOUTEIIBHBII MaTepra
— TIECOK JUTSI JOPOKHOTO CTpOUTENbCTBa. [1omoxXmTeh-
HBIC pe3yJbTaThl IIPUMEHEHHS PACTBOPOB ITOIUCYITb-
GHUIOB MOTYT MOCIYXXUTH CTUMYJIOM K TIepepaboTKe
OTXOIIOB KaphepOB M3BECTHSIKA PaKylIeUYHNKa (B BUIIEC
Tecka 1 meOHS), KOTOPBIe B IPUPOTHOM COCTOSIHUM
He 00J1a1af0T HabopPOM (QU3MKO-XMMIUYECKIX CBOMCTB,
HEOOXOIMMBIM UTSI MX IIPUMEHEHMSI B TOPOKHOM U TIPO-
MBIIIUIEHHOM cTpouTenbeTBe [11—13]. B ¢Bs13M ¢ aTHM,
B paboTe MIPOBeIeH SKCIIEPUMEHT 10 TIPOITUTKE M3BECT-
HSIKOBOTO TTeCKa 1 IIeOHS ¢ eTbI0 CHIDKCHUS TTapaMe-
Tpa BOIOIIOTJIOIICHNS, IIPUMEHSISI METOINKY 00pabOTKI
MMOJINCYIbGOUIHBIM pacTBopoM [ 14—17].

OCHOBHAA YACTb

s momrduKaIny CBOMCTB B KAUeCTBE ITecKa B pa-
00Te MCITOJIB30BaH OTCEB M3BECTHSIKA-PAKYIIICYHUKA
MmecTtopoxkaeHus: beiitHey MaHrucrayckoil o0Jjiactu
dpakumm 2,5 MM, KOTOPEIi 00pa3yeTcs IIpu mojyde-
HUU IIeOHS 13 N3BECTHIKA-PaKyIIeUHNKA. YKa3aHHas
dpakms mecka OblIa MPOITUTaHAa PACTBOPAMU TTOJIM-
cynbphuIa Kaabls Pa3IMIHON IJIOTHOCTH, Ha puC. 1
IToKa3aHbl M300pakeHUsI TIECKa MCXOMHOTO la | TIpo-
IMMTAHHOTO PAaCTBOPOM ITOJUCYIb(GHIA KATbIMS TI0T-
HocThlo 1,24 r/cM® B TeueHue 1 yaca.

W3 puc. 1 BUmHO, 9TO IMIPOIMMTKA IIPUBOIUT K 3aMET-
HOMY M3MEHEHMIO 1IBETa IecKa, 1, KaK IT0Ka3ald UCCIie-
IIOBaHUSI, IIPOITUTKA TIeCKa IIpuBeia K 3aMETHOMY YBe-
JIMYCHUIO BEIMYMHBI HACBHIITHOM TIOTHOCTH B MTHTEPBAJIe
0T 23—28% U1 yBeIMUEHUIO CTEIIEHU ITPOIUTKY (YBEJIU-
YEeHHUIO Beca MPONUTaHHOTO 00pasia). KosdbduimeHt
BOJIOIIOTJIOIICHUS B Pe3YJIbTATE IPOITUTKHI TIPETEPIICBAT
MHOTOKpaTHOE CHIKeHMe oT 7 1o 17 pa3 (cMm. Ta6im. 1).
Jlaxxe ripu 06paboTKe ¢j1abo KOHLIEHTPUPOBAHHBIM (P =
1,17 r/cm?) pacTBOpOM IOIUCYIbbUIA Kb KO(]-
GUIIMEHT BOOOITOTIOIICHUS CHIKAJICS IO 3HAUCHMS,
paBHoro 4,5%, yBeJlnueHUe KOHLIEHTPALUU pacTBOpa
IIPUBOIMIIO K JaIbHEHIIIEMY YMEHBIICHUTO KO3 hUIIN-
€HTa BOJIOMOIOIIEHMS 10 3HaueHus 1,9%.

B skcnepnmMeHTax 1Mo MomupUKAIINT IIeOHS 13-
BECTHSIKa-paKyIIeUHNKa OBLTN UCITOIH30BaHBI 00Pa3IIbl
beiineyckoro MectopoxaeHuss MaHrucrayckoi ooa-
ctr. JI1s1 3ydeHUs BIUSHUS KOHICHTPALIUA TIPOIIH-
TOYHOTO PacTBOpPa Ha €ro BOIOITOIIOIICHHIE 00pa3Ilbl
M3BECTHSIKOBOTO IIEOHS OBLIN TIPOIMTAaHBI PACTBOPA-
MU TTOJINCYIbDUIA KaJbIINS Pa3IUIHON TIIOTHOCTH,
BHCIITHWI BUI MCXOTHOTO (HEIIPOIIMTAHHOIO) IICOHS
1 TIPOITUTAHHBIX 00pa3IIoB IpuBeacH Ha puc. 2. [1po-
IMMTKA TIPOBOAMJIACH ITOTPYKEHUEM 00pa3IloB IIECOHS
13 U3BECTHSIKA-paKymeynnka (ppakmus 10—20 mm)
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Puc. 1. Tlecok dpakuum 2,5 MM 13 0TCEBA N3BECTHAKA-PAKYIIEYHUKA: & — UCXO/IHBIIT; b — mponuTaHHbIi
PacTBOPOM «AKBACTAT» INIOTHOCTHIO 1,24 r/cm® B TedeHne 30 MUHYT; ¢ — MPOMUTAHHBINA PACTBOPOM

«AKBacTaT» WIOTHOCTBIO 1,24 r/cM® B TedeHue 60 MUHYT

B pacTBOPBI HA OMWH Yac (CM. puc. 2), pe3yJbTaThl U3-
MEPEHMSI HACBITTHOM IJIOTHOCTH 1 KO3 buiireHTa Bomo-
TIOTJIONICHUS TIPUBENCHBI B TA0. 2.

W3 naHHBIX, IPUBEACHHBIX B TA0J. 2, BUIHO, YTO
MPOTNUTKA MIeOHS TaK Xe, KaK 1 MecKa B pacTBOpax
nonucyab(uaa Kaablvs pa3TnIHON TUIOTHOCTU TIPU-
BOJUT K CYIIECTBEHHOMY CHUXKEHUIO KOahduiimeHTa
BOJIOTIOTJIONICHUS, B TO XK€ BPEMsI HACBIITHASI TNIOTHOCTh
YBEJIMYMBACTCSI HE3HAUMTENIBHO. B pe3ynbraTe mponur-
KU 1eOHST U3 U3BECTHSIKA-PaKyIIeYHUKA PACTBOPOM
oucyThhuaa Kaablns HAChIITHAS Macca IeOHsT yBe-
JIMYMIach B cpeaHeM Ha 2,4%. W3 Tabi1. 2 TakKe BUIHO,
YTO BOMOTIOTJIONIEHHNE NCXOIHBIX 00PA3II0B COCTABIISIET
25,0%, 1 06paboTKa pacTBOPOM C CaMOI HU3KOM TJIOT-
HOCTbBIO, paBHOM 1,17 r/cM3, IPUBOAUT K TPEXKPATHOMY
CHUKEHUIO 9TOTO TapaMeTpa, TPy 3TOM JOCTUTAETCS

Tabauya 1

3HauUeHue MmapameTpa, paBHoe 8,1%. YcTaHOBJIEHO, UYTO
TMOCTETIEHHOE YBEJIMUEHNE TUIOTHOCTU TTPOTTUTOYHOTO
pacTBopa MPUBOAUT K MOHOTOHHOMY CHUXEHUIO KO-
sddunmrenTa BogonoriaomeHus. Hanmenpiree 3Ha-
YeHHe TapaMeTpa BOIOIOIIONMIEeHUsI, paBHoe 5,2%,
nMeeT o0pasell, TPOMUTAHHBIN PACTBOPOM TIOJIUCYITb-
(bmma xanbius ¢ MAaKCMMAaTbHOM TIJIOTHOCTBIO, PAaBHOM
1,35 t/c™?. BBIsIBIICHO, YTO TIJIOTHOCTH PacTBOpa, paB-
Horo 1,24 r/cMm3, 1OCTaTOYHO IS CHIKEHUS KO3bdu-
LIMEeHTa BOIOTIOTJIONICHUST 10 3HAYEHMsI, paBHOTO 5,2%,
TaKOTO e, KaK U JIJIs 3HAaYeHUs TIJIOTHOCTH, PABHOTO
1,35 r/cm’. TlocnenHee uMeeT BaxXHOe 3HAYEHUE, TaK
KaK TO3BOJIIET Npu TuapodoOu3anuy medbHs U necka
00OMTHUCH paCTBOPaMHU TUTOTHOCTH He Gostee 1,24 r/cm?,
KOTOpBIE TOpa3/Io Jierdye MPUTOTOBUTH, YeM 0oJiee KOH-
LIEHTPUPOBaHHBIE C TUIOTHOCTHIO 1,35 r/cm?.

Du3KMKO-MeXaHNYeCcKre CBOICTBA MeCKa U3 M3BECTHIKA-PAKyIIeYHNKa, (ppakiuu 2,5 MM,
MPONUTAHHOTO B PACTBOPAX MOIUCYIb(UIA KATLIUSA PA3TUIHOI ILIOTHOCTH

Ne HJIOTHO(I:;Z :::lﬂBopa, Grerem o, %, 1o Hacmnngs;:zomocn, Bo;i?:,ﬂg:::ﬁ: o
HUCXOIH. — — 0,551 32,5
1 1,16 14,25 0,701 4,5
2 1,17 17,17 0,679 3,5
3 1,19 17,33 0,678 2,2
1 1,20 17,68 0,683 2,6
5 1,22 19,27 0,697 2,5
4 1,24 21,69 0,693 2,0
6 1,35 22,64 0,704 1,9
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a

Puc. 2. IIponutka 00pa3noB meoHs NOrPyKEeHHEM B PACTBOPBI «AKBACTAT» Pa3JIMYHON IIOTHOCTH B TUANIA30HE
or p = 1,17 r/cm® 1o p = 1,35 r/cm3: a — nponuTKa 00Pa3LOB IEOHS; 0 — BHEIIHMI BUI 00Pa310B

Tabauya 2

3aBHCHMOCTH HACHIMHOM IVIOTHOCTH 1 K03 ()HIMEHTA BOIONOLIOIIEHN)S HIeOHs

OT IUIOTHOCTH NMPONUTOYHOTO PACTBOPA «AKBACTAT»

Ne HACBINHAS MJIOTHOCTD P, I/cCM® | IJIOTHOCTb pacTBopa P, r/cm? BOJIONOIONIEHne, %

VICXOJIH. - 0,675 25,0

1 1,17 0,685 8,1

2 1,19 0,697 7,9

3 1,20 0,679 7,5

4 1,22 0,686 6,5

5 1,24 0,682 5,2

6 1,35 0,691 5,2

HeobxoagnMo OTMETHUTh, YTO TPATUIIMOHHO cepa
B CTPOMTEIBCTBE IPUMEHSIIACH B KaUECTBE pacIljiaBa
[18—20], KoTOpOMY TIPOTIUTHIBAIUCH CTPOUTEIHLHBIC
Matepuaisl. g cpaBHeHUS MeTona Tuapohoom3aIinm
TIOJUCYTLMUIHBIM PACTBOPOM M PACTUIABOM CEPBI HITKE
puBeneHa Tadj. 3, B KOTOPOU IIpUBEACHBI 3HAYCHUS
psima mapaMeTpOB M3BECTHIKOBOTO IIEOHS, TIPOTIH-
TaHHOTO B pa3HEIX ycaoBHUsIX. CpaBHEHME TTOKA3bIBa-
€T Ha 3HAUMTEIIbHOE YBeJIMYeHNE B 2,1 pa3 MpOYHOCTH
Ha cxXaTHe TIpr 00pabOTKe pacIIaBOM CEPHI, B TO BpeMsI
KakK 00paboTKa pacTBOPOM MOJUCY(hUIA KAJTbLUS TTPU-
BOIUT K YBEJIMYEHUIO DTOrO rmapamerpa B 1,36 pas.

Bopornornomenue 1medHs pu 00padboTKe pacCTBOPOM
MOJIUCYIb(MUIOM KalbLKs CHIXAETCS B 4,6 pas, a Ipu
00paboTKe pacIyIaBOM Cephbl CHIKaeTed B 13 pas.

Ho npu cpaBHeHUN 3DOEKTUBHOCTH MCITOIH30-
BaHHBIX METOIOB HEOOXOIMMO YIMTHIBATH CIIOKHOCTH
TIPUMEHEHMS paciuiaBa Cephl B IEJISIX THApodoOU3amm
CTPOUTENTbHBIX MaTepuaioB. [IpormTka MaTepraioB pac-
TTABOM CEPBI BKITFOUACT PSIII IOCIICIOBATEILHBIX TEXHO-
JIOTMIECKUX TIPOIIECCOB: pa3orpes cepsl 10 150°C; cymmKy
¥ TIOAOTPpeB M3neunii mpu remmeparype 130—140°C; mo-

rpyKeHHe U3IeINii B pacIUIaB U IIPOIUTKY; U3BJICUCHLIE
M3/ U3 paciulaBa cepbl U UX oxJaxaeHue. st ocy-
1ecTBIeHUs 3G (MEKTUBHOM MIPOMUTKYU PACILIABOM CEPhI
HEOOXOIMMO MCIIOIb30BaTh FEPMETUYHYIO BAHHY, CHA0-
KEHHYIO CUCTEMOI BakyyMupoBaHus. Kak mokasaia
MpaKTUKa, METOAY IPOIMUTKN OETOHHBIX U3IEIUIA pac-
IJIABOM CEpbI IIPUCYLLIU TAKXKE CASAYIOIINE HETOCTATKH.
Bo-1iepBbIX, 1Tt OCYLLECTBICHUS ITPOIMUTKY PACIUIABOM
cepbl HEOOXOIUM Pa30rpeB U Cepbl, U OETOHHbBIX U3-
nmenuii mo Temriepatypbl 140—150°C, 9ro cymecTBeHHO
YBEJIMYMBAET DHEProEMKOCTD Ipouecca. Kpome Toro,
pa3orpeB U3IEIMIA 10 TAKUX TEMIIEPATYP MOXKET BbI3BATh
HAIpsSDKeHUST B MaTepuaje U IPUBECTU K CHUKEHUIO
MIPOYHOCTU. BO-BTOPBIX, 13-32 OTHOCUTEIHLHO BbICOKOM
BSI3KOCTH pacIliaBa cepbl HEOOXOAMMO MCII0Ib30BaTh
BaKyyMHUPOBaHKE WIK U30BITOYHOE JaBJICHKE, YTO 3HA-
YUTEJIBHO YCIOXHSICT M YIOPOKAET TEXHOJIOTHUIO TIPO-
IMUTKU PACIUIABOM CEPBI.

Heo6xonnMo OTMETUTD TaKKe YYBCTBUTEIbHOCTD
rporecca K QIyKTyalusiM TeMIIEpaTypHOro pexuma, Tak
KakK cepa SIBJISIeTCS XKUAKOTEKYJel I B OTIpeaeIcH-
HOM TeMIlepaTypHOM MHTepBaje. [1oaToMy, HECMOTpst
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Tabauya 3

3aBHCHMOCTH NPOYHOCTH H KO3(phHIIeHTa BOIONOLIONMIEHHS H3BECTHAKOBOIO II€OHS MPU 00pad0TKe PacCTBOPOM
NOJIMCYIb(UIA KAJIBIUA U paciiiaBoM cepbl. O0o3Hayenus B Taduie: H/I — HopMaTHBHBIE IOKYMEHTBI HA METO/IBI
UCnbITaHuii; 1 — KOHTPOIbHBII 00pa3en; 2 — 00padoTaAHHbI 00pa3els

IIponuTka pacTBOopoM «AKBacTar»,
P 0= 1,241/, IIpomuTKa pacmiaBom cepbl,
oKAzATe el HJI T 240, 1 e temnepatypa 160°C, 30 mun.
1 2 1 2
[MnotHOCTB, T/CM? T'OCT 9758 792 801 763 842
ITpouHocTh Ha
cxKaTue B LWJIMHIPE, T'OCT 9758 0,53 0,72 0,58 1,24
MIla
Bononomromenue, % TI'OCT 9758 24,0 5,2 28,0 2,1

Ha 3aMEeTHOE YJIy4YlleHHEe XapaKTepUCTUK (BOAOIOLIIO-
LIEHUS, MOPO30CTOMKOCTH, MEXaHUYECKOM IIPOYHO-
CTU, XUMHYECKOM CTOMKOCTH) IMPOIMMTAHHBIX pacIlia-
BOM Cepbl OETOHOB ILIMPOKOTO PACIIPOCTPAHEHUS 3TOT
METO[I He ITOJIy4YII, JaKe HECMOTPS Ha 9KOJOTUYECKYIO
0e30I1aCHOCTD MIPOMUTAHHBIX U3aeauil. Hegocrarkom
B 9TOM METO/I€ OKA3bIBAIOTCS TPYAHOCTU OCYLLIECTBICHMS
MPOIMTKY U3 pacIlIaBICHHOIO COCTOSIHUSL. B HacTosiee
BpeMsI U3Ie/IKS, IIPOIUTAHHbIE PACIUIABICHHOM CEPOid,
KCIIOJIb3YIOTCS B CIICLUAIbHBIX CIyYasixX, KOrjaa Heo0Xo-
JIMMO 3allUTUTh OETOH OT arpeCCUBHBIX cpell (KUCIOT-
HBIE CpeIbl U COJIEBBIE pacTBOPHI) [21—-22].

BbBIBO/IbI

1. IIpencraBiaeHbIe Pe3yIbTATHl CBUACTEIBCTBYIOT
00 3((HEeKTUBHOCTU ITPOMUTKHU IMOJIUCYIbGUIHBIMUA pac-
TBOpaMU MecKa U 11eOHs1, 00pa3yeMoro npu pa3padoTke
MECTOPOXICHIIT N3BECTHSIKA-PAKYIIIEYHNKA 1 UCTIONb-
30BaHMH X IIPU OTCHITIKE Hopor. Kak 1 B 60j1ee paHHNX
paboTax MPOMUTKA MO3BOJISICT IIPOHNUKATH MOJICKYJIAM
TOJIUCYNTh(MUIA B TIOPOBYIO CTPYKTYPY M3BECTHSIKA-pa-
KYIIIEYHWKA, ¥ TIPY BEICEIXaHWY MaTepHaia B eTo ITopax
W3 TIOJIUCYIB(UIHOTO PacTBOPA BRIKPUCTAJIIIN30BHIBA-
FOTCSI HAHOYACTUIIBI CEPhl, YaCTUYHO 3aIIOTHSIONINE
TIOPOBOE TIPOCTPAHCTBO M (hOPMUPYIOIINE 3aITUTHOE
IOJITOBEYHOE HEpacTBOPUMOE THAPOGOOHOE TTOKPHITHE,
3aTPyOHSIONIEee TIPOHUKHOBECHIE BOIBI B ITOPHI paKy-
IIeYHNKA.

2. B pe3ynbrate mponmuTKH recka Kod(hGUIIMEHT BO-
JTOTIOTJIOLLIEHUS ITpeTeprieBall CyIIECTBEHHOE CHUXKEHUE
ot 7 no 17 pa3, koadPULUreHT BOAOIOTIOIICHUSI CHU-
x)aercs ¢ 32,5% mrst ucxogHoro 10 1,9% nponuTaHHbIX.

Jlaxxe ripu 00paboTKe ¢j1abo KOHLEHTPUPOBAHHBIM (P =
1,17 r/cm?) pacTBOPOM MOIUCYIbGbUIA Kb KO(P-
(GUIIMEHT BOOOITOTIOIICHUS CHIKAJICS IO 3HAUCHMUS,
paBHoro 4,5%.

3. B pe3ynbTaTe IpONMMUTKY IIEOHS M3 U3BECTHSIKA-
paKyIIeYHNKa paCTBOPOM MOJIMCYIbMDUIA KaTbIIUS KO-
3¢ UIIMEHT BOIOIIOMIONIEHNS cCHIKaeTces ¢ 25,0% s
Heo0paboTaHHOTO 10 5,2% miist 06paboTaHHbIX, IPUYEM
CHUXXeHUE Koa(pduureHTa BOAONOTIOIEeHUST 00JIbIle
IIJIST KOHLIEHTPUPOBAHHBIX PacTBOPOB. BEISIBICHO, UTO
IUIOTHOCTU pacTBopa, paBHOro 1,24 r/cMm?, mocTaTou-
HO TSI CHIDKEHMS KO3(hGUIINEHTa BOIOIIOTIOIICHUS
JI0 3HAYECHUST, PABHOTO 5,2%, TaKOTO e KaK U JUTsI 3Ha-
YEHUS IUNIOTHOCTH, paBHOTO 1,35r/cM?.

4. CpaBHEHME pe3yJIbTaTOB IIPOITUTKHN PACTBOPOM
«AKBacTaT» W pacIIaBOM Cephl ITOKa3aja, 9YTo B pe-
3yJbTaTe 00pabOTKM pacIuIaBOM Cepbl KO3 UIIMEHT
BOIOTIOTJIOIICHMS CHIKAEeTCS B 13,3, M IPOYHOCTH T10-
BBITIIACTCA B 2 pa3a, a B pe3yJIbTaTe IMIPOITUTKA PACTBOPOM
«AxBacTat» cHIKaetcs B 4,62% , IpOYHOCTD [TOBBILIAET-
ca B 1,35 pa3. HecmoTpst Ha 6071b11y10 9 (HEKTUBHOCTH
00paboTKU pacmjaaBoM cephl Takass o0pabOTKa UMeeT
HEIOCTaTKM, CBSI3aHHBIC C IPMMEHEHIEM aBTOKJIaBHOM
TEXHOJIOTUH 1 TTIOBBIIICHHBIX TEMIIEPATYp.

5. B pesynbrare MmoguduKauuu necka U meOHs
13 paKyIIeYHWKa TTPOIMMTKOM €TI0 PacTBOPOM «AKBa-
cTaT», OOHapyXXeHHOE CYIIECTBEHHOE CHIDKCHME TIa-
paMeTpa BOIOMOTJIOMICHUS, YBEIUICHUS IIPOIHOCTH
Ha CXaTre OTKPBIBAIOT BO3MOXKXHOCTh IIPUMEHEHUS TIPO-
IMMTAaHHOTO IIeOHS B KaUeCTBE MaTepHalia CJosl, JIiexka-
IIET0 B OCHOBAaHUHU JOPOKHBIX KOHCTPYKIIMIA MECTHBIX
IOPOT B BUJIE IICOHS U TTecKa B3aMeH 0oJiee TOpOroro
IIPUBO3HOTO IICOHS.
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

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

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

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

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

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

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

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

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

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

2020; 12 (2):
84-88

Nanob

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

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.
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Compared with the former three China Discipline
rankings, the discipline rankings of WUT has witnessed
a substantial improvement, with the discipline of Top
2% rising from scratch. Meanwhile, the number of Top
10%—20% disciplines has increased from zero to four,
Top 20%—30% disciplines from four to six. The followings
are the disciplines with remarkable improvements: Mate-
rial Science and Engineering, Mechanical Engineering,
Transportation Engineering, Marxist Theory and Applied
Economics, etc.

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

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

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

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

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

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

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

Contact information
Postal Code: 430070

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

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

Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China 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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akameMnu KepaMuku. Kpome Toro, YHUBepCUTET TIpH-
BIIeK K padote 30 mpodeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KAUECTBE «CTPATETUICCKMX YUCHBIX» B 001aCTH
MaTepUaIOBEACHUS W WHXEHEPHOTO Iejla, MAaIINHO-
CTpoeHMsI, MHHOOPMAIIMOHHBIX TEXHOJIOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteabeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHUKOB 13 HAIIMOHAIBHOM
TIPOTpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 HuX 28 BxomaT B IIporpaMmy peKpyTHHTa
MEXIYHAPOIHBIX SKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpamMmMa ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSTH TBICSY CIICIIUanncToB, 14 — B IIporpammy
yuyeHblX Yenr Konr, 7 sBusiroTcs jaypeatamu Hatmo-
HaAJIBHOTO HAyYHOTO (POHIA TSI MOJIOIBIX BBITAIOIITIX-
¢S YUCHBIX, 3 BXOOAT B HammmoHanpHYIO IporpaMMy 3a-
CITy>KeHHBIX Tpenonasarteiei u 11 — B HaunoHanbHbII
TIPOCKT COTHH, THICSYU U ICCSITU THICSY CIICIIUATICTOB
HOBOTO BeKa.

YHUBepCUTET BKIIOYAeT 24 HaydHBIE IITKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC J1abopaTopuu, 8§ rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJBHBIX IIPOrpaMM acCIUPAHTYPhI 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, WHXKCHEPHOMY
JeJly 1 XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETpU-
yeckoit 6aze MHcTuTyTa HayuHoit nHdopmatmu CIIA
(Essential Science Indicators) MexXayHapOTHOTO peii-
TUHTA 00JIacTel 3BHAHUIA.

YVT pacnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEJILCKUMU IIEHTPAMH MEKIyHAPOITHOTO YPOBHSI, BKITIO-
yasg IBe TOCYIApCTBCHHBIC KITIOUEBEIC JIAOOPATOPHH,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1abopaTopuIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPHHTOBBIA MCCIICIOBA-
TEJBCKUI ILIEHTP, a TakKe JIabopaTOpry BETOMCTBEH-
HOTO WM OO0JACTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepuaIoB M CTPOUTEIIBHBIX MaTepHajIOB, TpaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKU W aBTOMOOMJIECTPOCHUSI,
WH(OPMAIIMOHHBIX TEXHOJIOTUI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMI 3aIIUTHI OKpPYXKaroIreit
Cpenbl, a TakKKe YIpaBIICHUST OOIIECTBEHHOI Oe3ormac-
HOCTBIO 1 YPe3BBIYatHBIMU CUTYalIusIMI. BMmecTe ¢ TeM,
YHUBEPCUTET OCHOBaJI OKoJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHHIIWITAJGHBIMHA BIIACTSIMU
1 MecTHBIMM TipennpusatuaMu. Haumnasg ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEeHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PECUTUHTE
KHATAWCKMX BBICIINX YUCOHBIX 3aBEICHUIA.

VVT yctaHOBWJI CBSI3M 151 CTyIEHUYECKOro ooMeHa
¥ HayYHBIX UCCIIefoBaHMIi ¢ 0ojee, ueM 190 mHOCTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIHBIMM WHCTUTYTAMU
n3 CIIA, Benmkoopuranum, Anonun, @Dpanunu,

Asctpanuu, Poccum, HunmepmanmoB m Ap., a Takxke
npuntacuil 6onee 300 BceMMPHO M3BECTHBIX HCCIIE-
IoBaTesicii B Ka4eCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
JIAIIEHHBIX U MOYeTHBIX TTpodeccopon. C 2007 roma
YVYT moxydmt ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX IEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPOo(eCCHOHATLHBIX HAIIPaBICHUA B Clle-
IYIOIIUX O0JIACTSIX: MEPCIIEKTUBHBIC TEXHOJIOTUM IIJIST
CHHTe3a W 00pabOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [IJISI BBICOKOIIPOM3BOMUTEIBLHBIX KOpa-
0J1eit, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TIPOM3BOICTBA
(GYHKIIMOHANIBHBIX TJICHOYHBIX MAaTEPUAJIOB U €T0 UC-
MIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHUEM allb-
TEPHATUBHBIX BUIOB SHEPTUU M 3KOJOTMIHBIX CTPO-
WUTEJTBHBIX MaTepuaaoB. KpoMe Toro, yHUBepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopusl TTePCIIEKTUBHBIX TEXHOJIOTUI UIST CHHTE3a
1 00paboTKM MaTepuanoB, baza MexxayHapomHOro Ha-
YYIHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJACTH KO-
JIOTUIHBIX CTPOMTEIBHEIX MaTepuaiioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHWMYECKOTO COTPYTHHMYECTBA
B 00JJaCTM WHTEINICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnan
14 MexXIyHapOTHBIX COBMECTHBIX MCCIICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmnkooputanum, Utanun n Hunepnan-
IIOB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIC M KOHBEpPCHUU (COBMeECT-
HO ¢ MWYWTAaHCKMM YHHMBEpCUTEeTOM). B 3TOM ImIa-
HE C HUM aKTUBHO coTpyaHu4Yaiu CayTreMNTOHCKUIA
VHUBEPCUTET, LIEHTP TEXHOJIOTUI BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0Ba-
TEJIbCKUI LIEHTP WHTEIUICKTYaJIbHOTO KOopabjecTpoe-
HUS U OBIDKeHUS (BMecTe ¢ JdeadTcKM TeXHTIeCKIM
yHuBepcuteToM). B 2016 rony B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JsBun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXIYHAPOIHBIN
UWTSD VYxaubcknii Jlurour Kosnemx.

