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MaTepuaiaoB 1 ['ocymapcTBeHHAs KJTloueBast 1abopaTo-
pHUSI CUJTUKATHBIX MaTepHUaIoB IIST apXUTEKTYpHI. [1ep-
Bas 1a0OpaTOPUS MOJTYUYIIIa OIEHKY «IIPEBOCXOIHO»
cpenn 21 TocymapcTBEHHOM KITIOUEBO J1abopaTopuu
o MUJI B 2018 romy. [ToMmnMo 3TOT0, OBUIH ITOCTPOE -
HBI 2 TOCYTapCTBEHHBIX MEXKIYHAPOIHBIX JIA00OPATOPUH
IIJIST COBMECTHBIX MCCIICIOBAaHUN 1 4 Oa3bl BHEIPCHUS
3apyOeXHBIX KOMIETCHIINN KaK WHHOBAIIMOHHOTO
COCTABJISTIONICTO HAYyYHOI 001acTu (M3BECTHHINM KakK
«111 Project»).

MexxayHapogHas WKola MaTepuanoBefeHns
" NHXXeHepun

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
keHepHoro aena (MILIMIM/I) Oplia BKIIIOUeHA B CITHCOK
«CeTn MEXIyHApPOIHBIX 00pa30BaTEIBHEBIX IIEHTPOB»
npu momaepxkke ['ocymapcTBeHHON agMUHUCTPAIAN
KHP no genam nHOCTpaHHBIX KCIIEpTOB 1 MUHUCTEP-
ctBa obpasoBanusg KHP B utone 2015 roma Kak ogHa
13 16 MeXIyHAPOIHBIX ILIKOJI 110 BCEii CTpaHe.

PykoBomcTBysich «HammmoHanpHOM cTpaTerneit pas-
BUTHUS, OPUCHTHPOBAHHOM Ha MHHOBAIIUI» 1 OOJIBIIIYIO
MOTPeOHOCTh B pepOpPMUPOBAHUM HAITMOHATBLHOM CHU-
creMbl Bhicuiero odpaszosanusi, MILIMWU]I ctpemuTtcs
co3aarth Beayllee B Mupe HarpaieHue MU/l myrem
TIPUBJICYCHUS MCCIEIOBATEIBCKOTO 1 TIPEToaaBaTelb-
CKOTO COCTaBa BHICOKOTO YPOBHSI, CO3TaHMS NMHHOBA-
OUOHHOM MMJIOTHOM 30HBI 00Oy4YeHUS W (hOPMUPOBA-
HUSI THHOBAIIMOHHOM CUCTEMBI TTOATOTOBKY TAJIAHTOB.
PyKOBOACTBYSACH UIAEAMU «COTPYIHUYECTBA MIPEATIPU-

SITUI, MEXITYHAPOIHON KOOIIepallii ¥ COTPYTHUYECTBA
B obsactu uccneposanuii», MIIIMW]I opranusosana
21 TpyIIITy HACTaBHUKOB ITOJ PYKOBOICTBOM YICHBIX VI
BHUIHBIX ITIPO(ECCOPOB, a TAKKE 4 MEKIUCITUTIINHAPHEIC
TPYIIIBI IO OOYYECHUIO MHHOBAIIMSM U IPEIIIPUHIMA-
TEJIbCTBY.

CTpeMsiCh CTaTh BEAYIIIUM MHPOBBIM pa3padoTIn-
KOM CTPOUTEIbHBIX MaTePUAIOB M HOBBIX MaTepHaIOB
B 21 Beke, MILIMUW /I ouleHMBaeT MHHOBAIIMOHHBIC
CIIOCOOHOCTH KaK OTHY U3 KITFOUEBBIX BO3MOXKHOCTEH
1 TIPOBOAUT peopMUpOBaHIEC MHHOBAIIMOHHOM CH-
CTEeMBI TTOATOTOBKM KaApOB B paMKax IIPOTpaMMEI Oa-
KaJaBpuaTa, MarucTpaTypbl U TOKTOPAHTYPHI, a TAKXKe
MeXAyHapOomgHOU mporpamMmbl ooyueHust. MIIMUW]
IIpeIaraeT CTyIeHTaM BCeOObEeMITIONIYIO YIeOHYIO TIPO-
rpaMMy, KOTOpasi OXBaThIBacT MaTepHUaIOBEICHHE, CCTE-
CTBEHHBIC HAyKM, OTPACJICBBIC SHEPTeTUICCKIE HAYKH,
HayKu 00 OKpyxXalollei cpene, MHDOPMATHUKY 1 U3yde-
HME TIepeIOBEIX ITPON3BOICTBECHHBIX TEXHOIOTHIT. YTOOKI
ITO3HAKOMUTH BCEX CTYACHTOB C MEXKIYHAPOTHBIM OIThI-
TOM, PEaM3yIOTCsSI COBMECTHBIC TTIPOTPAMMBI OOYICHUS
B COTPYIHUYECTBE C BEAYIITMMU MUPOBBIMU YHUBEPCHUTE-
tamu. Kpome toro, nipu MILIMUW ] co3gaHo HECKOJIBKO
IaTopM IJIsI BCECTOPOHHETO Pa3BUTHUS CTYICHTOB,
Takux Kak @opyM BEIIAIOIINXCS UCCIIenoBaTeneil, Mex-
IYHAPOIHBINA (POPYM 10 BUICHUIO OYIYIIErO Pa3BUTHS,
CeMmHap OIICHKM KadecTBa oOpa3oBaHmst, CTymeHYe-
ckoe HayuyHoe obmectBo (CHO) marepmanoBeneHUs
YXaHBCKOTO TexHoJormueckoro yausepcurera. CHO
MaTepHaroBeIeHUs IATh JieT noapsia ¢ 2018 mo 2022 rox,
ynoctrauBaeTcs Harpaabl Chapter of Excellence Award.
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lfocypapcTBeHHas cTpaTternyeckas naboparopus
nepcneKTUBHbIX TEXHOJIOTUIA CMHTe3a 1 06paboTKMN
maTepuanoB (YXaHbCKUI1 TeXHONOrnYecknn
YHUBEPCUTET)

locynapcTtBeHHast KiawoueBas JlabopaTopusl mep-
CMEKTUBHBIX TEXHOJOTUI CUHTE3a U 00pabOTKU MaTe-
puanoB OblIa yTBepxaeHa ['ocymapcTBEeHHON KOMUC-
cueil TuraHupoBaHUs pa3Butus B 1987 romy. Ilocie
roCcy1apCTBEHHOU MHCIIEKIIUU OHA OblIa OTKPBITA IS
obmectBeHHOCTH B Mapte 1990 roma. JlabopaTtopus Ha-
XOJIUTCS B HEMOCPEICTBEHHOM BeIeHUM MUHUCTEepCTBA
HayKU ¥ TeXHOJIOTMHU. B HacTosimmee Bpemst mpocdeccop
I'y bunnuHb, akanemuk Kuralickoil akaaeMuu Hayk,
SBJISIETCS MpeaceaareyieM akageMuyeckoro Komurera
nmabopatopun, a mpodeccop @y Uskon U, akamemuk Ku-
TaliCKOM MHKEHEPHOU aKaIeMHH, SIBIISIETCSI IUPEKTOPOM
naboparopun. Jlaboparopusi pacriojioXeHa B YXaHbCKOM
TEXHOJOTMUYECKOM YHUBEPCUTETE U SBJISIETCS KJIOYe-
BOM rocymapcTBeHHOU jJabopaTtopueit, cieluaanu3u-
pyroIieiicss B 00J1acTH HOBBIX MaTepuaioB. PaKkyIbTeT
MaTepUaIOBEICHUST Y MHXXEHEPHOTO JieJla YXaHbCKOTO
TEXHOJOTUYECKOTO YHUBEpCUTETA ObLI KJIacCUPULIM-
POBaH KakK MepBOKIJIACCHOE TOCYIapCTBEHHOE KJII0YEBOE
Hay4yHOe HallpaBjIeHUE, BKIIOUEHHOE B HALIMOHAIbHBI
npoeKT «985», «Co3maHue y4eOHOI TporpaMMbl MU-
POBOTO YPOBHS» M MOJIYYMII OIICHKY A+ B YCTBEPTOM
payHIie HallMOHAJIbHOM OLIEHKW HAayYHbIX HAIpaBJICHUI.
CTpeMsICh K TT100aTbHBIM TTePEIOBBIM MCCICIOBAHUSIM
B 00J1aCTU MaTepuaIoOBEACHUSI U YIOBJIETBOPSISI OCHOB-
Hble HallMOHAJIbHbIE TTOTPEOHOCTH, BTa JabopaTOpUs
TIpeACTaBIsACT cO00It TIaThopMy MUPOBOTO Kitacca ISt
TEXHOJIOTUM KOMITAYHAUPOBAHUSI U TTOATOTOBKU Ma-
TepUaJIoB, JIs pa3pabOTKU MepeaoBbIX KOMITO3UTHBIX
MaTepuayioB ISl KPYITHBIX HALIMOHAJbHBIX TPOEKTOB
M OTpaciiell MPOMBIIIUIEHHOCTH, a TaKXe JJISI OKa3aHUSs
MOIePKKY HA HALIMOHAJIbHOM CTPaTeTMYeCKOM YPOBHE.
JlaGopaTopust coobuimnaa 00 OpUTMHAIBHBIX U CUCTE-
MaTUYECKUX pe3yjbTaTax UCCAeIOBaHUN C MeXIyHa-
POIHBIM YYacTUEM B 00JaCTU TpaHC(HOPMALIMOHHBIX
TEXHOJIOTUIA, MePEeIOBbIX HOBBIX MATEPUATIOB U MEXKIUC-
LUTUIMHAPHBIX 00JacTei, M MO3TOMY OHA BO3IJIABJISIET
pa3pabOTKy HECKOJbLKUX CTPATeTUYECKUX MEPETOBBIX
HOBBIX MaTepraJioB Ha MEXAYHAapOAHOM ypoBHe. Jla-
0GopaTtopus COCOOCTBYET Pa3BUTUIO MTEPBOKIACCHBIX
HMCCIIeN0BaTeIbCKUX TaTaHTOB BO BCEM MUpPE MOCPE-
CTBOM TI€pEIOBBIX HAyYHBbIX UCCIEAOBaHMI B 00J1aCTH
MarepuagoBeneHus U TexHojoruii. Kpome toro, nabopa-
TOPUS CO31aJ1a KYJIBTYPY MEXIYHAPOIHBIX COBMECTHBIX
WHHOBALIMI M MpoBeJia MEXIyHAPOAHbIE COBMECTHbBIE
WICCIICAOBAHMS T10 TIPUHITAITY «Win-win», TeM caMbIM
YKPEIMUB MEXIYHAPOIHOE BIUSIHYE, TTPUBJIEKATEIbHOCTD
U CILJIOYEHHOCTH JJabopatopuu. JlabopaTopust nodbunach
MCTOPMYECKOTO MPOPhIBA IO OLIEHKE KITIOYEBBIX TOCYIap-
CTBEHHBIX JJabopaTopuii B 00J1aCTU MaTepUaTOBEACHMSI.

CocpemoTOYMBIINICEH Ha OOIIEM BUICHUM U IIETISIX,
Jabopatopust GOKycHpyeTcs Ha CO3MaHNHI 1 Pa3paboTKe
MHOTOKOMITOHEHTHBIX, PA3HOMACIITAOHBIX U MHOTOCJION -
HBIX KOMITO3UTHBIX MaTePUaIOB Y TEOPUHU ITPOEKTUPOBA-
HUS MaTEepUaJiOB, U3YYEHHUE KOTOPBIX CTPOUTCSI HA OC-
HOBHBIX UCCIEI0BATENCKUX I1aT(hOpMaX, BKIIOYAIOIINX
TEXHOJIOTHIO TPAJMEHTHBIX KOMITO3UTHBIX MaTEpHaJIOB,
TEXHOJIOTMIO M3TOTOBJEHUS KOMITO3UTHBIX MaTepUaJIOB
«B MOMEHT 00pa30BaHUs», HAHOKOMITO3UTHYIO TEXHO-
JIOTMIO M MHTErpUpOBaHHbIE MHHOBaLMKU. B HacTrosiee
BpeMsI TIPOBOJISATCS UCCEIOBAHMS TISITU KJTIOUEBbIX MaTe-
pUAJIOB, B TOM YMCJIE TIEPETOBBIX KOMIIO3UTHBIX MAaTEPH-
aJIoB JIJ1s1 KPYIHBIX HAIMOHAJIBHBIX TTPOEKTOB 1 OMTOPHBIX
oTpacJeit, MaTepuanoB s 3(PGHEeKTUBHOTO MIpeodpas3o-
BaHUS U XpaHEHUSI SHEPTUU IS HOBBIX 9HEPTeTUYECKUX
TEXHOJIOTUI, HAHOKOMITIO3UTHBIX OMOMAaTEpUAaIOB 1151
€CTECTBEHHBIX HAyK, UH(OPMALIMOHHBIX (DYHKIIMOHATIb-
HBIX MaTepHUAaIOB TSI MH(MOPMAITMOHHBIX TEXHOJIOTUMA
U TIepeIOBbIX HOBBIX MAaTePUAIOB JJ1s1 TpaHC(hOpMalK-
OHHBIX TexHoJIoTuii. Takum 006pazom, 1adbopaTtopust ycra-
HOBUJIA CJIEAYIONIUE MATh OTIMUUTEIbHBIX HAMpaBJIeHU I
KCCIIeIOBAHMI: TPAJUEHTHAs KOMITO3UTHAS TEXHOJIOTUS
1 HOBbIE MaTepuUaJibl, TEXHOJIOTUSI UBTOTOBJIEHUSI KOMITO-
3UTHBIX MaTEPHAJIOB «B MOMEHT 00pa30BaHUSI» 1 HOBBIE
MaTepuajbl, HAHOKOMIO3UTHasI TEXHOJIOTUSI 1 HOBbIE
MaTepuaibl, Mpeodpasytoliasi TEXHOJIOTUS U MIEPeIOBbIe
HOBbIE MaTepuaJbl, a TAaKXKe MPUHIIAIBI KOMIO3UTHbBIX
MaTepuasioB U IU3aliH MaTepUaioB.

B nabGoparopuu paboTaeT akTUBHAsI U MUHHOBALIMOH-
Has McclieoBaTeIbCKas rpyIIa, COCTOsIIIast B OCHOBHOM
W3 MOJIOJIbIX MCCieoBaTeieil u ucciaenonarelieit cpe-
Hero Bo3pacTta. 100 mMOCTOSTHHBIX COTPYIHUKOB, B TOM
yucie 1 akagemMnk Kuraiickoif akameMuu Hayk, 2 aka-
nemuka Kuraiickoii mHxXeHepHOU akageMuu, 1 akange-
MUK KoposieBckoii akaneMuit HayK v UICKYCCTB benbruu,
2 akageMuKa EBporreiickoit akageMu HayK 1 ICKYCCTB,
1 akagmeMuK ABCTpaJIMACKON MHXKEHEPHO-TEXHOJOTH-
yecKoi akagemu, 1 akageMuk BceMupHoil akaneMun
KepaMuKH, 12 rcciaenoBaresieii HAlMOHAIEHOTO YPOBHS,
1 rnaBHBIN HayyHbI! coTpynHUK HalmoHanbHOM npo-
rpaMMBI «973», 5 cTUTIEHAMATOB HaIlMOHAILHOTO (DOHIA
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«Outstanding Youth Science Fund» u 30 cTumieHnmaToB
«HanmoHanbHOTO TIIaHA TTOANEPKKU TaJTaHTOB» U T.I.
JlabopaTopust aKTUBHO TTOAICPKUBACT BHITAIOIINXCS
YYICHBIX, KOTOPBIC TIPUE3KAIOT U IIPOBOMISIT COBMECT-
HBIC MCCIICA0BAHMS IO BCeMY MUPY B YHUBEPCUTETaX
¥ UCCIIEIOBATEIbCKINX MHCTUTYTAX MIPOBOTO YPOBHSI.
B mociename roman 1abopaTopus HalpaBuila HECKOTb-
KO BBIIAIOIINXCST MOJIOABIX YUCHBIX B MEKIYHAPOITHEIC
YHUBEPCUTETHI MIPOBOTO YPOBHSI 00JIee YeM Ha OIMH TOII
IUIST TIPOBEICHMST COBMECTHBIX MCCIICTOBAHUIA.
Jlaboparopust nenaet yrmop Ha ri1o0ajibHbIM aKageMu-
YeCKUi1 00OMEH M COTPYTHUUYECTBO. 3a MOCICTHUE MSTh
JIET MBI TIPUHSIIN Ha padboTy 25 3apyOeKHBIX YUEHBIX
B KaUeCTBE MTOYCTHBIX M IIPUIIAIICHHBIX TTPO(hecCcopoB
B OCHOBHBIX 00JIaCTSIX UCCIICIOBAHMIA C IIEJTBIO CO3MAHMS
OJIAaTOIIPUSATHBIX YCIIOBUI paOOTHI TSI BCEMUPHO M3BECT-
HBIX YUEHBIX M POBENEHUSI COBMECTHBIX UCCIIETOBAHUI
B 1aboparopun. JlJabopaTopus Halagmia B3auMOBBITOI-
HOE COTPYTHUUYECTBO ¢ MUYINTAHCKIM YHUBEPCUTETOM;
SITTOHCKMM areHTCTBOM a3pOKOCMHUUCCKIX CCIICIOBAHIIA
(JAXA); MHcTUTYyTOM MaTepraioBeecHUsT Y HUBEpCUTETA
Toxoky (Anonus); LleHTpom HccienoBaHus MaTepuaioB
Okcdopnckoro yanBepcuteta ( Bemmkoopuranus); LlieH-
TPOM HCCJICIOBaHMS KOMITO3UTOB KamdopHuiickoro
yuuBepcuteTa (CIIA) 1 HalmmoHaabHBIM MHCTUTYTOM
TOIUTMBHBIX 31eMeHTOB (KaHama), a Takske ¢ IpyruMu
BCEMUPHO M3BECTHBIMM HAYYHO-HCCIICA0BATCIIHCKIMH
yapexxneHnsIMA. MUHUCTEpCTBO HAYKW U TEXHOJIOTHIt
coznano «MeXXIyHapOIHYIO0 COBMECTHYIO JTAOOPaTOPHUIO
TIepeIOBBIX TEXHOJIOTUI CUHTE3a 1 00pabOTKH MaTepy-
aJIOB», KOTOPAs SIBJISICTCST OMHOI M3 TIePBHIX 33 MEXKITy-
HapOIHBIX COBMECTHBIX Jaboparopuii B Kurtae. Kpome
toro, ['ocynapctBeHHast anmuHuctpanust KHP no nenam
MHOCTPAHHBIX SKCIIEPTOB 1 MUHNCTEPCTBO 00Pa30BaHMS
COBMECTHO C(pOPMUPOBAIIH TPU HAYIHbIC 0a3bI, TTOIACP-
kuBaeMble [IporpaMMoit ”HHOBAIIMIT W pa3BUTUS Ta-
JIAaHTOB, a MMEHHO «HOBBIe KOMITO3UTHEIC MaTepPUAJTBI
¥ TIepenoBbie (PYHKIIMOHAIBHEIC MaTepualbl», «Ilepe-
TOBBIC TEXHOJIOTMH ITIOATOTOBKH 1 ITPUKIIATHOTO ITPOCK-

TUPOBAHKS HOBBIX (DYHKIIMOHAIBHBIX TOHKOILUICHOUHBIX
MaTepHanoB» 1 «/IHHOBALIMK 1 TAaJIaHTbI /IS YBEJIMUCHUS
CpOKa CIIyKObI KOMITO3UTOB». OIUpPasch Ha 5TU BaxKHBIE
m1aThOPMbI MEXIYHAPOIHOIO COTPYIHMUYECTBA, J1a00-
paTopus OCYLIECTBIIA HECKOJIbKO KJIIOUEBBIX TOCydap-
CTBEHHBIX IIPOEKTOB ¢ MEXIYHAPOIHBIM COTPYIHUYE-
CTBOM M JOOMJIACH IUTOMOTBOPHBIX PE3Y/IHTATOB.

B Hacrosiee BpeMs IUIOLIALb Ja00paTOPUU COCTAB-
JisteT 25 Thic. 350 M2, ¢ OCHAIIIEHMEM COBPEMEHHBIM 000-
pPYAOBaHUEM ISl CMHTE3a U 00pabOTKM MaTepUasioB,
a TaKxXKe CaMbIMM COBPEMEHHBIMU MPUOOPAMMU JIJISI aHA-
JIM3a CTPYKTYpPhl MaTepUAIOB, XapaKTepUCTUKU U Te-
CTUPOBaHUSI IPOU3BOAUTEIbHOCTU. OOIIast OLEHOYHAS
CTOMMOCTb OCHAIlIeHUsI 1a00pPaTOPUU COCTABISIET IIPU-
om3uTenbHO 430 MITH I0oaHeH.

3HakomcTBO c focygapcTBeHHON Ko4eBom
na6opartopuei CcMANKaTHbIX MaTepuanos
ANA apXUTEKTYpbl

T'ocynapcTBeHHas KitoueBast JlabopaTopust CUIIMKaT-
HBIX MaTepUaJIOB IJIST apXUTEKTYPHI TTOJTYIIyIa OMOOpEHIE
IUTST OTKPBITHST MUHHICTEPCTBOM HAYKM 1 TeXHUKM Knrast
(MHTK) B oktsi6pe 2011 roma, a B utose 2013 roma mpo-
nuia akcreptusy MHTK. JlabopaTopust pa3BuBaeT oc-
HOBHBIC (DyHIAMEHTAIBHBIC TCOPUH 1 OOIIINE KITIOUCBEIC
TEXHOJIOTMIECKIE BOIIPOCHI B TIpoIiecce pa3padbOTKU 1 BO
BpEeMsI CpOKa CITy>KObI CHITMKATHBIX MATCPUAJIOB JIJIST apXHU-
TEKTYPHI, pa3pabaThIBacT METOIbI IIPOM3BOICTBA C HU3KOM
Harpy3Koil Ha OKPYKaIOIIyI0 Cpedy 1 TEOPUN TIOBBIIIIC-
HUS BHEPro3PEeKTUBHOCTU, UCCIIEAYET U pa3padaThi-
BaeT BBICOKOA(D(EKTUBHBIC I MHOTO(DYHKIIMOHATHHEIE
CTPOUTEJIbHBIE MAaTepUabl IJIs1 TOAIEPKKU OCHOBHBIX
WHXEHEePHBIX KOHCTPYKINI, pa3padaThIBaeT KOJIOTIIC-
CKU YMCTBIC, SHEProcOeperaronie M MHTEIUICKTyaIbHbIC
CTpOUTEIbHBIC CCTEMBI, a TAKXKE TIpeyiaracT HOBhIE TEO-
Py, HOBBIC METOIBI 1 OCHOBHBIC KITIOUEBBIC TEXHOJIOTHI
JIJIS1 JOCTUXKEHMST AOJITOCPOYHOM CTAOUJIBHOCTH U Tiepe-
PpabOTKI CTPOUTEIIEHBIX MAaTepHUAIOB ¥ KOHCTPYKIIHIA.

OCHOBHBIMH HaIpaBICHUSIMH pabOTHI 1ab0opaTo-
pUM SIBJISTFOTCS] MICCIICIOBAHMS TS CHUKCHUS HATpy3KU
Ha OKPYKaIoIIyIo cpeay, PYHKIMOHAIBHOE ITPOSKTUPO-
BaHWE U PETyJIMPOBAHME, NCCICIOBAHUS «IIOBCICHUSI»
MaTepHuaJioB BO BPeMsI CPOKA CIYKOBI U TTPUHIIMITHI
MIPOUTCHUST CPOKA CIIYXKOBI, a TAKKE TepepaboTKa CH-
JINKATHBIX MaTePHUAJIOB IUISI CTPOUTEIILCTBA.

JlaGoparopust 3anumaert riomanb 12 500 m?> 1 ocHa-
eHa PO eCCUOHATIEHBIM MCCIIEA0BATEILCKIM 000pY-
IIOBaHUEM CTOMMOCTHIO 0ojiee 100 MIJITTMOHOB I0aHei,
00pa3ys McCIenoBaTeIbCKYIO IIaTMopMy, BKITIOYAIO-
Y0 BOCeMb ITpoeCcCHOHATBHBIX BTOPUYHBIX JJabopa-
TOPUI U ONWH OOIIECTBEHHBIN SKCIIEpUMEHTATbHBINA
meHTp. MccnenoBarenbckas miatopMa MMeeT MOIII-
HOCTH TS TIPOBEICHUS MCCIIEAOBAHUI B 00JIACTH HAYKH
1 TEXHUKU TETUIOBOTO 000PYIOBaHUSI, IIEMEHTA U BSKY-
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2023 International Seminar on Interdisciplinary Materials

IIMX MaTeprajaoB, OeTOHA, CTeKIIa, KepaMUKHU, TIJICHOK
¥ TIOKPHBITUIA, CTEHOBBIX ¥ OPOKHBIX MaTePHUAJIOB.
JlabopaTopus mOCTyITHA KaK IJIsT KMTAMCKMX, TaK
¥ U1 MeXXKIYHApOIHBIX 3agBOK U HaIleJeHa Ha BHY-
TPEHHUE U MEXIYHApOIHbIe aKaJeMUUeCcKre OOMEHbBI
U coTpyaHuuecTBo. Ha 6a3e nabopaTopuu Obu1a co3naHa
«MexnyHapomHast 0a3a HayIHO-TEXHIIECKOTO COTPY/I-
HUYECTBA B 00JIaCTH 9KOJIOTUICCKI YNCTHIX CTPOUTEITb-
HBIX MaTepuaoB», KoTopas B 2013 roxy 6bu1a onpene-
neHa MHTK B kauecTBe Moaenn MeXXKIyHapOIHOI Oa3bl
HAYIHO-TEXHUYECKOTO COTPYIHUICCTBA.
MHHOBaLIMOHHbBIE JOCTHUXKEHMSI HAYYHBIX UCCIEA0-
BaHUI 1a0OpaTOPUM BHOCST OOJBIION BKJIad B HALIUO-
HaJIbHYI0 SKOHOMWKY 1 COITMATbHOE Pa3BUTHE, BKITIOUAS
TIpeIOoCTaBICHNE KITIOUEBO TEXHNICCKOM MOIIEPKKH
IUISI CTPOUTEILCTBA OCHOBHOM HAIIMOHAIBHOI MHMpa-
CTPYKTYPBI CTPaHBI, CTUMYJIUPOBAHUE CTPYKTYPHBIX
peoOpa3oBaHU U TEXHOJIOTHUECKON MOIEPHU3AIINN
TPATUIIMOHHOM IIPOMBIIIICHHOCTH CTPOUTEIHHBIX Ma-
TEPUAJIOB, a TAKKE CONEIICTBHE BHEAPCHMIO CTpaTeT it
3HEProcOepeKeHNs M COKPAIICHUIO BEIOPOCOB.

