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O CTATbE AHHOTALMSA
no”yqua: 01 wionHs 2017 ~ Passutune VIHq)paCprKTypbl 1 aKonornyeckon GesonacHoCTn I'I?VIpO,EI,HbIX CVICT?M
an/IHﬂTaZ 18 uons 2017 KpaMHero CeBepa Tpe6yeT CO30aHUNA HOBbIX TEXHOMPUPOAHbLIX 34aHUN U COO?y)KeHVIVM C
OI'ly6J'|V|KOBaHa: 29 CeHTﬂ6pﬂ 2017 npuMmeHeHnemMm KOMNo3nUMoHHbIX HaHOMaTepuanos, 06na,qa|ou.u/|x NOBbILLUEHHOWN YCTOUYN-
BOCTbIO K TeMnepaTtypHbIM, Npocago4HbIM, NeaoBbiM YCNOBUAM. |_|pVI 3TOM Heobxoaumo
Kntouessbie crnosa: 06OCHOBaHME HOBbIX TEXHUYECKMX peLLIeHVIVI rmapoTexHn4eckmnx COOpy)KeHVIVI, BKno4asa nx
aKonormyeckas 663OI'|aCHOCTb, MHd)pa- OCHOBaHuA, BOAOMNOAMNOPHbIE KOHCTPYKUUWU, NHXEHEPHYI0 3allunuTy un T.ﬂ; I'Ipvl 9TOM 3Ha4un-
CTPYKTYpa, HOBble TEXHWYECKMe peLlie- TenbHaaA posnib NpUHaAONEeXuT paapaGOTKe TeXHU4YeCKMX pekomeHgauun, OCHOBAHHbIX Ha
HUSI, pacyeTHoe 0BoCHOBaHWe, 060510- npoBefeHHbIX TeopeTUYeCKUX, 3KCNnepuMeHTalribHbIX, HaTypHbIX, B TOM 4UCrie 3KOJ1oro-

YeUHble KOHCTPYKLIMM, KOMMO3MLIOH- coumanbHbIX 3KCNyaTauMOHHbIX NoKa3aTesiaX HOBbIX TEXHUYECKUX pelleHUn 3aNieMeHTOoB

Hble (KOMMO3WTHbIE) HaHomaTepuarnbi, “nwn B Lienom KOHCTPVK””g" .
FPYHTOHAMOMHSIEMbIE 11 FPYHTOAPMMPO- B cTtaTtbe AaHbl 0GOCHOBaHWS NapaMeTpoB OTAESIbHbIX 3IEMEHTOB KOHCTPYKLMNA

BaHHbIE 3MEMEeHTb! KOHCTPYKLIA, reTe- (rpyHTOHanonHsiemMbix 060M04YEK, apMONEHT), a Takke ONMCbIBAIOTCA HeobXoauMble Tpe-

POMOAYMbHbIE MaTepuaribl, Peoriorms 6oBaHNA ONst KOMMNO3UTHbBIX HaHOMaTepuanoB, KOTOPble Y4YUTbIBAlOTCA ANA Pas3nuUyHbIX
TEXHOMOMS W3rOTOBNEHMS TpVI6OJ'IO- NpUPOaHO-KNUMaTUYECKNX yCJ'IOBMVI obbekTa ¢ y4eTOM BO3MOXXHOCTU BOCCTaHOBJIEHUA
rMYeckvie CBOCTBA NnoBpeXOeHHbIX YH4acCcTKOB U BPEMEHU XXU3HEHHOro LKKNa BCEero COOpyXeHusA B LerioM.

Mpepnaraetcs yuuTbiBaTb B KOMMO3UTHbIX HaHoMaTepuanax WX reTepoMoAayrbHOCTb
(cBolicTBa rMAPOdOGHOCTM, TPUBOMOTMYHOCTW, PEanorM4yHOCTH), YTO MO3BOSIUT BECTU
NpOEKTUPOBaHME NOAOGHBIX KOHCTPYKUMIA U3 HUX B Pa3nMYHbIX OTPACHSIX CTPOUTENBLCTBA.
Heo6xoamMmo npu 3ToM yunTbiBaTh PopMy 060roYeK, CBOMCTBA KOMMO3UTHBIX MaTepua-
OB, WX XWU3HEHHbIN LMK AN KOHKPETHOrO COOPYXKEHMUS, MPOYHOCTHbIE CBOWUCTBA KOMIMO-
3WUTHbIX HAHOMaTepmanos U T.n. MNpeanaraeMble HOBbIE TEXHUYECKWE PELLEHUs MO3BONST
YNyYLWUTb UHGPACTPYKTYPY rOPOACKUX TEPPUTOPHUIA, MOBBLICUTE UX KA4YeCTBO, B TOM Yucne
TPaHCnopTHble, MMAPO3HEpreTUYeckme, BogoobecneyrBatoLLme CUCTEMBI.