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

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

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

YVYT — onuH U3 BeIylUX KUTAUCKUX YHUBEPCUTE-
TOB TION ympaBiieHneM MUHHCTepCTBA 00pa3oBaHUS
W OIMH U3 YHUBEPCUTETOB, NMPUOPUTETHO TTOCTPOCH-
HOTO B paMKaxX TOCyZapCTBEHHOTO TIpoeKTa «State 211
Project» 1151 KUTalCKMX BBICIIMX YYEOHBIX 3aBEACHUIA.

C 1996 roma YYT peanuszoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJpoB TyTeM IIPOBEICHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXTYHApOIHbBIE TIPO-
TpaMMBbI, TIPOTPAMMBbI MaTUCTPATypPhl U aCIIMPAHTYPHI.
MIIIMuW/I 66uta ocHoBaHa B amipesnie 2014 roga u yT-
BepxkeHa JlemapTaMeHTOM 0oOpa3oBaHUST MPOBUHIIAN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHa
B nepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETHbHBIX
IIEHTPOB», TOIEPXKUBAaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHMsi KHP 1 MuHMCTEpCTBOM MeEXAYyHApPOIHOIO
cotpynHuyectBa. HearenbHocts MIIIMuM/l mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCTU MaTepuajioBee-
HUST M UTHXXEHEPHOTO JIeJia 3a CYeT ONTUMU3AINHY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBATEIbCKOTO
COCTaBa, a TakKXke OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTIEIIUATTMCTOB C LIETbIO Pa3BUTHUS WH-
JTYCTPUU MaTepUaIOB KaK TEXHOJOTUIECKON TiaTdop-
MBI ¥ Ky3HUIIBI KaJpOB.

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,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1o 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEMATbHOCTHU, KaK MaTepUaJoBecHUEe U UHXKEHeP-
HOE JIeJI0, MallTMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKCcU3Ma U TMPUKIIAJIHAS 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 NMHHoBanmonHas raTdhopma
JUTSL BBICIIMX CITEIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MarepuajioBeneHUe U UHXKEHEPHOE NEJI0»
B paMKax (hakyiabTeTa, HayYHBIX U3BICKAHMIA, MTOATO-
TOBKM WHHOBAallMOHHBIX KaIpoB M MEXIyHAPOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHUE
HECKOJILKO JIET BAXKHOCTD CITEIINATBbHOCTH U €€ YPOBEHb
OBLTM pacIIMpEeHbl, TTOMHSB ee ¢ 22 MecTa B peiThHTe
B 2002 romy mo 5 mecta B 2012 1 mo 3 MecTa B TEKyIIeM
romay. 3a 70 ieT 0GyJeHHUsI 110 3TO CIeUaTbHOCTH ST
CTpaHbl OBUIM TMOATOTOBJIEHBI BBICOKOKBAIUMUIINPO-
BaHHbBIC KaJpbl JUISI CTPOUTEIBCTBA U WHIYCTPUU TTPO-
M3BOJCTBA CTPOUTENIHBIX MaTepualioB U TOJTyYCHBI
6onee 100 Hay9HO-TEXHUYECKUX NOCTUKeHUI. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B Pa3BUTHE HAIIMOHAITb-
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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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

mux marepuanon; ['KJI sBaseTcs Benyieit 1aboparo-
pueil IO ITIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATIMCTOB M0 MaTepUATOBEAYECKUM CIEeLMaTbHO-
CTSIM U UHXXKEHEPHOMY JIeJly ¢ HAyYHBIMU U3bICKAHUSI -
mu. I'KJI pa3zBuBaeT MexXnyHapoaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHWYECTBA, MPOBOJAS COBMECTHbIE
MEXTOCYyIapCTBEHHbIE HCCENOBaHUS ISl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHMS
OTEYECTBEHHOI KYJBTYPbl U €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha o0ImmMX Hersax u 3agadax, ' KJI cos-
JaeT U pa3pabaTbIBa€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclTabHyI0 U MHOTOYPOBHEBYIO TEOPHIO MPOEKTUPO-
BaHUS MaTepraioB. OHa CTaHET BasKHBIM PYKOBOICTBOM
IJ1s1 pa3pabOTKU TEXHOJOTMU TPAAUEHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajioB, TEXHOJOTMM HAHOKOMIO3WTOB WU WHTE-
TPUPOBAHHOI MHHOBAIITMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaKsKe ITO3BOJIUT M3yJaTh IIep-
CMEKTUBHBIE KOMITO3UTHbBIE MaTEPUAIbI /151 YIyJILEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPY>KEHMSI, MAaTepUaJIbl, CIIO-
COOCTBYIOIIME PALlMOHATILHOMY MCITOJb30BAaHUIO SHEP-
TEeTMYECKUX PECYPCOB TSI HOBBIX 3HEProd(h(MeKTUBHBIX
TEXHOJIOTM, HAaHOKOMITO3UTHbIE OroMaTepuabl ISt
MEIUKO-OMOIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepraIbl IIsT THMOPMALIMOHHBIX TEXHOJIOTHI 1 TpaHC-
(hopManmmoHHO-OpMEHTUPOBAaHHBIX TexHOMormit. ['KJI
orpeAe/vyl 5 HaydyHbIX HaNpaBlIeHUN HCCIeAOBAHUIA:
TrpaJleHTHbIE KOMMO3UIIMOHHbBIE TEXHOJOTUU U HOBbBIE
MaTepuaibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
TepUaJioB, HAaHOKOMITO3UTHbIE TEXHOJOTMU W HOBBIE
MaTepuabl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTepuaiibl, MPOEKTUPOBAHUE MATEPUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAQYYHBIX COTPYIHU -
Ka, |1 akamemmk Kwuraiickoif akameMuu HayK, 2 aKaie-
muka Kuraiickoit ”HXeHEepHOU akaneMuu, 1 akageMuk
benbruiickoit KopojaeBcKoil akagemun HaykK u EBpo-
neicKol akanemMuu Hayk, 1 akamemMuk MexmyHapom-
HOT aKameMn KepaMUKH, 12 TOYeTHBIX MHOCTPAHHBIX
9KCIepToB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTpaMM,
5 cruneannaToB MoHma ITOATOTOBKU TaIAHTIMBOM
MoJofexu, 4 Beaynux crienranicra u3 Hanmonans-
HO TIpOTpaMMBI IECSITH THICSY CITEIIUAINCTOB, 7 TI0-
oenuteneil npemuu Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 mo-
oenuteneil IlpoekTa nomaep>KKU BbICOKOKIACCHBIX

KoHTaKkTHasa

nHdopmauus Postal Code: 430070

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

CHEeLMaJTUCTOB HOBOTO BeKa MuHMcTepcTBa 00paszo-
BaHWS. DTO KOMAaHIa, BOOXHOBIICHHAs WHHOBAIIMSI-
MM W co3umaTenbHBIM TiporieccoM. ['KJI MoTuBmpyeT
MOJIOIBIX YYCHBIX MOCeIlaTh 3HAMCHHMTBIC MEXKIyHa-
pOIHBIC YHUBEPCUTETH MU MCCIIEIOBATEIbCKIC WH-
CTUTYTHl B IIEJISIX YCTAHOBJICHUSI COTPYIHUYCCTBA.
3a TocaemHee BpeMs J1TabopaTopus OTIIpaBMjIa Oojee
20 MOJIOIBIX CTICIIMAIMICTOB IUTSI YIACTHSI B COBMECTHBIX
KUCCIEA0BAHUSX 3a TPAHULLY.

I'KJI ycTaHOBWJIO B3aMMOBBITOIHOE COTpPYOHUYE-
CTBO CO BCEMHMPHO W3BECTHBIMA HAyYHBIMH HWHCTHU-
TyTaMi: MWYUTAHCKAM YHHBEPCUTETOM, SITTOHCKIM
areHTCTBOM aBMAaKOCMMYECKUX TeXHOJoruit, MHCcTHTY-
TOM MeTajijioB yHuBepcutTeTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHNsT OKChOPICKOTO YHHBEPCUTETA
B BermkoOputanum, HaydHBIM IIEHTPOM KOMITO3UTHBIX
matepuanioB KamugopHuiickoro yauepcurera u Ha-
LIMOHAIBHBIM WHCTUTYTOM WCCJICIOBAHUS TOIUTMBHBIX
anemeHToB B Kanane. Ha ocHose I'KJI MuHucTepcTBo
HayK U TEXHOJIOTWIA OCHOBaJ MeEXIyHAapOIHYIO Ja-
0OpaTOpUIO HOBBIX MATEPUATIOB M KOMIUICKCHBIX TEX-
HOJIOTUIA, KOTOpasl CTajla OOTHMM W3 TIePBHIX (hHHa-
JI0B 13 33 MEXXIyHapOITHBIX COBMECTHBIX JJadOpaToOpuii
B Kurae. PykoBomctBo MuHUCTEpCTBA MEXKIYHAPOII-
HOTO COTpyaHUYecTBAa U1 MHUHHCTEpCTBA O0Opa30oBaHMUS
yupenuy bazy MHHOBalLIMiIT ¥ 3HAHUI IJIST HOBBIX TE€X-
HOJIOTUIA CO3MaHMUsT KOMIIO3UTHBIX MaTePUAJIOB 1 YIyd-
IIEHHBIX (QDYHKIIMOHAJIBHBIX MaTEPUAJIOB, a TakKKe IS
YCOBEPIIICHCTBOBAHHON  TEXHOJIOTUM  IIPOM3BOICTBA
1 pa3pabOTKM WHXKCHEPHBIX pEIICHMIT HOBBIX (PYHK-
IMOHAIPHBIX TOHKWX IUICHOYHBIX MarepuanonB. ['KJI
OCHOBaJI COBMECTHYIO HaHOJIabopaTopuio Mexmy YVYT
u l'apBapIcKM YHUBEPCUTETOM, COBMECTHYIO J1abopa-
TOPUIO HOBBIX SHEPTOHOCUTENICH W TEXHOJIOTUI MEXKIY
VVT u Mu4yuraHcKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
JTabOpaTOPUIO Pa3HOMACIITAOHBIX TEXHOJIOTHI KOMITO-
3ULIMOHHBIX MatepuaioB Mexnay YYT u JlabopaTopu-
el yIy4IIeHHOW KOMIIO3UTHOM KepamMuku Oxcdopna.
Ommpasich Ha yKa3aHHBIC MEXXIyHapOITHBIC MCCIICI0BA-
Tenbekue Tiomanku, ['KJI puHsSIo yyactue B 1esoi
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.
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ABSTRACT: The article explores the possibility of using nanotechnology to improve the efficiency of centralized and autonomous
heating systems on the way to a new technological model. A logical sequence of the development of heat supply and heating is
given, conservative equipment and technologies that are used to supply thermal energy to consumers is marked. In the context
of the urgent tasks of heat supply and heating of buildings, the concepts of the use of nanotechnologies that meet the goals of
maximum heat transfer intensification are considered. Heat conduction analysis, concentration, size, mass and velocity of nanopar-
ticles assesses are the basis for assessing the possibility to use nanofluids as a coolant for improving heat exchangers and to reduce
heat losses in heating systems to maximize efficiency of their work. It is shown that the use of nanostructures affects the saving
of coolant flow as the main task of the qualitative and quantitative regulation of the heat supply system. Attention is focused on
the application of nano-structured materials in low-temperature fuel cells used decentralized heating systems for heating houses.

KEYWORDS: heating plants, heat capacity, heat transfer coefficient, nanofluids, heat exchanger, carbon nanotubes, nano-structured
materials, nano-modified surfaces.
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INTRODUCTION

In housing and communal services, the main consumers
of thermal energy are building heating systems. Until
the second half of the 17" century, local heating of build-
ings had used, i.e. thermal energy was used at the place
of its receipt. An exception was Ancient Rome, where
water heating systems using thermal waters and under-
ground fire-air heating of palaces from a local source
were used. The beginning of the centralization of heat-
ing systems can be dated to 1818, when the first steam
high-pressure system was installed in England, the system
heated greenhouses group at the most remote distance,
i.e. 127 m. In 1830 there was the first system of steam
heating for buildings with the use of exhaust steam of the
steam engine, which is directly connected with the begin-
ning of the formation of the second technological stage,
the core of which was the steam engine. Centralization

of heat supply using steam from steam engines and trans-
ferring steam to a group of residential buildings for heating
over long distances (1—2 km) began in 1878 in the USA,
and subsequently in Germany and other European coun-
tries. In the first years of the XX century due to the forma-
tion of the third technological stage, that launched mass
production of electric motors, the central water heating
systems for buildings started developing.

MAIN PART

In pre-revolutionary Russia, individual attempts were
made to use heating plants for heating residential and
public buildings. However, in reality, only a few factory-
plant heat power installations that used the exhaust steam
of the industrial enterprises (for example, Tryokhgornaya
manufactory in Moscow) were sparsely applied. Indus-
trialization and housing have caused a continuous in-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-9568-7866
https://orcid.org/0000-0002-1409-0217
https://orcid.org/0000-0003-1984-3035
https://orcid.org/0000-0001-9513-8712

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

2020; 12 (2):
89-93

Nanobm

THE APPLICATION OF NANOTECHNOLOGY AND NANOMATERIALS

crease in the thermal load. At the same time, there was
a process of concentration of this load in large cities and
industrial areas, which created the basis for the further
development of district heating in the country and al-
lowed the USSR and modern Russia to take first place
in the world in the total length of heating networks and
the capacity of heating plants.

At the same time, heat supply systems are character-
ized by a very pronounced conservatism in terms of the
equipment used and the technologies used to supply ther-
mal energy to consumers. This explains the fact that for
more than 70 years, the main sources of district heating
have been heat plants of combined production of heat
and electric energy with an average radius of 10—20 km.
Moreover, the range of thermal systems in modern large
networks can reach 30—50 km or more — up to 100 km [4].
Despite the fact that heat transport over long distances
reduces the efficiency of heat supply systems, leading to
large heat losses on the way to the consumer, centraliza-
tion is still the main «conservative» direction for improv-
ing heat supply: concentration and combination of heat
production and electric energy (heating).

This is caused to a certain extent by the fact that dis-
trict heating systems based on combined production,
related to the so-called large energy, are associated with
certain industry standards. The system of strict standards
leads to a high degree of technological and organizational
regulation of heat supply, which in turn limit the develop-
ment of innovative schemes [7]. The limited boundaries
of economically feasible heat transfer, especially at low
loads, are the main obstacle to connecting buildings to
centralized heat supply systems in isolated areas. Trans-
port of heat over long distances reduces the efficiency
of heat supply systems, resulting in greater heat loss on
the way to the consumer. Therefore, along with main-
taining the existing positions of large-scale energy, small
distributed energy, including distributed generation sys-
tems, energy management control systems, etc., is begin-
ning to develop at an increasingly intense rate throughout
the world.

Small power focuses on decentralized (autonomous)
heating mainly in those areas where the construction
of thermal power plants by technical and economic in-
dicators impractical due to lack of the necessary con-
centration of thermal and electric loadings. A significant
area of decentralized heat supply with high energy prices
from isolated small-generation sources operating on im-
ported fuel makes the search for prospects for innovative
heat supply options no less relevant than in large energy.
The efficiency of using the heat of large and small energy
with traditional technologies is in many cases insufficient.
The big problem for district heating systems are the heat
losses in the networks.

Increasing the thermal insulation quality is expen-
sive, but still high losses are inevitable, because low

hydraulic stability of heat supply systems determine
the overall over-expenditure of heat and coolant when
one is underheated and other consumers are overheated.
The measures taken to identify and eliminate the main
heat losses in combination with the formation of norms
and rules for energy consumption have exhausted the po-
tential for increasing energy efficiency [1]. Therefore,
the actual tasks of heating include the development and
implementation of innovative technologies in heating
systems to ensure maximum efficiency of these systems,
high efficiency and reliability of their operation, as well
as the normal indoor climate.

The use of nanofluids in heat supply systems as a heat
carrier, which, according to the obtained experimental
data, gives a significant increase in heat transfer [16], is
aimed at increasing the efficiency of heat use.

The heat capacity of the nanofluid is described by
the expression:

Cp = haxp, (1)

where A is the thermal conductivity of the nanofluid,
W/(m+ K);

a — thermal diffusivity, m?/s;

p is the density of the sample, kg/m?.

There are definite prospects for using nanofluids for
improved heat exchangers and reduce heat loss [21].
The results of heat conduction analysis, concentration,
size, mass and velocity of nanoparticles allows to assess
the possibility of using nanofluids in heating systems
as a coolant, to choose the most effective nanofluids
by studying the dependence of heat transfer coefficient
nanofluids of the Reynolds number and the heat transfer
coefficient from bulk concentration [10]. This dependence
shows an increase in the heat transfer coefficient with an
increase in the Reynolds number. The degree of increase
substantially depends on the concentration of nanopar-
ticles and their speed, although a significant increase in
the thermal conductivity of nanofluids is possible even at
low particle concentrations.

For example, when 1%, 2%, and 3% of the volume
of nanofluid is added to the coolant, the heat transfer co-
efficient increases by 100%, 200%, and 300%, respectively
[16]. The dependence of thermal conductivity on the mass
of nanoparticles is quadratic and can be represented as

AN = (rh/p)?, (2)

where rh is the density of the material of the nanopar-
ticles.

The results show that nanofluids heat capacity is
significantly higher than when water heating without
the addition of nano-additives in the coolant. The most
effective to improve the heat transfer the use of a heat
nanofluids with carbon nanotubes because of their high
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heat conduction systems (for comparison — eight times
higher than that of copper by more than four orders
of magnitude greater than the same amount for the base
liquid, which can lead to significant changes in ther-
mophysical properties of nanofluids and enhance heat
transfer processes) [12].

Another promising direction for reducing heat losses
in heating networks due to nano-structured materials
is low-temperature fuel cells used by autonomous (de-
centralized) heat supply systems in mini-thermal power
plants with a built-in heating part for single-apartment
and multi-apartment residential buildings.

In the development of the production of low-tem-
perature fuel cell technology can play an important role
of nano-structured materials, including catalysts based
on nanoparticles, they provide high efficiency, envi-
ronmental friendliness and reliability [15]. In fuel cells,
the chemical energy of the fuel (hydrogen, natural gas)
is converted into electrical (30—50%) and thermal (up
to 40—50%) energy.

Due to the high efficiency of fuel cells, the total ef-
ficiency of mini-thermal power plants on fuel cells using
catalysts consisting of 1—5 nm metal nanoparticles in
a carbon matrix can reach 80%. The most promising el-
ements are nano-manganese, nano-alanate manganese,
nano-titanium.

The use of nanotechnology in heat supply systems
can meet the goals of maximizing heat transfer. Heat
supply systems are an interconnected complex of heat
consumers, differing both in character and in heat con-
sumption. The modes of heat consumption by mul-
tiple subscribers are not the same. The thermal load
of heating systems varies depending on the outdoor tem-
perature, which requires artificial regulation. Analysis
of global trends reduce heat losses in heating systems
shows reduction in the maximum temperature supplied
by the heat source in the network. The temperature dif-
ference between the heating and the heated side is re-
duced every decade by several degrees.

Regulation of the heat load leads to a change in pa-
rameters and energy consumption in accordance with
the actual need. The essence of control methods follows
from the heat balance equation [4]:

Q = Ge(t,~t,)n/3600 = kF(t —t )n, 3)

where Q is the amount of heat received by the device
from the energy source and given to the heated medium,
kW/h;

G is the energy carrier consumption kg/h;

C is the heat capacity of the energy carrier kJ/kg;

k is the heat transfer coefficient;

F is the heating surface of the heat exchanger (a de-
vice that transfers heat from one heat source to another,
excluding direct contact of the heat transfer media);

t,, t, — heat carrier temperature at the inlet and outlet
of the heat exchanger;

n is the time.

From the heat balance equation that the change
of heat transfer coefficient is inversely proportional to
consumption of energy. Studies show that the value of the
heat transfer coefficient on modified heaters does not
depend on the height of the resulting structures. There-
fore, when using modified surfaces with different heights
of nanostructures, an increase in the heat transfer coef-
ficient and an increase in the critical heat flux are possible
at the same time, which leads to savings in the flow of heat
carrier as the main task of the qualitative and quantitative
regulation of the heat supply system.

Changing the heating capacity of a heat exchanger is
derived from the general equation and describes the regu-
lation of the dependence of the form:

q=Q/N, 4

where q is thermal performance of the device at 1°
of the maximum temperature difference between the heat-
ing and heated medium at the inlet e to the heat exchanger
(v), kW/°C

An increase in the thermal performance of the heat
exchanger is possible due to an increase in the heating
surface or due to an increase in the heat transfer coef-
ficient due to the intensification of heat transfer. How-
ever, an increase in heat production due to an increase
in the heating surface inevitably entails an increase in
the cost of the heat exchanger. That is why the issue
of heat transfer intensification in heat exchangers to
increase the heat transfer coefficient is relevant from
an economic point of view. The solution to the prob-
lem of maximum heat transfer intensification can be
obtained by creating arrays of regular micro- and nano-
structures of various geometries [11]. The lithography
method, which is the basis of micro- and nano-elec-
tromechanical systems (MEMS/NEMS technologies),
is used for layer-by-layer formation of the topological
pattern of micro- and nanostructures, which allows
to obtain a structured surface of the heat exchanger,
characterized by the term “sub-roughness”, i.e. micro-
relief of the smallest surface relief elements involved in
the formation of its roughness.

One should note that although the micromechanical
system does not formally meet the range of nanotechnol-
ogy, many features of micromechanics can be transferred
to nano-sizes [8].

Calculations show that for the structured surface of the
heat exchange apparatus due sub-roughness growth char-
acteristic value of heat transfer coefficient as compared
to a smooth surface without a substantial increase of the
hydraulic resistance and increasing the size of the appa-
ratus-analogue [11].
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CONCLUSION

The main incentives for the development of nanotech-
nology in anticipation of a new technological structure
is the ability to integrate various types of nanostructures
and create nanodevices based on them [9]. Since the in-
novative potential of nanotechnology application contains
all the primary sources of energy sources, mass technical

re-equipment in the field of heat supply and heating will
be accompanied by multiplier effects [5], which determine
the solution to the problem of increasing the efficiency
of centralized and autonomous heat supply systems due to
an increase in the heat transfer coefficient and the inten-
sification of heat transfer due to the use graphene nano-
coating, the creation of nanostructures, the use of nano —
liquids [18, 20], micro/nano-modified surfaces [11].
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BBEJEHUE

KIJTAIITHO-KOMMYHAJTEHOM XO3STICTBE OCHOBHBIMU

TIOTPEOUTEIIIMU TETUTOBOI SHEPTUU SIBJISTIOTCS CHCTE-
MBI OTOTUIEHMST 30aHuii. 1o BTopoii mojoBuHbl X VII Beka
TIPUMEHSITOCh MECTHOE OTOIUICHNUE 3MaHUI, T.€. TeTUIOBAsT
SHEPrus NUCITONIb30Balach Ha MeCTe e¢ TTorydeHusI. Kc-
KJTIOYeHUE COCTaBIIsLI dpeBHmit PuM, rme mpuMeHsSIIICh
BOISTHBIC CHICTEMBI OTOTUICHUS C MCITOJIb30BAaHUEM Tep-
MaJIbHBIX BOJ U TIOATIOJIBHOE OTHEBO3IYIITHOE OTOILIC-
HHE TBOPIIOB OT JIOKAJIBHOTO NCTOYHMKA. Hagaom 11eH-
TPAIM3aIUN CUCTEM TETIIIOCHAOXKEHUSI MOKHO CUNTATh
1818 rom, xorna B AHTTIUM ObIJTa CMOHTHUPOBAaHa TiepBast
TapoBasi CCTeMa BBICOKOTO TaBJICHMSI, OTAILIMBAOIIIAsT
TPYIIITY OpaHXepeil ¢ pacCTOSTHUEM HamboJjee yaaaeH-

HBIM, TO ecTh 127 M. B 1830 r. TTosiBMIIach nepBast crucreMa
ITapOBOTO OTOILICHUS 3MAHUIA C MCITOJIb30BaHUEM BHI-
XJIOITHOTO TT1apa MapoBOil MAIIIMHBI, YTO HETIOCPEACTBEHHO
CBSI3aHO C HAYaJIOM CTAHOBJICHUSI BTOPOTO TEXHOJIOTHIC-
CKOTO YKJIana, SIIpoM KOTOPOT'O CTaJl ITAPOBOI TBUTATEITb.
LleHTpanmm3aums TEIUIOCHAOKEHUS ¢ MCITOIb30Ba-
HHEM T1apa TTapoBEIX MAIIMH U Tepeaadcii mapa rpyIme
JKIJTBIX TOMOB TSI OTOTIICHUST Ha 3HAYUTEIIBHBIC PACCTO-
sHUS (B Tipenenax 1—2 kM) Hadanach B 1878 1. B CILIA,
a BIIOCJICACTBUU B ['epMaHWU U OIPYTUX €BPOTECHCKIAX
cTpaHax. B nmepsbie roabsl XX BeKa B CBSI3U ¢ (hOPMU-
pOBaHUEM TPETHETO TEXHOJOTMUECKOTO YKIIaaa, IoJIo-
JKUBIIIMM Ha4vajio CepUITHOTO MPOM3BOACTBA 3ICKTPO-
IBUTATEJICH TTOTyJacT pa3BUTHE IEHTPAIbHOE BOMSTHOE
TETJIOCHAOXEHUE MIJIST OTOTUICHUS 3MaHWA.
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OCHOBHAA YACTb

B mopeBomonimonHol Poccnu mpeanmpuHIMAaINCh
OTIEIbHBIC TIOIBITKI MCITOIb30BaTh TEIUIO(DUKAITNOH-
HBIC YCTAaHOBKM IIJIST OTOIICHUS KIJIBIX M OOIIIECTBCH-
HBIX 3paHUi. OgHAaKO B peaJbHOCTH HEKOTOPOE pac-
TIPOCTPaHEHUE TTOYIMIIA TOJIbKO HEMHOTOUNCIICHHEIC
(habpuIHO-3aBOACKIE TETUIOCUIIOBEIC YCTAHOBKH, MC-
TOJIb30BaBIINE OTPAOOTABIINIA TTap IIPOMBIIIJICHHBIX
npennpudTuii (Hampumep, TpexropHas MaHydaKkTypa
B Mockse). MHIyCcTpranm3aius 1 KUJIAIITHOE CTPOU-
TEJIbCTBO BBI3BAJIM HETIPEPHIBHBIN POCT TEIUIOBOI Ha-
rpy3ku. OTHOBPEMEHHO IIIEJT TIPOllecC KOHIICHTPAIIUHN
3TOM HATPy3KHU B KPYITHBIX TOPOIAX W IIPOMBIIIIJICHHBIX
paitoHax, 4To co3aano 0a3y It JATBHEHIIIETO pa3BUTUS
LEHTPAIM30BAaHHOTO TEIUIOCHAOXKEHUS B CTpaHe U I10-
3Bommio CCCP 1 coBpeMeHHOI Poccum 3aHSTH TTepBoe
MECTO B MHpPE IO OOIIEeH MPOTSKEHHOCTH TETIJIOBBIX
ceTel 1 MOIITHOCTH TeTIOUKAIIMOHHBIX YCTAHOBOK.