3HakomcTBO ¢ xKypHanom Interdisciplinary Materials

Hayunsrii xxypHai Interdisciplinary Materials (ISSN:
2767-441X) Gbu1 3anylleH YXaHbCKUM T€XHOJIOTHUYE-

KoHTakTHas
nHpopmavlma

YXaHbCKNI TEXHONOrMYeCKNii yHnBepcnTeT
430070, Kutain, npoBrHUua Xy6er, I. YxaHb,

panoH XyHriaH, 122 Jlyoww Poyg,
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ABSTRACT

Introduction. Most of the paint and varnish materials are produced from imported raw materials using foreign technologies. Due to
the growth of the construction industry, demand for varnishes and paints has significantly increased. Varnishes and paints provide
a protective coating for buildings and structures. Therefore, the need for paint and varnish products made from locally sourced
materials is relevant not only in terms of import substitution, but also in terms of economics. The materials used as lacquers are
composite compositions. They are made by applying them to a selected surface, resulting in a solid polymer film with appropri-
ate properties. This type of materials is used to coat and protect structural building materials from external influences, and gives
them the necessary color and texture. The production of nanostructured anticorrosive paints based on PVC has such advantages
as environmental friendliness, high adhesion, high dispersion, low opacity, low viscosity, and environmental resistance. Methods
and materials. The scientific research is aimed at obtaining nanostructured lacquer paint by modifying PVC with organic solvents
and montmorillonite, a clay mineral of various extraction depths from the Talalaevsky deposit located 20 km from Sterlitamak,
Republic of Bashkortostan. The purpose of the scientific work is to use clay minerals consisting of oxides and silicates of aluminum
and magnesium with a small content of sodium and calcium salts, which act as nanostructuring binders. The performance charac-
teristics of the obtained nanostructured paint samples were tested for adhesion, opacity, drying rate, and elasticity. Results. The
research results have shown that the use of clay as a nanostructuring modifier of PVC paint makes it possible to obtain a product
with characteristics corresponding to regulatory documents. Conclusion. This study aims to develop a nano-lacquer paint made
from locally available raw materials that can be used to coat building facades and other construction surfaces.
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AHHOTALMA

BBepeHume. bonbluaa yacTb NTAKOKPACOUYHbIX MaTePUanoB MPOM3BOAMNIACh U3 MMMNOPTHOIO CbiPbA MO 3apyOeXKHOWM TEXHOMOMN.
B cBA3M € pOoCcTOM CTpOUTENBHOW OTPACIM CYLLECTBEHHO BO3POC CMPOC Ha Naku 1 Kpacku. JTakn 1 Kpacku obecneunBaloT 3almutHoe
MOKPbITUE CTPOUTENbHBIX 3AaHNI U COOPYKeHUIA. TakM 06pa3om, NOTPEOHOCTb TAKOKPACOYHOIO MPOM3BOACTBA B CbiPbe MECTHOIO
NPOUCXOXAEHMA ABNAETCA aKTyasIbHbIM He TOJIbKO C TOUKM 3PeHMUA UMOPTO3aMeLLeHUs, HO 1 C TOYKM 3peHUA SKOHOMUKI. MaTepuanbl,
MCnosnb3yemMble B KauecTBe Jlak-KpacoK, NpefcTaBaoT cOO0M KOMNO3ULIMOHHbIE COCTaBbl. VX M3roTaBnMBaloT METOAOM HaHeCeHWs
Ha BblOpaHHYI0 MOBEPXHOCTb, B pe3ysibTaTe 06pa3yeTcs CNIOLWHas NofvMepHas MieHKa C COOTBETCTBYIOLMMMN CBONCTBaMU. [JaHHbII
BW[ MaTepuanos NCMOSb3YIOT AN NOKPLITUA 1 3aLUTbl KOHCTPYKLNOHHbIX CTPOUTESNIbHbIX MaTEPManioB OT BHELLHKX BO3AeNCTBUIA
1 NpUAAT UM HeobxoArMbIN LBeT U GaKTypy. [onyyeHmne HaHCTPYKTYPUPOBAHHbIX aHTUKOPPO3MOHHBIX JlaK-KPacoK Ha OCHOBe
MONVXIOPBUHWA UMEET TaKne NPenMyLLecTBa, Kak S3KONOrMyHOCTb, BbICOKYHO aire3MOHHYI0 COCOBHOCTb, BbICOKYHO ANCNEPCHOCTD,
HU3KNI NOKasaTenb YKPbIBUCTOCTY, HU3KYIO BA3KOCTb, CTOMKOCTb K BO3AENCTBUIO OKpY»KatoLeln cpedbl. MeTogabl 1 matepuanbl.
HayuHoe nccnenoBaHve HanpasneHo Ha MOJlyYeHne HAHOCTPYKTYPUPOBAHHON Nak-Kpackn ¢ MogndukaLumen nonmxnopeBrHmMna
C OpraHMYecKUMY PacTBOPUTENAMM U MOHTMOPWNIOHMTA IIMHUCTOrO MHEpasna pasfnyHon rnyObunHbl n3BneveHns Tananaesckoro
MeCTOPOXAEHUA, pacrnonoxkeHHoro B 20 KM oT r. CTepnutamaka Pecny6nuku bawkoptocTaH. Lienbio HayuHol paboTbl ABnAeTcA nc-
Nosib30BaHe MUHNUCTbIX MMHEPanoB, COCTOALLUMX U3 OKCUAOB U CUIMKATOB allOMUHMA N MAarH1A C HeGObLUMM CofilepKaHueM coreit
HaTPWA 1 KanbLuA, BbINOMHALMUX POSb HAHOCTPYKTYPUPYIOLLMX CBA3YIOLNX KOMIOHEHTOB. JKCMyaTaLNOHHbIe XapaKTepUCTUKN
nosly4YeHHbIX 06Pa3LOB HAHOCTPYKTYPUPOBAHHON KPACKN TECTUPOBAY Ha afresuto, yKpbIBUCTOCTb, CKOPOCTb BbICbIXaHUA, S1acTNY-
HoCTb. Pe3ynbTaTbl. Pe3ynbrathl UccnefoBaHMiA MOKa3anu, YTo NPYMEHEHUE MNHbI B KaYeCTBe HAaHOCTPYKTYprpyioLiero moandm-
KaTopa NoNMXI0PBMHNNOBON NaK-KPacKy NO3BOSIAET MOYUNTb MPOAYKT C XapaKTepUCTKaMm, COOTBETCTBYOLMMN HOPMATUBHbBIM
JOKyMeHTaM. 3aKinioueHue. [laHHOe 1cciefoBaHMe 3aKoYaeTcs B MOyYeHNM HaHOaK-KpacKy, MoslyYeHHON U3 JOCTYMHOrO CbipbA
MECTHOTIO MPOVCXOXAEHNSA, KOTOPAA MOXET UCMONb30BaTbCA ANA NOKPbITUA GacafioB 3[aHNIN U APYTUX CTPOUTENbHBIX COOPYXKEHWIA.

KJTIOYEBDIE CJIOBA: nonvMxnopBuHWUA, FVHA, HAHOCTPYKTYPUPYIOLWMI MOHTMOPWIITIOHUT, laK-Kpacka

ana uMTUPOBAHUA:

boes E.B., icnamytauHosa A.A., KacbaHoBa J1.3., AM1HoBa 3.K. Cnoco6 nonyyeHua Kpacok Ha OCHOBE HaHOCTPYKTYPUPOBAHHOTO
NONMBMHWIIOBOTO Nlaka. HaHomexHonozuu 8 cmpoumenscmeae. 2025;17(3):331-338. https://doi.org/10.15828/2075-8545-2025-17-
3-331-338. - EDN: ZEBVIG.

INTRODUCTION pigment particles into a single integral film formed during

drying. Fillers give the varnish-paint smoothness and

Due to their nanostructured composition, paint and var-
nish materials better protect and cover building structures
made of various materials, allowing them to give a con-
sumer decorative appearance. Nanostructuring additives
are widely used in the construction industry to improve
operational characteristics [1—3].

The application of paint and varnish coatings leads to
the formation of a thin nanostructured protective layer
on its surface.

The preparation of such paint and varnish materials
is carried out using a fairly simple technology. The main
components included in the composition of lacquer paints
are pigments, various fillers and binders. Pigments are
used to give the paint certain shades of colors. The com-
positions of the pigments and their properties are also
selected in accordance with the material of the building
structures and taking into account the effects of external
factors. Depending on the concentration, the pigment
can affect the color saturation of the lacquer paint, it has
been found that, as a rule, high concentrations give a
dull color, and low concentrations, on the contrary, give
brightness [4—10].

The bonding property of lacquer paints is one of the
most important characteristics affected by the binder ad-
ditive. The function of the binder additive is to glue small

stickiness. When applying varnish-paint to the surface
of building structures, such a filler evaporates. Paint and
varnish materials made on the basis of PVC resin provide
a richer color range and retain their decorative function
for up to four years. PVC paint and varnish compositions
are widely used in the construction industry, they cover
not only metal and wooden structures, but also concrete,
brick and plastered surfaces. Such coatings retain high
activity against the effects of strong acids such as sulfuric
and nitric acids, concentrated solutions of mineral salts,
organic compounds and oils. It is necessary to note the
high adhesive properties that protect building structures
from moisture penetration. Also, the paint composition is
ready for use and does not require dilution with solvents
[11-16].

METHODS AND MATERIALS

The paper develops a formulation for the production
of nanostructured lacquer paint based on polyvinyl chlo-
ride and clay from a local deposit containing aluminum
and silicon as nanoparticles.

All the main characteristics of paint and varnish mate-
rials describing their quality can be found in the passport
for products provided to consumers.
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The samples obtained in the laboratory were tested
according to the methods and relevant regulatory docu-
ments:

The degree of grinding. This indicator is based on
measuring the size of solid paint micro-components.
The quality of the paint composition depends on their
quantity, and as they increase, the quality decreases. The
method for determining the degree of grinding of paint
and varnish materials was calculated in accordance with
GOST R 52753-2007. “Paint and varnish materials. The
method of determining the degree of grinding”.

Testing was carried out at a temperature of 23—25 ° C.
The device was installed on a horizontal surface. The
analyzed paint and varnish samples were placed in the far-
thest deep end of the groove, thus preventing air bubbles
from entering. The scraper was installed perpendicular
to the far end of the groove, with the condition that the
length of the scraper was parallel to the width of the de-
vice itself. The scraper with gentle pressure is positioned
strictly vertically on the measuring surface. So that the
scraper completely removes the excess applied at the be-
ginning and the paintwork is completely evenly distrib-
uted. Then, for 5—6 seconds, it is necessary to examine
the analyzed material in the light. The viewing direction
is perpendicular to the length of the groove, at an angle of
no more than 30° and no less than 20°, and the determina-
tion of the location of the particles in the groove, where
they become visible, begins.

Viscosity. This indicator is analyzed by the expiration
time of the required amount of paint and varnish mate-
rial through a calibrated hole, characterizing the painting
properties. The viscosity index determines the method
of applying the paint coating to the cleaned surface. The
coating can be applied with a brush, roller and spray gun.

The viscosity of the paint can be measured on a vis-
cometer, the analysis is carried out at a pressure of
0.1 Mpa and a temperature of 21—25 °C. The viscometer
consists of a funnel and a nozzle of a certain size. A vis-
cometer of the VZ—246 brand was used in the work, which
shows the conditional (Newtonian) viscosity — the time
of transition of the studied paint composition through the
calibrated nozzle hole, while the paintwork is not affected
by any forces other than gravity.

The opacity index shows how much paint is needed
to paint 1 m? of the surface. This method allows you to
determine the consumption of the studied material, the
less it is, the better the economic component. Thus, the
discontinuity of paints, enamels, and varnishes is un-
derstood as their ability to apply evenly on a plain, flat
surface. For varnishes, an important characteristic is its
ability to give invisible color or, when painting a black-
and-white substrate, reduce the contrast between black
and white until the difference between them disappears.
A visual assessment method is usually used when con-
ducting opacity tests. A black and white chessboard is

used for this purpose. The essence of the opacity assess-
ment is to apply layers of paint and varnish composition
to the glass surface until the black and white squares of
the checkerboard located under the glass plate disappear.
As a rule, glass plates of 90%120 mm and 1.2—1.8 mm
thick are used.

The determination of the drying time corresponds
to the curing time of the paintwork, which allows you to
determine the time of application of subsequent layers and
assess the readiness of the analyzed coating for continuous
use. The degree of drying determines the condition of the
applied coating applied to the plate depending on the dry-
ing time under certain conditions. That is, the drying time
of the paint is called a certain period of time at which the
required degree of drying of the paint composition layer
with a given coating thickness is achieved under certain
drying conditions.

Adhesion is the properties of the paint and varnish
material that make it possible to assess the adhesion
strength of the paint and varnish coating to the painted
surface. The higher this indicator is, the better. The ad-
hesion of the paint and varnish material is determined
in accordance with GOST 15140-78 “Paint and varnish
materials. The method of determining adhesion”. The
basis for determining the adhesion of a paint coating is
the determination of the peeling of a flexible plate from
a fiberglass-reinforced surface and the measurement of
the force applied for this purpose.

The analysis of adhesive properties is carried out at
a temperature range of 18—22 °C with a relative humid-
ity of 60—70%. The study is carried out with two samples
on at least three sections of the treated surface. At least
six incisions are made in each of the test areas and the
condition is met at a distance of at least 10 mm from the
edge of the treated surface. The cutting tool is positioned
perpendicular to the surface. Perpendicular incisions are
made in the same way. Thus, a grid with squares of the
same size is formed on each analyzed sample. The grat-
ings should be located at least 2 cm apart from each other.
Adhesion is determined according to the requirements in
GOST 15140-78 [17].

I evaluate the water resistance based on the resistance
of the paint and varnish material to the effects of fresh or
sea water. When determining the water resistance, the
paint and varnish coating is applied to two identical metal
plates each measuring 70x 150 mm in accordance with the
standard. After drying, the plates are vertically suspended
and immersed in distilled water. It is necessary to cover
the edges with Mendeleev putty before immersion in water
to prevent moisture from entering the coating. After the
plates dry for 1—2 hours, the appearance and color of
the coating are evaluated. The presence of white matte
spots, rashes, blisters and other types of destruction is
not allowed. The resistance of the paintwork to alkalis
and acids is checked in the same way.
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Weather resistance. This property of the paint and
varnish material characterizes its ability to preserve its
protective and decorative properties for a long time in
atmospheric conditions.

The weather resistance of paint and varnish coating
materials was studied in accordance with GOST 6992-68
on an outdoor area. The painted samples are placed on
inclined stands at an angle of 45° to the horizontal sur-
face, facing south. The analyzed samples are examined
at regular intervals, according to established standards.
Upon inspection, an analysis of the degree of destruction
is carried out, which is characterized by loss of gloss mate-
rial, discoloration, dirt retention, weathering, cracking,
delamination, the presence of bubbles and corrosion as
a percentage of the total area of the sample coated with
paint and varnish material. The weather resistance of the
coating with the applied paint and varnish material is ana-
lyzed on a five-point scale of their decorative appearance
and on an eight-point scale of their protective properties.
Property assessment scales are presented in the standard.

For an accelerated method of determining the weather
resistance of paint coatings in the laboratory, it can be
determined on a visirometer device. This device allows
you to analyze samples by alternating exposure to heat
and cold, moisture and dry air, as well as ultraviolet rays.
The duration of the analysis is from 150 to 200 hours.

The work used suspension polyvinyl chloride of the
following grades C-6669PZH, C-6069ZH, C-6369ZH,
5868 PZH, the physico-chemical parameters of which are
presented in Table 1.

The method of preparation of anticorrosive varnish.
Anticorrosive varnish — a solution of PVC resin in a mix-
ture of acetone, toluene (solvent), butyl acetate (ethyl
acetate) — is prepared in a 3-liter container equipped with
a stirrer and a refrigerator. The volume of the reaction
mixture is 1000 g = 1 kg.

The solvents are loaded into the flask periodically
in the following sequence: 577 ml of toluene, 303 ml of
acetone, 13 ml of butyl acetate. A refrigerator is used to
prevent acetone vapors from escaping. At the end of the
solvent loading, the reactor agitator is switched on and
120 g of PVC resin is filled in.

The dissolution of PVC resin is carried out at ambi-
ent temperature. The completeness of resin dissolution is
determined visually by sampling. The first sample is taken
2 hours after the start of dissolution.

If the solution is transparent, does not contain par-
ticles of insoluble resin, and the viscosity of the solution
is within (20 to 35) seconds, the dissolution of the resin
is considered complete. Then add 41 ml of plasticizer
(DOF).

The reaction mixture in the flask is mixed for another
0.5 hours after loading the plasticizer, after which the
quality of the varnish is determined in accordance with
TU 2313-84-0203312-96.

If the quality indicators of the varnish do not match,
it is set to “type” (standardization). At the same time,
certain components provided by the recipe are added.
The varnish is diluted with toluene (solvent) to a nomi-
nal viscosity (20—35) seconds. At a nominal viscosity of

Table 1. Physico-chemical parameters of PVC resins 6669 PP, 5868 W

Brand
Naming of the indicator
C-6669PZH C-6069ZH C-6369ZH C-5868PZH
Pollutants, pcs., not higher 6 5 6 9
Transparent dots with a diameter _ B B 4
of 0.1 cm?, pcs., not higher
The value of the Fikentcher constant 66-67 60-63 62-64 57-59
Bulk density, g/cm? 0.53+0.02 0.55-0.61 0.52-0.62 0.52-0.62
Residue after sieving on a sieve with a grid: oTCyTCTBYET OTCYTCTBYET OTCYTCTBYET OTCYTCTBYET
N2 0315, %, not higher y Y y Y y Y y 4
Ne. 0063, %, not less 97 94 94 91
Flow rate, per second, not higher - 11 12 13
The mass of the absorbed plasticizer, 91 15 B 16
in grams per 100g of PVC, is not less
Percentage of moisture and volatile
substances, in %, not higher 0.2 0.2 02 02
Electrical resistivity, Om * cm, not less 52%1013 52%1013 5%1013 5%1013
The percentage of vinyl chloride, in ppm,
. . 1 1 1 1
is not higher
http://nanobuild.ru 334 info@nanobuild.ru
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less than 20 seconds, PVC resin is loaded into the flask.
These operations are carried out until the varnish meets
the requirements of TU 2313-84-00203312-96.

RESULTS

The resulting nanostructured lacquer paint is recom-
mended for protecting the primed exterior surfaces of
technological equipment, as well as building structures
made of various materials from the effects of aggressive
media at temperatures not exceeding 60 °C (1). The for-
mulation of nanostructured lacquer paint is presented
in Table 2.

The production process is carried out at room tem-
perature and atmospheric pressure.

A comparative characteristic of the obtained sample of
nanostructured lacquer paint with a similar composition

Table 2. Formulation of nanostructured lacquer paint

to the Krsk mark ENAMEL XB-110 (TU 6-27-7-89) was
carried out. The comparative characteristics are given in
Table 3 [18—19].

Further, Figures 1—3 show diagrams of the physical
characteristics of the paints used and the sample devel-
oped by us (indicator 7) for such characteristics as relative
viscosity, mass fraction of non-volatile substances and
drying time.

Preferred characteristics — diagrams.

The diagram shows that of the seven samples studied,
sample 3 has a high viscosity.

When analyzing non-volatile substances, two samples
showed a maximum content of 70%. Drying time at tem-
perature (20£2)°. From to the power of 4 hours, no more,
is shown in Figure 3.

Sample 5 showed the longest drying time, and samples
numbered 1 and 2 dried the fastest.

Naming of components Quantity, g Composition, %
Toluene 149.99 39.29
Acetone 72.16 18.91
Butylacetate 29.85 7.82
PVCresin 36 943
Dioctyl phthalate (DOF) 11.98 3.16
Montmorillonite 81.67 21.39
Total 381.67 100.00

Table 3. Comparative characteristics

Ne Naming of the indicator

ENAMEL XB-110,
TU 6-27-7-89

Anticorrosive paint prepared
in the IHTI of the Federal
State Budgetary Educational
Institution of Higher Technical
Education in Sterlitamak

The appearance of the paint
and varnish composition

Uniformity, matte color

Uniformity, matte color

2 | Colour

The main color scheme (green, black,
gray, light gray, dark gray, brown, red-
brown, red, yellow, blue, light blue)

The main color is white.
Standard colors are allowed.

Index of conditional viscosity,
not less than

65-85

45-65

Percentage of non-volatile
compounds, %

30-40

15-20

Drying time temperature
5 | (20£2)°Cto a degree
of 4 hours, not higher

3 3-4

Adhesive properties, not higher

Cost, rub/kg

170
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Fig. 1. Conditional viscosity: 1- Anticorrosive acrylic silicone “three in one”; 2 — Anticorrosive thick-layer glossy
composition for ferrous metals; 3 — Unikom special enamel-rust paint 3 in 1; 4 - ML-12 enamel for metal surfaces; 5 -
MA-15 oil paint; 6 - Cycrol paint; 7 — Anti-corrosion paint offered

%

80

60
40

Fig. 2. Mass fraction of non-volatile substances: 1 — Anticorrosive acrylic silicone “three in one”; 2 — Anticorrosive
thick-layer glossy composition for ferrous metals; 3 — Unikom special enamel-rust paint 3 in 1; 4 — ML-12 enamel for
metal surfaces; 5 - MA-15 oil paint; 6 — Cycrol paint; 7 — Anti-corrosion paint offered

Fig. 3. Drying time: 1 — Anticorrosive acrylic silicone “three in one”; 2 — Anticorrosive thick-layer glossy composition
for ferrous metals; 3 — Unikom special enamel-rust paint 3 in 1; 4 - ML-12 enamel for metal surfaces; 5 - MA-15 oil
paint; 6 — Cycrol paint; 7 - Anti-corrosion paint offered
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DISCUSSION

The nanostructured sample we have obtained can be
used for coating building structures. This varnish-paint
nanostructured with raw materials of metal origin will
make it possible to effectively protect the treated surfaces
from the effects of aggressive media and the environment
for a long time. Figure 4.

Also, the resulting paint and varnish composition will
protect against corrosion and thermal insulation of steam
pipelines and heat pipelines of heating networks. The
use and operation of equipment and structures coated
with such nanostructured lacquer paint can be carried
out at temperatures up to +60 °C. The application of
such compositions allows for staining at temperatures
up to —20 °C.

Recommendations for application: the varnish can be
applied by pneumatic spray, brush, roller; painting must
be carried out on a dry, grease-free surface, the ambient
temperature must be within the temperature range from
—20 to —40 °. With and relative humidity no higher than
20%; it is necessary to treat the most vulnerable areas
before painting. It is recommended to apply the strip
brush application method to problem areas of building
structures, such as welds, bolted joints and hard-to-reach
places, before starting the painting work.

Basic safety measures: When applying the paint in-
doors, make sure that the work area is well ventilated.

CONCLUSION

A formulation of nanostructured polystyrene lacquer
paint based on clay from the Talalaevsky deposit of vari-
ous extraction depths has been developed.

