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NCTOJIbSOBAHUE YT JIEPOAHBLIX HAHOYACTWL,
HAHOTPYBOK B HAHOAVCIEPCHbIX NMOPOLUKOBbIX
MATEPUNANAX: BOSMOXXHOCTW N MNEPCIEKTWBbI

PO3rnsHyTe BUKOPUCTAHHS BYT/IELLEBMX HAHOTPYOOK Yy AKOCTI AMCNEPCHOT apMaTypu Mpu BUrOTOB/EHHI
HaHOAMCMEPCHMX MOPOLUKOBMX MaTepiaiB BUCOKOT MiLLHOCTI METOAOM Bibpo- (Y4apHOro) npecyBaHHs,
6€3aBTOK/1aBHOr0 Ta pafialliiHo CTilikoro 6eToHy. BcTaHOBNEHI YMOBM OTPMMaHHS KOHCTPYKUIMHUX Ma-
Tepianis i3 3a4aHNMK eKcnayaTalinHUMK BNaCTUBOCTAMM.

The carbon nanotubulenes as dispersive reinforcing bars for the manufacturing of the nanodispersive
powder materials of high strength with a help of vibro- (impact) pressing are discussed. Such approach is
also well for the fabrication of the radiation stable and nonautoclave concretes. The conditions for the
production of the constructive materials with designed operational properties are determined.

MocTaHoBKa npob6nembl. [Ans  LOCTMXEHWUA  MOBBILWEHHbLIX  (PU3UKO-
MeXaHW4YeCKMUX rokasaTefied B HaHOAMCMEPCHble MOPOLUKOBbIE MaTepuasbl
(HIMM), ueMeHTHble 6eTOHbI BBOAUTCA apMUPYOLLMIA KOMMOHEHT B BUAE AMC-
MepCHbIX BOMIOKOH M3 NMonnmepos [1, 2]. Tak Kak 3T BOJIOKHA UMEKOT pa3Mepbl OT
5 po 20 mm, TO npw BBedeHun ux B HIMM, 6e3aBTOK/aBHbIE LIeMEHTHble rneHobe-
TOHb! (BLMB) oHW, paBHOMEPHO pacnpegenssack B 06béme (HMM v BLIMB), npo-
HM3bIBAOT CTPYKTYPY MOpP, HE B/IMAS HA COCTOSAHWE CTEHOK Nop B martepuane. Mo-
3TOMY BbICOKOAMCNEPCHaa apmatypa M3 MosMMepHbIX BOJIOKOH MO3BOJISET /IULLb
HECYLLLECTBEHHO YNYULLIUTb MeXaHWYeCKMe XapakTepucTuku musgenuii n3 HIMM u
BLIMB.

MoBblweHe (U3NKO-MexaHnyeckux cBoicte HIMM u BLIMB BO3MOXHO
TONbKO NPV apMUPOBaHUM CTEHOK MOpP B YKa3aHHbIX Matepuanax. YunTbiBas Tos-
LWMHY nX (MOp) CTEHOK, 3NMEKTNUBHOE apMMPOBaHE MOXET ObITb JOCTUIHYTO Ha-
HOTYOYNAPHBLIMK (POPMaMM BELLLECTBA, TAKUMU KaK YriepoaHble HaHOTPYOKK (car-
bon nanotubulenes), pasmepbl KOTOPbIX Ha MOPAAOK HUXe TO/LWMUHBI CTEHOK Mop.

B npupoge CywecTByOT ABa MUHepasa, OTBeYatowme sTUM TpeboBaHUAM U
MCNONb3yeMble B KayeCTBe AMCMEPCHON apMUPYHOLLE KOMMOHEHTbI: raniyasut
Aly[Si4O10](OH)g - 4H,0 1 xpu3oTnn Mgg[SizO10](OH)g - 4H,0. OHM nmetoT

Tpy6UaTyr0 CTPYKTYPY M HaHOMETPOBbIE pa3Mepbl B AvameTpe. CTPyKTypa aTUx
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MVUHepasioB COCTOUT M3 [ABYXC/ONHbLIX MakeToB KaO/MHUTOBOIO TUMa, MeXay Ko-
TOPbIMUX PACMo/IOXKEeHbI FreKcaroHaslbHble C/IOU U3 MOMeKyn BoApl. [py aTOM CyLe-
CTBYeT pasnune B TPAHCNALMOHHbLIX PaCcCTOSAHUAX BEPXHEW W HWKHeW MJI0CKOo-
CTel, OrpaHMYMBatOLLMX MAKET, B pe3y/ibTarte Yyero nakeT Bbirnbaerca. B [3] oTme-
4aeTca, UTO U3BECTHbI rasinyasunTsl, cogepxkawme Cu,Cr, Ni.

MwuHepan Xpu30Tui-acbect MCNonb3yeTcs Mnpu AMCNEepCHOM apMUpPOBaHUU
LIeMEHTHbIX cucTeM. CyLLecTBYeT CKpbITas ONMacHOCTb A/19 340P0BbsA Ye/I0BEKA Kak
BO Bpems MPOM3BOACTBA M3MeNMin U3 acbecTouemMeHTa, Tak U Npu 3KCcnyaraumm
3[@HNIA 1 COOPY>KEHWI, BbIMOJIHEHHBIX C MCMO/b30BaHWEM acbecTOBbIX MaTepua-
NOB. B CBA3W C 3TUM HEOCTaTKOM HeobxofMma AucriepcHas apmarypa, crnocobHas
3aMEHUTb XPU30TWUN-acbecT Mo CBOMCTBaM M MpK 3TOM BObITb 6e30nacHoin npu nc-
nosib3oBaHuK. lMpeanonaraeTcs, YTo CUHTETUYECKUE YTIepoAHble HaHO0bpas3oBa-
HUA [4] Hambonee NPUGMXKEHbI MO XapaKTePUCTUKAM K XPU30TU/1-acOecTy.

OfHOM 13 BO3MOXHbIX JOpM MeTacTabu/bHbIX HAHOOPM yriepoAa MOXET
ObITb KBa3MOAHOMEpPHas TpybuaTas CTPYKTypa — MPOTSHKEHHbIA LUMANHAP, obpa-
3yeMblii CBEPTKON aTOMHOM «/1eHTbI», BblPe3aHHOW U3 rpatheHOBOW CETKMW.