BMmecte ¢ TeM TSI cCrCTEM TEIUTOCHAOKEHUS XapaK-
TepHa BeChMa BBIpakeHHass KOHCEPBATUBHOCTD B Ya-
CTH HCITOJIb3YEMOTO 000PYIOBAaHUS M IIPUMEHSIEMBIX
TEXHOJIOTUII TIPA TTOCTAaBKE MOTPEOUTEINISIM TETIJI0OBOM
SHEPIUH. DTUM OOBSICHSICTCS TOT (PaKT, UYTO Ha TIPOTSIKE-
HuHM 6011ee geM 70 JIeT OCHOBHBIMHU MCTOYHUKAMM IICH-
TPaIM30BAaHHOTO TEIIOCHAOXKEHMS SIBJISTIOTCS TETUTOBEIC
CTaHIIMHA KOMOMHNPOBAHHOTO ITPOM3BOICTBA TETUIOBOM
u snekTprueckoit sHeprun (TOLI) co cpemHUM paguy-
com netictBus 10—20 kM. ITpu 5TOM DaNTbHOCTH TEMCTBUS
TEIUTOBBIX CHCTEM B COBPEMEHHBIX KPYITHBIX CETSIX MO-
ket gocturath 30—50 kM 1 6omee — mo 100 km [4].

HecMmoTpst Ha TO, 9TO TPaHCIIOPT TEILIA Ha OOJIbIITE
PaCCTOSTHUS TTOHIDKACT 3KOHOMUIHOCTH PAOOTHI CHCTEM
TETTIOCHAOXKECHMUS, TIPUBOMIS K OOJIBIITNIM TEILIOTIOTEPSIM
Ha IIyTH K TTOTPEOUTEITI0, OCHOBHBIM «KOHCEPBATUBHEBIM»
HaITpaBJICHHEM COBEPIIICHCTBOBAHMS TEIIJIOCHAOXKECHIS
TIO-TIPEXKHEMY SIBIISIETCS LICHTPATA3AIHST: KOHIICHTPALIMS
¥ KOMOMHUpPOBaHNE TIPOU3BOACTBA TCILIOTH M 3JICK-
TPUIECKOU dHepTUH (TeIUIOMUKAINSI). DTO BHI3BAHO
B OIIPEIeICHHON Mepe TeM, YTO CUCTEeMBbI IICHTPAIH -
30BAaHHOTO TEIIOCHAOXEHMS Ha Oa3e KOMOMHMPOBAH-
HOTO TIPOM3BOICTBA, OTHOCSIINECS K TaK Ha3bIBaeMOit
OOJIBIION HEPTEeTUKE, CBSI3aHBI C OMpPeAeICHHBIMU
TIPOMBIIUICHHBIMU cTaHmapTaMu. CHUCTeMa XeCTKHIX
CTaHAAPTOB MPUBOIUT K BEICOKOM CTEIICHU TEXHOJIO-
TUYECKON M OpraHU3allMOHHON 3apeTyInpPOBAaHHOCTH
TEIUTOCHAOXEHMS, KOTOPHIE, B CBOIO 04YepeIb, OrpaHN-
YMBAIOT pa3BUTUE MHHOBALIMOHHBIX cXeM [7].

OrpaHMYeHHOCTh TPAHUI] SKOHOMIUYECKHA 000CHO-
BaHHOU Tlepegavyy TeIUIOHEPTUH, OCOOCHHO TIPU Ma-
JIBIX HAarpy3Kax, SIBIISICTCS OCHOBHBIM IIPEITSITCTBHEM JIJIST
TIOOKJTIOUCHUS 3MAHUH K IICHTPATN30BaHHBIM CUCTEMaM
TETIJIOCHAOXKEHNST Ha M30JIMPOBAHHBIX TEPPUTOPHSIX.
TpaHCITOPT Terua Ha OOJIBIINE PACCTOSHUS TOHMKACT
SKOHOMUYHOCTB PAOOTHI CUCTEM TEITIOCHAOXKEHMSI, TIPU-

BOISI K OOJIBIIIMM TETUIOIIOTEPSIM Ha ITyTH K TTOTpeOuTe-
0. [ToaToMy Hapsmy ¢ COXpaHEHUEM CIIOKMBIITNXCST
ITO3UIINI OOJIBIIION HEPTETUKU BCe O0Jice MHTCHCUB-
HBIMH TEMITaMH BO BCEM MHPE HAaUYMHAET pPa3BUBaTh-
csI Majiasl pacIipefic/ieHHasI SHepreTrKa, BKIIFOUArOIIast
B CcOSI CCTeMBI pacTIpeaeICHHOM TeHepallli, CUCTEMBI
VIIpaBJICHUS TTOTPeOJICHNEM SHEPTUH U AP.

Mairast sHepreTKa OpUEHTUPYET Ha ICLICHTPATH-
30BaHHOE (aBTOHOMHOE) TEIUIOCHAOKEHIE TIPEUMYIIIC-
CTBEHHO B TeX paiioHax, rue coopyxerue TIII mo tex-
HUKO-3KOHOMMYECKUM TTOKa3aTelIsIM HelleJiecooopas-
HO BBUIY OTCYTCTBHSI HEOOXOTMMOI KOHIICHTPAIIUN
TEIUIOBOM M 3JICKTPUIECKOI HArpy30K. 3HAUMTEIbHAS
IUTOIIANb TEPPUTOPUM ACLICHTPATN30BAHHOTO TEILIO-
CHaOXEHUs ¢ BRICOKMMU IIeHAMU Ha SHEPTUIO OT M30-
JIMPOBAHHBIX ICTOYHMUKOB MaJIOi TeHepalni, paboTaro-
IIMX Ha TIPUBO3HOM TOILIMBE, Ie/IaeT aKTyaIbHBIM, KaK
1 B cchepe OOIBIIOI SHEPTeTUKH, TIOVCK TTEPCIICKTUB TSI
WHHOBAIIMOHHBIX BAPUAHTOB TETUIOCHAOXKCHUS.

Db GEKTUBHOCTH UCITOIB30BAHNS TETUIOTHI OOJIBIION
1 MaJIO¥ SHEPTCTUKU TIPH TPATUIINOHHBIX TEXHOJIOTHSIX
BO MHOTHX CITyJasXx HegocTaTouyHa. bobiroii mpobire-
MO IIJIST CUCTEM LIEHTPAIM30BaHHOTO TEIIOCHAOXKCHUS
SIBJISTIOTCSI TEIUTOBBIC TTIOTepH B ceTax. [1oBhImeHmne Ka-
YeCTBa TEIUIOBOI N3OSN O0OXOIUTCS TOPOTO, HO TIPU
5TOM BBICOKHE TIOTEPH BCE PABHO HEM30EKHEI, T.K. HI3-
Kasl TUAPABINICCKasl yCTOMIMBOCTh CUCTEM TEILIOIO-
TpeOJICHNS 00YCIaBIMBAIOT OOIIIIA ITepepacXo TETUTOTHI
1 TCIUIOHOCUTEJIS TIPU HeIOTPeBe OTHUX U IEPEerpeBe
IpyTHX TTOTpeduTeseii. Peanmm3yemblie MepOTIpUsITHS,
HaImpaBJICHHBIC Ha BEISIBJICHNE U YCTPAaHEHNE OCHOBHBIX
TETJIONOTEPh B COUCTAaHUM ¢ (hOPMUPOBAHUEM HOPM
1 TIPAaBUJI SHEPTOMOTPEOICHNS, NCUePIIAIN TTOTCHIIN-
aJl TIOBBIIIEHUSI SHEepreTuYeckKon adexTuBHOCTH [1].
[TosTOMy K aKTyaldbHBIM 3amadaM TEILUIOCHAOXKCHUS
OTHOCUTCS pa3pabOTKa U BHEIPEHUE B CUCTEMAX OTO-
IUICHWS] THHOBAIIMOHHBIX TEXHOJIOTH, 00cCcIIeYnBa-
FOIINX MaKCUMaJIbHYI0 SKOHOMHUIHOCTh PAOOTHI 3THX
CHCTEM, BBICOKYIO 3(p(EeKTUBHOCTb M HANCXKHOCTh UX
SKCIUTyaTallid, a TaK:Ke HOPMaJTbHBIIT MUKPOKJIMMAT
B ITOMEIICHUSIX.

Ha nosermenne 3(ppeKTUBHOCTH MCTIOTB30BaHUS
TeTJIOTHI HAaIIPaBJICHO IMMPUMEHEHNE HAHOXUIKOCTEH
B CHCTeMaX TeTUIOCHAOKEHMS B Ka4eCTBE TEIUIOHOCH-
TeJIsI, JAIOIINX, TT0 TIOJIyYeHHBIM 3KCIIepUMEHTATBHBIM
JAHHBIM, CYIIIECTBEHHOE MOBBIIIEHKE TeIutooTaauu | 16].
TemroeMKOCTh HAHOXKUIKOCTH OITMCHIBACTCS BBIpasKe-
HUEM:

Cp = AaXxp, (1)

rme A — TEMJIOIPOBOIHOCTh HAHOXUIKOCTH,
Br/(M* K);

QL — TEMIIEPATyPOIIPOBOAHOCTb, M%/C;

0 — IUIOTHOCTDH 00OpasLa, Kr/m>.
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HMmMeroTcs ompeaelieHHbIC TIEPCIIEKTUBEI IIPUMe-
HEHMs HAaHOXMIKOCTEH IUIST COBEPIICHCTBOBAHUS TeE-
TUIOOOMEHHBIX aIlllapaToB W CHIDKCHMS TCIUIOMOTEPh
[21]. Pe3ynbTaThl aHaaM3a TETUIOTIPOBOIHOCTU, KOH-
HEeHTpaIlnK, pa3Mepa, MacChl U CKOPOCTH HAHOYACTHIT
TIO3BOJISTIOT JATh OIIEHKY BO3MOXKXHOCTU TIPUMEHEHUS
HAHOXMIKOCTEH B CCTeMax TEIUIOCHAOXCHMS B Kaue-
CTBE TEIUIOHOCUTEIS, BBIOpaTh HauboJee 3¢ GeKTUBHBIS
HAHOXWIKOCTH ITyTeM U3yYeHUS 3aBUCUMOCTH KO3(-
(buImeHTa TeTUIO0TIAYN HAHOXUIKOCTH OT uncia Peii-
HOJIbICA U KO3 (UIIMEHTA TeTIJIO0TIaYN OT 00 BbEMHOI
koHueHTpaunu [10]. Takast 3aBUCMMOCTD TTOKa3bIBAET
yBeImIeHNEe KO3 PUIIMEeHTa TeIUIOOTAAYN TIPH YBEIIIC-
Hun yncia PeitHombaca. [1pu 3TOM CTeIIeHb YBEIMUCHUS
CYIIECTBEHHO 3aBUCUT OT KOHIICHTPALIMU HAHOYACTHUIT
¥ X CKOPOCTH, XOTSI 3HAYUTEIIEHOE BO3pacTaHUE TEILIO-
TIPOBOTHOCTH HAHOXUIKOCTEH BO3MOXKHO Haxke TIpH
HEOOJBIIMX KOHIICHTpausaX yactu. Hammpumep, mpu
n06aBIeHNN B TeIutoHocuTens 1%, 2% u 3% oobema
HAHOXUIKOCTH KO3 GUIINCHT TEIIOOTIAYN YBEININ -
BaeTcs coorBeTcTBeHHO Ha 100, 200 1 300% [16]. 3a-
BUCHMOCTH TETUIOIIPOBOTHOCTH OT MAacChl HAHOYACTHIT
SIBIISICTCST KBAIPATUYHOMN 1 MOXET OBITh TIpeACTaBIcHA
B BUJIC

AL = (pu/p)?, 2

TIe pY — IDTOTHOCTh MaTepurajia HaHOYACTHII.

[ToryaeHHBIE pe3yIbTaThl ITOKA3BIBAIOT, YTO TEILIO-
€MKOCTb HAHOKUIKOCTH CYIIIECTBEHHO BHIIIIE, YeM TP
BOISTHOM OTOIUIEHUU 0€e3 mo0aBieHUsI HAaHOL00aBOK
B TerioHOocHuTeNb. Hamboee a(pheKTMBHO 171 TTOBBI-
ILIEHUS TEIUIOOTAAYM MCIT0JIb30BaHUE B CUCTEMAaX Te-
MJI0CHA0XEeHUsI HAHOXKUAKOCTE ¢ yraepoaAHbIMU Ha-
HOTPYOKaMM B CHJIY WX BBICOKOM TCTUIOIIPOBOTHOCTH
(m1st cpaBHEHHMST — B BOCEMb pa3 BBHIIIE, YeM Y MEIIH,
1 00JIee YeM Ha YeThIpe IMOPSIIKA TIPEBhIIIaeT aHAIOT Y -
HYIO BeJIMIMHY TSI 0a30BOIM JKMIKOCTH, YTO MOXKET ITPH-
BECTHU K 3HAYNTEIIEHBIM N3MEHEHUSM TeTUTODU3MICCKIX
CBOMCTB HAHOKMIKOCTEH M YCHJICHHIO TETITIOOOMEHHBIX
npoieccos) [12].

Hpyrum mepCcIrieKTUBHBIM HaIlpaBICHNEM CHUKCHUS
TETLIONIOTEPh B TETUIOBHIX CETSIX 3a CYET HAHOCTPYKTYPH-
POBaHHBIX MaTEPUAJIOB SIBJISIIOTCST HU3KOTEMITepaTypHEIC
TOIIMBHEIC 3JIEMEHTHI, TIPUMEHSICMBIC CHCTEMaMH aB-
TOHOMHOTO (ICIICHTPATN30BaHHOT0) TeTUIOCHAOXKECHUS
B ycTaHOBKaxX MUHH-TDLI ¢ BCTpOeHHOIT OTONUTEIHHOM
YACTBIO IJIT OMHOKBAPTUPHBIX 1 MHOTOKBAPTUPHBIX KI-
JIBIX TOMOB.

B pa3BuTHmM TEXHOJOTUH TIPOU3BOACTBA HU3KOTEM-
TIepaTypPHBIX TOTUIMBHBIX 3JIEMEHTOB BaXKHYIO POJIb CITO-
COOHEI CBITPAaTh HAHOCTPYKTYPHUPOBAHHBIC MaTePUAIIHI,
B T.4. KaTaJn3aTOphl HA OCHOBE HAHOYACTHII, OHU 00e-
CITEYMBAIOT BBICOKYIO 3(P(DEKTUBHOCTD, SKOJIOTMIHOCTh
1 HagexXHOCTh [15]. B TomnmuBHBIX 3J1eMeHTaX XUMU-

yecKasl SHepTUs TOIUIMBA (BOIOPOI, TIPUPOIHEIN ra3)
rpeo0pasyercs B anekrpuueckyio (30—50%) u TerioByio
(mo 40—50%) snHepruto. biaarogapst BeICOKOM 3(pdek-
TUBHOCTU TOIJIMBHBIX 3JIEMEHTOB cymmapHbiit KIT/
MuHHI-TOL] Ha TOIUIMBHBIX 3JIEMEHTaX C MCITOJIb30Ba-
HUEM KaTaJ3aTOPOB, COCTOSIINX U3 METAJUTMICCKIX
HAHOYACTHUI] pa3MepoM 1—5 HM B YIJIEpOTHOU MaTpH-
e, Moxet gocturath 80%. HaubGoiee nepcrnekTuBHbIE
5JIEMEHThl — HAHOMAapTraHell, HaHOaJlaHAT MapraHIa,
HaHOTHUTAaH.

I[TpuMeHeHNE HAHOTEXHOJIOTHIT B CUCTEMaX TEIlI0-
CHaOXeHUS CITOCOOHO OTBEYATH IIEISIM MAKCHUMATbHOM
WHTCHCU(PUKAINK TermoooMeHa. CHUCTEMBI TETLIO-
CHAOXEHUS MPEICTaBIISIIOT CO00I B3aMMOCBSI3aHHBIM
KOMITJIEKC TTIOTpeOUTENCH TeIlIa, OTIIMIAIOIINXCS MEXKIY
co00i1 KaK XapaKTepoM, TaK 1 BEIMINHOU TEILIOIO-
TpebaeHUs. PeXXnMBI pacXoaoB TeIljla MHOTOYHCIICH-
HBIMU a0OHEHTAaMH HEOOMHAKOBHL. TeItoBast Harpys3ka
OTONUTEIBHBIX YCTAHOBOK M3MEHSIETCS B 3aBUCUMOCTH
OT TeMITepaTyphl HAPY>KHOTO BO3AyXa, YTO TpeOyeT 1c-
KYCCTBEHHOTO PeTyIMPOBaHNA. AHAIN3 O0IIIEeMUPOBEIX
TEHICHIINI CHIDKCHMS TeILTOMOTEPh B CHCTEMaX TEILIO-
CHaOXEHMS TIOKA3hIBACT CHIDKCHIE MAKCUMATBHOM TeM-
TepaTyphl, IIOAaBacMOl OT MICTOYHHNKA B TCTUIOBBIC CETH.
Pa3HOCTE TEMITepaTyp MEXKIy Ipelolleil 1 HarpeBacMO
CTOPOHOIT COKpallaeTcs KaxXIoe IecITUJICTHIE Ha He-
CKOJIBKO TpamycoB. PeryiampoBaHue TeIUIOBOIT HATPY3KHU
IIPUBOIUT K M3MEHCHMIO ITApaMeTPOB U PACXOIOB SHEP-
TOHOCHUTEJICH B COOTBETCTBHUU C (PAKTUIECKOI TTOTPEO-
HOCThIO. CYIITHOCTh METOIOB PETYyIMPOBAHUS BBITCKACT
13 YpaBHEHMUS TEIUIOBOTO OanaHca [4]

Q = Ge(t,— t,)n/3600 = kKF(t, ~t)n, &)

rme Q — KOJIMYECTBO TEIUIOTHI, ITOJIYICHHOE TIPH -
0OpPOM OT SHEPTOHOCUTEJISI U OTITAHHOE HarpeBaeMoit
cpene, KBt/4;

G — pacxom SHeproHOCUTEIST KT/4;

C — TemI0eMKOCTh 3HeproHOCHTeNI KX/ KT;

K — koa(dpumeHT Terionepenayun;

F — mmoBepxXHOCTH HarpeBa TeIIO0OMEHHOTO arTapa-
Ta (YCTPOICTBA, TIEPEAAFOIIETO TETUIOSHEPTUIO OT OMHOTO
HMCTOYHMKA TeTUIOTHI APYTOMY, MCKITIOUAs TIPU 3TOM He-
ITOCPEACTBEHHBIN KOHTAKT TCTDIOHOCHUTEICH);

t,, t, — TeMIiepatypa TEIJIOHOCUTEIS Ha BXOJIE Y BbI-
XOII¢ M3 TCIJIO0OOMEHHUKA;

n — BpeMsl.

W3 ypaBHEHUS TEILTOBOTO OajlaHCa CICMyeT, 9TO M3-
MeHeHme Koadduimenra teruronepenaunt (KTIT) oopat-
HO TIPOTIOPIIMOHAIBLHO pacXody dHeproHocutens. Kak
ITOKA3BIBAIOT MCCICIOBAHMS, BeTMINHA Ko puiimeHTa
TeIUToNepenayr Ha MOAU(UIIMPOBAHHBIX HATPEBATESIX
HE 3aBHCHUT OT BBICOTHI TTOJIy4aeMBbIX CTPYKTYp. [ToaTomy
IIPY UCITOJIb30BaHNY MOIU(UIINPOBAHHBIX TTOBEPXHO-
CTeil ¢ pa3IMIHOM BEICOTOI HAHOCTPYKTYP OMHOBPEMEH-
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HO Bo3MoxeH pocT KTII u yBennueHue KpuTU4eCKOro
TETIOBOTO ITOTOKA, YTO IIPUBOIUT K SKOHOMHUH pacxona
TETUTOHOCHUTEIIST KaK OCHOBHOM 3aIau KaueCTBEHHO-
KOJIMYECTBEHHOTO PETYJINPOBAHUS CUCTEMBI TEILIO-
CHaOXeHUSI.

XapaKTepHuCTHKa TETUIOOOMEHHOTO arlapaTa BEIBO-
IUTCS U3 O0IIETO YpaBHEHUS PETYINPOBAHMS 1 OTTMCHI-
BacTCS 3aBUCHUMOCTBIO BHIIA:

q=Q/, “4)

rme q — TeIuIoBas IIPOM3BOAUTEIFHOCTD aIlllapaTa
Ha 1° MaKCMMaJIbHOM pa3HOCTH TEMIIEPATyp Tperomeit
¥ HarpeBaeMoli CpelIbl Ha BXOJIE B TEIDIOOOMEHHUK (V),
kBt/°C.

[ToBBITIICHIE TETUTOBOI TIPOM3BOIUTEIIBHOCTH TETLIO-
OOMEHHOTO ariapaTa BO3MOXKHO 3a CUCT YBEITMICHUS
MOBEpPXHOCTU Harpesa miu 3a cuet pocta KTII Bcnen-
CTBHE MHTeHCU(UKANHU TeTuioooMeHa. OTHAKO TTOBBI-
IIICHNE TeTUIOIIPOM3BOINUTEIPHOCTH 32 CUCT YBETMICHUS
TIOBEpXHOCTH HarpeBa HEM30EXKHO BJICUET 3a CO00It yIo-
poskaHMe TEIIO0OMEHHOTO armmapaTta. UMeHHO ImoaToMy
BOIIPOC MHTCHCU(PUKAIINK TEIUIO0OOMEHA B TEIIO00-
MeHHBbIX annapatax ajas ypeandeHust KTII gaBasgercs
aKTyaJIbHBIM C SKOHOMMYECKOM TOUKH 3PCHMUSI.

Pemrenue 3amaun MaKCMMaaTbHOM MHTCHCU(DUKALINHT
TEITOOOMEHA MOXKET OBITH ITOTYICHO 3a CUCT CO3MaAHUS
MAaCCHBOB PETYISIPHBIX MUKPO- M HAHOCTPYKTYP pa3-
JnmuHoM reometpuu [11]. Meton autorpaduu, nexa-
U B OCHOBE MUKPO- M HAHOBJIEKTPOMEXaHNICCKIX
cucteM (MOMC/HDMC-TeXHOJIOTHIT), UCTIOIB3YeTCS
IJIST TIOCJIOMHOTO (DOPMUPOBAHUS TOIOJIOTUIECKOTO
pUCYHKA MUKPO- M HAHOCTPYKTYpP, UTO ITO3BOJISIET
MOJIYIUTh CTPYKTYPUPOBAHHYIO TTOBEPXHOCTD TEILJIO-
OOMEHHOTO amIapara, XapaKTepU3yIIIyIocs TCPMU-
HOM «CyOIIIEpOX0OBaTOCTh» (OT aHTJI. «subroughness»),

CIINCOK JIMTEPATYPLI

T.€. MUKPOpPEThe(hOM METhUANIIIIX 3JIEMEHTOB pelibeda
ITOBEPXHOCTH, YYACTBYIOIINX B (hOPMHUPOBAHHU €€ IIIe-
POXOBATOCTH.

3aMeTHM, YTO XOTSI MUKPOMEXaHNICCKIE CUCTEMEBI
(opmMarbHO HEe OTBEUAIOT THAIIa30HY HAHOTEXHOJIOTUIA,
MHOTHE 0COOCHHOCT MUKPOMEXaHUKH MOTYT OBITh TTe-
peHeceHBl B HAaHOAMAIIa30H [§].

PacueTsl TOKa3bIBAIOT, YTO IJISI CTPYKTYPUPOBAH-
HO¥1 IMTOBEPXHOCTH TEIIJIO0OOMEHHOTO aIfapaTa 3a CUeT
CcyOIlIIepOX0OBaTOCTU XapakTepeH pocT BeanunHbl KTTI
110 CpaBHEHUIO C TJIAIKOUW MOBEPXHOCTHIO O€3 cyIIe-
CTBEHHOTO POCTa TUAPABINYECCKOTO COIPOTUBIICHUS
U yBEJIMUCHMS pa3MepoB amnraparta-aHauora [11].

3AK/IIOYEHUE

IToCKOIIBKY CHCTEMBI TEIIOCHAOKCHISI I OTOTUICHIST
JKVUTBIX Y TIPOMBIIIUICHHBIX 3MaHUH SIBIISTIOTCST HAanboJIee
3HAYUTEIIBHBIM IO PACXOAY IIEPBUYHBIX TOIUTMBHO-3HEP-
TeTUICCKHIX PECYPCOB CETMEHTOM B SHEProo0ecIIeYeHUN
Ha TeppUTOpUH Beeil Poccum, TO MyTbTUTUIMKATUBHEIC
5 dEKTH peIIeHNS 3aJa9 UX MaCCOBOTO TEXHUIECKOTO
IIepeBOOPYKEHMS B (popMaTe CTpaHBI BBIXOMIST 3a Ipejie-
JIBI OTPACTICBEIX 3a1a4 TT0 TIOBBIIICHIIO 3(D(EeKTUBHOCTH
BeIpaOoTKu Teria [11]. MHHOBaLIMOHHBIN MOTEHIIMA
IIPUMEHEHUSI HAHOTEXHOJIOTHI COICPXKUT BCE TIEPBUY-
Hble KICTOYHUKU MOJIy4eHusI TeruioHocuteneii [6]. Cra-
HOBJICHIE HOBOTO TEXHOJIOTMYECKOTO YKiIaaa, pa3BUTHE
OITHOTO M3 ero KIIF0UYEeBBIX (DaKTOPOB — HAHOTEXHOJIO-
T'Mii — 00YCJIOBIMBAIOT PEIICHUE 3aIauy ITOBBITIICHUS
5(hGEKTUBHOCTH CUCTEM LIEHTPAIM30BAaHHOTO W aBTO-
HOMHOTO TeriocHaoeHus 3a cuet pocta KTTI v uHTeH-
crUKaIIIK TEITIO0OMEHA BCICICTBIE UCIIOIH30BAHUS
rpaeHOBOTO HAHOIIOKPBITHUS, CO3NAHNS HAHOCTPYKTYD,
IIpUMEHEHUS HaHOXUaKocTel [19,21], Mukpo/HaHOMO-
IU(UITIPOBAHHBIX TIOBepXHOCTEI [12].
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ABSTRACT: Modern operating conditions of polyvinyl chloride (PVC) materials impose increased requirements for the additives
used. Intensification of processing and expansion of PVC application areas, as well as providing a wide variety of its performance
characteristics, are associated to a large extent with the successful solution of the problem of creating effective plasticizers. Therefore,
when developing formulations of PVC plasticates, it is important to obtain and select plasticizers that meet modern high require-
ments for operation and environmental safety. One of the modern approaches to creating materials that can be destroyed in natural
conditions is based on the use of additives that increase the ability of polymer materials to biodegrade.

This paper presents the results of developing a PVC composition with increased biodegradation. For this purpose, a mixture of
plasticizers was used: dibutoxyethyl phthalate (DBOEP) with a degree of ethoxylation of 1.5 and dibutoxyethyl adipate (DBOEA)
with a degree of ethoxylation of 1.5. The results of testing samples of obtained PVC compositions for biodegradation are presented.
Itis shown that partial replacement of a phthalate plasticizer with a non-toxic biodegradable dibutoxyethyl adipate makes it possible
to obtain PVC compositions with increased biodegradation, while maintaining excellent performance properties.