The use of clay from the Talalaevsky deposit as a na-
no-filler as a filler in polystyrene paint is justified, which
makes it possible to improve the main operational char-
acteristics, such as opacity — an increase of 1.5 times,
film hardness — an increase of 3 times, and water resis-
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Fig. 4. The resulting nanostructured sample of varnish
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Cnoco6 nonyyeHNA aHTUKOPPO3VIOHHOW KPacKuN Ha OCHOBe
HAHOCTPYKTYPUPOBaHHOIO NOJINBUHUIOBOIO Jl1aKa

EBreHunin Bnagumuposuy boes (2}, Jlunua 3anHynnosHa KacbaHnosa (°), Aiirynb AKkpamosHa UcnamyTtanHoBa (2,
Snbmupa Kyp6aHranuesHa AmuHoBa*

WNHCTUTYT XMUYECKNX TEXHOMOMI U MHXUHUPUHTa YPUMCKOro rocyaapcTBEHHOro HepTAHOMO TEXHNUYECKOro YHBepcuTeTa
B . Crepnutamake, Crepnntamak, Poccna

* ABTOpP, OTBETCTBEHHbIN 3a nepenuncky: e-mail: k.elmira.k@yandex.ru

AHHOTALUMA

BBepeHume. bonbluan yactb JTAKOKpPaCOYHbIX MaTepmnanos nponssognnacb N3 MMNOPTHOIO CblpbA MO 3apy6e>KH017| TEXHOJIOTNN.
B cBAsn c pPocTomM CTpOVITEJ'IbHOIz oTpac/in CyLecTBeHHO BO3POC CMPOC Ha JTakn 1 KpaCKn. Jlakn n KpacKkun obecneynBaloT 3aWnTHOE
NOKPbITNE CTPOUTESIbHbIX 30aHUIN 1 coopy>KeH|/||7|. Takum 06pa30M, FIOTpeGHOCTb JTAKOKPaCOYHOro npon3soactea B Cbipbe MECTHOIo
NPONCXOXOEHNA ABNAETCA aKTyallbHbIM HE TOJIbKO C TOUKM 3peHUA NNOPTO3aMeLLeHNA, HO N C TOYKN 3pEHNA SKOHOMUKN. MaTepmanbl,
ncnoJsibsyemble B Ka4eCTBe NNaK-KpacokK, NpeacTtaBnAaoT 06011 KOMNO3MLMOHHbIE COCTaBbl. /X N3roTaBNMBAOT METOJOM HaHECEHNA
Ha Bbl6paHHyIO NOBEPXHOCTb, B pe3ysibTaTe o6pa3yeTcn CrJIoWHaA NoanmMepHaa niieHka ¢ COOTBeTCTBYOWMMN cBoncTBaMu. [laHHbIN
BUA MaTepranoB NCNONb3YOT AN1A MOKPbITUA N 3alTbl KOHCTPYKUMOHHbIX CTPOUTENIbHBIX MaTepPUanoB OT BHELWHNX BO3JENCTBUN
n npnaarnT um HEeO6XOANMBIN LBET 1 d)aKTypy. I'Ionyqume HAaHCTPYKTYPUPOBAHHbBIX aHTUKOPPO3MOHHbIX NNaK-KpaCoOK Ha OCHOBe
NONNXNOPBUHWNA UMEET TakKne NpenmyLLecTBa, Kak SKONOrmyHOCTb, BbICOKYHO aire3NOHHYI0 CNOCO6HOCTD, BbICOKYIO ANCNEPCHOCTb,
HW3KWI NOoKa3aTtenb YKPbIBUCTOCTU, HU3KYIO BA3SKOCTb, CTONKOCTb K BO3[ENCTBUIO Opr)KaIOLLI,eVI cpenbl. MeTogabi n MaTepuanbl.
Haquoe ncanegoBaHe HanpaBeHOo Ha nonyvyeHune HaHOCprKTypVIpOBaHHOVI NaK-Kpackuy C MO,D,VIdJVIKaLI,I/IeVI noNInXnopeuHWIIa
C opraHn4YecknMmun pacTteopuTenamMmm N MOHTMOPUIINTOHUTA MUHUCTOIO MUHEPana pasanHon I'J'Iy6VIHbI n3BneyeHna TananaeBckoro
MeCTOPOXAEHNA, PacnoNoKeHHOro B 20 KM OT . CTepm/lTamaKa PeCI'Iy6J'II/IKI/I EaLLIKopTOCTaH. Uenbto Haquoﬁ pa60TbI ABNAETCA NC-
nonb3oBaHMeE MUHNCTbIX MUHEPAIOB, COCTOALLNX N3 OKCMAO0B N CUITNKATOB aJTIIOMUHUA U MarHnA C He6oNbLINM cojepaHmnem conen
HaTPWUA 1 KanbuuA, BbINOMHALWNX POJTIb HAHOCTPYKTYPUPYHOWNX CBA3YIOWNX KOMNOHEHTOB. 3KCI'IJ'IyaTaL|,I/IOHHbIe XapPaKTeEPUCTUKN
NoJTly4YeHHbIX O6pa3Ll,OB HaHOCprKTypI/IpOBaHHOIZ KpaCkn TeCTMpOBanu Ha aaresunto, yKpbiIBUCTOCTb, CKOPOCTb BbICbIXaHUA, 3/1aCTUY-
HOCTb. Pe3ynb1'a'rb|. Pe3yﬂbTaTbI nccnegoBaHMin NoKasanu, YTo nprMeHeHWe rMmnHbl B Ka4eCTBe HAHOCTPYKTYpHpYyroLwero MO,D,VId)I/I-
KaTopa I'IOJ'IVIXJ'IOpBVIHVIJ'IOBOVI JTaK-KpacKkn no3BonAeT nonyvynTb NPOAYKT C XapaKTePUCTUKaMIK, COOTBETCTBYIOLLMMN HOPMATVBHbIM
AOOKYMeHTaMm. 3akntoueHue. [laHHOe nccnefoBaHve 3akoyaeTca B noJsly4eHnn HaHOMaK-KpacKku, ﬂOﬂyquHOVI 13 OOCTYMHOIO CblipbA
MECTHOIO NPONCXOXAEHNA, KOTOPAA MOXET NCMOJIb30BaTbCA A1A NOKPbITUA d)aca,qos 30aHUA 1 APYrnx CTPOUTENbHbIX coopyx(em/u?l.

KJNTIOYEBDIE CJIOBA: nonnxnopBrHWA, MHA, HAHOCTPYKTYPUPYIOLWI MOHTMOPWITIOHUT, laK-Kpacka
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ABSTRACT

Introduction. Most of the paint and varnish materials are produced from imported raw materials using foreign technologies. Due to
the growth of the construction industry, demand for varnishes and paints has significantly increased. Varnishes and paints provide
a protective coating for buildings and structures. Therefore, the need for paint and varnish products made from locally sourced
materials is relevant not only in terms of import substitution, but also in terms of economics. The materials used as lacquers are
composite compositions. They are made by applying them to a selected surface, resulting in a solid polymer film with appropri-
ate properties. This type of materials is used to coat and protect structural building materials from external influences, and gives
them the necessary color and texture. The production of nanostructured anticorrosive paints based on PVC has such advantages
as environmental friendliness, high adhesion, high dispersion, low opacity, low viscosity, and environmental resistance. Methods
and materials. The scientific research is aimed at obtaining nanostructured lacquer paint by modifying PVC with organic solvents
and montmorillonite, a clay mineral of various extraction depths from the Talalaevsky deposit located 20 km from Sterlitamak,
Republic of Bashkortostan. The purpose of the scientific work is to use clay minerals consisting of oxides and silicates of aluminum
and magnesium with a small content of sodium and calcium salts, which act as nanostructuring binders. The performance charac-
teristics of the obtained nanostructured paint samples were tested for adhesion, opacity, drying rate, and elasticity. Results. The
research results have shown that the use of clay as a nanostructuring modifier of PVC paint makes it possible to obtain a product
with characteristics corresponding to regulatory documents. Conclusion. This study aims to develop a nano-lacquer paint made

from locally available raw materials that can be used to coat building facades and other construction surfaces.

KEY WORDS: PVC, clay, nanostructuring montmorillonite, lacquer paint
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BBEAEHUE

JlakokpacodHbIe MaTepHuaIbl O1aromapst HAHOCTPYKTY-
PUPOBAaHHHOMY COCTAaBY JIYUIlle 3alIUINAIOT W ITOKPHI-
BalOT CTPOUTEIbHBIC KOHCTPYKIIUM, N3TOTOBICHHBIC
W3 Pa3IMIHBIX MATEPUAJIOB, TI03BOJISIS IIPUIATH UM I10-
TPEOUTEIBLCKUI TeKOpaTUBHEIN BuA. HaHOCTpyKTYpH-
pyroIye 10OABKY IS YIIYUIIICHUS SKCIDTyaTalITMOHHBIX
XapaKTePUCTHUK IITMPOKO MCITONB3YIOTCS B CTPOUTEITEHOM
uHaycTpun [1-3].

HaHeceHme 1aKOKpPaCOYHBIX ITOKPBITUMA TIPUBOIUT
K 00pa30oBaHUIO Ha €¢ TTOBEPXHOCTU TOHKOTO HAaHO-
CTPYKTYPUPOBAHHOTO 3aIIUTHOTO CJIOS.

[IpuroToBICHNE TAKMX JIAKOKPACOYHBIX MAaTePHUAJIOB
MIPOBOIAT IIO0 TOCTATOYHO IIPOCTOil TexHooruu. Oc-
HOBHBIMM KOMITOHECHTAaMHM, BXOISIITUMH B COCTaB JIaK —
KPAacoK, SIBJISIIOTCS IMTMEHTBI, Pa3IMIHbIC HATTOJTHUTEITN
¥ CBSI3YIOIINE KOMIIOHEHTHI. [INTMEHTHI MCITOTB3YIOTCS
JUTS IPUIAHUSL KPACKe OIPEIEIEHHBIX OTTEHKOB 1IBe-
TOoBOM raMMBbl. COoCTaBBl MUTMEHTOB U MX CBOMCTBa
TakKe TTOAOMPAIOTCS B COOTBETCTBUM C MaTepUaiOM
CTPOUTENIBHBIX KOHCTPYKLMI U C YIETOM BO3ICHCTBUS
BHEITHUX (DaKTOpOB. [IMTMEHT B 3aBUCMOCTH OT KOH-
HeHTPALIMY MOXKET BIMSITh HA HACHIIIIEHHOCTH IIBETa
JIaK-KpacKM, YCTAHOBJICHO, YTO, KaK IPaBUJIO, BBICO-
KWe KOHIICHTPALINMK IIPUAAIOT TyCKJIBII 1IBET, U HU3KUE
KOHIIEHTpALH, HA000pOT, MPUAAIOT SPKOCTh [4—10].

CKyenBaroIee CBOMCTBO JIaK-KPACOK SIBJISICTCST OMHOM
W3 BAXKHEHIITNX XapaKTepHUCTUK, Ha KOTOPBIC BIIUSICT CBS-
3ytomas mooaBka. OYHKIMEH CBSI3YOIIei T0OaBKU SIB-

JIIeTCs CKJICMBaHNE MEJTKHX YaCTHUII ITUTMEHTA B SIMHYIO
LIEJIOCTHYIO TIJICHKY, OOpa3yIoIIyIocs TIPU BHICBIXaHUM.
HarmomauTeM pumaioT JaK-KpacKe TJIagKOCTh U TsI-
rydectb. [1py HaHeCeHNM JJaK-KpacKy Ha ITOBEPXHOCTh
CTPOUTENIBHBIX KOHCTPYKINI OMOOHBII HATIOJTHUTETh
ncnapsieTcs. JIJakokpacoYHBIEC MaTePUaIbl, N3TOTOBJICH-
HBIC Ha 0a3e MTePXJIOPBUHIIIOBOM CMOJIBI, TTO3BOJISTIOT 00¢-
CITeYUTH OOJIce HACHIIIICHHYIO IIBETOBYIO TaMMY M COXpa-
HSIIOT IEKOPUPYIONTYIO (DYHKIIHIO 10 YeThIpeX JeT. [1epx-
JIOPBUHUJIOBBIC JTAKOKPACOTHBIC KOMITO3UITNN HAXOIST
IIMPOKOE IIPUMEHEHNE B CTPOUTEIIEHON MHIYCTPUH, IMH
ITOKPHIBAIOT HE TOJIPKO METAJIMICCKIEC U TePEBSIHHBIC
KOHCTPYKIINHU, HO ¥ OCTOHHBIC, KUPITMYHBIC 1 OIITyKa-
TypEeHHBIC TTOBEPXHOCTU. TaKue IMTOKPBITUS COXPAHSIOT
BBICOKYIO aKTUBHOCTD K BO3IEHCTBHUIO CHUTBHBIX KHUCIIOT,
TaKMX KaK CepHast M a30THAsI KMCJIOThI, KOHIICHTPUPO-
BaHHBIX PACTBOPOB MUHEPAIBHBIX COJICH, OPTaHMICCKIX
COCTaBOB 1 Macesl. HeoOXommMo OTMETUTh BEICOKHE all-
Te3MOHHBIC CBOMCTBA, 00CCTICUMBAFOIIIIE 3aIIUTY CTPOU-
TEJIBHBIX KOHCTPYKIIMIT OT IIPOHNKHOBEHUSI BIIary. Takke
COCTaB KPACKM YK€ TOTOB K HCITOJIb30BaHUIO 1 HEe TpeOyeT
pasbasneHns pactBopureasaMu [11—16].

METOAbl U MATEPUAJDbI

B pabGote paspaboraHa pelLienTypa IoJIydeHus Ha-
HOCTPYKTYPUPOBAHHOM JJaK-KpacKy Ha OCHOBE TOJIM-
BUHUJIXJIOPUJA U TJIMHBI MECTHOTO MECTOPOXKIAECHMUS,
COJIepKalllero B KauecTBe HAaHOYACTUI] aJIIOMUHUIA,
KPEMHUI.
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Bce ocHOBHEBIE XapaKTepHUCTUKI JJAKOKPACOTHBIX Ma-
TEePHAJIOB, OIMMCHIBAIOIINE UX KA4eCTBO, MOXHO HANTH
B TTACITOPTE MPOIYKIINH, TIPEIOCTABISIEMOM ITOTPEON-
TEJISIM.

ITonyueHnHsle B 1abopaTopun 00Opa3Lbl IPOILLIN Te-
CTHUPOBAHUE IO METOOUKAM, COOTBETCTBYIOIIIMM HOpMa-
TUBHBIM JOKYMCHTAM:

CremreHb nepeTrpa. JJaHHBIN ITOKa3aTeIb OCHOBAaH
Ha U3MEPEHNH Pa3MEePOB TBEPIBIX MUKPOKOMITOHEHTOB
Kpacku. KadecTBo T1akoKpacouYHON KOMIIO3UIINH 3a-
BHUCHUT OT MX KOJIMYECTBA, TIPU NX YBEIIMUCHUN KAYCCTBO
CHITXaeTcsl. MeTox olpenesicHUsI CTeTICH! TIepeTrpa Jia-
KOKPAaCOYHBIX MATEPUAJIOB BEIYMCIISIIA B COOTBETCTBUH
¢ 'OCT P 52753-2007. «MaTepualibl JaKOKpPaCOJYHBIE.
Merton orpeiesiecHIs CTEIICHU TIepeTHUPay.

TectupoBaHMe TPOBOAMIOCH TIPU TeMITepaType 23—
25 °C. IIpubop ycTaHaBIMBAJIA Ha TOPU3OHTAILHYIO O~
BEPXHOCTh. AHATIM3UPYEMbIe 00pa3IIbl IAKOKPACOTHOTO
MaTtepuaia IIoMeIIaIn B JaTbHUI TTyOOKMIT KOHEII 1a3a,
n30erast, TaKUM 00pa3oM, TTOTIaJaHMSI ITy3bIPEKOB BO3TY-
xa. CKpeOOK ycTaHABIMBAIN TIEPIICHANKYIISIPHO 32 1aTh-
HUM KOHIIOM I1a3a, TIpY 3TOM COOJIIOATIOCh YCIIOBHE,
TIpY KOTOPOM JUTMHA CKpeOKa HaXOIMIach Tapajuieiib-
HO mpuHe camoro npubopa. CKpeboK ¢ HECUITBHBIM
HaXXMMOM PACIIOJIaraloT CTPOTO BEPTUKAIBHO U3MEPH-
TETLHOI TTOBEPXHOCTH TAKMM 00pa3oM, YTOOBI CKPeOOK
TIOJTHOCTBIO YIaIMI N30BITOK, HAHECEHHBIN BHaYale,
¥ JIAKOKPACOYHBIN MaTepHall IOJTHOCThIO PAaBHOMEPHO
pacnpenenuics. Janee B TedeHre 5—6 ¢ HEOOXOAUMO
OCMOTPETh Ha CBETY aHAIM3UPYyeMbIii MaTepuan. Ha-
MpaBJIcHNE B3MUIsIAA TIepIeHIUKYIISIPHO K IJIMHE T1a3a,
non yryioM He 6osbine 30° 1 He MeHbIe 20°, 1 HAUMHAIOT
OIIpeieICHIE PACTIONIOKEHUS YaCTHIL B T1a3e, IIe OHU
CTAaHOBSITCS BUTMMBIMM.

Bsa3kocTh. JaHHBIN TOKa3aTeldb aHAJIU3UPYIOT
110 BPEMEHU MCTECUCHMST HEOOXOIMMOT0 00beMa JIaKO-
KpPacoYHOTro MaTepraja yepe3 KaTuopoBaHHOE OTBEp-
CTHe, XapaKTepu3ylollee MalsipHble cBoiicTBa. [1oka-
3aTeJIb BI3KOCTU OTIpeIeIsIeT CIIoco0 HaHECCHMS JIAKO-
KPacOYHOTO ITOKPHITUS Ha OUMIICHHYIO ITOBEPXHOCTb.
HaHeceHMe TTOKPBITHS MOXKET ITPOBOINTHLCS KUCTHIO,
BaJINKOM M KPACKOITYJIETOM.

Bs13K0CTh 1aK-KpacK MOXKXHO M3MEPUTh Ha IPU-
0ope BUCKO3UMETPE, aHAIU3 IIPOBOAIT IIPU AaBICHUN
0,1 Mma u temmniepatype 21—25 °C. Bucko3umeTp co-
CTOUT M3 BOPOHKHU 1 COTUIA OIIPEACIICHHBIX Pa3MEpPOB.
B paGote ncmnonb3oBain BUCKO3UMETP Mapk B3—246,
KOTOPHIIT TOKA3BIBACT YCIOBHYIO (HBIOTOHOBCKYIO) BSI3-
KOCTh — BpeMsI IIepexojIa NCCIeAyeMOil TaKOKPacOIHOM
KOMITO3UIINH CKBO3b KATMOPOBAaHHOE OTBEPCTHE COILIA,
TIPY 3TOM Ha JIJAKOKPACOYHBII MaTepraj He BIUSIIOT HU-
KaKWe CHJIBI, KPOME CYUTBI TSIKECTH.

ITokazaTenb YKPBIBUCTOCTH MMOKA3BIBACT, CKOJIBKO
KpacKy HEOOXOMMMO UIst OKPAcKu 1 M? IOBEPXHOCTH.
JaHHBII CITOCO0 TIO3BOJISICT OIIPEICUTh PACXO UCCIICIY-

€MOT0 MaTepraja, YeM MEHBIIIC OH, TeM SKOHOMIUYIECKAs
cocTapJstroniast jrydire. Takum 00pa3om, o 00OpPbIBUCTO-
CTBIO KPACOK, SMaJIeii, JJAKOB TTIOHMMAIOT MX CIIOCOOHOCTh
K paBHOMEPHOMY HaHECCHMIO HAa OMHOTOHHYIO POBHYIO
ITOBEpXHOCTD. JIJIsI JTaka BaxKHOM XapaKTepUCTUKOMU SIB-
JISIETCSI €TO CIIOCOOHOCTH TaBaTh HEBUANMBIM IIBET WJIN
IIPY TIOKpacKe UM YepHO-0eJ10 TTOMIOXKNA YMEHBIIIATh
KOHTPACTHOCTb MEXXIY YePHBIM 1 OCIIBIM 0 MCUC3HOBE-
HUST pa3HUIIBI MeXXOy HUMH. [1pu IpoBeneHUM MCIThITA-
HUIT Ha YKPBIBUCTOCTh OOBIMHO TTPUMCHSTIOT BU3YATBHBIA
METOJ OLICHKH. JIJIST 3TOTO MCITOIB3YIOT YepHO-0eITyIo
IIaXMaTHYIO TOCKY. CYIITHOCTh OLIEHK! YKPBIBUCTOCTHU
COCTOWT B HAHCCEHUM CJIOCB JIAKOKPACOUYHOI KOMIIO-
3UIINHM Ha CTCKJISTHHYIO TIOBEPXHOCTD 10 MCUYC3HOBEHUS
TIPOCBEYMBAHMS YePHBIX 1 OCJIBIX KBAIPATOB IIaXMaTHOMU
JTIOCKH, HAXOSIIINXCS IO CTEKJISTHHOM IIacTUHKOM. Kak
MPaBUJIO, VICTIONB3YIOT CTEKJISTHHBIE TTAaCTUHKY 90X 120
MM Y TOJIIMHOU 1,2—1,8 M.

OrmpeneneHre BpeMeHHN BBICBIXaHUSI COOTBETCTBYET
MIPOIOKUTEIIFHOCTH OTBEPXKICHUS JIAKOKPACOTHOTO
ITIOKPHITHS, UTO TIO3BOJISICT OIPEACINTD BpeMsT HaHece-
HUS TIOCTICAYIONINX CJIOEB M OLICHUTH TOTOBHOCTH aHAIIH-
3UPYEMOTO TIOKPHITHS K IIOCTOSTHHOMY MCITOTh30BaHUIO.
CTreneHb BBICBIXaHUS OTIPEIeIIIeT TAKOE COCTOSTHIE Ha-
HECEeHHOTO MTOKPHITHSI, HAHECEHHOTO Ha IUTACTUHY B 3a-
BHCHMOCTH OT BPEMEHHU BBICBIXaHUSI TP OTIPEIEICHHBIX
ycIoBUsAX. To ecTh BpeMeHeM BBICBIXaHUS KPacKy Ha-
3BIBAIOT OIIPENEICHHBIN ITPOMEXYTOK BpeMeHHU, TIPHU
KOTOPOM JOCTHUTAeTCSI HeOOXOOMMasi CTEIICHb BBICHI-
XaHUS CJI0ST TAKOKPACOUYHOM KOMITO3UIINY C 3adaHHOM
TOJIINHON ITOKPBITHUS IIPU OTIPEASICHHBIX YCIOBUIX
BBICYIIIMBAHUS.

AJNITe3MsT — 3TO CBOMCTBO JIAKOKPACOYHOTO MaTepHa-
J1a, TIO3BOJISTIONIEE OLIEHUTh IIPOYHOCTH CIICTUICHHUS JIAKO-
KPacCOYHOTO MOKPHITUS ¢ OKPAIIECHHO TTOBEPXHOCTHIO.
YeM maHHBIN ITOKa3aTeNb 00JIbIIE, TeM JTydine. Omperne-
JICHUE afare3uy JaKOKpPacOYHOTO MaTepuaja IIPOBOIST
cootBeTcTBeHHO ¢ TOCT 15140-78 «Marepuaisl 1aKko-
KpacouHble. MeTon ompenesieHns aare3uin». B ocHOBY
oIpenesIeHUs aATre3nn JIJAKOKPACOTHOTO TTOKPHITHSI T10-
JIOXKEHO OITpee/ICHIEe OTCIaNBaHMSI TUOKOM TITIaCTUHKI
OT apMHPOBAHHOU CTEKJIIOTKAHBIO TTOBEPXHOCTU M M3-
MepeHUe TIpUIaraeMoit 71T 3TOTO CUJIBI.

AHaM3 anre3MOHHBIX CBOCTB IIPOBOMIST B TEMIIEpa-
TypHBIX TIpeaenax 18—22°C npu OTHOCUTETLHOM BIaX-
Hoctu Bo3ayxa 60—70%. MccienoBaHuye IPOBOLISIT C IBY-
MsI 00pa3IiaMi Ha He MEeHee TpeX yuacTKaxX 00pabaTsIBa-
eMoli moBepxHOCTH. Ha KaxkaoM 13 UCIIBITYeMBIX yIacT-
KaxX HaHOCSTCSI HaIpe3bl He MeHee IIeCTH, 1 COOITfoma-
€TCSI YCIIOBHE Ha pacCTOSTHUY He MeHbIIe 10 MM OT Kpast
oOpabaTbIBaeMOIt TTOBEpXHOCTU. PexKy1inii MTHCTpYMEHT
pacroyiaraeTcs IepIeHINKYISIPHO TTOBEpXHOCTH. TaKkum
JKe CITOCOO0OM HAHOCST U TIEPIICHANKYISIPHBIC HAIPE3hI.
Takum ob6pa3oM, Ha KaxKJIOM aHaJIM3UPyeMOM obpa3slie
o0pa3syeTcs pelreTKa ¢ KBaapaTaMi OOIMHAKOBBIX pa3-
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MepoB. PellreTK moJmKHBI pacmojiaraTtbesl APYT OT Apyra
Ha pacCTOSHUM HE MEHee 2 CM. ANTE3UI0 OTIPEACIISIIOT
cormacHo TpeboBanusm B TOCT 15140-78 [17].

BomocToMKOCTh OIICHMBAIOT Ha OCHOBAHWM YCTOM-
YUBOCTH JIAKOKPACOYHOTO MaTepHraja K BO3ICHCTBHUIO
TIPECHO WM MOPCKOIi Bombl. [1pu onpeneneHnn BOmo-
CTOMKOCTH JJaKOKPACOYHOE ITOKPHITHE HAHOCSIT Ha JIBE
OIMHAKOBBIC METAJUTMUYCCKIE TUTACTUHKY KaXKIasT pa3Me-
poM 70X 150 MM B cooTBeTCTBMM cO cTaHmapToM. [Tocie
BBICBIXaHUS TJIACTUHKY BEPTUKAIHHO B TIOIBEIIICHHOM
COCTOSTHIY TIOTPY>KAiOT B AUCTHUIMPOBAHHYIO Bomy. He-
00XOIMMO TIepel TIOTPYKeHUEM B BOAY Kpasl TIOKPBITh
MECHIEJICeBCKOM 3aMa3KOU TSI IIPEIOTBPALICHUS T10-
TagaHus BJIaTW BHYTPh MTOKPHITHS. [1ocie BRICBIXaHUS
TUTACTUHOK B TeUeHME 1—2 9acoB OIICHMBAIOT BHEIITHUIMA
BUII M IBET TTOKPHBITUA. He mormyckaeTcst Haamame OeIrbIx
MATOBEIX IISITCH, CHITIH, ITy3bIpeii 1 APYTUX BUIOB pa3py-
mreHusT. TakuM 3Ke CIToco00M IIPOBEPSTIOT YCTOMYMBOCTD
JIAKOKPACOYHOTO MOKPHBITHUS K IIeI0YaM U KACTIOTaM.

AtmocdepocToitkocTh. [laHHOE CBOMCTBO JTJAKOKpa-
COYHOTO MaTepHralia XapaKTepHU3yeT ero CIIOCOOHOCTh
K COXpPaHEHMIO CBOUWX 3aIllUTHBIX U OEKOPUPYIOIINX
CBOWCTB B T€UCHNE IUINTEIIEHOTO BpeMEHM B aTMOCdep-
HBIX YCIIOBUSIX.