OCHOBHbIM 3/IEMEHTOM TakKWX CTPYKTYp ABMSETCH rpauTOBbIA CMOWA - NO-
BEPXHOCTb, BbI/IOXXEHHAsA NPaBW/IbHbIMU LLECTUYTO/IbHUKAMK C aTOMaMn Yrneposa,
PacrosioKeHHbIMM B BeplUMHax. [paduTOoBbIA C/o 06pasyeT MPOTSKEHHbIE
CTPYKTYpbI B BUE NOMAOro LumunnHapa [5].

[nvHa HaHOTPYOOK AOCTUraeT LECATKOB MUKPOMETPOB M HAa HECKOJ/IbKO Mo-
PAAKOB MPEBbLILLAET UX AUameTp, COCTaBNAOLWMIA 0ObIMHO HECKO/IbKO HAHOMETPOB.
Kak nokasbiBatoT uccregosaHua [6 — 9], 60/1bUINHCTBO HAaHOTPYOOK COCTOUT M3
HECKO/IbKMX rpaduTOBbIX C/I0EB, MO0 BNOXEHHbIX O4WH B APYroi, MO0 HaBUTbIX
Ha 00Lyl0 OCb. PacCTosHve Mexzay CNosMu MpakTUYecKu BCerga COCTaB/seT
0,34 HM, 4YTO COOTBETCTBYET PACCTOAHUIO MEXAY CNOSMU B KPUCTa/IINYECKOM
rpadgure.

CnocobHOCTb OpUEHTUPOBATb (DYHKLMOHa/IbHbLIE TPYMMbl BAO/b OCYM HAHOT-
py6ok [10] ¢ nocneayrowmnm nx cpalimBaHnem 40 KPpUCTaSNOrMApPaTHOro CocTos-
HWSA MO3BO/AET MOMTy4aTb KOMMO3ULMOHHbIE CTPYKTYPbI C YNbTPaANCIepCHbIM ap-
MupoBaHueM. BeefeHne B HIMM u TBepetolimne LeMeHTHble Komnosuunn BLIMNB
HaHOAMCNEPCHbIX CTPYKTYp Tuna TyOy/neHOB MNO3BONT O4HOBPEMEHHO CO34aTb
AMCMEPCHOe apMUPOBaHWe B KOMMO3ULMOHHOM MaTepuasie u CTMMYIMPOBAThb
CTPYKTYypoOoOpa3oBaHMe KOMNo3numid. MNMpu aTom oXKnaaeTcs obpas3oBaHue NIMHER-
HbIX HOBOOOPAa30BaHWI BOOKHUCTOWN CTPYKTYpPbl, POPMMPOBaHME KOTOPbLIX BO3-
MOXHO KaK M0 MOBEPXHOCTU HAHOTPYOOK, TaK 1N BHYTPU HaHOTYOY/NeHOB MO aHa-
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NOrnn ¢ pesynbTataMu MUCCNefoBaHWUiA, NpueefdeHHbIX B [11, 12]. MNoatomy yrne-
POAHble HAHOTYOY/IEHbI MOTYT ObITb MCMO/Mb30BaHbI KaK Y/bTpagucnepcHas apma-
Typa B HIMM v BLIB.

AHann3 nuccregoBaHnii n nybnnkauuii. HaHOTeXHOMOrMA — Hayka 06 13ro-
TOB/IEHUN N CBOMWCTBaxX MaTepuvasioB Ha aTOMHO-MOJIEKYNIAPHOM YpOBHe. Buepa
Oblla HayyHas (paHTasusi, CErofHs y)kKe 3/eMeHTbl TEXHOMIOMMN MEPEXoasAT B CO-
BPEMEHHYIO TEXHOJIOMMYECKYH YXM3Hb MaTepuasioB! BbiCTpopacTyLas MUCXoLHas
Hay4Hast BeTBb HAHOTPYOHBIX U (PYNIEePEHHbIX UCCNEA0BaHNIA NMPUBMEKAET K AaH-
HOMY HanpasneHuo Hayku [13, 14] MHOrve uccnefoBaTeNIbCKMe rpynnbl (PU3NKOB,
XUMUKOB U MaTepranoBefos.

Mpobnema co3faHNA HaHOCTPYKTYP C 3afaHHbIMX CBOMCTBaMMW W ynpasnse-
MbIMW pasMepamu eé 3/IeMeHTOB, a TakXKe C 1CMOo/Ib30BaHNEM MPUPOLHbIX Heopra-
HUYECKNX (PYNNePEHOB LWYHTUT-LUYHIU3UT, CTPYKTYPbl MWHEPASIOB, COCTaB/IfAtO-
LMX CEPrEHTUHOBYIO rpynny (XpU3oTun, NN3apanT, aHTUTOPUT U Ap.), BXOAUT B
4MCno BaxKHenLwmX npobnem XXI Beka.

YrnepogHble HaHOTPYObl M MPUPOAHBIE (hy/INepeHbl 3aBOeBaIM UCCNeL0Ba-
Te/IbCKYH0 aKTUBHOCTb MaTepuasioBefOB UX MOTPACAOLLMMU NHAMBUAYAIbHLIMA
cBoicTBamm no ectkoctu (E), NpoyHOCTM, yNpyroctu, N3HOCOCTOMKOCTK (Tpe-
HKE), XUMNYECKON 1 KOPPO3MOHHOW CTOMKOCTM, 3NEKTPONPOBOAHOCTM (6eTensbl),
pagmnaLMoHHO-3aWUTHBIMIW CBOMCTBAMW (LLUYHIUTOBbLIA Yrnepos), NOBEPXHOCTHbI-
MU aKyCTMYECKMMM BO/IHAMU U 3N1EKTPUYECKMMU MONSAMM, B TOM YMC/e aKTUBHbI-
MU afiCOPOLUMOHHBIMU U fecopbumnoHHbIMK cBoricTBamu (MAB).