KEYWORDS: adipate plasticizer, biodegradation, ecological safety, phthalate plasticizer, polyvinyl chloride.
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INTRODUCTION

he most industrial applications as PVC plasticiz-

ers were found in esters [1, 2]. The volume of their
production is 85% of the total release of all plasticizers
[3, 4]. Phthalates (orthophthalic acid esters) are the larg-
est chemical group of PVC plasticizers, most of which are
general-purpose [5].

Today, among the o-phthalic acid esters, the most
widely used is di (2-ethylhexyl) phthalate (dioctyl
phthalate, DOP), which is a standard international PVC
plasticizer and is used as a standard [6—8]. The leading
position of dioctyl phthalate to this day is determined
primarily by the development of the production of flex-
ible PVC — the largest consumer of DOP [9—11]. And
although recently the structure of PVC consumption has
noticeably changed towards hard products, nevertheless,
plasticized materials based on it remain in demand in
various fields.

The range of the most common plasticizers varies
for different reasons: the cost of their production, envi-
ronmental safety problems, increased requirements for
polymer products, the creation of new materials, etc.
[12, 13]. For example, DOP, which has been used for
many decades, is currently subject to restrictions in use
in medical devices, children’s toys, and food packaging
[14—16]. The reason is that studies of the consumer prop-
erties of PVC compositions with phthalates have shown
that they easily migrate from polymer compositions and
are pollutants on a global scale, both because of high an-
nual production volumes and because of the relatively
low rate of their biodegradation [17—19]. In addition,
the most common dioctyl phthalate belongs to the 2™
hazard class and has a fairly low biodegradability. Cur-
rently, the use of phthalate plasticizers is prohibited in
several countries and intensive work is underway to find
new alternative plasticizers. For example, the developed
plasticizers diisodecylphthalate and diisononylphthal-
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ate are low toxic. However, the most promising area of
research in this area is the development of phthalate-free
plasticizers and the production of PVC materials based on
it, which have good performance and high biodegradation
rate in the environment.

One of the modern approaches to the creation of ma-
terials destroyed in natural conditions is based on the
use of biodegradable additives, which are decomposed
by soil microorganisms, which contributes to loosening
the structure, reducing the durability of filled polymer
materials and, as a result, mechanical destruction of the
product [20—22].

The use of natural polymers as biodegradable ad-
ditives, such as cellulose and starch, does not provide
materials with standard reproducible physicomechanical
characteristics and satisfactory performance [23—24]. This
disadvantage can be avoided by using biodegradable ad-
ditives of chemical origin. An analysis of the information
presented in the literature showed that adipate plasticiz-
ers can be used for this purpose, which, in their ability to
biodegrade by bacteria, significantly exceed phthalates
[25—27]. Adipate plasticizers are also non-toxic com-
pounds and are used in the manufacture of medical de-
vices, children’s products, food films, shoes, artificial
leather [28—29].

Di (2-ethylhexyl) adipate (DOA) is the standard and
most widely used plasticizer of this class. Adipate-based
plastisols give polar elastomers good flexibility at low tem-
peratures and high thermal stability.

In this regard, the aim of this work is to develop non-
toxic biodegradable PVC compositions with improved
deformation and strength properties.

MAIN PART

The objects of study were PVC films plasticized by
a mixture of plasticizers previously prepared by us, name-
ly: dibutoxyethyl phthalate (DBOEP) with a degree of
ethoxylation of 1.5 and dibutoxyethyl adipate (DBOEA)
with a degree of ethoxylation of 1.5. Physicochemical
characteristics of plasticizers are given in [28, 30].

Nanobm

Used PVC composition of the following list: 100 wt. p.
PVC; 50 wt. p. plasticizer; 3 wt. p. stabilizer (1.5 parts
by weight of calcium stearate and 1.5 parts by weight of
zinc stearate). Film samples were obtained on laboratory
rollers.

Tensile stress (0) was determined according to state
standard 11262 and elongation at break (¢) of PVC films
was determined according to state standard 14236 on
a tensile testing machine PM-250.

Water absorption Am (%) was evaluated according to
state standard 4650. For this, the change in the mass of
the samples during exposure in distilled water at a tem-
perature of (23%2)°C for certain time intervals was deter-
mined by the formula

Am = [(m—m,) / m ]+100%,

where m and m — the initial mass of the sample and
at the time instant T, respectively.

THE DISCUSSION OF THE RESULTS

Initially, a study was conducted of the physicome-
chanical properties of the starting compositions. The test
results are presented in table 1.

One of the laboratory methods for rating the biode-
gradability of polymeric materials is the change in the
mass of PVC samples in water at room temperature
(Fig. 1) [31]. In this case, the change in the mass of the
films in water is the result of two opposite processes: swell-
ing of the samples and leaching of the components.

The greatest change in the mass of samples of PVC films
was observed in the composition containing the largest
amount of DBOEA. Similar processes are observed when
PVC materials come into contact with the soil, where,
under the influence of light and heat, chemical reactions
occur in the polymer matrix, leading to the breaking of
long chains of polymer molecules. These processes lead to
a gradual decrease in the molecular weight of the polymer
up to the fragmentation of the material. At the same time,
the hydrophilicity of the polymer increases, microcracks

Table 1
Physicomechanical properties of the initial samples PVC compositions
. The amount of plasticizer, % Tensile stress, Mpa Elongation at break, %
: DBOEP DBOEA (state standard 11262) (state standard 11262)
1 95 5 16.5 221.0
2 90 10 16.4 224.3
3 85 15 16.3 227.0
4 80 20 16.2 231.6
5 75 25 16.1 237.1
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¢ -1

Am_ o

®x-2 #-3 o-4 A-5

Fig. 1. The change in mass (Am) as a function of time (hour) in water for samples.
The content of DBOEA: 1 — 5%;2 —10%; 3 — 15%; 4 — 20%; 5 — 25%

form on the surface, and conditions are created to facilitate
the penetration into the polymer matrix of microorganisms
utilizing short fragile molecules. In the process of life, mi-
croorganisms secrete weak acids, which helps to accelerate
the decomposition of the material [32—33].

However, this indicator is not the only criterion for
assessing the resistance of polymer materials. When
contacting filled polymeric materials, such processes as
leaching of the filler components, change in its surface,
or chemical change in the polymer structure as a result
of hydrolysis can occur, which can reduce the adhesion
between the filler and the polymer matrix and thereby
significantly affect the strength characteristics of the poly-

Table 2

meric material [34—36]. Next, field tests of the obtained
samples of PVC films were conducted. To do this, they
were placed in the soil. The soil layer is most saturated
with microorganisms at a depth of 5—15 cm. Here 1 g of
soil contains up to 108 units of microorganisms. Usually,
the more organic matter is contained in the soil, the more
microorganisms are in it.

For this reason, we tested biodegradation in the soil
while keeping the samples in soil at a depth of 15 ¢cm for
6 months.

The duration of the period of biodegradation is deter-
mined by the film thickness and the activity of the micro-
biological environment.

Change in tensile stress of samples of PVC compositions during biodegradation (MPa)

Exposure time, The amount of plasticizer, DBOEP / DBOEA, %
months 95/5 90/10 85/15 80/20 75/25
initial 16.5 16.4 16.3 16.2 16.1
Imonth 16.4 16.3 16.2 16.1 16.0
2 months 16.3 16.2 16.0 15.9 15.8
3 months 16.2 16.0 15.8 15.6 15.6
4 months 16.0 15.8 15.5 15.3 15.2
5 months 15.8 15.5 15.3 14.9 14.8
6 months 15.5 15.2 14.9 14.6 14.5
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gl[;llfgi in elongation at break of samples PVC compositions during biodegradation (%)
Exposure time, The amount of plasticizer, DBOEP / DBOEA, %
months 95/5 90/10 85/15 80/20 75/25
initial 221.0 224.3 227.0 231.6 237.1
Imonth 220.2 222.1 224.1 229.4 231.5
2 months 219.8 219.7 221.4 226.0 227.3
3 months 217.8 216.2 216.9 224.0 220.0
4 months 215.2 212.3 212.5 219.2 212.3
5 months 213.8 210.2 208.2 214.3 204.7
6 months 212.2 208.2 203.8 208.2 197.0

Biodegradation in soil is a complex process, the speed
of which is influenced by the structure and properties of
the polymer material and environmental conditions —
humidity, temperature, acidity of the medium, light, as
well as contact with the soil and soil type.

Then, a study was made of the deformation-strength
characteristics of the PVC compositions aged in the soil.
The results are presented in tables 2, 3.

As a result of biodegradation, the breaking stress and
elongation at break of the obtained samples of PVC films
are reduced. This suggests that the compiled composi-
tions during aging in the soil become more fragile, since
structural changes occur in the polymer matrix, as a result
of which the compiled compositions undergo more de-
struction than the PVC composition that does not contain
DBOEA.

Thus, the partial replacement of a phthalate plasticizer
(dibutoxyethyl phthalate) with a non-toxic alternative
(dibutoxyethyl adipate) allows one to obtain biodegrad-
able thermoplastic PVC compositions. At the same time,
their service life and initial physical and mechanical prop-
erties are not inferior to industrial plastic compounds
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PE3IOME: CoBpemMeHHble yC/I0BMA SKCUTyaTaumuy nonnsmHuaxnopugHbix (MBX) matepranos npeAbaABAAIOT NOBbILEHHbIE Tpe-
60BaHVA K UCNonb3yembiM AobaBkam. MIHTeHcndUKaLma npoLeccoB nepepaboTku 1 pacwpeHmne obnactein npumerHeHus MBX,
a Takxke obecneyeHre 60NbLIOTO Pa3HOO6Pa3UA ero SKCMyaTaUVOHHbIX XapakTePUCTVK CBA3aHbI B 3HAUUTENIbHOW Mepe C ycrnelw-
HbIM pelueHnem npobnembl co3gaHna 3GdeKTBHbIX NnacTudrkaTopos. Mosatomy npu paspaboTtke peuentyp MNBX-nnactrkatos
605blUOe 3HaUYeHVe UMeeT NoAbop 1 MoslyyYeHre NNacTUPpKaTopOoB, OTBEYAILWMIX COBPEMEHHbIM MOBbILLEHHBIM TPE6OBaHMAM
3KCMyaTaLum 1 3Koornyeckon 6esonacHoctn. OANH 13 COBPEMEHHbIX MOAXOAOB K CO3AaHMI0 pa3pyLllaeMblX B MPUPOAHbBIX
YCIOBUAX MaTepuranos 6a3npyeTcsa Ha NCNob30BaHUM [06aBOK, MOBBILLAIOLNX CMOCOOHOCTb MOIMMEPHbIX MaTepranos K 61o-
Pa3foXeHuto.

B paHHOM paboTe npuBeaeHbl pesynbTatbl pa3paboTkm MBX-komno3mumy ¢ noBbllweHHoW 6roaerpagaumein. C 3Ton Lenbio nc-
nosnb3oBanacb cMecb nnacTudukaTopos: AnbyTokcnaTundTanat (ABO3M) co cTeneHblo oKCUTUANPOBaHKA 1,5 1 AnbyToKCK-
stunagunuHat (OBO3A) co cTeneHblo okcmatunupoBarma 1,5. NpeactaBneHbl pe3ynbTaTtbl UCMbITaHWA 06Pa3LIOB NMOMYYEHHbIX
MBX-komno3nuuii Ha GruogecTpyKumio. NMoKasaHo, UTo YacTMUYHaA 3ameHa $TanaTtHoOro nnacTuduKaTopa Ha HETOKCUYHBIN G1O-
pa3naraemblii AUOYTOKCUITUNAAUMMHAT NO3BONAET nonyyaTh NBX-komnosnuyum, obnagatoLyme nosbleHHOW bruogerpagaumven,
C COXPaHEeHMEM OT/IMYHbIX SKCJlyaTaLMOHHbIX CBOMCTB.

KJTIOYEBDBIE CJIOBA: agynuHaTHbIN nnactudukatop, brmopectpyKuus, NonvBUHUAXNOPUA, GTanaTHbIi naactudrKkaTop, SKonorny-
HOCTb.

ANnAa UNTUPOBAHUA: MasnTtosa A.K., Buxapesa W.H., MackoBa A.P, lapeesa H. b., lanxynnnH N.P. UccnepoBaHne BnmaHnA
no6aBokK Ha buogerpagauuto NBX-matepuranos // HaHoTexHonorum B ctpontensbctae. — 2020. — Tom 12, N2 2. — C. 94-99. - DOI:
10.15828/2075-8545-2020-12-2-94-99.

BBEJEHUE

HaI/I6oanee MPOMBILIJIEHHOE TTIPUMEHEHNE B Ka-
yecTBe TactTudukatopos [1BX Hanm ciroskHbIe
acdups [1-2]. O6beM nX MPOU3BOACTBA COCTABISET
85% ot 00111er0 BBIITyCKa BCeX I1acTu(uKaTopos [3—4].
Dranate (3¢upel OpTOGMTATICBOM KUCIOTHI) SIBIISTIOTCS
caMO KPYITHOM XMMUYECKOU TPYIIIION maacTuuKaTo-
poB I1BX, OOMBIIMHCTBO U3 KOTOPBIX O0IIIETO Ha3HAUe-
Hus [5].

Ha ceropnsirHuii neHs cpeau 3(pupoB o-(praeBoit
KHMCIOTH Hambojee IMMUPOKO IpUMeHsIeTCs mu(2-
stuarekcwn)dranat (quokrmidTanar, JOD), KoTopsIit
SIBIISICTCSI CTAHIAPTHBIM MEXIYHAPOIHBIM TUTACTU(DH-
karopom I1BX 1 ncnons3yercs kak aranoH [6—8]. JIu-
IUpYIoIee TOIOKEHNE TMOKTUI(pTAIaTa U 10 ceil JeHb

OIIpeeIIsieTC s, TIPeKIe BCero, pa3BUTHEM ITPOU3BOICTBA
ruokoro I1BX — camoro kpymHoro rmorpeoutenst JJOD
[9—11]. M x0T B TIOCIemHEE BpeMs CTPYKTypa MOTpe-
onenust [1BX 3aMeTHO M3MEHMJIACh B CTOPOHY KECTKMX
W3Ienit, TeM He MeHee, TIacTU(GUIINPOBaHHEIC Ma-
TepHaIbl Ha €T0 OCHOBE OCTAIOTCS BOCTPEOOBAHHBIMU
B Pa3IMYHBIX 00JIACTSIX.

ACCOPTHUMEHT CaMbIX pacIpOCTPAHCHHBIX IUIACTHU-
pUKaTOPOB MEHACTCS 10 PA3TMIHBIM ITPUUYMHAM: CTO-
MMOCTD WX IIPOM3BOACTBA, IIPOOJIEMbI 9KOJIOTUIECKOMN
0e30T1acHOCTH, MTOBHIIIICHNE TPEOOBAHMI K ITOJIMMEp-
HO¥ IIPOIYKIINH, CO3IaHNe HOBBIX MaTepHAJIOB M IIPO-
yee [12—13]. Harrpumep, Ha JO®, KOTOpHIiT UCITONb-
30BaJICSI B TCUCHNE MHOTHX JCCATIICTHI, B HACTOSIIICE
BpeMs HaKJIaIbIBAIOTCS OTPAaHWUYCHUS B IIPUMEHECHUN
B MCOUIIMHCKUX U3ICIUSIX, IeTCKUX UTPYIIKAX, -
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meBoii ynakoske [14—16]. IIpyunHa COCTOUT B TOM,
4TO MCCJIeJOBaHUS MTOTpeOUTENbCKUX cBOMCTB [1BX-
KOMITO3UIMWIA ¢ hTalaTaMu TTOKa3ajn, YTO OHU JIETKO
MUTPUPYIOT U3 TOJIMMEPHBIX KOMIIO3UITAMA U SIBIISTIOTCS
3arpsI3HUTENISIMU B TI100aTbHOM MacIlTabe KakK M3-3a
BBICOKHX FOIOBBIX 00BEMOB IIPON3BOICTBA, TaK U M3-3a
OTHOCHUTEIJIFHO HU3KOI CKOPOCTU UX OMOIerpagaliunm
[17—19]. K ToMy Xe caMBblil pacIipoCTpaHeHHBIN TH-
OKTIJI(hTAIAT OTHOCUTCSI KO 2-MY KJIACCy OITaCHOCTH
¥ 00J1aJacT JOCTATOYHO HM3KOM OMOpa3iaracMoCThIO.
B Hacrosee BpeMs yke B HECKOJIBKUX CTpaHaX 3aIIpe-
IIEHO MCITOJb30BaHMe (PTAJATHBIX IUIACTU(GHUKATOPOB
¥ BeIyTCsI MHTCHCUBHBIC PAOOTHI IO MOMCKY HOBBIX
aJbTepHATUBHBIX TUIacTU(UKaTOpOoB. Hampumep, pas-
paboTaHHBIC TIACTU(GUKATOPH TUM30AeIIMI(TaIAT
W TAM30HOHWI(PTAIAT IBISIOTCS MAaJTOTOKCUIHBIMU.
OnmHako HamboJiee TTePCICKTUBHBIM HallpaBJICHUEM
HCCICAOBAHUI B 3TOI 00JIaCTH SIBIICTCA pa3paboTKa
6e3dranaTHbIX MIacTUduKaTopoB U nmojydeHue [1BX-
MaTepHUaIOB HAa UX OCHOBE, 00JIagaloIINX XOPOIITNMH
9KCIUTyaTallMOHHBIMU Ka4eCTBAMHU U BBICOKOI CKOPO-
CTbIO OMONECTPYKLIMU B OKPYKAIOIIE Cpejie.

OnvH 13 COBPEMEHHBIX ITOAXOI0B K CO3MaHUIO pa3-
pYIIaeMBbIX B IPUPOTHBIX YCIOBHUSIX MaTepUaIOB OCHO-
BBIBacTCS Ha MCITOJIb30BAHNH OMOpa3aracMbIX T00ABOK,
KOTOPBIC TTOOBEPTaroTCsT pa3IOKEHNI0 MUKPOOPTaHI3-
MaMH TTOYBBI, UTO CIIOCOOCTBYET Pa3pbIXIICHUIO CTPYKTY-
PBI, CHIDKCHUIO CTOMKOCTH HAITTOJTHEHHBIX ITIOJTMMEPHBIX
MaTepHuayioB 1, B pe3y/IbTaTe, MEXaHUMICCKOMY pa3pyIie-
Huto u3nenus [20—22].

[IpnMeHeHNEe B KaueCcTBe OMopasiaraéMbIX J00aBOK
MIPUPOTHBIX ITOJIMMEPOB, TAKNX KaK IIeJUTI0I03a U Kpax-
MaJl, He 00ecTieunBacT MOTydeHIe MaTepHUajioB CO CTaH-
TApTHBIMU, BOCIIPOU3BOINMBIMHU (PU3NKO-MEXaHIIC-
CKMMM XapaKTePUCTUKAMU U YIOBJICTBOPHUTCILHBIMU
9KCIUTyaTallMOHHBIMHU CBOMCTBaMU [23—24]. JlaHHOTO
HemocTaTKa MOXKXHO M30eXaTh P IPUMEHEHUHN O1O0-
pasjraraeMbIX J0OaBOK XMMHUUECKOTO IIPOUCXOXKICHUS.
AHanu3 uHpopmMaluu, IPeICTaBICHHON B IUTEPATYP-
HBIX UCTOYHUKAX, ITOKA3aJl, YTO C ITOM IIEIbIO MOTYT

OBITh MCIIOJIb30BaHbI ATUITMHATHEIC TUIACTU(DUKATOPHI,
KOTOpHBIE IO CIIOCOOHOCTU K OMOIECTPYKIIUU OaKTe-
PUSIMU CYIIECTBEHHO TIPEBOCXOAST (prajathl [25—27].
AINTIMHATHBIC TUIACTU(MUKATOPHI TAKXKE SBIISTIOTCST HE-
TOKCUYHBIMU COCTUHECHUSIMU U MCIIOJIB3YIOTCS TIPU
IMOTYYCHUN MEIUIIMHCKNAX U3IEINi, JeTCKUX TOBa-
pPOB, TINIIEBBIX TUNICHOK, O0YBU, MCKYCCTBEHHON KOXH
[28—29].

Ou(2-strnrexcwn)agunmHaT (JIOA) siBsteTcs cTaH-
JTApTHBEIM 1 HaboJIee IMPOKO TPUMEHSIEMBIM ILIACTH -
¢uxkaTopoM maHHOTO Kjacca. [I1acTr3oam Ha OCHOBE
AIUITMHATOB TIPUOAIOT TOJIIPHBIM 3JIACTOMEpPaM XOPO-
ITyI0 THOKOCTH TIPH HU3KUX TeMIIepaTypax 1 BBICOKYIO
TEPMHUUECKYIO CTAOMIIBHOCTD.

B cBs131 ¢ 3TUM IIeIbI0 JAaHHOI pabOTHI ABIISICTCS
pa3paboTka HEeTOKCUYHBIX Omopasnaraembix I1BX-
KOMITO3UIINIA, 00JTagaloIINX YIyUIIeHHBIMH HehopMa-
IIMOHHO-TTIPOYHOCTHBIMU CBOMCTBAMMU.

OCHOBHAA YACTb

O06BeKTaMHU UcclienoBanus SBsuch [TBX-1eHku,
IUTaCTU(UIIMPOBAHHBIC CMECHIO paHee IOJTyIeHHBIX
HaMH TIacTU(UKATOPOB, 2 UMEHHO: THOYTOKCUATHII-
dramar (IBODD) co cTenmeHbIO OKCUITUIIMPOBAHUSI
1,5 u guoyrokcusTrmimagunmHart (JbODA) co cTenieHbIO
OKCUATIWIMpOoBaHuA 1,5. ®U3NKO-XUMUIECKIE XapaK-
TePUCTUKU TIIaCTU(PUKATOPOB IIPUBEACHBI B paboTax
[28, 30].

Wcnons3oBanu [1BX-KoMITo3u1i1m CIeayoOIero co-
craBa: 100 mac.q. II1BX; 50 mac. 4. muiactudukaropa;
3 Mmac. 4. ctadbmwm3zaropa (1,5 Mac. 4. cteapaTa KaJbLMs
u 1,5 mac. 4. creapar nmHKa). O0pa3Iibl IIEHOK MOJTY-
YaJI METOIOM BaJIbIIeBaHUSI Ha JTAOOPATOPHBIX BaJIbIIaxX.

Paspymaroniee HanpsoKeHUe MpU pacTsSKEHU N (6p)
onpenensin o 'OCT 11262 n oTHOCUTENBHOE Y/I-
JmHeHne pu pa3peiBe (¢) [IBX-1ieHoK ompenensin
o F'OCT 14236 Ha pa3pbeiBHO# MamuHe PM-250.

Boponornomenue Am (%) ouenupanu no 'OCT
4650. JIy1st 5TOrO OINpeneIstiii N3MeHEHNE MacChl 00-

Tabauya 1
DuU3HKO-MeXaHHYeCKHe CBOMCTBA HCXOAHbIX 00pa3oB I1BX-kKommo3ummii
KommyectBo miacrudukaropa, % Pa3pymaromiee nanps- OTHoOCHUTEIBHOE YN -
Ne JKeHHe NPU PACTSKEHNH, | HeHHe Npu paspbiBe, %
ABOD® ABODA Mna (TOCT 11262) (TOCT 11262)
1 95 5 16,5 221,0
2 90 10 16,4 224..3
3 85 15 16,3 227,0
4 80 20 16,2 231,6
5 75 25 16,1 237,1
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o-1

Am_ o

®x-2 #-3 o-4 A-5

t, yac

Puc. 1. i3meHeHne Macchl (Am) B 3aBHCHMOCTH OT BpeMeHH (Yac) B Boje 11 00pa3moB.
Conepxanne IBODA: 1 —5%;2 —10%; 3 — 15%; 4 —20%; 5 — 25%

pa3ioB P SKCHIO3ULNMU B TUCTUUIMPOBAHHOM BOIE
npu Temmeparype (2312)°C B TeueHUEe OIpeneIcHHBIX
MHTEPBAJIOB BpeMEHU 110 (opmyJie

Am = [(m—m,) / m0]+ 100%,

rae m, 1 m — macca 06]33.31_[3. HadaJIbHasd 1 B MOMCHT
BPEMCHU T COOTBETCTBCHHO.

OBCYXKIEHWE PE3YJIbTATOB

[NepBoHaYaTbHO OBIJIO TIPOBEICHO MCCICIOBaHNE
(pM3UKO-MeXaHMIECKUX CBOMCTB UCXOTHBIX KOMITO3M-
muii. Pe3yabraThl ICITBITAHWI TIPEICTABIICHBI B TAOT. 1.

OmgHIM 13 TAO0PAaTOPHBIX METOIOB OIICHKM OMOpa3-
JIaTaeMOCTH TIOJIMMEPHBIX MaTePUAJIOB SIBJISICTCS U3Me-
HeHue Macchl [IBX-06pa3ioB B Boie pyu KOMHATHOM
temmepatype (puc. 1) [31]. B maHHOM ciryyae n3MeHe-
HIE MacChl TUICHOK B BOJC SIBJIICTCS PE3yJIbTaTOM IBYX
TIPOTHUBOITIOJIOXKHBIX TIPOIIECCOB: HAOYXaHUs 00pa3IoB
¥ BBIMBIBAaHHST KOMIIOHCHTOB.

HaubGonbiiee nzmeHeHue Mmaccol oopasinos [1BX-
TUICHOK HAaOJIFOIaI0Ch B KOMITO3UIINH, COIEpKaIIei
Hauooibiree kKoandectBo JBODA. IMogobHbIe TIpo-
1ecchl HabMoaaTcs Npu corpukocHoBeHuun I[1BX-
MaTepHajoB C TIOYBOIA, TIe ITOI BO3IEHCTBUEM CBEeTa
¥ TeTjIa B TTOJIMMEPHOM MaTpUIIe TIPOTEKAIOT XUMMIUC-
CKHe peaKIIiy, IPUBOAAIINE K Pa3phIBY IIMHHBIX 1Ie-
TMOYeK MOJICKYJT TToIMMepa. DTU IIPOLIECCH ITPUBOIST
K ITOCTETICHHOMY CHUKEHMIO MOJICKYJISIPHOM MacCHI

TIOJIMMepa BIUIOTh 10 pparMeHTallMy MaTeprana. [1pn
5TOM MOBBIIIACTCS TUAPOPUIBHOCTD TTOJIMMEpPa, Ha I10-
BEPXHOCTH 00pa3yIoTCs MUKPOTPEITUHEI, M CO30AIOTCS
YCIIOBUS IIJIT 00JIeTYeHUS TIPOHUKHOBEHUST B MATPUILY
IToIMMepa MUKPOOPTaHN3MOB, YTIIM3UPYIOIINX KOPOT-
KIe HeTIPOYHBIC MOJICKYJIBL. B IIporiecce XXu3HenesTe b
HOCTH MUKPOOPTAHM3MBI BBIIEJISIOT CIa0ble KICIOTHI,
YTO CIIOCOOCTBYET YCKOPECHUIO MPOIIECCa pa3I0XKCHUS
Matepuaina [32—33].

OnHaKo DaHHBIN MTOKa3aTellb HE SIBISICTCS SaMH-
CTBEHHBIM KPUTEPUEM OLICHKH CTOMKOCTHU TTOJIMMEPHBIX
MatepuaioB. [1py KOHTaKTe HaOTHEHHBIX ITOIMMEPHBIX
MaTepHraaoB MOTYT IIPOTeKaTh TaKKWe MPOIIECCHI, KaK
BBIMBIBaHIE KOMIIOHCHTOB HAITOJTHUTEIISI, MI3MCHEHUE
€ro MMOBEPXHOCTH WIIM XUMUIECKOEe M3MEHEHNE CTPYK-
TYpBI TIOJIUMEPA B pe3ysIbTaTe TUAPOIN3a, YTO MOKET
CHU3UTH IPOYHOCTH CLETUICHUS MEXKIY HATIOJTHUTEIIEM
1 TIOJIMMEPHOM MaTPHUIIE U TeM caMbIM CYIIECTBEHHO
IMOBJIMSATH Ha TIPOYHOCTHBIC XapaKTePUCTUKU TTOJIH-
MepHoro Martepuaia [34—36]. Janee ObUIA TIPOBEIEHBI
HaTypHbIE UCIBITAHUS MOJIydeHHBIX 00pa3uoB [1BX-
rieHok. 17151 aToro ux nomectwin B mouBy. Haubonee
HACBIIIIeH MUKPOOPTaHN3MAaMHU CJIO TTOUYBBI HA TITyOMHE
5—15 cm. 3mech | T TOUBHI coaepkuT 10 108 eqmHMIL
MHUKPOOPraHU3MOB. OOBITHO YeM OOJIBIIE COMEPKUTCS
B TIOYBE OPraHMYCCKMX OCTAaTKOB, TeM OOJIbIIC B HEM
MHMKPOOPTaHU3MOB.