ATMOC(HEpOCTONKOCTD JTAKOKPACOUYHBIX TTOKPBIB-
HBIX MaTepuaiioB uccienosann corimacHo F'OCT 6992-
68 Ha 1011, HAXOMSILENHCS Ha OTKPBITOM BO3IyXeE.
ITokpameHHbIe 00pa3Ibl TOMEIIAIOT Ha HAKIIOHHBIX
CTEHIAX IO YIJIOM 45° K TOPU30HTAJIbHOI TOBEPXHO-
CTH, pacroyarast JMIIeBOM CTOPOHOU Ha fOT. AHAJIM-

3UpyeMbIe 00pa3ibl OCMATPUBAIOT Yepe3 paBHBIC IIPO-
MEXYTKI BPEMEHMH, 10 YCTAHOBJICHHBIM CTaHIAapTaM.
IIpu ocMOTpe TIPOBOIAT aHAIM3 CTEIICHU Pa3pyIICHMS,
KOTOpOE XapaKTepu3yeTcs IoTepeil MaTepuraa 0JecKa,
M3MEHEHNEM IIBETHOCTH, TPps3eyIepKNBaHUEM, BbIBE-
TpUBaHUEM, PaCTPECKMBAHUEM, paccllanBaHUEM, Ha-
JIMYKEM ITy3bIpeil 1 KOPPO3WH B IIPOIICHTHOM COOTHO-
IICHUH K OOIIEH TIIOMIAIN TTOKPBITOTO JIJAKOKPACOTHBIM
MaTtepragoM oopasma. ATMOC(HEPOCTONKOCTb OKPBITHS
C HaHECEHHBIM JJAKOKPACOYHBIM MaTepHajoM aHaIN3HU-
PYIOT TI0 IATUOAJUTHHOM IIIKaJIe UX JeKOPaTUBHOTO BUIA
1 TI0 BOCBMUOAJTLHOM IITKaJIe UX 3aIlIUTHBIX CBOMCTB.
IIIkambI OLIEHKN CBOMCTB IIPEACTaBJICHEI B CTaHAApTE.
st yckopeHHOro crocoba orpeaeaeHus: atmocdepo-
CTOMKOCTH JJAKOKPACOYHBIX IIOKPBITUIA B JTAOOPATOPHBIX
YCIIOBHSIX MOXKHO OIIPEICIIUTD Ha TIPOOpEe BU3UPOMETPE.
JaHHBII TIPHOOP MO3BOJISIET AaHATM3UPOBATH OOPA3IIHI ITy-
TEM TIOTIEPEMEHHOTO BO3ICHCTBHSI Ha HUX TEITIa M XOJIOMa,
BJIAaTY M CYXOTO BO3IyXa, a TAKXKE YIbTPa(roIeTOBEIX JIy-
yeit. [IpogomkurenbHOCTL aHanM3a oT 150 1o 200 gacos.

B paboTe ncnonp30BaH MOJUBUHUIXJIOPU CYCIICH-
3MOHHBIN cienyromux Mapok C-6669I12K, C-60692XK,
C-63692K, 5868I1K, hu3uko-xuMUdIeCcKue ImoKa3aTe1u
KOTOPBIX TIpe/ICTaBlIeHBI B Ta0. 1.

MeTonrKa TIPUTOTOBJICHHUS aHTUKOPPO3MOHHOTO
JTaka. AHTUKOPPO3NOHHBIN JIJaK — pacTBOP IEPXIOPBH-
HITOBO CMOJTBI B CMECH alleTOHA, TOJTyoJia (COJTbBEHTA),
OyTmiramerarta (3TUIAIeTaTa) — TOTOBUTCS B €MKOCTH
BMECTHUMOCTBIO 3 JI, CHaOXXEeHHOI MEIIAIKOU 1 XOJIO-
nriTbHUKOM. O0beM peakimoHHoi cMecn 1000 tp = 1 KT.

Ta6bnuua 1. Dusnko-xummyeckne nokasartenu cmon MNBX 6669 MK, 5868 XK

Mapka
HanmeHoBaHuMe nokasarens
C-6669IMXK C-6069K C-6369K 5868IMXK

3arpAsHsALMe BewecTsa , WT.,, He Bbllle 6 5 6 9
Mpo3pauHble TOUKU gnameTpom 0,1 cm?, B B B 4
LUT., He Bbilwe
3HaueHne KOHCTaHTbl QrKeHTYEepa 66-67 60-63 62-64 57-59
HacbinHasa nnoTHOCTb, r/cm? 0,53+0,02 0,55-0,61 0,52-0,62 0,52-0,62
OcraTok nocne npocesa Ha cuTe C CeTKOM: OTCYTCTBYET OTCYTCTBYET OTCYTCTBYET OTCYTCTBYET
N2 0315, %, He BbliLe y 4 y 4 y y Y 4
N2 0063, %, He MmeHbLue 97 94 94 91
CbinyyecTb, B CeK, He Bbllle - 1 12 13
Macca nornoweHHoro nnactudrKkatopa,

21 15 - 16
B rpammax Ha 100 r [1BX, He meHbLue
MpoueHTHOE cop,epma:me Bnarv 0,2 0,2 02 02
N NeTy4ux BeLlecTs, B %, He Bbille
Y,u,efbHoe 3NEeKTPUYECKOe COMPOTUBNIEHNE, 52%1013 52%1013 5% 1013 5% 1013
Om¥*cMm, He MeHblLue
MNpoueHTHOE cofepaHue BUHUNXTOPUAR, 1 1 1 1
B ppm, He Bbllle
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3arpy3ka pacTBOpHUTEJieii B KOJIOY OCYIIECTBISCT-
cs TIEPUOINYECKH B CIICIYIOIICH ITOCIeIOBaTeIEHOCTH:
577 M Tonyoita, 303 M atteToHa, 13 My OyTuialeTaTa.
151 IpemoTBpaIlieHUsT YHOCA TTapOB alleTOHA NCTIONb3Y-
eTCcs XONoaMIbHUK. 1o OKOHYaHWYU 3aTrpy3KH PacTBO-
puUTesIeit BKIIIOUaeTCsI MeIIaaKa peakTopa 1 3achImacTcs
120 rp epXJTIOPBUHUIIOBOI CMOJTHI.

PacTtBOpeHMe I pXIIOPBUHMIIOBOI CMOJIBI TIPOM3BO-
IUTCS TIPU TeMITepaType OKpyXaroleit cpenpl. [TomHOTA
PACTBOPEHMS CMOJIBI OIIPENESIeTCS] BU3YAIBHO, ITyTeM
otoopa 1pod. IlepBag nmpoda oTOMpaeTcd yepe3 2 yaca
TIoCJIe Hayajla paCTBOPCHUS.

Ecau pacTBop mmpo3padeH, He COOEPKUT YACTHUII He-
PaCTBOPUBIIICHCS CMOJIBI M BSI3KOCTh PacTBOpa HaXo-
mutces B penenax (20-35) cekyHI, pacTBOpEHUE CMO-
JIBI CIMTACTCST 3aKOHYCHHBIM. 3aTeM IpujInBaeM 41 Mt
mwractudukatopa (JJOD).

Ta6bnuua 2. Peientypa HaHOCTPYKTYPUPOBAHHOM
naK-Kpackm

HanmeHoBaHMe Konnue- Copepxa-

KOMMOHEHTOB CTBO, Ip. Hue, %
Tonyon 149,99 39,29
AUEeTOH 72,16 18,91
bytunauyetat 29,85 7,82
B e
HuoktundTtanat (JOD) 11,98 3,16
MOHTMOPWIIOHUT 81,67 21,39
NTOro 381,67 100,00

Ta6nuua 3. CpaBHUTENbHbIE XapPaKTePUCTUKN

PeakiimonHast cMech B KOJIOE TTOCTIe 3arpy3KH TUTa-
ctuduKkaropa repeMemmBactcs e B reueHue 0,5 gaca,
ITOCJIe Yero OIpeAeIsIeTCsS KauyeCTBO JlakKa Ha COOTBET-
crBue TY 2313-84-0203312-96.

[Ip1 HECOOTBETCTBUH KaueCTBEHHBIX ITOKa3aTeIeit
JIaka TIPOU3BOIMTCS ITOCTAHOBKA €T0 Ha «THUI» (CTaH-
maptusanus). [Ipu 5ToM Ipon3BOAUTCS M0OaBKa TeX
WM WHBIX KOMIIOHEHTOB, TIPEIYCMOTPEHHBIX pellell-
TYpOM.

PazbaBneHue jaka mpou3BOAUTCS TOJIYOJIOM (COJb-
BEHTOM) 110 ycIIoBHOI Bsi3KocTH (20-+35) cexyna. [1pn
YCIIOBHOM BSI3KOCTH MeHee 20 CeKyHII B KOJIOy 3arpyska-
eTCsI TIePXJIOPBUHIIIOBASI CMOJIa. YKa3aHHBIC OITepallii
IIPOBOISITCS OO TeX IOP, MoKa JaK He OyIeT OTBeUaTh
tpeboBanusam TV 2313-84-00203312-96.

PE3YJIbTATbI

[TomryuyeHHAass HAHOCTPYKTYPUpPOBaHHAsI JJaK-KpacKa
PEKOMEHIIyeTCs TSI 3aIUThI 3aTPyHTOBAHHBIX HApyXK-
HBIX TIOBEPXHOCTEH TEXHOJIOTUIECKOTO 000PYIOBaHUS,
a TaKKe CTPOUTETBHBIX KOHCTPYKIIMI, M3TOTOBICHHBIX
M3 pa3IMYHBIX MATEPHAJIOB OT BO3ICHCTBUS arpecCuB-
HBIX CPEJL IIPY TeMIepaTypax, He npesbimaronmx 60 °C
(1). Peenrtrypa HAHOCTPYKTYPUPOBAHHOM JIaK-KPacKuU
MIpeacTaBIcHa B Ta0II. 2.

[Ipo1ecc moxyIeHUS OCYIIIECTBISICTCS TP KOMHAT-
HOM TeMIIepaType U aTMOC(EePHOM JTaBICHUMN.

IIpoBeneHa cpaBHUTEIBbHAS XapaKTEPUCTHKA T10-
JIyYIEHHOTO 00pa3iia HAaHOCTPYKTYPUPOBAHHHON JIaK-
KpacKH ¢ OJIM3KOI TT0 cocTaBy KpacKoit Mapku DMAJIb
XB-110 (TY 6-27-7-89). CpaBHUTEIbHAS XapaKTEPUCTH-
Ka IpuBeJeHa B Tabi. 3 [18—19].

HanmeHoBaHMe nokasarens

Ne SMAJIb XB-110,
n/n TY 6-27-7-89

AHTUKOPPO3MOHHAA KpacKa,
NpuUroToBneHHas
B O®IrbOY BO YITHTY
B r. CTepnutamake

BHewWwHW® BN nako KpacoyHom
KOMMOo31ummn

OOHOPOAHOCTb, MAaTOBbIN LiBET

OBHOPOAHOCTb, MAaTOBbIN LiBET

2 LiseT

OcHoBHas LBeToBasA ramma (3eneHblii,
YepHbI, Cepblii, CBETNOCEPDIN, TEMHO-
cepblli, KOPMYHEBBIN, KPaCHO-KOPUYHEBBIN,
KPacHbIVA, XXeNTbli, CUHWIA, FONy6oiA)

OcHOoBHOW UBET — 6enblin.
[lonyckaeTcs ncnonb3oBaHue
CTaHAAPTHbIX LIBETOB

Moka3saTesb YC/IOBHOW BA3KOCTY, He

3 65-85 45-65
MeHee

4 MpoueHTHOEe conepmarimoe 30-40 15-20
HeneTyumx coeguHeHunin, %

5 Bpema BbICbIXaHVA, TeMnepaTypa 3 3.4
(20+2) Cpo cTeneHu 4 y, He Bbile

6 AnresnoHHble CBOWCTBA, HE Bbille 2 2
CrommocTb, py6/Kr 170
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Hanee Ha puc. 1—3 npeacTaBieHbl fMarpaMMbl (-  Ha TaKWe XapaKTePUCTUKM, KaK yCIOBHAS BSI3KOCTD,
3MYECKUX XapaKTEePUCTUK UCIOJIb3YEMBIX JIAK-KPACOK ~ MaccoBas J0JS HEJIETYYUX BEIIECTB U BPeMS BBICHI-
u pa3zpaboTaHHOTO HaMu oOpa3siia (Tmokaszateiab 7)  XaHWUS.

Puc. 1. YcnoBHas BA3KOCTb: 1 — aHTMKOPPO3UIAHAA akpUCUIMKOHOBAA «TPY B OBHOMY; 2 — aHTUKOPPO3UOHHAsA
TONICTOC/IONHAA MAHLEeBaA KOMNO3ULMA A8 YepHbIX MeTaoB; 3 — DMasb YHUKOM crieLKpacka no pxaBumHe 3 8 1;

4 - Smanb MJ1-12 ana metannuyeckmx nosepxHocTen; 5 — Kpacka MA-15 macnaHas; 6 — Kpacka Linkponb; 7 — aHTu-
KOPPO3MOHHasA Kpacka npefnaraemas

%
80
60
40

Puc. 2. MaccoBas gonsa HeneTyumx BeLlecTs: 1 — aHTUKOPPO3MINHaA akpUIICUITMKOHOBAA «TPU B OAHOMY; 2 — aHTU-
KOPPO3MOHHasA TOICTOC/IONHAA MAHLEBAaA KOMMO3MLUNA ANA YePHbIX META/IOB; 3 — DMaslb YHNKOM CreLkpacka
no pxasunHe 3 B 1; 4 — Imanb MJ1-12 gna metannnuecknx nosepxHoctelt; 5 — Kpacka MA-15 macnaHas; 6 — Kpacka
Linkponb; 7 — aHTMKOPPO3MOHHaA Kpacka npeasiaraemas

Puc. 3. Bpemsa BbicbixaHWsA: 1 — aHTUKOPPO3MINHAA aKpUNCUIMKOHOBAA «TPU B OJHOM»; 2 — aHTUKOPPO3MOHHaA
TONICTOC/IONHAA FAHLEBaA KOMNO3MLMA ANA YePHbIX METaNOoB; 3 — IMarb YHUKOM CreLKpacka no pxaBumHe 3 B 1;

4 - Smanb MJ1-12 gna metannmyecknx nosepxHocTen; 5 — Kpacka MA-15 macnaHas; 6 — Kpacka Linkponb; 7 — aHtu-
KOpPPO3MOHHasA Kpacka npegnaraemas
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TTpenmyiiecTBeHHbIE XapaKTepUCTUKN — AUarpaMMbl.
ITo nuarpamMe BUIHO, YTO U3 CEMU UCCIEAYEMBbIX
00pa3oB obpaszen 3 061agacT BHICOKOM BI3KOCTHIO.
I1pu aHaM3e HeJleTyuux BELIECTB 1Ba 0Opasua mo-
KazaJil MakcuMajbHoe comepxanue 70%.
HaubGonbuiee Bpems BICBIXaHUS TTOKa3al 0bpasert 3,
OBICTpee BCeX BBICHIXAIOT 00pa3IIbl IO HOMepoM 1 1 2.

OBCYXAEHUE

IMomyyeHHBINT HAMU HAHOCTPYKTYPUPOBAHHBIN 00-
paseir MOXeT ObITh UCTIONIb30BaH MPU TMTOKPBITUU CTPO-
WUTEbHBIX KOHCTPYKIUiA. [laHHass HAHOCTPYKTypUPO-
BaHHHASI CIPHEM MECTHOTO TIPOUCXOXKICHMUS JIAK-Kpacka
TO3BOJIUT JUIUTENIbHOE BpeMst 3(P(HEKTUBHO 3alUINATh
00paboTaHHBIE TOBEPXHOCTH OT BO3ACUCTBUS arpecCuB-
HBIX CPeJl U OKpYyKaroleit cpenbl (puc. 4).

Taxcke morydeHHas TaKOKPACOYHAst KOMIIO3UIINS TIO-
3BOJIUT 3aIIUTUThH OT KOPPO3UU U TETUIOU3OJISIIINY TTapO-
TIPOBOJIOB U TETIONIPOBOJIOB TETIIOBHIX ceTelt. crmomnb30o-
BaHME U OKCIUTyaTalysi 000pYyIOBAHUST 1 KOHCTPYKIINIA,
TOKPBITBIX TAKON HAHOCTPYKTYPUPOBAHHOM JIAK-KPACKOM,
MOXET OCYILECTBISIThCS TIpH TeMmepaTypax 1o +60 °C.
Hanecenune mogoOHbBIX KOMITO3UITHIA TIO3BOJISIET OCYIIIECT-
BJISITH OKpaIIMBaHue 1pu Temmeparypax mo —20 °C.

PexoMenmannu 1Mo HaHECEHWIO: HAHECEHUE JIaK-
Kpack¥ BO3MOXKHO ITHEBMATUYECKUM PACTIBUICHUEM,
KHUCTbHIO, BAJIMKOM; TIOKPACKY HEOOXOIMMO MPOU3BOIUTH
IO CyXOM, 00€3KMPEHHOI TTOBEPXHOCTU, TeMIIepaTypa
OKPYXaIOIIeTo BO3ayXa HAXOAUTCS B TIPE/IEIax TeMIiepa-
TypHOTrO auarazoHa oT —20 1o —40 °C 1 OTHOCUTETLHOM
BJIaxkHOCTH He Bhiie 20%; HeOOXOAMMO TTepeT HadaaIoM
TMOKpacku 00paboTaTh MecTa HanboJIee MOIBEPKEHHBIE.
PexomeHmyeTcst mepe; HAYaIOM MPOBENCHUST TTOKPACOY-
HBIX pabOT MPUMEHSTh METOJI TIOJIOCOBOTO HAHECEHUS
KUCTBIO TSI TIPOOJIEMHBIX 30H CTPOUTETTbHBIX KOHCTPYK-
1M, TAKMX KaK CBapHbBIE IIBBI, MECTa OOJTOBBIX COCTH -
HEHUW U TPYTHOMOCTYITHBIE MECTa.

OcCHOBHBIE MepbI 0€30MTaCHOCTHU: TIPU HAHECEHUH JIaK-
KPAcCKM B 3aKPHITOM TIOMEIIIEHUH CIIEIyeT YOSTUTHCS, YTO
pabouast 30Ha SIBJISIETCST XOPOIIO TTPOBETPUBAEMOTA.

3AKJIIOMEHUE
Pazpaborana perientypa HAHOCTPYKTYPUPOBAHHOMU
TOJTUCTUPOJTLHOM JTAaK-KPacKW Ha OCHOBE TTMHBI Tasa-

JIAa€BCKOI'O MECTOPOXKICHUA pa3JII/I‘{H0ﬁ I‘J'IyﬁI/IHbI ns3-
BJICYCHMUA.

CNMMNCOK NCTOYHUNKOB

Puc. 4. lNonyyeHHbI HAHOCTPYKTYPUPOBAHHbIN
obpaseL lak-Kpacku

O00CHOBaHO MMPUMEHEHNE B KAYECTBE HATIOJTHUTE-
JISl B IOJIMCTUPOJIbHYIO KpacKy IMHbI TanazaeBCKOro
MECTOPOXKACHMS B KaueCTBE HAHOHAITOJIHUTEIS, TTI03BO-
JISIIOILIETO YJIYYIIMTh OCHOBHbBIE AKCIUTyaTallMOHHBIE Xa-
PaKTEepUCTUKH, TAKME KaK YKPBIBUCTOCTD — TTOBEIIIICHIE
B 1,5 pasa, TBepmOCTh INIEHKU — YBeJIMUCHNE B 3 pasa,
BOIOCTOMKOCTh — yBeJmdeHMe B 2 pa3a. CHIDKCHIE KO-
JIMYECTBA PACTBOPUTEJISI CHUXKAET COAEpKaHUE JIETYUNX
COEIMHEHUN B COCTaBe KpacKu, YTO MO3BOJIUT MOBBI-
CUTh 0€30MaCHOCTb UX MPUMEHEHMUsI. BhIIBIIEHO, UTO
TJIMHA BJIMSIET HA CBOMCTBA HAHOCTPYKTYPUPOBAHHBIX
JIAKOKPACOYHBIX KOMITO3ULIMI HA OCHOBE TTOJIMCTHPOIA.
I'muHa BAMsieT Ha yBeJIMYEHE BPEMEHU BbICBIXaHUSI JaK-
KpacoK Ha IIEMEHTHO-TIECUYAaHO TTOMIOKKE IIPUMEPHO
Ha 25—-30%. YcTaHOBJIEHO, YTO CTENIEHDb BBICBIXaHUS
MpU OTpULIATEJILHBIX TeMIIEpaTypax ¢ UCIOJb30BaHU-
€M JaHHBIX HAHOCTPYKTYPUPOBAHHBIX JJAKOKPACOUHBIX
MOKPBLITU# yBeanuuBaeTcs Ha 12,5%. Kpome toro,
BBeJIEHNE INIMHBI KaK HAHOCTPYKTYPUPYIOLIEe opraHo-
MUHEpaJbHOW TO0ABKM YJIy4IllaeT MPOYHOCTHbIE U Je-
dopMallMoHHbIe cBolcTBa uznaeauii. [1pu nobGapieHuun
TJIMHBI B COCTaB MOJUCTUPOJIbHOM KPACKH TTOBBIIIAETCS
KOTe3MOHHasI IPOYHOCTh B 2 pasa.
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Features of organizational and technological solutions
for the construction and installation of large-span buildings

Tatyana K. Kuzmina (2}, Anton N. Bolshakov (°}, Nadezhda A. Lukyanova* (°}, Anastasija V. Puzikova
National Research Moscow State University of Civil Engineering, Moscow, Russia
* Corresponding author: e-mail: galcevanadezda@mail.ru

ABSTRACT

Introduction. Cable-stayed structures occupy a special place in the modern construction industry due to their unique character-
istics and wide application possibilities. They allow to convey architectural expression of large span buildings and to ensure high
efficiency and minimal weight of structures. Systems with cross arranged cables and arch cable-stayed combined solutions, including
"tensegrity" structures, are of particular interest nowadays. Materials and methods. The study is based on an analysis of regulatory
documents, scientific and technical literature reflecting the installation of cable-stayed structures, including requirements for the
quality of materials, installation processes and structural reliability control. A comparative analysis of various types of cable-stayed
systems (parallel, radial and cross arranged) is carried out, and examples of their practical application are considered. Results and
discussion. Based on the analysis of regulatory documents and scientific and technical literature review, cable-stayed structures
were classified into various categories, reflecting their design features and applications. The advantages and disadvantages of each
type of cable-stayed coverings were analyze as well as progressive methods of installations were revealed. Conclusion. The use
of cable-stayed coverings, especially with cross-arranged cables and "tensegrity" structures are a promising direction in modern
construction. These structures allow to create complex architectural solutions, creating lightweight, aesthetically attractive cover-
ings. At the same time, the design and installation of cable-stayed structures require consideration of all their disadvantages and
limitations to ensure the strength and durability of buildings and structures.

KEYWORDS: cable-stayed coverings, installation of cable-stayed coverings

FOR CITATION:

Kuzmina T.K,, Bolshakov A.N., Lukyanova N.A., Puzikova A.V. Features of organizational and technological solutions for the construc-
tion and installation of large-span buildings. Nanotechnologies in construction. 2025;17(3):339-346. https://doi.org/10.15828/2075-
8545-2025-17-3-339-346. - EDN: YWYQQO.

Oco6eHHOCTN pa3paboTKM OpraHN3aLMOHHO-TEeXHOIOrN4YeCKnX
peweHnn Nnpy NPON3BOACTBE CTPONTEIbHO-MOHTAaXKHbIX paboT
KpbiwW 60NblIenpoNeTHbIX 34aHNN

TaTtbAHa KoHcTaHTuHOBHa KysbmuHa (), AHTOH HukonaeBuy bonbwakos (°), Hapexpna AnekceeBHa JlykbaHoBa* (),
AHactacnna BauecnasosHa ly3sukoBa

HaumnoHanbHbIN nccnegosBaTtenbckmnin MOCKOBCKMIA FOCYAapPCTBEHHDIN CTPOUTENbHbIN YHUBepcuTeT, Mockea, Poccua

* ABTOp, OTBETCTBEHHbIN 3a NepenuncKy: e-mail: galcevanadezda@mail.ru

AHHOTALMA
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¢ 6onbluMmMy NposneTamu, obecneyriBas BbICOKYIO SKOHOMUUYHOCTb U MUHVMAaIbHbIV BEC KOHCTPYKLUMIA. OCOo6bI MHTepeC Bbi3blBa-
0T CMCTEMbI C MEPEKPECTHBIM PACMONIOKEHNEM BaHT U apOUYHO-BaHTOBblE KOMOMHMPOBAaHHbIE PeLLIeHNs, BKItoYasa «tensegrity»-
CTPyKTypbl. MaTepuanbl u meToabl. VccnefoBaHe OCHOBBIBAETCA Ha aHann3e HOPMATUBHBIX JOKYMEHTOB, HayYYHO-TEXHNYECKOI
NIUTePaTYpPbl, OTPaXKatoLLMX MOHTa) BaHTOBbIX MOKPBITUIA, BK/IOYasA 0COOEHHOCTY NPYMEHeHMWsA Pa3fvyHbIX MaTepranos, B TOM Yncie
npov3BefeHHbIX C MPYMEHEeHeM HaHOTEXHONOM NI, Tpe6oBaHKA K KaueCTBY MaTepranos, TEXHONOrMYeCKme NpoLecchbl YCTaHOBKY
N KOHTPOJb HafleXXHOCTU KOHCTPYKLMIA. [TpoBeAeH CpaBHUTENbHbBIN aHaNM3 pasnnyHbIX TUMOB BaHTOBbLIX CUCTEM (NapanfenbHoe,
pafmanbHoe 1 NepeKkpecTHOe PACNONOXKEHNE BaHT), @ TaKXKe PacCMOTPEHbI MPUMepPbI X NMPAKTUYEeCKOro NprMeHeH s. Pesynbratbl
1 o6cyaeHus. Ha ocHoBe aHanu3a HOPMaTUBHBIX JOKYMEHTOB 1 HayUYHO-TEXHNYECKOW NnTepaTypbl chopmMmupoBaHa knaccudu-
KaLus BaHTOBbIX MOKPBITAN MO Pa3fiMUyHbIM KaTeropuam, OTpa)aloLMm NX KOHCTPYKTUBHbIE OCO6EHHOCTM 1 06N1acTy NpUMeHe-
HUA. [poaHanu3MpoBaHbl NPenMyLLIeCTBa M HELOCTATKN KaX4oro Tvna BaHTOBbIX MOKPLITWIA, BbIsiBIIEHbI NPOrpeccuBHble MeToabl
MOHTaKa BaHTOBbIX MOKPbITUI. 3aKntoueHue. /Icnonb3oBaHrie BAHTOBbIX MOKPbITU, OCOGEHHO C NMepPeKPECTHLIM PacroNoXKeHnem
BaHT BKJloUas «tensegrity» - CTPYKTYpbl, ABAAETCA NEPCNEKTUBHbBIM HarnpaBfieHNEM B COBPEMEHHOM CTpoUTeNbCTBE. [laHHbIe TUMbl
KOHCTPYKLMI MO3BONSAIOT CO3[aBaTh COXKHbIE aPXUTEKTYPHbIE pelleHNs, co3aaBas Nérkue, 3CTeTMYecky npuBeKaTesibHble no-
KpbITUA. B TO e BpeMs NPOeKTNPOBaHNE 1 MOHTa) BAHTOBbIX KOHCTPYKLMI TPeBYIoT yueTa BCex UX HeLJOCTAaTKOB W OrpaHnYeHnin

ona obecrneyeHna NPOYHOCTN U AONTOBEYHOCTY 3AaHNIA U COOPYXKEHMIA.