B kayecTBe BOAOMOAMOPHBIX, PEryNUPYIOLLMX, NPOTUBONaBOAKOBbLIX, Geperosa-
LMTHBIX, Cene3alinTHbIX KOHCTPYKLMA pekoMeHAyeTCsi Mcrnonb3oBaTb MeMmbpaHHble,
TPYHTOHaMOoSHSEMbIE, TPYHTOAPMUPOBAHHbBIE, FPYHTOOTBEPXKAAEMbIE KOHCTPYKLUUM U KX
couyeTaHve. VX LWnpokoe NpuMeHeHne TpebyeT NpoBeAeHVs] AOMOMHUTENbHLIX TEOpe-
TUYECKUX, IKCMEPUMEHTAaNbHbLIX U HATYPHbIX UCCNEAOBaHWIA, BKIOYash CBOWCTBA HOBbIX
HaHoMaTepuarnos.
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The development of infrastructure and environmental safety of the natural sys-
tems of the Far North requires new techno-natural buildings and structures which can
be created using composite nanomaterials. These materials have to embrace an en-
hanced resistance to temperature, subsidence and ice conditions. At the same time, it
is necessary to justify new technical solutions for hydraulic structures including their
bases, water-retaining structures, engineering protection, etc. It is also important to
develop technical recommendations based on theoretical, experimental, field studies,
ecological, environmental and social performance indicators of new technical solutions
of elements or structures as a whole.

The article provides substantiations for individual structural elements, i.e. primer

columns, reinforcing tapes; it also describes necessary conditions for composite
nanomaterials that are taken into account in different climatic conditions and ensure the
restoration of damaged areas and the life-cycle time of an entire structure. It is proposed
to take into account the heteromodularity of the composite nanomaterials (properties of
hydrophobicity, tribology, reagance). The proposed new technical solutions will allow to im-
prove the infrastructure of urban areas by increasing their quality, in particular, transport, hy-
dropower and water supply systems.

It is recommended to use membrane, soil filling, soil reinforcing, soil strengthening
structures and their combinations as water retaining, regulating, flood controlling, bank
protecting and antimud slide protection structures. A widespread introduction of such
structures requires additional experimental, theoretical and field studies of properties of
new nanomaterials.

materials, rheology, manufacturing
technology, tribological properties
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CoBpeMeHHOe pa3BuUTHE TeppuTopuu Poccuu, 3aHMMaeMoil BEYHOW MEp3J0TON Ha OKOJIO
65 %, HEe MOXKeT OBITh PEHICHO 0€3 HOBBIX TEXHUYECKUX PEUICHUHN C HCIOIb30BAHHEM KOMIIO-
3UTHBIX HAHOMAaTEPHUAJIOB, COOTBETCTBYIOUIMX MPUPOIHO-TEXHOTEHHBIM ycioBusM Kpaiinero
CeBepa. ABTOpamu npejiaraeTcs UCIoJIb30BaTh HOBbIE TEXHUUECKUE PELICHUSI COOPYKEHUN U
KOHCTPYKIMH C NMPUMEHEHHEM KOMIIO3UTHBIX IeTepOMOIYJbHBIX HaHOMAaTEpHalloB, 00jaaaro-
IIMX CBOMCTBAMM COXPAHEHHUs MPOEKTHOM (HhOPMBI, BOCCTAHOBJICHHS (PEOTOTUYECKUMH, THAPO-
¢$oOHBIMH, TPHOOJIOTHUYECKUMHU CBOIMCTBaMH), MO3BOJIAIOIINE HCIOJIB30BAaTh HUX B YCIOBHUSIX
BEYHOW MEpP3JIOTHL. DTO TOBOPUT O TOM, YTO HEOOXOAMMO CO3JaHHE MOJOOHBIX MAaTEPHAJIOB C
3apaHee 3alllIaHUPOBAaHHBIMHU CBOICTBaMHU, KOTOpble (OPMHUPYIOTCS Ha CTaJUU TEXHOJOTHUYe-
CKOT'0 Tpollecca MX M3TOTOBIEHUSA, T.. TpeOyeTcs yIy4IIUTh CYIIECTBYIOIINE KOMMIO3UIIMOH-
HbIE MaTepHualbl (MHXXEHEPHBIE CIUIABBI, 3JIACTOMEPHI, HHKEHEPHBIE KOMIIO3UTHI, MIOJTUMEPHI) U
MOJIYYUTh HOBBIE, KOTOPHIE MO3BOJSAT MCIOIB30BATh UX B THJPOIHEPIeTHUECKOM, TPAHCIOPT-
HOM, TOPOJCKOM CTpouTeNbCTBE [1-3].