ITo aToit MpuuMHe OMOPA3IOKEHNE B TTIOUBE MCIIBI-
THIBAJIOCh HAMM MPU BbIAECP>KUBAHUM MOJIyYeHHBIX 00-
pasLoB B [TOYBE Ha IIyOuHE 15 ¢M B TeueHue 6 MecsILIeB.
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Tabauya 2

H3menenue pa3ppiBHOrO HanpszkeHus oopasuos I1BX-kommnosunuii npu ounonecrpykuuu (MIla)

Bpewmst aKcno3H- Komuectso mnactudukaropos, IBODP®/ IBODA, %
uu, Mec. 95/5 90/10 85/15 80/20 75/25

HCX. 16,5 16,4 16,3 16,2 16,1
Imec. 16,4 16,3 16,2 16,1 16,0
2 Mec. 16,3 16,2 16,0 15,9 15,8
3 mec. 16,2 16,0 15,8 15,6 15,6
4 mec. 16,0 15,8 15,5 15,3 15,2
5 mec. 15,8 15,5 15,3 14,9 14,8
6 mec. 15,5 15,2 14,9 14,6 14,5

[IpomomXUTEeTbHOCTD TIepHuoaa OMOpa3I0KCHUS
OITIpeeIISICTCST TONIMHON TNICHKN W aKTUBHOCTHIO MU-
KPOOMOJIIOTHICCKO CPEIbI.

BuropasnoxeHne B MOYBE SIBIISICTCST CIIOKHBIM TIPO-
eccoM, Ha CKOPOCTh KOTOPOTO BIUSIIOT CTPOCHUE
¥ CBOMCTBA MOJMMEPHOTO MaTepraia M OKPYKaIoIIne
YCIIOBUSI — BJIAXKHOCTD, TEMIIEPATypa, KUCIOTHOCTD Cpe-
IIBI, CBET, a TAKKE KOHTAKT C TTOYBOI 1 THUII TTOYBEI.

3aTreM IIpOBOAMIOCH U3ydeHHe MeOpMATOHHO-
MPOYHOCTHBIX XapaKTePUCTUK, BhIICPKAHHBIX B T10-
uyBe [1BX-kxommo3uuuii. Pe3ynbraThl IpencTaBiaeHbI
B Tabm. 2, 3.

B pe3ynbTaTe OMOMECTPYKIIMUA pa3pbIBHOEC HAIIPSI-
JKEeHIE U OTHOCUTEJIBHOE VIUIMHEHWE TIPXA pa3phIBe 0~
JIy4eHHBIX 00pa31ioB [1BX-11eHOK yMeHbIIaeTes. DTo
TOBOPUT O TOM, UTO COCTaBJICHHBIC KOMITO3UIIUH TIPHU
BBIICPKMBAHUM B IIOYBE CTAHOBSITCS 00JIee XPYITKIMH,
TaK KaK IIPOUCXOIST CTPYKTYPHBIC MU3MEHEHHS B MATPH-
e TIoJIMMepa, B pe3yIbTaTe 9YeTO COCTaBICHHBIC KOM-
TIO3UIINH TIOIBEPTAIOTCS OOIBIIEMY Pa3pyIICHUIO, YeM
TIBX-kommo3unus, He coaepkamast JIBODA.

Takum o6pa3om, yacTUuHas1 3aMeHa (PpragaTHOTO
miactTudukKaropa (IMOYTOKCUITUI(PTANIAT) HETOK-
CUYHOU aNbTepHATUBOMN (IUOYTOKCUITUIAAUTIMHAT)
ITO3BOJISICT MOJIyJYaTh OMOJIOTUUECKHU pa3pylraeMble
tepmomactTuuHbie [1BX-kommo3unun. [1pu aToMm ux
CPOK CIIyKOBI 1 TIepBOHAYATIbHBIC (PM3NKO-MEXaHIUe-
CKHME CBOMCTBA HE YCTYMAIOT IIPOMBIIILICHHBIM TIJIaCTH -
kataM Ha ocHoBe JO®. [laHHOE pelIeHNE SIBISICTCS
IIEPCIIEKTUBHBIM CIIOCOOOM CHUMKEHUS KOJIMICCTBA
ITOJIMMEPHBIX OTXOIOB U YIYUIICHUST SKOJIOTUICCKOMN
CHUTYaIlUN.

BbIBO/IbI

1. MccnemoBaHO BIMSTHIE KOJTMICCTBEHHON 3aMEHBI
¢ramaTHBIX IIACTUDUKATOPOB afUIIMHATAMM Ha U3-
MEHEHME Pa3phIBHOTO HATIPSKEHUS 1 OTHOCUTEILHOTO
VIJIMHEHMSI TIpY pa3pbiBe oOpasiuos [1BX-kommo3uiiuii.
[MokaszaHo, 4TO IIpU 3aMeHE B MHTEpBaje oT 5 10 25%
(pm3mKOo-MeXxaHMIeCKMe TT0Ka3aTeI OCTAIOTCS Ha YPOB-
He, TpeOyeMOM CTaHIapTaMH.

glii:lgﬁgﬂie OTHOCHTEJILHOTO YIIMHEHHs npu pa3psiBe 00pa3uos [1BX-komno3uimii npu ouoaectpykimu (%)
Bpewmst aKcno3n- KomuectBo mnactudukaropos, IBODP®/ IBODA, %
uu, Mec. 95/5 90/10 85/15 80/20 75/25
HCX. 221,0 224,3 227,0 231,6 237,1
Imec. 220,2 222,1 2241 229,4 231,5
2 Mec. 219,8 219,7 221,4 226,0 227,3
3 mec. 217,8 216,2 216,9 2240 220,0
4 mec. 215,2 212,3 212,5 219,2 212,3
5 mec. 213,8 210,2 208,2 214,3 204,7
6 Mec. 212,2 208,2 203,8 208,2 197,0
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2. MccnemoBaHo m3MeHeHUE medopMallmOHHO- 3. BeIsIBIIeHO, 4TO OMOJIOTHYECKAs TECTPYKIIMST TI0-
MIPOYHOCTHBIX TTOKa3aTesieli 00pa3IoB pa3pabOTaHHBIX  JIMMEPHBIX KOMITO3UIINI 3aBUCUT KaK OT COACPKAHMUS
o6uopasmaracMbIx [1BX-KoMITO3ULIMit Ipu HATYpHBIX  aTUIIMHATHOTO TIACTH(UKATOPA B KOMITO3UIINH, TaK

WCTIBITAHUSX B TIOYBE. Y CTAaHOBJICHO, UTO HaOoJice OMO- W OT YCJIIOBUI ITPOBEACHMS MCITBITAHUIA.
pasjiaraeMoii SIBJISIeTCS KOMIIO3ULIMsI, conepkalias 25%
OBODA.
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ABSTRACT: Colloidal systems in form of emulsions or suspensions are widely used in various of industries including oil-gas fields
development industry. Invert emulsions and suspensions are actively applied in fields development, including enhanced oil recovery,
intensification of oil production, drilling and wells workover. Results of laboratory tests for studying physical properties of hetero-
geneous systems as an emulsion system with nanoparticles and emulsion-suspension system with nanoparticles are presented
in this paper. Having unique physical and chemical properties these systems can be effectively applied in upstream of oil and gas
as a water-limiting agent or blocking pack with reversible effect. In framework of this research, laboratory tests for evaluation of
the influence of the new systems on filtration characteristics of hydraulic fractures are carried out. Laboratory tests are planned in
accordance with requirements of international standards and conducted under the closest conditions to subsurface thermal and
pressure conditions of formations Sty Abdylovskoe, S, Yugomashevskoe and YuS-2 and YuS-4 of Tortasinskoe oil-gas fields. Based
on the results, permeability and conductivity indexes of the models of hydraulic fractures before and after filtration of the new
types of colloidal systems are calculated. In order to evaluate an efficiency of the new systems and to study a possibility to regulate
its blocking properties an analysis of the impact made by a type and a quantity of nanosized solids on to the blocking properties is
carried out. An optimal concentration of nanoparticles in the compositions for a range of formation conditions of particular carbon-
ate and sandstone subsurface reservoirs of oil-gas fields of Russian Federation are represented in this paper.

KEYWORDS: nanoparticles; silicon dioxide; emulsion system; emulsion-suspension system; hydraulic fracture.
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INTRODUCTION gas enterprises for new water-blocking agents and tech-
nologies of its application in hydraulically fractured wells
[10—14]. For example, to date, in Russian Federation

most of the oil and gas companies established an internal-

urrent worldwide level of development of experi-
mental methods for simulation of liquids filtration

in porous media provides opportunity to study filtration
processes with a high degree of similarity to natural condi-
tions of subsurface formations [1—9]. Continuity of im-
provement and development of this direction of experi-
mental researches determined by progress of governmen-
tal standards in the area of environmental engineering and
human health safety, as well as supported by the internal
requirements of industry enterprises to the quality of the
laboratory test results and growth of the demand of oil and

regulative requirements to the list and methods of labora-
tory tests for new chemical products. In the framework
of these requirements, a new chemical products for use
in subsurface formations must be tested on the subject
of compatibility with technological liquids, formation flu-
ids, as well as evaluated from the point of view of impact
on to the filtration-capacitance characteristics of rocks
in the closest conditions to the conditions of subsurface
formation.
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Research results represented in this paper obtained
in framework of leading the research-industrial pilot
projects for implementation of water-limiting agent in
the form of emulsion system with nanoparticles [15—18],
and blocking agent in the form of emulsion-suspension
system with nanoparticles [19] on the several oil-gas fields
of Russian Federation. Geological and physical character-
istics of the oil-gas bearing formations considered oil-gas
fields are described by significant differences in forma-
tion temperatures 22 to 98°C and formation pressures
8 to 39 MPa. With the task of simulation of the hydraulic
fractures under formation conditions the proppant grade
CarboProp 16/20 for the formations STyr Abdylovskoe,
S;asn Yugomashevskoe and CarboProp 20/40 for the for-
mations YuS-2 and YuS-4 of Tortasinskoe oil-gas fields
have been used.

METHODS AND PROCEDURES

On the materials and technological liquids preparation
stage to the laboratory tests the following colloidal systems
have been prepared: emulsion system with nanoparticles
(ESN) applied as a water-limiting agent in intensifica-
tion of oil production and the enhanced oil recovery;
emulsion-suspension system with nanoparticles (ESS)
applied in drilling and wells workover. The data about
the content of liquid and solid phases in the compositions
is shown in table 1.

Brief characteristics of subsurface formation condi-
tions for Abdylovskoe, Yugomashevskoe and Tortasinskoe
oil-gas fields is shown in the table 2.

Table 1

Nanobm

Method for calculation of the density of proppant pack

Calculation of the density of proppant pack is con-
ducted in accordance with the Russian governmental
standard GOST R 51761-2013 «Alumosilicate proppant.
Technical requirements» [20]. Tests and calculations are
conducted with taking into account the Russian govern-
mental standard GOST 8.417-2002 «Interstate standard.
State system for ensuring uniformity of measurements.
Units of measure» [21].

Experiments for calculation of the density of prop-
pant pack are carried out in room temperature. A 150 cm?
of test sample was poured into a funnel, the outlet
of which is closed by a rubber locking ball. A calibrated
cylinder was placed under the center of the outlet of the
funnel. Moving the rubber ball to the left or right, the en-
tire volume of proppants was released into the cylinder.
The excess proppant in the calibrated cylinder was care-
fully removed with a glass plate along the cylinder edge
without shaking and tamping. A calibrated cylinder with
a sample and a glass plate was weighed, and the weight
in grams was recorded.

The density of proppant pack p,___is calculated by
the following equation (1):

m__—m.
pHCH = %: (1)
where m_— total cylinder mass with sample and
plate, g;

m, — total dry cylinder mass with plate, g;
V — cylinder volume, cm’.

Content of silicon dioxide nanoparticles and water in composition of laboratory samples

Sample codename Content of nanoparticles, vol. % Content of well-Killing fluid, vol. %
ESN-1 0,5 81,5
ESN-2 1,0 71
ESS-1 0,5 89,5
ESS-2 1,5 85,5

Table 2

Brief characteristics of subsurface formation conditions for Abdylovskoe, Yugomashevskoe

and Tortasinskoe oil-gas fields

Oﬂ;lg;;:ield Formation Rock type Ef:ﬁi:i’vﬁf;&els- Temperature, °C I;::Egzzt

Abdylovskoe STyr Carbonates 8.0 27 16/20
Yugomashevskoe Seash Carbonates 8.0 22 16/20

Tortasinskoe YuS-2/YuS-4 Sandstones 35.5/39.5 97.8/98 20/40
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The arithmetic mean of the results of two parallel tests
was taken as the result of the experiment.

According to the experiment results, the pack density
of CarboProp brand proppants of the 20/40 fraction was
1.52 g/cm?, the 16/20 fraction was 1.26 g/cm?.

Method for calculation of the residual conductivity
of hydraulic facture model

Hydraulic facture model conductivity experiments
were conducted in accordance with the international stan-
dard ISO 13503-5:2006 [22].

Before the experiments, the Ohio core plates and
a technical water solution (2% aqueous solution of po-
tassium chloride) were prepared.

The plates were placed in a special cell, a void space
between the cell walls and the core plates was filled with
a two-component sealant. Next, the cell was vacuumed
for an hour, then placed in a heating oven with a tempera-
ture of 75°C for 4 hours for vulcanization of the sealant.
After extraction from the heating oven, excess of the seal-
ant was removed from the core plates, leaving a thin layer
at the ends of the core plates.

In order to prepare the technical water solution,
a 2% aqueous solution of potassium chloride was vacu-
umed for 3 hours, then nitrogen was saturated for at least
1 hour. This procedure was performed at least 3 times.

After the preparatory work, the tests to determine
the residual conductivity of the models of hydraulic frac-
tures (proppant pack) were started in the order described
below.

An Ohio core was placed in the cell for mesuring
the conductivity of the proppant pack, CarboProp grade
proppant of the appropriate fraction with the required
concentration of proppant was poured between the plates.

Nanob%

The calculation of the amount of proppant was performed
according to the equation (2):
M =6,452.C )

where M — proppant mass, g;

C — proppant load, kg/m?.

A cell with proppant and core was placed in a press,
strain gauges, fluid supply tubes and differential pressure
sensors were connected. Then a heating and stabiliza-
tion of the entire system to formation temperature was
performed. A scheme of the model of hydraulic fracture
(proppant pack) is shown in Fig. 1.

Next, the initial loading of the system to 6,9 MPa was
performed, and the assembly was checked for leaks with
a pumping pressure of 3,45 MPa. After checking for leaks,
the proppant pack was saturated with a solution of po-
tassium chloride. After holding for 12 hours, the width,
conductivity and permeability of the proppant pack were
measured at different flow rates of the technical water
solution.

The filtration characteristics of the proppant pack
were determined for an hour (until the pressure drop
was established). The conductivity of the proppant pack
was measured at flow rates corresponding to a pressure
drop of 0.01 to 0.03 kPa. Conductivity was calculated by
the equation (3):

kW, =5.554+u+Q+L/AP 3)
where kWy — proppant pack conductivity, um?ecm;
u — test fluid viscosity at test temperature, cps;

Q — rate, cm?/min;
AP — pressure drop (differential pressure), kPa;
L — length between ports, cm.

Outlet

.
N RN RSN E RSN N AR SRR AR nn e

Fig. 1. Scheme of the model of hydraulic fracture (proppant pack)
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Permeability was calculated by the equation (4):
k=100epwe Qe Le[we(AP)s WYy] (4)

where k — proppant pack permeability, um?;

u — test fluid viscosity at test temperature, cps;

Q — rate, cm®/min;

AP — pressure drop (differential pressure), kPa;

L — length between ports, cm;

Wy — proppant pack width, cm;

w — cell width, cm.

Next, the closing pressure was raised to an effec-
tive closing stress of 20 MPa, followed by exposure for
48 hours. The width, conductivity and permeability of the
proppant pack were measured at different pumping rates
of the technical water solution. The conductivity and
permeability of the proppant pack were calculated using
equations (3) and (4).

Next, the blocking composition was pumped in a vol-
ume of 200 cm?. Performed a technical pause for 2 hours.
Then, the proppant pack was washed by filtering the tech-
nical water solution in a volume of 1000 cm?® at a flow
rate of 5 cm?/min with a gradual increase in pressure at
the inlet into proppant pack to the maximum pressure or
water breakthrough with recording of dynamics.

The conductivity and permeability of the proppant
pack were measured at various flow rates of the techni-
cal water solution. The filtration characteristics of the
proppant pack were determined within an hour (until
the pressure drop was established). The conductivity and
permeability of the proppant pack were calculated using
equations (3) and (4).

After measuring the conductivity and permeability of the
proppant pack, the system was converted to atmospheric
conditions, the cells were disassembled and cleaned.

Based on the measured conductivity and permeability
before and after filtration of the blocking agent, the coef-
ficients of restoration of the conductivity and permeability
of the proppant pack were calculated using equations (5)
and (6):

KBy, = kW,,/ kW,,, (5)
Ks,=k,/k,, (6)

where I(BWy — coefficient of restoration of the con-
ductivity, %;

KB, — coefficient of restoration of the permeability, %;

kWy , — conductivity of the proppant pack before filtra-
tion of blocking agent, um 2« cm;

kWyZ — conductivity of the proppant pack after filtra-
tion of blocking agent,

um?ecm;

k, — permeability of the proppant pack before filtration
of blocking agent, um?;

k, — permeability of the proppant pack after filtration
of blocking agent, um?>.

Filtration experiments (proppant pack flooding) were
performed on the PIK-API-RP-61 software and measur-
ing complex designed to measure the following filtration
characteristics of proppant pack in required thermal and
pressure conditions:

— Long-term conductivity measurement;

— Residual conductivity measurement;

— Residual permeability measurement;

— Tests of blocking compounds and destructors under
formation conditions;

— Crush resistance.

The measuring complex allows testing at a closing
pressure of up to 100 tons, a maximum pumping pres-
sure of 10 MPa and a temperature of 150°C.

RESULTS AND OBSERVATIONS

In order to study the water-limiting properties of the
ESN used in the intensification of oil production and
enhanced oil recovery, two experiments were conducted
to determine the residual conductivity of hydraulic frac-
ture models of Yugomashevskoe and Abdulovskoe oil-
gas fields. In these experiments, the pore pressure was
3.45 MPa. The experimental conditions and the con-
centration of nanoparticles in the ESN-1 and ESN-2
systems are shown in Tables 1 and 2. Photographs of dis-
assembled hydraulic fracture models after tests are pre-
sented in Fig. 2.

The results of experiments to study the water-limit-
ing agent ESN influence on the filtration characteristics
of fracturing models of Abdylovskoe and Yugomashevskoe
oil-gas fields are shown in table 3 and Fig. 3.

According to the results of filtration experiments, it
was determined that ESN systems significantly limit fil-
tration of water in highly permeable hydraulic fracture
models fixed with CarboProp proppant fraction 16/20
(Fig. 3). The reduction in conductivity and permeability
of hydraulic fracture models is as following: for ESN-1 —
23 times; for ESN-2 — 18 times.

In order to study the blocking properties of the ESS
used in the drilling and well workover, two experiments
were conducted to determine the residual conductivity
of hydraulic fracture models of Tortasinskoe oil-gas field.
In these experiments, the pore pressure was 3.45 MPa.
The experimental conditions and the concentration
of nanoparticles in the ESS-1 and ESS-2 systems are
shown in Tables 1 and 2. Photographs of disassembled
hydraulic fracture models after tests are presented in
Fig. 4.

The results of experiments to study the influence
of the blocking agent ESS on the filtration characteris-
tics of fracturing models of Tortasinskoe oil-gas field are
shown in table 4 and Fig. 5.
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Sample ESN-1

Sample ESN-2

Fig. 2. Visual appearance of ESN-1 and ESN-2 inside the disassembled hydraulic fracture models

Table 3

Assessment of ESN influence on the filtration characteristics of fracturing models of Abdylovskoe
and Yugomashevskoe oil-gas fields

Effective Conductivity, mD «m Permeability, Darcy Permeability
somills TN ressure reduction
name fraction s ’ Before After Before After : ’
MPa times
ESN-1 16/20 8 76738 3331 1131 49 23
ESN-2 16/20 8 86307 4809 1365 77 18
86307 _
76738 | I
£ r———— 3 I I
= | | | |
£ | | | | 2 Before
= | | | |
= | | I |
5 | | I | W After
5 | I I I
s | | I I
© | | I
| : | [
I 3331 | | 4809 |
ESN-1 ESN-2

Fig. 3. Assessment of ESN influence on the conductivity
of fracturing models of Abdylovskoe and Yugomashevskoe

oil-gas fields (CarboProp 16/20)
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Sample ESS-1 Sample ESS-2

Fig. 4. Visual appearance of ESS-1 and ESS-2 inside the disassembled hydraulic fracture models

Table 4
Assessment of ESS influence on the filtration characteristics of fracturing models of Tortasinskoe oil-gas field
Effective Conductivity, mD «m Permeability, Darcy Permeabil-
e Bopran pressure ity reduc-
name fraction MPa ’ Before After Before After R, (s
ESS-1 20/40 19.9 2430 36 397 6 66
ESS-2 20/40 19.9 2480 10 389 2 237
A
2430 2480
————— =1 r———==-—-"
r | | |
i : : :
£ : | | |
a | : : : —Before
Z | | | ! o
Z | | m After
E : | | |
c |
S ! : | |
' | | |
| | | |
' | | |
I 36 k 1 10 |
ESs-1 ESS-2

Fig. 5. Assessment of ESS influence on the conductivity of fracturing
models of Tortasinskoe oil-gas field (CarboProp 20/40)

According to the results of filtration experiments, it CONCLUSION
was determined that ESS systems effectively block filtra-
tion of water in highly permeable fracturing models fixed The results of the series of carried out filtration ex-
with CarboProp proppant fraction 20/40 (Fig. 5). The  periments made it possible to study and evaluate wa-
reduction in conductivity and permeability of hydrau-  ter-limiting and blocking properties of colloidal sys-
lic fracture models is as following: for ESS-1 — 68 and  tems in forms of emulsion and emulsion-suspension
66 times; for ESS-2 — 238 and 237 times, respectively. systems with a content of solid nanosized particles
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up to 1.5 vol. %. It was determined that the filtration
of ESN and ESS systems in models of superconducting
hydraulic fractures with permeability from 397 Darcy
with proppant CarboProp fraction 20/40 for Tortasin-
skoe field up to 1365 Darcy with proppant CarboProp
fraction 16/20 for Abdylovskoe and Yugomashevskoe
oil-gas fields leads to a significant decrease in filtra-
tion parameters of the proppant pack for an aqueous
solution of potassium chloride. Thus, a reduction in
conductivity of hydraulic fracture models for proppant
16/20 is 23 times for the ESN-1 sample and 18 times
for the ESN-2 sample. For the proppant fraction 20/40
a reduction in conductivity is 66 times for the ESS-1
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PE3KOME: KonnovgHble cucteMbl B BUAE SMYNbCUIA UM CYCNEH3UIA HALWAN WNPOKOE NPUMEHEHNE B Pa3fIYHbIX OTPACAX Npo-
MBbILUSIEHHOCTY, B TOM YMCJIE B OTPACN Pa3paboTKy HedTEra3oBbIX MECTOPOXKAEHMUN. OBpaTHbIE SMYNbCUM 1 CYCMEH3MN aKTUBHO
NPVYMEHSIOTCA B MpoLieccax pa3paboTKy MECTOPOXKAEHNIA, BKIOUas Takue HamnpaBsneHus, Kak yBesimueHme HedTeoTaaum niacTos,
UHTeHcbUKauua Jo6blun HedTH, CTPOUTENBCTBO M NMOA3EMHbBIN PEMOHT CKBaXVH. B faHHOI cTaTbe NpefcTaBfieHbl pe3ynbTaTbl
N1abopaTOPHbIX SKCMEPVMEHTOB MO NCCIeA0BaHNI0 GU3NYECKUX CBONCTB reTepOreHHbIX CUCTEM [IBYX TUMOB: SIMY/IbCMOHHAas CUCTEMA
C HAHOYACTULLAMY; SMYTIbCYOHHO-CYCMNEH3MOHHAsA CUCTEMA C HAHOYACTMLAMN. [laHHbIe KOMoVAHbIE CUCTEMbI 06/1afjaloT YHMKaNbHbIMI
bUBNKO-XVIMUYECKMU CBOVMCTBAMU 1 MOTYT ObITb 3GPEKTUBHO NPUMEHUMBI B TPOLIECCaxX Pa3paboTKy MECTOPOXKAEHNIA B KaUecTBe
BOJOOMPAHNYMBAIOLLETO UM GNTOKMPYIOLLETO areHToB 06PaTMMOro AeicTBUs. B paMKax NpoBeAeHHbIX JJabopaTopHbIX IKCMEPUMEHTOB
npov3BefieHa OLIeHKa BINAHSA HOBbIX CUCTEM HA GUNBTPALIMOHHbIE XapaKTEPUCTUKM MOAENEl TPELLVH MMapaBIMyeckoro pas3pbisa
nnacra. SKCNepuMeHTbl MOCTaB/IeHbl B COOTBETCTBUN C TPEGOBaHUAMY MEXAYHAPOAHbIX CTAHAAPTOB U BbIMOJIHEHBI B YCJIOBUSAX,
MaKCMManbHO NPUONMXKEHHbIX K NIacTOBbIM TePMOBapMUecknum ycnoBram o6bekToB Gy A6pynosckoro, C,,  fOromawesckoro
1 0C-2, OC-4 TopTaCMHCKOro MecTopoXKaeHuii. Mo pesynbTaTam SKCNEPUMEHTOB paccumTaHbl KO3dGdULMEHTbI MPOHNLIAEMOCTHY
1 NPOBOANMOCTI MOAENE [0 U nocse GUbTpaLrm KOINOUAHbIX CUCTeM HOBOTO Tuna. C LieNibio OLeHKM TEXHOJIOTMYHOCTY HOBbIX
CUCTEM V1 BO3MOXKHOCTV PETYIMPOBAHUSA TaMMOHUPYIOLMX CBOMCTB MPOBEAEH aHANU3 BAUAHNWSA BAA U KOJIMYECTBA TBEPAbIX HaHO-
pa3MepHbIX YacTuL, Ha BroKMpytoLLre CBONCTBa cucTeM. [pefcTaBneHbl ONTUMAabHbIE KOHLIEHTPaALMM HAHOUYACTL B KOMMO3ULIMAX
ANA Pa3fINYHbIX YCIIOBUI KapOOHATHBIX 11 TEPPUreHHbIX MIacTOB HedTEra3oBbIX MecTopoXKaeHuii Poccuinckon Oepgepaumm.

