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B.I. XO3UH, N.A. CTAPOBOWMTOBA, H.B. MAMCYPAL3E, E.C. 3bIKOBA,
PA. XAJINKOBA, A.A. KOPXEHKO, B.B. TPUHEEBA, 'V. AKOBJIEB

V.G. KHOZIN, I.A. STAROVOITOVA, N.V. MAISURADZE, E.S. ZYKOVA,
R.A. KHALIKOVA, A.A. KORZHENKO, V.V. TRINEEVA, G.I. YAKOVLEV

HaHomopaudpnumpoBaHme NoAMMEPHbIX CBA3YIOLLUX
ANl KOHCTPYKLIMOHHbIX KOMMO3MTOB

Nanomodification of polymer binders for constructional composites................. 4

[lokazaHo, 4To HaHOMO,D,I/I(bIALI,I/IpOBaHVIe SMNOKCMAHOIo A I'VI6pVIﬂ,HOI'O (Opl’aHO*HEOpFaHVIHECKOFO)
CBA3YIOLWLMX MPUBOANT K 3HA4YNTENIbHOMY NOBbILLEHWIO MPOYHOCT, aaresnm, TENNoCTONKOCTU npwu
YnbTpamMalbIX KOHUEHTPaumnax MO,EI,I/IqJMKaTOpOB — YepoAHbIX HaHOYaCTULL. |_|pl/l 3TOM 3aKOHOMEPHOCTA
HaHOMO,EI,I/I(bI/ILLl/IpOBaHI/IFI NpoABNATCA B BUAE IKCTPEeMallbHbIX 3aBMCUMOCTEN.

In the present research regularities of influence of modification additives on technological and operational prop-
erties of polymer binders are presented. The nano-modification of two different kinds of binders for polymer
composite reinforcement — epoxy and hybrid (organic-inorganic) binders, led to a sensible rise of major perfor-
mance features as strength, adhesion, thermal resistance at ultra-low loading of modifying agent — carbon
nanoparticles. At the same time, the regularities of nano-modification display in the extremal dependences.

B.B. HEJTKOBOBA, B.B. CTPOKOBA, H.B. MABJIEHKO, 1.B. XEPHOBCKUW

V.V. NELUBOVA, V.V. STROKOVA, N.V. PAVLENKO, I.V. ZHERNOVSKY

CTPOVITeanbIe KOMMNO3UTbl C TPpUMEeHeHNEeM HaHOCTPYKTYpUpPOBaHHOIo
BSXKYLLEro Ha OCHOBé€ CbipbA Pa3/INYHbIX reHeTUYeCKUX TMNoB

Construction composites using of nanostructured binder based
on raw of varying genetic types. . ... . ...iiiiiii i 1"

OnucaHa 3BOMIoLMS CO3aHNA HAHOCTPYKTYpPUPOBaHHOIO BAxyLlero (HB), a Takxe nokasaHo, 4to
ncnonb3oBaHue HB B CTPOWTENbHbIX MaTepranax No3BosseT Ka4eCTBEHHO NOBbICUTb OCHOBHbIE
3KCNAyaTaLNOHHBIE XapaKTepUCTUK MaTepmnanos PasfM4YHOro HasHa4YeHNs Ha ero OCHOBe.

The evolution of nanostructured binder was described in the article. It is noted that applying of the binder in pro-
duction of construction materials allows improving basic operational properties of different purpose materials.

B.B. CTPOKOBA, W.B. XEPHOBCKUIA, 10.H. OT'YPLIOBA, A.B. MAKCAKOB
V.V. STROKOVA, I.V. ZHERNOVSKY, Y.N. OGURTSOVA, A.V. MAKSAKOV

OcobeHHOCTU NPOeKTUpPOoBaHNA CTPOUTEJIbHbIX KOMMNO3UTOB
Ha OCHOBE€ rpaHyJIMpoBaHHOINoO HAHOCTPYKTypUpylowiero sanonHutens

Peculiarities of design of construction materials involving granular
nanostructured aggregate. . .........iii i i 16

PaccMOTpeHbl OCHOBHbIE MPUHLMMbI BbIOOPa Cbipbs A1s TPOEKTUPOBAHWS MPaHyIMPOBaHHOMO
HaHOCTPYKTYPMPYIOLLLEro 3anoNHWTENSs, OMCaH MeXaH3M MOLMMULMPOBAHNS LLEMEHTHOM MaTpuLb
PaCTBOPOM MOAMCUAMKATOB HATPWs, NPUBEAEHbBI COCTaBbl GETOHA HA OCHOBE rPaHYIMPOBAHHOMO
HaHOCTPYKTYPYPYIOLLEro 3anofHuUTens

Basic principles of raw selection to design granulated nanostructuring aggregate are considered in this
article. Modification mechanism of cement matrix with Na polysilicate solution is also described.
Concrete mixtures on the base of granulated nanostructuring aggregate.

H.B. MABJTEHKO, A.B. BYXAJTO, B.B. CTPOKOBA, B.B. HEJTIOBOBA, A.B. CYMWH

N.V. PAVLENKO, A.B. BUKHALO, V.V. STROKOVA, V.V. NELUBOVA, A.V. SUMIN

MoagudpuumposaHHoe BsiXyllee C UCNoJib3oBaHNEM
HaHOKpUcTalin4ecknx KOMNOHEHTOB A1 A4e€UCTbIX KOMMNO3UTOB

Nanocrystalline components based modified binder for cellular composites........ 20

OnucaHbl HeKOTOpble 0COBEHHOCTV MOANMDULMPOBAHNS BAXYLLETO HAHOKPUCTANINYECKUMM
KOMMOHEHTaMMU, BbICTYNAIOLMM B Ka4eCTBe LEEHTPOB KPUCTANM3aLMmN 1 MHTEHCUDULMPYIOLMMI POCT
rMIPaTHbIX HOBOOOPA30BaHUIA BAXYLLEr0. OT0 0b6eCneymBaeT CHXeHWe AedeKTHOCT MUKPOCTPYKTY bl
MaTepU1arnoB Ha MX OCHOBE, a TakXe CoCODCTBYET MOBLILLEHWIO MX MPOYHOCTHBIX MOKa3aTenew.

Some features of the binder modification with nanocrystalline components as crystallization centers and
components intensified a growth of hydrate formations with regular prismatic and hexagonal shape are
described. This provides the reduction of defectiveness and enhances a strength values of based materials.
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W. AKOBJIEB, 'H. MEPBYLLUWH, A. KOPXEHKO, A.®. BYPbAHOB, . KEPEHE, N.C. MAEBA, [.P. XA3EEB, N.A. MYAO0B, C.A. CEHbKOB
G.1. YAKOVLEV, G.N. PERVUSHIN, A. KORZHENKO, A.F. BURYANOV, JA.K. KERIENE, I.S. MAEVA, D.R. CHAZEEV, .A.PUDQV, S.A. SENKOV

MprMmeHeHMe aUCcnepcUin MHOTOCIOMHbIX YrIepOAHbIX HAHOTPYGOK
npv Npon3BoACTBE CUNTMKATHOIo ra306eToHa aBTOK/TABHOIO TBepAEHUS

Applying multi-walled carbon nanotubes dispersions in producing autoclaved silicate cellular concrete.................. 25

ViccnepoBaHa MUKPOCTPYKTYPa FMAPOCUAMKATOB KanbLys, POPMUPYIOLLMXCS B MEXMOPOBbIX NEPeropofkax ra3obeToHa aBTOKNIAaBHOMO TBEPAEHWS,
MoZMdULMPOBaHHOTO Ancnepcnent MYHT. BbisiBneHo naMereHne Mopdonorn HosoobpaszoBaHuii 1 hOPMUPOBAHME MMAPOCUNMKATOB KaNbLms
MOBbILIEHHON OCHOBHOCTW, 4TO MPUBENO K MOBBILIEHMIO (DU3NKO-TEXHNHECKMX CBOVCTB aBTOKIIaBHOIO ra3obeToHa.

The research has been conducted regarding the influence of multi-walled carbon nanotubes (MWCNTs) dispersions on the structure of crystalhydrate neofor-
mations in interporous walls of autoclaved cellular concrete. The performed research of the microstructure of calcium hydrosilicates formed at autoclave treat-
ment of silicate cellular concrete modified with MWCNT which led to the enhancement of physical and technical properties of autoclaved cellular concrete.
E.B. KOPOJIEB, A.H. TPULLINHA

E.V. KOROLEV, A.N. GRISHINA

CuHTe3 1 nccnepoBaHue HaHopasmepHon [06aBKU AN NOBbILEHUS yCTOi/'I"IVIBOCTVI neH
Ha CMHTETUNYeCKNX HEHOOGPBBOBBTEHHX Ans neHo6eToHOB

Development and research of a nanodimensional stabilizer additive for foams based
on synthetic foamers for foam concretes .. ... ... it i aaaaaeaan 30

MpencraBneHbl pesynsraTsl HOBOTO CMocoba CMHTEe3a KPeMHUEBOW KMCOThI, UCCrefoBaHa ee CTabunbHOCTb. MpefnoxeH HOBbIA HaHOPa3MepHbIi
MOAMMUKATOP Ha OCHOBE CUCTEMbI, COAEPXALLEN ABa BUAA HAHOHACTWL, [1st MOBbILIEHWS YCTOMYMBOCTY NEH HA OCHOBE CUHTETUHECKNX
neHoobpa3soBsatenei.

The results of a new method for the synthesis of silicic acidis offered, its stability was investigated. A new nanoscale modifier based on a system con-
taining two types of nanoparticles to enhance the stability of foams is considered.

A.®. TOPONHA, tO.B. TOKAPEB, 'V. AKOBJIEB, 4. KEPEHE, 3. CNyOYINC

A.F. GORDINA, Yu.V. TOKAREV, G.I. YAKOVLEV, Ya. KERIENE, E. SPUDULIS

Pasnuuusi B GopMMpPOBaHUM CTPYKTYPbl MMMNCOBOTO BSKYLLETO,
MoAUPULUPOBAHHOIO YriiepoaHbIMU HaHOTPYGKaMu 1 U3BeCTbio

Differences in forming the structure of gypsum binder modified by carbon nanotubes and lime......................... 34

YCTaHOBNEHbI Pa3Nnyns B OPMMUPOBAHMN CTPYKTYPbI FUMCOBOMO BSXKYLLIErO NMPU UCMOMb30BaHNM MHOTOCTOMHBIX YIEPOAHbIX HAHOCTPYKTYP M
13BECTU, BBOAMMbIX COBMECTHO W Pa3fienbHO, a Takke OnpeAeneHo 1x BAVSHME Ha MexaHU4eckne CBOCTBA NOfy4aeMoro matepmana.

The differences in forming the structure of gypsum binder using multilayer carbon nanostructures and lime introduced together and separately are
found, and their influence on mechanical properties is defined.

M.C. TAPKABW, C.A. HEKPACOBA, E.A. TPOLLUKNHA

M.S. GARKAVI, S.A. NEKRASOVA, E.A. TROSHKINA

KnHeTnka popMupoBaHNsi KOHTaKTOB B HAHOMOAUMULMPOBaHHbIX MMMNCOBbIX MaTepuanax

Kinetics of contact formation in nano-modified gypsum materials ......... ... ..o s 38

Ha ocHoBe cucTeMbl MOAENbHbIX KBa3l/IpeaKLLI/II;I nccnenoBaHa KMHETKKa O6paBOBaHI/IFI MeX4aCTUYHbIX KOHTAKTOB B M’MMCOBbLIX MaTepuanax. [oka3zaHo,
4TO BBe[eHMe B r’MnCcoByto AMCNepCcnio HaHOPasMepPHbIX KOMMNOHEHTOB M3MEHAET KMHETUKY cbopMMposava KOarynaumoHHbIX 1 KoarynaumoHHo-
KOHAEHCAUMOHHbIX KOHTAKTOB.

Kinetics of formation of inter-particle contacts in the gypsum materials is researched on the basis of the system of the model quasireactions. It is
shown that the introduction of nano-sized components in the gypsum dispersion results in the change of the kinetics of formation of coagulation and
coagulation-condensation contacts.

A.B. LUAMBAOYNINNHA, [/ AKOBJIEB, B.C. BYPOWH

A.V. SHAIBADULLINA, G.I. YAKOVLEYV, V.S. BURDIN

OTpeno4yHas dacagHas KoMmnosuuusa, mogudunupoBaHHas yrnepoaHbiMU HaHOpr6KaMVI,
Ang 3auunTbl OT 3J1IeKTPOMAarHUTHbIX nonen

Research of the electromagnetic absorption of finish facade composition modified with carbon nanotubes............... 41

Pa3paboTaHO CUNMKATHOE MOKPbITUE, MOANMULMPOBAHHOE YINePOAHBIMM HaHOTPYOKaMK, obnafatoLLee 3KpaHUPYIOLMMI CBOMCTBAMU OT BO3LENCTBIS
3MEKTPOMArHUTHBIX MOME 1 3aLLMTbl YeNOBeKa OT MaTOreHHOrO U3NyHeHNs OKpYXKaloLLen cpefbl, He TpebytoLLee NCNoNb30BaHNs TPALULMOHHbIX
CUNNKAT3ATOPOB B BME OKCMAA LMHKA.

A significant change in the structure of silicate paint has been achieved due to its modification with multi-walled carbon nanotubes. The developed sili-
cate coating has shielding properties for providing comprehensive protection of hardware and a human in industrial, administrative and residential
buildings from the influence of electromagnetic fields and protection of a human from pathogenic radiation of the environment. It does not require the
use of traditional hardners in the form of zinc oxide.

M. MOPCW, C.A. JTKOOAPK, C.C. LLU3BN

M. MORSY, S.A. ELKHODARY, S. S. SHEBL

CBOICTBA TEPMOCTOMKUX YrNepoAHbIX HAHOTPYOOK, NoTy4YeHHbIX MeTOA,0M 311eKTPoAyroBoro cuHTesa (M34C)

Synthesis and Characterization of Thermally Stable Carbon Nano-Tubes using ARC-Discharge Technique................ 44

OnuncaH MeTof, 3neKTpoAYyroBoro C1HTe3a TepmMocTonkmx YHT ¢ nocnenyoLlen o4mcTkon. MeTop MHTepeceH TeM, YTO MO3BOMAET MPOBOAUTD
CeneKkTMBHOe 13BMeYeHve nprmecert 13 0bpasLos YHT 6e3 nospexaeHns cteHok Tpybok. MccnenoBaHms Nokasanm, YTo o4miLeHHble obpa3ubl YHT
ABNAIOTCA TEPMOYCTONYMBBIMU A0 645°C.
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This paper investigates the development of arc discharge ARCD technique in order to synthesis thermally stable CNTs. The method consists initially of the
removal of fullerenes and soluble impurities, followed by liquid-phase oxidation of amorphous carbon. Then, an acid treatment to remove the unprotect-
ed metallic particles was finally affected. The results showed that the purified CNTs sample is thermally stable up to 645°C. The thermal stability of CNTs
depends on the defects on the side walls and impurities in the purified sample and it can be attributed to efficient cooling system used in the apparatus.
[.o. ®EAOPOBA, A.E. CABB/HA, 1. IKOBJEB, N.C. MAEBA, C.A. CEHbKOB

G.D. FEDOROVA, A.E. SAVVINA, G.I. YAKOVLEV, I.S. MAEVA, S.A. SENKOV

OueHka nonudyHKunoHanbHoro moaudukatopa 6eroHa NOM-HIK
B KayecTBe cypdaKkTaHTa Npu aucneprauuv yrinepofHbiX HAHOTPY6GOK

Estimation of the multifunctional modifier of PFM-NLK concrete as surfactantat carbon nanotubes dispersion........... 48

MpeacTaBneHbl pe3ynsrathl MCCNEROBaHNUI NONUGYHKLMOHaNbHOro Moaundukatopa betoHa MOM-HJIK B kayecTBe cypdakTaHTa Npv AmMcnepraLmm
YrNepoLHbIX HAHOTPYDOK. PacCMOTPEHbI TEXHOMOMM MOMYYEHUS AUCNEPCUN MHOTOCTTOMHBIX YrePOAHbIX HAHOTPYOOK. MoKa3aHo, HTO 3PMEKTUBHOCTL
MOANDULMPOBaHKS BETOHOB YrNepOLHbIMU HAHOTPYOKaMM 3HA4UTENBHO 3aBUCUT OT KavecTBa ANCNEPCUM B MOMEHT BBELIEHNS ee B DETOHHYIO CMECh.

Results of researches are presented in this work according to the multifunctional modifier of PFM-NLKconcretes surfactant at carbon nanotubes disper-
sion. Technologies of reception of dispersion multiwalled carbon nanotubes are considered. It is shown that efficiency of modifying of concrete carbon
nanotubes appreciably depends on quality of dispersion at the moment of inclusion into concrete mix.
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HaHomoanuunposaHune noiammepHbIx
CBSI3YIOLUMNX OJ151 KOHCTPYKLUMNOHHbIX KOMIMO3UTOB

Nanomodification of polymer binders
for constructional composites

KomMnosuumonnsie Marepuaibl (KM) u ocobeHHO
nojumepHbie Komno3utsl (ITKM) 3aHumalor auaupyio-
M€ MO3ULIMU B COBPEMEHHOM MaTepUaOBEJACHUU U B
TeXHUKe. DTa UX POJb COXPAHUTCS HAMAOJTO B Oymy-
meM [1]. Kak u3BecTHO, KOHCTPYKLIMOHHBIE MaTepUabl,
Ybsi MeXaHUuyecKass MPOYHOCThb, XECTKOCTb W J0JITOBEY-
HOCTb SIBJISIIOTCSI ONPEeAe oMU (aKTopaMu, COCTOSIT
u3 IByX U 6osee (a3, 00beNUHEHHBIX B MOHOJIUT MO Tpa-
HUILAM UX pa3lelia, B3auMOJEWCTBUE MO KOTOPBIM MPUBO-
IIUT K TTOSIBJICHUIO HOBBIX CBOMCTB, OTJIMYHBIX OT CBOMCTB
KaxJ0ro (M UX CyMMBbl) TIPU COXpAaHEHUU UMU UHIUBUIY-
anbHOCTU. [lo cyTu, 310 3heKT cuHeprusmMa, OTKJIOHE-
HUE OT aAIUTUBHOCTH.

B cnayuyae TIKM Bbicokuii addekT cuHeprusma ooy-
CJIOBJIEH KpOMe are3uu o0pa3oBaHUEM TPaluEHTHBIX Irpa-
HUYHBIX CJIOEB MOJMMEPHOTO CBS3YIOLIEro ¢ U3MEHEHHOM
CTPYKTYPOIl U CBOWMCTBaAMHU, OoJiee TIPOTSKEHHBIMU, YEM B
HU3KOMOJIEKYJISIPHBIX BelllecTBax. EcTecTBeHHO, UTO yHeib-
HbIil 00bEM TPAaHUYHBIX CJIOEB BO3PACTAeT C YBEIUYEHUEM
MOBEPXHOCTU pazjesa ¢das.

M3BecTHO [2], 4TO caMble BBICOKOIIPOYHBIE KOMITO3M-
Thl — BOJIOKHUCTBIE, COCTOSILIME U3 HATTPABIEHHO-OPUEHTU -
POBaHHBIX CTEKJISTHHBIX, 0a3aJIbTOBBIX, YTOJIbHbBIX, apaMU/I-
HBIX BOJIOKOH, OOBEAVMHEHHBIX B MOHOJIUT TMOJMMEPHBIM
CBSI3YIOLMM, HaXoOSIIUMCS B Tiepuol (hOopMUPOBaAHUS
KOMIIO31Ta U U3JEJIUI U3 HETO B BI3KOTEKYYEM COCTOSIHUM,
MepexoJsIleM 3aTeM B TBEPJOE€, TOUHEE B YIPYTOBSI3KOE,
cocTtosiHue. Yalie Bcero B KauecTBe CBSA3YIOLIETO MPUMEHSI-
I0TCSl MOKCUIHbBIE KOMIMO3UTHI — CaMble MPOYHBIE, C HE-
MNPEeB30MACHHONW aare3uei, NOCTaTOYHO TEXHOJOTUYHBIE.
[IpumepoM CI0XKHOTO 0OBEMHOI0 U3AEIUS U3 FIMOKCUIHO-
ro MOJIMMEPHOTO KOMIIO3UTA SIBJISIETCS M3BECTHAsI COBET-
ckas pakeTa «Tomnosb», a MpUuMepoM MaTepuasa CTPOUTEb-
HOrO0 Ha3HayeHWsi — 0a3zajbTO- U CTEKJIOIMIACTUKOBAs
cTepXKHeBas apMmaTypa, a Takxke Oojee moporasi U penkas
yraeruiacTukoBasi. M ecinu Xu3Hb pakeTbl CKOPOTEYHa, TO
JIOJITOBEYHOCTD MOJIMMEPKOMITO3UTHOU apMaTyphl B IOCTO-
STHHO Harpy>X€HHbIX HECYIIIUX CTPOUTEIbHBIX KOHCTPYKIIM-
SIX IOJDKHA OBbITh HE MEHee CTa JIeT.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Constructional composites (CC) and, in particular, poly-
mer composites (PC) are becoming an essential part of mod-
ern material science and technology. This key role in modern
science and technology will remain in times to come [1]. It is
known that the constructional materials, which mechanical
strength, hardness and durability are being the main proper-
ties in view of their deployment, are composed of two or
more chemically and physically different phases separated by
a distinct interface. The interactions of components within
the interface surfaces cause the appearance of novel proper-
ties that differ from those of each component, or their sum,
with preserving their identity. In fact, this deviation from ad-
ditivity can be considered as a synergism effect.

The high synergism effect observed in PC systems is
specified, except the adhesion, by formation of gradient
boundary layers of polymer binders with altered structure and
properties, that are more extended compared with the com-
posites formed by low molecular components. Of course, the
specific volume of boundary layers increases with increasing
interface surface.

It is known [2] that the most high-performance compos-
ites are fibrous materials consisted of oriented glass, basaltic,
carbon, aramid fibers combined into monolith by polymer
binder. In the process of formation of composite, polymer
binder is in plastic state, then it goes into a solid, notably, into
a viscoelastic state. Most often epoxy polymers are used as
binders since they are most durable and producible; they dis-
play the superior adhesive properties. The well-known Soviet
missile “Topol” is an example of a complex 3D product of
epoxy polymer composite. The reinforcement made from
basalt- and glass-reinforced plastic as well as that made from
a more expensive carbon plastic is an example of application
of composite materials in construction.

If the operational phase of missile is rather short, the dura-
bility of polymer composite reinforcement used in the con-
stantly loaded building structures must be no less than 100 years.

An increase of production and consumption of polymer
composite reinforcement (PCR) observed during recent
5—7 years is caused by the following factors:
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B Poccum B mocnennue 5—7 et HaOIromaeTcs pocT 00b-
€MOB TMPOM3BOJACTBA U TOTPEOJEHUS MOTUMEPKOMITO3UT-
Hoii apmatyphl (ITKA), KoTopblit 00yCIOBIEH CIeIYIOIIUMU
(akropamu:

— MpocToToil U 3¢ GHEKTUBHOCTHIO TEXHOJIOTUU €€ M3ro-
TOBJIEHUSI METOIOM TYJATPY3UM WA HUIJITPY3UU; Ype3-
BBIYAITHO MaJIOM HEPIO- M METAINIOEMKOCTBIO 000pyIo-
BaHUSI U KOMIAKTHOCTHIO TEXHOJOTMUYECKUX JIMHUI B
COYETAaHUM C UX BBICOKO MPOU3BOAUTENLHOCTHIO;

— TexHuyeckumu npeumyinectBamu [1KA nepea craabHoit
apMaTypoii: ToJIMMEpPKOMITO3UTHAsI apMaTypa o0anaeT
B 2—3 pa3a OoJbIIei MEXaHMYECKOUM ITPOYHOCTBHIO, B
4 pa3a MeHBbIIIEl TUIOTHOCTBIO, BBICOKOM KOPPO3MOHHOMN
CTOMKOCTBIO, JTUIJICKTPUUECKMMU CBOMCTBAMU, MAJIOKN
TEII0ONpPOBOAHOCTHIO (B 100 pa3 MeHbIIIEl, YeM y CTajIn).
OnHako cBs3ylollee TepeaaeT KOMIO3UTY IMpUCYIIUe

BCEM OpraHUYECKUM TOJIMMepPaM KOHCTPYKIIMOHHBIE HEI0-

CTaTKU: HU3KHE TeTIOCTOMKOCTh (10 120—150°C) 1 Momyib

VIIPYrocTu (Ha IOPSIIOK HIKE, YeM y CTajin); IOJI3y4eCTh

MpY IJIMTEebHOM CTaTUYECKOM Harpy3Ke, HU3KYIO JJIUTEb-

HYI0 TPOYHOCTh. DTU crielMduruieckre cBOMCTBa apMaTyphbl

Ha TOJMMEPHBIX CBSI3YIOIIUX PEe3KO YMEHBIIAIOT 00beM U

mupoty npumeHeHust [TKA B Hecylmx cTpOUTEIbHbBIX KOH-

CTPYKLMSIX U3 LIEMEHTHOTO O€TOHAa — TJIAaBHOTO KOHCTPYK-

IIMOHHOTO CTPOUTEILHOTO MaTepHaia.

Ectb nBa myTu ycTpaHeHUs1, KOMIIEHCAIUU WA OCJ1a0-
JIEHUSI HEIOCTATKOB MTOJIMMEPHBIX CBI3YIOLIUX:

— MoauduKalus SMOKCUAHBIX CBS3YIOIINUX (OCHOBHOTO
BMJIa BKOMIIO3UTHO# apMaType) (pu3nuecKkumu 1 prusmKo-
XUMHWYCCKIMUI METOJAMH C 1LIEJIbIO MX YCUJIeHMS [3];

— pa3paboTKa HOBBIX THUIIOB CBSI3YIOIIMX — TUOPHMIHBIX
OpraHoO-HEOPraHMYECKUX, TaKKe MOAU(PUIIMPOBAHHBIX
GU3UKO-XUMUYECKUMU MeTogaMu. IlepCreKTUBHOCTD
TMOPUAHBIX CBSI3YIOIIMX Ha OCHOBE MOJIMM30LIMAHATA U
MOJIMCUJIMKATAa HATPUsI OOYCJIOBJIeHA UX OTHOCUTEIHHO
BBICOKOI TeTUTOCTOMKOCTBIO (He MeHee 240—250°C).

B xauectBe 0CHOBHOTO MeToaa (PU3NKO-XUMHUIECKON MO-
nuduKauruy o00UX TUIOB CBS3YIOLIMX aBTOpaMM BLIOpaHO
BBEIECHUE B HUX TBEPIBIX YIIIEPOAHBIX U METAUT-YTJIEPOIAHBIX
YacTULl HAHOpa3MepHOTro ypoBHsI (MeHee 100 HM).

[Mpennocelakamu 111 HAHOMOAM(DUKALIMY STTOKCUIHBIX
CBSI3YIOILIMX SIBUJIMCh 3aKOHOMEPHOCTHU U MEXaHU3M UX YCU-
JIEHWSI TOHKOAMCIIEPCHBIMU MUHEPaJTbHBIMU HATIOJTHUTEISI -
MM, YCTAHOBJIEHHbIE OMHUM 13 aBTOPOB 3TOI CTaTbU MHOTO
JIeT Hasaf [3, 4]: npu onpeneaeHHOM 0ObEMHOM CoIepKa-
HUM (IJ1s1 KaXKIO0ro HamoJHUTENS pa3HoM) onn 1o 20—30%
YBEJIMYMBAIOT TEIUIOCTONKOCTb, IPOYHOCTh, MOAYJb YIIPY-
TOCTH 3TMOKCUAHOTO nosimmepa (puc. 1, 2).

ITpy 3TOM KOHIIEHTPALIMOHHOE ITOJIOXKEHNE MAaKCUMYMOB
3 (HEKTOB YCUJIEHHUS 3aBUCUT OT AMCIIEPCHOCTU HAIIOJHUTE-
JISl M CHUXKAETCsI C YMEeHbIIIEHUEeM pa3Mepa YacTull, Koraa Bes
MoJIMMEpHasl MaTpulia MEPEXOIUT B COCTOSIHUE TPAaHUYHbBIX
CJIO€B C OOJIbIIEH TIJIOTHOCTBIO MOJIEKYJISIPHOM YIAaKOBKH,
MEHBbIIIE MOJIEKYJISIPHOW TOJBUXXHOCTBIO, YeM B MCXOTHOM
HEHAITOJITHEHHOM TOoJMMepe. AHAJIOTUIHBIE 3aKOHOMEPHO-
CTH HATIOJTHEHUS MPOSIBJISIIOTCS M B APYTUX CETYATHIX, a TaK-
XK€ ¢ pa3IMYHbIMU BapUallMsIMU B IMHEUHBIX TTouMepax [3].

ITo MHeHUIO aBTOPOB, MOAUGDUIIMPOBAHUE ITTOKCUTHBIX
U JIPYyTUX TOJUMEPHBIX CBSI3YIOIIUX HaHOpa3MEePHBIMU
TBEPAbIMY YaCTUIIAMU OCHOBAHO Ha TOM Xe€ MexXpazHoM
B3aMMOJICHICTBUM C 00pa30BaHUEM I'PaHUYHBIX CJIOEB C TTPO-
SIBIICHUEM TeX XKe 3aKOHOMepHocTell. DddeKT ycuneHus Ha
€IMHUILY TTOBEPXHOCTH pazzesa (a3 10/KeH 3aBUCETh TOJb-
KO OT XMUMHWYECKOW MPUPOAbLI TBEPAOTO HAMOJHUTES.
HaHovacTuiisl UMEIOT OrPOMHYIO YAEJIBbHYIO TOBEPXHOCTh
— COTHM KBaZ[paTHbIX METPOB Ha IrpaMM, U MIOTOMY MaKCH-
MaJIbHBIT 3G dEKT yCUIeHUsT TOJKeH HaOIoAaThCsl MpU
O0YECHb MaJIbIX KOHLIEHTPpAIUIX UX B moiumMmepe. Kpome 00-
pa3oBaHMs MexX(a3HbIX TPaHUYHBIX CI0€B 3 GEKT ycuie-
HMSI HAHOYACTUIIAMU MOXET OBbITh OOYCJIOBJIEH U BO3MOX-
HOCTBIO 3allOJJHEHHUSI UMW MOJIEKYJSIPHOTO CBOOOIHOTO

(Y PONIEIIBHBIE
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Puc. 1. 3aBMcMOCTb TeMnepaTtypbl CTekNoBaHus (Tc) aNoKCUAHOro Nonu-

Mepa oT coaepXaHus HanonHuTenen [3]: 1 — GuTymcoaepxalias nopoaa;
2 — xaonviH; 3 — cunukarens; 4 — rpadut; 5 — TiO,; 6 — aspocun

Fig. 1. Dependence of glass temperature (Tc) of epoxy polymer on filler
content [3]: 7 — bitumen containing rock; 2 — kaolin; 3 - silica gel; 4 — graphite;
5 - TiOy; 6 — aerosil

— the production technology based on the pultrusion or
needletrusion methods is easy and efficient; the extremely
low power and metal consumption of equipment, as well
the compactness of operation lines are combined with
their high performance;

— technical advantages of PCR over the steel reinforce-
ment: PCR has mechanical hardness that exceeds that of
steel reinforcement in 2—3 times, PCR density is less in
4 times, it possesses a high corrosive resistance, dielectric
behaviors, low thermal conductivity (in 100 times less
than in steel).

At the same time the binder transfers the composite all
constructional disadvantages intrinsic to organic polymers:
low thermal resistance (up to 120—150°C) and modulus of
elasticity (over an order less than in steel); creep at long term
static loading. These specific features of reinforcement based
on polymer binders reduce the volume and scope of PCR ap-
plication in cement concrete load-bearing elements that are
being the main construction material.

There are two ways of overcoming or reducing the short-
coming of polymer binders:

— amodification of epoxy binders (the main type of binders
used in composite reinforcements) by physical and physi-
cochemical techniques with the purpose of their en-
hancement [3];

— adevelopment of new types of binders as hybrid organic-
inorganic binders, as well as well the binders modified by
physicochemical methods. The prospects of the hybrid
binders based on polyisocyanate and polysilicate sodium
are determined by their relative high thermal resistance
(no less than 240—250°C).

In this work, an insertion of solid carbon and metal-car-
bon nanoparticles (with the sizes less than 100 nm) into the
binders has been applied as a main method of physicochemi-
cal modification.

The background of the nano-modification of epoxy binders
is in regularities and mechanism of their enhancement by fine
mineral fillers that were found many years ago by one of the
authors [3, 4]: at a certain volume fraction (dependent on the
filler) these filler particles increase thermal resistance, hardness,
modulus of elasticity of epoxy polymer over 20—30% (Fig. 1, 2).

It should be noted that a concentration corresponding to
maximal effect of enhancement depends on the filler disper-
sity and reduces with decreasing particle sizes, when the entire
polymer matrix transfers into the state of interface boundaries

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN
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0o0beMa M HEIUIOTHOCTEH MOJICKYJISIPHOI YNaKOBKM, IIO-

CKOJIBKY MX pa3Mepbl COM3MEPUMBI. DTO MOKa IMIIOTe3a,

TpeOylolliasi 9KCIIepUMEHTaTbHOTO MOATBEPXKIACHNSI.

B nocienHee necatuiaeTue ajisi MOAUMPUKALIMU STTOKCUJI-
HBIX KOHCTPYKIIMOHHBIX MaTepPUAIOB OIPOOOBAaHBI HAHOYA-
CTUIIBI Pa3IMYHOM TIPUPOABI: YIJIEPOAHBIE HAHOTPYOKH,
(ynnepeHsl, acTpasieHbl, YABTPAAUCIIEPCHBIC aTMA3HBIE TTO-
POIIKM, HaHOAJIMa3bl, MOHTMOPUJUIOHUT, a3pOCWJI, IIyH-
THT, METAICOAEPKAIIe HAHOKOMITO3UTHI 1 Jp. [6].

OCOOEHHOCTbIO TEXHOJOTUM HaHOMOAUDUIIMPOBAHUS
SIBIIIETCS CIOXKHOCTh PABHOMEPHOTO pacIipeneieHUsT CBEPX-
MaJIbIX 103 YIBTPAAUCIIEPCHBIX YaCTUIl B 00beMe TIoJTMMepa.
JI71s1 9TOTO TOTOBSIT UX KOHIIEHTPATHI ITyTeM IHCIIEPTUPOBa-
HUSI HAaHOYACTMI[ B XXUIKUX KOMIIOHEHTaX CBSI3YIOIIETO,
yalie BCero ¢ MoMolbio yabrpa3BykoBoii (Y3B) o6paboTku.

Hanpumep, U.B. MankoB 1 Ip. BBOOAWIM MHOTOCJIOM-
HbIe yriieponHbie HaHOTpYOku (MYHT) B anokcuaHoe cBsI-
sytoiee (cmona DJ1-22 + orsepaurenas JAADC), o6pada-
TBIBas CHCTEMY B CKOPOCTHOM CMECHTEJIe 4ac, a 3aTeM
40 muH B Y3B BanHe. OnrtuMainbHas KoueHTpauuss MYHT
— 0,05% yBenuuMBaeT CTEMEHb OTBEPXKICHUS, TEIJIOBOI
¢ dexT noaumMepusalu, TeMnepaTypy CTeKJI0OBaHUs U 1~
HaMUYECKUIT MOIYJIb YIIPYTOCTH; TIPOYHOCTh BO3POCTAET Ha
20%, ynapHas BsI3KocTb — Ha 30%.

B oTrBepautenb s3nokcuaHoro oauromepa — n3zo-MTI' DA
BBOOWIM ayMa3orpacduT u HaHoanmasbl. Ilpu 0,2—0,3%
riepBoro 1 0,1—0,2% BTOPOro AOCTUTAIN YBEIMYCHUST ITPOY-
HOCTH TIpH cXaTuu Ha 18—22%, nipu m3rube — Ha 13%,
yIApPHOU TTPOYHOCTH — Ha 26—32%, TETUTOCTOMKOCTH — Ha
10%, xectkoctit — Ha 20—30%. Ho mpoYHOCTH TIpU pacTsi-
>KeHUU cHU3Mach Ha 20%.

IIpn momuduKauuM SIOKCUAHBIX KIJIEEB TOPSIYEro
OTBEPKIEHUSI MeIb- U HUKEIbYTJIEPOAHBIMU HAHOKOMIIO-
sutamu (0,0001—0,0003%) anre3moHHast IPOYHOCTH BO3-
pocna Ha 50—70% [6].