B kaudecTBe BOJOMOANOPHBIX COOPYKEHUHM MpeIaraeTcs MCHOJIb30BaTh IUIOTUHBI U3 He-
3aMKHYTHIX PEryJIUPYEMBIX 000J0YEK HA 3aBBIIICHHOM (PIIIOTOETE, KOTOPHIE MO3BOJISIOT CO3aTh
BOJIOXPAaHWJIMILE CE30HHOTO IMOJIb30BAHUS, HAIPUMED AJIsl PEKPEAllMOHHBIX 30H, BOJIOCHAOXKEHUS
Y THIPOIHEPTETUKH JICIICHTPAITM30BaHHbIX roceneHui (puc. 1) [4].

HccnenoBanue MIOTHHBI C BOAOBBITYCKHBIMU OKHaMH MPEACTABIEHO Ha PUC. 2.

[Ipu yBenuueHUU YpOBHS BOJbl MOJIOTHHIIE IJIOTHHBI MOJAHUMAECTCS M OTKPBIBAIOTCA
HIKHHE BOJOBBIITYCKHbBIE OKHA. [[151 GeperoyKkpenuTebHbIX COOPYKEHUH, OCHOBaHUN TOpO/I-
CKOM 3aCTpOMKM HaMM MpeajararoTcsi TPyHTOApPMUPOBAHHbIE, I'PYHTOHAIOIHSAEMbIE KOHCT-
pykuuu (puc. 3, 4).
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Puc. 1. Perynupyemas rioTuHa ¢ BOJOBBIITYCKHBIMU OKHAMH: | — TPYHTOHAITOIHIEMOE
OCHOBaHue; 2 — BOJIOTIO/NIOPHOE MOJOTHHUIIE (MeMOpaHa) 13 KOMIIO3UTHBIX HAHOMATe-
pHanoB; 3 — BEPXHUE BOJOBBINYCKHBIC OKHA; 4 — HIDKHHE BOJOBBITYCKHBIC OKHA;
5 — y3en KperwieHus (PyCcIIOBOH aHKep) MeMOpaHBI K TPYHTOHAIOIHIEMOMY OCHOBAHHIO;
6 — OeperoBasi aHKEpHasi O1opa; 7 — BOJHBINA MOTOK
Fig. 1. Adjustable water discharge dam with water outlets, / is the ground-filling base;
2 is the waterproof cloth (membrane) made of composite nanomaterials; 3 are the upper
water outlet windows; 4 are the lower water outlet windows; 5 is the attachment point
(channel anchor) of the membrane to the ground-filling base; 6 is the shore anchor
support; 7 is the water flow

Puc. 2. I'pyHTOHanonHseMoe MOAIOPHOE COOPY>KEHHE IS TPAHCIIOPTHBIX CHCTEM:
1 — TpyHTOHAIOIHAEMBIi JTHIIEBOH OJI0K-000104Ka; 2 — IPyHTOHATIOTHSIEMBIT
BHYTpPEHHUI OJIOK-000J7109Ka; 3 — IPEHAKHOE YCTPOHUCTBO
Fig. 2. Soil-filling retaining structure for transport systems, / is the soil filling
block shell; 2 is the soil filling inner block-shell; 3 is the drainage device