KNIOYEBDIE CJIOBA: HaHOYaCTWLbl, BYOKMNCb KPEMHMA, SMYNIbCUOHHAA CUCTEMA, SMYJTIbCMOHHO-CYCNEeH3MOHHasA CMCTeMa, rnapo-
pa3pblB nnacTa.
ANA UMTUPOBAHMUA: Ceprees B.B., LLlapanos PP, Kyabimos A.lO., 3elirmaH t0.B., MyxameTwuH B.LL. SkcnepumeHTanbHoe nccneno-

BaHMe BNVAHUA KOMTOUAHbIX CUCTEM C HAHOYACTULAMM Ha GUNBTPALIMOHHbBIE XapaKTePUCTUKU TPELLMH rmapaBanyeckoro pas3pbisa
nnacta // HaHoTexHonorum B ctpoutensbcrae. — 2020. — Tom 12, N2 2. - C. 100-107. - DOI: 10.15828/2075-8545-2020-12-2-100-107.

BBEJEHUE

COBpeMeHHHﬁ MHUPOBOI YPOBEHb Pa3BUTUS IKC-
MepUMEHTAJbHBIX METOIOB MOIEIMPOBAHUS
buIbTpaK KUOKOCTEH B MOPUCTHIX cpelax MO3BO-
JISIET UCCIIEIOBATh IIPOLIECCH (DUIBTPALINN C BHICOKOM

CTEIICHBIO TPUOIMKEHHOCTH K TIPUPOTHBIM YCIIOBHUSIM
3aJIeraHus IMOA3eMHBIX TU1acToB [ 1—9]. ITocTossHHOE CO-
BEepIIICHCTBOBAHWE U Pa3BUTHE TaHHOTO HaIIpaBICHUS
SKCIIEPUMEHTAIBHBIX NCCIICIOBAHUI 00yCIaBIMBaeTCs
COBEPIICHCTBOBAHNEM TOCYIapCTBEHHBIX CTAHIAPTOB
B 00JIACTU TIPOMBIIIVICHHON 0€30TaCHOCTH U OXPaHBI
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OKpyXalollei cpelibl, a TaKXKe MOIIepXKUBAETCS Tpe-
0OBaHUSIMU MPOMBILJIEHHBIX TTPEATIPUSITUAN K KAaUeCTBY
pe3yJIbTaTOB JIAOOPATOPHBIX UCCIENOBAHUM U MTOCTO-
STHHO pacTyILIUM CHpPOCOM HedTerazomno0biBaolieii
MPOMBILLJIEHHOCTU Ha pa3paboTKy HOBBIX BOIOOTpa-
HUYMBAIOIIUX COCTABOB U TEXHOJIOTUI UX TTPUMEHEHUST
B ckBaxkmHax ¢ I'PIT [10—14]. K npumepy, Ha ceron-
HAIIHUHT OeHb, B Poccniickoii Denepaliny OOIBITNH-
CTBO TPEANPUITHI HehTEra3oqo0kBaAMOIICH TIPO-
MBIIIJIEHHOCTU YCTAaHOBWIY JIOKaJIbHO-HOPMAaTUBHbIE
TpebOoBaHUS K MEPEUHIO U METOIMKAM J1abopaTOPHBIX
WUCIBITAHU HOBBIX XMMUYECKUX MTPOAYKTOB. B pamkax
JMIaHHBIX TPEOOBAHUI HOBass XMMUYECKash MPOAYKIIUS,
npeaHa3HauYeHHas U1 3aKa4KU B TTOJ3EMHbIE IJIACTHI,
NIOJIKHA OBITh UCMBITAHA HA TIPEIMET COBMECTUMOCTU
C TEXHOJIOTUYECKUMM KUJIKOCTSIMU, TIACTOBBIMU (PJI1O-
UaaMu, TOPHBIMU MOPOAAMU U PACKJIMHUBAIOIIUMU
MaTtepuajiaM, a TaKXe OlleHeHa C TOUYKU 3pEHUS BIIUSI-
HUS Ha (QWIHTPAIIMOHHO-EMKOCTHBIC XapaKTEPUCTUKI
tpewuH ['PIT B ycnoBusx, MakcuMaabHO IPUOIUXKEH-
HBIX K IJIACTOBBIM.

Pesynbrarhl ucciaenoBaHuii, MpeacTaBIeHHbIE B CTa-
Th€, MOJYYEHbl B paMKaxX peajnu3allui OIbITHO-TIPO-
MBIIUIEHHBIX TPOEKTOB 110 BHEAPEHWIO BOIOOTPAHUYN-
BAIOIIIETO areHTa B BUJIE 9MYJbCUOHHOM CUCTEMBI C Ha-
Houactumamu [15—18], a Takke GJIOKHUPYIOIIETO areHTa
B BUJIE 9MYJIbCUOHHO-CYCITIEH3MOHHOM CUCTEMbI C HAHO-
yactuiamMu | 19] Ha psime HedTera3oBBIX MECTOPOXKICHUIA
Poccwniickoit ®enepamnuu. I'eomoro-dusniaeckne xapak-
TePUCTUKU HE(DTETa30HOCHBIX IJIACTOB paccMaTprBae-

Tabauya 1

MBIX MECTOPOXKICHUI XapaKTePU3YIOTCS 3HAUNTESIBHOMN
pa3HUIEH B MJIACTOBLIX TeMIlepaTypax oT 22 1o 98°C
u mapieHnsx ot 8 1o 39 MPa. C 11ebio MoaemMpoBaHUS
IJIACTOBBIX YCIOBUH TPEIINH THMAPABIMIECKOTO pa3phiBa
miacta (I'PIT) B akcIiepruMeHTaX IPUMEHSIICS IIPOITAHT
Mapku CarboProp dpakunu 16/20 mist 00beKTOB CTyp
Abnynosckoro u C;, - FOromaiueBcKoro MecTopoxie-
auii, CarboProp ¢pakuuu 20/40 mist mactoB FOC-2,
FOC-4 TopTacMHCKOTO MEeCTOPOKICHUS.

METOINYECKASA
N IMOATOTOBUTEIBHAA YACTb

Ha sTare moaroToBKu MaTepraaoB M TEXHOJIOTIC-
CKUX XHMIKOCTEH K IIPOBEACHUIO SKCIIEPUMEHTOB IIPO-
W3BOIVIIN IIPUTOTOBJICHUE CIICAYIOMINX JJA00PAaTOPHBIX
00pa3IoB KOJUTOMIHBIX CUCTEM: SMYILCMOHHAS CUCTEMA
¢ HaHOYacTUIaMU IByokucH KpemMHus (DCH), mpu-
MeHsIeMasl B KaueCTBEe BOJOOTPAaHMINBAIOIIETO arcH-
Ta B TEXHOJIOTUSIX MHTCHCU(UKAIINKA JOOBIYN HEDTH
1 YBeJIMUICHMS He(PTEOTHAUN; SMYITLCHOHHO-CYCIICH3M -
OHHas CHMCTeMa ¢ HaHOYACTUIIaMU IBYOKHMCU KPEMHUS
(BCC), npumeHsIeMast B Ka4eCTBE OJIOKMPYIOIIEH TTauKy
B IIpOIIleccax CTPOUTEILCTBA M MTOA3EMHOIO PEMOHTA
HEeTSIHBIX U Ta30BBIX CKBaXXWH. MHGbopMamus 1o co-
Iep>KaHWIO BOMHOM 1 TBepHoii (pa3 B cocTaBax 0Opas3IioB
npuBeaeHa B Taou. 1.

Kpatkas xapakTeprcTHKa IIaCTOBBIX yeaoBmit FOTo-
MalnIieBcKoro, A6aysoBckoro 1 TopracMHCKOTo HedTe-
ra30BBIX MECTOPOXICHMI ITpUBeIcHA B Ta0I. 2.

ConepxaHue HAHOYACTHIL ABYOKHCH KPEMHHS M BOJIbI B COCTABAX JA00PATOPHBIX 00Pa310B KOJUIOMIHBIX CHCTEM

HaumeHoBaHue o0pa3na

ConepxaHne HAHOYACTHIL
JIBYOKHCH KpeMHHs, % 00.

ConepxaHne MOIETH KUIKOCTH
niymenus, % o0.

BOCH-1 0,5 81,5
OCH-2 1,0 71

BCC-1 0,5 89,5
BCC-2 1,5 85,5

Tabauya 2

KpaTtkas xapakTepucTHKA IIACTOBBIX ycJaoBuii FOromamesckoro, A0ayJI0BcKOro

" Topracunckoro HedTerazoBsIx MeCTOPOKAEHUIA

ILnacTosoe 0 Opakuus
Mecropoxnaenne | O0bekr/miact | TopHbie MOpOIBI nasenne, MITa Temmepatypa, °C B —
AOnynoBcKoe CTyp Kap6oHaTHbIe 8,0 27 16/20
IOromaieBckoe Conm KapGoHaTHbIe 8,0 22 16/20
TopracuHckoe I0C-2/10C-4 TeppureHHble 35,5/39,5 97,8/98 20/40
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MeToauka onpeaeJacHust HACBINHOM MJIOTHOCTH npo-
MMaHTa

OrpenesieHe HACHIITHOM ITTOTHOCTH IIPOITAHTA TIPO-
pomuan corsacHo TOCT P 51761-2013 «ITpormaHTsl
amoMocminkatHele. Texunaeckue yciaoBust» [20]. Uc-
CJICIOBAHUS 1 pacdeThl BRIMOIHSINCH ¢ yaeToM [OCT
8.417-2002 «MexxTocymapcTBeHHBIH ctanmapT. ['ocymap-
CTBEHHAs CHCTeMa 00eCTICUeHNsI eIMHCTBA U3MEPCHMIA.
Enunanie! Benmnaun» [21].

DKCITepUMEHTHI T10 OTIPEIEICHIIO HACKITTHOM IIOT-
HOCTH IIPOTIaHTa IIPOBOAIUIN IIPU KOMHATHOI TeMIiepa-
Type. B BOpOHKY, BEIXOMHOE OTBEPCTHE KOTOPOIT OBLIO
3aKPBITO PE3MHOBBIM CTOTIOPHBIM ITAPHUKOM, HACHITIAIN
150 c™M?® mpo6BI Tt McnbITadHmii. T1o LEHTPOM BBIXOI-
HOTO OTBEPCTHSI BOPOHKM MOMEIAIN KaaTuOpOBaHHbIN
munuHap. [lepemenass pe3MHOBHIN ITAPUK BICBO WA
BIIPaBO, BEITYCKAJIN BeCh 00BEM ITPOITAHTOB B LIVUTMHIIP.
Mznuimmex mpomnaHTa B KaTMOPOBAaHHOM LIVUIMHIPE aK-
KypaTHO CHUMaJIA CTEKJISTHHOM TUIACTMHOMU 110 KPOMKE
MWIMHAPA 0e3 BCTPSIXUBAHUS U TpaMOoBaHMs. B3Bemm-
BaJIM KaJIMOpOBAaHHBIN UJIUHAP C IPOOOI U CTEKIISTHHOM
TUTACTMHOM, 3aITMCHIBAJIA MACCy B TpaMMax.

HacreImmHyto III0THOCTE O BBIYUCIISIIN 110 (hopMyIte

(1):
m_ —m

pﬂcn — 0.II. Lf o.C. . (l)

rie m — obIag Macca IUIMHIpa ¢ IPOOOT U TiTa-
CTUHOM, T;

m, — o0Ias Macca CyXoro IMJIMHIPA ¥ IUTACTHHEI, T;

V — 00beM LIMIMHIPA, CM>.

3a pe3ysibTaT ONpeneieHUil MPUHUMAIN CpeaHee
apudMeTUYeCKOe 3HaUCHUE PEe3yJIbTATOB ABYX I1apaj-
JICJIbHBIX UCITbITAHMIA.

[To pesynbraTaM MCCAEAOBAHUI HACBHIIHAS ILJIOT-
HOCTB TiporraHToB Mapku CarboProp dpakimu 20/40
cocraBmia 1,52 r/em3, a ppaxkumu 16/20 — 1,39 r/cm’.

HCI

MeToauka onpeesieHUs 0CTATOYHOI MPOBOAUMOCTH
mMozneu Tpemmunbl IPIT

DKCIEPUMEHTHI TI0 OTIPEACICHUIO TPOBOTUMOCTHI
monenu TpertuHbl ['PIT (rIpormanTHas ymakoBKa) IIpo-
BOAMJINCH corntacHo craraapry ISO 13503-5:2006 [22].

[lepen mpoBeneHNEM 3KCIIEPUMEHTOB TTPOM3BOIMIIN
TIOTOTOBKY ITacTUH KepHa «Ohio» 1 paboyero pacTBo-
pa — 2% BOIHBII PACTBOP XJIOPKIA KajIusl.

[IracTWHEI TTOMEIIaIN B CITEIIMAIBHYIO STICHKY, 3a-
TIOJTHSUTM TTYCTOTHOE IIPOCTPAHCTBO MEXIY CTCHKAMM
STYeHKM W TUIACTUHAMHU KepHA ITBYXKOMITOHEHTHBIM
repMeTUKOM. Jlajee BAKYyMUPOBAJIH STYCHKY B TCUCHHE
gaca, 3aTeM ITOMeIaIn B TepMoIIKad ¢ TeMIIepaTypoit
75°C Ha 4 yaca, 1151 ByJIKaHn3a1uu coctasa. [Tocie u3-

BJIEYEHUS TUIACTUH KepHa U3 TepMoInKada U3ITUIIKI
COCTaBa YIAISJINCh, OCTABJISASI TOHKUH CJIO O TopLiaM
oOpasua.

C 1eJIbI0 CHIKEHMST KOPPO3MOHHOM aKTUBHOCTH pa-
6ouero pacTBopa IPOBOAMIN BaKyyMupoBaHue 2% BOI-
HOTO pacTBOpa XJIOpUIa KalIus B TeYeHUE 3 4acOB, 3aTeM
MMPOU3BOAVIINA HACHIILIEHNE a30TOM B TeUeHHE He MeHee
1 gaca. /laHHYy¥O TIpOIIeAypy IPOBOIMIN HE MEeHee 3 pas.

IToce ipoBeeHUS TOATOTOBUTELHBIX paboOT Ha-
YHAJIN TIPOBEJIEHUE TECTA TT0 OITPeIeTIEHIIO OCTATOYHOMN
npoBoguMocTu Moaenu TpeuuHsl ['PI1 B ykazanHom
HITKE TIOpSIIKE.

B stueiiky miist uccienoBaHusl MPOBOAMMOCTU MPO-
MaHTHOM yITaKOBKM moMemann KepH «Ohio», Mexmy
IUTACTUHAMM 3achlnaiay poranTt Mmapku CarboProp co-
OTBETCTBYIOIIEH (DpaKIIM ¢ HEOOXOAMMOI KOHIIEHTpa-
Lyei mporranTa. Pacuer KoqmyecTBa IpoIaHTa Mpoun3-
BOIMII 110 (hopmyie (2):

M_=6,452.C, )

rae M — Macca nmpornanTa, T,

C — Harpyska Ha IIpOIIaHT, KI/M>.

Slaeiika ¢ TIpOMaHTOM M KEPHOM ITOMeIIajiach
B IIpecc, TTOICOCAMHSIINCH TaTINKHU Ie(popMaIiu, Tpyo-
KU TIogavyu (IIronaa M JaTIMKHA U3MEepeHMsI Tiepernana
nmaBieHus. [Ipon3BoaMIn HarpeB U CTAOMITM3AIIAIO BCE
CHCTEMEI 10 TIJIaCTOBOM TeMmIiepaTyphl. CxeMa MOmeIn
tpemHEI ['PI1 (TTponmaHTHOI yITakKoBKM) IIpUBEIcHA
Ha puc. 1.

Harnee Ipon3BOIMIIN TIepPBOHAYATBHOE HATPY:KCHIE
CHUCTeMBI 10 3HaueHuii 6,9 MIla, mpoBepKy repMeTny-
HOCTHU COOPKM ¢ JaBiieHneM rpokauku 3,45 MITa. ITocre
IIPOBEPKN Ha TEPMETUYHOCTH HACKHITIIAIH TTPOITAHTHYIO
ITAYKy pacTBOPOM Xjtopuaa Kanus. [1ociie BeImep:KKT
B TeueHUE 12 9acoB IIPOBOIMIN M3MEPEHNE INPUHBI,
IIPOBOIMMOCTH 1 IIPOHUIIAEMOCTH ITPOITAHTHOM YIIaKOB-
KU TIPU pa3HBIX pacxomax IMPpOKaYKy padbodero (hIona.

DuabTpallMOHHBIC XapaKTePUCTUKU TTPOTaHTHOMN
YIIAaKOBKM ONpeaessuii B TeueHue 1 4 (o crabunusa-
MU Tieperana gasiaeHus ). [IpoBoIMMOCTE IIPOITaHTHOM
VIIAKOBKHU 3aMepsUI Ha CKOPOCTSAX IMOTOKa, COOTBET-
ctBylomux nepernany gasienus ot 0,01 mo 0,03 kIla.
[TpoBomMMOCTH paccUUTHIBAIH T10 (hopMmyite (3)

kW, = 5,554+ 1 Q+ L/AP, &)

rae kWy — TIPOBOIMMOCTH IIPOITAHTHOM IaYKH,
MKM? ¢ CM;

U — BSI3KOCTH MCITBITATEIBHOM KUIKOCTH TIPUA TEM-
repartype ucibiTanus, clls;

QO — pacxom, cM’/MUH;

AP — nepenan nasneHwus, klla;

L — nvHa Mexny mopTamu, CM.

[IpoHUIIAEMOCTh pacCUUTHIBAIACH ITO (popmyite (4):
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” Sgeiika
| Kepn

L~ [TponmaHT

L e e T R T

Puc. 1. CxemaTtnueckoe u3o0pakenue Moxean Tpemunsl I'PTI

k=100+uQ+Le[we(AP)+ W], (4)

rae k — IPOHULIAEMOCTD IIPONAHTHOM MauyKM, MKM?;

U — BSI3KOCTb UCIIBITATEIBHON KUIKOCTH TP TEM-
neparype ucnbrtanus, clls;

QO — pacxon, cM3/MUH;

AP — nepenan naBneHus, kl1a;

L — mymHa MeXXIy IopTaMu, CM;

W, — mmprHa MPOIaHTHO MavuKy, CM;

W — IIApUHA TICUKH, CM.

Hanee mpon3BOIIIIN TTIOOBEM AaBJICHUS CMBIKAHUS
TPEIIVHBI 10 BEJIMINHBI 3P (PEKTUBHOTO HATIPSKCHUS
cMBIKaHUs, pasHoro 20 MI1a, ¢ mocemyrorieil BEIIepK-
Kol B TeueHMe 48 yacoB. M3mepsuin mmpuHy, IIpoOBO-
IVMOCTB U TIPOHUIIAEMOCTH ITPOTIAHTHOI YIIAaKOBKH TIPU
Pa3HBIX pacxomax IMMPOKaYKy pabodero ¢uronma. Paccun-
TBIBAJI TIPOBOAMMOCTD M IIPOHMUIIAEMOCTD ITPOITAHTHOM
nagku 1mo popmymnam (3) u (4).

[anee rnpokaunBaiIy OJIOKMPYIOILINI COCTaB B 00beEME
200 cm?. TTponsBoIMIN TEXHUYECKMIA OTCTOM B TEYEHNE
2 9acoB M MIPOLIEAYPY TPOMBIBKY ITPOTIAHTHOM YITAaKOB-
KM IIyTeM (pUIbTpalini padodero pacTBOpa B 00beMe
1000 cm® mpu pacxone 5 cM?/MUH IPU MOCTEIIEHHOM
HapallMBaHWUM JABJICHUS Ha BXOJE B TPEIIUHY IO MaK-
CHUMAJIbHOTO WJIM TAaBJICHUS ITPOPBIBA BOIBI ¢ (DMKCALIMEH
IUHAMWKU TIpoIiecca.

ITpoBoamIm n3MepeHNe MTPOBOIUMOCTHI 1 IIPOHMIIA-
€MOCTH TIPOITAHTHOM YITAKOBKM TIPH Pa3HBIX pacxomax
poKadykuy padoudero daonnga. OribTpalliOHHBIC Xa-
PAKTEPUCTUKHU TIPOITAHTHON YIIAKOBKM OIIPEICIISLINCH
B TeueHMeE | 9 (10 yCTaHOBJICHHUS TIepertaaa TaBIeHUs).
PaccunTthBaay IpoBOIMMOCTD M IIPOHUIIAEMOCTB IIPO-
MaHTHOM mavku 1mo (popmynam (3) u (4).

ITocite 3amMepa IMPOBOIMMOCTH U IIPOHUIIAEMOCTH TIPO-
TTAHTHOM YITaKOBKY CHCTEMa IIepeBOIMIACH B aTMOChep-
HBIC YCJIOBYS, TIPOU3BOANIIN Pa300PKY M OUMCTKY STICHKI.

[To nmosydeHHBIM pe3ysIbTaTaM MPOBOAUMOCTH U IPO-
HUIIAEMOCTH JI0 U TTOcsIe (DUIbTPAlliK OJIOKMPYIOIIETO
cOCTaBa MPOU3BOIUIICS pacueT Kod(hdOUIIMEHTOB BOC-
CTaHOBJICHUSI TIPOBOJAMMOCTHU U MPOHUIIAEMOCTH TIPO-
MMaHTHOM yrmakoBKu 110 dopmyiiam (5) u (6):

KBy, = kW, [ kW, (5)
Ks, =k, /k, (6)

rie KBkWy — K02(hOUIIMEHT BOCCTAHOBIIEHUS TPO-
BOIUMOCTH, %;

KB, — K05()(HUUMEHT BOCCTAHOBIEHUS TIPOHULIAE-
Moctu, %;

kWyl — IPOBOAMMOCTh Mojesin TpemuHbsl ['PII
10 IMPOKAYKHU OJIOKUPYIOILIEr0 COCTaBa, MKM? ¢ CM;

kWy2 — npoBoauMOCTb Moaesu TpetnHbl ['PIT mocie
IMPOKAYKU OJIOKUPYIOILIEr0 COCTaBa, MKM? s CM;

kl — npoHunaeMoctb Moaenu TpetnHbl I'PIT go mpo-
KauyKy OJIOKMPYIOIIETO COCTaBa, MKM?;

k2 — IIpoHMULIaeMOCTb Mojeu TpewmuHbl ['PIT mocie
MPOKAYKU OJIOKUPYIOLIEro COCTaBa, MKM?.

DubTpallMOHHBIE DKCIIEPUMEHTHI BBITIOJTHSIINCH
Ha OporpaMMHO-U3MepuTeabHoM KoMmiuiekce ITUK-
API-RP-61, npenHazHayeHHOM ISl U3MEPEHUS CIIEIY-
JOINX (VIBTPALIMOHHBIX XapaKTePUCTUK TTPOITaHTHOIM
VIIaKOBKHU B TePMOOAPUUECKHX YCIIOBUSIX:
— U3MepeHUe TOJTOBPEMEHHOM MPOBOINMOCTH;
— U3MepeHUe OCTaTOYHOU MPOBOANMOCTH;
— U3MepeHUe OCTAaTOYHOU MPOHUIIAEMOCTH;
— WCHIBITAaHUS OJIOKUPYIOIINX COCTABOB U JECTPYKTOPOB

B YCJIOBUSIX, MOACIMPYIOIINX IIACTOBEIC;
— COIPOTHUBIIEHUE pa3iaBINBaHUIO.

YcraHoBKa MO3BOJIIIa IPOBOAUTH UCHBITAHUS TIPU
JaBJieHUM cMbIKaHUs 10 100 TOHH, MaKCMMaJIbHOM JaB-
seaun mpokadku 10 MIla u remmeparype 150°C.
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PE3YJIbTATBI 1 HABJIIOAEHWA

C 1e1bI0 UCCIeNOBAHUST BOTOOTPAHUIMBAIOIINX
cBoiictB DCH, IprMeHsIeMOo#l B TEXHOJIOTUSIX WHTEH -
cudukanum 100U HeTH U yBeTMIeHNS HeTeoTnaun
TJIaCTOB, OBLTO MTPOBEICHO 1BA IKCIIEPUMEHTA TT0 OTIpe-
JIEJIEHUIO OCTATOYHOM TTPOBOIUMOCTH MOJIENIEH TPEIINH
I'PIT FOromarmeBckoro n AGIyJIOBCKOTO He(PTETa30BhIX
MEeCTOPOXJIeHU. B maHHBIX 3KCcTIepuMeHTaX MMOPOBOE

naBiieHue coctabiisio 3,45 MIla. YcinoBug npoBene-
HUS DKCIEPUMEHTOB M KOHIIEHTpallMsd HaHOYACTUIL
B cucteMax DCH-1 u DCH-2 npuBeneHsl B Ta6. 1 u 2.
®ororpacduu moxeneit TpemnH ['PIT mocne pazdopa
MIpeACTaBICHBI HA pucC. 2.

Pe3ynpraThl 5KCIEpUMEHTOB 110 MCCIICIOBAHUIO BIIH-
SHUS BogoorpaHnuunBalomiero arenta DCH Ha puiib-
TpallMOHHBIE XapaKTepUCTUKU Mopeseit TpeimuH ['PIT
MPUBENEHBI B Ta0JI. 3 1 Ha puc. 3.

Oo6pazen; DCH-1

O6pazerr DCH-2

Puc. 2. Baemanit DCH-1 n DCH-2 B Mmoaensax tpemun I'PII mocie pazoopa

Tabauya 3

Onenka siusanss OCH Ha dubTpanuonnbie xapakrepuctuku mozaeneii Tpemmua I'PIT FOromamesckoro

1 AOIYI0BCKOro He()Tera3oBbIX MeCTOPOKIEHMIA

Hauweno- | o | Hasrenne IIposonmmocts, M/I-m | Tlponnnaemocts, lapcu | Chmkenne
BaHMe 00- a l()mal:lTa B TpeIluHe, TMPOHUIIAEMO-
pasua p MIIa o ITocne o ITocne cTH, pa3

BDCH-1 16/20 8 76738 3331 1131 49 23
DCH-2 16/20 8 86307 4809 1365 77 18
A 86307
o o -
76738 I I
= r———-== - | |
x | : | |
£} | | | | =llo
5 | | |
g | : | [
g I | I | W nocne
g | | |
g | : | |
= : I I : Puc. 3. Ouenka paustanss DCH
I 3333 ' | 4809 | HA NPOBOIMMOCTDb MOJIEJI€il TPEeUH
L e 0 e I'PII A6aynosckoro u IOromamesckoro
3CH-1 3CH-2 HedTerazoBbIX MECTOPOXKAEHUI
(CarboProp 16/20)
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ITo pe3ymbpTaTaM MpoBedcHUS (PMIBTPAIIMOHHBIX
9KCIIEPUMEHTOB OIlpenesieHo, uTo cucteMbl DCH 3Ha-
YUTEIFHO OTPAHNYINBAIOT (DIIIBTPALINIO BOIBI B BBICO-
KOIIpoHUIIaeMbIX Mojaeisix TpemuuH ['PI1, 3akpernieH-
HbIX iponanToM CarboProp dpakuuu 16/20 (puc. 3).
CHIKeHe IPOBOANMOCTH 1 IIPOHMIIAEMOCTH MOJICIICH
tpemH I'PIT coctaBuio: ging DCH-1 B 23 pasa; aig
DCH-2 B 18 pas.

C menpro MUCCaeaoBaHUs OJIOKUPYIOIINX CBOMCTB
DCC, npuMeHgeMOIi B TIPOIIeccax CTPOMTEIBCTBA U MO~
3¢MHOT'O PEMOHTa He(PTSHBIX ¥ TA30BBIX CKBAXKIH, OBLTO
TIPOBEICHO JIBa SKCIIEPUMEHTA TT0 OTIPEICIICHIIO OCTATOI-

Nanob%

Hoii ipoBonuMocTu moaeneit TpeuuH I'PIT Topracunu-
CKOTO He(pTera3oBoro MeCTopoXaeHus. B maHHBIX 9KC-
nepuMeHTax ITOPOBOE JTaBJIeHNe cocTaBiisuio 3,45 MIla.
YcioBusI TIpOBEICHUS SKCITIEPUMEHTOB U KOHIICHTPALIHS
HaHouacTull B cuctemMax DCC-1 n DCC-2 npuBeeHbI
B Ta0:. 1 u 2. ®otorpacdum moxeeii TpemmH I'PTT mocite
pazbopa IIpencTaBiIeHbI Ha puc. 4.