KJTIOYEBDIE CJIOBA: BaHTOBbIE MOKPbLITUA, MOHTaX BaHTOBbIX MOKPbLITUI

AnAa UMTUPOBAHUA:

ANA UUTUPOBAHUA: KyabmuHa T.K., Bonbwakos A.H., JlykbaHosa H.A., MNy3ukosa A.B. Oco6eHHOCTU pa3paboTKm opraHn3aLmoHHO-
TEXHOJIOMMYECKUX PeLleHNiA NPV NPON3BOACTBE CTPOUTENIbHO-MOHTaMHbIX PaboT KpbiLL 60MbLIENPONETHbIX 3jaHnn. HaHomexHonoauu
8 cmpoumesnibcmee. 2025;17(3):339-346. https://doi.org/10.15828/2075-8545-2025-17-3-339-346. - EDN: YWYQQO.

INTRODUCTION

Cable-stayed structures stand out due to their exceptional
characteristics and wide application possibilities in the
modern construction industry. These systems consist of
flexible steel cables which are strong in tension, as well
as supporting structures that accept loads from these ele-
ments. The cables can be implemented in the form of
tendons, ropes or bundles of high-strength wire. Such
structures are an important tool in the development of
architectural solutions, allow to crate buildings with com-
plex spatial shapes, as well as large span structures. They
are an effective solution for long-span buildings [1]. They
are also actively used in the construction of shopping
malls, exhibition halls, sports complexes, as well as indus-
trial facilities, ensuring reliability and cost-effectiveness
when covering significant spaces. Their widespread use
is explained by the ability to effectively use the bearing
properties of materials, ensuring minimal weight of the
structure and high efficiency. Cable-stayed coverings are
one of the key types of spatial structures that most accu-
rately reflect the tectonics of the structure [2]. Their main
advantage over the rigid structures is the minimum weight
per square meter of the covered area, as well as the most
efficient use of metal, the main structural material. In
hanging cable-stayed constructions metal elements only
work under tensile, which makes it possible to fully utilize
their strength characteristics. According to V.E. Dolgopo-
lov and his colleagues data, “the rational use of materials
in cable-stayed structures reduces the cost of materials
and installation, which is especially important for unique
structures” [3].

The greatest interest in recent years, both in Russia
and abroad, has been caused by structures with cross-
arranged cables, as well as arch cable-stayed combined
systems. These structures are actively developing and are
considered one of the most progressive solutions in mod-
ern construction. Their use opens up great opportunities
for creating lightweight, cost-effective and architecturally
expressive coverings. Combined cable-stayed structures
include a large group of systems known as “tensegrity” [4].
In such systems, continuous stretched cables are combined
with few short struts. Habibi T. and co-authors indicate
that “prestressing is a key factor ensuring the stability and
efficiency of tensegrity structures” [5]. One of the variet-
ies of “tensegrity” systems are cable-stayed trusses which
consist of high-strength belts (flexible cables) and vertical
ties. To ensure the stability of the cable-stayed belts when
exposed to alternating external loads, pre-tensioning is
used. P.G. Eremeev emphasizes that “tensegrity systems
open up new horizons in architectural design, allowing to
create lightweight and cost-effective structures” [6].

Innovative technologies for the construction of unique
buildings and structures in order to increase productiv-
ity in the construction industry are also being actively
discussed.

MATERIALS AND METHODS

The installation of cable-stayed structures is covered
by a set of regulatory documents that specify both the
general requirements for construction and the specific
features of working with highly pre-tensioned elements.
The key areas of rationing are:
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Requirements for the quality of materials and prod-
ucts.

Technological processes of installation.

Inspecting the strength and reliability of structures
after installation.

Safety of work during installation.

The main documents regulating these aspects include
Russian standards:

Building regulations SNiP 3.03.01-87 “Load-bearing
and separating constructions” — establishes general re-
quirements for the quality of assembling and installation
of building structures, including cable-stayed systems.

Building regulations SP 64.13330.2016 “Loads and
actions” — contains methods for calculating loads that
must be taken into account when designing and installing
cable-stayed coverings.

Building regulations GOST R 52969-2008 “Steel
structures. Methods of quality control of welded joints” —
defines the requirements for quality control of welded
joints, which are often used in cable-stayed systems.

The quality of the materials directly affects the du-
rability and reliability of the cable-stayed coverings.
The installation of cable-stayed coverings is a complex
technological process that requires precise following the
sequence of operations and tension parameters control.
After the installation of the cable-stayed coverings is com-
pleted, it is necessary to verify their reliability and compli-
ance with the design parameters. Safety during installation
of cable-stayed coverings is crucial due to high-altitude
work and the use of highly stressed elements.

The building regulatory framework in the field of in-
stallation of cable-stayed coverings is quite extensive and
covers all stages of work, from the selection of materials
to the final tests. Strict observance of these standards en-
sures high quality of installation, durability of structures
and safety of facilities operation. The development of
technologies and new materials creation require constant
improvement of existing regulatory documents, as well
as the development of additional standards taking into
account the specifics of modern solutions.

Based on the analysis, including regulatory materials,
a number of indisputable advantages of cable-stayed
systems can be identified in comparison with traditional
steel structures:

Low weight of the structure: due to the use of high-
strength steels and efficient load distribution in stretched
elements, the cables fully utilize their cross-sectional
area, which significantly reduces the overall weight of
the structure.

Simple installation process: in most cases, the instal-
lation of cable-stayed coverings does not require scaf-
folding, which reduces labor intensity and speeds up the
construction process.

Mobility: due to the possibility of folding the cables
into compact coils, their transportation becomes much

easier and less costly, which simplifies delivery to con-
struction sites.

The possibility of covering large spans: cable-stayed
systems allow the implementation of structures with large
spans without intermediate columns which is especially
important for objects with open spaces.

Economic efficiency: these structures provide financial
benefits, since the weight of the supporting elements re-
mains minimal, which reduces the overall materials cost.

Aesthetic expressiveness: the unique geometry of the
cable-stayed structures provide buildings with modern
dynamic exterior, turning them into a splendid element
of any landscape or urban environment.

Comfort of the building’s interior: cable-stayed cov-
erings improve the acoustic characteristics of rooms, in-
crease the level of natural lighting and expand the visibility
zones.

Strength and durability: cable-stayed structures ensure
stable operation of structures for a long period under high
loads and external factors.

It is also worth highlighting the disadvantages of cable-
stayed structures.

High deformability: this is the main disadvantage of
this type of structure. It is necessary to develop additional
solutions to increase the rigidity of cable-stayed structures
and to correct deformability.

Cost increase: cable-stayed structures application
leads to an increase in the project budget due to the use
of special support structures and building materials.

Complexity in the organization of drainage system: it
is necessary to develop additional solutions for efficient
outflow of water, taking into account the geometry of
cable-stayed structures [7].

The production of cables is a complex technological
process. At the same time, the use of structural solutions
with long horizontal or slightly inclined cables turns out
to be non-optimal, since structures can significantly in-
crease deformations and worsen the overall efficiency
of the system. Thus, the design and operation of such
systems require special attention to detail to ensure their
reliability and durability [8].

The low material consumption of the structural ele-
ments is justified by the fact that they work mainly under
tension. In these structures, the problem of compressed
elements stability has been solved — they can be mas-
sive and carry a maximum load over a large area, which
allows the material to be used most efficiently. Modern
construction methods suggest the possibility of improv-
ing cable-stayed roofs by the application of carbon fibers
instead of steel. Carbon materials have a low weight with
a high strength and rigidity, heat and corrosion resistance.
A water-resistant tarpaulin is assumed to be the direct
enclosing material. Such coverings can be assembled like
sails on a ship, and deployed to the design position in hot
or rainy weather.
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The concrete plays an essential role in the design and
construction of structures. The strength and reliability
of structures as a whole will depend on it [9, 10]. When
building using cable-stayed structures, modified types
of concrete can be used, for example, high-strength
lightweight concrete to optimize the consumption of
reinforcing steel and concrete, or concrete of medium
density D1500-D1700 with expanded clay aggregate and
strength class B25-B30 using expanded clay gravel and
modifying additives. Lightweight concretes made from
highly mobile mixtures are obtained using inexpensive
raw materials with cone slump test class P4-P5, which
are effectively used in construction [11]. An additional
economic effect is achieved due to lower thermal con-
ductivity coefficients, as well as reduced costs during
the operation of the building [12,13]. It is worth noting
that the rapidly developing field of nanotechnology is
also implemented in the construction industry. New
materials are constantly appearing with exceptional and
sometimes contradictory indicators. For example, for
the first time, Russian scientists A.N. Ponomarev and
M.E. Yudovich created lightweight nanofibre concrete.
This is ordinary concrete based on B25 concrete with
the addition of a complex additive, including compo-
nents processed using nanotechnology. The strength of
nanoconcrete is 45—60 MPa, specific gravity is 1.4—1.6
t/m?, frost resistance is W20 [14].

To ensure the durability and reliability of structures,
since flexible cable elements are susceptible to atmosphere
corrosion, especially in conditions of high humidity, salt
deposits and temperature fluctuations, corrosion inhibi-
tors containing synergistic nano-additives are used. The
leading place among corrosion inhibitors is occupied by
heterocyclic compounds, namely nitrogen-containing
compounds, in particular, imidazoline derivatives [15, 16].

Consequently, cable-stayed structures represent a
modern and effective solution for the construction of
large-scale facilities, however, their application requires
careful consideration of all the features and possible limi-
tations [17].

RESULTS AND DISCUSSION

Cable-stayed structures can be classified according to
various parameters. However, taking into account that
the architectural and spatial organization of buildings
with such structures is determined both by the shape of
the covering itself and by the features of the supporting
contour, it seems most logical to classify them accord-
ing to these two key characteristics [18]. This approach
allows to more accurately describe and systematize the
features of these structures, depending on their archi-
tectural and construction solutions [19]. Based on the
studied information, a scheme was made, which allows to
classify cable-stayed structures according to various crite-

ria that determine their design features and applications
(Figure 1). The scheme includes several main categories
revealing specific aspects of cable-stayed structures design
and implementation:

A comparative analysis of the cable-stayed coverings
was carried out according to the location of the cables
(Table 1).

The analysis of the main characteristics of cable-
stayed coverings, depending on the location of the cables,
allows us to conclude that each type of such structures has
its own advantages and disadvantages. At the same time,
structures with cross-arranged cables, as well as arch-
type cable-stayed combined systems, are actively being
improved and are recognized as one of the most advanced
in the modern construction industry. The use of such
technologies makes it possible to implement lightweight,
economical and at the same time aesthetically attractive
roof designs.

Combined cable-stayed structures cover a wide class of
systems, which are commonly referred to as “tensegrity”.
In these systems, the tensioned cables forming a continu-
ous system combine with short and distant from each
other support elements — struts. “Tensegrity” structures
include cable-stayed structures consisting of strong flex-
ible highly stressed cables and vertical struts. To ensure
the stability of the cables systems under variable external
loads, the pre-tensioned elements are applied.

The advantages of tensegrity systems include the fol-
lowing features:

* The structures are lightweight.

*  Minimum loads transmitted to the underlying ele-
ments.

+ High rigidity under asymmetric loads.

High resistance to dynamic influences, including seis-
mic ones, due to the built-in damping properties of the
system.

The ability to create visually light and transparent
designs.

At the same time, these systems are characterized by
increased accuracy requirements: it is necessary to strictly
maintain the geometry of the elements, control the pre-
tensioning force and the quality of joints. These factors
require special attention at the design and installation
stages [20].

Here are some examples of "tensegrity" structures:

Mercedes-Benz Stadium (Atlanta, USA). This mod-
ern stadium uses elements of "tensegrity" in its roofing
system. The coverings consists of mobile panels supported
by a network of cables, which ensures the lightness and
functionality of the structure.

Tensys Pavilion (Great Britain). Tensys specializes in
the design of tensegrity systems. One of their projects is
a pavilion where a combination of stretched membranes
and cables is applied to create a lightweight and durable
structure.
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Fig. 1. Classification of cable-stayed structures

Edward Fuller's Domes. Richard Buckminster Fuller,
one of the pioneers of the tensegrity concept, created
many dome structures based on the principles of stressed
integrity. Montreal Biosphere (1967) — geodesic dome
for Expo 67, although it is not a classic "tensegrity”, but
demonstrates the ideas underlying this technology [21].

Examples of the use of "tensegrity" structures show
their versatility and potential in various fields: from ar-
chitecture and construction to medicine and space. These
structures combine lightness, stability and aesthetic con-
cept, making them an ideal solution for complex archi-
tectural tasks.

Having considered innovative technologies for the
construction of unique buildings and structures in order
to increase productivity in the construction industry, the

authors can highlight a unique method of cable-stayed
structures installation using a temporary cable car, pro-
posed by the French company Freissine. This system is
a 125-meter-long structure secured by two metal stops on
the upper ring of the facility. To minimize the sagging of
the cable car, tension force of about 16 tons was created.
The whole construction was based on two special metal
saddles placed above the upper ring.

This method allows the installation of cable-stayed
trusses simultaneously from two opposite sides. The work
is carried out from work platforms located at various levels
of reinforced concrete rings, which makes it possible to
work with both the lower and upper belts of the cables
in parallel. Construction cranes deliver the struts of the
cable-stayed trusses to the platforms, where they are at-
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Table 1. Types of cable-stayed coverings

Nanobm

Type of the structure

Characteristics

Advantages

Disadvantages

Examples

Parallel cables
arrangement

The design of the suspended
shell consists of parallel cables
system fixed on an open con-
tour - a reinforced concrete or
steel beam, as well as the frame
of an outbuilding. This solution
ensures stability and efficient
load distribution, making hang-
ing shells a popular choice for
various construction projects.

- Simple design;

- The ability to op-
timize the space by
reducing deflection.

Increased tension in
the cables and sup-
porting structures
leads to a higher
consumption of
materials, which
requires careful
design to bal-

ance strength and
economy.

Hangars at the
airports of Frank-
furt am Main and
Fiumicino, where
the coverings are
made in the form of
shells with parallel
cables.

Radial cables
arrangement

Radial arranged cables are used
mainly in circular and elliptic
buildings. In these designs, two
contours are used to fix the
cables: the outer and inner sup-
porting rings. Radially arranged
cables, placed at equal distances
from each other, serve as the
basis for trapezoidal reinforced
concrete slabs, which are further
joint together to create a single
solid structure. In this case, the
distance between the cables
along the perimeter of the
covering is determined by the
variant design method, taking
into account a number of factors.
It should be proportionate to the
interval between the columns
supporting the entire structure,
which ensures optimal load
distribution and stability of the
system.

— Almost flexure
free operation of
the span elements,
ensuring cost-
effectiv ness and
high load-bearing
capacity;

—The outer ring
works under com-
pression, and the
inner ring works
under tension,
which allows to use
reinforced concrete
and steel, respec-
tively.

- A large variety of
standard sizes of
slabs;

—The complex-

ity of the drainage
systems.

The USA pavilion at
the 1958 Brussels
World’s Fair covered
by a two-belt radial
cable-stayed system
with a diameter of
104 m.

Cross arranged
cables

Formed by two perpendicular
groups of parallel cables —
bearing and stabilizing. Such
structures form a saddle-shaped
surface. This combination en-
sures the unique geometry and
stability of the system.

- Wide opportunity
to create a variety of
architectural forms;
- Efficient use of
materials.

- High sensitivity to
wind and tempera-
ture influences;
—The risk of dy-
namic instability
(flutter) with low
curvature.

The Yubileyny
Sports Palace in

St. Petersburg,
where load-bearing
and stabilizing
cables are attached
to columns at dif-
ferent levels, which
reduces the height
of the building.

tached to the cables using cast-iron clamps and anchor
joints. The anchors design is a combination of adjustable
and non-adjustable elements: one end of the truss is fixed
with an unregulated fork anchor, and the other with an
adjustable screw anchor. This makes it possible to adjust
the tension precisely and to create pre-tensioning.

The finished trusses are moved by cable car using
winches and carriages. After reaching the specified posi-
tion, the trusses are fixed in stationary anchors on rein-
forced concrete floors. The central ring uses only adjustable
anchors to precisely balance the system. During installa-
tion, the lower cables are tightened with a force of 14 tons,
and the upper ones with a force of 2 tons, which ensures
the stability of the structure until the work is completed.

After the installation of all 48 cable-stayed trusses, the
pre-tensioning stage of the construction process is carried
out. The tension of the upper cables is carried out in stages
using jacks with efforts of 14, 35 and 51 tons, respectively.
This consistent process guarantees uniform load distribu-
tion and high strength of the entire structure [22].

This method demonstrates a high level of technical
skills and an innovative approach that significantly im-
prove the productivity and installation quality of complex
cable-stayed structures. Computer analysis demonstrates
that in order to ensure the stability of the central ring, it
is necessary to create a pre-tensioning of two diametrical
cable-stayed trusses at all stages of installation. Then pre-
tensioning of the orthogonal trusses is performed, after
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that the rest. As a result, the pre-tensioning in the load-
bearing cables increased from 14 to 37 tons.

CONCLUSION

An analysis of the main characteristics of cable-stayed
coverings shows that each type of construction has its

a cross arranged cables and arch cable-stayed combined
systems are of the greatest interest. In modern construction,
the use of cable-stayed structures is a developing trend.
Combined systems, including "tensegrity" structures, are
widely used in the construction of various buildings and
structures of modern architecture. A promising direction is
the designing of strong and durable buildings and structures

advantages and disadvantages. However, coverings with ~ using modern materials, including nanomaterials.
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AHHOTALINA

BBepeHue. B coBpeMeHHO CTPOUTENbHON OTPAC/IN BaHTOBbIE KOHCTPYKLIMU 3aHMMAIOT 0co60e MecTo bnarofiapa CBOMM YHUKaSIbHbIM
XapaKTePUCTVKaM 1 LIMPOKUM BO3MOXHOCTAM MpuMeHeHnsA. OHY NMO3BOMAIT CO3A4aBaTb apXUTEKTYPHO BblpasuTebHble 3AaHNA
€ 60/bLWMMKM MpofieTamMm, 06ecneymBasn BbICOKYI SKOHOMUYHOCTb Y MUHMMaMbHBIN BeC KOHCTPYKLMIA. Ocobbil MHTepec Bbi3blBa-
I0T CUCTEMBI C NMepPeKPeCTHbIM PACTONOXKEHNEM BaHT 11 apPOUYHO-BaHTOBblE KOMOMHMPOBaHHbIE peLleHus, BKtoyasa «tensegrity»-
CTPYKTypbl. MaTepmnanbl n meToAbl. VccnefoBaHne OCHOBbLIBAeTCA Ha aHanvi3e HOPMaTUBHbIX AOKYMEHTOB, HayYHO-TEXHNYECKON
NUTEPaTYpPbl, OTPAXKALLMX MOHTaX BaHTOBbIX MOKPBITUIA, BKITIOUYAA 0COOGEHHOCTU NPVIMEHEHA PA3NIMYHbIX MaTePUANoB, B TOM Ynicie
NPOu3BEeAEHHbIX C MPUMEHEHNEM HAHOTEXHONOI I, TPebOBaHWA K KaUeCTBY MaTeprasioB, TEXHONIOTMYECKME MPOLIECChl YCTaHOBKM
N KOHTPOJb HAaAEKHOCTM KOHCTPYKLMIA. [poBefjeH CpaBHUTENbHbI aHany3 pasfnyHbIX TUMOB BAaHTOBbIX CUCTEM (MapanienbHoe,
paamanbHoe 1 NepeKkpecTHOE PACMOIOKEHME BaHT), @ TaKXKe PAaCCMOTPEHbI MPYMEPbI UX MPAKTUYECKOro NpUMeHeHNs. PesynbraTbl
1 o6cyxaeHunA. Ha ocHoBe aHanv3a HOPMaTVBHbIX [JOKYMEHTOB U HayUYHO-TEXHMNYECKON NTepaTypbl chopmmpoBaHa Knaccndu-
KaLyA BaHTOBbIX MOKPbLITUA MO Pa3fiyHbIM KaTEroprAM, OTPaXKatoLWmMM NX KOHCTPYKTVIBHblE OCOGEHHOCTU 1 0651aCTU NPUMEHE-
H¥A. MpoaHany3npoBaHbl MPENMyLLECTBa U HeJOCTaTKM Ka)Ooro TuMna BaHTOBbIX MOKPbITWIA, BbIABMEHbI MPOrPeCcCrBHbIE METOAbI
MOHTa»<a BaHTOBbIX MOKPbITUIA. 3aKoueHue. Mcnonb3oBaHne BaHTOBbIX MOKPbITUI, 0COOEHHO C NepPeKPECTHbIM PACNoNOoXeHEM
BaHT BKJIlouad «tensegrity» - CTPYKTypbl, ABNAETCA NEPCNeKTUBHLIM HanpaBieHeM B COBPEMEHHOM CTPOUTENbCTBE. [laHHbIe THMbI
KOHCTPYKLMIA NO3BOMAIOT CO3[aBaTb C/IOXKHbIE apXUTEKTYPHbIE peLleHNs, co3faBad NErkme, 3CTeTYeCcKn npuBneKaTesnbHble no-
KpbITVA. B TO ke BpeMA NpoeKTNPOBaHME N MOHTa) BaHTOBbIX KOHCTPYKLMIA TPEOYIOT yueTa BCeX X HEAOCTATKOB U OrpaHyeHuin
ANA obecneyeHna MPOYHOCTU 1 JONTOBEYHOCTY 3aHNI U COOPYKEHUIA.
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ABSTRACT

Introduction. Cable-stayed structures occupy a special place in the modern construction industry due to their unique character-
istics and wide application possibilities. They allow to convey architectural expression of large span buildings and to ensure high
efficiency and minimal weight of structures. Systems with cross arranged cables and arch cable-stayed combined solutions, including
"tensegrity" structures, are of particular interest nowadays. Materials and methods. The study is based on an analysis of regulatory
documents, scientific and technical literature reflecting the installation of cable-stayed structures, including requirements for the
quality of materials, installation processes and structural reliability control. A comparative analysis of various types of cable-stayed
systems (parallel, radial and cross arranged) is carried out, and examples of their practical application are considered. Results and
discussion. Based on the analysis of regulatory documents and scientific and technical literature review, cable-stayed structures
were classified into various categories, reflecting their design features and applications. The advantages and disadvantages of each
type of cable-stayed coverings were analyze as well as progressive methods of installations were revealed. Conclusion. The use
of cable-stayed coverings, especially with cross-arranged cables and "tensegrity" structures are a promising direction in modern
construction. These structures allow to create complex architectural solutions, creating lightweight, aesthetically attractive cover-
ings. At the same time, the design and installation of cable-stayed structures require consideration of all their disadvantages and

limitations to ensure the strength and durability of buildings and structures.

KEYWORDS: cable-stayed coverings, installation of cable-stayed coverings
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BBEAEHUE

B coBpeMeHHOI CTPOUTEIIBHOM OTPac/Iv BAHTOBEIC KOH-
CTPYKIIHMU BBIACIISIOTCS O1aromapsi CBOMM MCKITIOUM -
TEJIFHBIM XapaKTePUCTUKAM U IMIPOKIM BO3MOKHOCTSIM
IpUMEHEHUS. DTH CUCTEMBI COCTOSIT U3 THOKMX CTaJIb-
HBIX 2JIECMCHTOB — BaHT, KOTOPEIC PabOTAIOT Ha pacTsKe-
HHE, a TAKKe M3 OTIOPHBIX KOHCTPYKIINIA, BOCIIPUHUMA-
IOIIMX HAarpy3Ku OT 3TUX BJIEMEHTOB. BaHTbI MOTYT OBITh
BBITIOJTHEHBI B BUIIEC TPOCOB, KAHATOB MJIN ITYIKOB BHICO-
KOITPOYHOI IIPOBOJIOKH. TaKue KOHCTPYKIINY SBIISTIOTCS
BaXXHBIM MHCTPYMEHTOM B Pa3BUTUH apXUTCKTYPHBIX
pEIICHMIA, TTO3BOJISISI CO3IaBaTh 3MAHUS CO CIOXKHBIMU
00BEMHO-TIPOCTPAHCTBEHHBIMHU (pOpMaMU, a TaKKe
OOJTBIIINE TIPOJIETHBIC COOpYKeHMs. OHU SIBIISTIOTCS 3(-
(beKTUBHEBIM peIieHUeM IIJIsT OOIBIICTIPOICTHRIX 3MaHUI
¥ COOpYXKeHMUii [1], B TOM unciie aKTUBHO UCTIOIB3YIOTCS
TIPY BO3BEACHUH TOPTOBBIX IICHTPOB, BEICTABOYHEIX 3a-
JIOB, CITIOPTUBHBIX KOMIUIEKCOB, a TAKXKe IMPOMBIIIIICH-
HBIX 00BEKTOB, 00eCITeunBasi HAIEXKHOCTh M 9KOHOMMY-
HOCTbB TIPH TIePEKPBITUN 3HAYNTEITLHBIX ITIPOCTPAHCTB.
Hx mmpoxoe mpuMeHEHNEe OOBSICHICTCS CIIOCOOHOCTHIO
3((HEKTUBHO UCIIOJIH30BaTh HECYIINE CBOMCTBA MaTe-
prayioB, obecrieunBasi MUHUMAJBHBIN BeC KOHCTPYK-
IIUU ¥ BBICOKYIO SKOHOMUIHOCTh. BaHTOBEIC ITOKPHITHS
TPEACTABIISIIOT COO0M OTHY M3 KITIOUEBBIX pa3HOBUII -
HOCTE# TTPOCTPAaHCTBEHHBIX KOHCTPYKIINIA, KOTOPBIC
HanboJiee TOYHO OTPAKAIOT TEKTOHUKY COOPYKeHU [2].
Mx rmaBHOE TpenMyILeCTBO NePE KECTKUMU aHajora-
MM 3aKJII09aeTCs B MUHUMAJIBHOM BeCe Ha KBaIpaTHBIN
METp TIepeKphIBaeMOI IUIOMIANN, a TAKXKe B HanboJee
pallOHAIILHOM MCITOJIb30BaHNH MeTalJla — OCHOBHOTO

KOHCTPYKIIMOHHOTO MaTepraia. B BUCSUNX TTOKPBITHSIX
METAJUIMICCKHE DIIEMEHTHI (PYHKIIMOHUPYIOT MCKITIO-
YUTEJBHO Ha PACTSKEHME, YTO TTO3BOJISICT TIOJTHOCTHIO
3aIeICTBOBATH MX MIPOYHOCTHBIC XapaKTePUCTUKHI. DTO
JIeJaeT BAHTOBBIC CCTEMBI HE TOJTbKO SKOHOMUYHBIMH,
HO ¥ BEICOKO3((MEKTUBHBIMY C TOUYKH 3pECHUSI pacipee-
neHus Harpy3ok. [To muaenuto Jlonromnonosa B.E. u ero
KOJIJIET, «palliOHAJbHOE UCITOIb30BaHIE MaTepHUAIOB
B BaHTOBBIX KOHCTPYKIIMSIX 00€CIIeUNBacT CHIKCHME
3aTpaT Ha MaTeprajibl 1 MOHTaX, YTO OCOOCHHO BaXKHO
TSI YHUKAJTBHBIX COOPYKeHMit» [3].