Hexkotopsie nccnemnoBatenu [7] c4uTaIOT, YTO IJIABHBIMU
yCIOBUSAMU 3D (HEKTUBHOM MOAMMDUKAIIUN TTOTUMEPHBIX
kommno3utoB YHT sBistorcs:

— paBHOMepHoe pactpeneneHue YHT mo oobemy MaTpuiIb;

— obecrneyeHue BHICOKOI aAre3uy MoJMMEPHON MaTPULbI
Kk moeepxHoctn YHT;

— opueHranusa YHT B HanpaBieHUU NeiiCTBUSI HArpy3Ku,
XOTSI 3TO YCJIOBUE XKeJaTeJIbHOe, HO TPAKTUIECKU TPYI-
HOBBITIOJTHUMOE.

A. Ilomoraiino ¢ coaBTopamu [8] ycTaHOBWIHM, 4YTO
BBeJeHUE HAHOYACTUI] METALJIOB B IMOJIMMEDPDI YBEIUUMBAET
UX TEPMO- U TETIOCTOMKOCTb.

Jnsa monudukanmu odboux casasyoiux B [IKA aBropsl
HCTIOJIb30BAI KOHIICHTPATHl YIIEPOIHBIX U MeTaJll-yIJIe-
POIHBIX HAHOYACTUIL B BOJE Y OPTaHWIECKMX HOCUTEIISIX —
KOMITOHEHTaX CBS3YIOIINX, 8 UMEHHO:

1. ToHKOAUCHIEPCHBIE CYCIIEH3UU METAJI-YIJIEPOIHOIO
HaHokommno3uta (MC 1, 2, 3, 4) B oTBepauTeie SIOKCUAHOM
cMoutbl 130-MTT DA (mpounsBoactBo OO0 «MBDM3 Kymon»).

2. TBepabple KOHIEHTPATHI MHOTOCIONHBIX YTIIEPOIHBIX
HaHOTpYyOOK ¢upMmbl Arkema (®paHLusg) B pasIMUHBIX
cpeuax HOCHTEJNISIX C TOPTOBBIMU MapKaMM:

Graphistrength C W2-45 — konueHtpatr YHT B BomHOI

cpene (comepxkaHue TUCTIEPTUPOBAHHBIX MHOTOCIOMHBIX

VYHT 45%) — misa MmoavUKauy THOPUIHBIX CBA3YIOIINX

Ha OCHOBE MOJIMU301IMaHATA U MOJIUCUIIMKATa HATPUSI;

— Graphistrength C S1-25 — xonnentpar YHT B opranu-
yeckoit cpene, conepxaiieit Monomep DGEBA, 6ucde-
Hol A (comepxXaHMe AVCIIEPTUPOBAHHBIX MHOTOCJIOM-
HeiXx YHT 25%) — mia MogudbuKaiuy SITOKCHIHBIX W
TUOPUIHBIX CBSI3YIOIIMX.

BrokcumgHoe cpsaylomiee (B1-20+u3o-MTTDA)+mo-
nGUKATOP) OTBEPXKAAIN B TeUeHUE 6 U TIpU TeMIiepaTtype
130, 150, 170°C. I'nyOuHy OTBepKIEHUs OLICHUBAIU IO
MaccoBOi [10Jie 30Jib-(hpaKUU IyTeM BSKCTParupoBaHUsI
MOPOLIKOOOPA3HbIX O0PA3OB ALIETOHOM.

HAy4HO- MmexXHU4ecKuil u I’lpOLl3800CI’n6€HHbILI AHCYPHAN g fr‘Ufl rs jJ
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Fig. 2. Dependence of compression strength (0,) of epoxy binders on filler
content [3]: 7 — aerosol; 2 — white black; 3 — rock flour; 4 - powdered quartz
sand

with high density of molecular packing, and with molecular
mobility less than in initial unfilled polymer. Similar regulari-
ties of filling manifest in the other network polymers as well as
in linear polymers with different variations [5].

By our opinion, the modification of epoxy and other
polymer binders by solid nanoparticles is based on the same
interface interactions with formation of boundary layers with
the same regularities. The enhancing effect per unite of inter-
face surface must depend only on chemical nature of solid
filler. Nanoparticles have large specific surface of about sev-
eral hundreds of square meters per gram, since the maximal
enhancing effect must be observed at very low concentrations
of these particles in polymer. Besides the formation of inter-
face boundary layers, the effect of enhancing by nanoparti-
cles can be caused by possible free volume filling by nanopar-
ticles as their sizes are comparable. This is only suggestion
which demands experimental conformation.

In recent decades, nanoparticles of different kinds have
been used for modification of epoxy construction materials:
carbon nanotubes, fullerenes, astralenes, ultra-fine diamond
powder, montmorillonite, aerosol, schungite, metal-con-
taining nanocomposite and etc. [6].

The main problem of nanomodification technology lies
in requirement of homogeneous distribution of very low por-
tions of ultra-fine particles over polymer volume. One of the
ways to solve this problem is to make their concentrates by
dispersing nanoparticles in fluid components of binder apply-
ing an ultrasonic treatment (UST).

For example, Malkov with coworkers introduced multi-
layer carbon nanotubes (MLCNT) into epoxy binder (epoxy
resin ED-20 + DDS curing agent) by means of a speed mixer
during an hour, and then it was kept for 40 minutes in an ul-
trasonic bath. The optimal concentration of MLCNT of
0.05% occurred to be enough for increasing the degree of cur-
ing, glass temperature and dynamic elasticity modulus, en-
hancing the thermal effect of polymerization; the hardness
increased over 20% and the impact strength — 30%.

Diamond and diamond-graphite nanoparticles have been
introduced into the curing agent of epoxy oligomers — iso-
MTHPA. At introducing 0.2—0.3% of diamond and 0.1—
0.2% of diamond-graphite nanoparticles, the compression
resistance increased over 18—22%, bending resistance —
13%, impact resistance — 26—32%, thermal resistance —
10%, hardness — 20—30%. At the same time the tensile
strength reduced over 20%.

Modification of the hot curing epoxy resin adhesives by
copper- and nickel- carbon nanocomposites (0,0001—
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Ta6nuua 1
Table 1
Copepxanue MC, mac. % oT oTBepamTens
Temneparypa CC content, mass. % per curing agent
oTBepxzaeHus, °C
Curing 0,001 0,011 0,001 0,011
temperature, °C 0 (MC2) | (mc1) | (Mc4) | (mc3)
(CC2) (CC1) (CC4) (CC3)
130 7 7,2 6,8 7 6,9
150 2 1,8 1,2 2,1 2
170 3,5 3 3,5 3,6 3,1

Cozep:xaHue 3KCTparupyeMbIx BelnecTs (%) B OITOKCHUI-
HOM CBSI3YIO1lIEeM, MOAU(DUIIMPOBAHHOM ME/Ib-YTJIEPOAHBIMU
HaHokomIo3utamu (MC), npuBeneHo B Tab1. 1.

Kak BumHO 13 Tabi. 1, Meab-yriaepoaHble HAaHOKOMIIO-
3UTHI HE BJIUSIOT Ha TIIYOMHY OTBEPKICHUS CETYATOTO BIT0-
KCUIHOTO TIoJIMMepa, HO OHA B 3HAYUTEJILHOM Mepe 3aBUCUT
OT TeMrepaTypbl M30TEPMUYECKOTO MporpeBa. Makcumym
CTeTNIeHU OTBepXKAeHUs mocturaetcs npu 150°C (HauMeHb-
niee 3HaUYeHUE 30JIb-GPaKIUKA OKOJIO 2%), MUHUMYM TIPU
130°C (koM4YeCTBO SKCTparupyeMbIX okoJio 7%) (yBeande-
HUe 30b-ppakuuu npu 170°C mporpeBa CBSI3aHO C BO3-
MOXHOM TEpMUYECKON OeCTPYKIIUEH IToJUMeEpa).

Haubonpiive noxazareayd IPOYHOCTA HAOIIONAIOTCS
B ycitoBusix TepMooopadotku ripu 130°C. [TpouyHOCTb ITpH cka-
tuu (MITa), anresust k ctanu (MIla) u Teruoctoiikoctb (°C)
SITOKCUIHBIX CBA3YIOIINX, MOAU(ULIMPOBAHHBIX MEIb-YTJIe-
POIHBIMU HAHOKOMITO3UTAaMMU, MpHUBEIeHBI B TaOi. 2. Bce
HAHOKOMITO3UTHI YBEJIMYMBAIOT TTPOYHOCTHBIC TOKA3aTEIN
MCXOMHOTO CBA3YIOIETO (aare3uio K cranu Ha 18—25% — ¢
8,5 1o 10—10,6 MIla), mpoyHoCTh npu cxkaThy Ha 7—16%.

OmHuM U3 BaxHeWimmx mokasarteneir [TKA saBisercs
TETUTOCTOMKOCTb, OTperesisieMasl TeMIIepaTypoil CTeKIIOBa-
HUS TIOJTMMEPHOTO CBsI3ylolero. HaHomonndukaropsl yBe-
JINYMBAIOT CYIIECTBEHHO 3TOT MOKA3aTeNb: TETUIOCTOUMKOCTh
no Buka y KOHTpoJIbHOro (HEMOIUMUIIMPOBAHHOIO ITOJIM-
Mepa) cocraBisier 140°C, a y comepxariero 0,001% MC2
pasHa 180°C (nipupocr Ha 28%).

Takum obGpazom, TexHuueckas: 3(PHeKTUBHOCTb MOIU-
(uLMpoBaHUsS BMOKCUIHOTO CBSI3YIOIIETO MeTaJUI-yIiie-
POIHBIMA HAHOKOMITO3UTAMU HAJIULIO.

B Ta6i. 3 npuBeneHbI JaHHbIE 110 KOJIWYECTBY 9KCTparu-
DYEMBIX B OMOKCUIHBIX CBSI3YIOIIUX, MOAU(DUIIMPOBAHHBIX
YHT (Masterbatch C S1-25). Haub6osee moiHoe oTBepxkie-
HHE BCEX COCTABOB HAOJIOMACTCS TakKe MPU TeMITepaType
150°C. Beenenne YHT He oka3bIBaeT BIUSHUS Ha CTETICHb
OTBEPKIEHMS SMTOKCUIHOTO TTOJIMMepa.

0,0003%) led to the increase of adhesive strength over 50—

70% [6].

Some investigators [7] proposed that the main conditions
of high performance modification of polymer composites by
carbon nanotubes (CNT) are the following:

— homogeneous distribution of CNT over the matrix;

— high adhesion of polymer matrix to CNT surface;

— orientation of CNT in direction of load action (although
this condition is desirable, but awkward in practice).
Pomogailo with coworkers [8] established that the inser-

tion of metal nanoparticles into polymers increased their

thermal stability and heat resistance.

In this work, to modify both binders of PCR, the authors
used the concentrates of carbon and metal-carbon nanopar-
ticles in water and organic solvents — binder components, as
following:

1. Fine dispersed suspension of metal-carbon nanocom-
posite (MC 1, 2, 3, 4) in iso-MTHPA (JSC “IEMZ Kupol”)
used as the curing agent of epoxy resin.

2. Solid MLCNT (Arkema, France) in the carrier agents
of different trademarks as:

— Graphistrength C W2-45 — CNT concentrate in aqueous
medium (loading of dispersed CNT is of 45%) — to
modify the hybrid polyisocyanate — sodium polysilicate
binders;

— Graphistrength C S1-25 — CNT concentrate in organic
medium containing DGEBA monomer, bisphenol A
(content of dispersed CNT is of 25%) — to modify epoxy
and hybrid binders.

Epoxy binders (ED-20 + iso-MTHPA + modifying
agent) were cured for 6 hours at 130, 150, and 170°C. The
depth of curing was estimated by mass content of sol-fraction
using acetone extraction of powdered samples.

Content of extracted components (%) in the epoxy binder
modified by cooper-carbon (CC) nanocomposites is given in
Table 1.

As Table 1 shows, CC composites have no effect on the
depth of curing of network epoxy polymer, but this depth is
influenced significantly by temperature of isothermal heat-
ing. The maximal degree of curing is achieved at 150°C (the
minimal sol-fraction is about 2%), the minimal value — at
130°C (the amount of extracted substances is about 7%).
Probably, the increase of sol-fraction at 170°C is caused by
thermal destruction of polymer.

The highest toughness indexes are observed at 130°C. The
values of compressive strength (MPa), adhesion to steel
(MPa) and thermal resistance (°C) of epoxy binders modified
by copper-carbon nanocomposites are given in Table 2. All
nanocomposites enlarge the strength properties of initial

Tab6nuua 2
Table 2
Copepxatvie MC-komno3nToB B 0TBepauTene, mac. %
Temneparypa CC nanocomposite content in the curing agent, mass %
oTBEpXaeHUs, °C 0 0,001 (MC2) 0,011 (MC1) 0,001 (MC4) 0,011 (MC3)
Curing temperature, °C (CC2) (CC1) (CC4) (CC3)
POYHOCTb NpU Cxatumn, MMa
130 120 131 134 129 130
150 107 118 123 118 125

Bua v copepxanne MC

AnresnoHHas NnpoyHocTb, MiMa

TennocToiikocTb no Buka, °C

KOHTPONbHI cocTas 8,5 141
MC1 (CC1) (0,011%) 10,1 163
MC2 (CC2) (0,001%) 10,6 180
MC3 (CC3) (0,011%) 10,4 160
MC4 (CC4) (0,001%) 9,7 155

(Y PONIEIIBHBIE
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Ta6nuua 3
Table 3
o KonuyecTso akcTparnpyembix BeLecTs, Mac. %, npu cogepxanmm YHT, %
Temneparypa oTsepxaetus, °C Concentration of extracted components, mass. %, at CNT loading, %
Curing temperature, °C
0,001 0,003 0,005 0,01 0,03 0,05 0,1 0,3 0,5
130 6,9 7,1 7 6,9 72 7,5 6,9 7,3 7
150 2,1 2 1,85 2 1,6 1,4 1,9 2 1,8
170 3,5 3,6 3,1 3,4 3 3,3 3,5 3,1 3 3,5

I[Ipn momudukauuy >MOKCUAHBIX CBs3yomux YHT
(8 xommyecte 0,001—0,005 mac. %) anre3smoHHast IIpod-
HOCTb K CTaJIi Ha COBUT Bo3pactaeT Ha 18—23% (c 8,5 mo
10—10,8 MIla).

3aBUCUMOCTh MPOYHOCTH OT KOHUEHTpPAIMM HOCUT
SKCTpeMaibHBIN xapakrep (MakcumyM npu 0,001% YHT)
(puc. 3).

ITpu sToM Temnocroliikocth no Buka cocrasnsier 170°C
(m1a KoHTpoJbHOro cocraBa — 140°C) mpu Temriepatype
oTBepxkIeHus1 oopaszos 150°C.

TakuM o6pa3oM, MOIU(PULIMPOBAHKUE SITTOKCUIHBIX CBSI-
3YIOIINX YIJIEPOAHBIMU HAHOTPYOKAMU TEXHUYECKU TaK Ke
3¢ deKTUBHO, KaK U Meb-yIJIepOTHBIMIU HAHOKOMITO3UTA-
MM, TeM 00Jiee UTO MX ONTUMaJIbHAsl KOHILIEHTpALUs TakKKe
ype3BbyaitHo Mana (0,001% oT Macchl OTBEPIUTENIS).

B o6oux ciaydasx MoauduKauuyu HabIogaeTcs SKCTpe-
MaJibHasl 3aBUCUMOCTb CBOMCTB 3TIOKCUIHO-aHTUAPUIHOTO
MoJMMepa OT KOHIICHTpalluM, KaK W TIpU HATOJHEHUU
SIMOKCUaMUHHOTO TOJMMEPAa MOJIOTBIMUA HAITOJTHUTEIISIMMU.
OnHako MakCHMyM TloKa3aTeJieil JOCTUTaeTCs pU yJabTpa-
MaJIbIX J03aX HaHOpPa3MEPHBIX YacTHIl, YTO aBTOPAMHU M
MPEANnoaraioch.

I[lpu ™Momudukauum yriaepogHbIMU HaHOTPYyOKaMU
OpPraHO-HEOPTaHNYECKUX CBI3YIONINX Ha OCHOBE TIOJTMN30-
MaHaTa ¥ TOJUCHIIMKATa HATPUs MOAMMUIIMPYIOIINE 10-
6aBku Graphistrength C W2-45 u Graphistrength C S1-25
BBOAWJIM COOTBETCTBEHHO B HEOPraHUYECKMIl (MOJIMCHUIIN-
KaT HaTPpHsI) U OPTaHUYECKUH (IMTOJTUM30IIMaHAT) KOMITOHEH-
THI CBA3yIoNIero. KOMIIOHEHTHI CBA3YIONINX CMELIUBAIN Ha
JionactHoi Metanke npu ckopoctu 1500—3000 06/mMuH.
OTBepKIeHNe CBA3YIOIIMX MTPOBOAVIIN TTyTeM CTYIIeHUYATOM
Ter1oBoit o6padbotku mpu 80—100°C.

HccnenoBaHue TeXHOJOIMYECKMX XapaKTePUCTUK CBSI3Y-
IOIIMX TIoKa3ajao, 4To BBeaeHue ngob6aBok YHT 1o
0,3—0,5 mac. % npakTU4YeCKH He BJIMSET Ha BI3KOCTb CUCTEM,
TIPUBOANT K HE3HAYMTELHOMY CHIDKCHHMIO BPEMEHU TeJleo-
opazoBanus (¢ 3 1o 2—2,5 9) ¥ COKpAIICHUIO BPEeMEHU TEILIO-
BOi1 00paboTKu (¢ 6 10 4—4,54), YTO CBUIETEILCTBYET 00
YCKOPEHMHM TPOLIECCOB OTBEPXKAEHUS CBS3YIOLIUX B MPUCYT-
ctBur YHT. B ta0:1. 4 mpuBeneHbI TEXHOJIOTMYECKUE XapaKTe-
PUCTUKY HAHOMOAN(DUIIMPOBAHHBIX TUOPUIHBIX CBSI3YIOIINX.

MeTonoM CKaHMPYIOIIEH 3JIeKTPOHHON MUKPOCKOITMHU
yCTaHOBJIEHA reTepoda3Hast CTPYKTypa OTBEPKACHHBIX CBSI-
3ytomux (puc. 4). Ilo 1TaHHBIM MUKPO30HIOBOTO PEHTTEHO-
CIIEKTPAJILHOIO aHaau3a, JUCTIEPCUOHHAs cpefa WIEHTHU-
dunupyercst B ocHoBHoM atomamu C, N u O, T. e. MaTpuiia
TpeicTaBIeHa 00pa3yIoIIMMUCS B X0Ie XUMUYECKUX peak-
LW TIoJIMMEpaMu — TIOJIMYPETAaHOM, TIOJUMOYEBUHON U
MOJIMA30LIMAaHypaToOM, a AucHepcHas ¢asza oboraiieHa Si u
Na, T. e. ABsIETCS MPOLYKTOM TMOJMKOHASHCALIUM MOJIUCH -
JIMKaTa HaTpusl.

DIEKTPOHHO-MUKPOCKONMUYECKHUE CHUMKHU CBUETENb-
CTBYIOT O TOM, YTO BBel€HHME B KauyecTBe Momu(UKaTopa
MHorocoiHbix YHT (kak B monuu3onaHar, Tak v B MOJIA-
CWJIMKAT HaTpHsl) CIIOCOOCTBYeT (pOpMHUPOBAHUIO OOJIee Of-
HOpOIHOI (ha30BOIt CTPYKTYpHl (puc. 4, 6), YMEHBIIEHUIO
CcpeHero pasMepa 4yacTHIl ITMCrepcHoi (a3bl B aBa pasa
(c 4,4 MKM — 111 HEMOIU(DULIMPOBAHHOTO CBSI3YIOIIETO J10

binder: adhesion to steel over 18—25%: from 8.5 MPa up to
10—10.6 MPa, the compression strength — over 7—16%.

One of the important indexes of PCR is a thermal resis-
tance defined by glass temperature of polymer binder.
Nanomodifiers significantly increase this index: a Vicat soft-
ening point of a reference sample (a non-modified polymer)
is equal to 140°C, while for the polymer sample containing
0,001% of CC2 it is equal to 180°C (growth over 28%).

Thus, the technical efficiency of modification of epoxy
binders by metal-carbon nanocomposites is evident.

Table 3 shows the quantities of extracted components of
epoxy binders modified by CNT (Masterbatch C S1-25).

The most complete curing of all compositions was ob-
served at 150°C. Introduction of CNT had no effect on the
degree of curing of epoxy polymer.

CNT modification of epoxy binders (CNT loading is
0,001—0,005 mass. %) caused the increase of an adhesion
shear strength to steel over 18—23% (from 8.5 MPa up to
10—10.8 MPa).

The concentration dependence of strength occurred to be
an extremal function: the maximal value is observed at CNT
loading of 0,001% (see Fig. 3).

At the same time, the Vicat softening point is equal to
170°C (for the reference composition it was equal to 140°C)
at curing temperature of 150°C.

Thus, CNT modification of epoxy binder occurred to be
efficient as well as the modification by cooper-carbon nano-
composites, especially, because an optimum CNT loading is
also very low (0,001% of mass of curing agent).

In both cases of modification, the extremal concentration
dependences of epoxy-anhydride polymer properties were
observed, as well as in the case of filling of epoxy-amine poly-

MpoyHocTbL Npu cxaTtun, MlMa
Compression strength, MPa

90 | | | | |

0 0,001 0,002 0,003 0,004

CopepxaHue YHT B cBa3ytowem, mac. %
Content of CNT in the curing agent (iso-MTHPA), mass. %

0,005

Puc. 3. 3aB1UCUMOCTb MPOYHOCTUN MPU CXATUN SMOKCULHOMO CBA3YIOLLEro
oT coaepxaHus YHT B otBepautene (n3o-MTIDA): 1 - rubpugHoe cesasyto-
wee, mogndnumpoBaHHoe gobaekoi C S1-25; 2 — rubpuaHoe ceasyoulee,
MoanduumpoBaHHoe nobaskoit C W2-45

Fig. 3. Dependence of compression strength of epoxy binder on CNT
loading in the curing agent (iso- MTHPA): 1 - the hybrid binder modified by

arl=)=E

2,3MKM — [JIa CBS3yollero, MoauGHUIMPOBAHHOIO  additive C S1-25; 2 - the hybrid binder modified by additive C W2-45
HAy4HO-MexXHU4eCcKuil U npou3800CHEEHHbII JCYPHAN Q PONIEI]
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Puc. 4. MukpodoTorpadum oTBepXAeHHbIX CBA3YOLMX Npu yBennyeHnn 1000x: a — HemoanduumpoBaHHoe (McxoaHoe) rubpuaHoe ceaaytollee; 6 — Moan-

durumpoaHHoe YHT (coaepxanue YHT 0,1%)

Fig. 4. Micrograph of the cured binders, 1000-fold magnification: a — non-modified (initial) hybrid binder; b — CNT modified binder (CNT content is of 0.1%)

0,1 mac. % YHT) m cHMXeHUIO MaKCMMAaJIbHOTO pa3Mepa
yactull (¢ 11 mo 4,5 MxMm).

3aBUCMMOCTH TTPOYHOCTH MPY CXATUU TMOPUIHBIX CBSI-
3ytomux ot coaepxxanus Y HT HocaT akcTpeMabHbIN Xapak-
tep (puc. 5). [1pu ucnonaszoBanuu Mmoaudukaropa C W2-45
(BBeIeHYE B ITOJIMCUINKAT HATPUSI) TIPOYHOCTh MPU CKATUU
Bo3pacTtaeT ¢ 98 mo 120—125 MIla mpu 0,1% comepkaHuu
VHT. Ilpu ucnons3oBanuu Mmogugukaropa C S1-25 (BBene-
HUE B TMOJMU30LMAHAT) MPOYHOCTh MPY CXKATUW JOCTUTaeT
136 MTIla ipu 0,25% conepxanvu YHT.

TemnocToMKOCTh TUOPUIHBIX CBSA3YIOLIIUX MPU MOIM-
dukamuu YHT Bospacraet Ha 15—25°C (¢ 260—265°C mist
HeMOIUMUIIMPOBAHHBIX CBA3ylomux a0 280—290°C mpu
momudukanuu cBsa3ywomux YHT B kommuectBe 0,05—
0,3 mac. %).

H3MeHeHne PU3MKO-MEeXaHUUYECKUX U IPYTHUX XapaKTe-
PUCTUK TMOPUAHBIX CBSI3YIOUIMX MTPU BBEIEHUU MOIUPULIM-
pyooimx 100aBoK 00YCIOBJICHO apMUPYIOIIUM JIeHCTBUEM
HarmoJIHUTeNsI, a Takke BaussHueM YHT Ha mpoieccs
OTBEePKIEHUS U (POPMUPOBAHUS CTPYKTYPBI OTBEPXKICHHBIX
KOMITO3UTOB.

Takum o6pazoM, HaHOMOAMDUIIMPOBAHKE IBYX PA3HBIX
BUIIOB CBSI3YIOIIUX MOJMMEPKOMIIO3UTHON apMmaTypbl —

130

120

110

MpoyHoCTbL Npun cxaTtuun, Mla
Compression strength, MPa

100

90 1 1 1 1 1
0 0,002 0,004 0,006 0,008 0,01

Copepxarue YHT B u3o-MTI A, mac. %
Content of CNT in the hybrid binders, mass. %

Puc. 5. 3aBMCMMOCTb MPOYHOCTM NPU CXaTum rMOPUOHOIro CBA3YIOLLErO OT
cogepxaHus YHT

Fig. 5. The dependence of compression strength of the hybrid binders on
CNT loading

(CYPONIENIBHBIE

mer by ground fillers. However, it was found that the highest
value of indexes was achieved at ultra-low content of
nanoparticles in accordance with the expectations of authors.

In the case of CNT modification of polyisocyanate — so-
dium polysilicate binders, the modifying additives,
Graphistrength C W2-45 and Graphistrength C S1-25, were
inserted into non-organic (sodium polysilicate) and organic
(polyisocyanate) components, correspondingly. Binder
components were blended in a paddle mixer at a speed of
1500—3000 r/min. Binder curing was performed by a stepped
thermal treatment at 80—100°C.

Investigation of technological features of binders revealed
that insertion of CNT additives in amount of 0.3—0.5 mass.
% practically had no effect on viscosity of the systems, but it
caused insignificant reduction of gel time (from 3 up to
2—2.5 hours) and noticeable reduction of heat treatment du-
ration (from 6 to 4—4.5 hours). All these effects are the evi-
dences of acceleration of curing processes in binders with
CNT. Table 4 gives the technological features of the nano-
modified hybrid binders.

Scan electron microscopy found the heterophase struc-
ture of cured binders (see Fig. 4). According to the micro-
probe spectrometry data, the disperse medium is identified by
C, N and O atoms (notably, the matrix is formed by the prod-
ucts of chemical reactions — polyurethane, polyurea and
polyisocyanurate), while the dispersed phase is enriched by Si
and Na species (notably, it is a product of polycondensation
of sodium polysilicate).

Electron micrographs evidenced that insertion of multi-
layered CNT, as the modifier (both into polyisocyanate and
sodium polysilicate), promotes the formation of more homo-
geneous phase structure (Fig. 4, b): a two-fold decrease of
average sizes of particles of dispersed phase (from 4.4 um for
non-modified binder up to 2.3 pm for the binder modified by
0.1 mass. % CNT), and a decrease of maximal particle size
(from 11 up to 4.5 pm).

Dependence of compression strength of hybrid binders
on CNT loading occurred to be extremal function (Figure 5).
Insertion of the C W2-45 modifier into sodium polysilicate
led to the compression strength increased from 98 up to
120—125 MPa at 0.1% CNT loading. In the case of insertion
of the modifying additive C S1-25 into polyisocyanate, the
compressive strength attained the value of 136 MPa at CNT
loading equal to 0.25%.

Thermal resistance of the hybrid binders modified by
CNT increased over 15—25°C: from 260—265°C — for non-
modified binders up to 280—290°C — for binders modified by
CNT (0.05—0.3%).
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Ta6nuua 4
Table 4
Mogunduumpytowas gobaska Copepxanue YHT, mac. % Bpems reneobpasoBaHusi, MuH Bpems otBepxaeHus npu TO, 4
Modifying additive CNT loading mass. % Gel time, min Curing time at heat treatment, hours
- 0 180 6
0,05 170 6
) 0,1 160 5
Graphistrength C W2-45
0,3 150 5
0,5 150 4,5
0,05 160 55
. 0,1 140 5
Graphistrength C S1-25
0,3 135 4,5
0,5 120 4

SIOKCUIHOTO Y THOPUIHOrO (OpraHO-HEOPTaHUYECKOTIO)
MPUBOAUT K 3HAUYUTEIbHOMY TOBBIIIEHUIO WX OCHOBHBIX
SKCIUTYaTallMOHHO-TEXHUYECKUX CBOMCTB: MMPOYHOCTHU, aji-
re3UH, TETUIOCTOMKOCTH TIPU YJIbTPaMaJIblX KOHLIEHTPAIUSIX
MOJU(PUKATOPOB — YIJIEPOIHBIX HAHOYACTHII.

IIpu 3TOM 3aKOHOMEPHOCTM HAaHOMOIM(UIIMPOBAHUS
MPOSIBJISIIOTCS B BUIE 9KCTPEMAJIbHBIX 3aBUCUMOCTEN POy~
HOCTH U TEIUIOCTOMKOCTU (0e3 M3MEeHEeHHs CTelIeHU OTBEp-
KIEHUsI) aHAJIOTUYHO U3MEHEHUIO CBOMCTB MPU HAIMOJHE-
HUU 3MOKCUAHBIX MOJIUMEPOB TOHKOAUCIIEPCHBIMU HATOJ-
HUTEJISIMU. DTO TTO3BOJISIET C/IeJIaTh BBIBOJ O €IMHOM MeXa-
HU3Me HaHOMOIUGUIIMPOBAHUS U YCWICHUS TOJIMMEPOB
HaTOJHUTEISIMU.

IMonyyeHHble pe3yabTaThl HAHOMOAU(MUUMPOBAHUS
CBS3YIOLIUX SBJISIFOTCS TEXHOJOTMYECKOM OCHOBOM yCujie-
HUS TOJUMEPKOMIIO3UTOB N00aBKaAMU HaHOPa3MEpPHBIX
YIJIEPOIHBIX YACTHUII.

KioueBble c€lI0Ba: 1OAUMEPKOMNOZUMHASL apMamypa,
9NOKCUOHbBle C8A3YIoWUe, cUOPUOHbIE OPeaHO-HeOpeaHUYecKuUe
ceasyomue, HAHOMOOUPUUUPOBAHUe, NPOYHOCMb NPU CHCA-
muu, meniocmouKocme.
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Variations of physical-mechanical and other properties of
the hybrid binders caused by introducing the modifying
agents are due both to reinforcing action by filler and the in-
fluence of CNT on the curing processes, and formation of
structure of cured composites.

Thus, the nano-modification of two different kinds of
binders of polymer composite reinforcement: epoxy and hy-
brid (organic-inorganic) binders, led to a sensible rise of
major performance features as strength, adhesion, thermal
resistance at ultra-low loading of modifying agent — carbon
nanoparticles.

At the same time, the regularities of nano-modification
display in the extremal dependences of strength and heat re-
sistance (without variations of degree of curing) similar to the
variations of properties due to filling of epoxy polymers by
fine dispersed fillers. Thus, the identical mechanism of nano-
modification and enhancement of polymers by fillers should
be proposed.

The results obtained for the nano-modication of binders
can serve as a technological basis of enhancement of polymer
composites by carbon nano-additives.

Keywords: polymer composite reinforcement, epoxy binders,
hybrid organic-inorganic binders, nano-modification, compres-
sion strength, thermal resistance.
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CTpouTtesibHbIe KOMMNO3UTbI C MPUMEHEHNEeM
HaHOCTPYKTYPUPOBAHHOIO BSXyLero Ha OCHOBe
CbIPbSl Pa3J/INYHbIX FTEHEeTNYEeCKNX TUIOB

Construction composites using of nanostructured
binder based on raw of varying genetic types

Bricokue sHeprosarparbl M OTpULIATETLHOE BIUSHUE Ha
5KOJIOTUIO TIPU MPOMU3BOJCTBE LIEMEHTA CTaBAT 3a1a4y CO3-
naHusi 3(PGhEKTUBHBIX OECKIMHKEPHBIX BSDKYIIHUX CHUCTEM,
Ha OCHOBE KOTOPBIX BO3MOXHO ITPOU3BOJICTBO CTPOUTEIIb-
HBIX MaTePUAJIOB Pa3IMYHOTO (PYHKIIMOHATLHOIO Ha3Haue-
HUS Y TATIA TBEPIACHUS.

VriybneHue 3HaHUI O CTPOSHUU 1 PYHKIIMOHUPOBAHUM
MIPUPOAHBIX OOBEKTOB Ha MOJIEKYJISIPHOM YPOBHE TTPUBEJIO
K pa3paboTKe OOIIeTeOpEeTUYECKOro Moaxoaa K MOJyYeHUIO
1 UCTIONb30BAHUIO NCKYCCTBEHHBIX MaTepUaJIOB ¢ HAHOPA3-
MEpHOI CTPYKTYpOIi [1] 1 OCHOB TEXHOJIOTUY UX MPOU3BOJI-
ctBa. B ocHOBe co3maHust OMHOM U3 TaKUX TEXHOJIOTUH Jie-
JKUAT TIPUHIATT (DOPMUPOBAHUS CTPYKTYPBI MaTepHaJIoOB, ITO-
JIy4eHHBIX TTO TEXHOJIOTUY BBICOKOKOHIIEHTPUPOBAHHOM BSI-
xyieit cyciensuu (BKBC). B naHHoii cucteme dopmupy-
eTcst oKoJto 10% yacTrIr HAaHOpa3MEPHOTO YPOBHS ITPH MeXa-
HOXMMUYECKOI aKTUBALIMU UCXOIHBIX MATEPUAIIOB.

PaccmarpuBaembie B paboTe BSDKYILME TIOTy4aroT MOKPBIM
m3MesbueHneM rnpu 60—80°C B onTUMaIbHOM 00JIaCTH 3HAUE-
Huii pH, No3BOJISIONIECH OCYILECTBISITh IIPOLIECC B YCIOBUSIX
TMIpeeSIbHON KOHLEHTPauKu (MaKCUMAJTbHOM Pa3kKIKeHUN) C
MocCIeyIolIel CTabUIM3alMeit CyCrieH3UU Mo PEOJIOrMYeCKOMY
TPUHLIMITY — MEXaHWYECKUM IPaBUTALIMOHHBIM TepeMelBa-
HueM. [1pr 3THX YCIIOBUSIX JOCTUTAETCS KaK TOIMAUCTIICPCHBII
3€pPHOBOI COCTaB, TaK Y HA3KOE CONECPXKAHUE CBSA3AHHOMN XU~
KOCTH, YTO SIBJISIETCSI ONPEETISIIOIIMM B OTHOIIIEHUM TUIOTHO-
¢ty (TIOPUCTOCTH), TIPOUHOCTHU M YCAIKU BSLKYIIETO [2].

OcHoBononaratomumu Tipu pazpadorke BKBC u pas-
HOOOpa3HbIX MaTepUajIoOB Ha UX OCHOBE, B TOM UMciie 6€300-
JKUTOBOW KEpaMMKU M OTHEYTIOPHBIX OETOHOB, SIBUJIUCH pa-
6otsI 1O.E. [MuBunckoro [3].

ITo crenmeHW NMPUMEHUMOCTU Ui TOJYYEHUSI CTPOU-
TeJbHBIX KOMIIO3UTOB ObLTM PAHXXMPOBAHbI BSIKYIIUE Be-
IIECTBA HA OCHOBE KPEMHE3EMHOTO WJIU aJTIOMOCUIMKATHO-
TO CHIPbS (CM. PUCYHOK).

BriepBbie uckitountenbHo 3¢hGeKTUBHAS POJb YabTpa-
IucIiepcHbIX Yyactull B TexHojorun BKBC u matepuanax Ha
UX OCHOBe ObLla yCTaHOBJEHA B [4], Toe OTMedanoch, 4TO
HaJM4ue B CyCleH3UM yactull pazmepom 10—30 HM Mo3Bo-
JISIeT MOBBICUTD [TOKa3aTeNu Mpeaesa MPOYHOCTH MPU U3THU-
0e oTMBOK Oosiee yeM B 10 pa3, a Takxe CyllleCTBEHHO yBe-
JINYUTH UX BOJOCTONKOCTbD.

OmHako HeIOCTaTKaMU CYCTICH3UM, TOJyYEeHHBIX IO
NAHHOMY CITOCO0Y, SIBISIETCSI MX HENOCTATOYHAsT CENMMEH-
TallMOHHAs! YCTOMYMBOCTh, HEOJAronpusaTHas st hopmo-
BaHUs U3EIUN, CUIbHASI TUJIaTaHCUSI, TOHWXXEHHAs Mexa-
HUYecKast IPOYHOCTh U3 10 TepMooOopaboTku [3].