Pe3ynpraThl 5KCIEpUMEHTOB 110 MCCIICIOBAHUIO BIIH-
sHUS 6mokmpyrotero areHTa DCC Ha GUIbTpallIOHHBIC
xapakTepuctuku moneseit tpeuyH I'PIT TopracuHckoro
HedTerazoBoro MeCTOpOXICHUS TIPUBEACHEI B Ta0J. 4
U Ha puc. 5.

Oo6pazen; DCC-1

Oopa3zen DCC-2

Puc. 4. Baemanii DCC-1 u DCC-2 B monensax Tpemmun I'PII mocie pazdoopa

Tabauya 4

Onenka Biusianst DCC Ha GpuabTpanMoHHbIe XapakTepucTHKU Moneeii Tpemud I'PIT

Topracunckoro Hed)Tera30Boro MeCTOPOKIEHHS

HaumeHo- Doaxiis JTaBieHue ITpoBomnmocts, M/l e M IIponnuaemocts, lapcu | Chmkenne
BaHHE 00- I l())nalll{Ta B TpelIuHe, TIPOHHUIIAE-
pasua p MIla o ITocne o ITocne MoCTH, pa3
DCC-1 20/40 19.9 2430 36 397 6 66
DCC-2 20/40 19.9 2480 10 389 2 237
+ 2430 2480
_____ - r——===-"
N | | |
| | | |
= : | | |
L | | | =ho
£ : | | |
S I | | : mMNocne
g | : : |
2 | | | |
S : | | |
| : : : Puc. 5. Ouenka Bmsans DCC
-S| (10 | HA NPOBOAMMOCTH MoJeNeil TpemuH
acc1 3CC-2 I'PII TopracuHckoro He)Tera3oBoro
Mectopoxaenus (CarboProp 20/40)
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I[To pesynbpraTaMm IpoBeaeHNUST (DUITBTPAITMOHHBIX 9KC-
TMEPUMEHTOB orpeneneHo, 4To cucteMbl DCC addek-
THUBHO OJIOKMPYIOT (DMIBTPAIINIO BOIBI B BEICOKOIIPO-
HuLaeMbix Moaesisax TpetuH ['PIT, 3akperieHHbIX TTpo-
maaToM CarboProp dpakumm 20/40 (puc. 5). CHIKeHIe
TIPOBOIUMOCTH W IIPOHUIIAEMOCTH MOJIEJIeil TpeIIunH
I'PIT cocrasaster: st DCC-1 B 68 u 66 pas; mia DCC-2
B 238 1 237 pa3 COOTBETCTBEHHO.

3AKTIOYEHUE

Pe3yabTaThl KOMITIEKCA ITPOBEACHHBIX (DIIIBTPAII-
OHHBIX 9KCIICPIMEHTOB ITO3BOJIMIIN UCCIICA0BATh 1 OlIe-
HUTH OJIOKUPYIOIINE CBOCTBA KOJJTIOMIHBIX CUCTEM,
TPEICTaBJICHHBIX SMYJIbCHOHHBIMU 1 SMYIbCHOHHO-
CYCITEH3MOHHBIMU CUCTEMaMU C COIePKaHIEM TBEPIbIX
HaHOpa3MepHBIX YacTull 10 1,5% 006. OmpeneneHo, 4To
dumpTpanus cuctem DCH u DCC B MOAEISIX CBEPXITPO-
BomuMbIX TperwH I'PIT ¢ mpormitaemoctsio ot 397 lapcu
npu riporntaHTe CarboProp dpaxmmu 20/40 mnsa Topra-
CHMHCKOTO MecTopoxaeHus 10 1365 Jlapcy ripy riporaHTe
CarboProp dpakumu 16/20 nist A6aysioBckoro u FOroma-

CIINCOK JIMTEPATYPLI

LIEBCKOTO MECTOPOXKIECHUIA IIPUBOIUT K CYLLIECTBEHHOMY
CHIDKEHUIO (DUIIbTPALIMOHHBIX [TAPAMETPOB IIPOIIAHTHOM
YIaKOBKU 10 BOAHOMY pacTBOpY xjiopuaa Kanus. Tak,
CHIIKEHME MPOBOAMMOCTHY Mozeneit TpemnH ['PTT mrg
nponanTa ppakumu 16/20 cocrasnsiet 23 pasa mj1st oopas-
ma OCH-1 n 18 pa3 ms oopasia DCH-2, a g mporanTa
dpaxumu 20/40 66 pas gist oopasua DCC-1 u 237 pa3 wis
o6pasia DCC-2. JlaHHbIe pe3yabTaThl CBUIETEIBCTBYIOT
0 IOTEHLIMAILHO BBHICOKOM TEXHOJIOrMYeCcKoi adek-
TUBHOCTH IIPUMEHEHUS pa3paboTaHHbIX cucteM DCH
1 DCC B TaKUX IIpolieccax pa3padoTKI MeCTOPOXKICHUIMA
KaK MHTeHCU(UKALVS J00bIYY He(TH, YBEJIUYEHIE He-
¢TeoTmaum, CTPOUTETBCTBO M TTIOA3EMHEIN pEMOHT He-
(bTIHBIX U ra30BbIX CKBAXWH. B 3aBUCHMOCTH OT 1ie/in
MIPUMEHEHUSI CUCTEM, PEllaeMbIX 3a1a4 U IUIACTOBBIX
YCIIOBUI ONTUMaIbHAS KOHUEHTPALMS HAHOYACTULL TS
DCH moxet HaxonuThes B nHTepBase ot 0,5 1o 1,0% 06.,
a st DCC B unrepsasie ot 0,5 10 1,5% 06. OgHako onTu-
MaJTbHBIC KOHIICHTPALIMK KaK TBePIOi, TaK 1 KUIKUX (a3
JAHHBIX CUCTEM [IOJIKHBI ObITh YTOYHEHBI 10 pe3yJIbTaTaM
OIBITHO-ITPOMBIIIEHHBIX UCIIBITAHUI U TPOMbILILIEHHO-
ro MacCIUTaOMPOBAHMS HOBBIX CUCTEM.
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ABSTRACT: This study presents an investigation of the effects of high temperature on the thermal and microstructural properties
of cement mortars modified with nanosilica. In the first stage of the research, the effects of nanosilica (NS) and silica fume (SF) on
the hydration and compressive strength of cementitious composites were compared. In the second stage, four different types of
cement mortars, containing an optimal dosage of NS, were produced. Two of them contained a normal weight aggregate (quartz
or limestone), whilst two contained a heavy weight aggregate (barite or magnetite). Specimens without NS were produced for
control purposes. The specimens were exposed to 300, 450, 600 and 800°C, with their post-heating properties — including thermal
conductivity, specific heat, solvent absorption and cracking behavior — analyzed. The results show that NS exhibits significantly
higher reactivity with cement than SF. NS accelerates the cement hydration process and contributes more significantly to the 28 and
365 day compressive strength of mortar, as compared to SF. The incorporation of NS in a composite substantially decreases the
amount of CH in the mixture and leads to the production of additional C-S-H gel phase, which improves microstructure. The study
also shows that NS contributes to a decrement in the thermal conductivity and density of mortar, both prior to and after heating.
The incorporation of NS has a beneficial effect on decreasing the deterioration rate of mortars after heating, by decreasing absorp-
tion rate and the amount of cracks in in them.

KEYWORDS: cement mortar, nanosilica, elevated temperature, thermal properties, cracking.
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INTRODUCTION

oncrete and cement mortars are versatile materials

which are applied for various construction purposes.
Their popularity can be attributed to their satisfactory
durability and their stable mechanical performance, over
the course of a structure’s life. However, inadequate pro-
tection of concrete elements, their exposure to corrosion
or unexpected, extreme conditions — such as the high
temperatures encountered during fires — can lead to their
serious damage and even structural collapse. Historically,
much research has been undertaken to assess the effects
of elevated temperatures on the properties of cementitious

composites and to develop ones which are durable and
heat resistant. In actual fact, alterations in the properties
of cementitious composites start at the very beginning
of an element’s heating process, with even temperatures
of around 100°C (the standard concrete drying tempera-
ture in laboratory tests) causing noticeable microstructur-
al alterations. In general, three main temperature ranges
(zones), having significant effects on the performance
of composites, can be distinguished: (1) low (< 300°C),
where the mechanical performance of a composite re-
mains quite stable or even improves, (2) intermediate
(300—600°C), where moderate deterioration in mechani-
cal and microstructural properties has been reported and;
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(3) high (> 600°C), where drastic deterioration of com-
posite properties, even leading to a breaking up of speci-
mens into pieces, has been reported [1].

To efficiently analyze concrete’s fire-resistance, vari-
ous parameters, besides the mechanical, should be taken
in account; including thermal and deformation properties,
as well as fire-induced spalling [2]. Among the thermal
parameters, thermal conductivity, specific heat and ther-
mal expansion are all of high importance, as they enable
the development of composites’ temperature profiles.
Kodur et al. [2], for instance, has reported that a 10%
increase in thermal conductivity leads to higher cross-
sectional temperatures, which result in a lowering of fire
resistance by approximately 5%. Moreover, in order to
effectively assess the further performance of a composite
after an accident, it is important to take into account post-
fire properties, such as transport properties and the dura-
bility of related parameters.

There are many ways to improve the performance
of cementitious composites, including adjusting the ce-
ment type, using proper aggregates and incorporating
various fibers and admixtures. Modifying cement com-
position with additives and admixtures has been shown
to have a significant impact on decreasing composite de-
terioration rates. Among the conventional supplementary
cementitious materials (SCMs), the inclusion of slag or fly
ash in concrete compositions has shown superior property
retention after thermal exposure [3, 4]. However, while
silica fume (SF) is an excellent pozzolanic additive and
shows excellent effects on concrete performance in am-
bient conditions, its use often has negative effects when
a composite is exposed to elevated temperatures [5]. This
negative effect is attributable to the significant densifica-
tion and compaction of concrete microstructure, which
leads to severe cracking and increased strength loss after
exposure to temperature.

It is therefore very important to choose a mixture
composition in which the constituents are stable and com-
patible, not only in ambient conditions, but also dur-
ing heating. Furthermore, it is also crucial to evaluate
the properties of composites after exposure to temperature
(post-heating properties), as their constituents undergo
certain physical and chemical changes along with tem-
perature rises.

In recent years, it has been found that nanosized ad-
mixtures can be used to improve the thermal resistance
of cementitious composites. The progress of recent years
has resulted in the availability of many such commercial
products, as well as in a significant increase in the amount
of patents put forward with the commercialization of these
material in mind [6]. Due to their ultrafine size and spec-
tacular surface activity, even a small dose can enable sig-
nificant modification of composite properties. Among
the materials which have been of particular interest to
researchers working towards improving the heat resistance

of cement-based composites, are silica nanoparticles
(NS), carbon nanotubes and iron oxides [4]. Depending
on the type of nanoparticles used, in some cases positive
effects are a result of chemical interaction between the ce-
ment and the nanoparticles; at other times, the positives
result mainly from physical interactions, acting as fillers
or fibers and thus improving microstructure [4].

The effects of nanomaterials on the thermal resis-
tance of cementitious composites has recently been re-
viewed by Sikora et al [4]. According to this review, it can
be concluded that, to date, most work has focused on
analyzing the mechanical characteristics of such com-
posites, with the microstructural, thermal and durabil-
ity-related properties, after exposure to elevated tem-
peratures, remaining overlooked. However, studies on
the effects of NS on the heat resistance of cementitious
composites, generally show a trend opposite to the one
reported for silica fume. Due to the superior chemical
activity of NS, as compared to silica fume and as a result
of the reduced dosages of it needed, its use does not have
the negative effects of SE. However, research regarding
the effects of NS on the thermal and transport properties
of cementitious composites is limited and thus requires
further investigation.

As a result, this study aims to fill the above-men-
tioned gap in knowledge and to assess the thermal and
microstructural properties of NS-modified cementitious
mortars exposed to elevated temperatures. The first part
of the experiment, where the effects of nanosilica (NS)
and silica fume (SF) on cement hydration were evalu-
ated, showed that there are distinct differences between
the effects of NS and SF on the cement hydration process,
even in mortars with comparable chemical compositions;
and that NS has a significant effect on the mechanical
performance of mortars. In the second part of the study,
cement mortars with four different types of aggregates,
both with and without nanosilica, were produced and
exposed to temperatures of 300, 450, 600 and 800°C; their
post-heating properties were determined and compared,
with the results discussed below.

1. Materials and methods
1.1. Materials

CEM I 42.5 R, produced by Heidelberg Cement
(Germany) and silica fume (SF) obtained from Sika
(Germany) were used. Commercially available silica
nanoparticles (NS), with an average size of 10—140 nm
and a solid content of 50 wt.-%, were used (Table 1).
Details of the nanosilica used in this study can be found
in the work of Sikora et al. [7]. Four types of aggregates,
including normal-weight aggregates (quartz and lime-
stone) and heavy-weight aggregates (barite and magne-
tite), were used. The density of the quartz, limestone,
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Table 1
Properties of colloidal silica
Particle size’ Solid content Density Viscosity pH
10—140 nm 50 wt.-% 1.4 g/cm? 8 cP 9.5
“based on TEM analysis
Table 2
Particle size distribution of aggregates used in this study
Mesh size [mm] 2.00 1.60 0.50 0.16 0.08
Cumulative sieve residue [%] 0 7x5 335 67 £5 99+ 1

magnetite and barite aggregates were 2.64, 2.73, 4.77 and
4.20 g/cm?, respectively. In order to facilitate a compa-
rable particle size distribution for the aggregates used in
this study, the aggregates were initially sieved to conform
to the specifications of EN 196-1 (Table 2). Standard tap
water was used as the mixing water. Due to the initially
higher water absorption of the barite aggregate, as com-
pared to the other aggregates, PCE superplasticizer was
used, at a dosage of 0.7 % by weight of cement (bwoc), to
produce a workable barite aggregate mortar.

1.2. Mixture design proportions

Standard mortar mixture designs, with a water-ce-
ment ratio (w/c = 0.5) conforming to EN 196-1, were
used. Accordingly, the cement mortars produced in this
study had a cement:water:aggregate ratio of 1:0.5:3. NS
was used in its liquid form, with 50 wt.-% of solid mass
with the liquid phase of the silica suspension therefore
considered as a part of the mixing water. Prior to mixing
with the nanosilica, the tap water and plasticizer (if used)
were mixed together. An optimal NS dosage of 3% bwoc
was chosen, based on previous studies [7]. The mortars
were mixed in a laboratory mixer, following the standard
procedure outlined in EN 196-1. After mixing, they were
poured into oiled steel moulds to form 20X20X20 mm?
cubes for compressive strength evaluation and 40x40x40
mm? cubes for thermal and absorption property tests.
Moreover, 40x40%x 160 mm? bars were also produced
and then cut into smaller pieces for visual inspection.
The specimens were designated according to a letter
representing the type of aggregate used (Q — quartz,
LS — limestone, B — barite, M — magnetite), with a digit
(0 or 3) representing the dosage of NS, in percentage
by weight of cement (bwoc). M3, for instance, refers to
mortar produced with magnetite aggregate, containing
3 % bwoc of NS.

1.3. Testing methods

An isothermal conduction calorimeter (TAM Air 3
calorimeter) was used to evaluate the hydration heat of the
cement pastes. 10 g of cement and 5 g of water was mixed
with NS or SF (if applicable) and then mixed for 60 s.
The specimens were immediately placed in calorimeter
cells after mixing and then measured for 5 days.

The compressive strength of the mortars was tested
on 20x20x20 mm? specimens, with the use of a Toni
Technik testing machine, according to EN 197-1.

Determination of the thermal conductivity and spe-
cific heat of the specimens was performed with the tran-
sient plane source method (TPS), in accordance with
ISO 22007-2. A Hot Disk measuring device with a Kap-
ton-insulated sensor was used for this purpose. After each
heating procedure, the specimens were placed in a sealed
box containing silica gel, until they cooled, to remove
any moisture from them before measurement. Next,
the Kapton-insulated sensor was sandwiched between
two identical 40xX40%40 mm? specimens. Three speci-
mens were used to test each mortar, with the mean value
adopted in each case.

Thermogravimetric analysis (TGA) was performed
under a nitrogen atmosphere and at a flow rate of
250 ml/min, using a TG 209 Tarsus F3 (Netzsch). After
28 days of curing, the specimens were ground and im-
mersed in isopropanol to stop any hydration reactions
and then dried in freeze-dryer. In the TG procedure,
the sample was first held at 25°C for 20 min and then
heated from 25°C to 1000°C at 10.00 K/min.

To evaluate the effects of NS on the pore structure
characteristics of the cement matrix, the mercury intru-
sion porosimetry (MIP) technique was applied. Measure-
ment was performed on small-cored samples after 28 days
of curing, with the use of Pascal 140 and 240 series (Ther-
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mo Scientific) mercury intrusion porosimeters. Mercury
density was measured at 13.5450 g/mL, the surface ten-
sion was taken as 0.48 N/m, while the selected contact
angle was 140°. Prior to measurement, the specimens were
immersed in isopropanol and then freeze-dried.

The determination of water absorption is a common,
indirect testing method which gives good insight into
the microstructural changes occurring in cementitious
composites, after various durability-related tests are per-
formed. This method is also often applied to character-
ize the post-fire rate of microstructural deterioration,
after exposure to elevated temperatures [8—10]. How-
ever, saturating samples in water can cause degradation
of the fragile cement matrix microstructure and increase
the amount of cracks, thus increasing the water absorption
value obtained. To counter this problem, it has been found
that replacing water with a solvent such as acetone [8] or
ethanol [9] helps to avoid the rehydration of portlandite
and the calcium-silicate-hydrate (C—S—H) phase, there-
fore making it possible to estimate absorption much more
accurately. Accordingly, to determine water absorption,
six 40x40x40 mm? samples were prepared and subse-
quently saturated in acetone, for each testing temperature.

The solvent absorption can be calculated according to
the following equation (Eq. 1):

W
W(%) = —=—" %100,

AW

dry

(1

where W(%) is solvent absorption and W_ and W,
are the weights of the samples in their saturated and dry
states, respectively.

2. Comparison of the effects of NS and SF on the ce-
ment hydration process and compressive strength

2.1. Isothermal calorimetry

In the first stage of the research, the results of the
calorimetry measurements of specimens containing 3, 5
and 10% bwoc of nanosilica and silica fume, were com-
pared. Both NS and SF are known to be highly reactive
pozzolanic materials, because of their high surface areas
and very high amorphous silicon dioxide contents. There-
fore, when Portland cement reacts chemically with water,
it produces calcium hydroxide which then reacts with
the NS or SF, to form additional calcium silicate hydrate
(C—S—H) gel [11—14]. Moreover, the fine particles of NS
and SF both provide nucleation sites where the products
of cement hydration can precipitate. However, this effect
is much more pronounced in the case of NS, as a result
of its overly fine particle size, its dispersion state as well
as its much higher surface area. Many studies have con-
firmed that the surface activity of NS with cement, during
the hydration process, is much higher than that of SF and
cement, as a result of which the consumption rate of CH
is much higher in the case of NS. Moreover, the volume
fraction of the high-stiffness C—S—H gel increases sig-
nificantly in NS-modified specimens, as compared to
SF-modified ones [15—17].

A noticeable difference in the hydration kinetics
of specimens containing NS or SF can be seen in Fig.
1. An increment in the NS dosage resulted in an acceler-
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Fig. 1. Comparison of the heat flow of cement pastes with different NS

and SF dosages
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Fig. 2. Comparison of 28 and 365 days compressive strength of control
mortar, mortars containing 10% bwoc of SF and 3% bwoc (determined

on 40x40x40 mm? specimens)

ated rate of cement hydration. Conversely, SF-modified
specimens exhibited lower exothermic peak values [18,
19]. In addition, the presence of NS contributed to an
acceleration in the appearance of the exothermic peak.
The differences between the NS and SF interactions can
be attributed to the activity of the particles as well as
to their agglomeration. SF is usually incorporated into
a mixture in dry, powdered form and mainly in high dos-
ages (10% bwoc). However, the incorporation of nano-
silica is usually prolonged with ultrasound dispersion,
or as in this case, it is incorporated in a stable suspen-
sion, thus facilitating proper particle dispersion. Even
though the incorporation of 10% of NS is beneficial in
accelerating the cement hydration process, numerous
studies have confirmed that, despite beneficial effects
in early cement hydration, an excessive NS dosage,
later leads to a decrease in its positive effects because
of the formation of agglomerations, problems with work-
ability and the development of voids in the composites
[7]. Therefore, based on previous studies as well as on
the available literature, 3% bwoc of NS was chosen as an
optimal dosage for the production of cement mortars in
this study. Fig. 2 presents a comparison of the 28 and 365
day compressive strength values of pristine mortar and
mortars containing the optimal NS dosage (3% bwoc),
or the commonly used SF dosage (10% bwoc). It can be
clearly seen that mortars containing NS exhibited much
higher improvement rates, both in terms of short term
and long term performance.

3. Results and discussion
3.1. Compressive strength after 28 days

The compressive strengths of mortars, determined on
20%20%20 mm? cubes, are presented in Fig. 3. The values
are higher than those presented in Fig. 2, due to the so-
called scale effect associated with a change in specimen
sizes. Nevertheless, both the specimen sizes used in this
study were appropriate for strength evaluations and there
was good correlation between the values. The specimens
containing the quartz and magnetite aggregates exhibited
higher and relatively comparable compressive strength
values, while the limestone and barite based mortars ex-
hibited slightly lower strengths. In all cases nanosilica
contributed to strength improvement, ranging from 13%
to 23%, depending on type of aggregate used. It was found
that specimens containing the barite and limestone aggre-
gates had better improvements that the ones with quartz or
magnetite aggregates. Nevertheless, a clear improvement
in compressive strength, as a result of the presence of NS,
was confirmed.

3.2. Thermogravimetric analysis (TGA)

The results of TGA studies of the cement pastes, after
28 days of curing, are presented in Fig. 4. DTG data in
a range of temperatures up to 600°C, has also been pre-
sented, for the purposes of evaluation. Two clear peaks can
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Fig. 3. Compressive strengths of mortars containing different aggregates,
after 28 days of curing (determined on 20%20%20 mm? specimens)

be distinguished within this range; according to the lit-
erature, the one in the range of 120—300°C corresponds
to the dehydration of hydrates such as C—S—H and ettr-
ingite, thus giving a general indication of the C—S—H
volume. The second peak, between 400—500°C, is at-
tributable to the de-hydration of CH (calcium hydroxide)
[20, 21]. It can be clearly seen, that specimens containing
NS exhibited a higher mass loss in the first temperature
range, thus confirming that more C—S—H was produced
in the NS-modified specimen. In addition, a significantly
lower peak is visible in the second range, indicating a sub-

stantially lower CH content in the NS-modified speci-
men, thereby confirming that CH was consumed by NS
in the pozzolanic reaction and that more C—S—H gel
was produced.

3.3. Mercury intrusion porosimetry (MIP)

As evidenced by Fig. 5, which shows the pore size dis-
tributions of cement pastes with and without NS, the re-
sults of this study clearly show that NS alters the pore
structures of pastes. Total cement paste porosity decreased
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Fig. 4. DTG of pristine and NS-modified cement pastes after 28 days of curing
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Fig. 5. Pore size distributions of specimens obtained with MIP studies

from 24.2% to 19.3%, when NS was incorporated in it.
In addition, a substantial reduction of pore diameter was
reported in NS-modified specimens. According to dif-
ferent studies, the harmfulness of pores can be classi-
fied according to their diameters. Mehta and Monteiro
[22] classifies pores in the following way: d > 0.10 um
(more harmful pore), d = 0.05—0.10 um (harmful pore),
d =0.0045—0.05 um (less harmful pore), d < 0.0045 um
(harmless pore). Conversely, Wu and Lian [23] classify
pores into four types: d < 0.02 um (harmless pore), d =
0.02—0.05 um (less harmful pore), d = 0.05—0.20 um
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PE3KOME: B naHHo paboTe NpeacTaBneHo nccnefoBaHve BUAHVSA BbICOKOW TemMnepaTypbl Ha TEPMUYECKIE Y MUKPOCTPYKTYPHbIE
CBOWCTBA LIeMEHTHbIX PacTBOPOB, MOAMGULMPOBAHHbBIX HAHOKPeMHe3eMoM. Ha nepBom 3Tane nccnenoBaHus 6bio NpoBeeHo
CpaBHeHVe BNuAHMA HaHokpeMHe3sema (HC) n guokcmaa kpemHua (CO) Ha rugpaTtaumio U NPOYHOCTb Ha CKaThe LIeMEHTHbIX KOMMO-
3uToB. Ha BTOpoMm 3Tane 6b11v nonyyeHbl YeTbipe PasNNUHbIX BAa LLleMEHTHbIX PaCTBOPOB, COLEPKALLMX ONTUMANbHYIO JO3VPOBKY
HC. [IBa 13 H1X coepkanu oOblUHbI BECOBON arperar (KBapL, U 3BECTHSIK), B TO BPEMS KaK iBA COLlEPKall TSXKEbliA BECOBOW
arperat (6aput unu marHeTut). O6pasupbl 6e3 NS 6binv npon3BeaeHbl Ans Lenen KoHTponsA. O6pasubl noaBepranvcb BO3AENCTBIUIO
Temnepatyp 300, 450, 600 1 800°C, a Mx NOCTHarpeBaTesibHble CBONCTBA — BK/OYasA TENONPOBOAHOCTb, YAEbHYIO TEMIOEMKOCTb,
nornoLeHne pacTBoOpuTeNa U NoBefeHne Npy pacTPeCcKUBaHNN — aHaNU3NPOBaNuch. NonyyeHHble pe3ynbTaTbl MOKa3blBalOT, YTO
NS nposBnaeT 3HaUUTENBbHO 6oNee BbICOKYID PeaKLMOHHYI0 CMOCOBHOCTD € LieMeHTOM, YeM SF. NS yckopsieT npouecc ruapatauum
LieMeHTa ¥ BHOCUT 6osiee 3HauuTeNbHbI BKNaA B 28- 1 365-AHEBHYI0 MPOYHOCTb PacTBOpa Ha CKaTue Mo cpaBHeHMio ¢ SF. BknoueHre
NS B KOMMO3UT CyLLECTBEHHO YMeHbLIAeT KonryectBo CH B cmecy 1 NprBOAUT K 06pa3oBaHUio JOMOMHUTENbHON reneBoii ¢pasbl
C-S-H, uto ynyuwaet MUKpoCTpyKTypy. iccnepoBaHme Takke nokasbiBaeT, UtTo HC cnoco6CTByeT CHUMKEHMIO TEMIONPOBOLHOCTU
1 NNOTHOCTY PAcTBOpPaA Kak A0, Tak 1 noce Harpesa. BknioueHne HC oka3biBaeT 6/1aronprAaTHOE BAIMSIHUE Ha CHVIXKEHME CKOPOCTH
M3HaLLMBaHWA PacTBOPOB MOC/IE HAarpeBa, CHXKaa CKOPOCTb NMOMOLEHMA 1 KOIMYECTBO TPELLMH B HUX.

KJTKOYEBDIE CJTOBA: LieMeHTHbI pacTBOpP, HAHOKPEMHe3eM, NOBbILIEeHHaA TemMnepaTypa, TepMrUYecKrie CBONCTBA, PacTpeckmBaHume.
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HoYacCTMLAMM KpeMHe3eMa LieMeHTHbIX pacTBOPOB Moc/e BO3A4eNCTBMA BbICOKUX TemnepaTtyp. YacTtb | // HaHoTexHONOrmnm B CTpo-
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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 NMPU3bIBbI K TEPPOPU3MY,
nposBeHNs KCeHOPOOMM, OCKOPONEHMA APYTX aBTOPOB UMW FPpaXKaaH.