Puc. 3. I'pyHTOapMHEpPOBaHHOE ITOATIOPHOE COOPYIKEHHE C €INHON JTUIIEBO CTEHKOM: / — JHIIeBas CTEHKA;
2 — HaCBITHOM TPYHT; 3 — THOKHE CBSI3H; 4 — JICHTBI-000JI0UKH; 5 — TOQPUPOBaHHBIC U TIOCKHE ApMOJICHTEI,
6 — 000n0YKa-/IpeHa; 7 — CIeHaNbHbIe OTBEPCTHS; 8 — IPEHaXHAs cucTeMa; 9 — aHKepHbIe OJIOKU
Fig. 3. Ground-reinforced retaining structure with a single face wall, / is the front wall; 2 is the bulk soil;
3 are flexible connections; 4 are wrapping tapes; J are corrugated and flat reinforced tapes;

6 is the shell-drain; 7 are special holes; & is the drainage system; 9 are anchor blocks
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Puc. 4. YcraHoBKa 115l HCCIIEOBAHMUS POITYCKHOM CIIOCOOHOCTH TUIOTHHBI
C BEPXHUMH M HIDKHUMH BOJIOBBIITYCKHBIMUA OKHAMH
Fig. 4. Testing machine for the investigation of the dam capacity
with upper and lower water outlet windows

OO6ocHOBaHME MApaMETPOB TPYHTOAPMUPOBAHHBIX W TPYHTOHAMOJHSEMBIX KOHCTPYKIIHH
OCHOBBIBAETCS Ha OINPEACTICHUH UX ONTHUMAIbHON (POPMBI C YIETOM MPOYHOCTH U yCTONUYHUBOCTH,
a TaKKe HpO‘IHOCTHBIX 1 BOCCTAHOBHUTCJIIBHBIX HOKaBaTeHCﬁ KOMITO3UIITMOHHOT' O HaHOMaTepI/IaJIa C
y4eToM TpeOOBaHHM MPUPOJHO-KIMMATUYECKUX YCIOBUM, T.€. YCUJIME B I'PYHTOHAIIOJIHAEMOMN
0007109Ke OyAET BRIUUCIATHCSA 10 CIIEYIONMEH 3aBUCUMOCTH [5—13]:

T:f(cDa]V]aNzaAa ta }\')a (1)

rie @ — gopma 060I04EUHOM TPYHTOHATIONHAEMON KOHCTpYKImK; NV, NV, — BHyTpeHHME U BHEIL-
HUE Harpys3kd, KH; A4 — CBOMCTBa KOMIO3UTHOTO HAaHOMAarepuasia, OTBEYAIOLIETO MPUPOIHO-
KIMMAaTHYECKUM yCIIOBHSIM PaOOTHI KOHCTPYKIUH; ¢ — KU3HEHHBIN IMKJI CYIIECTBOBAHUS COOPY-

c
KEHHS, A — 3Heprusi Boccranosienus, [x. 4= f(E,c,G,S), 3aece E — monyns FOnra, £ =—;
€

T
o = Eg; ¢ — oTHOCHTENbHOE ymuHeHue, [la; G =—; § — MrHOBEHHAs IIPOYHOCTh, KOTOpast OMpe-
Y
Jensiercss 1o 3aBucuMoctd Appenuyca InS=InS,-K "te%, rae S, — HadajbHas IPOYHOCTH;
O — »sHeprus akTUBaIMM;, F — dHeprus peaknuu; K" — BKItoYaeT B ceOst KOHCTaHTHI K U K'
u aBJsieTcs GyHKIMEH KOHIIEHTpAlUK BEIECTB, a TaKKe UX MPUPOIbl; K' — KOHCTaHTa, XapakKTe-
pusyromias pasmep nedekra; K — KOHCTaHTa, 3aBHCsIas ot marepuana, K = f (e,,€,), THE E,
¥ €, — KOO(QOUIMEHTBI peNaKcalii KOMIIO3UIMOHHOTO MAaTEPHaa BO BDEMEHH.,

Jlis TPyHTOApPMUPOBAHHBIX KOHCTPYKLUUN yCHIUS B apMUPYIOLIUX 3JEMEHTax, YIEp>Ku-
BaIOIIUX JIUIEBYIO CTEHKY B YCTONYHMBOM TOJIOKEHUH, OMPENIEISIIOTCS CIEAYIOMNUM 00pa3oMm:

T=2b-m, f-p-h-A, )

rne b — ImmMpWHA apMOJICHT; M, — YHCIO apMarypbl Ha | MOr. M TOIINOPHOTO COOPYKEHHUS,

my, =my, +m, (M, — ropu3oHTaJbHAs, M, — HaKJIOHHAA); f =tg0, O — yron BHyTpEeHHETO TPEHUS
TPYHTa; p — IUIOTHOCTh apPMHPOBAHHOTO TPYHTA; /I — BBICOTA CJIOSl apMUPOBAHUS, M; A — CBOWCTBa

KOMIIO3UTHOTO HAaHOMaTepHraa.