The modern construction materials which are available
at the moment are to provide cost reduction and labor in-
puts in building process, they are responsible for decreasing
in mass of the buildings and structures and improving of it
heat insulation. The main task, therefore, is a technical and
economical fitting of competitive product types in order to
make a dominate position for more economically effective
of them.

Owing to high energy demand and negative impact on the
environment of cement production, the necessity in design
new materials on the base of cement-free binders, which a
non-hydration nanostructured binder (NB) of can be attrib-
uted to. NB is a new generation binder, applied for construc-
tion materials production. There are quartz sand, quartzitic
sandstone quartzite and perlite can be used as main raw ma-
terials in the cohesive system.

Free-cement nanostructured binder can be applied for
wide range in construction materials classification such as
foam-concrete, gas-concrete, micro reinforced cellular com-
posites and silicate materials.

Application of NB is endowed in optimal effect when
using of eco-friendly technology for energy effective con-
struction materials on the base on the free-cement binder to
produce.

Today, high energy costs in cement production as well as
negative impact of the process on the environment force to
creating new effective free-cement cohesive systems and the
construction materials on it base with different-purpose and
various curing types can be developed.

Extending knowledge of structure and performance of
natural objects at molecular scale led to development of ba-
sic approach to producing and application of synthetic ma-
terials with nanosized structure [1] and their production
principles.

A principle of structure formation of materials, obtained
with high concentrated binder system (HCBS) technology
underlays the conception of design the one of such a tech-
nology. In the given system it is near 10% of nanosized par-
ticles form in result of mechanochemical activation of raw
materials.

The binders studied in this work are produced by wet
milling process at 60—80°C in optimal pH level. All these
conditions provide the milling process with critical concen-
tration (max dilution) followed by suspension stabilization on
the rheological principal, which is a mechanical gravitation
mixing. At these conditions polydispersed granular composi-
tion as well as a low amount of bonded liquid is achieved. It is
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Panee ObUIM yCTaHOBJIEHBI 3aKOHOMEPHOCTH PETYIUPO-
BaHUS PEOJIOTMYECKHUX CBOMCTB U arperaTMBHOM yCTOMYM-
Boctu BKBC cunukaTHOro m ajtoMOCUIMKATHOTO COCTa-
BOB [5, 6]. [Toka3zaHa onpeaensioas pojib COAepKaHUS Ha-
HOJIMCIIEPCHBIX YacCTWIl B CMEIIAHHBIX BSDKYIIMX Ha HX
cBoiicTBa. [IpenyoxeH MPUHLIUIT ONITUMU3AIUM CTPYKTYPbI
maTpuyHoit ¢a3bl Ha npumepe BKBC, ocHoBaHHEBINM Ha
KOMIUIEKCHOM TIPOSIBJIEHUU TPEX MEXaHU3MOB BO3IEHCTBUS
Ha CUCTEeMY: CTPYKTYPHO-MeXaHW4YeCKOro, 3JIEKTPOCTaTH-
YECKOro, aicOpOIIMOHHO-COIbBaTHOTO. Bee 3To Mmo3Bosuio
pacimpuTh obsactu ucrnonb3oBaHuss BKBC, crano Bo3-
MOHbBIM MIPUMEHSITh UX B KAUECTBE aKTUBHBIX KPEMHE3EeM-
HBIX 100aBOK-MOAM(DUKATOPOB — HAHOCTPYKTYPUPOBAHHO-
ro moaudukaropa (HM) 1 0OCHOBHOIro BSIKYILIET0 KOMIIO-
HEHTa — HAHOCTPYKTypHpoBaHHOro Bskyiero (HB).

Cnenuduka texHonornu HB mo3BosisieT ucnosb30BaTh
B KaueCTBE OCHOBHOTO CHIPhEBOTO KOMITOHEHTA IIMPOKUIA
CMEKTP KPEMHE3EMHBIX U aTIOMOCWIMKATHBIX TTOPOJ TpU-
POIHOTO M TEXHOTEHHOTO IPOUCXOXIeHUs. BwIOGOp TOTO
WM MHOTO MaTepuasia OCYIIECTBIISIETCS C YYETOM JIOKaIr3a-
LIMM MECTOPOXAEHUI MOPOJ B PETMOHE, Ie TIaHUPYeTCs
OCYIIECTBJISITh TPOU3BOICTBO BSIXKYILIETO.

C TOYKM 3peHUs pacIIMPEHUs] ChIPbEBOI 0a3bl IS T10-
JIy4€HUsI HAHOCTPYKTYPUPOBAHHBIX BSIKYIIMX OCOOBIN WMH-
Tepec MPEACTaBIseT TMEPIUT — CKPBITOKPUCTALTMYECKAs
aJlIoMOCWIMKATHasI ByJIKaHU4YecKas mopoja [7].

OCHOBHBIMU TOCTOMHCTBAMU HAHOCTPYKTYPUPOBAHHO-
TO BSIKYILETO SIBJISIIOTCSI HU3Kasi C€0eCTOMMOCTb U BbICOKASI
TeXHOJIOTUYHOCTh. Hu3Kasi cebecToMMOCTh 0OO0YyCIOBICHA
JIOCTYITHOCTBIO U IMPOYaiiIIIeil pacIpOCTPaHEHHOCThIO MU~
HEpaJIbHOTO CHIPbsI JIJIS €T0 MPOU3BOJICTBA U, KaK CIICICTBUE,
MHUHUMAaJIbHBIMUA TPAHCITOPTHBIMU PacXOdaMu, OTCYTCTBUEM
9Hepro3arpaT Ha BEICOKOTEMIIEPATYPHYIO 00pabOTKY CHIPhS
MpY MPOU3BOACTBE BSIKYIIETO U HEOTPAHUYEHHBIM CPOKOM
XpaHeHHUs. BricoKasi TEXHOJIOTMYHOCTD CBSI3aHa C YHUKAJIb-
HBIMU CBOMCTBaAMU ITPU HU3KOM BOAOMIOTPEOHOCTH 1 3HAUU-
TEJIBHBIM TeMITepaTypHBIM MHTEPBAJIOM SKCTUTyaTal|u.

B Hacrosiee BpeMs pa3paboTaH psii MaTEpUAIOB C MC-
MOJb30BaHUEM HAHOCTPYKTYPMPOBAHHOTO BsIKylero. B
YaCTHOCTU, MPEMTOXKEHbI COCTaBbl CUJIMKATHBIX aBTOKJIaB-
HBIX TIPECCOBAHHBIX MaTEpHAaJIOB C UCITOJIb30BaHEM HAaHO-
CTPYKTYPUPOBAHHOTO MOAUMUKATOpa, MO3BOJISIONINAE MO-
JIy4aTh M3AETUS C TIPENejoM IPOYHOCTU TPU CXATUM O
40 MIla, Mmopo3ocTOiKOCThIO 10 75 1UKII0B [8, 9].

Hcnonp3oBaHue HAHOCTPYKTYPUPOBAHHOIO MOAUGU-
KaTopa MOBBIIIAeT B 1,5 pa3a MpOYHOCTb MPU CKATUU ChIP-
11a, 4TO TTO3BOJISIET BBHIMYCKATh 3((PEKTUBHBIE BBICOKOITY-
CTOTHBIE M3/IEJIMS C TIOBBIIIEHHOW JOJITOBEYHOCTHIO, a TaK-
XK€ OKpallleHHbIE CUJIMKAaTHBIE MaTepuasbl, o0Jamaroliue
MOBBIIIEHHON LIBETOCTOMKOCTBIO MPU IJIMTEIBHOM BO3IEH-
CTBUU OKPYXAIOILECH CPEbl.

Cneundurka HaHOCTPYKTYPHMPOBAHHBIX BSDKYIIMX TO-
3BOJISIET PEKOMEHI0BATh UX [IJISI TPOU3BOJCTBA TEILTIOU30JI51-
LIMOHHBIX U KOHCTPYKIIMOHHO-TETJIOU30JISILIMOHHBIX SUeH-
cThiX 6eToHOB. [Toy4eHHbIN TTEHOOETOH UMEET TIOTHOCTh
300—900 xr/m>; mpoyHOCTb Mpu cxatun 3—12 MIla; ko3d-
unuent rernonpoBogHoctu 0,08—0,12 Bt/(M-°C); k0ad-
uument naponponunaemoctu 0,23—0,14 mr/(m-u-I1a);
CcOpOLIMOHHYIO BiiaxkHOCTh 6—10%. I1pon3BoacTBO NeHOOEe-
TOHA Ha OCHOBE HAHOCTPYKTYPHUPOBAHHOTO BSIKYILETO ITO-
3BOJISIET YIPOCTUTDH, YACIIEBUTb M TIOBBICUTH 3(h(MEKTHB-
HOCTb TEXHOJIOTUYECKOTO Mpoliecca 3a CUeT CYIIEeCTBEHHOTO
COKpalleHUs1 CPOKOB M3rOTOBJIEHUsI NMEHOOETOHHBIX U3MIe-
JIUA C YJIYYIIEHHBIMU TEXHUKO-3KCILIyaTAllMOHHBIMU U
Terutou3ndeckuMu xapakrepuctukamu [10, 11].

Pa3paboTaHbl KOMIMO3UIIMOHHBIE BSIKYIIIHE C UCTTOTb30-
BanueM HB, 4To crocoOcTByeT IOBBIIIIEHNIO aKTMBHOCTU
BSIKYIIETO 10 35% mpu 9KOHOMMU KJIMHKEPHOM COCTaBJISI-
torieit 1o 50%. IpupocT MPOYHOCTH MPU BBEACHUU O0BSIC-
HsieTcsl (hopMUpoOBaHUEM 0oJsiee TUIOTHOM CTPYKTYpHI lie-
MEHTHOTO KaMHs. [1pr 3TOM 0COOGEHHOCTBIO CTPYKTYPHI 1ie-

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN Q POVIIED]

a determining factor if we speak about density (porosity),
strength and shrinkage of the binder [2].

It is reputed the works of Y. E. Pivinsky [3] are the fun-
damental research of HCBS technology and different mate-
rials on its base including unfired ceramic and refractory
concretes.

In order of application for construction composites to
produce, cohesive systems on the base of silica and alumino-
silica raw were classified (Fig.1).

For the first time, the exclusive effectiveness of ultra-
sized particles in the HCBS technology and the materials on
its base was found in work [4], Herein, it is determined the
present of particles in the range of 10—30 nm in the suspen-
sion allows increasing in bending strength of samples over
10 times and improving their water resistance significantly.

Disadvantages of the suspension produced with this
method, however, is their low sedimentary stability, low
mechanical strength of items before it heat treating and high
dilatancy which has unfavorable effect in molding pro-
cess [3].

By recent researches, the principles of control of rheo-
logical properties and aggregative stability of HCBS based on
silica and aluminosilicate raw [5, 6]. A dependence of nano-
sized particles concentration in complex binders on it char-
acteristics was shown. A principle of structural optimization
of the matrix (by the example of HCBS) was suggested, which
based on appearance of third mechanisms influenced the
system: structural-mechanical, electrostatic and adsorptive-
solvate. All of this led to extension of a field of application of
the HCBS. It became possible to use one as an active silica
modifier, that is, nanostructured modifier (NM) and a main
binder component — nanostructured binder (NB).

The specificity of NB technology allows using wide range
of natural and industrial silica and aluminosilicate rocks as a
base raw component. A choice of any given material can be
made in view of regional location of minerals used, where the
binder production is planned.

From the viewpoint of raw materials source extension to
produce nanostructured binders, it is of special interest is
perlite, that is, a cryptocrystalline aluminosilicate volcanic
rock [7].

The main advantages of the nanostructured binder are
low cost and high workability. The low cost motivated by
availability and widespread distribution of raw for its manu-
facturing and as a result, by fewer transportation costs, no
energy costs for high temperature treatment of raw during the
binder production and unlimited stock life. High workability
occurs due to unique binder’s properties at low water demand
and wide range of exploitation temperature.

A set of NB-based materials have developed today. In
particular, the silicate autoclave NB-based pressed material
compositions are offered, that stress strength is 40 MPa,
about 75 freeze-thaw cycles. Application of the nanostruc-
tured modifier leads to increasing in stress strength of green
body is 1,5 times [8, 9]. That would allow production of high
porosity items with high durability as well as colored silicate
materials to produce, which have a high color resistance un-
der long time environmental impact.

Specific properties of the NB make it possible to be rec-
ommended for heat-insulation and construction-heat-insu-
lation cellular concretes production. The foam concrete
obtained with density of 300—900 kg/m>, compressive
strength of 3—12 MPa, coefficient of thermal conduction of
0,08—0,12 Wt/(m-°C), vapor permeability coefficient of
0,23—0,14 mg/(m-h-Pa), sorption humidity of 6—10% re-
spectively. Production of foam concrete on the base of the
nanostructure binder allows simplifying, reducing the price
and increasing efficiency of the operating process because of
production time decrease of the foam concrete with im-
proved operational and thermo-physical characteris-
tics [10, 11].
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MEHTHOro KamHsi ¢ HB sBisiercst cyliecTBEHHO MeHbliee
KOJIMYeCTBO MUKpOTpeliuH [12, 13].

B ycinoBusix pa3BuTHsi U OBICTPOTO POCTa MOHOJIMTHOTO
U MaJIO3TaXkKHOTO KOTTEIKHOTO CTPOUTEJILCTBA SIUEUCThIC Oe-
TOHBI SIBJISIIOTCSI MIEPCIIEKTUBHBIM MaTepUAaJIOM JIJISI CO3MaHMS
3¢ dEKTUBHBIX CTEHOBBIX KOHCTPYKIIMiA. BbIsBIeHO, YTO
ONTUMAaJIbHBIMA 3€pHOBOM COCTaB, BBICOKAS MOJUAUCIEPC-
HOCTb TBepaoii (pasnl, peosornyeckue cBoiictBa HB oxa3bi-
BalOT TOJIOXKUTEJIbHOE BIMSIHME Ha (hopMUpPOBaHME palvo-
HaJIbHOM STYEUCTOM CTPYKTYpPbI TEIJIOU3OJSILIUOHHbBIX OETO-
HOB 1 UX TEXHUKO-3KCIUTyaTallMOHHbIE XapaKTePUCTUKU.

Hcrnonb3oBaHre HAHOCTPYKTYPUPOBAHHOTO BSIKYILETO
TIpY TTOJTYYEHUH TETUTOM3OJISILIMOHHBIX STYEUCTHIX KOMITO3H-
TOB TO3BOJISIET OCYILECTBISATh HalpaBieHHOe (HOopMUpOBa-
HUE CTPYKTYPhI STYEUCTBIX OeToHOB. [lojydyeHue paiuo-
HaJIbHOI TIOPUCTOM CTPYKTYPhI TEIJIOU3OISIIMOHHBIX MaTe-
pUaJioB SIBJISIETCSI OCHOBOIIOJIATAIOIIUM TIPU TTPOU3BOJICTBE
STYEUCThIX OETOHOB, BIUSET Ha (DYHKIIMOHATbHbBIE TTOKa3a-
TeW KadecTBa MBI, 00ecreuynBaeT CHIDKEHHE TeIIo-
MMPOBOTHOCTY MaTepuaja 0e3 3HAUUTETbHOTO YMEHbBIIEHUS
MPOYHOCTHBIX XapaKTEPUCTHUK.

IIpumenenue HB mo3Bossier mosiydarh MaTepualibl C
ONTHUMAJIBHOM STYEMCTOM CTPYKTYpPOM, KOTOpasi XapaKTepusy-
€TCsl PaBHOMEPHO pacrpeieeHHbBIMU, TOJUAUCIIEPCHBIMU,
3aMKHYTBIMU, 1e(OPMUPOBAHHLIMU B TIPAaBWJIBHBIE MHOTO-
TPAaHHUKM C TJISTHIEBOW TMOBEPXHOCTHIO MPUIIOPOBOTO CIIOS
TopaMu, pa3ieIeHHbIMU TOHKMMU TJIOTHBIMU OJMHAKOBBIMU
M0 CEYEHUIO MEXITOPOBBIMU TEPEropoaKaMu. YMeHbILEHUE
MOPUCTOCTH MEXTIOPOBOI MEPEropoJKy 00YCIOBIEHO HAIU-
yreM HaHoaucnepcHbIX yactull B HB 1 popmMoBouHBIX crcTe-
Max Ha ero ocHoBe. [1pu ucronp3oBanuu HB gacTuiisl MuHM-
MaJIbHBIX pa3MePOB PACIIOIaraloTcsl B 3a30pax MKy OTHOCH-
TEJIbHO KPYMHBIMU YAaCTULIAMM MaTPUYHON CUCTEMBI, UTO
CITOCOOCTBYET CO3IaHMIO TOHKOI MJIEHKW MUHEpaIU3aTopa Ha
TTOBEPXHOCTHU BO3MYIITHOTO Iy3bIpbKa.

O60cHOBaHa MOBBIIIEHHAST OTHECTOMKOCTD CTPOUTETbHBIX
KOMITO3UTOB ¢ TipuMeHeHneM HB, KoTopas cBs3aHa ¢ cocTa-
BOM U TUTIOM TBEPIEHUS BSLKYIIIETO, CKITIOUAIOIIETro TUIpa-
tauuio [11]. IIpu Bo3meicTBUM Ha MaTepuall TeMIIepaTypbl
cBbitie 1000°C ero nMpoYyHOCTh BO3pacTaeT, YTO OOYCIIOBICHO
MPOTEKAHUEM KPUCTAJUIU3AIIMOHHBIX MPOIIECCOB C y4acTUEM
KPEMHE3EMHBIX 1 ATIOMOCWIMKATHBIX COCTABJISIOIIMX.

Pa3paboTka 1 mpuMeHeHe HOBOTO TUIA HAHOCTPYKTY-
PUPOBAHHOTO BSIKYIIETO JAET BO3MOXKHOCTh CYIIECTBEHHO
CHU3UTH JHEProeMKOCTh IMPOU3BOJACTBA MCKYCCTBEHHBIX
KOMITO3UTOB.

PaGoTa BbIMOJHEHA TIpUu (UHAHCOBOW MOIIEPXKKE:
MuHucTepcTBa 00pa3oBaHms 1 Hayku Poccuiickoit Denepa-
LIMU, TOCYAapCTBEHHBII KOHTpaKT 16.740.11.0770, cornaiie-
nue 14.B37.21.0930, rocynapctBeHHoe 3agaHue 3.4601.2011.

KiioueBble cJI0Ba: HaHOCMpYKmMypuposawHoe escyujee,
syeucmole OeMOHbl, ABMOKAABHBIE MAMEPUANbL, CHPYKITYPOO-
bpazoearue.
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The NB-base composite binders have developed. It pro-
vides enhancement of the binder chemical reactivity to 35%,
while, the saving of clinker component to 50%. Increasing in
strength when adding of NB can be explained with occur-
rence of more compact structure of cement stone. At the
same time, the singularity of the structure involving NB is
much less quantity of microcracks in [12, 13].

In the terms of development and rapid growth of mono-
lithic and low cottage construction cellular concretes are a
perspective material for creation of effective walling. It is re-
vealed that the optimum grain structure, high polydispersion
of a solid phase, rheological properties of the NB have posi-
tive effect to formation of rational cellular structure of heat-
insulating concrete and their technical and operational char-
acteristics.

Using of nanostructured binder when receiving heat-in-
sulating cellular composites, allows carrying out the directed
formation of structure of cellular concrete. Receiving rational
porous structure of heat-insulating materials is a fundamental
task when production of cellular concrete. It influences func-
tional indicators of product quality, provides decrease in heat
conductivity of a material without considerable reduction of
their strength characteristics.

Application of NB allows to obtain materials with opti-
mum cellular structure which is characterized by evenly dis-
tributed, polydispersed, locked, deformed in the correct
polyhedrons porous, with a glossy surface of the near-porous
layer, divided with thin dense interporous partitions-walls.
Reduction of porosity of an interporous partition-wall is con-
ditioned by existence of nanodispersed particles in NB and in
moulding systems on its basis. When using N B the particles of
the minimum sizes, located in gaps between relatively large
particles of matrix system that promotes creation of a thin
film of the binder on a surface of an air bubble.

The increased fire resistance of construction composites
with application of NB which is connected with structure and
curing type of the binder, excluding hydration [11] is proved.
Thermal impact on material at temperature over 1000°C, its
durability increases, that is caused by course of crystallization
processes with participation silica and aluminosilicate com-
ponents.

Thus, development and application of new type nano-
structured binder and technology when construction mate-
rials production will make possible to reduce energy de-
mand in production of synthetic composites significantly
for nanomaterials in industrial and civil engineering to be
produced.

The research work is accomplished under the support of
Ministry of Education and Science of the Russian Federation:
theStatecontract 16.740.11.0770, Agreement 14.B37.21.0930,
governmentcontract 3.4601.2011.

Keywords: nanostructured binder, aerated concretes, struc-
turization, autoclave materials.
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OCco6eHHOCTN NMPOEeKTUPOBAHNSI CTPOUTEJIbHBIX
KOMIMO3UTOB Ha OCHOBE rpaHy/IMpoBaHHOIro
HaHOCTPYKTYPUPYIOLLLEero 3arnoJIHuTesns

Peculiarities of design of construction materials
involving granular nanostructured aggregate

PaszpaboTka ¥ IpPOEKTUPOBAHNE CTPOUTEILHBIX KOMIIO- Development and design of construction composites with
3UTOB C YJIyUYIIEHHBIMM (PU3MKO-MeXaHMUYeCKMMHU U 3Kc-  the improved physical — and-mechanical and operational
TUIyaTallMOHHBIMM XapaKTepUCTUKaMU Tpou3BoasaTcs ¢  characteristics is made taking into account the maximum
YU4eTOM MaKCHMaJIbHOTO KojmdecTBa (hakTopoB, crocoO-  quantity of the factors, capable to have impact on energy ef-
HBIX OKa3bIBaTh BIMSIHUE Ha 9HeproadgekTuBHOCTD Mpou3-  ficiency of production process, its environmental friendliness
BOJCTBA, €ro 3KOJOTMYHOCTh Ha BCEX OCHOBHBIX cTagusx  at all main stages of production products and structures: from
TOJTYYEHMS UBAEIMI U KOHCTPYKIIUIA, OT JOOBIUM ChIpbsl 10  extraction of raw materials to their introduction in techno-
sKcrutyataiu. OOHUM M3 BapMaHTOB pellieHUs TaHHbIX 3a-  logical process. One of ways of the solution of these problems
nay sIBJIsieTcsl pa3paboTKa U IprMeHeHue jierkoro 6eroHa ¢ is development and application of light concrete with high
BBICOKMMU MTPOYHOCTHBIMU XapaKTepUCTUKaMU TIpu paiy-  strength characteristics at rational indicators of heat conduc-
OHaJIbHBIX ITOKA3aTeJIsIX TeIJIOIPOBOIHOCTY M BOIOIPOHM-  tivity and water permeability on the basis of the granulated
LIAEMOCTH Ha OCHOBE I'paHYJIMPOBAHHOTO HAHOCTPYKTYpHU-  nanostructuring aggregate of the long-time action (GNA)
pylolllero 3aIoJIHUTENs MPOJIOHIMpPOBaHHOTO paeiicTBust  with use of silica raw materials of varying genetic type.
('H3) ¢ nucnonb3oBaHWEM KPEeMHE3EMHOTO ChIpbsl pa3Jiny- The first stage of design of a modern construction com-
HOTO T€HETUYECKOTo TUMA. posite is a choice and a raw materials assessment. Originally

IlepBbIit 5Tan co3maHusi COBpeMeHHOTo cTpouteabHoro  classification of silica raw materials by origin was developed
KOMITO3UTa — BBIOOp U olieHKa chIpbs. IlepBonawampHo  (Fig. 1).

KpemHeszeMHoe Cbipbe
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Puc. 1. Knaccuoukaums npupoaHOro n TEXHOFEHHOMO ChiPbsl, UCMOIb3YeMOro Ans nonyyexHms M’H3
Fig. 1. Classification of natural and industrial raw materials using in GNA production
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ObL1a pa3paboTaHa Kilaccu(UKaIs KpeMHE3eMHOTO ChIPhS
10 MPOUCXOXAeHUIO (puc. 1).

Kaxnplit 13 mepeuyrcieHHbIX MaTepUaIOB B 3aBUCUMO-
CTH OT YCJIOBUIA, BDEMEHM U MecTa 00pa3oBaHUs (reHe3u-
ca) CONEPXUT OMpenesieHHOEe KOJIMYECTBO aMOp(HOro
KpeMHe3eMa, 4TO OIpeaessieT creneHb 3(h(eKTUBHOCTH
ero ucnosb3oBaHus 1 npoussoactsa [H3. da3oBwlii co-
CTaB KPEMHE3eMHOTO CBhIpbSl UTpaeT KIIYEeBYIO pOJb B
(bopMUpoBaHUM CBOMCTB CTPOUTENbHBIX KOMIIO3UTOB Ha
ocHoBe ['H3.

Ha ocHoBe nmpunHuuna neiicteust 'H3, 3akimtovatoiiero-
csl B BbIlEJIaYMBaHUM aMOp(dHOro KpeMHe3ema 1 (popmu-
pPOBaHUHU PacTBOPA TMOJUCUIUKATOB C TIOCIEAYIOUIEH €ro
murpanueir yepe3 o6osouky I'H3 B tommy OGetona [1],
MEePCTEKTUBHBIM SIBJISIETCSI MPUPOJHOE W TEXHOTEHHOE
KpeMHEe3eMHOe ChIpbe, cofepxKaiiiee aMopdUu30BaHHOE Be-
IECTBO.

B kayecTBe OCHOBHOTO KpUTEPHUS OLIEHKU KPEMHE3eM-
HOTO CBIPbSI OBLT IPUHST KOI(POUIIMEHT aKTUBHOCTH, KO-
TOPBII BBIpaXKaeT CIIOCOOHOCTD COJEPKAIIEeTOCS B COCTaBe
KCXOAHOTO ChIpbs aMmopdHoro SiO, BCTynaTh Npu onpesae-
JICHHOI TeMIlepaType B peakIUio ¢ paCTBOPOM TMIPOKCH-
Jla 111eJIOYHOr0 MeTa/la ¢ 00pa30BaHUEM PACTBOPUMBIX
MOJIMCYIIMKATOB. B 9acTHOCTH, OcagouyHbie XeMO- U GHO-
TreHHbIe KPeMHE3eMHBIE TOPOIbl C HU3KOU CTENEeHbIO Ua-
TreHETUYECKUX MPeoOpa3oBaHmii, MpeacTaBleHHbIE B CBO-
eii ocHoBe CT-onajiamu (HU3KOTeMITepaTypHble HAaHOPA3-
MEpHbIe MOAU(PUKALUU TPUAMMUTA U KPUCTOOAIMUTA),
— IUATOMMUT, TpeTieJl U OTI0Ka XapaKTepu3yloTcsl HauboJee
BBICOKOI aKTUBHOCTBIO. KpeMHeBbIe 0caaku 1 aMOp(hHbIE
CWJIMIIUTHI U3 BCET0 MHOT00Opa3usi TOPHBIX TTOPOI, OTJIH-
YalOlMUXCSl YCIOBUSIMU TeHe3uca, CUYMTAIOTCS OCOOEHHO
9HeproHachileHHbIMU. [10g00HOE ChIpbe MOATOTOBIEHO
Tre0JIOTUYECKUMU TIPOLIECCAMU JJISI TEXHOJIOTUM, CUHTE3
HOBOOOpPa30BaHUI KOTOPBIX TpeaycMaTpuBaeT Ne3UHTe-
rpaiuio, pacCTBOPEHUE U MJIaBJIEHUE KPEMHE3eMCOoAepKa-
mux nopog [2].

Ha »rtame ycraHoOBIeHMS KpUTEpPHUEB BbIOOpPA CHIPHS
MPOUCXOIUT MOCTETIEHHOE MepeceueHue MepBoTro dTana co
BTOPBIM, Ha KOTOPOM OTPEIENSIIOTCSl YCIAOBUS U PEXUMBI
00paboTKM MaTepuaaoB. Benb MoOMUMO MPUCYTCTBUS BbI-
COKOTEeMITepaTypHBIX MOAWGUKALMKA KBaplia, BaKHBIM
(bakTOpOM CHMXKEHUSI aKTUBHOCTH KPEMHE3EMHOTO ChIPbSI
CUMTAeTCsl MPUCYTCTBUE 3HAUMTEIbHBIX KOHIEHTPAIWA
KpUCTAIIM30BaHHOTO KpeMmHe3eMa. CiieyeT OTMETHUTb,
YTO Ha BTOPOM 3Tare JaHHbIA (HakTop MOXET ObITh MC-
KJIIOUEH.

Ha BTrOopom 3Tarme BaXXHO TMOJYYUTh PsIil TPAHWYHBIX
YCIIOBUM, KOTOPBIE OYAYT SIBIATHCS HEOOXOMUMBIMU M JI0-
CTaTOYHBIMU TTPU MPOSKTUPOBAHUU COCTABOB 1 TEXHOJIOTHU
nonyyenust FH3.

Axtuanus 'H3, npeacrasnsitoniast coboii B3auMoeii-
CTBME B SIJIpe MEXIYy KPEeMHE3eMHOM MOPOI0il U TUAPOKCH-
JIOM HaTpus C 00pa3oBaHUEM BOJOPACTBOPUMBIX CUJINKATOB
HATpusI, MPOHUKAIOIINX B GETOHHYIO MaTPHUILy, MOXKET ITPO-
HUCXOAUTh KaK B YCIOBMSIX TEILIOBJIAXXHOCTHOII 00pabOTKU
(TBO) xoMno3uTa, Tak U B THAPOTEPMAaJIbHBIX YCIOBUSIX. B
5TOM U €CTh B3aMMOCBSI3b TMEPBOTO W BTOPOro 3TATMOB.
BbI6OD CHIphSt MOKET ONTUPATHCS Ha BHIOOP YCIOBUSI TBEP/IE-
HUS 6eTOHA 1 HA00OPOT.

C 11e71p10 5KOHOMMM 3HEPro3aTpar Ha CTaaru TBEPACHUS
OeToHa M BBIOOpA ONTUMAJIBHOIO peXMMa BaXXHO YYECTh
BpeMsl TepMUUYECKON 00pabOTKM KPEMHE3EMHOIO ChIphs
Kak komrnoHeHTa 'H3.

B KauecTBe ChIpbeBBIX MATEPUAJIOB UCITOJIb30BAJIA AKTHUB-
Hble KPEMHE3eMHbIE TTOPOJIbI: OMOKa AJIEKCEeBCKOTO MECTO-
poxneHusi (MopnoBusi); Tpenen MecTopoxaeHuss CTaabHoe
(benapych). s cpaBHeHMST ObLT MCIIOJIb30BaH T'MIPOKCHU]I
KPEMHMS KaK MOJIeJIbHasl CUCTEMA.

OrnpeneneHue 3aBUCUMOCTHY KOJUUYECTBA MPOPearupo-
BaBIIEro BELIECTBA KPEMHE3eMHOI0 KOMIIOHEHTa OT Bpe-

(Y PONIEIIBHBIE

Each of the listed materials depending on conditions, time
and a place of formation (genesis) contains a certain amount
of amorphous silicon dioxide that defines degree of efficiency
of its use for production of GNA. The phase composition of
silica raw materials plays a key role in formation of properties
of construction composites on the basis of GNA.

From the principle of action of GNA consisting in leach-
ing amorphous silica and formation polysilicate solutions
followed by their migration through GNA cover into deep of
concrete [1], perspective natural and industrial silica raw is
the amorphous substance.

A chemical activity coefficient was accepted as the basic
criteria for estimation of silica raw that shows capability of
amorphous SiO, consisting in the raw composition to react at
a certain temperature to alkali hydroxide solution with for-
mation of soluble polysilicates. In particular, sedimentary
chemo- and biogenic silica rocks with low degree of diage-
netic transformations, presented in it base by ST-opals (low-
temperature nanosized modification of tridymite and chrys-
tobalite) — a diatomite, tripolite and opoka which character-
ize with more high chemical activity.

Silica sediments and amorphous silicites from all varieties
of rocks differed in genesis conditions can be attributed to
extra energy-saturated ones. Such raw is “prepared” by geo-
logical processes for the technologies which include disinte-
gration, solution and melting of silica-based raw materials [2].

On the stage of criteria determination for selection of raw
materials it can be observed gradual crossing of the first and
the second stages, when terms and processing conditions of
materials are settled. Since, beside of existing of high-tem-
perature modifications, one more key factor to reduce a
chemical activity of silica raw is availability of high percent-
age of crystallized silica. It should be noted, however, that the
given factor can be excluded at second the stage.

At the second stage, it is important to obtain a set of edge
conditions, which will be necessary and sufficient when mix
design and production process of GNA.

GNA activation that is interaction into a core between
silica mineral and Na hydroxide, where water-insoluble Na
silicates are the products of the reaction that diffuse into con-
crete matrix. The reaction is able to be proceeded both at heat
treatment of composite and hydrothermal conditions. That is
the correlation of the first and the second stages. In other
words, raw material selection is supported by curing condi-
tions of concrete and vice versa.

To reduce energy costs on the stage of concrete prepara-
tion as well as when optimization of this process it is neces-
sary to take into account a heat treating period of the silica
material as a GNA component.

As raws herein were used following silica materials: opoka
supplied by Alekssevskoe deposite Repuplic of Mordovia);
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Puc. 2. 3aBMCUMOCTb KONMYECTBA NPOPEearMpoBasLLErO BELLECTBA OT Bpe-
meHn TBO: 1 — onoka (Pecn. Mopposus); 2 — Tpenen (Pecn. Benapycb)

Fig. 2. Dependence of amount of reacted substance on heat treating time:
1 — Opoka (Republic of Mordovia); 2 — Tripolite (Republic of Belarus)
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CBoiicTBa MeNIko3epHUCTOro 6eToHa B 3aBUCUMOCTHM OT cocTaBa TH3
Fine grained concrete characteristics in dependent on GNA composition

CeoiicTBa Menko3epHucToro 6etoHa Ha MH3
Fine grained concrete characteristics involving GNA

KpeMHe3eMHoe cbipbe
Silica raw materials CpenHsist NA0THOCTb, Kr/M3

Density, kg/m?®

Mpenen npoyYHoCTH
npu cxatuu, MlMa
Compressive strength, MPa

Bopgonornouiexune, %
Water demand, %

TennonposogHoCTb, BT/(M:K)
Heat conductivity, Wt/(m- K)

Onoka (MopaoBusi)

Opoka (Republic of Mordovia) 1735

7,29 10,1 0,38

Tpenen (BpsiHckas 06711.)

1715
Tripolite (Bryansk district)

7,02 10,23 0,32

MEHU TETUIOBJIaXHOCTHOU 00paboTKu mokasaio (puc. 2),
yT0 yke yepe3 30 muH TBO mpu 90°C B mpucyrcraum 30%
IEJI0YM OT MacChl CYXOTo BelllecTBa, oKojo 80% akTus-
HOTO KpeMHe3eMa, BXOJAIIETO B COCTaB KPEMHE3EMHOTO
CBIPbSI, paCTBOPSIETCs, a UMK HabaogaeTcs yepe3d 1,5—2 4.
ITpu 8 y TBO B simpe 'H3 B MoaenbpHOIM cucTeMe BO3HU-
KaeT MmojJimMepu3aiusi o6pa3oBaBIIUXCS MOJUCUIMKATOB
MU3-3a TEePEHACHIIEeHUS, TTOCKOJIbKY KPpeMHE3eM OcelaeT
Ha YacTUIIaX HeIpopearnpoBaBIIero BelecTna, T. €. po-
HUCXOIUT PECTPYKTYpU3alUs XUIKOCTA — YaCTUUYHOE
ocaxkaeHue KpemHerelss. B ciyyae oOpaboTku OGeToHa ¢
I'H3 xonunyecTBO pacTBOpa MOJIMCUINKATOB HATPUS BbI-
nensieTcsl 60Jblie BCAeACTBUE TOTO, UTO MPOUCXOAUT He-
MpepbIBHAs MUTPalMsl PAaCTBOPUBIIIETOCS BEIIECTBA B 11e-
MEHTHYI0 MaTpuly. Takum oO6pa3om, MoyiHas MPOMUTKA
0EeTOHHOI MaTPUIILI BO3MOXHA 32 2—3 9 C MOMEHTAa aKTH-
Bauu 'H3.

Takum obpaszom, ucnonb3zoBanue 'H3 mig monydyeHust
OeToHa He TpeOyeT MOMOJHUTENbHON TepMUUecKoi obpa-
OOTKM HU Ha OIHOMN U3 CTaui.