O6pa3oBaHMe HAHOCTPYKTYP Ha NMpPaKTUKe MPOTEKAET, Kak Nnpasusio, BAaiu oT
PaBHOBECHOIO COCTOAAHMS UCXOAHbIX 3/IEMEHTOB M OKPYXXatoLLein cpefpl, B KOTO-
POl 06pasytoTCA HaHOMacCLUTabHble 0OBEKTbI. DHEPreTMyeckas Harpas/EHHOCTb
BMAA N MeXaHM3Ma CUCTEMbI «KUAKOCTb — TBEpAAsA (haza — cpefa», NOBEPXHOCTU
ANCMepCUin onpeaenstoT akTUBHOCTb U Aa/IbHEMLLYHO 3BOJIOLMI0 HAHOCTPYKTYpbI.
[0 MHTEHCMBHOCTM B3aUMOAENCTBUS AUCTIEPCHOIN (hasbl U AMCNEPCUOHHOW cpeabl
MOXHO CyAuUTb 06 YpOBHe HepaBHOBECHOCTM cUCTeMbI. [py onpeaenéHHon Benu-
YMHe 1 pa3HoobpasnM 3TOro YPOBHA B HAHOCUCTEMAX BO3MOXKHO y4acTue TepMo-
ANHAMUYECKN YCTOMUYMBBLIX NPUPOAHLIX (PY/INIEPEHOB LUYHIUTA-LUYHIU3UTA U pas3-
NNYHBIX BMAOB [AMOKCMAA MeTanfa, aKTUBU3MPYHLWMX 06pa3oBaHMe MOHOAMC-
MePCHbIX MOPOLUKOBbLIX MaTepuasioB, MasiofeeKTHbIX HaHOYacTUL, M OOBLEKTOB
CTPYKTYpbI.

HaHOTeXHO0rMYecKyo CTpaTeruio B CO34aH1y1 BOCNPOM3BOANUMOCTHY 1 yripa-
B/IEHUWN HAHOCMCTEMaMM MOXHO, MpeXx e BCero, 06ecrneynTb NyTéEM ONTUMU3ALUM
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BO3AENCTBUA (XMMUYECKUX, MEXaHUYECKUX, TemnoBblX, 3/EKTPOMArHUTHbIX |
Ap.), BUL N NHTEHCMBHOCTbL KOTOPbIX ONPefennTca B U3y4eHUN npoLecca opraHu-
3auMmn 1 camoopraHmsaummn JaHHbIX HAHOCTPYKTYP.

B 3701 CBA3W CnefyeT BblAeNTb HECKOIbKO YCNOBUIA MOMYyYeHUss HaHOMaTe-
pPVasIoB KakK MepBUYHOIO YPOBHSA TEXHOIOTUW C MOC/EAYHOLWMM TEXHOIOTNYECKUM
aTarnom (POPMMPOBAHUS HAHOCTPYKTYPbI MPY KOHEYHOM CUHTE3€e BbICOKOWN TEXHO-
NOrNN NMPON3BOACTBA KOHCTPYKLMOHHOIO Martepuana ¢ 3afaHHbIMK 3Kcnyaraym-
OHHbIMU cBoVicTBamu [15, 16].

K H1UM oTHOCATCA:

1. HepaBHOMEPHOCTb cUCTeM. [1paKTUYeCKN BCe HaHOCUCTEMbl TEPMOAN-
HaMUYECKN HeYyCTONYMBbLI U UX MOYYarT B YCNOBUAX, JAIEKMX OT PaBHOBECHbIX,
4TO NO3BONAET AOOUTLCA CMOHTAHHOrO 06pa3oBaHNA 3apofblLLeit, n3bexatb arpe-
rauum chopmMmpoBaBLLNXCA HAHOYACTULL,

2. OQHOPOAHOCTb HaHo4YacTuL,

3. MoHoamMcnepcHOCTbL HaHOYaCcTUL,

CBoilcTBa HaHOYaCTUL, YPE3BbIYANHO CWUIbHO 3aBMCAT OT MX pasmepos, Mo-
3TOMY NS NOMYYeHUA KOMMO3UUMOHHbLIX matepuanos (B T.4. MeTo4oM BMOPO-
MPEeccoBaHNA MOPOLLIKOBbIX MAaTEPUaIOB) C XOPOLLUMMU (DYHKLMOHa/IbHBbIMU CBOW-
CTBaMy He0BXOAMMO MCMOMb30BaTb YaCTULbl C LOCTATOYHO Y3KUM pacnpesenieHn-
em 1x no pasmepam. 14 UemMeHTHbIX KOMMO3UTOB, MOPOLLKOBbLIX MaTepuaioB Mno-
[06HOE pacnpefeneHne MOXXHO PeKOMEeHA0BaTb MO pasMepam 4YacTuL, OT 2 HM [0
100 HM; o1 100 HM go 50 mkm (nepsbli ypoBeHb); 50 MmkM — 500 MKM (BTOpOiA
ypoBeHb); 500 MKM — 5 MM (TpeTuii ypoBeHb).

AN yCcnoBusa He BCeraa ABASKTCA 0043aTe/lbHbIMU Y ONTUMASIbHBIMU.

[na Toro, 4ytobbl MOMY4YUTb HAHOCTPYKTYPbI C 3aJaHHbIMU XapaKTepucTu-
Kamu, Heo6X0AMMO TaKXXe NPOrHo3MpoBaTb pPa3BUTNE HEPaBHOBECHbIX MPOLIECCOB
N YMETb YNPaB/ATb STUMU MPOLECCaMMU.

Bce HaHOCTPYKTYpPbl MOXKHO YC/TOBHO pasfefiTb Ha npoueccbl 06pa3oBaHus
3onb-rensa [18], T.e. obpasoBaHue rensd Yepes CTagumio 304, obpasoBaHMe MOPOLL-
KOBbIX AMCMEPCUN, He ABMAKOWMXCA renamu. IocnefjHue HaHOCTPYKTYPbl MOXHO
YC/IOBHO pa3fenTb Ha HaHOMOPOLLKM (cnaboamcnepcHble) M HaHoMaTepuasbl
KOHCONMAMPOBaHHbIe (CyXue CTPOUTENbHbIE CMECK), MeTOAbI MOyYeHUsA KOTOPbIX
MOTYT Kak OT/IMYaTbCA APpYr OT Apyra, Tak U He UMETb YEeTKUX (PU3NYECKUX OT/IN-
Ynn.