HaunbGonpmmii mHTEpeC B IMOCeIHee BpeMs Kak
B Poccum, Tak m 3a py0ekoM BBI3BIBAIOT MOKPBITHUS
C TIEPEKPECTHBIM PACIIONIOXKEHIEM BaHT, a TAKXKe apod-
HO-BaHTOBBIC KOMOMHMPOBAHHBIC CUCTEMBI. DTU KOH-
CTPYKIINM aKTUBHO Pa3BUBAIOTCS M CYNTAIOTCS OMHUMHM
13 HanoboJIee IIPOTrPeCCUBHBIX PEIICHUI B COBPEMEHHOM
cTpouTeIbCcTBe. MIX McTIonp30BaHMEe OTKPHIBACT IIMPO-
K1€ BO3MOKHOCTH TSI CO3MAHUS JIETKIX, SKOHOMMYC-
CKM 3(D(DEKTUBHBIX M apXUTEKTYPHO BBIPA3UTEIIHHBIX
MOKpHITHI. KOMOMHMpOBaHHBIC BAHTOBBIC KOHCTPYK-
IINY BKJTIOYAIOT B Ce0ST OOIIMPHYIO TPYITITY CUCTEM, M3-
BECTHBIX KaK «tensegrity» [4]. B Takux cuctemax Hempe-
PBIBHBIC PACTSIHYTBIC BAHTHI COUETAIOTCS ¢ KOPOTKUMU
1 HEMHOTOYMCIICHHBIMU pacriopkamu. Kak otmedaercst
B ucciaegoBanuu Habibi T. u coaBTOpOB, «IIpeaBapu-
TeJIbHOE HAIIPSDKEHUE SIBIISICTCST KITFOUEBBIM (haKTOPOM,
00eCcTIeYnBAIOIINM YCTOMYNBOCTD M 3(P(PEKTUBHOCTH
paboTHl tensegrity-cTpykTyp» [5]. OmHO# U3 pa3HO-
BUIOHOCTEHU «tensegrity»-crucTeM SIBJISTIOTCS BAaHTOBBIC
(epMBI, KOTOPBIE COCTOSIT M3 BBICOKOITPOYHBIX TTOSICOB
(rMOKMX BaHT) M BePTUKAIBHBIX CBsI3ei. [71sT obecrieue-
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HUS YCTOMYMBOCTH BAHTOBBIX TIOSICOB IIPY BO3ICHCTBII
3HAKOTIEPEMEHHBIX BHEITHIUX HATPY30K MCITOJIB3YeTCS
npeaBaputeiabHoe HanpskeHue. EpemeeB I1.I. mox-
YEePKUBAET, YTO «CUCTEMBI «TEHCETPUTU» OTKPBIBAIOT
HOBBIC TOPU3OHTHI B ApXUTEKTYPHOM IIPOCKTUPOBAHNUH,
TIO3BOJISISI CO3MABaTh JIETKUE T SKOHOMIUYIECKU 3 heK-
THUBHbIE KOHCTPYKLIMW» [6].

Takke B HacTosiliee BpeMsl aKTUBHO OOCYXXIat0TCs
MHHOBALIMOHHbIE TEXHOJIOTUM CTPOUTENBCTBA YHUKAb-
HBIX 3MaHUI ¥ COOPYKEHUIA C IIeJTBbIO TTOBBIIICHUSI IIPO-
W3BOIUTEILHOCTH B CTPOUTEIIHHOI OTPACIH.

MATEPUAJIbl U METOADI

MOHTaX BaHTOBBIX ITOKPBITHI OXBATBIBACTCS KOM-
TUIEKCOM HOPMATHUBHBIX JOKYMEHTOB, KOTOPHIC perjia-
MEHTHPYIOT KaK O0IIre TpeOOBaHMUS K CTPOUTEIBCTBY,
TaK ¥ CITeM(IIeCKIe 0COOCHHOCTH PaOOTHI C BEICOKO-
HaIPSCKEHHBIMU 31eMeHTaMu. KiTioueBEIMU HarmpaBiie-
HUSMUA HOPMHUPOBAHUS SIBISIOTCS:

TpeboBaHMA K KaUeCTBY MaTepHAIOB U U3ICIIHIA.

TexHomormyeckre mpoIecchl MOHTAXA.

[IpoBepka MPOYHOCTH 1 HAAECXKHOCTH KOHCTPYKIIMI
TIOCJIC YCTAaHOBKM.

BesormacHOCTE pabOT TP BHITIOTHEHUH MOHTAKHBIX
oneparnui.

OCHOBHBIC JOKYMEHTHI, PETJIAMCHTHUPYIOIINE 3TH
ACIIeKTHI, BKITIOYAIOT:

CHullI 3.03.01-87 «Hecymume n orpaxaaionme KOH-
CTPYKIINM» — YCTAaHABIMBACT OOIIME TPeOOBAHMS K Kaue-
CTBY COOPKM M MOHTaXa CTPOUTEIBHBIX KOHCTPYKITUIA,
BKJTIOUAsI BAHTOBBIC CHICTEMBI.

CII 64.13330.2016 «Harpy3ku 1 BO3AEUCTBUSI» —
COIEePKUT METOOVKHM pacuyeTa Harpy3o0K, KOTOpHIC He-
00XOIMMO YIUTHIBATH ITPY ITPOSKTUPOBAHUY 1 MOHTAXKE
BaHTOBBIX TTOKPBITHIA.

TI'OCT P 52969-2008 «CranbHble KOHCTPYKIIMH.
MeTombl KOHTPOJISI KaueCcTBa CBApPHBIX COCTUHEHUIT» —
ompezelseT TpeOOBaHMSI K KOHTPOJIIO KaueCcTBa CBAPHBIX
COCIMHEHMI, KOTOPBIC YaCTO MCIIOIB3YIOTCS B BAHTOBBIX
cHCTeMaXx.

KadecTBO mcmoimb3yeMbIX MaTepHaaoB HATIPSIMYIO
BJIMSICT HA JOJITOBEYHOCTh M HANEKHOCTh BAHTOBBIX
HOKPHITUI. MOHTaXX BAaHTOBBIX MOKPHITUI SIBISICTCS
CJIOKHBIM TeXHOJIOTUICCKUM IIPOIIECCOM, TPEOYIOIITM
TOYHOTO COOJTIONCHMS ITOCICAOBATEIHBHOCTHU OTICpaIlHit
¥ TTapaMeTpoB HaTsokeHusI. [1ocite 3aBepieHs MOHTaXKa
BaHTOBBIX ITOKPBITHIT HEOOXOIMMO TTPOBECTH KOMILIEKC
TIPOBEPOK IS TIOATBEPKACHUS NX HAICKHOCTH U COOT-
BETCTBUS IPOCKTHBIM TTapaMeTpaM. be3ormacHoCTh mpu
MOHTAaXKe BAHTOBBIX ITOKPBITUI NMEET ITIEPBOCTCIICHHOE
3HAYCHUE M3-3a BEICOTHBIX PA0OT U MCITOTh30BAHMS BbI-
COKOHAIPSIKEHHBIX JIEMEHTOB.

HopMmaTtuBHas 6a3a B 06J1aCTM MOHTaXKa BAHTOBBIX I10-
KPBITHI JOCTATOYHO OOIIMPHA 1 OXBATHIBACT BCE TAITHI

paboT, oT BbIOOpa MaTEepUaIoOB 10 3aBEpIIAIOLINX WC-
meITaHnit. CTporoe coOIIOIeHNE STUX HOPM TT03BOJISICT
00ecneunThb BHICOKOE Ka4eCTBO MOHTaXa, J0JTOBEYHOCTD
KOHCTPYKIIMI M 6€301MacHOCTb AKCILTyaTallui OOBEKTOB.
ITpu 5TOM Ba’kHO OTMETHUTb, UTO Pa3BUTHUE TEXHOJIOTUI
U TIOSIBJIEHKE HOBBIX MaTEPUaIOB TPEOYIOT MTOCTOSTHHOTO
COBEPLIEHCTBOBAHUS CYILIECTBYIOIIMX HOPMATUBHBIX J10-
KYMEHTOB, a TakxKe pa3pabOoTKu TOMOJTHUTEIbHbBIX CTaH-
JIapTOB JJIs1 yueTa cieu(UKY COBPEMEHHBIX PEIIICHUIA.

Ha ocHoBe npoBeleHHOTO aHajiu3a, B TOM 4YHUCJe
HOPMATUBHBIX MaTEpUaJIOB, MOXKHO BBIACIUTH PsII He-
OCMOPUMBIX TTPEUMYIIIECTB BAHTOBBIX CUCTEM 10 CpaB-
HEHUIO C TPAAULIMOHHBIMU CTAIbHBIMUA KOHCTPYKIIMSIMMU:

Maubiit Bec KOHCTpyKUMU: biaromapst ucnoJib3oBa-
HUIO BBICOKOIIPOUYHBIX cTajielt u 3(pdeKTUBHOMY pac-
MpeaeeHUI0 HATPY30K B PACTSIHYTHIX 3JIeMEHTaX BaHTbI
MOJIHOCTBIO 33JIEUCTBYIOT CBOIO TJIOIIAAb CEYEHUSI, UTO
3HAUUTEIbHO CHUXAET OOLIMI BEC KOHCTPYKLIMU.

VrpoleHre MOHTaXa: B OOJIbILIMHCTBE CJIy4aeB MpU
YCTaHOBKE BAaHTOBBIX IMTOKPHITHUI HE TpeOyeTCsT UCTIOb-
30BaHUE JIECOB WJIM MOIMOCTEN, YTO COKPAIIIAET TPYIO-
€MKOCTb 1 YCKOPSIET TTPOLIECC CTPOUTEBCTBA.

TpancnopTtabenbHOCTB: OJjarogapsi BO3MOXHOCTU
CBOpaYMBaHMSI BAHTOB B KOMIAKTHBIE OYXThl UX TPAHC-
MOPTUPOBKA CTAHOBUTCSI 3HAYUTEJIbHO MPOILE U Me-
Hee 3aTpaTHOM, YTO CYILIECTBEHHO O0JIeryaeT 10CTaBKY
Ha CTPOUTEIbHBIE TIIOIIAIKH.

B03MOXHOCTb TepeKpbITUS OOJBIINX MPOJIETOB:
BaAHTOBBIE CUCTEMbI MO3BOJISIIOT peaM30BbIBATh KOH-
CTPYKLIMHU € OOJBIIUMU MPOJIeTaMU, UCKJTIOYast HEOO0-
XOAUMOCTb UCHOJb30BaHUSI TIPOMEXKYTOUYHBIX OIOP,
YTO OCOOEHHO aKTyaJbHO IJIS OOBEKTOB C OTKPBITBIMU
MPOCTPAHCTBAMMU.

DKOHOMIYECKAs 1IeJIeCO00Pa3HOCTD: TI0 MEPE YBEIIH-
YEHWUSI IJIMHBI TTpoJieTa JaHHbIE KOHCTPYKLIUU CTAHOBSIT-
csl Bce 0oJ1ee BBITOIHBIMU C (PMHAHCOBOU TOUKU 3PEHUS,
MOCKOJIbKY Macca HECYIIIMX 3JIEMEHTOB OCTAETCSI MMHU-
MaJIbHOM, UTO CHUXKAET OOIIIME 3aTpaThl HA MaTepUaJIbl.

DcTeTraecKast BRIPa3UTeIbHOCTD: YHUKAIbHAS TE0-
METpPUs BAHTOBBIX KOHCTPYKLMIA MTPUAAET 3AaHUSIM CO-
BpPEMEHHbI, AMHAMUAYHBINA 1 3CTETUYECKU MPUBJIEKA-
TEeJbHBIM OOJIUK, Aejlasi UX HACTOSIIUM YKpalleHUueM
JII000T0 JTaHaImadTa WIN TOPOACKON CPEIbI.

KomdopTt BHyTpeHHETO ITPOCTPAHCTBA 3MaHNUSI: BaH-
TOBbBIE MMOKPBITHS YJIYyUILIAIOT aKYCTUUECKUE XapaKTepu-
CTUKM TTOMEILEHU I, MOTYT MOBBIILIATh YPOBEHb €CTe-
CTBEHHOT'O OCBEILLIEHNS U paCIlIUPSITh 30HbI BUAUMOCTH.

ITpouyHOCTb 1 TOJTOBEYHOCTh: BAHTOBbIE KOHCTPYK-
LK1 00eCTIeunBaIOT CTA0OMIBHYIO Pa00OTy KOHCTPYKIIUM
JIUTATEJIbHBIN Tepuo BpeMEHU MOJ BO3AECHUCTBUEM BbI-
COKHX HaTPpy30K 1 BHEITHNUX (haKTOPOB.

CTONT TaKKe BBIICINTH HEIOCTATKA BAHTOBBIX KOH-
CTPYKLIWIA:

Bricokast nepopMaTUBHOCTD: SIBIISIETCSI OCHOBHBIM
HEIOCTaTKOM JaHHOTO TUIa KOHCTpYKUMEA. [1pu npoek-
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TUPOBAHUU HEOOXOIMMO pa3padaThIBaTh JOTIOJTHUTEIb-
HBIC PEIICHUS IS TIOBBITIICHUS KECTKOCTH BAaHTOBBIX
KOHCTPYKIINHA, IJIT KOPPEKTHUPOBKHU Ne(POPMATUBHOCTH.

[ToBBIIIIEHNE CTOMMOCTHU CTPOUTEIBCTBA: HEOOX0-
IUMOCTb IIPUMEHEHHUSI BAHTOBBIX KOHCTPYKIIMIT BeIeT
K pOCTY OIOIKeTa IIpOoeKTa 3a CYET UCITOTb30BaHNS CITe-
IIWATBHBIX OIIOPHBIX KOHCTPYKIIWIA U CTPOUTEIbHBIX Ma-
TEepPUAJIOB.

CJI0XHOCTh B OPTaHU3AIIMU BOJOOTBOA: IIPH TIPO-
eKTHPOBAHUU CHCTEM BOZOOTBOJA HEOOXOIMMO pa3-
pabaThIBaTh JOMOJIHUTCIBHBIC pelIeHus st 3 dek-
TUBHOTO OTTOKA BOIBI, YIUTHIBAS TEOMETPHIO BAHTOBBIX
KOHCTpYKUMii [7].

[Tpon3BOICTBO BAaHT SIBJISIETCS CJIOXKHBIM TEXHOJIO-
TUYECKUM TIporieccoM. [1pu 3TOM MCIIOb30BaHME KOH-
CTPYKTUBHBIX PEIICHUIA C ITMHHBIMUA TOPU30HTATBHBIMI
I ¢JTIa00 HAKJIOHHBIMU BaHTAMM OKAa3bIBACTCS HEOII-
TUMAJIbHBIM, TTOCKOJIBKY KOHCTPYKIIMA MOTYT 3HAYM -
TeJIbHO YBEIUIMUBATh AeOpMAIIUN 1 YXYIIIATh OOIIYIO
3(HeKTUBHOCTL cucTeMbl. Takum 00pa3oM, IPOEKTUPO-
BaHUE U 9KCILTyaTalysi TaKMX CUCTEM TPEOYIOT 0COO0TO
BHUMAaHUS K IeTaISIM TSI 00eCTICUCHIST MX HAIEXKHOCTH
¥ JOJTOBEYHOCTH [8].

Huskast MaTepraoeMKOCTh KOHCTPYKTHBHBIX 3JI€-
MEHTOB BaHTOBBIX ITOKPBITUI 000CHOBEIBACTCS TEM, UTO
OHM pabOTaIOT B OCHOBHOM Ha pacTsoKeHUe. B maHHBIX
KOHCTPYKIIMAX pellleHa IpoodiieMa YCTOMIMBOCTH CKa-
TBIX 3JIEMEHTOB — OHHM MOTYT OBITh MACCUBHBI I HECYT
MaKCHMYM Harpy3Ku, COOMpaeMoii 10 OOJIBIIOH TIIoIIa-
IIA, 9TO TIO3BOJISICT MCTIOJIH30BAaTh MaTepraj Hanboee
addexkTBHO. COBpeMeHHBIE METOIBI CTPOUTEIBCTBA
TIPEAIToIaraloT BO3MOXHOCTDb YCOBEPIICHCTBOBAHMS
BAHTOBBIX KPOBEJIb B YaCTH NMPUMCEHEHUS IJIST HUX
TPOCOB-BaHT, BHITTOJTHEHHBIX HE M3 CTaJIM, a U3 yIJie-
POIHBIX BOJIOKOH. YTJICPOIHBIC MAaTepHUAaJIbl 00IamatoT
MaJTbIM BECOM TIPY BBICOKOM YPOBHE IIPOYHOCTH U JKECT-
KOCTH, 3KapOIPOYHOCTHIO U CTONKOCTHIO K KOPPO3UH.
B xauecTBe HEMOCPEACTBEHHO OTpaskAaoIero MaTe-
puraja ImpearojaracTcs BOMOOTTAKUBAIOIINI OPE3CHT.
Takoe MOKpHITHE MOXET OBITH COOpaHO Kak Iapyca
Ha TTapyCHOM KopabJjie ¥ pa3BepHYTO B IIPOCKTHOE TI0-
JIOXKCHME TIPY KapKO# MU TOXKIJIUBOI TIoroze.

[Tpy IpOEKTUPOBAHUM U CTPOUTEITHCTBE KOHCTPYK-
U CYIIECTBEHHYIO POJIb UTPAeT BEIOOp MaTepHraia —
6etona. OT Hero OyIeT 3aBUCETh IIPOYHOCTH, HAIEK-
HOCTh KOHCTPYKIINI W coopyXeHus B 1enom [9, 10].
[Ipu cTpouTeIBbCTBE ¢ IPUMEHECHNEM BaHTOBBIX KOH-
CTPYKIIAIA MOTYT OBITh MCITOJTb30BaHBI MOIM(bUIINPOBAH-
HBIE BUIBI OETOHA, HATIPUMEP BHICOKOIIPOYHEIN JISTKHI
OCTOHOB IIJIST ONTUMHU3AIINH PACX0Ia apMaTypHOU CTaIN
1 OeTOHA WM KepaM3UTOOETOH MapKH IT0 CPeITHEH TUTOT-
Hoctn D1500-D1700, xiracca mo mpouHoctu B25-B30
C MCITOJIb30BaHMEM KepaM3UTOBOTO I'paBUsl K MOIU(DH-
OUPYIOIINX 100aBOK, C MCIIOJIb30BaHIEM HEIOPOTO-
TO CHIPBSI TIOJTyYCHBI JICTKNE OCTOHBI, M3TOTOBJICHHEIC

13 BBICOKOITOIBIKHBIX CMecell ¢ MapKoii IT0 ocamKe
konyca I14-I15, koTtopeie 3(pHEKTUBHO TTPUMEHSITH
B cTpoutenbeTBe [11]. JlOMOTHUTEABHBIN 9KOHOMUYEC-
cKuit 3 GeKT JocTUTaeTcs 61aromapst MEHBIIM TTOKa-
3aTesIsIM KO3 (UIIMEeHTa TETIOIPOBOTHOCTH, a TaKXKe
YMEHBIIICHUEM 3aTpaT P SKCIUTyaTalluy 3maHus [12,
13]. CTouT OTMETHUTD, YTO B TAHHOE BpeMsI OLICTPO pa3-
BUBAOIIICECST HaMpaBIeHe HAHOTEXHOJIOTUIA He OCTa-
BWJIO 0€3 BHUMaHUSI 1 OTPacIb CTPOUTEILCTBA. Hempe-
PBIBHO TTOSIBIITIOTCSI HOBBIE MaTEePHUAJIBI C 3aIlpeaeiib-
HBIMHM ¥ WHOTIA IIPOTUBOPEUAIINMH TTOKA3aTCISIMU.
Tax, BriepBBIC pOCCUICKIMU YIeHBIMH [ToHOMapeBBIM
A.H. n FOnoBuuem M.E. ObIT co3maH eTKuii HaHO(DU-
OpoOeTOH. DTO OOBLIUHBIN OETOH Ha OCHOBe 6eToHa B25
¢ mobaBIeHNEM KOMITICKCHOM J0OABKM, BKITIOYAIOIICH
KOMITOHEHTHI, 00paboTaHHBIE C TIOMOIIBIO HAHOTEXHO-
sioruit. [IpoyHocts HaHOOeTOHA — 45—60 MI1a, yaens-
Hbli Bec — 1,4—1,6 /M3, Mopo3ocroiikocTs — W20 [14].

s obecriedeHNs OJITOBEYHOCTU 1 HAIEXKHOCTHU
KOHCTPYKIINI, TOCKOJBKY BaHTHI (THOKIE TPOCOBBIC
SJIEMEHTHI) TTOABEPKEHBI BO3MEICTBUIO aTMOCHEPHOMK
KOPpPO3UH, OCOOEHHO B YCIIOBUSIX BBICOKOM BIIAXKHO-
CTH, COJIEBBIX OTJIOXCHUU U IIEPEHagoB TeMIICPATYP
HCITOJIB3YIOT MHIMONTOPHI KOPPO3WH, COMEPKAIINE CH-
HepreTHYecKre HaHomoOaBKu. Bemyimee MecTo cpenmn
MHTUOUTOPOB KOPPO3UHU 3aHNUMAIOT TeTePOIINKIMICCKIE
COCIMHEHMSI, a MMEHHO a30TCOoIepKallie COeTMHECHNS,
B YaCTHOCTH, IIPOU3BOIHBIE UMUIA30JIMHOB [15, 16].

Taxkum oOpa3oM, BAHTOBBIE KOHCTPYKIIUM TIPEICTaB-
JISTIOT cO00iT coBpeMeHHOE 1 3(D(DeKTUBHOE pelIeHUe
IIJIST CTPOUTENTBCTBA MACIITAOHBIX 00BEKTOB, OMHAKO MX
IIpUMEHEHNE TpeOyeT TIIATEIFHOTO yUeTa BCeX 0COOCH-
HOCTel 1 BO3MOXHBIX orpaHnueHuii [17].

PE3YJIbTATbl U OBCYXXAEHUE

BaHTOBBIC KOHCTPYKIINM MOXKHO KJIaCCU(PUIIIPO-
BaTh MO Pa3TUIHBIM mapameTpaMm. OTHAKO, IIPUHUMAST
BO BHMMAaHMNE, YTO apXUTCKTYPHO-IIPOCTPAHCTBEHHAS
OpTaHW3aIs 3MaHNN ¢ TAKUMU KOHCTPYKIIMUSMU OTIpe-
IensgeTcs Kak GopMOM caMOTO TTOKPHBITHS, TaK U OCO-
OCHHOCTSIMH OTIOPHOTO KOHTYpa, HauboJIee JOTUIHBIM
KaXXeTCs MX pasaeIeHre UMEHHO 110 3TUM ABYM KITIoUe-
BBIM XapakTtepuctukaM [18]. Takoii moaxom mo3BoIsieT
0oJiee TOYHO OMMCATh U CUCTEMATU3NPOBATh OCOOCHHO-
CTU JaHHBIX KOHCTPYKIINIA B 3aBUCUMOCTH OT UX apXU-
TEeKTYPHO-CTPOUTENIbHBIX perieHuii [19]. Ha ocHoBaHmm®
M3yIeHHBIX MaTepHajIoB ObLJIa COCTaBJICHA CXeMa, TIpe/-
CTaBJISTIONIAST COOOM KiTacCU(PUKAIINIO BAHTOBBIX TTOKPHI-
THH TI0 pa3IMIHBIM IIPU3HAKAM, KOTOPBIE OIIPEACIISIIOT
X KOHCTPYKTUBHBIC OCOOCHHOCT! M O0JIACTH TIpHME-
HeHus (puc. 1). Kimaccudukaums BKIoUaeT HeCKOJbKO
OCHOBHBIX KaTeTOPHIA, Kaxkaast 13 KOTOPBIX PACKPHIBACT
KOHKPETHEBIN acIeKT IMPOCKTUPOBAHNS M peaTn3aiim
TaKMX KOHCTPYKIINIA.
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KaunA BaHTOBbIX
KOHCTPYKUMUI

[IpoBeneH cpaBHUTEIBHBIX aHAJIN3 XapaKTePUCTUK
BaHTOBBIX OKPBITU, KJIaCCU(MDUIIMPOBAHHBIX TI0 pac-
TIOJIOKCHMIO BAaHT, U IIPEACTaBJICH B Ta0OM. 1.