TpeTuii atanm — Ka4yecTBEHHAsI U KOJIMYECTBEHHAS OLICH-
Ka BJIMSIHUSI COCTaBa M CBOMCTB 3arojiHUTENe Ha addex-
TUBHOCTb UX ACMCTBUS B JIETKMX OETOHAX C YUYETOM IFeHETH-
YeCKMX OCOOEHHOCTEN KPEMHE3EMHOTO ChIPbSI.

PaccmoTpum MexaHU3M MonuGUKALMM LEMEHTHO-
TecyaHoi MaTpuibl O€TOHa TPOMYKTaMU peakUuu siapa
I'H3. I1pu TeruioBnaxXXHOCTHOIT 00paboTKe OETOHA B IIPO-
lecce MUTpAlMU TTOJMCUIMKATOB HATPUS TIPM Y4acTUM
KMIKOM a3kl B IIEMEHTHO-TIECYaHYI0 MATpUILy, SIBJISIO-
IIYIOCS MEePKOJISIIMOHHBIM KJIaCTepOM, MTPOUCXOAUT IIH-
KPUCTATM3ALMOHHOE MOIUGULIUPOBAHUE LEMEHTHOTO
KaMHsI 10 MeXaHW3My MHQUJIBTPALIMOHHOTO KpeMHellle-
JIOUHOTO MeTacoMoTo3a. [lom 3mMKpucTaiM3aluOHHBIM
MOIM(UIIMPOBAHNEM B CTPOUTEIBHBIX MaTepuaiiax Ha
OCHOBE HEOPTaHMUYECKHX BSDKYIIMX MTOHUMAETCS MHOWIb-
TpallMOHHOE MeTacoMaTU4ecKoe IIpeodpa3oBaHue aKTUBH-
POBaHHLIMU (DYHKIIMOHATBHBIMU (MPOTOTEHETUYECKUMU)
MUHEPaJIbHBIMU CUCTEMaMM KPUCTAJLUIMYECKON MaTpULIbl
Marepuaia ¢ 1ieJiblo 00pa3oBaHUs HOBBIX IapareHe3MCOB
WY TIpeoOpa3oBaHus TOBEPXHOCTE MUHEPATbHBIX MHIN-
BUIOB [3]. DnmMKpucTa/UIM3alMOHHOE MOAUMULIPOBAHNUE
neMeHTHoro kamHsi I'H3 mpojioHrupoBaHHOro AEHCTBUS
MPUBOJUT: K WHKAICYJISLMU MMHEPAIbHBIX YacTHll lie-
MEHTHOTO KaMHSI U MEJIKOTO 3aIoJIHUTENs TuapodhoOu3u-
pyloImuM cjioeM (QYHKUIMOHAJIbHBIX 3MUTeHETUYECKUX
2D-HaHOCHCTEM HATPOCHIINTA, 00eCIIeYnBarOIIeil BO3HUK-
HOBEHHE HOBBIX, B YaCTHOCTU THUIAPO(GOOHBIX, CBOMCTB
Marepuaia; K MOHOJUTU3ALUU CTPYKTYPbl MEJIKO3ePHU-
cTOoro 0eToHa MpY MEPKOJISILMU PACTBOPEHHOTO BEIECTBa,
YTO BeAET K CHUXEHUI0O MUKPOMOPUCTOCTU IEMEHTHO-
MecyaHoOil MaTpullbl M, KakK CJIEACTBUE, K YBEJIUUCHUIO
MPOYHOCTU U BOJOCTOMKOCTM MEJIKO3EPHUCTOro OeToHa
B 1eIoM [4].

B cBs3u ¢ 3TUM KiI104eBBIM (PaKTOPOM, BIMSIOIIMM Ha
CBOIiCTBa KOHEYHOIO Marepuaia, sIBJIseTcsl CTeleHb Mpo-
MUTKA MaTpUIbl 00pa3ylolMMcsl pacTBOPOM, KOTopasi, B

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN Q POVIIED]

tripolite is from Stal’noe deposite (Belarus). For comparison
Silica hydroxide was used as a model system.

Determination of dependence of quantity of the reacted
substance of a silica component on time of heat treating pro-
cess (Fig. 2) showed that after 30 min of the treating at 90°C
in 30% of alkaline medium (by weight), about 80% of the ac-
tive silicon dioxide is dissolved, and the extreme value is ob-
served after 1,5—2 h in relation to genetic type of the raw .
After 8 h heat treating in a core of GNA in model system,
there is a polymerization of the formed polysilicates because
of oversaturation, as silicon dioxide precipitates on particles
of not reacted substance, i.e. there is a liquid restructuring —
partial sedimentation of silica gel. In case of concrete treating
involving GNA, more amount of solution of Na polysilicates
is evolved. In result of it there is a continuous migration of the
dissolved substance into a cement matrix. Thus, full treat-
ment of a concrete matrix is possible for 2—3 h from the mo-
ment of GNA activation.

Thus, when using of GNA, additional heat treatment for
producing concrete on one of stages is not required.

The third stage — a quality and quantitative estimation of
influence of structure and properties of aggregates on effi-
ciency of their action in light concrete taking into account
genetic features of silica raw materials.

Let us consider the mechanism of modification of a ce-
ment and sand matrix of concrete with products of reaction
of a GNA core. At heat treating process of concrete in when
migration of Na polysilicates, with the participation of a liq-
uid phase in the cement and sand matrix being a percolating
cluster, there is an epicrystallic modification of a cement
stone with the mechanism of infiltration silica-alkaline meta-
somatosis. Epicrystallic modification in construction materi-
als on the basis of the inorganic binders can be considered as
infiltration metasomatic transformation by the activated
functional (protogenetic) mineral systems of a crystal matrix
of a material for the purpose of formation of new paragenesis
or transformation of surfaces of mineral individuals [3].
Epicrystallic modification of a cement stone of GNA of the
prolonged action gives: to encapsulation of mineral particles
of a cement stone and fine aggregate with a hydrophobic
layer of functional epigenetic 2D — nanosystems of natrosi-
lite, providing appearance of new, in particular, hydrophobic
properties of a material; monolitization of structure of fine-
grained concrete at a percolation of the dissolved substance
that leads to decrease in microporosity of a cement and sand
matrix, and as a result, to increase in strength and water resis-
tance of fine-grained concrete as a whole [4].

In this regard, the key factor that influences properties of
a final material is extent of penetration a matrix with a solu-
tion formed which, in turn, depends on chemical activity of
raw materials, quantity of GNA in a raw mix and diameter of
granules of GNZ.

For the purpose of increase of extent of penetration of a
concrete matrix and, as a result, of its strength, research of
influence of pre-curing time of concrete before heat treating
(on model systems) is carried out. Some portion of concrete
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CBOIO OuYepellb, 3aBUCUT OT aKTUBHOCTHU CHIPbEBBIX MaTepH-
anoB, KonndectBa I'H3 B chipbeBoii cMecu U araMeTpa rpa-
nyn 'H3.

C uenblo MOBBIIICHUSI CTENEHU TPOIUTKYA OETOHHOM
MaTpULbl U, KaK CJIEJICTBUE, TPOYHOCTU MOCJIEIHEN MPO-
BeJeHO MCCIIeIOBaHNWE BIUSTHUS BPEeMEHU TpeIBapuTelb-
Holi BeImepxkKu 6etoHa nepen TBO (Ha MoOeIbHBIX CUCTE-
max). YacTh 0eTOHHBIX 00pa3lOB BhIAEPKMBAIACh B HOP-
MaJIbHBIX YCJIOBUSIX, @ BTOpasi 4acTb — B PACTBOPE MOJIUCH -
JIUKAaToOB HaTpus. OOpasiibl IBYX BUIOB OTMPABISUIM Ha
TBO mnocne Bbimepxkku B TeyeHue 10, 24, 48 u 72 u.
PesynbTaThl (puc. 3) CBUAETENBCTBYIOT, UTO MOJOXUTEb-
HOE BJIIMSIHUE MPOIMUTKYU PacTBOPAMU TMOJHMCUIMKATOB Ha-
TpUsl Ha MIPOYHOCTb OETOHHOI MaTpPUIIbl HAOJIOZAETCS B
oOpasuax, NnpeaBapuTeIbHO BblaepXaHHbIX 10, 24, 48 4.
OfHako ONTUMAIbHOE W JOCTAaTOYHOE BpeMsl MpeaBapu-
TeJbHOM BBIIEPKKU O6eToHa coctaBiisieT 10 1 48 4, Tak Kak
B 9TUX 00pa31ax HabIoaaiIcsa IpUPOCT IPOYHOCTH B CPaB-
HEHUM C OOBIYHBIM OETOHOM.

[TonydyeHHBIE Pe3ybTaThl MCCIENOBAHUS KPEeMHE3eM-
HOT'O CBIPbSI M TEXHOJOTMYECKMX MapaMeTpoB 00pabOTKuU
6eToHOB Ha ocHoBe I'H3 mo3Bomim pa3paboTaTh COCTaBbl
JIETKUX O€TOHOB (CM. TabJIUILY), COOTHOLIEHUE KOMITOHEH-
TOB B KOTOPBIX COCTaBJISLIO: LIEMEHT:IecoK =1:3; Koamye-
crtBo 'H3 — 50 06. %.

VBenuueHue GU3MKO-MeXaHMYECKNX CBOMCTB OeTOHA B
IaHHOM CcJjy4ae OOYCJIOBJIEHO MHOXECTBOM (paKTOpPOB, U3
KOTOPBIX HauboJiee CyllIeCTBEHHbIMU SIBJISIIOTCS: CHUXKEHUE
IMOPUCTOCTH MaTepualia 3a CUeT HaroJHEHUSI MUKPOIIOp U
KaIwuIIpOB MaTpUIlbl HOBOOOPA30BAaHUSIMU HA OCHOBE CH-
JINKATOB HATPUS; WCTpaBlIeHue (3ajieunBaHue) AeheKTOB
CTPYKTYPBI LIEMEHTHO-TIECUaHOW MAaTPUILbI W, BCIEICTBUE
9TOTO CHUXKEHWE KOHIIEHTpalUM HaIpsDKeHWi; yBeaude-
HME aare3uy YacTUIl MEJIKOTO 3alOJTHUTENSI K LIEMEHTHOMY
KaMHIO; HaJlMuMe IIJICHKM HATPOCUJIMTA Ha IMOBEPXHOCTHU
MOPOBOr0 MPOCTPAHCTBA OETOHA, CHUXAIOUIEH BO3MOX-
HOCTb 00pa30BaHUs MUKPOTPEIITNH.

PabGora BeImOTHEeHA IpuU (UHAHCOBOM IOAACPKKE:
MuHucTepcTBa o06pa3oBaHus M Hayku Poccuiickoit @De-
nepaiuu, cornamenue 14.132.21.1702, nporpamma cTpare-
rudeckoro passutus bI'TY um. B.I'. Lllyxosa.

KiroueBble ciioBa: kpemHezemHOe cbipbe, epAHYAUPO-
BAHHBII HAHOCMPYKMYPUPYHOWULL 3aAN0AHUMENb, Ae2KULl
b6emoHn.
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Fig. 3. Dependence of strength of a cement matrix on time of pre-curing
time: [ll - concrete; | - treated concrete

samples was cured at normal conditions, and the other por-
tion was plunged in solution of Na polysilicates. Samples of
the two types were placed in heat treating chamber after pre-
curing period for 10, 24, 48 and 72 h. The results obtained
(fig. 3) shows that positive affect of treating with solutions of
Na polysilicates to strength of a concrete matrix is observed
in the samples which were pre-cured for 10, 24, 48 h.
However, optimum and sufficient time of pre-curing of con-
crete takes 10 and 48 h as in these samples more high strength
values was observed in comparison with usual concrete.

The obtained research results of silica raw materials and
technological parameters of treating of concrete on the basis
of GNA allowed to develop light concrete mixes (see table)
that the ratio is cement : sand =1:3, amount of GNA is 50%
(by volume).

Improving in physical and mechanical properties of con-
crete in this case is caused by a set of factors from which the
most essential are: decrease in porosity of a material by filling
of micropores and matrix capillaries with new formations on
the basis of Na silicates; «healing» of defects in structure of
“cement-sand” matrix and, as a consequence, reducing of
stress factor; increase in adhesion between fine aggregate
particles and a cement stone; forming of natrosilite’s film on
a porous surface of the concrete, reducing, therefore, possi-
bility of microcracks propagation [4].

This work was financially supported be the Ministry of
Education and Science of the Russian Federation (Grant Ne
14.132.21.1702), Strategic development program of Belgorod
State Technological University named after V.G. Shoukhov.

Keywords: silica raw material, granulated nanostructuring
aggregate, light-weight concrete.

References

1. Strokova V.V Solovieva L.N., Maksakov A.V., Ogurtso-
va Y.N. Mechanism of structure formation of construc-
tion composites with granular nano-structured aggregate.
(2011), Stroitel’nye Materialy (Construction materials),
(9), Pp. 64—65.

2. Lesovik V.S. Geonics. Objects and tasks // Belgorod:
Published in BSTU. 2012. Pp. 213.

3. Zhernovsky 1.V., Strokova V.V. Some aspects of concep-
tual framework of nanosystems in construction material
science. (2012), Stroitel’'nye Materialy (Construction
materials), (3), Pp. 8—10.

4. Strokova V.V., Zhernovsky L.V., Maksakov A.V., Ogurtso-
va Y.N, Solovieva L.N. Sequence of processes in forma-
tion of a cement-sand matrix concrete involving granu-
lated nanostructuring aggregate // Modern problems of
science and education. 2012. Ne 6; URL: http://www.
science-education.ru/106-7874 (accepted: 24.12.2012).

HAayuHO-MexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN

I AVEBVIAVIBIN pespans 2013

19



Jokaaanl V MeXXayHapoaHO¥ KOH(epeHIHn

«HaHOTEeXHOJO0THH A1 IKOJOTHIHOTO0 H J0JITOBEYHOr0 CTPOHTEILCTBA», 23—25 MapTa, Kanp

YK 666.9:539.2

H.B. ITABJIEHKO, A.b. BYXAJIO, xkannuaate! TexH. HayK, B.B. CTPOKOBA, 1-p TexH. HayK,
B.B. HEJIFOBOBA (309991@mail.ru), kana. TexH. Hayk, A.B. CYMUWH, unxenep,
Benropoackuii rocynapcTBeHHBIN TexHonornueckuii yaupepcureT um. B.I'. Illyxosa

N.V. PAVLENKO, A.B. BUKHALO, Candidates of Technical Sciences, V.V. STROKOVA, Doctor
of Technical Sciences, V.V. NELUBOVA, Candidate of Technical Sciences, A.V. SUMIN, engineer,
Belgorod State Technological University named after V.G. Shoukhov

MoancpnunpoBsaHHoe BsXXyujee
C UCINOJZIb30BaHNEM HaHOKPUCTaJIJIN4€eCKUxX
KOMIMOHEHTOB AJ151 14€UCTbIX KOMIO3UTOB

Nanocrystalline components based
modified binder for cellular composites

B cBs3u ¢ Bo3pacTaonyMy TpeOOBaHUSIMU K TEILIO3a-
IIUTE OTPAXIAIOIINX KOHCTPYKIIM, MOBBILIEHUIO KOM-
(opTHOCTU 31aHUI W PE3KUM YAOPOKAHUEM DHEPro- W
TEIUIOHOCUTEJICH aKTyabHbIM SIBJISIETCSI CO3IaHUE BHICOKO-
9 GEKTUBHBIX TETUIOM3O0JISIIIMOHHBIX MaTepruagoB HOBOTO
TTOKOJICHUSI.

AHaJu3 paHee MPOBEASHHBIX UCCIIEIOBAHUI U TEOPETH -
YECKUX JaHHBIX [ 1 —6] MO3BOJIMII ONpEeNeTUTh 1Ba OCHOBHBIX
MyTH YIIPOYHEHUS MaTepUAJIOB C COXPAHEHUEM TeTIOM30-
JISLIMOHHON CIMOCOOHOCTU W TUJIOTHOCTM Marepuania: rnep-
BBIIl — 3TO YIIPOUHEHME KapKaca, COCTOSIILEr0 U3 BSKYIIe-
r0, ¥ BTOPOI — yJIy4IlIeH!E TIOPOBOM CTPYKTYPHI.

VYrpouHeHue KapkKaca sS4erucToro 6eToHa BO3MOXHO 3a
CcYeT MPUMEHEHUS Pa3IUYHBIX MOAMMDUUIMPYIOIIUX 100a-
BOK, B TOM UMcJie HAaHOpa3MepHbIX. B mocienHee Bpems mu-
POKOE pacrpocTpaHEeHKUE MOJYyYHIO UCTIOJb30BAHUE HAHO-
pa3MepHbIX 100aBOK /ISl yIIPaBIeHUS CTPYKTYpooOpa3oBa-
HUEM CTPOUTEIBHBIX KOMIO3UTOB. MIX MOXHO MCIOJIB30-
BaTh HE TOJIbKO KakK IIEHTPbl KPUCTAIIM3AIMU, HO M KakK
00BEKTHI, U3MEHSIONIME HaMpaBjieHWe U Peryaupylolime
CKOPOCTb (PU3UKO-XMMUYECKUX MPOLECCOB B TBEPACIOLINX
Marepuainax. PsmoM HaydHbIX Ko [7—13] o6ocHOBaH TOT
(akt, yTO MpPOrpaMMUPyEMOE HCIOJIb30BaHUE HAHOPA3-
MEPHBIX 1 HAHOKPUCTAITMIECKUX T0OABOK B KOMITO3HUT MO-
XeT 00ecIeuYnTh MaKCUMAaIbHYIO0 3(P(PEeKTUBHOCTL IIPOU3-
BOJICTBAa MaTepualla ¢ TMOBBIIIEHHBIMU 3KCIUTyaTallMOHHbBI-
MM XapaKTePUCTUKAMM.

Panee Obl1 pa3paboTaH croco® mosydyeHus HAaHOKPU-
CTALTMYECKUX MTOPOLIKOB OKCUIOB U TUIPOKCUIOB aTIOMU-
HUS TTYTEM CKUTaHUSI aJTIOMUHUS B BOIHBIX CpelaxX ¢ OHO-
BpPEMEHHBIM IOJIyYeHueM Bomopona [14]. B mpouecce rua-
POTEPMAaTBLHOTO CUHTE3a POMCXOAUT MPEeBPAILIEHUE YACTHUIL
AJTIOMUHUST Pa3MEPOM JIO IECATU MUKPOH B HAHOKPUCTAJI-
JIMYECKUE OKCUJIbI U TUAPOKCHUIbI. CrOCOO MO3BOJISIET Me-
HSITb (DOPMY U CTPYKTYPY YACTHII 1 TTOJTy4aTh MaTepra Bbi-
COKOI1 uncTOTh 10 99,99 Mac. % comep:kaHusi OCHOBHOTO
KoMmItoHeHTa. [1pu cxxuranum 1 Kr aJloOMUHKS B BOJIEe HapsI-
Iy C TeIUIOBOI 3HEPIrue BulaesieTcs 00JIbII0e KOJIUIECTBO
BBICOKOUMCTOIO BOAOpOJA U oOpa3zyeTcsl Oojiee 2 KT TBep-
JbIX TpoaykToB okucaeHus: — Al(OH);, AIOOH u Al,O4, —
0Cc000 YMCTHIX HAHOKPUCTANIMIECKUX OKCHUIOB U THIPO-
KCUIOB aJTIOMUHMS, 00JamalolnX Pa3BUTON TMMOBEPXHOCT-
HOI CTPYKTypoil (0eMUT U KOpyHn). JlaHHOe TeXHOTeHHOe
HAHOKPUCTAITNYECKOE U HAHOIVCIIEPCHOE ChIPhE SIBISIETCS
HEBOCTPEOOBAHHBIM TTPOMBIILIEHHOCTbIO CTPOUTEIbHBIX
MaTrepuaoB.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The creation of high-performance heat-insulating mate-
rials of new generation is an actual problem. It connects with
increasingly stringent requirements for heat protection of
building envelopes, enhance of building convenience and ap-
preciation of energy- and heat sources.

Earlier investigations and theoretical data [1—6] allow
determining two following basic mode of material saving its
heat-insulating capacity and density:

— strengthening of binder structure;

— enhancement of pore structure.

Strengthening of binder structure of cellular concrete is
possible by incorporation of different modified admixtures,
including nanosized ones. Recently the application of nano-
sized admixtures for directed control of structuring processes
in construction composites. These admixtures can be used as
crystallization centers as well as agents to correct direction
and rate of physical and chemical processes into hardening
materials. By some of research schools [7—13] was estab-
lished that directed application of nanosized and nanocrys-
talline admixtures content in composite can make the highest
production efficiency of high-performance materials.

Also the production process of nanocrystalline powder of
aluminum oxide and aluminum hydroxide was pre-devel-
oped [14]. The powder are obtained when aluminum burning
in water medium with subsequent hydrogen extraction.
When hydrothermal synthesis the transformation of alumi-
num particles with dimension of until 10 pm into nanocrys-
talline aluminum oxide and aluminum hydroxide particles is
accomplished. The procedure allow to change particle shape
and structure and to obtain high-purity materials up to
99,99 % wt. When burning of 1 kg of aluminum in water me-
dium the heat energy, a lot of high-purity hydrogen and more
then 2 kg of solid oxidation products ((Al(OH);, AIOOH u
Al,O3) — extra-pure nanocrystalline aluminum oxide and
aluminum hydroxide particles with developed surface struc-
ture: boehmit and corundum) are formed. This industrial
nanocrystalline and nanodispersed raw material is not popu-
lar in area of construction materials. Considering the mineral
composition of above oxides and hydroxides resemble ce-
ment matrix, the opportunity of using of these ones as struc-
ture modifiers (namely, strengthening of interpore partitions)
in cellular concretes was studied.

According to morphostructural classiphication of nano-
systems the boehmit and corundum belong to are 3D- nano-
crystalline type of substance (3D-NCM — nanocrystalline
modifier) (Table 1).

(CIEONIEIIBHBIE
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IMTockonbky mNpeAcTaBIeHHbIE OKCUIAbI UM TUIPOKCHUIBI
AJTIOMUHUST UMEIOT MUHEPAJTIOTUYECKOE CPOJICTBO C LIEMEHT-
HOU Martpulleit, OblJ1a pacCCMOTPEHA BO3MOXHOCTb UCTIOJNIb-
30BaHUSI MX B KaueCTBe MOAM(PUKATOPOB CTPYKTYPhI STUEH-
CThIX OETOHOB, @ UMEHHO YIIPOYHEHUSI MEXITOPOBBIX Mepe-
TOpPOJIOK.

ITo MopdocTpyKTypHOU KiIaccu(UKAIIMM HAHOCUCTEM
KOPYHA 1 0eMUT OTHOCATCA K 3D-HaHOKPUCTAILINYECKOMY
tumny BeiecTB (3D-HKM — HaHOKpUCTAUIMYECKUI MOIM-
¢ukarop) (tabm. 1).

st Gonee meTalbHOTO aHanM3a ObLT TpoBedeH PDOA
O6eMMTa U KOPYH/Ia, a TAKXEe C TIOMOIIIbIO paCUeTHOTO TIpe/i-
craByieHUs] (DOPMbI KPUCTAJUIMTOB HA OCHOBE aIlMpoKCcuMa-
LIUY TIPY TTIOMOILM chepruyeckKuX rapMOHUK ObLTU BU3Yyaln-
3UpPOBaHbl MOP(MOCTPYKTYPHBIE TUIbI NaHHBIX MaTepua-
JioB (Taba. 1).

C y4eTOM HaHOCTPYKTYPUPOBAHHOTO COCTOSIHUSI OKCH-
Jla ¥ TUAPOKCUIA ATIOMUHMUS, a TaKKe pa3MepOB KpUCTas-
JINTOB, MOXHO TIPEAIIONOXUTh, YTO TaHHbIE MOIUDUKATO-
pbl, objagamlye pa3BUTOI IOBEPXHOCThIO pasiesia ¢as,
MPY BBEACHUU UX B BSXYlllee OyAyT OKa3blBaTh BIUSHUE HA
TUIPATALUIO.

C TOYKM 3peHUS TEXHOJIOTUH TTOJTyYeHUs 0e3yCcamouHbIX
TETMJIOU30JISILIMOHHBIX MEHOTa300€TOHOB HEOOXOAUMO MC-
MOJIb30BaTh BSDKYILEE CO CTAOMIIBHBIMU PEOTEXHOJIOTHYE-
CKMMU XapaKTEPUCTUKAMU CMECH, MOHUXXEHHBIMU CpPOKa-
MM CXBaTbIBAaHWSI M TOBBILIEHHON MPOYHOCTBIO MPU CXa-
M. B cBsa3u ¢ atum 11 nonydyeHus TMLL 6puto pacemo-
TPEHO HECKOJbKO BUIOB LIEMEHTA PA3IMYHBIX TTPOU3BOIM-
TeJiell U YCTAaHOBJIEHO, YTO Haubosee 3(h(hHEeKTUBHBIMU IS
MU3TOTOBJIEHUSI STYEMCTHIX OETOHOB SIBJISIIOTCS LIEMEHTHI TUTIA
HEM I B coorBerctBuu ¢ I'OCT 31108—2003 ¢ BbICOKUM
COZIEp>KaHUEM aJTUTa U HU3KUM COAEPXKaHUEM TPeXKaTblU-
€BOro ajJloMMHaTa. DTO 0OECreYnBaeT AOCTATOYHO ObICT-
pble CPOKM CXBaThIBaHUSI 1 MHTEHCUBHOE TEILIOBbIICJICHUE
npu ruaparanuu. [lo3ToMy B maHHOI paboTe MpUMEHs -
gocs TMI nHa ocHoBe LIEM 1 42,5 H npousBoacTsa
3AO «benroponckuii HEMEHT».

HekoTtopeiMu aBTOpamMu ObLIO AoKazaHo [15—17], yto
TSI TIOJTYYE€HUSI HU3KOIIJIOTHBIX SIMEUCThIX OETOHOB HEOOXO-
IIMMO TIOBBIIIEHHOE COJEPXKaHUE MEJIKOM (hpakiUU BSIXKY-
IIETO, YTO 0OYCIIOBUT HEOOXOAMMBIE CPOKM CXBAaThIBAHUS U
IYCTOTY LIeMeHTHOTO TecTa. [loaTromy mis uccinenoBaHuit uc-
MOJIB30BaJIM TOHKOMOJIOTHIN 1ieMeHT (TMLI). beut mpoBeneH
KOMILJIEKC 9KCTIEPUMEHTOB 10 U3YY€HU IO OCHOBHBIX CBOICTB
TMII, HeoOXOAUMBIX IIPU ITPOM3BOACTBE STYEUCTHIX KOMIIO-
3uTtoB. [Ipu nzrorosnennu TML moMos MpoOU3BOAWIN TIPU
IMOCTOSIHHOM 3arpy3ke I0 Macce TOBAapHOTO IMOpTJIaHILIe-
MEHTA U MPOYMX PABHBIX YCIOBUSIX.

Jns MOCTUXEeHUS ONTUMANbHBIX 3HAYeHUN (HU3UKO-
MEXaHUUYECKUX XapaKTEPUCTUK TOHKOMOJOTHIX LIEMEHTOB
BSIKYyIllee MOJy4YaJid COBMECTHBIM IOMOJIOM TOBapHOIO
nopTiaHalleMeHTa U MoaudukaTopa. Pe3ynbraTel UCTIbITA-
HUI TIpeACTaBIeHbI Ha puc. 1.

AHanu3 pe3yJbTaTOB MCIBITAHWI TTO3BOJISIET PEKOMEH-
JIOBaTh B KauecTBe MOAM(MUKATOPA LIEMEHTHOI CUCTEMBI KO-
PyHA. DTOT BEIOOP 00YCIOBJIEH MOBHIILIEHHON aKTUBHOCTHIO
JIaHHOro Moau(uUKaTopa B CUCTeMe CBs3yIollero. BeeneHue
OemMuTa TOKa3bIBaeT HECTAOWIIbHBIE U O0Jiee HU3KKE MPOY-
HOCTHBIC TMOKAa3aTeJIM BSDKYILIEro TUAPATAllMOHHOTO THIIA
TBEpPACHUSI B CPABHEHUU C KOPYHIOM. DTO CBSI3aHO C TEM,
YTO OEMUT OTHOCUTCS K METAacTaOWIbHBIM (hopMaM OKCHIa
amoMuHus. B ero cocraBe M30bITOYHASI BOIA IIPUCYTCTBYET
Ha TIOBEPXHOCTHM B MEXCJIOCBOM IPOCTPAHCTBE OeMUTa B
(usnyeck U XMMUYECKU CBSI3AHHOM COCTOSIHUU, YTO MO-
KET BBI3bIBATh HEKOHTPOJUPYEMBIN TMAPOJIN3 KOMITOHEH-
TOB 1 OCaXX[IEHUE X Ha TMTOBEPXHOCTU MATPUIIbI TPU CUHTE-
3¢ COOTBETCTBYIOLIMX KOMITO3UIINIA.

M3BecTHO, UTO C yBeJIMUEHUEM TOHKOCTH TTOMOJ1a TTOBbI -
11aI0TCSI IPOYHOCTHBIE XapaKTEePUCTUKU U CKOPOCTb TBEP-
IEeHUSl BSXKylIMX. Takoe mnoseneHue Habiomaercs INpu

(Y PONIEIIBHBIE

Ta6nuua 1
Table 1
lMoka3atenb Bemut KopyHa
Parameter Boehmit Corundum
AKTUBHas yAenbHas NOBEPXHOCTb
2
(meron B3T), m7/r 55,9 87,5
Active specific surface area
(BET metod), m?/g
MopucTocTb (MeTog B3T), % He 6onee 30 | He Gonee 15
Porosity (BET method), % Upto 30 Upto 15
PacyeTHbI pa3mep KpucTanamTos
(FullProf), um 10 6
Calculated crystalline particles size
(FullProf), nm
PaaMep HacTL (no paHHEIM P3IK), HM 250 140
Particles size, nm
MopdOoCTPYKTYPHBIA TUN 3D 3D
Morphostructural type

For more detail investigation the X-ray analysis for
boehmit and corundum was curried out. Also morphostruc-
tural types of these oxides were visualized by calculation of
crystalline shape with approximation based on spherical har-
monics (Table 1).

Taking into account nanostructired state of aluminum
oxide and aluminum hydroxide as well as crystalline size it
can be proposed these modifiers as component of binder sys-
tem having developed phase contacting area effect hydration
processes.

From the view point of technological process for non-
shrinking heat-insulating foam-gas-concretes, it is necessary
to use the binder mixture with stable rheotechnological char-
acteristics, shorter setting up time and higher compressive
strength value. Therefore, several types of cement, produced
by different plants were observed for fine ground cement
(FGC) to be obtained. Here, according to Russian standard
GOST 31108—2003 was established that the most effective
cements for cellular concretes production are the CEM I
type, which is with high alite and low tricalcium aluminate
contents. That provides short setting time and intensive lib-
eration of heat during hydration. Fine ground cement on the
base of CEM I 42,5 H supplied by CJSC «Belgorodsky ce-
ment», therefore, was used in this work.

By few authors was proved [15—17] that the higher content
of fine binder fraction should be in the binder system to obtain
low-density cellular concretes. Also it determines certain set-
ting up time and consistence of cement paste. For that in this

95
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Puc. 1. MNpo4HOCTHLIE CBOMCTBA BSXYLLMX B 3aBUCMMOCTM OT COCTaBa
Fig. 1. Effect of composition on binder strength properties

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN

I AVEBVIAVIBIN pespans 2013

21



Jokaaanl V MeXXayHapoaHO¥ KOH(epeHIHn

«HaHOTEeXHOJ0THH A1 IKOJOTHIHOTO0 H J0JITOBEYHOr0 CTPOHTEILCTBA», 23—25 MaprTa, Kanp

Tab6nuua 2
Table 2
YaenbHas Cpoku cxBaTbIBaHWs, MUH HopmansHas rycTota MpoyHocTb, MMa, B Bo3pacTe 28 cyt
MOBEPXHOCTh, M2/KI Mo d)BVlI/lKﬂaTOpa* Setting up time, min LEMEHTHOrO TecTa, % Strength, MPa, at 28 days
Specific smzjrface area, Type of modifier* Hayano KOHeL, Water consistency npu u3rnbe npy cxaTum
m/kg Initial seting | Final setting of cement paste, % Tensile Compressive
500 - 45 120 26,3 9,5 71,3
400 Kopyria 38 95 26,4 12,8 89,5
Corundum
* Copepxanue moaudukartopa — 1% ot maccsl TMLL.
* Modifier content - 1% wt. of FGC.

yIIeNbHOI MOBEPXHOCTH B mpenenax 700—800 m%/kr. danee
HaOJItogaeTcsl yxyallleHne MPOYHOCTHBIX MoKas3aTesieil 3a-
TBepJEBILEro eMeHTa. TpaauiiMoHHbIE TOHKOMOJIOTBIE 11e-
MEHTHI TIPU YIEIBHOI MOBepXHOCTH 500 M%/KT IPUMEHSIOT
BBUIy WX IOBBIIIEHHONH aKTUBHOCTHM, YTO OOecreynBaeT
npeBbIIeHne poyHocTH Ha 20—30% 1o cpaBHEHUIO C UC-
XOIHBIM LIeMeHTOM. [1pu 3TOM CTOMMOCTB TAKOTO BSIXKYIIIE-
TO YBEJIMUMBAETCS 32 CYET SHEPro3arpar Ha momos. B cBsizu
¢ 9TUM B pabote ncnonb3oBanu TMII ¢ pa3nmaHbpIMYT 3HaYE-
HUSIMU YAEJIbHOI oBepxHOCTH (400 1 500 M%/KT).

AHanu3 BAMSHUSL HAHOKPUCTAJUIMYECKOro Moauduka-
TOpa KOpPYHJa Ha KWHETUKY W3MEHEHUS MPOYHOCTH Iie-
MEHTHOM CHCTEeMbl IO3BOJIMJI YCTAHOBUThH pallMOHAJIbLHOE
3HaueHue yneabHoi nmopepxHoctu TMII, koTopast cocraB-
nset 400 m?/xT (Ta671. 2).

ITomos ToBapHOIO LIEMEeHTa COBMECTHO ¢ MOAU(UKATO-
POM TO3BOJISIET JOOUTHCS TOMOTEHU3AUX KOMIIOHEHTOB B
cucTeMe 1 00eCTeurThb MOBbIIIEHUE TPOYHOCTHBIX XapaKTe-
PUCTUK BSIXYILETO.

AHan3 MUKpO(hOTOCHUMKOB MOAUMDUIIMPOBAHHOTO 11e-
MEHTHOTO KaMH$ ToKasajl (puc.2), YTO MpU BBEACHUM
3D-HKM kopyHIa HOSIBISIIOTCSI JOIOJHUTEIbHBIE OYaru
pocta HOBOOOpa3oBaHMii. Takoii polecc pocTa TMIAPOCUIN-
KaTOB He SIBJISIETCS TPAAUIIMOHHBIM IS IIEMEHTHBIX CUCTEM.

Kak BuaHO mpu AeTalbHOM PacCMOTPEHUU OTAEIbHbIX
arperaTtoB (puc. 2), TBepnas (aza npeacraBpjieHa UCKIIOUN-
TEJIbHO KPUCTALIMYECKMMU 3€pHAMU CTOJI0YaTOTO rabuTy-
ca, KOTOpEIe 00pa3yloT CPOCTKU U Ipy3bl. HecMoTpst Ha TO
YTO 3TU 3€pHA HE BCEra XOPOIIO OTPaHEeHbI ¥ BBUIY pa3Me-
pa MpakTUYeCKU He TMOJNAI0TCs MASHTU(MUKAIIMK ¢ TTOMO-
IbI0 PEHTTeHO(hA30BOr0 aHaau3a, Tak Kak WX OoJblias
4yacThb SABJSIETCS peHTTeHOaMOp(HOI, NX KPUCTaJUIMYeCKOe
CTPOEHUE HE BbI3IBAET COMHEHMUSI.

BBonnMble HAHOKPUCTAUIMYECKUE MOAMGDUKATOPHI CY-
IIECTBEHHO BJIMSIOT Ha XOJ TUApaTallud B CUCTeMe lie-
MeHT—Bona—moaudukarop. M3BecTHO, YTO MPU BBEIECHUU
MMKPOKOJIMYECTB BEIIECTB, KaK MUMEIOLIMX CPOICTBO C CUH-
Te3upyeMbIMU (pazaMM, TaK M He 00JIaJarolIiX TaKOBBIM,
OHU BJIUSIIOT Ha CKOPOCTb KPUCTAJIIU3ALUU, MOPDOJIOTUIO
MMHEPATbHBIX UHIUBUIOB M arperatoB. HaHokpucramim-
YEeCKMUIA KOPYH/I, HAXOASIIUIACS B AUCIIEPCHOM COCTOSIHUM B
aKTUBHO THIPATUPYEMOM cpele, KOHAEHCUPYETCS Ha pe-
Opax, BepIIMHAX U CKOJIaX KPUCTAIIOB UCXOIHbBIX KIMHKEP-

5 o T

paper (FGC) was used and the set of experiments of basic
properties of FGC based cellular composites were curried out.