MHorve nccnefoBaTenn NoApasfAenstoT Crnocodbl MosyvyeHNs HaHOCTPYKTYP
Ha MeTofbl HAHOCOOPKW W rpynnosble MeToAbl [17]. MocnegHne meToab! B 60/1b-
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e CTeneHW OTHOCATCA K Hanpas/ieHWO CTPOUTENbHOr0 MaTepuanioBefeHus,
MPUHUMNBI NOCTPOEHUSA HAHOCTPYKTYP B KOTOPOM MOAPAa3fenstoTca YC/0BHO Ha
[1Ba OCHOBHbIX Crocooa:

1) «cBepXy BHU3» (gUCNeprupoBaHune, n3mesibyeHne 1 ap.);

2) «CHU3Y BBepX» (KOHA4EHCaLNOHHbIN, 06beanHEHNe aTOMOB, NOHOB, MOJle-
Ky/, METOZ 30/1b-Teflb U Ap.).

Llenb paboTbl COCTOMT B COBEPLUEHCTBOBaHWM CYLLECTBYHOLUMX METOL0B
CUHTE3a YrepoAHbIX HAHOTPYOOK, KOTOPbIe MO3BOMAOT OCYLLECTBUTb HAHOAMC-
nepcHoe apmuposaHue HIMM, BLIMB, pagnaumoHHO YCTONYMBLIX GETOHOB, OrHe-
yrNopoB (B YaCTHOCTU, MAUT LUMGEPHBIX 3aTBOPOB, MMEIOLLMX B CBOEM COCTaBe Ha-
HOCTPYKTYPHble MaTpuLbl). BC& 370 NO3BOMUT B KOHEYHOM UTOTe MOBbLICUTbL (K-
3MKO-MexaHn4yeckme (NPOYHOCTHbIE) W Tennousnyeckne (TEPMOCTONKOCTD)
CBOICTBa MaTeprasioB, X CTPYKTYPHYHO O4HOPOLHOCTb.

Pe3ynbTaTbl uccnefoBaHuii. COBepLUEHCTBOBaHME CYLLECTBYHOWMX MpPo-
LLeCCOB CMHTE3a YrNepoAHbIX HAHOTPYOOK, MO MHEHUIO aBTOPOB HACTOALLEN pabo-
Tbl, CNefyeT OCYLIECTBNATL METOLOM CTUMY/IMPOBAHHON Aernaporno/IMKOH4eH a-
MU 1 KapboHM3auMmM B COOTBETCTBMM C pa3paboTaHHON TEXHOJOrMel HU3KOTEM-
nepaTypHOro CMHTE3a YrnepoaHbIX HaHOTPY6OK [12].

[Na CHUXeHWsA 3HepreTUYecKnx 3aTpaT U LUMPOKOro BapbUpOBaHNA BO3MOX-
HOCTel MoNly4yeHns TyOyneHOB NPEeAJ/IOKEHO MX CUHTE3NPOBaTb M3 Yr/1eBOLOPOA-
HOro KOHAEHCUPOBAHHOIO CbIpbs (TUMa apOMaTUYECKUX Yr1eBOAOPOA0B UK MO-
NINMepOB, cofepXKawmnx (PYHKUMOHa/IbHbIE TPYMMbl) MeTOA0OM HU3KO3IHEPreTuye-
CKOW KapboHM3aLUum B renb-MaTpuuax. B KauecTBe MCXOQHOIO YriepogHOro mare-
puana cnefyet WCMofb30BaTb aHTpaueH M (PeHaHTPeH, a B KayecTBe aKTMBHOM
CpeAbl — pacnnasbl X/IOPUA0B a/IIOMUHUSA, Mefu, KobasibTa, MapraHua, Xpoma, cme-
CW XJIOPUAOB N CMeCU X10pUAOB C YbTPaAMUCMEPCHBIMU NMOPOLLKAMU COOTBETCT-
BYIOLLMX METa/1/10B.

[na v3ydeHms cocTaBa 06pasyroLLMXCsA NPOAYKTOB (CUMHTE3MPOBaHHbIX Ha-
HOTPYOOK) MOXHO WCMONb30BaTb PEHTTEHOBCKYID (DOTO3MEKTPOHHY (PDJ)
CNEeKTPOCKOMMUIO.

Mo faHHbIM P®3-CneKTpoB YCTaHOB/IEHO, YTO B 3aBUCMMOCTU OT YC/IOBWIA
BblAENIeHNA 13 Cpeapbl B MPOAYKTax AerngpononmkoHgeHcauum — kapboHusaumm
cogepxkartca: yrnepog 80...84 %, kucnopog 11...16 %, xnop 1,5...5,5 %, medb
0...2,3 %, pocpop 0...1 %, a301 0...1 % (B aTOMHbIX NPOLEHTaXx).

Takum 06pazom, COrnacHoO AaHHbIM PEHTIEeHOBCKO POTO3/IEKTPOHHOM CreK-
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TPOCKONWW, MOJlyYeHHble B pe3ynbTare peakumMnm CTUMYNIMPOBAHHOW Aerngpono-
NMKOHAEHCcaUMN — KapboHM3aLMmnm apomaTmnyecKnx yrneBofopoAoB MPOAyKTbl CO-
fepxat 80...90 % yrnepoga, B 3aBUCUMOCTU OT UCMOJIb3YEMbIX METOA0B OUMUCTKM.

ccnepoBaHms ¢ MOMOLLIbIO 3/1EKTPOHHOIO MUKPOCKOMa nokasain, YTo nosy-
YEHHbIe BeLLEeCTBa COCTOAT U3 MPOTKEHHbLIX YrNepoa-MeTa/ICOAepXKaLLMX HaHO-
CTPYKTYP LUNVHAPUYECKON POPMbI CO C/TIOXKHOW BHYTPEHHEN CTPYKTYPOIA.

ccnefoBaHHbIE OCHOBHblE 3aKOHOMEPHOCTW peakuuu CTUMYIMPOBaHHOM
KapOoHM3aLMN apoMaTUHeCcKnX YrneBofOpOLOB B CUCTeMe «KucnoTa Jflbrouca —
CO/Ib NEPEXOLHOr0 MeTasifia» No3BONAOT rOBOPUTL, YTO B 3TUX CMCTEMAX MPOUC-
XOAUT 06pa3oBaHNe KpUCTa/IIMHYeCKNX 06pasLoB yriepoa Npv HU3KMX Temrepa-
Typax. B xoge kapboHu3aumm yrnepog obpasyercs B BUAEe HaHOYaCTUL, C UHKanN-
CY/IMPOBaHHbIMW BHYTPW 4acTULLAMU UCXOAHbLIX PeareHToB W/vnn NpoayKTOB UX
npespaLleHns, NMOKPbITbIX HECKONbKUMW YNOPSALA0YEHHbIMU TPanTOBLIMK COS-
MU.