AHaJIN3 OCHOBHBIX XapaKTePUCTUK BAHTOBBIX TIOKPHI-
THI B 3aBUCUMOCTH OT PACIIOJIOXKEHUS BAHT ITO3BOJISICT
CHeNaTh BBIBOM, YTO KaXKIBIN TUIT TAKNX KOHCTPYKITUIA
o01agaeT CBOMMHU JOCTOMHCTBAMM M HEIOCTATKAMU.
B T0 xe BpeMsI KOHCTPYKIINU C TIEPEKPECTHBIM PaCIIO-
JIOXKCHHEM BaHT, a TaKXKe apOYHO-BaHTOBBIMU KOMOM-
HUPOBAHHBIMM CUCTEMaMM aKTUBHO COBEPIICHCTBYIOTCS
¥ TIPU3HAIOTCS OMHUMM M3 CaMBIX TICPEIOBBIX B COBpe-
MEHHOM CTPOMTEILHOM oTpaciu. [IpuMeHeHNe TaKnX
TEXHOJIOTUI TTO3BOJISICT BOILIOIIATH JIETKHE, SKOHOMMY -
HBIC U B TO K¢ BpeMsI 3CTCTUUCCKU TTPUBJICKATCIIBHEIC
KOHCTPYKIIUH KPOBEITb.

KoMmOmHMpOBaHHBIE BAHTOBBIC KOHCTPYKIIUH OX-
BaTBIBAIOT IIMPOKUI KJIACC CUCTEM, KOTOPHIC TIPUHSITO
Ha3bIBaTh «TEHCErpUTH» («tensegrity»). B aTux cucremax
HaTSHYTBIC BAaHTHI, 00pa3yIolye HeIIPePhIBHYIO CHCTE-
MY, JOTIOJTHSTFOTCST KOPOTKMMHU 1 OTHOCUTEIIBHO PEeIKH-
MU OIIOPHBIMHU 3JeMEHTaMM — pacIiiopkaMu. K Turam
«TCHCETPUTU»-CTPYKTYP OTHOCSITCS BAHTOBBIC (DEpMBI,
COCTOSIIHE 13 TIPOYHBIX THOKUX TTOSICOB, BHITIOJTHEHHBIX
13 BEICOKOHATIPSTKEHHBIX BAHT, U BEPTUKAIBHBIX CBS3CH.

YT0OBI 06ECTICYNTD YCTOMUYNBOCTH BAHTOBBIX ITOSICOB
IIpY TIEpeMEHHBIX BHEITHUX Harpy3Kax, IPUMEHSICTCS
MIpeaBapUTEIbHOE HaIPSIKEHNE TaHHBIX 3JIEMEHTOB.

K mocTomHCTBaM TEHCETPUTH-CUCTEM MOXHO OT-
HECTH CIICAYIOIINE OCOOCHHOCTH:

Hwu3kuit coOCTBEHHBIN BeC KOHCTPYKIIMA.

MuHUMaIbHEIC pacIIOpHBIC YCWIINS, TIepeaaBacMbIe
Ha HIDKEJIeXKAIINE JIEMEHTHI.

BBICOKYI0 3KeCTKOCTB ITPH aCUMMETPUYHBIX Harpy3Kax.

XOPpOIIIYIO COMPOTUBISIEMOCTh TMHAMNIECKIM BO3-
IEeCTBUSIM, BKITIOUAs CeiicMIUecKue, 01aromapst BCTPO-
€HHBIM IeMIT(PUPYIOIITNM CBOMCTBAM CUCTEMBI.

Bo3MoXXHOCTB cO3maHMs KOHCTPYKIINI, KOTOPBIC BU-
3yaJIbHO BOCIIPUHUMAIOTCS KaK JISTKUE W TIPO3pavdHEIC.

BMmecrte ¢ TeM, 1T JAHHBIX CUCTEM XapaKTePHBI TT0-
BBIIIICHHBIC TPEOOBAHMS K TOUHOCTH: HEOOXOIMMO CTPOTO
BBIICPKMBATh TCOMETPUIO 3JICMEHTOB, KOHTPOJIUPOBAThH
YPOBEHB IIPEIBAPUTEIIFHOTO HAMIPSIKEHUS U Ka9eCTBO
COEIMHEHUI y3JI0B. DTH (PAKTOPHI TPEOYIOT 0COOOTO
BHUMAaHUS Ha 3Tarax IMPoeKTUPOBaHMS 1 MOHTaxa [20].

PaccmoTpum miprMephl TIPUMEHEHMS «TEHCETPUTH» -
CTPYKTYD:

Cramnon Mercedes-Benz Stadium (AtmanTa, CILIA).
DTOT COBpeMEHHBIN CTATNOH MUCITOJIB3YET 3JICMEHTBI
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Ta6bnuua 1. CpaBHeHMe TUMOB BAHTOBOIO NMOKPbITUSA

HbIX NAINT, KOTOPbIe B AabHelillemM 3aMOHONMYMBAOTCA
ANA C03AaHNA eAUHON NPOYHON KOHCTPYKLIK.

[Tpy 3TOM paccToAHMe MeXay HUTAMN N0 NepUMeTpy
MOKPbITUA ONpeaenaeTca MeToA0M BapuaHTHOro Npoek-

TaeT Ha (KaTune, a BHyTPeH-
Hee — Ha pacTAXeHue, 4To
No3BOJIAET UCNO/Ib30BaTb
ene306eToH U CTaNb C00T-

Tun BanToBOrO
XapaKkTepncTukn KOHCTPYKUMU Mpeumywecrsa Hepoctatku Mpumepbi
NOKpPbITUA
MokpbiTua cna- | KoHCTpyKuuA Bucayeil 060104K1 COCTOMT U3 CUCTEMbI —[pocToTa B KOHCTPYK- | YBenuueHue ycunuii B BaH- | AHrapbl B aponoprax
pannenbHbIM napannebHbIX BaHT, KOTOpble 3aKPeNAKTCA Ha He- TUBHOM UCTIONHEHNN; Tax 1 OMOpPHbIX KOHCTPYKLM- | OpaHK(ypTa-Ha-MailHe
pacnonoxeHuem | 3aMKHyTOM KOHTYpe. B kauecTBe Takoro KOHTypa MoXeT | — Bo3amoxHocTb onTu- AX NpuBOAMT K 6onblemy | u ObloMUUIHO, FAe NOKPbITUA
BaHT BbICTYNATb Xene306eToHHas W cTanbHas banka, MV3aLyy NPOCTPAHCTBA | Pacxopy MaTepuanos, uto | BbIMOMHeHbI B Buje 06onoyek
a TakKe KapKac NpuUCTpoiiku. 310 peleHne obecneunBaeT | 3a CYeT yMeHbLIEHNSA TpebyeT TWaTeNbHOro Npo- | C napannenbHbIM Pacnonoxe-
YCTORYMBOCT M 3OEKTUBHOR pacnpeseNneHne Harpy30K, | CTpenbl NpoBUCaHNA. eKTMPOBaHNA ANA 6anaHca | Huem BaHT.
Zenas BucaYne 060104KM nonynApHbIM BblGopom Ana MPOYHOCTI 1 IKOHOMUY-
Pa3NNYHbIX CTPOUTENbHBIX NPOEKTOB. HOCTU.
MokpbiTna PapnanbHble cuctembl HUTeR HaXOAAT NpUMeHeHne npe- | — lpakTuyeckn 6e3ms- — bonblwoe KonuuectBo MTaBunboH CLLUA Ha Bcemup-
CPaAManbHbIM | UMYLLECTBEHHO B 34aHUAX KPYrmoil GopMbl, a pexe —3n- | rubHas pabota nponeTHbIX | TUMOpPa3MepoB MAuT; Holi BbicTaBKe B bploccene
pacnonoxexuem | AMNTUYECKONA. B 3TUX KOHCTPYKLMAX ANA GUKcaLum HuTeli | nemeHToB, 06ecneun- — CnoxHocb yeTpoiictBa | (1968 T.), nepeKpbITbIii ABYX-
BaHT UCNONb3YHTCA A1BA KOHTYPA: Hapy»KHOE 11 BHYTPeHHee Bal0LLAA IKOHOMUYHOCTb | BOAOOTBOAALLMX CUCTEM. | MOACHOI PaANanbHOI BaH-
0MOpHble KoMbLia. PagnanbHo pacnonoeHHble HUTK, Pas- | 1 BbICOKYI0 HeCyLLyio TOBOIA CUCTEMOIA AMAMETPOM
MeLLeHHble Ha PABHOM yZaneHum Apyr oT Apyra, CyaT | Cnoco6HOCTb; 104 m.
0CHOBOI ANA YKNajKM TpanewuneBaHbIX ene3obetoH- | — HapyxHoe KonbLio pa6o-

TUPOBaHNA C yyeTom pada ¢pakTopoB. OHO ZOMKHO ObITb | BETCTBEHHO.
KPaTHO LLary KONOHH, 06ecneynBatoLLuX NoAAepKKY Beeil
KOHCTPYKLMY, 4TO 06ecneunBaeT onTumanbHoe pacnpe-
JeneHue Harpy30K 1 CTabubHOCTb CUCTEMBI.
MokpbiTA ¢ nepe- | (hopmMMpoBaHHbIe ABYMA B3aUMHO NepneHAMKynAp- — LUupokue Bo3moxkHocTM | — Bbicokaa uyBcTBUTeNb- | [1Bopew cnopta «l06uneiiHblii»
KpeCTHbIM pacrno- | HbIMI Fpynnamu napanieNbHbiX TPOCOB — HECYLLNX ANA CO3/HNA Pa3H00- HOCTb K BETPOBbIM 11 Temnie- | B CaHKT-TleTepbypre, rae He-
NOXKEHUEM BAHT | 1 CTabUNU3NPYHOLLMX — TaKue KOHCTPYKLMM 06pa3yioT 6Opa3HbIX apXUTEKTYPHBIX | paTypHbIM BO3LENCTBUAM; | Cyluye v cTabunuupylowyne
MOBEPXHOCTb CEANOBUAHOI GOPMbI. ITO COYeTaHMe dopm; — Puck AHamnueckoil He- | TpOCbl KpenaTca Ha KONOHHaX
o06ecneynBaeT YHUKanbHYI0 reoMeTpuio 1 CTabunbHoCTb | — IddeKTUBHOE NCNonb30- | yCToRYMBOCTYH (GnaTTepa) | Ha pasHblX YPOBHAX, uTo
cucTeMmbl. BaHIe MaTepu1anoB. npu Manoii KpUBM3He. COKPALLAET BbICOTY 37aHNA

nynpoLiaet BOA00TBOA.

«TCHCETPUTH» B CBOCI KpoBelbHOIT crcTteMe. [ToKpHI-
THE COCTOUT W3 ABVDKYIINXCS MMaHEeJ e, TTOIIepKIBac-
MBIX CETBIO BAHT U TPOCOB, UTO OOCCITIEUNBACT JIETKOCTh
1 GYHKIIMOHATbHOCTb KOHCTPYKIIUU.

[MaBuaboH KomMnanuu Tensys (BenmmkoopuraHus).
Kommanwmst Tensys crienmnaan3upyeTcsl Ha IPOSKTUPO-
BaHUU TeHCeTrpUTH-cucteM. OIMH U3 UX TIPOEKTOB —
TaBUJIbOH, TJI¢ MCITOTh30BaHA KOMOMHAIINS HATSTHYTHIX
MeMOpaH W BaHT IJIST CO3MAaHMUS JIETKOM, HO TIPOYHOM
KOHCTPYKITUU.

Kymona DaBapna ®ymiepa. Punuapn bakmuncTtep
®ytep, oIWH W3 THOHEPOB KOHIECIIIINYA TCHCETPUTH,
CO3IaJI MHOXECTBO KYIIOJIBHBIX KOHCTPYKIINIA, OCHO-
BaHHBIX Ha TIPUHIIATIAX HATIPSDKCHHOM 1IEJIOCTHOCTH.
Mounpeasnbckuii ornocdepe (1967 rom) — reome3nuecKuit
KyIoJI 1Jist BICTaBKKM EXpo 67, XOTsl OH He SIBJISIETCS
KJIACCUYECKNM «T€HCETPUTH», HO IEMOHCTPUPYET UIIEH,
JIeXallyie B OCHOBE 3TOi TexHoJjioruu [21].

[Tprmeps! IpUMEeHEHUSI «TEeHCETPUTH»-CTPYKTYP T10-
Ka3bIBAIOT UX YHUBEPCATHLHOCTh 1 TIOTCHITNAJ B Pa3/INY-
HBIX 00JIACTSIX: OT APXUTEKTYPHI 10 CTPOUTENTECTBA. DTH
KOHCTPYKIIMHU COUYECTAIOT B ceOE JIETKOCTh, YCTOMIMBOCTD
¥ 3CTETHUYCCKYIO TIPUBJICKATEILHOCTD, UTO JIe/IacT X MIe-
AJTBHBIM pPEIICHUEM IJTST CJTOKHBIX apXUTEKTYPHBIX 3a7ay.

PaccMoTpeB MHHOBALIMOHHBIE TEXHOJIOTUMU CTPOU-
TeJbCTBA YHUKAIbHBIX 3AaHUI U COOPYXKEHUM C LIETbIO
MOBBIIIEHUS TIPOU3BOAUTETLHOCTU B CTPOUTEIBLHOM OT-
pacyivi, MOXXHO BbIIEINUTh YHUKAJIbHbIN METOJ MOHTaXa
BAHTOBBIX (PEPM C MCITOJb30BAaHNEM BPEMEHHOM KaHaT-
HOI1 JOpOTH, IPEIOKEHHBIN (DpaHITy3CKOI KOMITAaHUEH
«Freissine». [laHHas cucrema IpeacTaBisieT OO0 KOH-
CTPYKIIMIO JUIMHOU 125 MeTpoB, 3aKpEIICHHYIO TBYMS
MeTaJUIMYECKMMMU YIIOpaMy Ha BEPXHEM KOJIbLIE OOBEKTA.
J1si MUHUMM3aLMY TPOBUCAHMSI KAHATHOM AOPOTH TTPU-
MeHsIach jebeaka, co3naroliasi HaTSKeHUe YCUIueM
0K0J10 16 ToHH. KOoHCTpyKIIus onupajiach Ha aBa CIie-
LIMAJIbHBIX METANTMYECKHUX CeIa, YCTAHOBJIEHHBIX HAl
BEPXHUM KOJIBLIOM.

JlaHHBIN MeTOA MO3BOJISET OCYILIECTBISITh MOHTAX
BAHTOBBIX (D€pPM OTHOBPEMEHHO C ABYX ITPOTUBOMOJIOXK-
HBIX CTOPOH. PaGoTHI BHIMOJHSIIOTCA ¢ pabOYMX IIaT-
¢opM, pa3zMellleHHbIX Ha pa3IMYHbIX YPOBHSIX Kejie300e-
TOHHBIX KOJIELI, YTO 00EeCIIedruBaeT BO3MOXHOCTb PaOOThI
KaK ¢ HDKHUMM, TaK U C BEpXHUMU MOsSICAaMU BaHT Ia-
pamienbHo. CTponTeIbHBIC KPaHBI JOCTABJISTIOT CTOM-
KM BaHTOBBIX (bepM Ha IIaT(OPMBI, I1Ie OHU KPEMsITCs
K BaHTaM MPU MOMOIIK YYTYHHBIX XOMYTOB M aHKEPHBIX
coequHeHuit. KOHCTpyKI1IMs aHKEPOB MpeaycMaTpuBaeT
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KOMOUWHALIMIO PETYJIMPYEMBIX U HEPETYJIUPYEMBIX 2JI€-
MEHTOB: OAWH KOHell (hepMbl (GUKCUPYETCS HEPETYJIU-
PYEMbIM aHKEPOM C BUJIKO, a IPYTOil — peryJimpyeMbIM
aHKEpPOM C FaliKoM IJISI TOUHOM HACTPOMKIM HATSKEHUST
M CO3JaHUS TTPEABAPUTETLHOTO HATIPSIKEHUSI.

[lepemeneHMe TOTOBBIX (pepM IO KaHATHOI TOPO-
re OCYLIECTBIISIETCS TIPU MOMOILM J1e0eI0K U KapeToK.
ITocne nocTrxxeHuUs 3a0aHHONW MO3ULIMU (DePMbl Kpe-
MSTCS B HEMOABUXHBIX aHKEepax Ha XKeJ1e300€TOHHbIX
MEePEKPHITUSIX. B LIEHTpaIbHOM KOJIblI€ UCTIOIb3YIOTCS
TOJIBKO PEryJrMpyeMble aHKEpbI 111 TOUHOI OalaHCH-
POBKM cucTeMbl. Bo BpeMs MOHTaXka HUKHUE BaHThI
3aTSITUBAIOTCS C yCwIreM 14 TOHH, a BepXHUE — C YCHU-
JeM 2 TOHHBI, 9YTO 00CCIIEYNBACT YCTOMIMBOCTh KOH-
CTPYKILIMM 10 3aBEPILIECHUST padoT.

ITocte yctaHOBKM Bcex 48 BaHTOBEIX (hepM IIPOBO-
JIATCS ATaM MPeABAPUTETLHOTO HAMPSIXKEHUST TOKPBITHSI.
HatsxeHure BepXHUX BaHT BBITTOJTHSIETCS TO3TAITHO C UC-
TOJIb30BAHMEM JIOMKPATOB 1 ycuausamu 14, 35 u 51 ToH-
Ha COOTBETCTBeHHO. Takoii mocienoBaTe/IbHbINA Mpoliecc
rapaHTUpyeT paBHOMEPHOE paclipelieIeHUe Harpy3oK
¥ BBICOKYIO IIPOYHOCTh BCEi KOHCTPYKIUH [22].

DTOT METOI IEMOHCTPUPYET BHICOKHU YPOBEHbB
TeXHUYECKOI MpOpabOTKU U MHHOBALIMOHHOTO MO/ -
X01a, TMO3BOJISIIOIIETO CYIIECTBEHHO MOBBICUTD TTPO-
M3BOJUTEIbHOCTh Y KAYECTBO MOHTAXHBIX pabOT Mpu
BO3BEJIEHUY CJIOXHBIX BAHTOBBIX KOHCTPYKLIMA. KoM-

CMNCOK NCTOYHUKOB

MMBIOTEPHBIN aHAINU3 TTOKa3ajl, YTo JJIs 00ecIieueHus
YCTOMUYMBOCTHU LEHTPAIBHOTO KOJIbIa HEOOXOIMMO
CO3/1aBaTh MpeIBapUTEIbHOE HATSKEHME ABYX AUaMe-
TpaJIbHBIX BAHTOBBIX (PepM Ha BCEX dTarax MOHTaXa.
3areM HaTATUBAJIMCh OPTOrOHAIBHBIE (DEPMBI, Y TOJBKO
ITOCJIe 3TOr0 — OCTajbHbIe. B pesynbrare npensapu-
TeJIbHOE HAIIpsKEHUE B HECYIIMX BaHTaX yBEJIMYMBa-
nock ¢ 14 1o 37 ToHH.

3AKJTIOMEHUE

AHaJIn3 OCHOBHBIX XapaKTEpPUCTUK BAaHTOBBIX ITO-
KPBITUIA TTOKA3bIBAET, YTO KaXIbII TUIT KOHCTPYKIIUU
NMEeT CBOM TOCTOMHCTBA M HemocTaTKu. OmTHAKO
HauOOJbIINI UHTEPEC BbI3BIBAIOT MOKPBITUS C TIepe-
KPECTHBIM PacloI0XEeHUEM BaHT U apOYHO-BAHTOBbIE
KOMOMHMPOBaHHbIE CUCTEMbI. B cCOBpeMeHHOM CTpO-
UTEIbCTBE MPUMEHEHUE JAHHBIX TUTTOB KOHCTPYKIIMIA
SIBJISIETCS] pa3BUBAIOILIMMCS HanpaBiieHueM. Komou-
HUPOBAHHBIE CUCTEMBbI, B TOM 4Yucie «tensegrity» -
CTPYKTYPBI, IIUPOKO TTPUMEHSIIOTCS TTPU BO3BEAECHUU
Pa3IMYHBIX 30aHUMA U COOPYKEHUI COBPEMEHHOM ap-
XUTEKTYpHI. [IepcreKTUBHBIM HallpaBJieHUEM Pa3BUTUSI
B IIPOEKTUPOBAHUHN MTPOUYHBIX U JOJATOBEUHBIX 3MaHUI
1 COOPYXKEHUM SIBISIETCS MCIOJb30BaHNE COBPEMEHHBIX
MaTepuaaoB, BKJIOUYass HAHOMaTepuaibl B BAHTOBBIX
KOHCTPYKIIUSIX.
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editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).
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During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).
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If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

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

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

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

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

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MPY HANIMYUM JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuueit )XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

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

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

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

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefaKkumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApYLUEHUA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM pPeLleHmns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOoB, MPOUCTEKAOLMIA U3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [naBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

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

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

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

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

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

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

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

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

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

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

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA niarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT Npefblaylyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpuMUaTeSIbHbIX pe3yfibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 ynTaTenb 06A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLMi B )KypHane JeNCTBYIOLMX 3aKOHOB, MPaBW UAN NOO-
MEHUN 1N 06A3yt0TCA COObLLaTb O NOOBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpeod-
neHna (HapyLeHusa).

Pepakuwei xXypHana HesaMeaMTeNbHO NPOBOANTCA pacciefjloBaHMe Mo BCemM COOOLLEHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnn nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHui). Ecnv 31o TpebyeTca B COOTBETCTBMU C 3aKOHOAATENbCTBOM, MaTepuanbl NepeaaloTca B COOTBETCTBYOLNE
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3Mmn aBTOPOB pefakLma NpefoCcTaBiAeT pa3BepHyTbie 1 060CHOBaHHble OTBETbI, Mpuaras Bce ycu-
NnA anA paspeLueHna KOHGINKTHBIX CUTyaLmniA.
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography

The journal requires the use of the Vancouver Citation Style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

The editorial board would like to remind the authors to take into account the citation policy of the journal when
preparing the References section.

A proper citation (References) not only shows the quality of the research, but it also ensures that the cited publica-
tions will be taken into account when assessing the scientific work of the author. International indexing databases
format all submitted references according to a unified structure. Therefore, strict requirements for unification and
standardization apply to this section of scientific articles.

The journal uses an adapted version of Vancouver Citation Style, one of the styles recognized by international
indexing databases.

References

The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
authors should obtain written permission to refer to these documents and evidence that they are accepted for pub-
lication. Information from unpublished sources must be marked with the words “unpublished data / documents,” the
authors must also receive written confirmation of the use of such materials. The journal adopted the Vancouver style
of reference design and citation.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
references to this work.

Privacy Statement
Specified when registering the names and addresses will be used solely for technical purposes of a contact with

the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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o nuueHsun Creative Commons Attribution 4.0 International (CC-BY 4.0) cmoTpuTe 3gech https://creativecommons.
org/licenses/by/4.0/deed.ru.

MpepcTaBneHne cTaTby B XKypHan nofpa3yMeBaeT, uTo:
+ paboTa He Gbina onyb6MKoBaHa paHee B APYroM XKypHare;
+  He HaXoAWTCA Ha PaCCMOTPEHUN B IPYrOM XKypHarne;
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NHdopmauums o KOHPNNKTe MHTepecoB
B cTtaTbe crniepyeT yKkasaTb Ha peanbHblii NN NOTEHLMANbHbIN KOHPANKT MHTepecoB. Ecnn KoHdnnKTa nHtepecos
HeT, TO ClelyeT HanncaTb, YTO «aBTOP 3aABNAET 00 OTCYTCTBUM KOHGNUKTa MHTEPECOBY.

Mpw npeacTaBneHNN PyKONucK B }KypHas aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAEP>KaHME CTaTbll COOTBECTBY-
eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 opOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
0obopMnEHbI KOPPEKTHO, YKa3aHbl CTOUYHVIKYM /st TabnuL, 1 pYCYHKOB (eC/Y He YKa3aHO MHOE, NPeAnonaraeTcs, yto
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OCHOBHble pa3genbl XKypHana:
+  CTpOWTENbHOEe MaTepunanoBeaeHye;
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«  MeXAyHapoLHOe HayYHO-TEXHNYECKOE COTPYAHNYECTBO;
+ 0630p n30b6peTeHunn B 061aCT HAHOUHAYCTPUY;
+ pa3paboTKa HOBbIX MaTEPMAsOB;
+  pauroHaNibHOE NCMONb30BaHNe NPUPOLHbBIX PECYPCOB;
«  3pdEKTUBHOE NCMNONb30BAaHNE BTOPUYHOTO ChIPbs;
+  MPVIMEHEHME HAHOMATEPUANOB N HAHOTEXHOMOT I B CTPOUTENBCTBE;
+  CUCTEMHbIE PELLUEHUNA TEXHONOMMYECKNX Npobnem;
+ B CMeXHbIX OTpacnax;
«  ¢$OopyMmbl, BbICTaBKM, KOHbEPEHUM, MEPONPUATUSA CTPOUTENIbHON OTPAC/I Y HAHOUHAYCTPUN.

B xxypHane ny6aunKyiotca paboTbl no cnepylowmym TeMam: Co3faHne HOBbIX GYHKLMOHaNbHbIX MaTepPUasos;
pa3paboTka Teopun GOPMUPOBaAHUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPUPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUSI HAHOMATEPMASIOB U HAHOTEXHOMOTMIA B CTPOUTENIBCTBE U CTPOUTENbHBIX MaTepuanax; LLeMeHTHble
N Apyrvie BsXyLve C MUHEePanbHbIMU 11 OpraHMYecKMy fo6aBKamuy; AVArHOCTVIKA HAHOCTPYKTYP M HAHOMATepuasnoB
CTPOVTENbHBIX CUCTEM; TEXHOJIOTUUN UCCIIefOBaHNsA CBOWCTB HAaHOMATEPUANoB; MOANDULMPOBaHNE CTPOUTENBbHbBIX
MaTepranoB HAHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3MLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMMPOBAHME Ha-
HOCTPYKTYPHbBIX MOKPbITUN Jla3ePHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNsA OCHOB HAHOTEXHOOMMIA; TEXHOJOI -
yeckre NPUHLMIbI CO3aHNA HAHOCTPYKTYP (pacnnasbl, 30/b-refeBblil CMHTE3 U Ap.). TeMaTrKa cTaTell MOXeT ObITb
WHOW, MPAMO UM KOCBEHHO CBA3AHHOW C MepPeUYNCTIEHHbIMU HamnpaBieHUsMU.
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>KypHan MPUHNMaET K I'Iy6J'II/IKaL|,VIVI2 Hay4Hble CTaTbH, o63opr|e CTaTbW, pefakuMOHHbIe CTaTbN, ANCKYCCUOHHbIE
CTaTbW, PeAAKTOPCKNE 3aMETKU, PeLeH3N Ha KHUTY, peleH3UN Ha CTaTblo U T. M.