8. B pepakuuum B oueHKe KauecTBa codepKaHMA CTaTbM yYacTBYIOT, KaK MUHMMYM, 3 3KcnepTa. [lpoBoaunTcaA
BHELLHEe C/ienoe peLeH3npoBaHue cTaTel, AnsA PeLeH3POBaHUA KaXKAoW CTaTbu MPUBMEKaloTcsa 2 dKCnepTa.
PeueH3npoBaHue cTaTen oCyLecTBAAETCA CNeLnanncToM COOTBETCTBYIOLWEro Npodusa, UMEKLWKM YUYEHYIO CTe-
neHb He HVKe JOKTOpa HayK. Peflakuma HanpaBnseT peLueH3eHTy CTaTbio 6€3 yKasaHuA cBefeHun ob aBTope(ax)
n dopMy i MOATOTOBKM peLieH3un. PeLleH3npoBaHe cTaTe BbIMOHAETCA Ha JOOPOBONbHON 1 6e3B0O3Me3[-
HOW OocHOBe. B ciyyae NosioXUTeNbHOroO BHELIHErO PeLLeH3MPOBaHNA CTaTbA HAaNPaBNAETCA AN1A OLEeHKN OLHOMY
U3 UYSIeHOB pefCcoBeTa Unu peakonneruu. Mpy NONOXKNUTENbHOM PeLleHNN TPEX SKCMEPTOB CTaTbsl PEKOMEHYeT-
cA K nybnukaumm.

9. Cpeau TpeboBaHUi, NPeAbABAAEMbIX K PELIEH3EHTaM, €CTb ONpPEeAENeHNe HAaNNUUs SNIeMeHTOB narunata. O6a-
3aHHOCTV PeLeH3eHTOB NprBefeHbl B pa3gese «PeLeH3eHTamy.

10. CTpyKTypa Hay4HbIX cTaTen npueeaeHa B MpunoxeHum 3.

11. XKypHan no3BonseT COXPaHATb aBTOPaM aBTOPCKMeE MNpaBa 6e3 orpaHNYeHUin, a TakKe COXPaHATb aBTopam
npaea Ha nybnukauuy 6e3 orpaHuYeHniA.

12. ABTOpPbI NYGVIKYEMbIX B »KypHaJie MaTepurasioB JOMYCKaloT NCMOSIb30BaHVE KOHTEHTa B COOTBETCTBUM C NU-
ueHsuen Creative Commons CC-BY «Attribution» («<ATprnbyuus»). 3Ta nMUeH3na No3BOASET APYTMM PAaCiPOCTPAHATD,
penakTMpoBaTb, NONPaBsaTb M 6paTb 3@ OCHOBY MPOM3BEAEHME ABTOPOB, aXe KOMMEpPUECKM, A0 TexX Mop, noKa
OHU YKa3blBalOT Balle aBTOPCTBO. JIMLEH3MA peKOMeHAOBaHa A1 MaKCVMasibHOTO PacnpOCTPAHEHNsA U UCMOMb30-
BaHWA JIMLEH3MPOBaHHbIX MaTepuanoB. NMoapobHo o nuueH3nn Creative Commons CC-BY cmoTtpute 3gech http://
creativecommons.ru/.

13. Heknapauma Open Access XypHana. Pegakumna vsgaHna npuaepXnBaeTca NoMTUMKM «OTKPbITOro AoCTyna» K
ny6nukyembimM MaTepuanam. Mo «oTKpbITbIM JOCTYNOM» B COOTBETCTBUM ¢ ByganewTckon nHmumatmeo «OTKpbITbIN
poctyn» (BUO[) penakums nogpasymeBaeT CBOOOAHDBIV AOCTYM K NMyOVIKyeMbIM B XypHasie MaTepranam yepes nyonmnu-
Hbl IHTEPHET 1 NPABO Ka)0ro nosib30BaTeNs YnATaThb, 3arpy»aTb, KONMMPOBaTb, PACMNPOCTPAHATD, pacneyaTbiBaTb, UC-
KaTb WW AenaTb CCbUIKM Ha MOJIHOTEKCTOBbIE CTaTbU, MPOBOAUTL MOUCK POOOTAMU-NHAEKCATOPAMY, BBOAUTb MX KaK
[aHHble B MPOrpaMmmMHoOe obecrneyeHune 1y UCnosb3oBaTh AJ1A APYTrX 3aKOHHbIX Liefiel Npy OTCYTCTBUM GpUHAHCOBbIX,
MPABOBbIX 1 TEXHNYECKIX NMPErpag, 3a UCKIIIUYEHNEM TEX, KOTOPbIE PErynupyoT JOCTYN K co6CcTBeHHO HTepHeTy. EanH-
CTBEHHbIM OFPaHNYEHMEM Ha BOCMPOU3BOACTBO U PacipOCTPaHeHre 1 eQUHCTBEHHbBIM YC/IOBUEM KOMUPaTa B STOMN
06nacT fOMKHO ObITb MPABO aBTOPa KOHTPOJIMPOBATb LIEIOCTHOCTb CBOEN PaboTbl M 06s3aTeNbHbIE CCbIIKM Ha €r0 UMSA
Mpwv KCNob30BaHUN PAbOTbI 1 ee LNTUPOBAHUN.

CraTtby U3 KypHana (MeTaflaHHble CTaTel) pa3MeLLaloTCA B «OTKPbITOM JOCTYMe»:

+ Ha CalTe 3MeKTPOHHOro M3fdaHna «HaHOTEXHONOIrUN B CTPOUTENbCTBE: HAYUHbIN MHTEPHET-KYPHa», CCbIKa —
http://nanobuild.ru/ru_RU/, nanee — pa3gen «<ApxvB HOMepPOB»;

+ B MOJIHOTEKCTOBOW 6a3e [aHHbIX HayuHbIX XypHaNioB OTKpbIToro goctyna OpenAcademiclournalsindex (OAJI),
ccbinka — http://oaji.net/journal-detail.html?number=6931;

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

« B 6a3e HayuHbIx XypHanoB Directory of Open Access Journals (DOAJ), ccbinka — https://doaj.org/, nanee - ocy-

LecTBNAETCA NOUCK »KypHana «Nanotehnologii v Stroitel'stve;

« B 6a3e faHHbIX HayuHbIX »KypHanos 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 MexayHapognHou 6a3e Readera - https://readera.ru/nanobuild;

+ B JPYrvX CMCTEMAx UMTUPOBaHUA (6a3ax JaHHbIX).

3TO NO3BONIAET YUEHbIM 1 CrelmnancTaMm BO BCEM MUPe CBOOOAHO 3HAKOMUTBLCA C MaTeEpPUanamMim XypHana n uc-
Mosb30BaTb UX B CBOEW AeATeNbHOCTY, B T.U. LUTUPOBaTb B CBOVIX CTaTbsAX.

B kaaol1 HayuHOW cTaTbe y aBTOPOB 06513aTefIbHO YKa3blBAKTCA: MECTO PaboThl (YHUBEPCUTET (MHCTUTYT), Npes-
npuaTrEe 1 Apyrve opraHv3aunm, ropog, CTPaHa), JOMKHOCTb, YUeHas CTerneHb, yYeHoe 3BaHMe, MOJHbIA MOYTOBbIN
afpec 1 3NeKTPOHHBIN agpec, YTo obecrneyrBaeT BO3MOXKHOCTb HEMOCPEeACTBEHHO OOLIATLCA YUEHbIM 1 CrieLanm-
CTaM 13 Pa3HbIX CTPaH C aBTOPaMMU.

Kaxnpon ctatbe npuceamsaetcsa UDC, DOI, B MeTaflaHHbIX CTaTbsIX Pa3MeLLaeTcs MallMHovTaeMas nHpopmaumns
o CC-nuueHsnn (HTML-kopn), opyrve naeHTudprKaTopbl MaTepranos.

14. bonee noapobHas MHPopMaLKMA 0 COONOAEHUN N3[ATENBCKOW ITUKK, MOPALKE PeLeH3MpPoBaHNA MaTepua-
N0B, MPVIHUMUMNAX NIMLEH3MPOBaHNWA, Aeknapauun Open Access »KypHasa, Co6MofeHNr aBTOPCKOrO 1 CMEXHbIX MNpa-
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Bax, KOTOPbIMU HY>KHO PYKOBOZCTBOBATbCA, COQEPXKNTCA B MEXAYHAPOAHbIX CTaHAAPTaX, 3akoHax Poccunckon Oepe-
pauuu, npodeccroHanbHbIX KofgeKcax, pykosoacteax. Cpean HuUx — MexayHapofHble cTaHAapTbl KomuTteTa no sTrke
nybnukayun (Committe on Publication Ethics — COPE), JluueHnsnun Creative Commons, byganewTckas nHiuymaTea
«OTKpbITbIN fOCTYN», PyKOBOACTBO ANA peLieH3eHTOB u3aatennbcTsa Elsevier, MpaxgaHckun kogekce PO u. IV, 3akoH
PO «O cpepcTBax maccoBor nHbopmaunmy, 3akoH PO «O peknamer, Kofekc npodeccmoHanbHOM STUKM XKYPHANUCTa,
KopeKc 3TKy HayuHbIX nybnnkauum u gp.

15. O npoueaypax B ciyvae 3noynorpe6neHui (HapyweHun).

M3patenb, rnaBHbIA pefakTop, KaXKabll COTPYAHMK pefaKkuuu, YneH MexayHapoaHOro pefakuMOHHOro COBETa,
ufleH MeXAyHapOAHOWN pefakUMOHHOWN KOMEerny, aBTop, PeLeH3eHT Y uutatenb obA3aH cobnopatb ITUYecKun
KOZIeKC XypHarna, 1 06s3yeTcsi CooOLaTh O JIObIX N3BECTHBIX eMY CJTyUasiX YKe COBEPLUEHHOTO W NOTEHLMANbHOTO
3noynoTpebneHna (HapyLeHna) TpeboBaHu Kogekca unv 4encTByoLero 3aKkoHoAaTeIbCTBa, MPABWUIT U MONOXKEHUIN.

Pepakuuei )ypHana HesameanuTenbHO MPOBOAUTCS pacc/iefOBaHME MO BCEM COODOLLEHUSAM O 3/10yNoTpebieHnAX
(HapyweHusx) u, ecnn MHGOPMaLUs NMOATBEPXKAAETCA, NMPUHMMAIOTCA Mepbl MO YCTPAHEHWIO 3710ynoTpebneHui
(HapyweHun). Ecnn ato TpebyeTcs B COOTBETCTBUM C 3aKOHOAATENIbCTBOM, MaTepuaJsibl epedatloTcs B COOTBETCTBYOLME
rocyfapCTBEHHbIE OpraHbl.

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

MaBHOMY pepakTopy

PelueHve no ony6nmKoBaHMIO CTaTbU. [J1aBHbIN pefakTop SMEKTPOHHOro ugaHusa «HaHoTexHonorum B CTPo-
UTENbCTBE: HayYHbI VIHTEpHET-KypHan», OTBeYaeT 3a NPUHATUE PeLLUEHNA O TOM, KaKue 13 NpeacTaBlieHHbIX B pe-
LAKLUMIO XypHana paboT criefyeT ony6inKoBaThb. 3TO pelleHne BCeraa AOMKHO NMPUHNMATBCSA Ha OCHOBE MPOBEPKM
LOCTOBEPHOCTY PaboTbl 1 ee BaXKHOCTU ANA UCciiefoBaTenen u untatenei. [MaBHbIN pelakTop MOXET PYyKOBOACTBO-
BaTbCA METOANYECKUMN PEKOMEHZALMAMM, pa3paboTaHHbIMM PEACOBETOM 1 PeIKOUIErNen XypHarna, v TakuMm iopu-
OVNYECKMM TPebOoBaHUAMM KaK HeJOMNYLLEeHNe KIIEBETbI, HapYLLEHWsl aBTOPCKOTO Npaga U nnarvata. Takxke npu npu-
HATWW peLleHns No Ny6VKaLmK raBHbIA PefAKTOP MOXET COBETOBATbCA C UlleHaMU PefiCOBETa, PeAKOSIIerun nim
peLeH3eHTaMu.

CnpaBegnnBOCTb. [T1aBHbIN pefakTop OLEHUBAET NpeAcTaBieHHble PaboTbl MO VX MHTENNEKTYalbHOMY coflepa-
HUIO, HEB3UMPasA Ha pacy, NoJ, CEKCYanbHYI0 OPUEHTALMIO, PENTUTUIO, STHUYECKOE NPOUCXOXKAEHWE, TPaXAaHCTBO Un
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. CBefeHsA, cofepKallmecs B NPeACcTaB/IeHHON 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, NofyYeHHble 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, MPOUCTEKAOLWMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLEHUN C KeM-nbo 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
nybnukauun. B cnyyae Heo6xoaAMMOCTM, MOXET BbIMOJIHATLCA APYyroe nogxofsilee cyiyyaio AeincTBre, Takoe Kak ny-
6511KaLMA ONPOBEPXKEHWS NN BbIPAaXKeHNA 03a00UYeHHOCTH.

UzyueHne xanob sTuueckoro xapakrepa. [aBHOMy pefjakTopy cyielyeT NprvHMMaTb Pa3yMHO ObICTpble Mepbl
npu NOCTYIJIEHNM XaNlob STMYECKOro XapakTepa B OTHOLUEHWYV MPeACTaBIEHHON PYKONMUCH 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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YVIMOCTM 1 OPUTMHANIBHOCTY NPEeACTaBAEHHOW PyKonucy. ABTOPbl PyKONKWCEN, NPeACcTaBAeHHbIX K ONybnKoBaHuio,
NPU3HALOT LienecoobpasHOCTb U HEOOXOAUMOCTb peLieH3rpoBaHuA. Cornawanch Ha peLeH3npoBaHue, byaywnii pe-
LieH3eHT 6epeT Ha cebs cnepytoLive obA3aTeNnbCTBa.

OnepaTMBHOCTD. JI1La, K KOTOPbIM OOPATUNUCH YfleHbl Pefakuun Yepes rMaBHOrO PefakTopa OTHOCUTENbHO
peLEeH3UPOBaHUs PYKOMKUCEN HayuyHbIX paboT, MMeT MopasibHble 00s3aTeNbCTBa OTHOCUTENIBHO €€ OMepaTUBHON
oueHKU. MNpy HEBO3MOXHOCTY NPEeACTaBNEHUS PELEH3UN B YCTAHOB/IEHHBIN CPOK, 06 3TOM MHPOPMUPYIOT FMaBHOIro
penakTopa 1 Ha3HavyaloT HOBOTO peLieH3eHTa.

KoHndugeHumanbHoCTb. Kaxas nonyyeHHas 4fia peLeH3npoBaHMsA PYKONMCh AOMKHA PAacCMATPYBATLCA Kak KOH-
duageHUManbHbIN JOKYMeHT. Ee He NpoCMaTprBaloT 1 He 06CYKAAIOT C APYrUMY INLE@AMU, KPOME JIULL, YNIONTHOMOYEHHbIX
rMaBHbIM PeJaKTOPOM.

O6BbEKTUBHOCTD. PeLieH31K JOKHbI BbINOMHATLCA OOBbEKTUBHO. HeonyCTUMbI IMYHOCTHbIE HaMaZKM Ha aBTopa.
PeuieH3eHTy cneflyeT BbipakaTb CBOIO TOUKY 3PEHMA AICHO 1 000CHOBaHHO.

OueHKa ccbinok. DakT OTCYTCTBUA CCbITOK B PYKOMNMCY, MPeACTaBIeHHON /15l Ony6/MKOBaHUSA, OMKEH ObITb OT-
MEUEH 1 OLEHEH peLieH3eHTOM. B criyyae cxofcTBa MM YacTUYHONO COBMAAEHMUSA PYKOMUCU C U3BECTHLIMU PeLieH-
3€HTYy Ny6NMKALMAMY, Ha KOTOPbIE OTCYTCTBYIOT CCbITKM, 3TO JOJIKHO ObITb TakXKe yKa3aHo peLeH3eHToM. [pumepsl
6ubnrorpadpuuecknx CCbisIok NprBeAeHbI B pasaese «ABTopam».

BbiaBneHue nnaruara. PeLieH3eHT, B C/lyyasx Mofo3peHMs No noBogy Ay6nnpoBaHna CTaTby UV niaruata, Jos-
KeH yKa3aTb 00 3TOM B peLieH3UNn.

3Tnyeckne Hopmbl. KoHouaeHUanbHasa HGopMaLmsa 1 naen peLeH3rMpoBaHHON CTaTbl He AOMKHbI pasrna-
waTtbcA. MaTepuarsnbl peLeH31POBaHHON CTaTbU HE AOKHbI MCMOMb30BaTbCA 4715 MONyUYeHUs JIMUHOW BbIFOAbl PELIEH-
3eHTa. PeLieH3eHT cobniogaeT HOpMy, COrNTacHO KOTOPOW OH He MCMOfb3yeT B COOCTBEHHON paboTe 1 nybnukaLumsax
nAen 1 NONOXKEHUs PeLieH3POBAHHON MM CTaTby 6e3 MMCbMEHHOrO COrlacus ee aBTopa.

PeuieH3eHTy cnefyeT 0TKa3aTbCA OT CBOErO YYacTUsl B PeLieH3NPOBaHNY B CJlyYae, eC/I NPUCYTCTBYET KOHPIUKT
WHTEPECOB, NPOUCTEKAIOLMNIA N3 KOHKYPEHLMM, COTPYAHUYECTBA WU APYrMX OTHOLUEHUIN C KeM-NNOO 13 aBTOPOB,
KOMMAHWI U yUYPEXAeHWU, UMEIOLLKX OTHOLLEHME K CTaTbe.

Pepakuma moxeT, no 3anpocy, HanpaenATb peueH3nn B BAK PO, a Takxke B MeXKAyHapOAHble CUCTEMbl LUTUPOBa-
HUA (6a3bl JaHHDbIX) 4715 OLLEHKM KauecTBa NybnmKyeMbix CTaTel 1 NpoLecca peLeH3upoBaHus B LIEJSIOM.

B wacTtHOCTU, pefakuma nogTBepXxAaeT CBoe corfiacme Ha nepegavy 1 pasmelleHne Ha cante HayuyHowm sneKTpoHr-
How 6rbnnotekn eLIBRARY.RU BmecTe ¢ JTnLieH3VMOHHBIM MaTepuasnam XypHana cieayioLx MaTepuasnos:
«  TEKCTbl peLeH3unii ans nonb3osartenen bubnnoTekun;
«  damunnm 1 gaHHble O peLeH3eHTax OJiA 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. [pegcraBnsaemble 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 nuueH3un Creative Commons CC-BY

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

2. B cTaTbe JOMKHbI COfepaTbCs pe3yNibTaTbl OPUTMHANbHbIX NCCNEA0BAHNNA U MPOCEXNBATLCA CBA3b C Npe-
ObIAYLMM UCCNIeOBaHUSAMY, BbINOJIHEHHBIMA JIMYHO aBTOPOM U APYrMY yyeHbiMU. [locnegHee fOMKHO ObiTb
npencTaB/ieHO Kak B OCHOBHOM TeKCTe, Tak U B pOpMe CCbIIOK Ha npefbiaylivie UCTOYHUKN. B cnyyae ncnonb3o-
BaHVA MaTepuanoB 13 paboT Apyrux aBTOPOB CTaTbA JOJIKHA COfep»KaTb COOTBETCTBYIOLME CCbiKK. Brbnuorpa-
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buryeckmin CNUCoK NPUBOAUTCA MOC/E TeKCTa cTaTbu. Mpumepbl obopmneHna Grbnmnorpadryeckmx CCbisIoK AaHbl
B MpunoxxeHun 4.

Mpu HanucaHuy cTaTby criegyeT cobnoaaTb NPUHLMMNBI TPOGECCUOHANBHON STUKK, NPOABMATD KOMMETEHTHOCTD,
06BEKTVBHOCTb 11 OTBETCTBEHHOCTb.

3. Pepakuus, pefakUMOHHbIN COBET UV pefakLUOHHAA KONIervsa MOoryT NonpoCcuTb aBTOPOB NPefOoCTaBUTb BCe
NMepBOVCTOYHVKM U MaTepuarsbl, UMeIoLLe OTHOLLEHUE K Han1caHWIo Ny6nrKyemon ctatbu. Matepuarsbl JOSXKHbI Xpa-
HUTbCA B TeueHe 1 roga nocne ny6nvkaumu.

4. Kaxpas ctatba, Nnybnunkyemas B XKypHase, peLeH3npyeTcsa SKCrnepTaMm Ha NpeMeT OPUrMHaNbHOCTU 1 COOT-
BETCTBMA NpaBuiam opopmiieHus. Vicnonb3oBaHUe TPYAOB WU MbICIIEN APYTUX YUEHBIX AOMKHO ObITb 0hOpMIIEHO
Hagnexawum obpasom. Hegonyctm nnarvat B o060 popme. ABTOPbI JONXKHbI MOATBEPANTD, UTO NMYOIUKYIOT CBOIO
CTaTbio BNEpPBbIe IV NMPOCAT OCYLLECTBUTL €€ MOBTOPHYIO Ny6nMKauuio.

5. VMHdopmauwsa, nonyyeHHas HeopULUMANbHO, HANPYMEP, B YaCTHOM OOCYXXAEHUW UMM NepPernunucke, He MOXeT
ObITb NpefCTaBieHa B CTaTbe 6€3 NMUCbMEHHOTO Pa3peLleHns CO CTOPOHbI NCTOUYHKKA UHGopMauuun. MHdopmauns,
NCTOYHUKOM KOTOPOW sIBNSEeTCA KOHOMAEHUMANbHAA AeATENbHOCTb, B YaCTHOCTY PELIEH3MPOBAHME PYKOMUCEN UK
3as1BOK Ha MoJlyyeHre rpaHToB, He MOXKeT ObITb MCMO/b30BaHa B CTaTbe 6e3 MMCbMEHHOr0 COrfiacus aBTOPOB.

6. MepeusgaHue cTaTby MO NHMLMATVBE PeAakLMOHHOIO COBeTa (pefakLMOHHON KOMIErnn) XKy pHana ocCyLiecT-
B/ISIETCA C COMNacusi aBTOPOB, pefakuum 1 0bnagatens npasa HTeNIeKTyanbHOW COGCTBEHHOCTY Ha CTaTbio. B ciyuae
MOBTOPHON Ny6NVKaumy CTaTb M3daTeslb AelaeT COOTBETCTBYIOLLEE COObLLEeHNe 06 STOM.

MpencTaBneHne CTaTbl B COABTOPCTBE BO3MOXKHO, €C/IN BCE NNLA, YKa3aHHbIE KaK COABTOPbI, CAENANN 3HAUUTESb-
Hbl BKNag B pa3paboTKy KOHLENUUY, MAAHNPOBaHKE, BbIMONIHEHWE UN MHTEPNPETALNIO ONMCbIBAEMOTO UCCe10Ba-
HUA. B cnyyae ecnn BKnag nuua, onpegeneHHbIM 06pa3om CoOeCTBOBABLUErO OCBELLEHHOMY B CTaTbe MCCIIeAOBaHMIO,
He HaCTONbKO CYLLECTBEHEH, YTOObI BKIIIOUMTb €ro B COABTOPbI, EMY JO/KHA ObITb BbiCKa3aHa Npu3HaTeNibHOCTb. [naTa
C aCMMpaHTOB 3a Ny6NMKaLMIO CTaTell He B3UMAETCH.

7. ABTOP-KOPPECMOHAEHT JO/MKeH 0becrneuntb NpoyTeHne U ofobpeHne BCEMM COABTOPAaMM OKOHYATENbHOM
BEPCUM CTaTby, @ TaKXKe MX coryiacue Ha nybnukauuio.

8. Mpu Hannumm KOHONMKTa UHTEPECOB, B TOM YMCIIE U MOTEHLMANIbHOTO, aBTOP WM COABTOPbI OJIKHbI MHPOP-
MUPOBATb U3JaTeNsA Kak MOXXHO paHblue. [pu BbiABAEHUY NPUHLMMNANIbHBIX OLIMOOK WS HETOYHOCTEN B CBOEN YXKe
onybnuKoBaHHOW paboTe aBTOP 06513aH CPOUYHO COOOLMTL 06 3TOM LWed-peakTopy 1M OKasaTb MaKCMMasbHOe COo-
LENCTBUE rMaBHOMY pefaKTopy XKypHana Ania nyenvkaumy onpoBepXeHus nnbo ncnpasnennii. B cnyyae nonyyeHus
rMaBHbIM PefakTopoM MHbOPMaUMK OT TPETbUX NIUL O cofiepKalleincs B onybnmkoBaHHOW paboTe CyLeCTBEHHOMN
olwnbKke aBTOp 006s3aH MPEACTaBUTb CPOYHOE OMPOBEPXKEHUEe C NpeAoCTaBieHMEM [MlaBHOMY pedakTopy (wed-
penaKkTopy) foKasaTenbCTB CBOEN NPABOTbI UM HEOOXOAMMbIE NCTNPaBEHUS.

9. ABTOpPbI JOMIKHbI OCO3HABATb, UTO PelaKLMs, PefaKLUUOHHbIN COBET U PeAaKLMOHHAA KOMErnsa SMeKTPOHHOro
n3gaHua «HaHOTeXHONOrMM B CTPOUTENBCTBE: HayUHbIN VIHTEepHET-KypHan» 6epyT Ha cebs 06sA3aTeNbcTBa MOMOraThb Ha-
YUYHOMY COObLLECTBY B COOMIOAEHN BCEX aCMEKTOB U3[ATENIbCKOW 3TUKM, OCOOEHHO B Cllyyasix MOLO3PEHNS MO NOBOAY
oybnunpoBaHvs cTaTby AW NnarvaTa.

10. ABTOpbI OMYGNIMKOBAHHbIX MAaTEPUANIOB HECYT OTBETCTBEHHOCTb 3a JOCTOBEPHOCTb MPUBEAEHHbIX CBEAEHUN
W UCMONb30BaHME JaHHbIX, HE MOANEXALLMX OTKPbITOM Nybnukaumun. Pefakuus octaBnset 3a cob6oli NpaBo BHeCEHNA
penakTopcKol npaBKku. MHeHMe peflakLum MOXET He COBMafaTb C MHEHVEM aBTOPOB: MaTepurasibl MyOnMKYTCA C LeNblo
06CyXeHUA aKTyanbHbIX BONPOCOB. Pefakuuya He HeceT OTBETCTBEHHOCTU 3a COAEPKAaHUE PEKIaMbl Y OObABIIEHNI.

11. MNocne paccMOTpeHUsi MaTEPUANOB pefaKkuus YBe[OMSIIET aBTOPOB O CBOEM pPEeLIeHUU 3SNEKTPOHHbIM
nMcbMoM. B cnyyae ecnm cTaTbs He MOANIEXUT NYONMKALMM, pefakumsa HanpasseT aBTOPY MOTVBUPOBAHHbI OTKas3.

12. Jliobaa nepeneyaTka MaTepPUaNioB NMOTHOCTBIO WAV YAaCTUYHO BO3MOXHA TONIbKO C MMCbMEHHOTO pa3peLLeHms
pepakumn.

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.

OnucaHue cTaTbu U3 NpoAoKaloLLerocs usgaHus (c6opHuka TpyaoB):
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.
(Pyc. n3g.: Tumowenko C.IM., Axr A.X., YaBep Y. KonebaHus B nHxeHepHoMm gene. - Mocksa: M3a. MawmHocTpoeHme,
1985.-472c.).
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BpykuHr A., IxoHc M., Kokc @. SkcnepTHble cucteMbl. MpuHUMMbI paboTsl 1 npumepsbl. — YanmaH 1 Xonn, 1984. -
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