HaHogncnepcHoe apmupoBaHue neHobeToHoB/HITM. ¥YrnepofiHble HaHOT-
PYOKW, CUHTE3 KOTOPbIX OMWUCaH Bbllle, MOTYT OblTb WMCMO/b30BaHbl B Ka4yeCTBe
BbICOKOMPOYHON HaHOAMCMEPCHOW apMaTypbl B KOMMO3MLUMOHHBIX (MOPOLLKOBbLIX)
KpUCTA/INOrNAPaTHbIX — Matepuanax AN yaydleHns  (PU3NKo-MexaHUYeCKmx
coicTe BLIMB n HIMM.

Hanpwuwmep, ana BLIMB go6aeka npeactaBnseT co60i NPoAyKT C NMIOTHOCTbIO
0,086 r/cm®, cofepxalluii yrnepoaHble HaHOTPY6KN avameTpom 40...60 HM, 3a-
MOJIHEHHbIE MeAbto. [pn NPUroTOBEHUM MEHOBETOHA NPUMEHAETCA TPaAULNOH-
Has TEXHOMOrMS C UCMO/b30BaHNEM TEXHUYECKOW MeHbl. JJobaBKa Mioxo cmayn-
BaeTCsA BOAOW, MO3TOMY Mepef BBeLEeHWEM B COCTaB CMECH OHa A0/MKHa ObITb 06-
paboTaHa pacTBOPOM MOBEPXHOCTHO-aKTMBHOIO BeLLEeCTBa Ha OCHOBE COMen -
HOCY/b(hOHATOB.

Tabnuua 1
DU3NKO-MEXaHNYECKME XapaKTEPUCTUKN LLEMEHTHOIO NEHOGETOHA
CopaepxxaHue CpegHss Mpepen KoathdmumeHT
HaHOTPYOOK B OTHOCTS NPOYHOCTM | TENONPOBOA- |Pasmep nop,| CocTosiHMe
% OT Macchbl I " | npu cxartuu, | HocTw, |, MKM CTEHOK nop
cocTasa MMa Bt/m °C
0 330 0,18 0,07 40...600 |neptopupoBaHbl
0,05 309 0,306 0,056 60...150 OAHOPOAHbIE

Kak BngHo n3 Tabnuupl 1, npy MoaMprKaumm LeMeHTHbIX NeHOOETOHOB A0-
6aBKOW YrnepofHbIX HaHOTPYOOK MeXaHuMyecKast MPOYHOCTb MOBbILIAETCH B
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1,7 pasa, CTPyKTypa neHo6eToHa CTabunnsnpyetcd no pasmepam nop, Tenaonpo-
BOAHOCTb NMEeHO6eTOHOB MoHMKaeTcs Ha 20 %, X CpefHAs NIOTHOCTb CHKAETCH.
(31K e cBoricTBa NpossnAoTcs U B HIMM). YnydlleHne CBOMCTB HaHoAmMcnepc-
HbIX MaTepuasioB, apMMPOBaHHbLIX YrNEPOAHbIMU HAaHOTPYO6KamMu, [LOCTUraeTcs
TaKKe 1 Npu 60NbLUER cpefHen NNOTHOCTU. Tak, NP YBENNYEHUN CpeHen NnoT-
HOCTV NeHobeToHa A0 500 kr/M® nokasaTenb NPOYHOCTW MPU CXATUN Y MOAUGM-
LUMPOBaHHOIO MeHobeToHa yBenn4ymBaetcd Ha 65 % w coctasnsetr 1,45 Mlla.
MPOYHOCTb NEHOBETOHA C 3TOM e MNOTHOCTLI0 500 Kr/M® 6e3 NpUMeHeHUs yrie-
POAHbIX HAHOTPYBOK cocTaBnfeT Bcero nmwb 0,87 MIMa.

Pacripegenssacb B 06beme LEMEHTHOro rneHOGeTOHa, HaHOTPYOKW wurpatoT
PO/ib LLIEHTPOB HanpaB/IeHHOWN KpUCTaIM3aLmmn, YTO NPUBOANT, C O4HON CTOPOHBI,
K MOSABNIEHNIO (PMOPUNNISPHOM CTPYKTYPbI B CTEHKAaX Mop, obecrneymBas ee Hernpe-
PbIBHOCTb U CMJ/IOWHOCTb, & C APYroi — K NOSABNEHNIO YNPOYHSAIOLLEA CTPYKTYPHO-
OPVEHTUPOBAHHOW HAMOMEKYNSAPHOM 060/104KM BOKPYr HaHOTPYOKW. Mpu 3ToMm
[OCTUraeTCa MoBbILIEeHME MPOYHOCTN MaTepuana Y CHWKEHWE TensionpoBOLAHOCTY
N30ennin N3 neHobeToHa.