Crpykrypa cratbu (B coorBercTtBuum ¢ FOCT P 7.0.7-2021)
HA AHITTUNCKOM A3bIKE

HA3BAHWE PYBPUKWN U PA3LENA XKYPHAJA (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
paper reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue ctatbu (In English)

Ums, nepBas 6ykBa oTuectBa (npu Hannuun), pamunua asropa (-o.) (In English)

06s13aTeNIbHOE yKa3aHUe MecTa paboTbl KaXAoro aBTopa, ropog, ctpaHa (In English)

(HaumeHogaHue opeaHusayuu (y4pexxoeHus), 20e pabomaem usu yyumcs asmop, ykaseleaemcs 6e3 0603Ha4yeHus
0pedHU3ayUOHHO-NPAsosouU (opmesl opuduydeckozo nuya: ®FbYH, ®I6OY BO, [1AO, AO um.n.)

* Corresponding author: e-mail: XXXXxXxxxxx

ORCID aBTOpa (-0B):
Oamunua n nHnLManbl — https://orcid.org/Xxxx-XxXX-XXXX-XXxx

Abstract: He3aBMCKMbIN OT CTaTbW MCTOYHUK MHPOPMALLMK, KOTOPbIV MO3BOMSIET YYEHbIM 1 CMELMANNCTAM cLenaTb
BbIBO[ O KauecTBe U COAepKaHuM CTaTby (pe3tome A0MXKHbI ObiTb MHPOPMALIMOHHbBIMM, OPUTMHAMBbHbBIMM, COAEPKATb
HOBW3HY, OCHOBHbIE pe3y/bTaTbl UCCNefoBaHUI, CTPYKTypupoBaHHbiMy o IMRAD (Introduction, Methods and Mate-
rials, Results, Discussion, Conclusion), KoMnakTHbIMY — yKnagpbiBaTbcs B 200-250 ¢10B) (Ha aHIIMINCKOM AI3bIKe):

Abstract: Introduction... Methods and Materials... Results... Discussion...Conclusion...

Keywords: (In English) otgensitot gpyr ot fpyra 3anatbiMu, Noc/ie NOCeHEro TOUKY He CTaBAT

Acknowledgments: (npu Hannunu) (In English)

For citation: (In English)

lMpumep:

For citation: Nizin D.R., Nizina T.A,, Spirin I.P, Chibulaev I.A., Pivkin N.A. The effect of the concentration of nano-
modifiers and the moisture content of samples on the change in the properties of epoxy polymers. Nanotechnolo-
gies in Construction. 2024;16(6):499-509. https://doi.org/10.15828/2075-8545-2024-16-6-499-509. - EDN: QGYFFZ.

© authors, 2025

Cratbs ((In English) o6bem - 3-6 TbiC. CIOB):
- INTRODUCTION

- METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSION

References (In English) (cornacHo Vancouver Style).

lMpumepei:

1. Nizin D.R., Nizina T.A., Maryanova A.V., Mironov E.B. Moisture absorption of 3D-printed PETG plastic Samples.
Bulletin of MGSU. 2023;18(7):1078-1088. https://doi.org/10.22227/1997-0935.2023.7

2. Venkatraman V. Conventions of Scientific Authorship. Science. 16 April 2010. Available at: https://www.sci-
ence.org/content/article/conventions-scientific-authorship-0 (accessed: 13.05.2024).

3. Allen L., Scott J, Brand A, Hlava M., Altman M. Publishing: Credit where credit is due. Nature.
2014;508(7496):312-313. https://doi.org/10.1038/508312a
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4. Mekeko N., Tikhonova E. Description of Author Contributions while Submitting a Manuscript: The CREDIT
System. Journal of Employment and Career. 2022;1(4):5-7. (In Russ.) https://doi.org/10.56414/jeac.2022.24

MpumeuaHme: 1. HazBaHMA KypHanoB, KHUT U T.4. yKa3blBaloTCA KypcMBOM. 2. B maTepuanax, onybnnkoBaHHbIX
TOJ/IbKO Ha PYCCKOM A3blKe, YKa3biBaeTca (In Russ.)

Additional information (06 ncnonb3oBaHMM TEXHONOMN reHEPATUBHOIO UCKYCCTBEHHOTO MHTENNEeKTa U TeXHO-
NOrNI, OCHOBaHHbIX Ha UCKyccTBEHHOM UHTennekTe) (In English)

lMpumepeir:

The authors declare that generative artificial intelligence technologies and technologies based on artificial
intelligence were not used in the preparation of the article.

(ABTOpbI 32ABNAIOT O TOM, UTO NPV NOATOTOBKE CTaTbU HE NCMOb30BaNNCh TEXHOIOMMM FEHEPATUBHONO NCKYC-
CTBEHHOTO VIHTENNEKTA Y TEXHOMOIMU, OCHOBaHHbIE Ha MCKYCCTBEHHOM UHTENNEKTE).

unu

During the preparation of this article, [tool/service name] was used for [reason]. After using this tool/service,
the content has been revised and edited as necessary, and | assume full responsibility for the content of the
published article.

(Bo BpeMsi NOAroTOBKYM 3TOM CTaTbl Obl1 CMONb30BaH [Ha3BaHMe NHCTPYMeHTa/cepBucal no [npuumnHe]. Mocne
MCMOMb30BaHNsA 3TOF0 MHCTPYMEHTa/CepBMca NepecMoTPEH U OTPeAaKTMPOBAH KOHTEHT MO Mepe Heobxoau-
MocTu, bepy(em) Ha cebA NOMHYIO OTBETCTBEHHOCTb 3a COfilepKaHe onybnnKoBaHHON CTaTbi).

Information about the author (authors) (In English)

- Wmn, nepeas bykBa otuecTBa (Mpv Hanuuum), dammunus aBTopa;

— yueHas CTeneHb;

— yueHoe 3BaHue;

— HauMeHOBaHWe opraHM3auuy (yupexxaeHus), ee nogpasaeneHus, rge pabortaet unm yuntca astop (6e3 o6o3Ha-
YyeHUs opraHM3aLMoHHO-NpPaBoBol Gpopmbl topuanyeckoro nuua: OreyYH, ®re0Yy BO, MAO, AO n T. n.);

— ajipec opraHmn3aLmm (yupexaeHus), ee nogpasaeneHus, rge pabotaeT nnm yuntca aBtop (ropop 1 cTpaHa);

— 3M1eKTPOHHbIN agpec aBTopa (e-mail);

— OTKpbITbIN naeHTUdMKaTop yueHoro (Open Researcher and Contributor ID — ORCID) (npw Hanuumn).

OneKTPOHHbIN afpec aBTopa NPUBOAAT 6e3 cyioBa «e-mail», nocne 31eKTPOHHOro agpeca Touky He ctaBat. ORCID
npuneoaAT B popme 3neKTPOHHOro agpeca B cetu «/HTepHeT». B koHue ORCID Touky He cTaBAT. HaumeHoBaHue opra-
HU3auum (yupexxgeHus), ee agpec, anekTpoHHbin agpec n ORCID aBTopa otaenaAoT Apyr OT Apyra 3anATbIMU.

Pepakuma n3gaHmna MoxeT paclumpuTb AOMONHUTENbHbIE CBeleHNA 00 aBTope: yKa3aTb ero JONIKHOCTb, MoYeTHble
3BaHWA, YNEHCTBO B OPraHmM3aumsax u . n.

lMpumep:

Zhanna V. Pisarenko - Dr. Sci. (Econ.), Assistant Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russia, z.pisarenko@spbu.ru, https://orcid.
org/0000-0002-9082-2897

Contribution of the authors (In English):

Mmsn, nepBan 6ykBa oTyecTBa (Mpw Hanuumm) n GaMunna aBTopa; B KpaTkon GpopmMe OnmncbiBaeTCA JINYHBIN BKNag
aBTOpa B HanucaHve cTatby (nges, coop matepuasna, obpaboTka MaTepuana, HanmcaHue CTaTby, HAyYHOE pefaKkTu-
pOBaHMe TeKCTa U T. A.).

lMpumep:

Marina S. Morozova - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Elena V. Bokova - participation in development of curricula and their implementation; follow-on revision of
the text; final conclusions.

The authors declare no conflicts of interests.

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.
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HA PYCCKOM A3bIKE

HA3BAHWE PYBEPUKI UITU PA3LENA XKYPHAJIA (Ha pyccKom A3bIKe)

HayuHasa ctaTbs (0630pHanA cTaTbs, pefakuMOHHasA CTaTbs, AUCKYCCMOHHAs CTaTbs, NEPCOHANMK, pefakTopcKas
3aMeTKa, PeLieH3nA Ha KHUTY, peLieH31A Ha CTaTbio 1 T. N.) (Ha pyCCKOM A3bIKe) / (Ha aHIUNCKOM A3bIKe)

YOK XXX

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue cTaTby (Ha PyCCKOM A3bIKe)

Ums, oTuecTBO (Npun Hannuum), pamunus aBTopa (-oB) (Ha PYCCKOM A3bIKE)

06n3aTesIbHOE yKa3aHue MecTa paboTbl KaXAoro aBTopa, ropos, CTpaHa (Ha pycCKOM fA3blKe)

(HaumeHogaHue opeaHusayuu (y4pexxoeHus), 20e pabomaem usu yyumcs asmop, ykaseleaemcs 6e3 0603Ha4yeHus
0pedHU3ayUOHHO-NPAsosou hopmebl topuduydeckozo auya: OrbYH, ®r6OY BO, MAO, AO u m. n.)

* ABTOP, OTBETCTBEHHDI 33 NepenmcKy: e-mail: XXXXXXXxxx

ORCID aBTOpa (-0B):
Oamunua n nHnLnanbl — https://orcid.org/Xxxx-XXXX-XXXX-XXXx

AHHoTauusA (unv Peslome): He3aBMCUMBIY OT CTaTbW MCTOUYHUK MHPOPMALLMM, KOTOPbI NMO3BOJIAET yUEHBIM U Crie-
UManuncTamMm cenatb BbiBOA O KauecTBe M COAepPKaHUM CTaTby (pe3tome AOMKHbI ObiTb MHGOPMALMOHHbBIMU, OPUTU-
HaNbHbIMM, COAEePKaTb HOBU3HY, OCHOBHbIE pe3ynbTaTbl UCCeA0BaHUN, CTPYKTypupoBaHHbiMu no IMRAD (BBegeHme,
METOAbl U MaTepuasbl, pe3ysnbTaTbl, 0OOCYKAeHNE, 3aKiioYeHne (BbIBOAbI)), KOMMAKTHbIMK — YKnaabiBaTbcs B 200—
250 cnoB) (Ha pycCcKOM fA3bIKe):

AHHoTauus (unv Peslome): BBegeHue... Metoabl u maTepuanbl... Pesynbrarbl... O6¢cyKaeHue... 3aknioueHme
(BbIBOADI)...

KnioueBble cnoBa: (Ha pycCKoMm fA3bike)

BnaropapHocTu: (Npy HanMummM) (Ha PyCCKOM A3bIKe)

Ona umTupoBaHuA: (Ha PyCCKOM A3bIKE)

lMpumep:

Ona yntuposanus: HusuH [.P, HusmHa T.A., CnnpuH WM., Ynbynaes W.A., NMusknH H.A. BnusiHue KoHueHTpa-
UMM HaHOMOAUPUKATOPOB 1 BflarocoaepKaHnsa o6pasLoB Ha M3MEHEHME CBOVCTB SMOKCMAHbIX MONIMMEPOB.
HaHnomexHonozuu 8 cmpoumenscmee. 2024;16(6):499-509. https://doi.org/10.15828/2075-8545-2024-16-6-
499-509. - EDN: QGYFFZ.

MetagaHHbie ctatbu (In English)

3arnaBue ctatbu (In English)

Ums, nepBas 6ykBa oTuectBa (npuv Hannuuu), pamunua asropa (-o.) (In English)

06s3aTeNIbHOE yKa3aHUe MecTa paboTbl KaXAoro aBTopa, ropog, ctpaHa (In English)

* Corresponding author: e-mail: XXXXxxxxxx

Abstract: Introduction... Methods and Materials... Results... Discussion...Conclusion... (In English)
Keywords: (In English)

Acknowledgments: (npu Hannuwmn) (In English)

For citation: (In English)
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- BBepgeHune
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+ Pesynbratbi
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lMpumep:

1. Hu3un O.P, HusmHa T.A., MapbsiHoBa A.B., MupoHoB E.b. BnaronornouieHune 3D-nevatHbix ob6pasuos PETG-
nnacTtunka. Becmnux MICY. 2023;18(7):1078-1088. https://doi.org/10.22227/1997-0935.2023.7

2. Venkatraman V. Conventions of Scientific Authorship. Science. 16 April 2010. Available at: https://www.
science.org/content/article/conventions-scientific-authorship-0 (accessed: 13.05.2024).

3. Allen L., Scott J, Brand A, Hlava M., Altman M. Publishing: Credit where credit is due. Nature.
2014;508(7496):312-313. https://doi.org/10.1038/508312a

4. Mekeko H. M., TuxoHosa E. B. OnucaHune aBTOpcKoro Bknafa npu nogaye pykonucu: cuctema CREDIT. Xyp-
Han Paboma u Kapsepa. 2022;1(4):5-7. https://doi.org/10.56414/jeac.2022.24

MprimeyaHme: 1. Ha3BaHWA XypHaNoB, KHWT 1 T.A. yKa3blBaloTCA KYPCUBOM.

HononHurtenbHasa nHpopmaumsa (06 NCNOIb30BAHMM TEXHONOMMN FTEHEPATUBHOIO UCKYCCTBEHHOTO UHTEJIEKTA
N TEXHOJIOT I, OCHOBAHHbIX Ha NCKYCCTBEHHOM MHTENIEKTE) (Ha PYCCKOM A3bIKE)

lpumepei:

ABTOpbI 3asBAAIOT O TOM, YTO NPV MOATOTOBKE CTaTb/ HE MCMONIb30BANINCh TEXHONOMUN FrEHEPATUBHOMO UCKYC-
CTBEHHOIO MHTENIEKTa U TEXHONIOT M, OCHOBAHHbIE HA MCKYCCTBEHHOM MHTENIeKTe.

unu

Bo Bpems MoaroToBKM 3TOW CTaTbM Obifl MCMONb30BaH [Ha3BaHMe UHCTPYyMeHTa/cepaucal no [mpuunHel. Mocne
NCMOJIb30BaHNA 3TOO MHCTPYMEHTa/CepBUCA NePeCMOTPEH 1 OTPEAKTMPOBAH KOHTEHT MO Mepe HeO6XOAMMOCTH,
6epy(em) Ha ceba NONHY OTBETCTBEHHOCTDL 3a COfeprKaHne ony6/IMKOBAHHON CTaTbU.

Undopmauus 06 aBTope (-ax) (Ha pycckom A3bike)

— bamunus, NMs, 0OTYECTBO aBTOPa (MONTHOCTbIO);

— yyeHas CTeneHb;

— YyUYeHoe 3BaHue;

— HaUMeHOBaHMe opraHv3auun (yupexxaeHus), ee nogpasaeneHus, rge pabotaet unm yuntca aBtop (6e3 o603Ha-
YyeHUs opraHn3aLoHHO-NPaBoBoN Gpopmbl topuanueckoro nuua: GroYH, ®re0y BO, MAO, AO n T. n.);

— ajpec opraHun3aLmm (yupexxgeHus), ee nogpasfeneHus, rge paboTaeT unm yuntca aBtop (ropog 1 CTpaHa);

— 3NIeKTPOHHbIN agpec aBTopa (e-mail);

— OTKpbITbIN ngeHTUdMKaTop yueHoro (Open Researcher and Contributor ID — ORCID) (npw Hanuumn).

ONeKTPOHHbIN afpec aBTopa NPMBOAAT 6e3 CJIoBa «e-mail», nocse 31eKTPOHHOro agpeca Touky He ctaBat. ORCID
npuBoaAT B popme 3NEeKTPOHHOTO agpeca B cetu «/HTepHeT». B koHue ORCID TouKy He cTaBaT. HaumeHoBaHue opra-
HU3auum (yupexxgeHus), ee agpec, anekTpoHHbIn agpec n ORCID aBTopa oTaenaAT apyr OT gpyra 3anAaTbIMy.

Peakuuma n3gaHmna MoXeT pacluMpuTb JOMONIHUTENbHbIE CBeleHNs 00 aBTOPe: yKa3aTb ero OJIKHOCTb, MOYETHble
3BaHVA, YIIEHCTBO B OpraHM3aumax 1 T. .

lMpumep:

MucapeHko XKaHHa BUKTOpPOBHa — JOKTOP SKOHOMUYECKMX HAYK, Tpodeccop Kadenpbl ynpasBieHUs pruckamu
N CTpaxoBaHWs 3KoHOoMUYeckoro ¢akynbteta CaHKT-[eTepOyprckoro rocygapCTBEHHOINO YHVBEPCUTET],
r. CaHkT-MNeTepbypr, Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Bknag aBTOpPOB (Ha pyCCKOM A3bIKe):

- pamunus, nHMLManbl aBTopa;

— B KpaTKoW GpopmMe OnmcbIBAETCA IMYHbBIN BKNAaZ aBTOPa B HanucaHume ctatby (nged, cbop matepuana, obpaboTka
MaTepwuana, HanvcaHue CTaTby, HAyYHOE PefaKTUPOBaHWE TEeKCTa U T. J.).

lMpumep:

Mopo3oBa M.C. — HayuyHOe pyKOBOACTBO; KOHLIENLUMA UCCIIe0BaHNA; Pa3BUTME METOAONIOMMN; yYacTe B pas-
paboTKe yuebHbIX MPOrpamm 1 UX peanu3aLym; HanMcaHue NCXOLHOro TEKCTA; UTOrOBbIE BbIBOADI.

BokoBa E.B. - yuacTue B pa3paboTke yuebHbIX MPOrpamMm 1 Nx peannsaumu; gopaboTka TeKCTa; NTOroBbIE Bbi-
BOAb.

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNNKTa UHTEPECOoB.
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CraTtbs mocTtynuna B pegakumio XX.XX.202X; ogobpeHa nocne peueHsnpoBaHma XX.XX.202X; nprHaATa K nybnvka-
yum XX.XX.202X.

OdopmneHune TekcTa pykonucm

®opmar
Penakumsa npuHUMaeT TEKCTbI, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHune

« ucnonb3yite wWpndT Times New Roman 14 nt v nHtepsan 1,5 CTpoku;

+  He ncnonb3yiTe noguyepKrBaHye BHYTPU TeKCTa (411 NoA3arosIoBKOB UCMONb3YNTe NOYXNPHOE HauepTaHue, ANA BbigeneHns
B TEKCTe — KypCuB);

+  MHOCTpaHHble Ha3BaHWsA (KypHasoB, OpraHM3aLmni 1 T.4.) CledyeT OCTaBMATb B OPUrHae, 3aK/ioyaTb B KaBblUKM.

A66peBMaTypbl
Bce ab6peBuraTypbl fOMKHbI ObITb paclundpoBaHbl Npy NepBomM ynotpebneHun. Ecnv abbpesunatyp MHOro, MOXHO caenatb
CMNCOK C paclundpPOBKOI KaxoW 13 HUX Nepes TEKCTOM CTaTb.

Tabnuubl 1 pNCYyHKN

Bce TabnuiLbl ¥ PUCYHKM AOMXKHbI ObITb MPOHYMEPOBaHbI 11 Ha3BaHbI, Ha HUX JOMKHA ObITb OTCbINIKA B TEKCTE CTaTby. B Tabnmuax
He JOMKHO ObITb MyCTbIX rpad. PUCYHKM JOMKHBI ObITb XOPOLIEro KayecTsa, MpUrofHble Ana nevatu. MpuknagbiBaoTCa K cTaTbe
oTaeNbHbIMU darnamu.

YT06bI NPOBEPUTL KAUECTBO 1306PAXKEHNA, MOXKHO YBENNYUTL €ro. XopoLuee n306pakeHre He pa3MblBaETCA NPU YBENNYEHUN.

CHOCKI
Mpy HeobXoANMOCTN UCMOSb3YIOTCA CHOCKM CO CKBO3HOWM Hymepauueii (apabckue uudpbl) No BceMy AOKYMeHTY. B cHockax
MOTYT ObITb LMTATbl 13 PAabOT, KOTOPbIE YNIOMUHAIOTCSA B TEKCTE, JOMOJHUTENbHAsA MHGOpMaUus.

OdopmneHne LUTaT M CNNCKa NMTepaTypbl

B XypHane npuHAT BaHKyBepCKUii CTWIb UMTMPOBaHUA (OTCbINIKa B TEKCTE B KBafpaTHbIX CKOOKax, MosiHoe 6rubnuorpadurye-
CKOe oMucaHme UCTOYHIKA B CNCKe NTepaTypbl B MOPAAKe YNIOMUHAHWSA B TEKCTE CTaTbM).

Pepakuua pekomeHgyeT aBTopam npwv NoarotoBke References yunTbiBaTb MONUTHKY LUTUPOBAHWSA, MPUHATYIO B >KypHane.

MpaBunbHOe onuvcaHre NCNonb3yeMblX NCTOYHMKOB (References) He TONbKO IEMOHCTPUPYET KaueCTBEHHbIN YPOBEHb UCCe-
[I0BaHUA, HO 1 ABNIAIETCA rapaHTMEl TOro, UTO UMTMpyemas nybnvkaums 6yaeT yuTeHa npu oLeHKe HayYyHoW AeATeNbHOCTA ee aBTo-
poB. MexayHapofHble nHaeKkcupyoLme 6a3bl AaHHbIX MPeobpasytoT BCe NpefCcTaBNeHHble CCbINIKM MO eAVHOW CTPYKType. B cBA3N
C 3TUM K 3TOMY 6JIOKY HayUHOW CTaTby NPeAbABAATCA CTporue TpeboBaHus YHUGMKALMYN U CTaHAAPTH3aUuK.

B >KypHane npuHAT afanTypOBaHHbIN BapuaHT BaHKyBepCKOro CTMna LMTUPOBAHNA, KOTOPbIN ABAAETCA OQHUM 13 CTaHAAPTOB,
NPV3HaHHbIX MeXAYHapPOAHbIMN 6a3aMu AaHHbIX.

CnNnCcoK NCTOYHNKOB

B cnncok NinTepaTypbl BKAKOYAKOTCA NUCTOYHUKWN, NCNOJIb3yeMble B TEKCTE CTaTbW. CcbinkmM Ha NPUHATbIE K I'IY6J'IVIKaL|,VIVI, HO
eule He OI'Iy6J1I/IKOBaHHbIe CTaTbW OOJIXKHbI ObITb MOMEYEHbI C/TIOBAMU «B nevyatn»; aBTopbl AOJIXKHbI NOJTY4YUTb NMCbMEHHOE pa3-
peweHne anAa CCbiIKN Ha Takne OKYMEHTbl N NOATBEPXKAEHME TOrO, YUTO OHU NMPUHATDbI K NevyaTun. I/IHd)opmame n3 Heony6nv|-
KOBAHHbIX NCTOYHUKOB AOOJI)KHa 6bITb OTMEYeHa C/ioBamMu «HeOI'I)/6J'II/IKOBaHHbIe ,ElaHHbIe/,D,OKyMeHTbI», ABTOPbI TaKXe OOJIXKHbI
noJIyuYnTb MNCbMEHHOE NOATBEPKAEHUNE Ha NCMOJIb3OBaHWE TaKUX MaTeEPKUanoB.

ABTOpCKIMe npaBa

ABTOpbI, Ny6ANKYOLWMECA B XKYPHae, COrMallaloTcA Co CeayoLnm:

1. ABTOpbI COXpaHSAIOT 3a CO6OI aBTOPCKME MpaBa Ha paboTy U NpefoCTaBAAOT XypHasy NpaBo NepBoi nybnmkauum paboTb.

2. ABTOpbI COXPaHAIOT MPABO 3aK/ouaTb OTAESIbHble KOHTPAKTHbIE JOFOBOPEHHOCTY, KaCaloLWMeCs HESKCKITI03UBHOMO Pacnpo-
CTpaHeHUs Bepcun paboTbl B 0Ny6IMKOBAHHOM 34eCh BrAe (Hanpumep, pa3melleHmne ee B MHCTUTYTCKOM XpaHunuLle, nybnmka-
LMIO B KHITE), CO CCbINIKOV Ha ee OpUrnHanbHyo My6bimKaLuio B 3TOM XKypHarne.

3. ABTOpbI UMEIOT NPABO pa3mMeLLaTb UX PaboTy B ceTU WHTepHET (HanpumMep, B UHCTUTYTCKOM XPaHWIMLLE UIU Ha Nepco-
HanbHOM caiiTe) O 1 BO BPEMS MPOLIECCa PacCMOTPEHMS ee AaHHbIM XKYPHANOM, TaK Kak 3TO MOXET NPUBECTU K NPOLYKTUBHOMY
06CyXaeHUIo 1 60NbLLeMy KOTMUYECTBY CCbINIOK Ha JaHHyo paboTy.

MpuBaTHOCTD

MmeHa n agpeca BJ'IEKTpOHHOVI NnouYTbl, BBEAEHHbIE Ha CalnTe 3TOro XKypHana, 6y,u,yT NCNONb30BaHbI UCKIOYNTENbHO AN Lienen,
0603HAYEHHbIX 3TUM XKypHaniom, n He 6y,qu MCNOJib30BaHbl ANA KaKnx-nm6o [pyrnx uenem nnm npenocTaBneHbl Apyrmum nmuam
M opraHusaumam.
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