The grinding process was accomplished under continuous
cement loading (by mass) and other conditions being equal
when production FGC.

To achieve optimal values of physical and mechanical
characteristics of FGC, the binder was obtained by joint mill-
ing of commercial Portland cement and modifier. Results of
the experiment are shown in Fig. 1.

Analysis of experimental data allows recommending co-
rundum as modifier of cement system. It can be explained by
higher reactive of this modifier in the bonding system. Adding
of boehmit to cement systems leads to unstable and lowlier
strength values compared with corundum. It can be explained
corundum is metastable form of aluminum. That content ex-
tra water, which is at surface in interlayer space in physically
and chemically bounded state. It can results in uncontrolled
hydrolysis of components and their precipitation at matrix
surface when synthesis of appropriate compositions.

It is known, strength characteristics and hardening rate of
the binder raises.

The behavior like above is observed at specific surface
area values in range of 700—800 m?/kg. Subsequently the
decreasing of strength characteristics of hardened cement
paste takes place. Ordinary FGCs with specific surface area
of 500 m?/kg due to their enhanced reactivity are used. It
supply strength enhance for 20—30% comparing with initial
cement. Meanwhile cost of this binder grows due to grinding
power consumption. So in this paper the FGCs with different
specific surface area (400 and 500 m?/kg) were used.

Study of influence of nanocrystalline modifier on kinetics
of cement system strength allows determining an optimal value
of FGC specific surface area, which is 400 m?/kg (Table 2).

Finished cement grinding with modifier allows achieving
components homogenization in the binder system as well as
enhancing strength properties of the binder.

SEM micrographs of modified cement paste (Fig.2)
show the adding of 3D-NCM corundum initiates additional
centers of growth, which is not ordinary for traditional ce-
ment systems.

When studying of certain aggregates it can be observed at
Fig. 2, that solid phase consist of crystalline radial columnar
grains in form of crystal-jams and druse.

Puc. 2. MrkpoCTpyKTypa LLEMEHTHOr0 kaMHsl B BodpacTe 3 cyT: a — 100% TMU, ysenuueHne 5000 pas; b — TML, + kopyHa, yBenunyenune 5000 pas; ¢ — 100%

TMU, yBenuuenne 20000 pas; d — TML, + kopyHa, yBennyerve 20000 pa3

Fig. 2. Microstructure of cement paste at 3 day: a - 100% FGC, magnification of 5000 times; b - FGC+ corundum, magnification of 5000 times; ¢ — 100%
FGC, magnification of 20000 times; d - FGC+ corundum, magnification of 20000 times
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HBIX MUHEpaJoB U 0OpasyeT IOTOJHUTEIbHBIE LEHTPHI
KPUCTAJUIM3ALIUM, BOKPYT KOTOPBIX IPYIIIUPYIOTCSI HOBOOO-
pa3oBaHHbIE KPUCTAUILI B BUIE APY3, XOPOILIO UACHTU(U-
LIMpyeMble Ha MHKPOGOTOCHMMKAX TPEXCYTOUYHBIX 00Opa3-
110B (puc. 2, b, d).

Takum o6paszom, BBemeHue B coctaB TMII B kadecTBe
MoaubUKaTopa KOpyHa IMO3BOJISIET YK€ Ha paHHUX CPOKaxX
co3naTh 0Oosiee IUIOTHYIO CTPYKTYPY LIEMEHTHOTO KaMHSI
(puc. 2, b, d), NOJIHOCTBIO IMPOPOCIIIYIO CTOJIO0YATHIMUA HOBO-
obpaszoBaHusIMU. Pazmep OTaeIbHbIX KPUCTALIIOB OCTUTA-
eT 3—5 MKkM. He MOKpPBITBIX HOBOOGPA30BaHHBIM BEIIECT-
BOM 3€peH lieMeHTa B OTJinuue ot 6e3mobaBoyHoro TMI]
(puc. 2, a, ¢) He HabIOMaETC.

B pe3ynbraTe MpoBeneHHBIX UCCAEN0BaHU YCTAaHOBICH
palMOHaNIbHBIM cOcTaB MOAMMDULIMPOBAHHOTO BSIXYIIETO C
yIeNbHOl TIOBepXHOCTbI0 400 M2/KT Ha OCHOBE TOHKOMO-
gororo uemeHta (100 %) ¢ wucCHoOJb30BaHUEM
3D-HaHOKpHUCTAI-TUYECKOT0 MoauduKaTopa KOpyHAa
(1% wmaccel Bspkyiiero). Takoil cOCTaB IO3BOJISIET MTOBBI-
CUTb MPOYHOCTh MOAM(PUIMPOBAHHOIO BSLKYyIEro Ha 15—
20%, 4TO0 OOBSICHSIETCS M3MEHCHUEM KUHETHMKM CHUHTE3a
MPOIYKTOB TMAPATALIMHU [IEMEHTHOTO KaMHSI, CBI3aHHOTO C
HCMOJb30BaHNEM KOPYH/IA, UMEIOIIETO CPOICTBO C MUHE-
pajamMu IIeMEHTHOTO KJIIMHKepa, YTO TO3BOJISIET MIOBBICUTD
XapaKTepUCTUKA TEIUIOM30JISIIIMOHHOTO MaTepuaia 1 Mmpu-
BOAMUT K €ro KOHKYPEHTOCIIOCOOHOCTU Ha PBIHKE CTPOU-
TeJbHBIX MAaTEPUAJIOB.

PabGora BbImosHEHA MNpuU (UHAHCOBOU MOJAEPKKE:
MunuctepcTBa obpasoBaHus ¥ Hayku Poccwmiickoit ®e-
nepauuu; cornamenue 14.B37.21.1218; mporpamma crpate-
rudeckoro pa3putust bBI'TY um. B.T'. Illyxosa; PODU, no-
roeop12-08-97603/12.

KioueBble cioBa: gaicyujee, MOHKOMOAOMbIL UeMeHm,
HAHOKPUCMAAAUMHOCHb, MOOUDUKAMOD, NPOYHOCb.
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In spite of the grains have good faceting not always, they
can-t be studied with X-ray analysis due to most of all of them
are X-ray amorphous, however they have crystalline structure.

Nanocrystalline modifiers entered effect hydration pro-
cess in system cement—water—modifier significantly.

Adding of micro-contents component with phases similar to
formed hydrate phases and dramatically different of ones effects
crystallization rate, morphology of mineral units and aggregates.

Dispersed nanocrystalline corundum placed in inten-
sively hydrated medium is condensed at edges, tips and chips
of crystals of initial clinker minerals and forms additional
crystallization centers. Around of the centers collect new
crystal formation like druse, which are clearly recognized in
micrographs for 3-day samples (Fig. 2, b, d).

Thus, using of corundum as modifier in FGC allow to
create more compact structure of cement paste fully covered
by radial columnar formations at early stages of hardening
(Fig. 2, b, d). Size of individual crystals is 3—5 um. Cement
particle without surface radial columnar formations are not
observed comparing with free-admixture FGC (Fig. 2, a, ¢).

Thus, as a result of research carried out is the optimal mix
of the modified binder, having specific surface area of
400 m?/kg based on FGC (100%) with 3D-NCM corundum
(1% wt. of binder).

Such composition allows increasing in strength values of
modified binder by 15—20 %, due to changing of kinetic of
hydration process and formation of hydrate phases in cement
paste. It can be explained by similarity of corundum with
minerals of cement clinker.

This effect allows to enhance properties of heat-insulating
materials, that makes these ones competitive in market of
construction materials.

The research work is accomplished under the support of
Ministry of Education and Science of the Russian Federation
the Agreement 14.B37.21.1218, Strategic development pro-
gram of Belgorod State Technological University named af-
ter V.G. Shoukhov and Russian Foundation for Basic
Research the Agreement 12-08-97603/12.

Keywords: binder, fine powder, nanocrystalline, modifier, strength.
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Knauf

Hemeukwmsi crangapt

B chopyme npumyT y4actne npoheccuoHarsbl, onpenensto-
Lne TeHOEeHUMM B COBPEMEHHON apXMTEeKType, NpoeKTupoBa-
HAM W CTPOUTENbHbLIX TEXHOSOIUsAX, a TakXe PYKOBOAUTENN
cTpouTenbHon oTpacnun Poccun, MockoBckon obnacTtu, Beay-
LMX OOBLLEeCTBEHHbIX OpraHuM3auui POCCUNCKOro CTPOMKOM-
nnekca. [enosas nporpamma nepeoro gHa cdopyma 6ygeT
nocesiLLeHa TeMe MHHOBALMOHHBLIX CTPOUTESIbHBIX MaTepuasnos
n TexHonorun. Ee mogepartopomM BbICTYNUT VIHCTUTYT MeHe[-
XMeHTa uHHoBauun HUY «Bbiclias Lwkona 3KOHOMUKWM». B
MEepOonpUATUSAX NPUMYT yyYacTue NpeacTaBuTeNn rocyaapcTBeH-
HOW BflacTu M 6u3Heca, OOLLECTBEHHbIE OEATENN U YHACTHUKMN
CTPOUTENBHOIO PbIHKA.

Krto4eBbIM COObITUEM BTOPOro OHA dhopymMa CTaHeT KoHdbe-
peHUMsa C yy4acTMeM MUPOBbIX 3BE3[ apXUTEKTypbl U Au3ariHa,
naypeatos [MpuTukepoBcKoi npemmn. Cpeay NpUrmaLleHHbIX MHO-
CTpaHHbIX 3KkcnepToB dasug Yunnepdunsd, JaHnans JIn6eckmHa.
Mogepatopom npoekta B Poccun BbicTynut WHCTUTYT mMeama,
apxuTekTypbl M am3anHa «CTtpenka». 3apybexHble Konnerun
BbICTYMAT C NEKUMAMM 1 NPOBEQYT MacTep-Kfacchl, NPpUMyT y4a-
CTUE B VCKYCCUAX Ha CaMble OCTPbIE U aKTyasibHble TeMbl B 065a-
CTV apxuTeKTypbl 1 Au3anHa. [ns nposegeHws dopyma 6yget
060pyHoBaH crieumasnbHbIN NaBuUiboH «[TATUTBICAYHUK», IPOCTPaH-
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lNpumeHeHne gucriepcnii MHOroCJs1IOUHbIX
yrsepoaHbIX HAHOTPYOOK rpu nNPon3BoAcCTBeE
CWJINKaTHOIro ra306eToHa aBTOK/1IaBHOIro TBepAeHus!

Applying multi-walled carbon nanotubes dispersions
in producing autoclaved silicate cellular concrete

CTpyKTYpUpOBaHUE BSIKYIIMX MATPUIL YIJIEPOIHBIMU
HaHOTpyOKaMM B O€TOHAX KakK IUIOTHOMH [1], Tak 1 mopu3o-
BaHHOM CTPYKTYpHI [2] MoKa3ano BEICOKYIO 3 (GEeKTUBHOCTD
MOAMGUKALIMY CTPOUTETHHBIX KOMIIO3UTOB HAHOCTPYKTY-
pUpoBaHHBIMU M00aBKaMu. B cTaTbe 3apyOeXXHBIX UCCIIeI0-
Baresteii [3] moka3aHa BO3MOXHOCTD CYIIECTBEHHOTO U3Me-
HEeHUsT (PUBUKO-MeXaHUIECKUX CBOMCTB IIEMEHTHBIX OETO-
HOB Jo6aBKaMu cBepxMaibix 103 (0,006—0,042% ot Macchbl
BSDKYILET0), AMCIIEPTMPOBAHHBIX MHOTOCIONHBIX YIJIepO-
HbIX HAHOTPYOOK. [1py 3TOM 3HaUUTENbHOE BIMSIHYE HA 3¢-
(beXTUBHOCTDh MCITOJIL30BAHUS YIJIEPOAHBIX HAHOTPYOOK
OKa3bIBAIOT MX TeoOMeTpudecKue ImapaMeTpel. B padore [4]
MOKa3aHO, YTO HCIIOJb30BaHME MHOTOCIOMHBIX YIJIEPO.I-
HBIX HAHOTPYOOK C pa3HbIM COOTHOIIIEHUEM MEXIy UX ra-
METPOM U JUIMHOM MO3BOJISIET MOJYYUTh TPUPOCT MPOYHO-
CTH LIEMEHTHBIX 1MacT 10 269% B cpaBHEHUU C KOHTPOJIbHBI-
MU 00pa3iaMu.

M3BecTHa paboTa JIMTOBCKUX HccienoBaTenei [5], B Ko-
TOPOW MCIIOb30BAJICSI HAHOMMUCIIEPCHBIN TUOKCHI KpeM-
HUS UTST YAYYIIEHUST CBOMCTB aBTOKJIABHBIX Ta300€TOHOB.
DTU Xe aBTOPHI [6] MPETOXMIN U CTPYKTYPUPOBAHMS
TMIPOCWIMKATOB KajbliMsl B ra3o0eToOHax aBTOKJIABHOTO
TBepAEHUS J00ABIISITh YIIIEPOIHOE BOJIOKHO, HOTIOJTHUTETh-
HO aKTHMBHpOBaHHOEe IMomoioM. PaHee B pabore [7] oHH
YCTaHOBWJIY, YTO BBEICHHE YTJIEPOTHBIX BOJIOKOH B KOJIMYE-
ctBe 0,3% TTOBBICWIIO TPOYHOCTD n&)m CXKaTUU JIJ1s1 ra300€eTo-
Ha cpefHel TUIOTHOCThIO 450 Kr/M° Ha 42%, TIPOYHOCTD IPU
n3rube Ha 143%. ABTOPBI TIPEATTONIOXIIHA, YTO pa3pylIeH-
Hasl TIpY TIOMOJIe TIOBEPXHOCTD YIJIePOIHBIX BOJIOKOH SIBJISI-
€TCS LIEHTPOM KPUCTAJUTM3AlIMY TUAPOCHIIMKATOB KaJIbIISI,
a cchopMupoBaHHasI CTPYKTypa YIyYIIEHHOW KPUCTAJUINY-
HOCTH TTOBBICWJIa HE TOJIbKO MEXaHUYECKUE XapaKTepUCTH-
KU, HO U YJIy4IlIWJIa TEMJI0BOE COMPOTUBICHUE U3ETUA.

Ilpucomoeaenue u anaaus eoouvix oucnepcuii MYHT.
IoBbIIIeHNE MEXaHMYECKUX U TETIOMPU3NIECKUX XapaKTepH-

Structuring binding matrices with carbon nanotubes in
concretes both dense [1] and porous structure [2] has shown
the high efficiency of modifying construction composites
with nanostructured additives. The article by foreign re-
searches [3] shows the possibility of considerable change of
physical and mechanical properties of cement concretes by
means of adding ultra-small doses of dispersed multi-walled
carbon nanotubes, up 0,006—0,042% of the mass of the
binder. The geometric parameters of carbon nanotubes have
a significant influence on the efficiency of their application.
The work [4] shows that using multi-walled carbon nano-
tubes with different ratio between their diameter and length
provides the increase of strength of cement pastes up to 269%
in comparison with the check samples.

There is a well-known work of the Lithuanian research-
ers [5] in which nanodispersed silicon dioxide was used to
enhance the properties of autoclaved cellular concretes. The
same authors [6] suggested adding carbon fiber additionally
activated with grinding in order to structure calcium hydro-
silicates in autoclaved cellular concretes. Earlier they estab-
lished [7] that adding 0,3% of carbon fiber increases the
compressive strength of cellular concrete with the average
density of 450 kg/m?> by 42%, the bending strength by 143%.
The authors assumed that the surface of carbon fiber de-
stroyed while grinding is the center of crystallization of cal-
cium hydrosilicates, and the formed structure with the en-
hanced crystallinity has improved not only its mechanical
properties but the thermal resistance as well.

Preparation and analysis of aqueous MWCNT dispersions.
The mechanical and thermophysical characteristics can be
enhanced by means of modifying macro- and microstructure
of autoclaved silicate cellular concretes by multi-walled car-
bon nanotubes dispersions. The task requires solving two prob-
lems which present the main condition for producing cellular
concrete with the enhanced physical and technical properties.
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CTHUK MOXET OBbITh JOCTUTHYTO MOIU(H-
Kaluei Makpo- ¥ MUKPOCTPYKTYPhI CH-
JIMKATHBIX Ta300€TOHOB aBTOKJIABHOM
00pabOTKM MHUCIEPCUSIMU MHOTOCIION-
HBIX YIJIEPOIHBIX HAHOTPYOOK. It mo-
CTVDKCHUS TIOCTABJICHHOM 3a1aun Heoo-
XOIMMO DEIIUTh ABE TPOOIEMBbI, KOTO-
pBbI€ SBJISIIOTCS OCHOBHBIM YCJIOBHEM I10-
JIy4eHHUsI ra300eToHa ¢ YJIydllIeHHBIMU
(hbU3MKO-TEXHUYECKMMU CBOMCTBAMM.

[TepBast mpobGyieMa cBsi3aHa ¢ MoJTy-
YeHWEeM YCTOMUMBOM AUCTIEPCUU MHO-
TOCJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK
(MYHT) ¢ MakcumaabHBIM pa3zaese-
HUEM HUCXOJHBIX TPaHyJ Ha IUCKpPeT-
Hble BOJIOKHA HAaHOMETPOBBIX pa3Me-
poB. Bropas mpobJyieMa cBsizaHa ¢ paB-
HOMEPHBIM pacrpeneieHueM Yrjiepo-
HBIX HAHOTPYOOK B 00beMe ra300eTOH-
HO cMmecu. BBemeHue pucnepcuu
JNIOJIXKHO o0ecreuynBaTh HeMmocpen-
CTBEHHbII KOHTAKT yIJIEPOJHbIX HAHO-
TPYOOK ¢ THAPATUPYIOLIUM MUHEpaTh-
HBIM BsSKymuMm, npu 3toM MYHT
JTIOJKHBI 00eCTieunBaTh CO3AaHUE MO-
ITUGUITMPOBAHHON CTPYKTYPHl CHJIH-
KaTHOTO Ta300eToHa CO3JaHMeM IIeH-
TPOB KPUCTAUIU3ALUUU KPUCTAIOTUA-
paTHBIX HOBOOOPA30BaHUIA.

[1Ipo6Giema monydeHus yCTOMINBOI
JIACTIEPCUM Ha OCHOBE MHOTOCJIOMHBIX
VIJIEePOIHBIX HAHOTPYOOK pelranach
HCII0JIb30BAaHUEM  KOMMEpPUYECKOTro
npoaykra Masterbatch CW2-45 ¢pan-
LIy3CKOW Koprnopauuu <«Apkemar.
IponykT mpencTaBiasgeT TpaHYIUPO-
BaHHYIO JUCIIEPTUPOBAHHYIO CMECh
MVYHT B cpene kKapOOKCHUIMETWIILIE -
JIOJIO3bI, cojepxaiieil 45% MHOro-
CJIOMHBIX YIJIEPOLHBIX HAHOTPYOOK
(puc. 1, a, 6). Masterbatch CW2-45
MPY MEXaHWIECKOM TIepeMeIInBaHUU C
BOJION TIPEeBPAIacTCsI B MAJIOYCTOMYM -
BYIO TUCIIEPCHUIO C BKIIOYCHUSIMU Ya-

Puc. 1. lMpombiwneHHble 06pasubl yriepoaHbiXx HAaHOTPYGOK C NPUBUTLIMU GYHKLMOHANBbHLIMUN
rpynnamm Ha OCHOBe KapOOKCUAMETUNLENNON03bl U3 cepun Masterbatch CW 2-45: a — o6wmii Bug;
6 - MYHT npun 200000-kpaTHOM yBENMYEHUN

Fig. 1. Industrial samples of carbon nanotubes with grafted carboxymethyl cellulose-based functional
groups from Masterbatch CW 2-45 series: a — general view; 6 — MWCNTs at the magnification of
200000 times
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Puc. 2. PesynbTaThl AMcnepraunn yrnepoaHbix HaHOTpybok Masterbatch CW2-45: a — onpeneneHHble
Ha nasepHoM aHanunaatope Horyba Analyzer LA-950 (yepe3 YeTbipe OHA XPaHEHUS CPefHUI auameTp
yacTtuy cocTaBnsieT 1198 HM); 6 — pacnpeneneHve 4yacTuu, B AMCNEPCUN YINEPOAHbIX HAHOTPYOOK,
onpepeneHHoe Ha nadepHom aHannaartope CILAS 1090 Liquid (4epe3 cemb AHeln XxpaHeHUs)

Fig. 2. Results of dispergation of «Masterbatch CW2-45» carbon nanotubes: a — determined with
Horyba Analyzer LA-950 laser analyzer (after 4 days of keeping the average particle size is 1198 nm);
6 - distribution of particles in dispersion of carbon nanotubes determined with CILAS 1090 Liquid laser

CTUILL MUMKPOMETPOBBIX pPa3MepoB
(puc. 2, a). [l 1OCTKEHUS yCTORY M-
BOW JAMCIEPCHU HEOOXOIUMO UCITOb30BaHUE BBICOKOCKO-
POCTHBIX CMecuTeJieil poTopHoro tuma [§].

IMpuBeneHHBIe Ha PUC. 2, @ JaHHBIE AUCTIEPCUOHHOTO
aHaJIM3a YacTHIl ObLIU TTOJIyYeHbI Ha JIa3epPHOM aHAJIM3aTO-
pe Horyba Analyzer LA-950, KoTopslii criocobeH ornpeze-
JIATh pa3Mepbl KOMITAKTHBIX HEMPOTSIKEHHBIX YaCTHUIL, YTO
MPUBHOCUT TOTPEIIHOCT TIPU YCTAHOBJIEHUU UCTMHHBIX
pa3MepoB YIIIepOIHBIX HAHOYACTHUII B BOMHOW TUCTIEPCUM.

[IpoBeneHHbBIN MapaUIeIbHO aHAINU3 JUCTICPCUIA, TTOTY-
YEHHBIX C MCITOJIb30BAHNEM BBICOKOCKOPOCTHBIX CMECUTE-
seil Ha nazepHoM aHanuzarope CILAS 1090 Liquid, moka-
3aJ1 HAJIMYKME B BOMHOM IUCTIEPCUM KPOME YacTHIl B MUKPO-
METPOBOM JHMalla3oHe M YacTUIl CO CPEIHUM DPa3MepoM
230 am 10 20% ot Bcero oobema. AHanu3 nucnepcuit MYHT
TToKa3ajl HeOOXOANMYIO YCTOMYMBOCTD B TEUEHUE CEMU THE I
TIPUTIPUTOTOBJICHUM Ta300€TOHA BOITBITHO-TTPOMBIIIIEHHBIX
obpasuax U3aesIuii.

Cmpyxkmypa u céoiicmea moouguuuposannozo 2azobemona.
CozepxxaHve MOIU(MUUIMPYIOIIMX MHOTOCIONRHBIX YIJIEPO/I-
HBIX HAHOTPYOOK MPUHMMAJIOCh MCXOIST U3 YCTAaHOBIEHHOTO
3HAYEHUS TIPU MPUTOTOBJICHUY IIEMEHTHBIX TSIKEJIbIX OeTo-
HOB [9] 1 cootBeTcTBOBaNO 0,006% OT Macchl BstKylero. B
HepecueTe Ha Maccy | M3 ra306eToOHA IIPK PACXOJIE BSLKYLIETO
300 kT pacxoa HaHOTPyOoK coctaBu 18 1. Takast romeornaru-
yeckas 1o3a MYHT nomkHa ObITE TP 3TOM paBHOMEPHO

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

analyzer (after 7 days of keeping)

The first problem is connected with producing a stable
MWCNTs dispersion with the maximum splitting of virgin
granules into discrete nanosized fibers. The second problem
concerns the uniform distribution of carbon nanotubes in
cellular concrete mixture. Adding dispersion is supposed to
provide the direct contact of carbon nanotubes with hydrat-
ing mineral binder, while MWCNT are supposed to provide
the modified structure of silicate cellular concrete by means
of forming crystallation centers of crystalhydrate neofor-
mations.

The problem of producing a stable MWCNTs-based dis-
persion was solved by means of «Masterbatch CW2-45» com-
mercial product of «Arekma» French corporation. The prod-
uct is a pelleted dispersed mixture of MWCNT in carboxy-
methylcellulose medium with 45% of multi-walled carbon
nanotubes (Fig. 1, a, 6). Being mechanically mixed with
water, «Masterbatch CW2-45» turns into an unstable disper-
sion with inclusions of micrometer particles (Fig. 2, a). In
order to get a stable dispersion high speed rotor mixers are
required [8].

The data of the dispersion analysis of the particles given in
Fig. 2. a were obtained with Horyba Analyzer LA-950 laser
analyzer that can determine the size of compact non-extend-
ed particles, which leads to some imprecision while assessing
real sizes of carbon nanoparticles in aqueous dispersion.

(CYPONIENIBHBIE

26

deepans 2013 WLATERUATIL)°



Reports of the V International conference

«Nanotechnology for Green and Sustainable Construction», on March 2325, Cairo

pacmpeneieHa B 00beMe ra300eTOHHOM
cMmecu. OgHOPOAHOE pacnpeneaeHue
YacTHUIl BO BCEM 00bEME MPUTOTOBJIEH-
HOIl CMecU Ta300eToHa IOCTUTanioCh
MpU TPEABAPUTETLHOM COBMECTHOM
CMEIIMBaHUM ATIOMMHUEBON CYCIIeH-
3un u gucnepcun MYHT. YuureiBas,
YTO CYCIIEH3MSl aJIOMUHUEBOW IYAPBI
TOTOBUTCSI ¢ ucnoib3oBaHueMm [1AB B
BUIE cyabdaHona, a gucniepcust MYHT
BKJIIOYAET KapOOKCUMETWILIETIONO03Y,
TIpY TiepeMEeITMBAaHUN 3TUX KOMITOHEH-
TOB IOCTUTAETCS TOJyYeHHe OITHOPOI-
HOM, HE MOABEPrarolieiicsa ceIMMeHTa-
LIMM CYCMEeH3UU, KOTOpasi BBOAUTCS B
ra3o0eTOHHYI0O CMECh MpU ee IMepeMe-
IIUBAaHUK B CMECUTEJTE.
CpaBHMTENBHBIN aHAJIU3 MaKpoO-
CTPYKTYPBI TTOP B CMJIMKAaTHOM Tra300e-
TOHE TIOKa3bIBaeT, YTO IpPUMEHEHHE
nucnepcuiit MYHT nozBossier crabu-
JIU3UPOBATh MaKpOCTPYKTYpy, IMpu
5TOM OTMeYaeTcsl Jydyllas OJHOPOJ-
HOCTh TIOp TI0 pa3MepaM, OTCYTCTBHUE
nepkoJjisiunu mop (puc. 3, a, 6), 4TO
HEeM30eXXHO JOJDKHO TTOBIUATh KaK Ha
MPOYHOCTb, TaK U Ha TEIJOTEXHUYE-
CKUE XapaKTepUCTUKHU Ta300eToHA.
MuKpoCTpyKTypa KOHTPOJILHBIX 00-
Ppas3lioB XapaKTepHa MOBBIIIIEHHON HEO -
HOPOIHOCTBIO CTPYKTYPbI MEXITOPOBOM
neperoponku (puc. 4, a, 6), 4To MPUBO-
JIUT K X HU3KOM TIPOYHOCTU U COOTBET-
CTBEHHO K MOHWXXEHHOM MPOYHOCTU U3-
JIeJIUiA 13 Ta300eToHa (CM. TaOIMILy).
Hcxomst U3 CHUMKOB MUKPOCTPYK-
TYpPBl MOIUDUITMPOBAHHOTO Ta300€TO-
Ha MOXHO TPEAIOJIOXUTb, YTO YIJIe-
pPOIHBIE HAHOTPYOKM CJTYXaT LIEHTpaMu
KPUCTANIM3aUMU  TUAPOCUIMKATOB
KaJIbliMsl B TBEPIEIOLIEM razobeToHe U
CTUMYJIMPYIOT (DOPMUPOBAHUE CTPYK-
TYypbl  TBEpPIECIOIIETO HM3BECTKOBO-
CUJIMKATHOTO BSIKYIIETO C BBICOKOM
KPUCTAJTMYHOCTHIO B CPABHEHMH C O€3-
JI00ABOYHBIM KOHTPOJIbHBIM 00pa31ioM.
YIuloTHEHUe M TOBBILLIEHWE KPUCTaI-
JIMYHOCTU HabJTIoaeTcs B CTeHKaX Iop
(puc. 5, a), mIpu 3TOM Hapsiy C Kpu-
crajuimueckumu obpasyrorcs aMmopd-
Hble HOBOOOpaszoBaHus (puc. 5, 6), 1o-
TOJIHUTEIBHO YIUIOTHSIIOIINE U YIIPOY-
HSIIOIIME CTEHKH TIOp B Ta300€TOHE.

[TpoBeneHHbII aHATU3 MUKPOCTPYKTYPbI TOATBEPKAAET
YCKOPEHUE TMApaTallMy U3BECTKOBO-KPEMHE3EMUCTOrO B~
KYIIETO C TOCTIeAYIoIUM (OPMUPOBAHUEM TUIOTHBIX KPH-

L. L i WA AR R, s |
Puc. 3. MakpocTpykTypa nop B raso6etoHe npu 50-kpaTHOM yBennyeHun: a — 6e3 gucnepcun MYHT;
6 — moaudunumpoBaHHom aucnepcuen MYHT

Fig. 3. Pore macrostructure of cellular concrete at the magnification of 50 times: a — without MWCNTs
dispersion; 6 — modified with MWCNTSs dispersion

Puc. 4. MuKpoCTpykTypa MEXNOpOBON MNeperopoaks B KOHTPOSbHOM o6pasue rasobeToHa:
a — obwwmin Bug, npy 1000-kpaTtHOM yBennyeHnu; 6 — pparmeHT ckona npu 5000-kpaTHOM yBEIMYEHUN
Fig. 4. Microstructure of interporous wall in the check sample of cellular concrete: a — general view at
the magnification of 1000 times; 6 — spall fragment at the magnification of 5000 times

2R A E o PR
Puc. 5. MukpocTtpykTypa razobetoHa, moanduumpoBaHHoro aucnepcuein MYHT: a — obwmii Bug,

mMexnopoBoli neperopogku npu 1000-kpaTHOM yBenuyeHun; 6 — dparMeHT MUKPOCTPYKTYPbl CO
CMyTaHHO-BONOKHUCTLIMW HOBOOGPa3oBaHusamu npu 10000-kpaTHOM yBEIMHEHUN

Fig. 5. Microstructure of cellular concrete modified with MWCNTs dispersion: a — general view of
interporous wall at the magnification of 1000 times; 6 — fragment of the microstructure with entangled
fiber neoformations at the magnification of 10000 times

The parallel analysis of dispersions produced by means of
high speed mixers with Liquid CILAS 1090 laser analyzer has
shown the presence of up to 20% of medium-sized particles of
230 nm except the particles of a micrometer range in the aque-

MPOYHOCTL NPK CXaTUK B CYyXOM KoadduupmeHT TennonpoBogHOCTY,
TMNOTHOCTb B CYXOM COCTOSIHIM, Kr/M® coctosHum, MMa BT1/(m:°C)
Density in the dry state, kg/m® Compressive strength in the dry Thermal-conductivity coefficient,
HavnmeHoBsaHve nsnenus, o
state, MPa Watt/(m-°C)
[laTa 3a/MBKU
Denomination of product, Wanenve ¢ Iéla dunuane WNanenve ¢ Ha ¢unvnane WNanenve ¢ Ha ¢unnane
date of castin 916 Ne 822 346 Ne 822 396 Ne 822
Y HaHOTPyOKamm HaHOTpyOKamm HaHOTpybkamu
) In the branch of . In the branch of . In the branch of
Product with Product with Product with
nanotubes Cellular Concrete nanotubes Cellular Concrete nanotubes Cellular Concrete
Plant Ne 822 Plant Ne 822 Plant Ne 822
Bnok D500 13.06.2012.
Block D500 13.06.2012 544 530 2,5 2,3 0,117 0,106
MaHenb H 15-14-7722.11.2012r.
Panel H 15-14-7122.11.2012 590 548 5 38 0,123 0.119
(% PONTEIIBHBIE HAy4HO-MexXHU4eCcKUil U npou3e00CMEeHHbLI HCYPHAA
WEEVIAYID!S pespanv 2013 27
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MypoBaHue HOBOOGDaBOBaHMﬁ MOBbILLIEHHOW NAIOTHOCTU; 6 — KOMGMHVIDOBaHHaH CTPYKTYpa, BKKYato-
was 6510k NNacTUHOK rmpgpokcmnaa Kanbuus, KpUcTtaaioB rmapocuUinkaTtoB Kanbuus u aMOpq)Hble

HOBOOOpa3oBaHUs

Fig. 6. Microstructure of cellular concrete modified with carbon nanotubes: a -the forming of
neoformations of increased density; 6 — a composite structure including blocks of calcium hydroxide

plates, calcium hydrosilicate crystals and amorphous neoformations

ous dispersion. The analysis of MWCNTSs
dispersions has shown the required stabil-
ity within 7 days during the preparation
of cellular concrete in the experimental
industrial product samples.

Structure and properties of modified
cellular concrete. The content of modify-
ing multi-walled carbon nanotubes was
taken up considering the set value for
preparing cement heavy concretes [9]
and was 0,006% of the mass of the bind-
er. In terms of the mass of 1 m? of cellu-
lar concrete at the consumption of
300 kg of the binder the consumption of
nanotubes was 18 g. This homeopathic
dose of MWCNTs should be uniformly
distributed in the volume of cellular con-
crete mixture. The uniform distribution
of particles in the prepared cellular con-
crete mixture was due to the preliminary
mixing of aluminum suspension and
MWCNTs dispersion. Taking into ac-
count the fact that aluminum powder
suspension is prepared with the surfac-
tant of sulphanol and MWNTs disper-
sion has carboxymethylcellulose, mixing
these components provides a uniform
not exposed to sedimentation suspension
which is added in cellular concrete mix-
ture while its stirring in a mixer.

Puc. 7. HoBoo6pa3oBaHua aMOpPdHO CTPYKTYpPbl B ra306eToHe, MOAUPULMPOBAHHOM MHOIOCION-
HbIMMW YrNepoaHbIMU HAHOTPYOKaMK: @ — YaCTUHHO 3aKPUCTaNNIN30BaHHbIA TOGEPMOPUTOBLIN resb;
6 — rMApoOCUMNNKaThl KanbLUus B CO4ETaHUN C TOOEPMOPUTOBBLIM renem
Fig. 7. Neoformations of amorphous structure in cellular concrete modified with multi-walled carbon
nanotubes: a - partially crystallized tobermorite gel; 6 — calcium hydrosilicates combined with
tobermorite gel

Covses o o
- e T e

The comparative analysis of pore
macrostructure in cellular concrete
shows that the use of MWCNTs disper-
sions stabilizes macrostructure, at the
same time there is better uniformity of
pores according to their size, a lack of
pore “percolation” (Fig. 3, a, 6), which
inevitably affects both the strength and
the thermotechnical properties of cellu-
lar concrete.

The microstructure of the check
samples has the increased inhomogene-
ity of the interporous wall structure
(Fig. 4, a, 6), which leads to their low
strength and correspondingly to the de-
creased strength of products made from
cellular concrete (Table).

The images of the microstructure of
modified cellular concrete let us assume

Puc. 8. MukpocTpykTypa razobeTtoHa, MoanduLmMpoBaHHOro yriepoaHbiMy HaHOTpyGKamu: a — dpar-
MEHT CTPYKTYPbl MEXMNOPOBOM Neperopoakun; 6 — yrnepofHble HaHOTPYOKM (OTMEYEeHbl CTPEesikoit),

MOKPbITbIE C/I0EM T'MOPOCUNINKATOB KasibLUUS

Fig. 8. Microstructure of cellular concrete modified with carbon nanotubes: a — fragment of interporous
wall structure; 6 — carbon nanotubes (marked with the arrow) coated with a layer of calcium

hydrosilicates

CTAJIZINYECKUX OJOKOB (pHC. 6, @), COCTOSIIMX U3 IUIACTH-
HOK TMApokcuaa Kaiblus. [Ipu aTom ob6pasyeTcs KoMOu-
HUpOBaHHas CTPYKTypa, BKJIIOUalias OJIOKU TUIACTMHOK
TUIPOKCHIA KaJIbIUsl, UTOJBYATHIX KPHMCTAJIOB THIPOCH-
JINKATOB KaJIbIIMsI, OKYTaHHBIX aMOPGHBIMI HOBOOOpa3oBa-
Husmu (puc. 6, 6; 7, au 8, a).