HaHoTexHoM0rMm B Npom3BoACTBeE pagnauyoHHOCTOMKOro 6eToHa. B ac-
MEKTE BbILLEN3NOXKEHHbBIX 0OLMX MOMOXEHMI HAHOCUCTEM M UX TEXHOMOTUIA Crie-
[YeT paccmartpveatb W BeAyLIMecs 3KCMepUMeHTasIbHble UCCNefoBaHWA MO Ha-
MPaB/IEHNIO peann3aln HaHOTEXHOOTMYECKOW CTpaTernn 3a CYET MpPUMEHEeHUs
MPUPOLHbIX (PY/INIEPEHOB N YHUK&IbHOrO KOMMO3ULMOHHOIO MUHepasna ¢ rnoby-
NAPHOW yrnepogHoin matpuuen — wyHrnta [19]. LLYHrUT — HaHOCTPYKTYPHbI
MUHEpPas C BbICOKOI 3arnacéHHON 3Hepruen, cogepyalinin rnobynspHyto yrnepos-
HYHO MaTpuLy, MPeacTaBALWY0 Co60i Knactepbl pasmepom 10 HM C BbICOKUM
OTHOLLEHVEM «MOBEPXHOCTL/00BEM». HaHOCTPYKTypa 3TOro (ynnepeHa npea-
CTaBnseT coboi cnepytoLLee:

1) dynnepeHbl C60 n C70;

2) MeTa/bl;

3) MAB;

4) KpucTa/iNn4Yeckasa BoAa,;

5) rnobynspHble Nopbl;

6) MeXrnobynspHble Nopbl;

7) rnobyrnbl.

NpyMeHeHVe NPUPOAHOro MyJ/i/iepeHa LUYHIUTa-LWyHrm3nuTa CrnocobHo
06ecrneynTb BbICOKME 3aLLMTHbIE CBOMCTBA 6ETOHY MPU 3aXOPOHEHUN pPajgmo-
aKTnBHbIX 0TxoaoB (PAO) n oTpaboTtaHHoro sgepHoro Tonamea (OAT), uTo,
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6e3yC/I0BHO, MOXET ObITb UCMOMb30BaHO MPW PeLLeHNM XOTH Bbl YacTy AaBHO
Ha3peBLUMX NPo6/ieM B CBA3N ¢ HepHOObINLCKOW KaTacTpodon Ha Y KpanHe!

Eweé 12 net Haszag (!) PocnateHTOM BblfaH MaTeHT Ha M300peTeHWe No 3a-
LUMTHBIM 6ETOHaM-KOHCepBaHTaM OT MOHU3MPYHOLLMX U3MTYHEHWUIA NPU CTPOUTESb-
CTBE 3alUUTHbIX YKPbITWUIA Npu BGETOHMPOBAHUW PajnaLMOHHO-0MAaCcHbIX 06bEKTOB
1 3axopoHeHut PAO (H.N. AnekcaHgpos, N.I'. Komoxos, B.I. Monuk, B.A. Hu-
KnUTeHKo. MateHT Ne 2107049 Ha n3o6peTeHne «beTOHHAA CMeCb», 3apernucTpupo-
BaHHbI B ["ocpeecTpe n3o06peTeHunin P@ 20.03.1998 r.).

HoBM3Ha yka3aHHOro M300peTeHnst B Lensx obecrneyveHns saepHoi 6esonac-
HOCTW OT CaMOrNpPON3BOJIbLHOW LIEMHOW peakLMn coCcTos1a BO BBEAEHUN B CTPYKTY-
Py LEMEHTHOro O6eTOHa LWYHIM3MTOBOW MblM C YAENbHOW MNOBEPXHOCTbLIO
2800 cM¥r go 20 % OT LieMeHTa ¥ LUYHIM3MTOBOIO Mecka C pasMepoM uacTu
0,14...2,5 mm B KonmyecTBe 1 : 1 OT pacxofa LemMeHTa U KOMMIEKCHOW MUHepasb-
HO-OpraHunyeckoin f1o6askun kapouga 6opa (0,2 % OT LUeMeHTa), cynepnnacTugunka-
Topa C-3 B Konnyectse 0,7 % OT LEMEHTa COBMECTHO C BO3[yXOBOB/IEKAIOLLEN
pobaskon CAO (cmona apeBecHO-oMblneHHas) B konnyecTse 0,015 % OT LeMeHTa.
[Mofo6HbIA cocTaB GeTOHa-KOHCEepBaHTa MOXET 06ecrneynTb BbICOKME CBOWCTBA
3aWMTHOro 6eTOHa Mo ra3onpoHULAEMOCTI 1 BOLOHENMPOHNLLAEMOCTHN.

B Tabnuue 2 npusefeHbl pe3ynbTaTtbl UCCNef0BaHUA 06pa3LoB 3aWUTHOIO
6eTOHa-KOHCepBaHTa Ha XECTKOe N A/InTeNIbHOe 06/1yYeHme g - lyd4amun B Kobasib-
TOBOI NyLuKe «l/ccnegosatenib» B PagneBoM MHCTUTYTe UM. XnonuHa (r. CaHKT-
MeTepbypr) nof pyKoBOACTBOM K.T.H. B.I. Monuka. NHTerpanbHaa fosa o06syye-
HMA cocTaBnsna 6000 Mpag,. AnnTenbHOCTb UCMbITaHUIA cocTaBuna 1 rog,.

Tabnuua 2
Pe3ynbTaTbl MCMbITaHM 06Pa3L0B LUMAMHAPOB pasMepom 20x30 MM
Mocne 06ny4eHNs B KO6abTOBOM MyLLUKe 6eTOHA C LLYHIM3MTOBbLIM Yriepogom [20]

YcnoBus UCMbITaHUA IMpoyHocTb, MIa Bopo- "a3o-
6eToHa npu npu HenpoHML,aeMOCTb, | MPOHMLAEMOCTb,
CKaTUM | PaCTSHKEHNN aTm. clem®
basoBble 06pasubl He 06n1y- | 18,0 8,0 3,0 28,0
YéHHbIe, BO3pacT 28 CyT.
O6pasupl, 06/1y4YEHHbIE UHTE- | 26,7 12,0 9,0 27,0

rpasnibHoi go3son 3500 Mpag,
Bo3pacT 180 cyT.

O6pasLpl, 06/1y4éHHbIE UHTE- | 26,0 8,0 10,0 25,1
rpanbHol go3or 6000 Mpag,
BO3pacT 365 CyT.
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B vccnepoBaHusax Ans UCXOLHOTO Cbipbs 6eTOHA-KOHCEpBaHTa OLeHMBaIach
AnddepeHymnancHas TenaoTa cMadvMBaHUs 3anosIHUTENen ¢ NMOMOLLbID MUKPOKa-
nopumetpa (Tabnuua 3).