[Ipu 3TOM clienyeT yuyuThIBaTh KOMIIOHEHTHI KOMIIO3UTHOIO HAaHOMAaTepHUalla C YETKOM rpa-
HUILIEH pas3fena Mexay HHUMU, CO3JaBasi HEOJHOPOIHBIN CIUIOIIHOW MaTepuai, KOTOPbIA JOJIKEH
MPEJCTaBIATh CO00I CUCTEMY C COXpaHEHHEM WHAMBUAYATbHOCTH Ka)KJIOTO M3 HUX. Matpuia
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SIBJISIETCS Ba)KHEUIIMM 3JIEMEHTOM KOMIIO3UTA, TaK KaK paclpeiesseT NeHCTBYIOIINE HaIlpshKe-
HUS TI0 00BbEMY MaTepHaia, o0ecrednBas Ipyu TOM paBHOMEPHYIO Harpy3Ky Ha BOJIOKHA U Tepe-
pacnpenensist e IIpy €ro pa3pyLeHUH.

IIpy M3roToBICHNM KOMIIO3UTOB HCIOJB3YIOT ONPEIEICHHBIE METOMBI, O3BOJIAIOIUE TIPU
UX MPOEKTUPOBAHUU 33JaBaTh UM XapaKTEPUCTHKH, KOTOpPbIE OYAyT COOTBETCTBOBATH TpeOOBa-
HUSIM BBICOKON YCTOMYMBOCTH MPU MEHSIOLIUXCS MPUPOAHO-KIMMATUYECKUX YCIOBUSIX, BEICOKOMN
YAEIBHOW MPOYHOCTH, SPrOHOMUYHOCTH, COXPAaHEHMS 3aJaHHBIX NapameTpoB U T.I. IIpum skc-
IUTyaTaluy CIEAyeT YUUThIBaTh (PU3NKO-MEXaHUYeCKHe, PU3HMKO-XUMUYECKUE U TeMIIEpaTypHbIe
CBOMCTBA, CTOMKOCTb K OKpPY XKalOLIEN cpefie, IPOYHOCTHBIE XapaKTEPUCTUKU IIPU CABUTOBBIX Ha-
Ipy3Kax, Harpy’K€HHss KOMIIO3UTa B HAIIPABJICHUAX, KOTOPHIE OTINYAKOTCS OT OPUEHTALIUHA BOJIO-
KOH, BKJIFOYAsl [IUKJINYECKUE HArpy3KH (B TOM uncie ceiicmuueckue) |14, 15].

Takum o6pa3oM, A MIMPOKOTO BHEIPEHMs pa3pabOTaHHBIX TEXHMUYECKHUX PELICHUH C
NPUMEHEHHUEM HOBBIX KOMIIO3UTHBIX HAaHOMAaTEPHUAJIOB HEOOXOAMMO NMPOBECTH JIOTOJIHHUTEIb-
HbI€ 3KCIEPUMEHTAIbHBIE UCCIEAOBAHUS B YCIOBUSX, MPUOJIMKEHHBIX K KOHKPETHBIM MECTam
UX YCTaHOBKH, BKJIIOYas K0KHBIE U ceBepHbIE pernoHbl PD. HoBble KOMIIO3NIIMOHHBIE HAHOMA-
TEpHUaJbl MO3BOJIAT YBEJIUYUTh CPOK CIY>KOBbl IPYHTOHAIMOJHSAEMBIX U TPYHTOAPMHUPOBAHHBIX
KOHCTPYKLUH B COOPYKEHHUAX OeperosauiuTsl, TPAHCIOPTHONH HMHGPACTPYKTYpE, YKPEIUICHUU
OCHOBaHUI U (PyH/IaMEHTOB.

Hannas cmamos evinonnena no sadanuio Ne 13.1236.2017/119 no meme «Paspabomka suep-
209¢hheKmuBHbIX U IKONO2UHUECKU OE30NACHbIX CUCEM OeYeHMPAIU308aHHO20 6000-, IHEP2O-
CHAb#CEHUs peKpeayUuoOHHbIX 00bekmos 6 ycaogusax FOocnozo pecuona Poccutickoul @edepayuuy.
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