Ponb amopHOIT CTPYKTYpBI, KOTOpasi OTMEUYeHa IMPU UC-
CJIeIOBaHUY MUKPOCTPYKTYPhI, CBOIUTCS K ABYM ACHCTBYIO-
muM ¢akTopaMm: B MpPoOLIecce CTapeHUs] TOOEPMOPUTOBBII
reJib KpUCTAJLIM3YeTCs ¢ (pOpMUPOBaHVEM TUAPOCUIIMKATOB
Kaibius (puc. 8, 6); B TO Xe BpeMs aMOpdHbIe HOBOOOPa30-
BaHUS YIUIOTHSIIOT CTPYKTYPY MEXKITOPOBBIX TIEPETOPOIOK B
razo0eToHe, MOBBIIIAs MEXaHUIECKYIO0 TPOYHOCTD U3IETUN.

Hccrnenyemast cTpyKTypa BKJIIOYAET TakKKe OIMHOYHbIE
CIyTaHHbIe YTJIEPOAHblE HAHOTPYOKH, IMOKPBITHIE CJIOEM
TUAPOCUIINKATOB Kayblius (puc. 7, 6). Usmenenus mopdo-

HAYYHO-MEXHUYECK ULl U NPOU3B00CmeerHbll JeypHar  (Cx [POVIE

that carbon nanotubes serve as centers
of crystallization of calcium hydrosili-
cates in hardening cellular concrete and
stimulate the structure forming of hard-
ening lime-silicate binder with high
crystallinity in comparison with the
plain check sample. Densification and increase of crystallin-
ity are observed in the pore walls (Fig. 5, a), at the same time
along with crystalline neoformations amorphous ones appear
(Fig. 5, 6) that provide additional densification and strength-
ening of the pore walls in cellular concrete.

The conducted analysis of the microstructure confirms
the acceleration of hydration of silica-lime binder followed
with the formation of dense crystalline blocks (Fig. 6, a) con-
sisting of calcium hydroxide plates. At the same time a com-
posite structure appear which includes blocks of calcium hy-
droxide plates, calcium hydrosilicate acicular crystals coated
with amorphous neoformations (Fig. 6, 6; 7, a and 8, a).

The role of amorphous structure noticed during the study-
ing of the microstructure comes to two factors: during the
aging process tobermorite gel crystallizes with calcium hydro-
silicates formed (Fig. 8, 6), at the same time amorphous neo-

2Jlorlul2
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JIOTUM HOBOOOPA30BaHUIM TIPUBOISAT K CYIIICCTBEHHOMY I10-
BBIIIIEHWIO MEXaHUYECKOM MTPOYHOCTH aBTOKJIABHOTO Ta30-
06eToHa, MOAUG(DUIIMPOBAHHOTO CBEPXMAaJIbIMU KOJIMYECTBA-
MM HaHOTpYyOoK (B mpenenax 0,006% ot macchl M3BECT-
KOBO-KPEMHE3EMHUCTOTO BSIKYIIIETO).

Moaudukaiius aBTOKIaBHOTO ra300eToHa aucTiepcuei
MHOTOCJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK YCKOpSIET TPO-
1IeCChl TUApATAllMU M3BECTKOBO-KPEMHE3EMUCTBIX CMeceil
IIpU 3aIlapke B YCIOBHUSIX aBTOKJIABHOI 00pabOTKM.

B mnpouecce dhopMUpoBaHUSI CUIMKATHOTO KaMHsS B
MEXIIOPOBBIX TEPEropojKax razob0eToHa odpas3yeTcsi KOM-
OMHMPOBAHHASI CTPYKTYpa, BKIIOYAIOIIas OJOKW IIJIACTH-
HOK THIPOKCHIA KaJbLIWsI, UTOJbYAThIX W TIACTUHYATHIX
KPUCTAJUIOB TMIPOCHIIMKATOB KaJIbIIVsl, OKyTaAHHBIX aMOPd-
HBIMM HOBOOOpPa30BaHUSIMU, KOTOPbIE CIIOCOOCTBYIOT YBe-
JIMYEHUIO TUIOLIAAN KOHTAKTOB MEXIY KPUCTAJUIAMU U CHU-
>KEHUI0 00beMa MOop B CTPYKTYPE BSKYILE MaTPUIIbI.

I'uapocunukaTel KajiblMsl MOBBIIIEHHOW TMJIOTHOCTH
(bopMHpYIOT MPOCTPAHCTBEHHBIN KapKac, oOecreunBalo-
WA cO3MaHNe aBTOKJIaBHOTO Tra300€TOHA C yIyqIIeHHbBIMU
(bu3UKO-TEeXHMYECKMMM CBOMCTBAMU: TIOBBILIEHWE IMPOY-
HOCTH U3IEJNi Ha cxaThe mocturaeT 6onee 30%, obecrme-
yuBaeTcsl 0ojiee OMHOPOAHAsI, paBHOMEPHAsI TI0 pa3Mepam
CTPYKTYpa Mop 6e3 NePKOISIIUU U CXJIAbIBAHUSI.

KunroueBble cioBa: mMH020CA0LIHbIE YenepoOHble HaHOmMpYO-
KU, ea300emoH agmokAaHo20 npou3eodcmea, 2udpoCuluKa-
Mol Kaablyyusa, Mopgoaoeus HO8000pPaA308aHUIl.
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formations densify the structure of interporous walls in cellu-
lar concrete increasing the mechanical strength of products.

The structure under study also includes single entangled
carbon nanotubes coated with a layer of calcium hydrosili-
cates (Fig. 7, 6). The changes in the morphology of neofor-
mations lead to a significant increase of the mechanical
strength of autoclaved cellular concrete modified with ultra-
small amount of nanotubes (within 0,006% of the mass of the
lime-silica binder).

Modifying autoclaved cellular concrete with multi-walled
carbon nanotubes dispersion accelerates the hydration pro-
cesses of lime-silica mixtures while steaming during auto-
clave treatment.

In the lime stone formation process a composite structure
is formed in interporous walls of cellular concrete, which in-
cludes blocks of calcium hydroxide plates, acicular and plate
crystals of calcium hydrosilicates coated with amorphous
neoformations that facilitate the increase of the contact area
between the crystals and the decrease of the pore volume in
the binding matrix structure.

Calcium hydrosilicates of the increased density form a
space frame that provides autoclaved cellular concrete with the
enhanced physical and technical properties: the compressive
strength of products exceeding 30% and a homogeneous uni-
form in size pore structure without percolation or collapsing.

Keywords: multi-walled carbon nanotubes, autoclaved cel-
lular concrete, calcium hydrosilicates, morphology of neofor-
mations.
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CunHTe3 n nccnegoBaHmne HaHoOpPa3MepPHoOU
A00aBKu O151 NOBbILLEHUS YCTONYNBOCTU NEH
Ha CUHTeTU4YeCKUx neHoobpas3oBarTessx

)11 NeHobeToHOoB ™

Development and research of a nanodimensional
stabilizer additive for foams based
on synthetic foamers for foam concretes'

BHeapeHre HAHOTEXHOJIOTUH B CTPOUTENBHOE MaTepra-
JIOBEICHUE OCYILIECTBISIETCSI TIPEXIe BCEro IMOCPEeICTBOM
BBEJCHUS B MaTepuaj Pa3IMYHBIX MEePBUYHBIX HaHOMAaTe-
puasioB, TakKuX Kak (yJUIepeHbl, yIIepoaHble HAaHOTPYOKH,
HaHOKpeMHe3eM, acTpaJIeHbl, a TAKXKe 30J1ei.

Hcronb3oBaHue 305ieil MMeeT MPEUMYINeCTBO M3-3a
PaBHOMEPHOCTHU paclpeie/ieHusT HAaHOYacTUIl B 0ObeMe
cpenbl-HocUTeNs. B TexHOOrMM MeHOOETOHOB ISl TTOBBI-
IIEHUS YCTOMYUBOCTY MEH, yBeIUYEHUs apONpOHULIAeMO-
CTU ¥ TIOBBILIEHUS TIPOYHOCTHBIX XapaKTePUCTUK UCITOJb-
3YIOT 30JIb KPEMHHUEBOUW KUCJOTHI [1], a Juisl MOBBILIEHUS
MMPOYHOCTU, MOPO30CTOMKOCTU M CHYDKEHUST UCTUPAEMOCTH
PEKOMEHIIyeTCSl MCIIONIb30BaHUE 30151 TUAPOKCUIA XKeJle-
3a [2] KaK cOCTaBHOI YacTu 100AaBKU K GETOHAM Pa3IMuHO-
ro Ha3HAYEHMUSI.

YKa3zaHHbIe 3011, 0€3yCTOBHO, UMEIOT OYEBUIHBIE TIPe-
HAMYILIECTBA MO MNPUYMHE PACIPOCTPAHEHHOCTU U JOCTYII-
HOCTH, 2 COBMECTHOE MX UCITOJIb30BaHWE TIPUBOIUT B BO3-
HUKHOBEHMIO CHHEePreTUYeCcKoro 3¢ gexra.

TpanuIIMOHHO CUHTE3 30JI51 KPEMHMEBOM KUCIOTHI OCY-
LIECTBIISIETCS] TyTEM 100aBIEHUSI HEOPTaHUYECKUX KUCIIOT B
pPacTBOp THAPOCUIIUKATOB HATPUS WIM MX MPOMYCKaHUEM
yepe3 MOHOOOMEHHYI0 KOJOHKY [3]. PaspaGoraH HOBBIN
CITOCO0 TOTYYEHMS 307151 KPEMHUEBOM KUCIOThI, KOTOPBI
OCYIIIECTBJISIETCS TIOCPEACTBOM BBEIEHMS B 30JIb TMIPOKCH-
Jla XeJjie3a IOCTYITHOTo IpeKypcopa — TMAPOCUIMKATOB Ha-
Tpusi. OO6pa3oBaHue 30J151 KPEMHUEBON KUCIOTHI MPOUCXO-
AT TIPY XUMUYECKOM CBSI3BIBAHUU MOHOB HATpUsl, CTaOM-
JIU3UPYIONIUX KPEMHEKHMCIOPOAHBIM KapKac BOXHBIX pac-
TBOPOB TUAPOCUINKATOB HaTpus (puc. 1). XmMmdeckoe
CBSI3BIBAHME TTOJOXUTENILHO 3apsIKEHHBIX MOHOB HATpHUSI
peayM3yeTcs 3a CYeT UX B3aMMOMAEUMCTBMS C OTPULATENILHO
3apsKEHHBIMU HAaHOPa3MEPHBIMM YacTUIIAMU 30Jis1 THIPO-
KCUa Xeses3a.

YkazaHHas TUTIOTe3a MPaKTUYeCKU MOATBEePKIAeTCs yBe-
JIMIeHUEM pa3Mepa YacTHI] TUAPOKCHIA XKeJie3a ITPU UCTTOJTb-
30BaHMM CTEXMOMETPUUYECKOTO KOJIMYECTBA MOHOB HATPHS

* INpu noxnepxxe rpanta [pesunenta PO M/1-6090.2012.8.

Realization of nanotechnology in materials science is car-
ried out first of all by means of injection in a material of vari-
ous primary nanomaterials, such as fullerenes, carbon nano-
tubes, nanosilicon dioxide, astralenes, and also sols.

Application of sols has advantage due to the uniform dis-
tribution of nanoparticles in volume of carrier medium. In
foam concretes technology for the purpose of foams’ stability
increase, increase in vapor permeability and increase of
strength characteristics sol of silicon acid can be recom-
mended [1], and for increase of durability, frost resistances
and decrease in an abradability sol of iron hydroxide can be
used [2], as a constituent of an additive to concrete of differ-
ent function.

Puc. 1. Mogenb CTPpyKTypbl ABYXKOMMOHEHTHOM HaHOPa3MepHo fo6aBku
Fig. 1. Model of the structure of two-component nanoscale admixture

! Supported by Grant of President of Russian Federation MD-6090.2012.8.
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B cpeaHeM OT 6,510 8,5 HM mpu KOH- 4 101,,---—--*'1
pentpauuu 3018 0,17—0,5%. Taxxe
yBeJIMYeHUe nuaMeTpa yactuil B 1,1 paza 91
YCTaHOBJICHO TIPY BBEAEHUN MEHBIIETO 9
KOJIMYECTBA TMAPOCUIMKATOB HATPHs, a
TIPY UCTOJB30BaHUN THIPOCUINKATOB
HaTpus B 1,5 pasa OoJbllle CTEXHOME-
TPUUYECKOTO KOJIMYECTBa AUaMETp yBe-
JIMYrBaeTcs B 2 pasa (puc. 2).
CTabUIbHOCTb 30151 KPEMHUEBOM 74
KUCJIOTHI OMpeAeNsaeTcs KOJUIeCTBOM
HCIIOJIb3yEMOT0 pacTBOpa TUAPOCHIM-
KaTOB HATpPMSI, a TAKXKE ero KOHILIEHTpa-
uueit u moaysneM. M3BecTHbIe TaHHbBIE 5 |
0 CKOPOCTH TIOJMKOHAEHCAIIMN YKa3bl-
BalOT, YTO CKOPOCTb BTOro IMpoilecca
onpenensiercss 3HadyeHueM pH cucte-
MBI, HO 3KCHEepUMEHTAJbHBIE JaHHBIE

84
8 4
7 4

Lvametp, HM
Diameter, nm

K. Okxepce, K. Toro, I'.Oxkamoro, 2
T. Okypa, I'.b. Anekcanzepa [3] u npy-
I'MX McclenoBaTesiell MPOTHBOPEUUBbI: 4.

MakcuMajbHasi CKOPOCTb IOJUKOH-
neHcauuu Bapbupyercss or pH=2 no
pH=9, uTo cBUAETENBCTBYET O CIIELIU-
(buaHOCTM TIOBEIEHUST CHCTEMBI B 3a-
BUCUMOCTH OT CIIOcO0a ee MOTydeHUs
U KoHUeHTpaiuu. OnHako aBTopamu
yKa3bIBaeTCsl, YTO MUHUMAJIbHAsI CKO-
POCTb TTOJIMKOHACHCALIM KPEMHUEBOM 9
KUCJIOThl COBIMANAET C U303JEKTpUUe-
cKuM mHTepBaiom pH=2,2.
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M3MeHeHus BI3KOCTU TaKOi HAHO- 0,17 0,2
pasMepHOii 100aBKM TpUBEAEHBI Ha
puc. 3.

AHaJIU3 pe3yIbTaTOB MCCIIeI0BAHUS
BSI3KOCTM HaHOpa3MepHOW JT06aBKH
MPU KOHIICHTpALUK 30J1s1 THMIPOKCHUIA
xene3za C=0,17—0,5% mokasbIBaeT, UToO
B CHCTeMe He HaOaromaeTcsl rejeodpa-
30BaHus (resieobpazoBaHue HabIOMA-
eTcs Mpu BsA3KocTu okoso 9 mlla-c), ee
BO3MOXXHO TPaHCIIOPTHPOBATh Ha 00b-
ekThl ctpoutenbeTBa U KBW mns mc-
TMTOJIb30BAHUST B Ka4eCTBe MOOABKU ISt
KOHCTPYKIITMOHHBIX OETOHOB.

PesynbraThl McciieqoBaHus CTaOMJILHOCTH HaHOpa3-
MepHO M00aBKU IMOKA3bIBAIOT, YTO MPHW KOHLEHTPALIUU
30J1s1 TUIpoKcuaa xeesa 6onee 0,66% reireobpazoBaHue
KPEMHHEBOI KUCIIOTHI IIPOUCXOANT B T€UCHUE CYTOK U Me-
Hee, YTO 00yCJIOBJIEHO BeanunHoi pH 1 KoHIeHTpauuei

0,25 0,

KoHueHTpauus, %
Concentration, days

Ta6nuua 1
3HaueHune o, / o Value pH
0 1,4
11 4,84
1,2 6,81
1,3 8,07
1,4 8,83
1,5 9,18
1,6 9,55
1,7 9,74
1,8 9,83
1,9 10,02
2 10,09

MpumeuaHue. pH ykazaHbl Nnpy Temnepartype pacteopa 28°C.
Note. pH are for solution’s temperature 28°C.
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Puc. 2. KuHeTrka nameHeHusi paamepa 4acTuL, ABYXKOMINOHEHTHOWM HaHOpPa3MepHo fo6asku (onpe-
neneHve nposoaunun Ha ZetaTrac (CM. www.nocnt.ru): @ — KOHTPONbHbIN cocTas; b — a=0,5; ¢ — a=1;
d-o0=1,5. o — MaccoBas [0 XUAKOro CTeksia, BBOAMMOrO B 30J1b F’MAPOKCUAA Xene3a, 0T CTEXMOMET-
PUHECKOro KOMMYECTBA, PACCYMTAHHOIO MO KONYECTBY KATMOHOB HATPWS, CBA3bIBAEMbIX aHNMOHAMM
xnopa aacopOUMOHHBIM U AN EDY3MOHHBIM CIOSIMU MULLENIIBI TMAPOKCUAA Xenesa

Fig. 2. Kinetics of a dimensional change of particles of a two-component nanodimensional additive
(measurements carried out on ZetaTrac (see www.nocnt.ru): a — reference mixture; b — a=0,5; ¢ - a=1;
d-o0=1,5. a — mass ratio of water glass injected in iron hydroxide sol (found for stoichiometric quantity,
which, in turn computed taking into account the amount of sodium cations bound with chlorine anions
in adsorptive and diffusive layers of iron hydroxide micelle)

The specified sols certainly have obvious advantages be-
cause of availability. Simultaneous use of sols brings the syn-
ergistic effect in emergence.

Traditionally synthesis of sol of silicon acid is carried out
by means of mineral acids addition in solution of sodium
hydrosilicates. Another well known way of synthesis is to
pass the aforementioned components through an ion-ex-
change column [3]. We have developed the new way of sili-
con acid sol’s synthesis. The synthesis is carried out by
means of injection of an available precursor — sodium hy-
drosilicates — in iron hydroxide sol. Formation of silicon
acid sol occurs during chemical binding of sodium ions sta-
bilizing of silicon-oxygen framework of aqueous solutions of
sodium hydrosilicates (fig. 1). Chemical binding of posi-
tively charged sodium ions is realized by means of their in-
teraction with negatively charged nanodimensional particles
of sol of iron hydroxide.

The specified hypothesis is practically confirmed by
observed increase in particle size of iron hydroxide when
using stoichiometric quantity of sodium ions. The average
size increased from 6,5 nanometers to 8,5 nanometers at
concentration of sol 0,17—0,5%. There is also the increase
in diameter of particles by 1,1 times occurs during injec-
tion of smaller amount of sodium hydrosilicates, and when
using sodium hydrosilicates in concentration 1,5 (com-
pared with stoichiometric quantity) the diameter increases
twice (fig. 2).
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Puc. 3. KnHeTka n3MeHeHust KNHETUYECKOW BA3KOCTU OBYXKOMMOHEHTHOM HaHopa3mepHol A06aBku: a — KOHTPOJbHbIA cocTas; b — a=0,5; ¢ — a=1;

d-a=1,5; - npu C=0,17%; O - npu C=0,33%; A — npu C=0,5%.

Fig. 3. Kinetics of variation of kinematic viscosity of two-component nanoscale admixture: a — reference mixture; b — a=0,5; ¢ — a=1; d - a=1,5; <> - for

C=0,17%; 0 - for C = 0,33%; A - for C=0,5%.

30JI KpeMHMEBOM KUCIOTHI [4]. Takyio cucreMy Liejieco-
00pa3HO UCTIOIb30BaTh AJIS1 CTAOWIM3ALMU TIeH JUIs1 IEHO-
0€eTOHOB, YTO 00OCHOBAHO OCOOEHHOCTSIMU TeXHOJOornu. B
OTJIMYME OT HU3KOKOHIIEHTPUPOBAHHBIX CUCTEM BBEICHUE
B Takve HaHOpa3MepHble nobaBku [1AB He mpuBOAUT K KO-
aryJasiiuy, 9TO MOXHO OOBSICHUTH CICAYIOIIMM OO0pa3oM.
IIpu yBeaMYeHNM KOJWYECTBA reisi KPeMHUEBOM KUCIOTHI
OH CTaOWJIM3UPYET 30J1b TMAPOKCUAA XKeJle3a, MPEMSITCTBYS
arperaiuy MULEJUT 30J151 TUAPOKCUAA XeJle3a U TPUCoeI -
HeHMIo aHMOHOB [TAB K moyioxXnTeIbHO 3apsSKeHHBIM MU-
uesnaMm [4]. Beenenue ITAB npuBoauT K yBeJIMYEHUIO CKO-
poctu reineobpa3oBaHus u3-3a udMeHeHuss pH (tabm. 1).
3aBUCUMOCTbh HOCUT 9KCTPEMaJIbHBIN XapaKTep, YTO CBs3a-
HO M3HAYaJlbHO C YBEJIMYEHUEM KOJMYECTBa KPEMHMEBOI
KUCJIOTHI, a 3aTeM €€ PacTBOPEHUEM B CUJILHOUIEJIOYHOM
cpene. AHanus Tabj. 1 1 2 moKa3blBaeT, YTO MUHUMAaJIbHBII
cuHepe3uc Habmopaercs npu pH 1o 9. 1o cooTBeTCTBYET
pe3yJbTaTaM ucciaenoBaHus BIusHus pH Ha cKopocTh 1o-
JIMKOHAeHcAUuu [3] U oOBSICHSIETCSI CHUXXEHUEM KOHIIeH-

Ta6nuua 2
MeHoobpa3oBaTesb 3HaueHue Q. YcTonumeocTb, %
Foaming agent o Value Stability, %
KOHTpONLHLIN 80,23
Reference

1,12 82,17
1,22 84,88

Apekom 1,25 100

Arecom

1,48 97,83
1,62 94,56
1,77 84,13
2 78,92

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN g POVIIED]

Stability of silicon acid sol depends on amount of solu-
tion of sodium hydrosilicates, and also on concentration
and the module of sodium hydrosilicates. Known informa-
tion concerning the speed of polyfunctional condensation
specify that the speed of this process rely on pH value in
system. At the same time, experimental results obtained by
K. Okkerse, @ Gotha K., Okamoto G., OkuraT.,
Alexander G.B. [3] and other researchers are inconsistent:
the maximal speed of polyfunctional condensation varies
from pH=2 to pH=9 that testifies to specificity of behavior
of system depending on a way of its synthesis and concen-
tration. However authors specify that the minimum speed of
polyfunctional condensation of silicon acid coincides with
an isoelectric interval pH=2,2.

Kinetics of variation of kinematic viscosity of two-com-
ponent nanoscale admixture is shown on fig. 3.

The analysis of results of research of viscosity of a
nanodimensional additive at concentration C=0,17—0,5%
of sol of iron hydroxide shows that there is no gelation in
system (gelation is observed at viscosity about 9 mPa-s).
Thus, it is possible to transport the system to construction
objects and concrete goods for use as an additive for con-
structional concrete.

Results of research of stability of a nanodimensional ad-
ditive show that at concentration of sol of iron hydroxide
more than 0,66% gelation of silicon acid happens within a
day and less. This is caused by pH value and concentration
of sol of silicon acid [4]. It is expedient to use such system for
stabilization of foams for foam concretes that is caused by
today technology. Unlike low concentrated systems injec-
tion of surfactants in such nanodimensional additives does
not lead to coagulation. It is possible to explain this as fol-
lows. With the increase in amount of gel of silicon acid it
stabilizes sol of iron hydroxide, interfering with aggregation
of micelles of sol of iron hydroxide and accession of anions
of surfactants to positively charged micelles [4]. Injection of
surfactants leads to increase of speed of gelation because of
change in pH (table 1). Dependence has extreme character
that is initially caused by increase in amount of silicon acid,
and then by dissolution in strongly alkaline condition. The

arl=)E
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TpalMi HEAUCCOUMUPOBAHHBIX CUJIAHOJBHBIX TPYMIl Ha
IMOBEPXHOCTU 3apOJIbIIIEN U POCTOM CKOPOCTU AECTIOIUME-
pu3zanuu |[3].

Takum obpazom, pa3zpaboTaH CIOCOO MOJTYYSHUS IBYX-
KOMITOHEHTHOTO 30J151 KPEMHUEBOU KUCJIOTHI B Cpelie, CO-
nmepxamieil HaHodacTuipl. [lokazaHa cTaOMJIBHOCTE ITOJTY-
YaeMOro 30Ji11 KPEeMHUEBOW KHUCJIOTHl M HEBBICOKAsI CKO-
pPOCTb arperupoBaHusi MOAUMDULIMPOBAHHBIX YACTHUIL 30JIs1
ruapokcuaa xesnesa (111) mpu ero HU3KUX KOHILIEHTpALIsX,
HCCIIEN0BAHO U3MEHEHUE BSI3KOCTU MPU YBEJIUYEHUU KOH-
LIEHTPAIMK 30151 TUAPOKCUIA XKejle3a U nmokKasaHa 3pdek-
TUBHOCTb TIPUMEHEHUS 30J11 KPEMHUEBOM KUCJIOTHI B Cpe-
Jie, coaepKalleil HAHOYaCTULIbI, B CTPOUTEIbHOM OTPaC/IH.

KuoueBble ciioBa: HaHouacmuypl, 304b eUOpoKcuoa jcene-
3a, 301b KpPeMHUegoll Kuciomel, eeneobpaszosanue, heHd,
YCMOUu4U80CMb.

Cnucok 1uTeparypbl

1. Tlatent Ne 2393127 KomrmiekcHasi fob6aBKa Juisl IEHO-
o6etonHoit cmecu / JI.b. Carobckasi, A.M. CbhblueBa,
H.H. EnuceeBa 3asiBuTeqb M mnaTeHTOOOJIagaTesb:
®dIroy BIIO Iletepbyprckuii TocynapcTBeHHBIN YHH-
BepcuTeT mmyTeit coodbienust. Omyo6a. 27.06.2010.

2. Ceamosckas JI.b., Coiuesa A.M., Eauceesa H.H. I1oBBI-
IIEHWE KayecTBa HEABTOKJIABHOTO OeTOHa 100aBKaMu
HaHopa3Mepa // HaHOTeXHOJOrMUM B CTPOUTEJLCTBE.
Ne 1. 2011. C. 50—62.

3. Illabanosa H.A., Capkucoe I1.J]. OCHOBBI 30J1b-T€JIb TEX-
HOJIOTUM HaHoAucmnepcHoro kpemHesema. M.: UKI]
«AkaneMkHura», 2004. 208 c.

4. Tpuwuna A.H., Koposes E.B. DddekTuBHast HaHOpa3Mep-
Hasl 100aBKa, MOBBILIAIONIAS YCTOWYUMBOCTD TEH TS Tie-
HoOeToHOB // BectHuk MI'CY. 2012. Ne 10. C. 159—165.

CTPOHIPOI'PECC

JHEPTOPECYPCOCBEPEXKEHHE B CTPOHTENBCTBE H 2KKX
TI0ZKAPHAA BE3O0ITACHOCTE B CTPOHTEIILCTBE

OEPEBO M METAIILI B-CTPOUTENILCTBE

JOPCTPOHTEX. OOPOrH H MOCTBI

JIH$TEI

analysis of tables 1 and 2 shows that the minimal syneresis is
observed at pH less then 9. It corresponds to results of re-
search of pH influence on the speed of polyfunctional con-
densation [3] and is explained by lowering of not dissociated
silanol groups at a surface of nuclei and increase of speed of
a depolymerization [3].

Thus, the method of synthesis of two-component sol of
silicon acid in the environment containing nanoparticles is
developed. Stability of synthesized sol of silicon acid and low
speed of aggregation of the modified particles of sol of iron
(ITT) hydroxide is shown at its low concentration, viscosity
change is investigated at increase in concentration of sol of
iron hydroxide and effectiveness of application of sol of sili-
con acid in the environment containing nanoparticles in
construction is shown.

Keywords: nanoparticles, sol of iron hydroxide, silica sol,
sol forming, foam, stability.
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Pa3nn4unsa B popmMmupoBaHNn CTPyYKTYpPbI
rurcoBOro BsKyLlero, Mogn@puunpoBaHHOro
yrnepoaHbIMy HAHOTPyOKaMu 1 N3BECTbIO

Differences in forming the structure of gypsum
binder modified by carbon nanotubes and lime

CBoIiCTBa I'MIICOBBIX MAaTEPUAIOB BO MHOTOM OTIPEIEIsi-
IOTCS COCTOSIHMEM U CTPYKTypoit Matpuiubl. Jlo6aBKu 4a-
CTHUI[ C HAHOMETPOBBIM Pa3MepoM 00JIaalT BHICOKOM Mo-
BEpPXHOCTHOI 3HEpTrhel M XMMHUYECKON aKTUBHOCTBIO W
OKa3bIBAIOT 0oJiee CWIbHOE BIUsSIHUE Ha (OPMUPOBaHUE
CTPYKTYPbI TPAHUYHBIX CJIOEB MUHEPaJIbHBIX MaTpull. Tak,
WCTIOJIb30BaHVE HAHOYACTUIL B OJUMEPHBIX MaTpUIIax Mo-
3BOJISIET MOBBICUTH MPOYHOCTH /10 JIBYX pa3 U TEIIOCTOM-
kocTh Ha 40—50°C 3a cuer 3aIOJHEHUS CTPYKTYPHBIX JIe-
(exToB Mex(}asHBIX IpaHUL KOMIIO3UTOB, O0Opa30BaHUS
Gu3MYECKNX U XUMMYECKMX CBSI3el M co3maHus 3¢ dekTa
yriotHeHus [1]. Ucnonb3oBaHUe HAHOKpeMHe3eMa B 0eTo-
Hax MO3BOJISIET TTOBBICUTh TTPOYHOCTh, CTOMKOCTh K BOJE U
KOpPpO3UM 3a CUET YMEHbIIEHUS] Mop U (GopMUpOBaHUS
IUIOTHOM CTPYKTYpHI [2]. [Ipu MCIOAb30BaHUY YTIEPOIHBIX
HAHOTPYOOK B CMJIMKATHBIX MaTpUIIax U3MeHsieTcst Mopdo-
JIOTUSI KPUCTAUTOTUAPATHBIX HOBOOOpa3oBaHUil ¢ hopMu-
pOBaHVEM TUAPOCUIMKATOB KaJIbLIMSI MOBBIIIEHHOW OCHOB-
HocTH [3]. Mexny TeM IIpy COBMECTHOM MCIIOJIb30BaHUU
yJIbTpa- MU HAHOAWCHEPCHBIX N0OABOK ITOCTUTAIOTCS OoJiee
IyooKue mpeobpa3oBaHUs B CTPYKType MaTpull. B [4] mo-
Ka3aHo, YTO MPU COBMECTHOM MCIOJIb30BAHUU YJIbTPAIU-
CMEPCHOM METALTYPTMYECKOW MBUIM U YIJIEPOJHBIX HAHO-
TPYOOK 3a CUeT MPOSIBJIEHUS] CUHEpreTnueckoro scdexra
¢dopmupyeTcs CTpyKTypa C MOBBIIIEHHON TUIOIIAAbl0 KOH-
TaKTOB B MeX(}a3HbIX MOBEPXHOCTSIX CO 3HAUUTEIbHBIM T10-
BBIILIEHMEM MEXaHUYeCKUX IokasaTesieir. Takxxe M3BecT-
HO [5], 4TO U3MEHeHHUe BeJIMYMHBI BOAOPOIHOIO IMoKa3aTe-
Js cpenbl (pH) u3MeHsieT CTpyKTypy KJIacTepoB BOIbI, UTO
MPUBOAMUT K M3MEHEHUI0 Mopdoyioruy TuapaTHbeix ¢as. B
CBSI3U C 3TUM ObUIO CIEIaHO MPEeAIoNoXeHue, yTo 3pdek-
TUBHOCTb JICMCTBUS YTIEPOIHBIX HAHOCTPYKTYP YBEIUYUT-
Cs1 TIPY UCIOJIb30BaHUM 100aBKHU, MOBBILIAOIIEH BOAOPO/I-
HBIH TToKa3aTesb Cpelbl.

Llenbio faHHOM pabOTHI SIBJISLIOCH YCTAHOBJIEHUE PA3JIv-
yuii B (hOPMUPOBAHUM CTPYKTYPHI TMIICOBOTO BSIKYIIIETO
P UCITOJb30BAaHUU HAHOCTPYKTYP M U3BECTH, BBOAMMBIX
COBMECTHO U Pa3le/ibHO, a TAKXKe UX BIUSHUS Ha MEeXaHU-
YECKUE CBOMCTBA.

B kauecTBe BSIKYIIErO MCIIOJIb30BaIU TUIIC Mapku [-4
npeanpusitTusi OO0 «[IpukaMckasi TMricoBasi KOMIaHMS»
(ITepmb). B kauecTBe HAHOCTPYKTYP ObUIM MCIOJIb30BAHBI

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

The properties of gypsum materials are mainly defined by
the matrix state and structure. The additives with nanosized
particles possess a high surface energy and chemical activity,
and have a stronger influence on the formation of the struc-
ture of boundary layers of mineral matrix. Thus the use of
nanoparticles in polymeric matrices allows increasing the
durability in up to 2 times and heat resistance by 40—50°C due
to filling the structural defects of interface boundaries of com-
posites, forming physical and chemical bonds, and creating
packing effect [1]. The application of nanosilica in concretes
allows increasing durability, water and corrosion resistance
due to decreasing the pores and forming the dense structure [2].
When carbon nanotubes are used in silicate matrices, the
morphology of crystalline hydrate new-formations changes
with the formation of calcium hydrosilicates with elevated
basicity [3]. In the meantime, when ultra- and nanoadditives
are used together, greater transformations in the matrix struc-
ture are achieved. In [4] we demonstrated that when the ultra-
fine metallurgical dust and carbon nanotubes are used to-
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Puc. 1. MpoyHOCTb rMNCOBOM MaTpuubl ¢ A06aBNEHMEM MHOMOCNONHBLIX
yrnepoaHbix HaHoTpy6ok: - — 7 gHen; [ — 14 oHew; [ll - 28 oHein

Fig. 1. Gypsum matrix durability with the addition of multilayer carbon
nanotubes: - 7 days; [l - 14 days; [ll - 28 days
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MHOTOCJIOIIHBIE yIJIEpOAHBIE HAHOTPYOKM Ha OCHOBE
Masterbatch CW2-45 ¢paHuy3ckoii Kopropauuu
«ApKeMa», BBOIVMbIE B BUIle AUcTiepcuu. Jucnepcus npen-
cTaBjisieT co0Oil TpaHYJIMPOBAHHYIO AMCIIEPTUPOBAHHYIO
CMeCh YIJIEPOIHBIX HAHOTPYOOK B cpeie KapOOKCHUIMETIII-
LIEJUTIONO3bI, comepxKaiieit 45% MHOTOCTOMHBIX YTJIepo.I-
HBIX HAaHOTpYOOK. Masterbatch CW2-45 nipu MmexaHM4eCKOM
nepeMellMBaHUM C BOIOW MPEBPAILAETCS B MaJOyCTOMYM-
BYIO TUCMEPCUIO C BKIIOUEHUSIMU YaCTULl MUKPOMETPOBBIX
pa3MepoB.

l'uncoBble 06pa3ibl, MOAUDUIIMPOBAHHbBIE U3BECTHIO U
YIJIEPOJHBIMU HAHOCTPYKTYPaMHU, BbIIEPXXKUBAJIN B TeUCHUE
7,141 28 cyr ipu T = 20°C ¢ nocaeayouymM MpoBeacHUEM
MEXaHUUYEeCKUX UCTbITaHui. KosnyecTBo Boibl BapbUpoBa-
mu ot 50 mo 60% Macchel Bsekyiero. ComepskaHue MHOTO-
CJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK MPUHUMANU B KOJH-
gyectBe 0,001—0,01%, a KOHLIEHTpaLXsI U3BECTH COCTABIISIIA
1—2% Macchl BSKYILETO.

MexaHuueckre UCTIbITAHUS TUIICOBBIX O0Opas3loB-
6amouek 40x40x160 MM IIPOBOAMIIN IO CTAHAAPTHON METO-
JIMKE C MOCIeaYIOUIMM U3y4YeHEM COCTaBa U CTPYKTYPhI 00-
pasloB MeTomaMu peHTreHodasoBoro aHainuza (PDA) u
pacTpoBOii 3JIEKTPOHHOI MUKpockonuu (POM).