Tabnuua 3
CyMmapHas TenaoTa CMaumBaHusi MUHEPa/IbHbIX 3ano/HUTeNeid 6eToHa-KoHcepBaHTa [20]
Bug MnHepanbHOro 3anofHuTeNs CymmapHas Tensiota cmavmBaHus, Ix/r
KBapLeBblii Necok 0,077
MpVpPOAHbIA YrNepoacoAepXKalLLMiA HaMOMHN- 8,832
Tefb - WYHIUT
To e, nocne Tepmoo6paboTku npu 200°C - 1,630
LIYHIU3NT
MpUPOAHbLIA LEONNT-KINHONTUAOANT 4,673

Pe3ynbTaTtbl UCCEA0BAHNIA NOKa3bIBAKOT YHUKA/IbHbIE CBOWCTBA MPUPOLHOIO
yrnepofcofepyatlero gyniepeHa rno pagnaLMoHHON 3awmuTe Kak CopoeHTa.

Kpome TOro, WyHrn3mToeas Mbljib U LWYHIM3UTOBbIA MECOK CYLLECTBEHHO CO-
KpalLaroT pa3Mepbl Nop LEeMeHTHOW matpuubl 6eToHa. Konmnyectso nop rens u
MUKponop cHkaeTca Hall...20%, 4To ABNAETCA MOMOXKUTENbHBLIM MoKasaTenem
CKOPOCTM MUrpaumv pagnoHYKIUL0B Yepe3 CTPYKTYpY GeToHa C LUYHTU3UTOBLIM
HanonHuTtenem (Tabnuua 4).

Tabnuua 4
BinsHue WyHrnsnta B CTPYKType 6eTOHa Ha CKOPOCTb BblLeaunsaHma Le3msa-137 um
CTPOHUMA-90 KaK pagnoHyKIMA0B M3 06beKTOB 3aX0pPOHeHNs PAO

Bpewms CymMMapHasi 10151 BblLLieNaunmBaHus PaaMoHyKnmaa, % mcx.
BbiLLleNlaumBaHns, | Komnosuuus 6eToHa: Komnosunums 6eToHa:

CyT. LEMEHT + LUYHIU3NUT LEEMEHT + MUKPOKPEMHE3EM + LLYHIU3NT

Cs-137 Sr-90 Cs-137 Sr-90

1 0,05 H/O H/O 0,11

0,08 H/O 0,08 0,15

7 0,24 H/O 0,08 0,19

14 0,50 H/O 0,08 0,27

28 0,80 H/O 0,08 0,33

3 flaHHbIX CnefyeT, 4To NPy OMOHOIMYMBAHWUM pPaanaLMOHHO-0NacHbIX 00b-
eKToB (Hanpumep, «YKpblTve» B 30He YepHoObINbcKoM AJC) Hambonee nerko
BbllLieNlauMBaemMbIiM HyKingom sensetcs Cs-137. OT0 06bACHAETCA TeM, YTO Ha
CKOPOCTb AM((pY3nN 3TOr0 pafvoHyKIMa B BOLHOM pPacTBOpe, 3arno/HAOLLEM
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MOPOBOE NPOCTPaHCTBO 6eTOHA, HET 6apbepHbIX (has, 415 KOTOPbIX OTCYTCTBOBa/IU
Kakne-nnmbo (akTopbl, 3ameasiflowmne ero murpauyuio. He cnyvaiiHO 3neMeHT
Cs-137 cumTaeTca KOHTPO/IbHbIM A1 OLEHKWN CTEMEHN 3alMLLEHHOCTU CUCTEMBI.
Kak BMAHO 13 Tabnmupl 4, KOIMYECTBEHHOE 3HAaYeHVe MuUrpauumn masno, a Sr-90 He
Ob1/10 06HapPYXeHO.

BbIBOAbI

1. Pe3ynbTathbl UCCEA0BAHNIA MUKPOCTPYKTYpPbI NeHobeToHa (BLIME) n HIMM
MOKa3bIBaKOT, YTO Ha/IMUMe YrepoAHbIX HAHOTPYOOK B COCTaBe yKasaHHbIX Mare-
pVanoB NPUBOAUT K CTabunmsaumm nx CTPYKTYpPbl, OTCYTCTBUIO B HUX MPU3HAKOB
NepPKOIALNN CTEHOK, MPOABAAOLWMNXCA B 00bIYHBLIX MEHOGETOHAX M MOPOLLKOBbIX
martepuanax, yniaoTHEHHbIX BUOpOyAapHbIM crnocobom (Mnm BUGPONpeccoBaHUEM).
OO6bIYHO Ha/IMuMe B HEMOAMMULMPOBAHHBLIX MaTepuasiax Takoro Tuna nop ¢ nep-
(hOPUPOBAHHBIMI CTEHKAMW NPUBOAUT K CHUXKEHUIO MX MPOYHOCTU U, B LE/IOM,
YXYALWEHNIO MeXaHWYeCKMX CBOWCTB WCCefyeMblX MaTepuanoB, MX Tenjonpo-
BOAHOCTW.

2. Jlydwaa ogHopoAHOCTb Nop no pasmepam Habnwgaetcs B HMM u B neHo-
6eToHax C 406aBKOWN YyrnepofHbIX HaHOTPYOOK; B 4aCTHOCTU, B NeHObGeTOHax 6e3
[06aBKM HAHOTPYOOK 3a CYET MHTEHCMBHON NEPKONIALMM CTEHOK MOP NPOUCXOANUT
NX 06beUHeHVe C 06pa3oBaHNEM KPYMHBIX MOpP, KOTOPble JOMOHUTENIbHO YBeSN-
YMBAKOT TEMNIONPOBOAHOCTb MEHOBETOHA U CHWKAIOT ero 3KCnayaTaumoHHble Xa-
pakTepucTukn. Crabunmsaumsa cTpyktypbl HIMM 1 neHobeToHa NpoMcxomT 3a
CYET apmupytoLLero adpekTa npu fobasneHUN PUOPUINAPHBLIX CTPYKTYP U yIi-
POYHEHWNA BCIEACTBME (DOPMMUPOBAHNA HaAMONEKYAPHbIX CTPYKTYP B LEMEHTHbIX
CTeHKax nop. Takum obpa3om obecneymBaeTca cosfaHne 3eKTUBHbIX HIMM u
NMeHOOETOHOB CO CTEHKAMM Mop, MOAN(ULMPOBaHHbIX B pe3y/ibTaTe apMMpOBaHUA
YrNepoHbIMU HAHOTPYBOKaMK.