Ha puc. 1 ipencraBieHbl pe3yabTaTbl MEXaHUUECKUX
HUCTIBITAHU TUTICOBOTO BSIKYILEro C TOOaBJIeHUEM yrJjie-
pOIHBIX HAHOTPYOOK B KoauuectBe 0—0,01% uepes 7, 14
u 28 cyT. AHaIU3 pe3yJbTaTOB MEXaHUYECKUX MCIIbITa-
HUI TTOKa3aj, YTO BBeAeHUE HAHOJ00aBKU B KOJUYECTBE
no 0,001% cnocoOGCTBYyeT MOBBIIMICHUIO MPOYHOCTH TIPU
CXXaTHUU, HO TIpU JajbHEHIIeM MOBBIIIEHUY KOHIIEHTpA-
MU HabJII0JaeTCsl TOCTEIeHHOe CHUXEHWE MeXaHuue-
CKMX IIOKa3zaTeJieil TMIICOBOro BsXylero (puc. ).
Pe3ynbTaThl MEXaHUUECKUX UCIIBITAHUI 00Pa3IloB C BBe-
IIEHUEeM HAaHOTPYOOK MOTYT OBITh OOBSICHEHBI C MO3UIINIA
CHHEpPreTUKN OUCTIEPCHO-HAIMOJHEHHBIX Te [6]. HaHo-
TpyOKM, oOjamasi BHICOKOW IMOBEPXHOCTHOW 3HEpruei,
WUTPAIOT POJIb IEHTPOB KPUCTAJUIU3AIIUH, TIO TIOBEPXHOCTHU
KOTOPBIX TPOUCXOIUT WHTEHCHUBHAS KPUCTALIU3ALUS
HoOBooOpa3oBaHuii. C yBeJlMUYeHUEM COAEPXKaHUS HAHO-
TPYOOK YBEIUUUBAETCS] KOJUUYECTBO LIEHTPOB KPUCTALIU-
3allMU, YTO CIIOCOOCTBYET OGOJIbIIEMY MpEBPAIllEHHUIO TTO-
JIyBOITHOTO THUIICA B IBYBOJIHBIM U TMPUBOIMUT K MOBBIIIIE-
HUIO MPOYHOCTU. OXHAKO TPU MPEBBIIIIEHUN ONTHMAalb-
HOTO 3HaYeHUs HaHOTPYOOK (6onbiie 0,001%) HabmoOa-
€TCsl MOCTEeNeHHOe TMaaeHue MPOYHOCTU, UTO CBSI3aHO C
NeUIMTOM BSIKYIIEro B FPAaHUYHBIX CJIOSIX U 00pa3oBa-
HUEM MOBBHIIIEHHON MOPUCTOCTU CTPYKTYphl. U3 puc. 1
MOXHO BUIIETh, YTO MPU COAEPXKAHUU HAHOTPYOOK B KO-
mnaecTtBe 0,001% TpPOYHOCTH TUIICOBOM MATPHUIIBI Yepe3
28 cyt nossiaercs 10 40%, a B 7-CyTOYHOM BO3pacTe —
10 80%. OnTuMajabHOe 3HAYeHUE NOOaBKM HAaXOIUTCS B
nntepsaie 0,001—0,005%.

Ha puc. 2 npencraBieHbl pe3yabTaThl UCITBITAHUI THTT-
COBOTO BSIXYIIETO, MOAU(DHUITMPOBAHHOTO U3BECTHIO U yTIIe-
POITHBIMU HaHOTpyOKamu uepe3 7, 14 u 28 cyT. AHaIU3 Me-
XaHWUYECKMX MCTIBITAHUI TMTICOBOM MaTPHUIIbI TOKa3ajl, 9YTO
MpH cofepXanuu u3Bectu 1% u HaHoTpyook 0,001% noctu-
raetcst OOJbIINI TPUPOCT MPOYHOCTU TUIICOBOM MaTPUIIBI,
YeM MpH BBeICHUHM HAHOTPYOOK.

151 BBISIBJIEHUS U3MEHEHMIT B MUHEPAJIOTUYECKOM CO-
cTaBe 00pas3loB MPOBOAWIM PEHTreHO(hAa30BbIil aHAIN3.
OCHOBHBIE OTpaXeHUSI HA PEHTTEHOTpaMMaX COOTBETCTBY-
10T JIMHUSIM IBYBOIHOTO rurica (d,=7,55—7,67; d,=4,29—4,3;
d,=3,8-3,81; d,=3,07; d,=2,88; d,=2,68—2,69), HO Takxke
MPUCYTCTBYIOT JIMHUM aHruapuTa ¢ d,=3,5. I1pu pasznenp-
HOM BBEIIEHMM YTJIEPOIHBIX HAHOTPYOOK U M3BECTU He3Ha-
YUTEJIbHO YBEJIMYUBAETCSI MHTEHCUBHOCTD OTPaXKeHUI, CO-
OTBETCTBYIOLLUX ABYBOAHOMY runcy (d,=3,07; 2,88), uro
CBUIETEILCTBYET 00 YAYUIIEHUM YCIOBUI MPOTEKAHUS TH-
npatanvu. OIHAKO TPpY A00ABIEHUW U3BECTH TOSIBIISIETCS
JIMHUS aHTuApuTa ¢ d,=3,5, TIOSBIEHNE KOTOPOW MOXET
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Reports of the V International conference
¢ 18
s = 16} _ —
u -
358 Mr
< -~ 0 —
sy 12 =
S&S
gge
ag?
cQg 6
=23
o8 4|
[
c § ol
0

0 0,001 0,005 0,01

CopepxxaHue yrnepoaHbix HaHOTPY6OoK, %
Content of carbon nanotubes, %
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Fig. 2. Gypsum matrix durability with the addition of lime and carbon
nanotubes: -1%;[ | -2%

gether, the structure with elevated area of contacts in interface
layers with significantly improved mechanical properties is
formed due to the synergetic effect. It is also known [5] that
the change in the medium pH value changes the structure of
water clusters that results in the modification of hydrated
phase morphology. In this regard, we presume that the action
efficiency of carbon nanostructures increases if the additive
elevating the medium pH value is applied.

The objective of this work is to establish the differences in
the formation of gypsum binder structure when nanostruc-
tures and lime are introduced together and separately, as well
as their influence on mechanical properties.

Materials and methods of investigation. Gypsum of the
grade G-4 produced by LLC “Prikamskaya gypsum compa-
ny” (Perm) is used as a binder. The multilayer carbon nano-
tubes based on “Masterbatch CW2-45” by the French corpo-
ration “Arkema” introduced as dispersion are applied as
nanostructures. The dispersion represents the granulated
dispergated mixture of carbon nanotubes in the medium of
carboxylmethyl cellulose containing 45% of multilayer car-
bon nanotubes. In the process of mechanical stirring with
water “Masterbatch CW2-45” transforms into the fragile
dispersion with the inclusion of microsized particles.

The gypsum samples modified by lime and carbon nano-
structures are kept during 7, 14 and 28 days at T = 20°C with
further mechanical tests. The amount of water varies between
50 and 60% of the binder weight. The content of multilayer
carbon nanotubes is taken from 0,001 up to 0,01%, and lime
concentration is 1—2% of the binder weight.

The mechanical tests of gypsum samples-beams
40x40x160 mm are carried out following the standard tech-
nique with further investigation of the composition and
structure by the methods of X-ray phase analysis (XPA) and
raster electronic microscopy (REM).

In Fig.1 you can see the results of gypsum binder me-
chanical tests with the addition of carbon nanotubes in the
amount between 0 and 0.01 % after 7, 14 and 28 days. The
analysis of the results of mechanical tests demonstrated that
the introduction of nanoadditive in the amount of up to
0,001% improves the compressive strength, but with further
concentration increase the gradual decrease in the mechani-
cal properties of the gypsum binder is observed (Fig. 1). The
results of mechanical tests of the samples with the introduc-
tion of nanotubes can be explained from the point of syner-
getics of disperse-filled bodies [6]. The nanotubes have high
surface energy and play the role of crystallization centers with
the intensive crystallization of new-formations along their
surfaces. With the increase of nanotube content the number
of crystallization centers goes up that contributes to the
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Puc. 3. MukpoCTpyKTypa rmncoBoi Matpuubl: a — 6e3 0o6aBok; b — ¢ yrnepoaHbIM1 HaHOTpyGKamu;
C — C U3BECTbIO; d — C U3BECTbIO U YrNepoaHbIMU HAHOTPYOKamMu
Fig. 3. Gypsum matrix microstructure: (a) — without additives; (b) — with carbon nanotubes; (c) — with
lime; (d) — with lime and carbon nanotubes

OBITh CBSI3AHO C B3aMMOJICMCTBHMEM THUIICA U U3BECTH MPU
pPacTBOPEHUH, TNOO HAIMUYUEM aHTHIPUTA B TUTICOBOM BS-
XymeMm. [Ipu coBMecTHOM BBeIeHUM HAaHOTPYOOK U M3BE-
CTU JIMHMSI aHTUAPUTA MCUYE3aeT, YTO MOXHO OOBSICHUTH
JIy4IIMMU  YCIOBUSIMM JUJISI PACTBOPUMOCTHU  BSIXYILETO.
Takum o6pazoM, npu BBEACHUM HOOABOK CO3MAIOTCS JIyY-
1€ YCJIOBUS ISl TUAPATALIMY, YTO TIPUBOIUT K OOJIBIIIEMY
MpeoOpa30BaHMIO TUTICOBOTO BSIKYIIETO B ABYBOIHBIN TMIIC
1 obecrieunBaeT MOBBIIIEHUE MEXaHWYeCKUX ToKaszaTeseit
TUIICOBOM MaTpUILIbI.

MUKpOCTpYKTYpHBI aHaau3 oOpa3loB 0e3 mobaBoOK
rmoxasai (puc. 3, a), 4To B CTPYKTYpe TMIICOBBIX 00pa3lioB
npeoo6iagaloT MpU3MaTUYECKUe W TIJIaCTUHYAThIe KpU-
CTaJIJIbI, XaOTUYHO pacrpeieieHHbIe B 00beMe MaTPUIIbI,
IJIMHOM 10 15 MKM, OOCTHramomue B IIONEepeUYHUKE
1—2 mxM. B aTOM ciiyyae oOpa3yeTcsl CTpYKTypa C IOBBI-
IIEHHO! MOPUCTOCTHIO, KOTOpasi MPUBOAUT K CHUXEHUIO
MeXaHUYeCKOl MPOYHOCTU 00pa3iioB. B runcoBoii MaTpu-
e ¢ no0aBjJeHUEM YIJIEPOJHBIX HAaHOTPYOOK (puc. 3, b)
dbopMupyercs yropsiioueHHasi U OJHOPOAHASI CTPYKTypa
0ojiee KPpYIHBIMUA KPUCTAJUIAMU IJIUMHOK 10 20 MKM, 4TO
MPUBOIUT K YBEJIWUYESHMIO TUTOIIAIN MexXda3HOl moBepX-
HOCTM, CHUXXEHUIO TOPUCTOCTU U TMOBBILIEHUIO (hU3UKO-
MeXxaHu4yeckux Tmokasareneil. [Ipu BBedeHUU M3BECTU
(puc. 3, ¢) KpoMe KPUCTAINIMYECKON CTPYKTYPhI CO3/1at0T-
Cs1 YCJIOBMSI IJISI OpTaHU3alM1 aMOPMHBIX CTPYKTYP, KOTO-
pbie GopMUPYIOTCS B MeK(a3HBIX CIOSX U TOTIOJTHUTEIb-
HO CBSI3BIBAIOT KPMCTAJIOTUApPATHbIE O0Opa3oBaHUS.
CoBMECTHOE MCIOJIb30BaHUE M3BECTU U YIJIEPOAHBIX Ha-
HOTPYOOK MPUBOAUT K HOPMUPOBAHUIO OYEHb KPYIHBIX
KPUCTAJUIOB ¢ aMOP(HO# cocTaBisolIell Ha X MOBEPX-
HocTu (puc. 3, d).

Kpome Toro, Ha cHuMKe 0Opas3iia ¢ Jo6aBIeHUEeM yTJe-
POIHBIX HAHOTPYOOK (puc. 4, a) MOXHO BUIETh CKOMIIO-
HOBaHHYI0 OJOYHYIO CTPYKTYpy ©0€3 MUKpPOIIEIei.
BeposiTHO, HAHOTPYOKU 32 CYET BBICOKOI MOBEPXHOCTHOM

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

greater transformation of calcined gyp-
sum into calcium sulfate dihydrate and
results in durability durability. However
when the optimal value of nanotubes is
exceeded (over 0,001 %), the gradual
durability decrease is observed that is
connected with the binder deficiency in
the boundary layers and formation of
the structure with the increased porosi-
ty. In Fig. 1 you can see that when the
content of nanotubes is 0,001%, the
gypsum matrix porosity elevates up to
40% after 28 days, and up to 80% after
7 days. The optimal value of the addi-
tive is in the interval between 0,001 and
0,005%.

In Fig. 2 you can see the test results
of the gypsum binder modified by lime
and carbon nanotubes after 7, 14 and
28 days. The analysis of the gypsum
matrix mechanical tests demonstrates
that when the lime content is 1 % and
nanotubes — 0,001%, the gypsum ma-
trix durability grows more than when
nanotubes are introduced.

The X-ray diffraction analysis is ap-
plied to reveal changes in the mineral-
ogical composition of samples. The
main reflections on the X-ray diffrac-
tion patterns correspond to the lines of
calcium sulfate dihydrate (d,=7.55—
7.67; d,=4.29-4.3; d,=3.8-3.81;
d,=3.07; d,=2.88; d,=2.68—2.69), but
there are also anhydrite lines with
d,=3.5. We can see that when we intro-
duce carbon nanotubes and lime separately, the intensity of
reflections corresponding to calcium sulfate dihydrate
(d,=3.07; 2.88) slightly increases that demonstrates the im-
provement of hydration process conditions. However, when
we add lime, the anhydrite line with d,=3.50 appears, which
can be either connected with the interaction of gypsum and
lime in the dissolving process or anhydrite availability in the
gypsum binder. When the additives are introduced together,
the anhydrite line disappears that can be explained by better
conditions for the binder solubility. Thus, the introduction of
additives results in better conditions for hydration followed by
more extensive transformation of gypsum binder into calcium
sulfate dihydrate providing the improvement of mechanical
properties of the gypsum matrix.

The microstructural analysis of the samples without ad-
ditives demonstrates (Fig. 3, @) that prismatic and lamellar
crystals up to 15 um long and up to 1—2 um in diameter ran-
domly spread in the matrix volume prevail in the structure of
gypsum samples. In this case, the structure with the elevated
porosity that results in decreased mechanical durability of
the samples is formed. The ordered and homogeneous struc-
ture with larger crystals (up to 20 um long) is formed in the
gypsum matrix with carbon nanotubes added (Fig. 3, b) that
leads to the increased interface surface area, decreased po-
rosity and improved physic and mechanical properties.
When lime is introduced (Fig. 3, ¢), the conditions for the
formation of amorphous structures in interface layers are
created apart from the crystalline structure which addition-
ally bind crystalline hydrate formations. The joint applica-
tion of lime and carbon nanotubes results in the formation of
very large crystals with amorphous component on their sur-
face (Fig. 3, d).

Besides, in the picture of the sample with carbon nano-
tubes added (Fig. 4, a) we can see the packed block structure
without microslots. Probably the nanotubes attract crystals
due to high surface energy forming denser structures. That is,
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SHEPruu MPUTATUBAIOT K cebe Kpu-
cTajuibl, opMUpPYST NMPU ITOM TJIOT-
Hble OJIOUHBIE CTPYKTYpbl. MHBIMU
cJIoBaMM, HAaHOTPYOKM BBICTYMHAlOT B
Ka4yecTBe 1IEHTPOB KPUCTALIU3ALINY,
10 TIOBEPXHOCTH KOTOPBIX (hOpMUPY-
ercs OoJiblliee KOJTUYECTBO KPUCTAT-
JIOB ABYBOJHOTO TUIICa, 4TO obecrie-
YKMBAET TOBBIIIEHUE MEXAHUYECKUX
nokasareneii. Ha cHuMmke obpasna ¢
N00aBJIeHUEM U3BECTU U YIJIEPOAHBIX
HaHOTpyOOK (puc. 4, b)) BUAHO Ha-
IUIACTOBaHUE KPYITHBIX KPUCTAJIJIOB C
IUIOTHBIMU Yy4yacTKaMu Mexda3Hoit
MMOBEPXHOCTH.

Takum o6GpazoM, Mpu KOMILIEKC-
HOM KMCMOJIb30BaHUU 100aBOK (hOpMU-
pyeTcsl yropsiioyeHHasi CTPYKTypa ¢
0JI0YHOM YNaKOBKOI KPYIHBIX KpH-
CTaJlJIOB C JOTOJHUTEIbHBIM CKJIEMBAHUEM KPUCTAJUIOB
aMoOp(HOI COCTaBJISIONIEH.

YriepoaHble HAHOCTPYKTYPbI BBICTYMAIOT KaK LIEHTPBI
KPUCTaJUIM3alMU, TI0 TTOBEPXHOCTU KOTOPBIX MPOUCXOAUT
(bopmMupoBaHue yHOPSIOYEHHON CTPYKTYpbl C OJIOYHOIM
YIAaKOBKOW KPUCTAJIOB C YBEJIMUYEHUEM TJIOTHOCTU MEX-
(hazHoIt MOBEPXHOCTU, B pe3y/abTaTe Yero JOCTUTaeTcs Mo-
BBIIIEHUE (PU3MKO-MEXaHUYECKUX IMoKa3aTeseil TUIICOBOM
MaTpulibl. A IpU BBEIEHUM U3BECTU B TMIICOBYIO MaTPUILY
co3aloTCsl YCIOBUST ISl opraHu3anuu amopdHoil dasbl,
KOTOpasi CKJIEMBasi KPUCTALIbl, OOECNeUrBAET AOIMOJIHU-
TEJbHOE TIOBBIIIIEHNE MEXaHUYEeCKUX ToKazaTeseil TUIICOo-
BOTO BSDXyIero. Takum oOpa3oM, Ipy COBMECTHOM BBeJIe-
HUM 0100aBOK 00eCIIeurBalOTCs Jydllre YCIOBUS 1Is1 pop-
MMPOBAHMUS MTPOYHOUN CTPYKTYPHI.

KiroueBble cioBa: euncogoe esijicyujee, MHO2OCAOUHbLE
yeaepoOHvie HaHOMPYOKU, U36eCMb, MUKPOCIMPYKMYPA.
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Fig. 4. Gypsum matrix microstructure (X5000): (a) — with carbon nanotubes, (b) — with lime and carbon
nanotubes

the nanotubes act as crystallization centers with more crystals
of calcium sulfate dihydrate along their surface which provide
the improved mechanical properties. In the picture of the
sample with lime and carbon nanotubes added (Fig. 4, b) we
see the lamination of large crystals with dense areas of inter-
face surface.

Thus, in the complex use of additives the ordered struc-
ture with block packing of large crystals with additional glu-
ing of crystals of the amorphous component is formed.

Carbon nanostructures act as crystallization centers with
the formation of ordered structure with block packing of
crystals with the elevated density of interface surface, as a
result, the improved physic-mechanical properties of gypsum
matrix are obtained. When lime is introduced into the gyp-
sum matrix, the conditions for the formation of amorphous
phase are created which, gluing the crystals, provides the ad-
ditional improvement of mechanical properties of the gyp-
sum binder. Thus, when the additives are introduced togeth-
er, the better conditions for the formation of durable struc-
ture are provided.

Keywords: gypsum binder, multilayer carbon nanotubes,
lime, microstructure.
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KunHetunka ¢popmmpoBaHnss KOHTaKTOB
B HaHOMOAnULMPOBaHHbIX TMNCOBbIX MaTepuanax

Kinetics of contact formation
in nano-modified gypsum materials

PazHooOpa3Hass HOMEHKJIaTypa THUIICOBBIX MaTepuasioB
¥ U3[EJINIA TTO3BOJISIET IIUPOKO UCTOIB30BaTh UX KaK B HO-
BOM CTPOUTEJIbCTBE, TAK U MPU PEKOHCTPYKIIMU U MOJEPHU-
3alMM CTapbIX 3IaHUI U COOPYKEHUIA.

CBoiicTBa MaTepHaioB OMPENEISIIOTCS UX CTPYKTYPOId,
TO3TOMY 3a CYET €€ HaNpaBICHHOTO U3MEHEHUST MOXHO J0-
OUTBHCS CYIIECTBEHHOTO YIYUIlIeHUS] UX (PUUMKO-MEeXaHU-
YECKUX M 3IKCIUTyaTallMOHHBIX XapaKTepucTuk. CTpyKTypa
HUCKYCCTBEHHOTO KaMHsI 00pa3yeTcsi Npy TBEPIECHUU BSXKY-
1LIETO BEILECTBA, MPUYEM B TEUEHHUE 3TOTO Mpoliecca Mpouc-
XOOUT CMEHAa Pa3lMYHbIX CTPYKTYPHBIX COCTOSIHWMA. st
HUX XapaKTepHO MpeodIaJaHue ONPEaeIeHHOTO TUMA MEX-
YaCTUYHBIX KOHTAaKTOB, (hDOPMUPOBAHUE KOTOPBIX COCTaB-
JISIET CYIIIHOCTB MPOLIECCA CTPYKTYpOOOpa3oBaHU.

CTpyKTypooOpa3oBaHUE MOXET ObITh BBIPaKEHO B Tep-
MMWHAX XMMUYECKUX peaKlUil, TO3TOMY MPEICTABUM U3Me-
HEHUE CTPYKTYPHOTO COCTOSIHUSI TMIICOBOW AMCHEPCUU
B BUJIE CJIEIYIOLIMX KBa3UpeaKIIN:

A — A (1)
A— B )

A+B— 2B, 3)

rac Al — TOYCYHBIC KOHTAKTbl B MCXOJHOM BSXYIICM;

A — KoaryJsIUMOHHbIE KOHTAaKThl; B — KOaryJsiMOHHO-
KOHJEHCAIIMOHHbIE KOHTAKTHI.

B npuBeneHHoO cucTeMe KBa3upeakldii He pacCMaTpu-
BaeTcsl 0Opa3oBaHUE B TMIICOBOM IMCIEPCUU KOHJIEHCa-
LIMOHHO-KPUCTAITU3ALIMOHHBIX KOHTAKTOB. DTO 00YyC/IOBIe-
HO OTCYTCTBMEM KaK TePMOAMHAMMUYECKUX, TaK U KUHETUYE-
CKUX YCJIOBUI1 (hOPMUPOBAHUS YKA3aHHOTO TUITA KOHTAKTOB.

Peakius (1) onuchiBaeT 06pasoBaHME UCTUHHBIX KOATY-
JISUMOHHBIX KOHTAKTOB MPU CMEILIEHUU BSIXKYIIETO BELIECT-
Ba C XUJIKOCTbIO 3aTBOPEHMS. DTa peaklys MpeACTaBIsSeT
0001 0OBIYHYIO peaKIInIO EPBOro MOpsiaKa, KWHETUKA KO-
TOPOI OMUCHIBAETCS YDABHEHUEM:

A(t) = Ay [1—exp(-ki7)], C))

rae Ay, — KOHLEHTpAaLUs TOYSYHbIX KOHTAKTOB B UCXOAHOM
BSIKYIIEM; kK| — KOHCTAHTa CKOPOCTHU PEaKLIUHU.

B npenene yncio obpa3ylomuxcs KoaryaslMOHHBIX
KOHTAKTOB CTPEMUTCS K BEJIMUUHE A, T. €. UaeabHas TUI-
COBas TUCTIEPCUSI MPECTABIISIET COO0 CUCTEMY, B KOTOPOit
BCE YaCTHUIIBI OKPYKEHBI XKUIKUMU 000JI0UKaMU. DTa BeJv-
YHa OIpeaessIeTCs COOTHOILIeHeM [1]:

2 3
Ay= Zoo Yoo 5 ®)

3 bl
X
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The diverse range of gypsum materials and products al-
low to use them widely in new construction and renovation
and modernization of old buildings.

The properties of materials are determined by their
structure, so the significant improvement of physical-me-
chanical and operational characteristics of materials can be
achieved due to the directional change of their structure.
The structure of artificial stone forms during the hardening
of the binder, and the change of different structural states
takes place during this process. They are characterized by
the domination of a particular type of inter-particle con-
tacts, the formation of which is the nature of the process of
structure formation.

The structure formation can be expressed in terms of
chemical reactions, and therefore the change of the struc-
tural state of gypsum dispersion can be represented in the
form of the following quasireactions:

A — 4 (1)
A— B (2)
A+B— 2B, (3)

where A; — the spot contacts in the initial binder; 4 — co-
agulation contacts; B — coagulation-condensation con-
tacts.

The formation of condensation-crystallization contacts
in gypsum dispersion is not considered in the given system
of quasireactions. It is due to the absence of both thermo-
dynamic and kinetic conditions for the formation of this
type of contacts.

The reaction (1) describes the formation of true coagu-
lation contacts when the binder is mixed with water. This
reaction is the usual first-order reaction, kinetics of which
is described by the equation:

A(t) = Ay [1—exp(—k1)], @

where A,; — the concentration of spot contacts in the initial
binder; k; — the constant of reaction rate.

The number of forming coagulation contacts tends to
the value 4, i.e., the ideal gypsum dispersion is a system,
in which all the particles are surrounded by liquid shells.
This value is determined by the equation [1]:

2 3
Ag= T )
m

X

where Xo — the consumption of binder per unit volume of
dispersion; So — the specific surface of binder; ¥x — the den-

(CIEONIEIIBHBIE

38

deepans 2013 WLATERUATIL)°



Reports of the V International conference

«Nanotechnology for Green and Sustainable Construction», on March 2325, Cairo

T X, — PACXOJ BSDKYILETO Ha eNMHUILY 00beMa TUCTIePCUH;
So — ylebHasl TOBEPXHOCTD BSIKYIIETO; Yx — TUIOTHOCTh Ya-
CTUII BSLKYIIEro; Mx = 6—10 — K03 PULIMEHT KOHPUTYpa-
LIMM YaCTUII.

O4YeBUIHO, UYTO TIPU BBEACHUU B TMIICOBYIO AMCIIEPCHIO
HaHOpa3MEPHBIX YacTULl 3HaYeHHE A, BO3PACTaeT BCIIE-
CTBHE TIOBBILIEHHOM yIeIbHOI TTOBEPXHOCTH 3TUX YAaCTHII,
YTO 3aKOHOMEPHO OTpaxkaeTcsl Ha KMHETUKE 00pa3oBaHUSI
KOAryJIsiIiMOHHBIX KOHTAKTOB (puc. 1).

[MpeBpaleHre KOAryJIsiIUOHHBIX KOHTAKTOB B MPOMe-
SKYTOYHBIE KOATyJISIIMOHHO-KOHAEHCAIIMOHHBIE KOHTaKThI
10 peakin (2) CBA3aHO C YBeAWYCHUEM B CUCTeMe KOJIU-
YeCcTBa TBEPIO (pa3bl 1 COOTBETCTBYIOIIETO UBMEHEHUS CO-
oTHomeHus1 TBepaoe/xunkoe (T/XK). D10 mpeBpalieHue
MOXHO paccMaTpuBaTh Kak 00pa3oBaHUe TICEBIOKOHIEHCA-
LIMOHHOM CTPYKTYPbl, KOHTAKTHI B KOTOPOii TPY OBOJHEHUU
MOTYT pa3pylIaThCs, TOTOMY B peaklnu (2) MperycMoTpe-
HO oOpatuMoe ce pasButue. KumHeTnka 00pa3oBaHMS
KOaryJIsIIMOHHO-KOHIEHCAIIMOHHBIX KOHTAKTOB IO peak-
UK (2) ONKMCHIBAETCSI ypaBHEHUEM:

B<r)=%-{1—exp(—(k2+k3>r1}, ©)

rae Ao u Bo — ucxonHble KOHUEHTPALUU KOATY ISIUOHHBIX
1 KOaryJasiliIMOHHO-KOHAEHCAIIMOHHBIX KOHTAKTOB COOTBET-
CTBEHHO; k), U k3 — KOHCTAHTBl CKOPOCTU MPSIMOI U 00paT-
HOM peakIuii.

CornacHo ypaBHeHMIO (6) TIpenesi, K KOTOpOMY CTpe-
MHTCS YUCJIO KOATYJISIIIMOHHO-KOHICHCAIIMOHHBIX KOHTAK-
TOB, 3aBUCUT OT COOTHOIIEHUSI KOHCTAHT CKOPOCTEH Tpsi-
MOI1 1 oOpaTHOI peakiuii. Eciau xke oOpaTHast peakiis oT-
CYTCTBYET, UTO COOTBETCTBYET 3aKPBITOIl CUCTEME, KOTOPAsI
HE B3aUMOJICHUCTBYET C OKPYXKAIOIIEN Cpelloil, TO JaHHOE
ypaBHEHUE TIpeBpallaeTcs B ypaBHEHUE, aHAJIOTUYHOE (4).

Bosnukive mo peakuuu (2) KoaryJasiMOHHO-KOHICH-
CallMOHHBIE KOHTAKTBI CTUMYJIUPYIOT CBOE «Pa3MHOXKEHUE»
BCJIEACTBME B3aMMOICHCTBUSI C UMEIOIIMMUCST KOaryJisiiu-
OHHBIMU KOHTAaKTaMM M MX YHUUTOXEHHUS. DTOT MPOLECC
ONUCHIBAETCS AaBTOKATAIMTUYECKOI peakiiueii (3), T. e. B BsI-
KYIIeH cuctemMe peaqu3yeTcsl MEXaHU3M TMOJIOXKUTEbHON
obpaTHOI cBs13U. POpMHUpPOBaHKE KOATYJIAIITMOHHO-KOHIEH-
CallMOHHBIX KOHTAKTOB CBSI3aHO C BOBHUKHOBEHUEM B BSIKY-
1Ll cucTeMe KOHTaKTHBIX 3apoJbliieii, 00pa3oBaHNe KOTO-
DBIX CTUMYJIUPYETCSl HATMUMEM B CUCTEME HaHOPa3MEPHBIX
yactull [2, 3]. CinemyeT OTMETUTD, YTO HAMOOJIbIINI 3(pdekT
JIOCTATAETCST MPU MCIOIb30BAaHUHA HAHOPA3MEPHBIX YaCTHII,
00J1aAI0NINX KPUCTAJUIOXUMUIECKUM TTOI00EM TUTICOBOI
Matpuiie (TPUPOIHBIC TUAPOCUIMKATEI MarHUSI, U3BECTHSIK,
JIOJIOMUT U T. I1.).

Kunetnka o0pa3oBaHUSI KOaryasslIMOHHO-KOHIEHCA-
LIMOHHBIX KOHTAKTOB IO peakiiuu (3) onuchiBaeTCsl ypaB-
HEHUEM:

BO(AO +BO) (7)

A= ot 4o-expl—(o + BoYkst]
rae ky; — KOHCTaHTa CKOPOCTU PeaKLUU.

Kaxk rnokaszaHo B [4], TpUCyTCTBUE B TUIICOBOI AUCTIEPCUA
TPUPOIHOTO TUAPOCUIIMKATA MarHusl (XpU30TUiIa) TIPUBOIUT
K 3HAUUTEJIbBHOMY YBEJTMUEHUIO B CUCTEME UMCIa KOHTAKTHBIX
3apojibliiieid. DTO 3aKOHOMEPHO COMPOBOXIAETCS KaK BO3pac-
TaHUEM MCXOIHOW YMCIEHHOCTH KOAryJIsIUMOHHHBIX KOHTAK-
TOB A0, TaK ¥ KOHCTAHTBI CKOPOCTH TIpoLiecca ky. YBeMIeHne
rocneaHeit odycnosieHo Bo3pactanuem KII/I npeBpaiieHust
AKTUBHBIX TOBEPXHOCTHBIX IIEHTPOB B KOHTAKTHBIE 3apOJIbI-
. Bee 310 oTpaxkaeTcsi HA KWHETUKE aBTOKATATUTUYECKOTO
00pa3oBaHUsl KOAryjasilIMOHHO-KOHAEHCALIMOHHBIX KOHTaK-
TOB B COOTBETCTBUHM C ypaBHeHMeM (8) (puc. 2).

OO0paszoBaHue 3TON CTPYKTYPhl CBI3aHO C dukcaluei
yacTull TBepaoi (asbl B MOJOXEHUM OJVMKHEN U JajibHel
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Puc. 1. KnHetnka ob6pasoBaHusl KoarynsaumoHHbIX KOHTAKTOB: T — UCXOA-
Has runcosasi Aucnepcus; 2 — rmncosas AUCNepPCcus ¢ HAHOPa3MEPHbIMU
Yactmuammn

Fig. 1. Kinetics of formation of coagulation contacts: 7 — the initial gypsum
dispersion, 2 — gypsum dispersion with nano-sized particles

sity of binding particles; 7mx = 6—10 — the modulus of con-
figuration of particles.

It is obviously, at the introduction of nano-sized parti-
cles in gypsum dispersion the A,; value increases due to the
higher specific surface of these particles, and it naturally has
an affect on the kinetics of formation of coagulation con-
tacts (Fig. 1).

The transformation of coagulation contacts into inter-
mediate coagulation-condensation contacts according to
the reaction (2) is connected with the increase of solid
phase in the system and the corresponding change in the
solid-liquid ratio. This transformation can be considered as
the formation of pseudo-condensation structure, in which
the contacts can be destroyed , so the reversible develop-
ment of the reaction is taken into account in the reac-
tion (2). Kinetics of formation of coagulation-condensa-
tion contacts according to the reaction (2) is described by
the equation:

Bry=42l402B0) 1 _exo (it p)ill, ()
ky+ k3
where Ao and Bo — the initial concentrations of coagulation
and coagulation-condensation contacts correspondingly;
k, and k; — the constants of direct and reverse reactions
rates.

According to the equation (6), the limit of the number
of coagulation-condensation contact s depends on the cor-
relation of the constants of the direct and reverse reactions
rates. If there is no reverse reaction, which corresponds to a
closed system (the system which does not interact with the
environment), the given equation becomes similar to the
equation (4).

The formed according to the reaction (2) coagulation-
condensation contacts stimulate their «reproduction» as a
result of interaction with the available coagulation contacts
and their destruction. This process is described by the au-
tocatalytic reaction (3), i.e. the positive feedback mecha-
nism is realized in the binding system. The formation of
coagulation-condensation contacts is connected with the
initiation of contact seeds in the binding system, the for-
mation of which is stimulated by the presence of nano-
sized particles in the system [2, 3]. It should be noted that
the greatest effect is achieved by the use of nano-sized par-
ticles, which have crystal-chemical similarity with gypsum
matrix (natural hydrosilicates of magnesium, limestone,
dolomite, etc.).
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Puc. 2. KuHetnka Oﬁpa3oBaHMﬂ KoarynaunoHHO-KOHOEHCaLUMOHHbIX KOH-
TakToB: 1 — ncxogHas runcoeas auncnepcus; 2 - runcosas aucnepcusa c
HaHOpa3MepHbIMM YaCcTuuamMun

Fig. 2. Kinetics of formation of coagulation-condensation contacts: 7 - the
initial gypsum dispersion, 2 — gypsum dispersion with nano-sized particles

koaryssiuuu [1]. Tlpu moysHO# ruapaTaliii TMIICOBOTO BSI-
KYILEeTro B TECTe HOPMAaJbHOW T'YCTOThI B COOTBETCTBUU CO
CTEXMOMETpUEN peaklMU TUIpaTalliy B eAMHUIE o0beMa
TUIICOBOTO KaMHSI COIEPKUTCS 0KOoJIo 41% (usmuecku cBs-
3aHHOM BOMBI. DTa BoJa 00pa3yeT 000JI0UKM BOKPYT YaCTUIL
TBepaoi $a3bl, KOTOPbIE MOXKHO CUMTATh PABHOMEPHBIMHU C
TOIIMHOM oKoy1o 1,310 M, 4TO cOOTBETCTBYET (hUKCALMK
YyacTHUIl IByTUapaTa cyyibdara Kaablus B MOJOXEHUU Jajb-
Hell Koaryasanuu. Eciay B TMIICOBOM IHCIIEpCHUM TIPUCYT-
CTBYIOT YaCTHUIIEI C XapaKTepHBIM pa3mepoM 100 HM, TO pac-
CTOSTHME MeXITy HUMHU YMEHBIIAeTCsl Ha MOPSIIOK U GoJee,
YTO COOTBETCTBYeT (MKCAIlMM YacTHIl Ha PaCCTOSIHUU
OIVKHEH KoaryJIsiyu.