3. Vicnonb3oBaHue yriepoAHbIX HAHOTPYOOK A/ NPUTOTOBNEHNS LIEMEHTHbIX
neHo6eToHoB, HIMM no3Bo/SieT NOBbLICUTL (IU3MKO-MeXaHUYeCKMe CBOMCTBa MarTe-
pVanoBs, YNyULWNTb X TENOPU3INYECKME XapaKTEPUCTUKN 3@ CHET CHDKEHUA UX
TensonpoeogHoCcTh. OTMeYeHO TakKKe MOBbILIEHNE OAHOPOAHOCTU CTPYKTYPbI
rnop, OTCYTCTBUE MEPKO/IALMIN CTEHOK MOP B YKa3aHHbIX MaTepuasnax. Bo3MoXkHa, B
4aCTHOCTW, 3KOHOMUSA NOPTNAHALEMEHTa NPy MPOM3BOACTBE NEeHO6eToHa ¢ f06aB-
NeHVeM YNbTPaAMCNepcHOM apMaTypbl Ha OCHOBe YI/IepOAHbIX HAHOTPYOOK mpu
COXPaHEHUN NPOEKTHOW NPOYHOCTY NeHOBeTOHa.

4. 3 aKcnepMeHTaNbHbIX AaHHbIX [20] cnegyeT, 4To uccregyemble COCTaBbl
6eToHa, UCMbITaHHbIE Ha pPagnaUMOHHYIO CTOMKOCTb Npu 06/1ydYeHnn Co-60 ¢ UH-
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TerpasibHoM Ao030i 06nyyeHns 6000 Mpag, NOATBEPXAAKOT BbICOKYHO 3deKTUB-
HOCTb LUYHIUTA-LUYHIM3UTa Kak NPUPOLHOro (hynnepeHa B HafEéXHOCTU 3axopo-
HeHnst PAO 1 OAT. ToBbIWEHHYIO CTEMEHb MOOWIN3ALMOHHOW paanalOHHON
3aWnTbl 06eCneYnBaeT COBMELLLEHME LYHTUTOBOIO (Py/1epeHa ¢ MUKPOKpEMHe3e-
MoM (SiO,), KoTopblin crocobeH cBA3aTb cBo6oAHY0 Ca(OH), B HU3KOOCHOBHbI
rMAPOCUNINKAT B CTPYKType GeTOHA U CYLLECTBEHHO CHU3UTbL B MOAOGHON CTPYK-
Type NopuUcToCTb GeTOHa.

5. ViccnepgosaHus, npoBefeHHbIe B [21], moATBEPXXAAtOT pesyibTaTtbl U Teope-
TUYeCKoe 060CHOBaHME 3KCNEPUMEHTOB, NOJYYeHHbIe B LMTUPOBaHHBIX Bbille pa-
6oTax, a Takxke MO3BOMAIOT YTBEPXKAATb, YTO MPUMEHEHUE YI/IEPOAHbIX HaHo4a-
CTWL, NEPCMEKTUBHO M 4NS OrHeYnopoB. Tak, namTel coctasa MgO-C (neprknaso-
YIrNepoanCTble MINTbI MPOMEXYTOYHOIO0 KOBLUA) C HAHOCTPYKTYPHOW MaTpuuei
A1 LWMGepHbIX 3aTBOPOB, COAepyKallye BCero okono 2 % yrnepofHbIX HaHo4a-
cTuy (ChepryecKon/unaMHAPUYECKOn opmbl), LEMOHCTPUPYHOT BbICOKMIA Npeaer
MPOYHOCTUN MPU CXaTuK, a CoAepXKalume BCero OKoso 2 % yrnepofHbix HaHoua-
CTWL, arperaTHOro Tuna — BbICOKYH) TEPMOCTOMKOCTb. MaunTbl, cofepalime fBa
TUNa YrnepofHbIX HAHOYaCTWL, — arperatHoro Tuna v rubpuaHyro rpauToBytO
CadKy, XapaKTepu3yHrTCA BbICOKUMM MOKa3aTe/IiMU TEPMOCTOMKOCTA U NPOYHOCTMW.
YnyudlleHne rnokasaTenieil TepMOCTOMKOCTN, CTOMKOCTM K OKUCNEHUIO N NPOYHO-
CTU NMT AOCTUTHYTO 6r1arofaps 006pa3oBaHMIO Ha WX MOBEPXHOCTU MPOYHOrO
cros.

6. B fanbHerweM NonyyeHHble pesy/bTaTbl MOTYT MOCYXXUTb OCHOBOMW AN
COBEPLUEHCTBOBAHNSA CYLLECTBYIOLUMX TEXHOJIOMMIA NPOU3BOACTBA COBPEMEHHbIX
HaHOAPMMPOBaHHbLIX MaTepuasioB C 3afaHHbIMU (PU3NKO-MEXaHUYECKUMIU CBOCT-
BaMKW, HanpuMmep, COBPEMEHHbIX OrHeyrnopos, pPajnaLMOHHOCTONKMX OeTOHOB.
(MocnefHWe Tak OCTPO HEOOXOAMMbI ANA NNKBMAALMMW MOCNEACTBUA aBapun Ha
YepHobblnbckon AIC!).
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PO3rnsHyTi 0CO6MBOCTI HAHOTEXHO/ION i CTOCOBHO A0 NOTPe6 6yAiBenbHOT iHAYCTPIl. 30Kpema, BU3Ha-
YeHi NOTEeHLiMHI MOX/IMBOCTI BUKOPUCTAHHS HAHOTEXHO/ION i aKTMBYBaHHS BOAW, HaHOapmaTypu Ta no-
APIGHEHHS BUXIAHNX MaTepianis 3 METOI MOKpPaLLEHHA MOKa3HMKIB BUPOOHMLITBA Ta BNacTUBOCTEN Byi-
Be/IbHUX Matepianis.
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