B pe3ysbraTe 5TOro NpOMCcXOAUT BO3pACTaHUE CUJIbI CLIETI-
JIEHUST MEXKTy YaCTMIIAMU B KOHTAKTe, YTO COTTPOBOKIAETCS U
POCTOM €Tr0 TPOYHOCTHM, a TaKXKe YBeIWIeHUEM (DUBMKO-
MeXaHUYECKUX XapaKTepUCTUK IMIICOBOro KaMHsI [4].

ITonydyeHHbIe pe3yabTaThl XOPOIIO COMIACYIOTCS C JaH-
HBIMU YUCJIEHHOTO MOJAEIMPOBaHUsI (HOPMUPOBAHUST KOH-
TaKTOB M3 KOHTAKTHBIX 3apOJbIllieil, BOSHMKAIOIIMX Ha aK-
TUBHBIX TIOBEPXHOCTHBIX ILICHTpax [2, 4].

ITpoBeaeHHBII aHATM3 KWHETUKHY (DOPMUPOBAHUST MEXJa-
CTUYHBIX KOHTAKTOB MOKAa3aJl, YTO BBEIEHNE HAHOPAa3MEPHBIX
KOMITOHEHTOB B TUIICOBYIO JAMCIIEPCHUIO SIBJSIETCS AEWCTBEH-
HBIM CPE/ICTBOM YIIPABJICHMSI €€ CTPYKTYPOOOPa3oBaHUEM.

KioueBble cioBa: KUHemuKka, KOHmaxkm, HaHOpa3M€prlL7
KOMNOHEeHm, ecuncoeas aucnepcu,q.
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Kinetics of formation of coagulation-condensation
contacts according to the reaction (3) is described by the
equation:

BO(AO +B0) (7)

B Bo+Ao-exp[—(Ao+Bo)kat]
where k, — the constant of reaction rate.

As shown in the work [4], the presence of natural mag-
nesium hydrosilicate (chrysotile) in gypsum dispersion re-
sults in the significant increase of the number of contact
seeds in the system. It is accompanied by the increase of the
initial number of coagulation contacts Ao and of the con-
stant of reaction rate k. The increase of the constant of
reaction rate is a result of the increase of efficiency of trans-
forming of active surface centers into the contact seeds. It
has an affect on the kinetics of the autocatalytic formation
of coagulation-condensation contacts in accordance with
the equation (8) (Fig. 2).

The formation of this structure is connected with the
fixation of particles of solid phase in the position of the near
and far coagulation [1]. When the hydration of gypsum
binder of normal consistency is complete, the gypsum stone
contains about 41% of physically-bounded water per unit
volume in accordance with the stoichiometry of the hydra-
tion reaction. Water forms the shells around the solid par-
ticles. These shells can be considered uniform with the
thickness of about 1,3 108 m. It corresponds to the fixation
of the particles of two-hydrate of calcium sulfate in the
position of far coagulation. If there are particles with a
typical size of 100 nm in gypsum dispersion, the distance
between them is reduced by an order or more, and it cor-
responds to the fixation of the particles in the position of
near coagulation.

As a result, there is the increase of adhesive strength
between the particles in the contact, and it is accompanied
by the increase of its strength, and the increase of physical
and mechanical properties of gypsum stone [4].

The received results are in good agreement with the data
of numerical modeling of the process of formation of con-
tacts from the contact seeds, generated on the active surface
centers [2, 4].

The analysis of kinetics of formation of inter-particle
contacts has shown that the introduction of nano-sized
components in gypsum dispersion is the effective method of
regulation of its structure formation.

Keywords: kinetics, contact, nano-sized component, gyp-
sum dispersion.
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OtaenoyHas pacagHass kKoMno3nuuns,
moanununpoBaHHas yrnepogHbiMu
HaHOTPyOKamMu, Ons 3aLNTbl

OT 3J/1IeKTPOMAarHUTHbIX NMNosien

Research of the electromagnetic absorption
of finish facade composition modified

with carbon nanotubes

B Hacrosiliee BpeMsi akTMBHOE MCIIOJIb30BaHUE BJIEK-
TPOMArHUTHBIX TOJIeH, CBSI3aHHOE C pa3BUTUEM PaJIUOCBsI-
3U, TEJICBUIEHMS], MOOMJIBHOM CBSI3U, PalMOJOKALIUU, TIPU-
BOJIMT K MOSIBJICHUIO TOTIOJTHUTEIHLHOTO 3JIEKTPOMAarHUTHO-
ro ¢ona. CioxHas 3JeKTpOMarHUTHasE 0OCTaHOBKA CKJIa-
NIBIBAETCS B KPYMHBIX TOPOIaX, Ile MICTOUHUKAMM JIEKTPO-
MarHuTHbIX Toneit (DMII) pagnodyacTOTHOro auMama3oHa
SIBJISIIOTCSL PAIMOLICHTPBI CBSI3W, BEIllaHUs, TEJCBUICHUS,
PaaMoIOKalIMOHHBIE CTAHIIUM, CPEJICTBA CYXOIYTHOM IO/~
BVDKHOM PamMOCBSI3U U APYTHUe UCTOUHUKH [1].

OCHOBHBIM METOIOM 3allIUTHI YeJI0OBEKA OT 3JIEKTpOMar-
HUTHOTO M3JIyUYeHMS SBJSIETCS KpaHUpPOBaHUE. DKpaHU-
pOBaHME TaKXKe SIBSIETCSI OCHOBHBIM METOIOM 3allUThl B
Pa3IMYHBIX 00JIACTSIX TEXHUKM [2].

IMpu pazpaboTke KOHCTPYKLMI 3KpaHOB, TOTIJIOIIAI0-
IMUX 3JEKTPOMAarHUTHbIE BOJHBI (DMB), ucnonb3yrorcs
pa3IMIHbIe MaTepraIbl, 00JIaTaroIINe CTIOCOOHOCTBIO OTpa-
KaTh WJIM TIOTJIONIaTh 3JeKTPOMAarHUTHBIE W3JIy4eHUs
(DMMU) B onpeneaeHHOM auvariazoHe yactor. CiaeayeT oT-
METUTh, UTO B MMPUPOJIE HE CYIIECTBYET HU UJEATbHO OTpa-
KaIOIIMX, HU UACAIBHO MOTJIOIIAIIINX 3J€KTPOMArHUT-
HYI0O SHEPTUIO MaTepuajoB, IO3TOMY ItogaBiiecHue HMU
qarie BCero obecreunBacTcs 3a CueT 000MX ITPOIIECCOB.

OnHUM U3 aKTyaJbHBIX HaNpaBJeHU SBISETCS co3/a-
HME OTAEJOYHBIX COCTABOB HA OCHOBE CUJIMKATHON MaTpu-
11bl, MOAM(DULIMPOBAHHOMN YIEPOAHBIMU HAHOCUCTEMAMM.

JI71s IpUTOTOBJIEHUST OTIEIOYHBIX COCTABOB MCITOJIb30-
BaJIM B KAayeCTBE CBSI3YIOLIETO XXUIKOE HATPUEBOE CTEK-
10 (Momynmb 2,7—2,9; cpemHss IUIOTHOCTH 1,45 T/cM?).
YuuTtbiBasi €ro HeA0CTATKHU KaK CBS3YIOIIEro, B COCTaB KOM-
MO3ULMI BBOAWIM B KauecTBE OTBEpAUTENsI Oesblil opT-
JIAaHALEMEHT, CIIOCOOHBII HUBEJIMPOBATh 3TU HEIOCTATKH.
Jns mpenoTBpallieHusi MTHOBEHHOTO TBEPJAEHUSI CUCTEMbI
BBOIWJIN 3aMeTUTEIb, KOTOPHI CITOCOOeH BpeMEHHO Hell-
TPaJIM30BaTh ACHCTBUE MOPTIAHIIIEMEHTA 32 CUeT 00pa3o-
BaHUsI TPYIHOPACTBOPMMOW TUIEHKU Ha TOBEPXHOCTH €T0
yactull. s yaydmeHus: GU3MKO-TEXHUYECKMX XapaKTe-
PUCTUK CUJTMKATHOTO MOKPHITHUSI U OMHOBPEMEHHO JUISI TI0-
BBILIEHUS TIJIOTHOCTU CTPYKTYPHI UCITOJb30BaI TOHKOMO-

Nowadays, the active use of electromagnetic fields con-
nected with the development of radio, television, mobile com-
munication, and radiolocation leads to creating an additional
electromagnetic background. Complex electromagnetic envi-
ronment is formed in large cities, where the sources of electro-
magnetic fields (EMF) of radio frequency band are radio
centers of communication, broadcasting, television, radar sta-
tions, means of land mobile radio and other sources [1].

The main method of human protection from electromag-
netic radiation is shielding. Shielding is also the main method
of protection in various fields of technology [2].

In the design of shields absorbing electromagnetic waves
(EMW) various materials are used that have the ability to
reflect or absorb electromagnetic radiation (EMR) in a cer-
tain range of frequencies. It should be noted that naturally
there are no materials perfectly reflecting or perfectly absorb-
ing electromagnetic energy, so EMR suppression is often
achieved due to both processes.

One of the important trends is creating finishing compo-
sitions based on silicate matrix modified with carbon nano-
systems.

While preparing the finishing compositions liquid sodium
glass was used as a binder (module 2.7—2.9, average density
of 1.45 g/cm’). Its disadvantages as a binder being taken into
consideration, and white Portland cement was added in the
composition as a hardener which can neutralize these disad-
vantages. To prevent instant curing of the system an inhibitor
was added which can temporarily neutralize the effect of
Portland cement by forming hardly soluble film on the sur-
face of its particles. To improve the physical and technical
characteristics of the silicate coating and at the same time to
increase the density of the structure limestone powder with
the particles of a diameter of 45 microns was used. Multi-
walled carbon nanostructures (carbon nanotubes)
GraphistrenghtTM by Arkema company, France were used
for the structure forming of the finishing silicate composition
and the shielding effect.

The shielding properties of the composition were exam-
ined with the measuring equipment with a generator of ultra-

(’Q.FPUIIIFEJJ:JrI:JIE HAY4YHO-MexXHu4YecCKuu u npou3eoacmeeﬂﬂbtu JACYPHAN

VAV EPVAVIBIR pespars 2013

41



Jokaaanl V MeXXayHapoaHO¥ KOH(epeHIHn

«HaHOTEeXHOJ0THH A1 IKOJOTHIHOTO0 H J0JITOBEYHOr0 CTPOHTEILCTBA», 23—25 MaprTa, Kanp

JIOTBIA M3BECTHSAK C OUAMETPOM Ya- R, Om-cm
ctul 45 mxMm. Ins ctpyktypoobpaso- R Ohm-cm

BaHUs OTAEJIOYHON CUJIMKATHON KOM- -
MO3ULIUM U CO3MaHUsl IKpaHUpPYIOllle- 107

ro 3¢deKkTa MCHOoIb30BaJIl MHOIO-

CJIOMiHBIE YTJIEPOIHbIE HAHOCTPYKTY-

pet (YHT) GraphistrenghtTM cdbupmbt
Arkema, ®panius.

DKpaHUPYIOIINE CBONCTBa KOMITO-

SULHUHN MCCICOOBAIN C ITOMOIIbBIO MU3-

MCDHTGHBHOﬁ YCTaHOBKHM C I€HEpPATO- 10t

POM U3JTy4eHUs CBEPXBBICOKOI YacTo-
16l (CBY) Ha yacrore 1 I'T1. JIns mpo-

BeleHMsI DKCIIepUMeHTa ObUla BhIOpa-

Ha 31/1r3aroo6pa3Haﬂ aHTCHHa.

B OKCIIEpUMEHTaX MCIIOJIb30BaJIn

1
METO/, MPOLIEIIIEr0 PagroBoIHoBoro 10
U3JIy4EHUsl, OCHOBAHHLIA Ha pEru-

CTpallMy¥ TapaMeTpoB TIPOIIEMINENH 4

BOJIHBL. OOBEKT KOHTPOJISI U Te€HepU-

pylolliasi aHTeHHa pacrojarajuch He-

[
0 —
0,1%

MOABUXHO. JIeTeKTopHasi aHTeHHa Te-
pemMeliajiach Ha OIpeAeJIEeHHOM pac-
CTOSTHUM OT KOHTPOJIMPYEMOTO OOBEK-
Ta. Takum 00pa3oM, CHUMaIaCch 3aBU-
CUMOCTh IEeTeKTUPYEMOTO HampsiKe-
HUS OT PACCTOSIHUS 0 KOHTPOJIUpPYe-
Moro oobekTa. [lo 3HaueHuI0 Hamnps-
JKEHUI JeTeKTopa 10 TapuPOBOYHBIM JTaHHBIM CTPOWJIN 3a-
BUCHMOCTb HaIpPSKEHHOCTU 3JI€KTPOMAarHUTHOTO TIOJIST OT
PACCTOSTHUSI IO KOHTPOJIUPYEMOTO OOBEKTA.

B cunukarHoli Kpacke, MOIM(PUIIMPOBAHHOW MHOTO-
CJIOMHBIMU YIJIEPOAHBIMU HAHOTPYOKAMM, OIIPEeISUIA 3a-
BUCUMOCTb 3¢ (PeKTUBHOI Morionaonieit CmocoOHOCTH OT
koHueHTpauuu YHT. B cepuu obOpasioB pacripeneiieHue
VYHT B 06beMe ObIO paBHOMEPHBIM, 4 OPUEHTAINS X CIIY-
yaifHoi. Takue o6pa3iibl MOXXHO CUYUTATh OJHOPOIHBIMU U
M30TPOTTHBIMU TP U3MEPEHMIX B CAHTUMETPOBOM JHaria-
30He mMH BoygH. KoHuentpauus YHT B oOpasiax Bapb-
nposaiach ot 0 1o 3 mac. % [3].

VYnenbHOE COMPOTUBIIEHUE CUJIMKATHOTO TTOKPBITUS, MO-
nudunmpoBanHoro YHT, ymeHbl1aeTcst Bo3pacTaHMEeM KOH-
LIEHTPpalMU YIJIePOAHBIX HAHOTPYOOK (puc. 1). Kak BumHO 13
puc. 1, Mpy yMEHBIIEHUY YIEIBHOTO COTTPOTUBIICHUST CUTH-
KaTHOTO TIOKPBITHUS CIeAyeT OXMAATh YMEHbIIIEHUe OTpaxa-
Io1El CITOCOOHOCTY MOKPBITUSI 1711 2JIEKTPOMArHUTHOTO U3-
JIy4EHHUSI, YTO TMO3BOJIUT CO3[aTh SKPaHUPYIOUIUN 3(pGheKT
MPY HAHECEHUM TOKPBITUS Ha 3allUINAEMYI0 TTIOBEPXHOCTD.

Date :7 Nov 2011
File Name = revel siica! noirl6 jpg
Aeh Liger u Idie

1% 3%
KoHueHTpauus, %
Concentracion, %

Puc. 1. 3aBUCUMOCTb CONPOTMBNEHUS OT KOHLEHTPALMM HAHOTPYOOK B COCTaBE MOKPbLITHS
Fig. 1. Dependence of resistivity on carbon nantubes concentraion in the coating composition

high frequency radiation (UHF) at a frequency of 1 GHz.
A zigzag antenna was selected for the experiment.

The method of the transmitted radio wave radiation
based on registering the parameters of the transmitted wave
was applied in the experiments. The tested object and the
generating antenna were fixed. The detector antenna was
moving over a certain distance from the tested object. Thus,
the dependence of the detected voltage on the distance over
the tested object was read. Basing on the values of the detec-
tor and calibration data, the intensity dependence of the
electromagnetic field on the distance over the tested object
was constructed.

In the silicate paint modified with multi-walled carbon
nanotubes the dependence of the effective absorption capac-
ity on the concentration of CNTs was determined. In a series
of samples the CNTs distribution in the volume was uniform,
and their orientation was random. Such samples can be con-
sidered as homogeneous and isotropic, being measured at the
centimeter range of wavelengths. The CNT concentration in
the samples ranged from 0 to 3% from the mass [3].

45
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Puc. 2. MI/IKDOCTDyKTypa cKona MoandULMPOBAHHOIO CUIIMKATHOIO MOKPLITUS (&); 3aBUCUMOCTb MOrNOLLEHUS 3/1IEKTPOMArHUTHOro na3ny4eHua ot cogep-

XaHWs yrinepoaHblX HAHOTPYOOK (6)

Fig. 2. Microstructure of spall of the modified silicate coating (a), dependence of electromagnetic radiation absorption on the content of carbon nanotubes (b)
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[TornomeHne 3JeKTPOMArHUTHOTO M3JIyYeHUS TIOJ-
TBEPXKIAeTCsl CTPYKTYPOU MOAMMUIIMPOBAHHOTO CUJIMKAT-
HOro MmokpbiTusi. IIpoBeneHHble (HU3UKO-XUMUUYECKUE HC-
cienoBaHusl ¢ ucnonab3doBaHueM MK-cnekTpanbHOro aHa-
m3a, ITA [4] 1 pacTpoBOii 3JI€KTPOHHON MWKPOCKOIITUN
TTOKa3aJIu CYIIeCTBeHHOEe M3MEHEHWE CTPYKTYPBI U COCTaBa
KOMTIO3UIIMY TP MOAMMUKALINKI €€ YIJIePOAHBIMU HaHO-
TpyOKamu (puc. 2, a).

OkpaHupymwoinure cBoiictBa YHT obecrieunBaloTcsi Mx
XOpolleid MPoBOAUMOCTbI0. Moaudukaiusi CUIMKaTHOTO
TTOKPBITHUST TUCTIEPCUEH YTIIEPOIHBIX HAHOTPYOOK IIPUBOIUT
K ITOTJIOIIEHMIO 3JIEKTPOMATrHUTHOTO M3J1yueHus 10 38 % [5].
DddekTrBHASA MOTIOIIAIIIAs CIIOCOOHOCTh YBEIMYNBACT-
Cs C POCTOM KOHILIEHTpPAllUM TPOBOASIIET0 HAHOAMCTIEPC-
HOTO HamoJHuTeNs1 (puc. 2, 6).

PesynbraThl UcciaeqoBaHU MOTYT ObITh MCIOIBb30BaHbI
MPU CO3MaHUN BBICOKO3(GhEKTUBHBIX CJIA000TpaxkalomMnX
pPaaMOTIONJIOIIAIOIIMX TIOKPBITUN, CHMXAIOIMIUX OO0l
YPOBEHB 3JIEKTPOMArHUTHOTO M3TyUYCHMS.

BBeneHue B CHIMKATHYIO KOMIO3ULIMIO HAHOAMCIEPC-
HBIX CTPYKTYpP THUIIA YIJIEPOJHBIX MHOTOCIOMHBIX HAHOTPY-
0OK IMO3BOJISIET CTUMYJIMPOBATh CTPYKTYpooOpa3oBaHUE
KOMITO3ULIMI U yaydiiaTh ee (pU3UKO-TeXHUUECKHUE CBOM-
ctBa. DU3BMKO-XMMUYECKUE UCCIEAOBAHUS CTPYKTYPH MO-
IUGUIMPOBAHHOTO CMJIMKATHOTO MTOKPBITHUS TIOKA3aJId BO3-
MOXHOCTb PEeTryJIMpOBaHUsA MOPMOJOTUM KPUCTAJUIOTUI-
paTHBIX (pa3 ¥ yBeTMUYEHUST KOHTAKTHOM MOBEPXHOCTH MEX-
Iy HUMU 32 cyeT (hOPMUPOBAHUST CTPYKTYPhI MOBBIIIEHHOM
MMPOYHOCTH 1 BOJIOCTOMKOCTH.

JlobaBieHne B cocTaB KOMIMO3MIIMOHHOTO Marepuaia
YIJIEPOIHBIX HAHOCHCTEM OITHOBPEMEHHO MPUBOIUT K PO-
CTY 3HAYEeHWI TOTJIOLIEHMUSI C TOBBIIIEHUEM KOJUYECTBA
BBOJIMMBIX HAaHOTPYOOK. BBemeHue B cocTaB KOMITO3MII-
OHHOTO MaTepuaja YrJepoJHbIX HAHOTPYOOK MPUBOIUT K
YBEJIMUEHWIO 3HAYEeHUs momToleHns Ha 31% mipu 1o6aBke
YHT B Bune cycnensuit B KonudectBe 0,1% Macchl u Ha
38% mpu nobaske YHT B Bume cycrieH3uil B KOJUIECTBE
3 mac. %.

KioueBble clioBa: MHO20CA0lIHbIE YenepoOHble HAHOMPYO-
KU, Hcudkoe cmekao, nopmaanouemeHm, moouguyuposanue,
IKPAHUPOBAHUE, INCKMPOMACHUMHOE U3LYHEHUe.
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The specific resistance of the silicate coating modified
with CNTs decreases with the increase of carbon nanotubes
concentration (Fig. 1). As Fig. 1 shows, a decrease in the
specific resistance of the silicate coating should be expected
to be accompanied with a decrease of the reflectivity of the
coating for the electromagnetic radiation which will create a
shielding effect while applying the coating on the protected
surface.

The absorption of electromagnetic radiation is confirmed
with the structure of the modified silicate coating. The con-
ducted physical and chemical studies using infrared spectral
analysis, differential thermal analysis [4] and scanning elec-
tron microscopy have showed a significant change in the
structure of the composition modified with carbon nanotubes
(Fig. 2, a).

The shielding properties of CNTs are due to their good
conductivity. Modification of the silicate coating with carbon
nanotubes dispersion leads to the absorption of electromag-
netic radiation up to 38% [5]. The effective absorption ca-
pacity increases with the concentration of the conducting
nanosized filler (Fig. 2, b).

The research results can be used to create high-efficient
low-reflective radio absorbing coatings that reduce the over-
all level of the electromagnetic radiation.

Adding nanosized structures like carbon multi-walled
nanotubes to the silicate composition can induce composi-
tion structure forming and improve its physical and technical
properties. Physical and chemical studies of the structure of
the modified silicate coating have shown the possibility of
regulating the morphology of crystalline hydrate phases and
increase of the contact area between them due to forming the
structure of the increased strength and water resistance.

Adding carbon nanosystems to the composite material
increases the absorbance values with an increase of the
amount of added nanotubes. Adding carbon nanotubes to the
composite material increases the absorption value by 31%
with the addition of CNTs in the form of a suspension in the
amount of 0,1% from the weight and 38% with the addition
of CNTs in the form of a suspension in the amount of 3%
from the weight.

Keywords: multi-walled carbon nanotubes, liquid glass,
Portland cement, modifying, shielding, electromagnetic radia-
tion.
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CBoiicTBa TepMOCTONKNX YrnepoaHbIX
HaHOTPYOOK, NoJy4YeHHbIX METO4OM
anekrpoayrosoro cuHresa (M3/C)

Synthesis and Characterization of Thermally
Stable Carbon Nano-Tubes using
ARC-Discharge Technique

C MOMeHTa OTKPBITHUS YIJIepoaHbIX HAaHOTPYOOK (YHT)
Cymno Uumxumoii [1, 2], MHOrMe yueHbIe 3aHUMAJIUCh BO-
npocamu cuHTe3a YHT u uccnenoBanuem ux coiicts. YHT
OBLIM BITEPBBIC MOTYYeHBI B KAYECTBE MTOOOYHOTO MPOAYKTa
IIpU CUHTe3€e Py/UIepeHOB 3JEKTPOAYTOBBIM MeTOA0M. B Ha-
crosiee BpeMsi YHT mpou3BomsT pa3aMyHbIMU CIIOCOba-
MM, BKJIIOYAsi XMMUYECKOEe OcaxIeHWe U3 Ta3oBoil (dasbl,
JIa3epHYI0 a0JISILMIO U 3JIEKTpOoAyroBoii meton [2, 3]. bouiu
TIPEATIPUHSTHI TIOTIBITKU TTOMCKA U IPYTUX BO3MOXHOCTEH
st cuate3a YHT, Ho oHM He TTOTyYrIv JOCTaTOYHOTO pac-
MPOCTPaHEHMSI.

DAeKTPOAYroBoil MeToM, KaK MpaBWIo, MpearoJaraet
HCMOJIb30BaHKE IBYX BCTPOEHHbBIX IPa(UTOBBIX 2JEKTPOIOB
BBICOKOI YMCTOTBI. DJIEKTPOIBI TIPY TOAKIIOUEHUU K HUM
9JIEKTPUYECKOTO TOKA MTHOBEHHO BCTYIAlOT B KOHTAKT C
obpaszoBanuem myru [3]. Kak mpaBuiio, aHom — MJIMHHBINA
CTepXXeHb OKOJIO 6 MM B IMaMeTpe, B TO BPeMsI KaK KaTom —
CcTepkKeHb HAaMHOTO Kopoue AuamMeTpoM 9 mm. DddexkTus-
HOCTb BOJSTHOTO OXJIAXEHHUSI KaToJa MMeeT BaxHOe 3Haue-
Hue B ripousBoacTtBe YHT xopoiiiero kauecTBa. AHOI Takxe
YaCTO OXJIAXJAIOT.

IMonoxeHre aHoma JOKHO OBITH PETYIUPYEMbIM M3-
BHE, TaK YTOOBI MOCTOSTHHBIM 3a30p MEXIY 3JeKTPOIaMu
MOAIEPXKUBAJICS B TeueHUe Bcero mnpouecca. OObIYHO UC-
MOJIb3yeTCsl CTAOUIM3UPOBAHHBIN MCTOUHUK MUTAHUS MO-
CTOSTHHOTO TOKa M pa3psill, KaK IMpaBUJIO, TIPOBOIASAT MPU
HanpsbkeHun 20 B. Cuyia Toka 3aBUCHT OT auaMeTpa
CTepXHEHN U pacCTOTHUS MEXIY HUMU U HAXOIUTCS B Tra-
nazoHe 20—100 A. OdyeHb OOJBIION TOK IPUBOIUT K CIIE-
KaHUIO Marepuanga ¢ oOpa3oBaHMEM Majoro KoJuyecTBa
cBoboaHbix YHT. Takum ob6pa3oM, TOK HOJKEH OBITH Ha-
CTOJIbKO HU3KHM, HACKOJIbKO 3TO BO3MOXHO, ISl O/Iep-
KaHUs CTaOMIBHOCTH TUIa3MBbl. DPPEKTUBHOE OXJIaXkKIe-
HHUE 3JIEKTPONOB M KaMephbl TakXke TO3BOJISIET M30eraTh
cnekanus. Eciu MBI C ObLI poBeAeH IMpaBUIbHO, Ha Ka-
TOJAe MJOJIDKHO TIOSIBUTBCSI OJHOPOJHOE OTJIOXEHHE.
Hexoropble ykazaHusi Ha KaueCcTBO MPOMYKTa MOXHO IO-
JIYUUTH TIYTEM MPOCTOro U3MYECKOro OCMOTpa MPOU3BE-
neHHblx YHT. Inoxo cuHTEe3MpOBaHHEBIM 0Opa3er mMeeT
PBIXJIYIO TEKCTYPY, B TO BpeMs KakK 0Opasel] XOpoIlero Ka-
YecTBa UMEET TUIACTUHYATYIO CTPYKTYPY C CEPBIM MEeTaJlIN -
yeckuM Osieckom [1, 4].

MOB/IC B Bofie SIBJSIETCS] MPOCTHIM U 9KOHOMUYHBIM, MO-
CKOJIbKY HE TpeOYyeT BAKYYMHBIX YCTPOICTB.

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

Introduction

Since the discovery of CNTs by lijima [1, 2], many re-
searchers have been attracted to this material and a large
number of studies have been piled up. CNTs was first synthe-
sized as a by-product in arc-discharge (ARCD) method in
synthesis of fullerenes and are currently being prepared by
different methods including chemical vapor deposition
(CVD), laser ablation (LA) and ARCD [2, 3]. Some efforts
were also made to look for other possibilities to grow CNTs
but they had less success.

The ARCD technique generally involves the use of two
high-purity graphite electrodes inline. The electrodes are
momentarily brought into contact and an arc is struck [3].
Typically, the anode is the longer rod with approximately 6
mm in diameter while the cathode is the much shorter rod
with 9 mm in diameter. Efficient water-cooling of the cath-
ode is essential in producing good quality CNTs, and the
anode is also frequently cooled. The position of the anode
should be adjustable from outside the chamber, so that a con-
stant gap can be maintained during arcing process. A voltage-
stabilized DC power supply is normally used, and discharge is
typically carried out at a voltage of 20 V. The current depends
on the diameter of the rods and their separation, but is usu-
ally in the range of 20—100 Amp. Very high current will re-
sults in a hard, sintered material with few free CNTs.
Therefore, the current should be kept as low as possible, con-
sistent with maintaining stable plasma. Efficient cooling of
the electrodes and the chamber has also been shown to be
essential in producing good quality CNTs and avoiding ex-
cessive sintering. If ARCD has been carried out correctly, a
cylindrical and homogenous deposit should form on the
cathode. Some indication of the quality of the product is
gained by a simple physical examination of the produced
CNTs. A poor produced sample that containing few CNTs
will generally have a powdery texture, while good quality
material can be smeared to produce sheet-like flakes with a
grey metallic luster [1, 4].

ARCD in water is particularly simple and cost-effective
because it does not require vacuum devices. So, our current
research is aimed to develop an ARCD technique to synthesis
of thermally stable CNTs. Characterization of the modified
product is also focused. As the current research is extracted
from an expanded research project at housing and building
national research center HBRC which represents in three
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M3mepuTenbHbli
MCTO4HMK 3Heprum npubop MexaHuueckoe yCTpoicTso
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EmkocTb
C BUCTUNAMPOBAHHOM
BOLOV
De-ionized water

OxnaxparoLas
cuctema

Puc. 1. Cxema M3C ycTaHOBKM v
Cooling system

Fig. 1. ARCD experimental setup

DKcnepuMeHTaIbHbIE padoThI

Ha puc. 1 nokasaHn skcnepumeHTanbHbii MOJIC anna-
par, KOTOpBIii pa3paboTaH M M3TOTOBJEH B JabopaTopuu
HUIIKHWC. OH coctouT 13 crabmwimzaTopa MOCTOSIHHOTO
HAaIpsDKEHUs ¢ UCTOYHUKOM nutaHus (22 B), mogmepxuBa-
IoIIero ToKu a0 160 A, CHCTeMBI OXJIAXICHUS, COCTOSIIEH
U3 LHUPKYJISILMOHHOTO HAacoca W XOJIOAUIbHUKA. MexaHu-
YECKUE CPEJCTBA MCIOJb3YIOTCS ISl PEryJMpPOBKU 3a30pa
MEXIY rpaUTOBBIMU 3JIEKTPOAAMU TaK, YTOOBI MOIAECPKU-
Bajiach Ayra B peakKlIMOHHOI KamMepe, CoaepKalleil TUCTUII-
JINPOBaHHYIO BOJY.

1000 MJ1 TMCTWLTMPOBAHHOM BOAbLI HAJIMBAIOT B 9KCUKa-
TOP, KOTOPbIf CHAOXEH CUCTEMON OXJTaXAeHUsT (LIUPKYJIsi-
LIMOHHBIN HACOC U XOJIOAUILHUK). JIBa rpadUTOBBIX CTEPXK-
HS auamMeTpoM 6 1 9 MM (aHOA M KaTOJ COOTBETCTBEHHO)
MOTPYKAlOT B MUCTUJUTMPOBAHHYIO BOAY, a 3aTeM TOIKIIIO-
YaloT K MCTOYHWKY TMHUTAaHUSI TOCTOSTHHOTO TOKa. 3a30p
Mexay rpaduToBbIMU deKTpoaamu 1—2 mm. Tlocie paspsi-
Jla Ha TIOBEPXHOCTU KaTo/a oceJaeT TUIOTHAsI YepHasi Macca,
a XUJIKOCTb B 3KCUKATOPE OKPAIIMBAETCS B UEPHBIIA 1IBET.

ITponykTel peakiiuu ObUTM OTOUIBTPOBAHBI C TTOMOIIIBIO
cucTeMbl BakyyMHO# ¢wibTpauuu. OTduAbTpOBaHHBIE
npoaykrel cymmau rnpu 100°C B TeueHue 10 u.

OThunbTpOBaHHBIE U OUMIIIEHHbIE POAYKThI ObLIN UCCIE-
JTIOBaHbI C TOMOIIBIO CKAHUPYIOILIETO 3JIEKTPOHHOTO MUKPO-
ckora (SEM Philips inspect-s FEI Company) u nuddepeHim-
anbHOTO cKaHupytolero Kajopumerpa (DSC Shimadzu-50).

Couetanne pU3NIECKUX M XUMUYECKUX METOIOB OBLIO
npuMeHeHo s nonxydeHus YHT, 4ToObl CTEHKM U IJuHA
TPYOOK OCTaJIUCh HEU3MEHHBIMM.

CyTb METOIa OUUCTKHU COCTOUT B yAajdeHUU QysiepeHoB
1 pacCTBOPUMBIX MIPUMECEi, 3aTeM XMIKO(Da3HOIO OKHUCIIe-

Puc. 2. O6paboTaHHbIin ToNyonom obpaseu, YHT
Fig. 2. SEM photomicrograph of toluene treated CNTs sample

(CYPONIENIBHBIE

previous reports, it was exploring the effect of CNTs as addi-
tives to Portland cement pastes with different ratios.

Experimental work

Fig. 1 shows a photographic picture of the experimental
ARCD apparatus which completely designed and fabricated
at HBRC lab. The system is basically consists of four main
parts, voltage stabilized DC power supply (22 V) generate
currents up to 160 Amp, cooling system consisting of circu-
lating pump and refrigerator, mechanical means used to ad-
just distance between two graphite electrodes such that arcing
is initiated and reacting chamber containing deionized water.

A 1000 mL of deionized water was poured in a glass desic-
cator, which was cooled in cooling system (circulating pump
and refrigerator). Two graphite rods of 6 and 9 mm in diam-
eter (anode and cathode respectively) were submerged in the
deionized water and then connected to DC power supply.
The gap between the graphite electrodes was kept at 1—2 mm
(this is the optimum distance to generate plasma), and we
maintained this gap constant manually via mechanical
means. Immediately after ARCD process, carbon soot was
deposited on the surface of the cathode electrode, and thus
the liquid in the desiccator turns into black.

The products in the desiccator were filtered using a vacu-
um filtration system. The filtered products then dried at
100°C over night.

The filtered residues were characterized by scanning elec-
tron microscope (SEM Philips inspect-s FEI Company) and
differential scanning calorimetry (shimadzu DSC-50).

A combination of physical and chemical methods was ap-
plied to as grown CNTs powder to allow the wall and length
of tubes intact.

The method consists initially of the removal of fullerenes
and soluble impurities, followed by liquid-phase oxidation of
amorphous carbon. Then, an acid treatment to remove the
unprotected metallic particles was finally occurred. This
method is very interesting because it allows for the selective
extraction of impurities from CNTs samples without causing
damage to the tube walls.

In order to purify the as grown sample of CNTs; a 500 mg
of untreated as-synthesized raw sample was added to 50 mL
of toluene, the solution was steered at room temperature at
low steering rate for 2 hrs, then filtered and dried at 100°C
over night. Toluene was used to remove only hydrophobic
graphite nano-particles, small polyaromatic carbon chains
and fullerenes in the raw sample [5, 8]. A 400 mg of the tolu-
ene treated sample was dissolved in 30% hydrogen peroxide
and steered at room temperature for a long time, filtered,
washed several times with deionized water and dried over
night at 100°C. Finally 400 mg of hydrogen peroxide treated
sample was dissolved in concentrated H,NO; to remove un-
protected metallic particles and steered for 0.5 hr and finally
filtered, washed several times with deionized water and dried
over night at 100°C. Suspension of the
CNTs in water to use it directly in mix-
ing the cement mortar was finally tried
as one of the main target in this study.

Results

Fig. 2 illustrates the SEM micrograph
for the toluene treated CNTs sample. It
can be seen that the appearance of loose
curly CNTs together with some amor-
phous-like particles. These nanotubes
seemingly have a broad length distribu-
tion. In addition to the bundle of CNTs,
the white spot, carbonaceous particles,
mainly amorphous carbons, are shown in
the toluene treated CNTs sample.

Fig. 3. shows the DSC thermo-gram
of the as grown and purified CNTs sam-
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HMST aMOPdHOTO yIyIepoa MepeKruchbio BOIOPoIa U, HAKOHell,
00paboTKe a30THOM KUCIOTOI. DTOT METOA MHTEPECEH TEM,
YTO MO3BOJISIET MPOU3BOAUTH CEJIEKTUBHOE U3BJICUEHUE TTPU-
Meceit u3 oopasnoB YHT 6e3 moBpexaeHusI CTEHOK TPYOOK.

Hnsa ounctku YHT B 500 Mr HeoO6paboTaHHOTO CUHTE-
3MPOBAHHOTO MCXOMHOTO 00pasiia Obl10 mobaBiaeHo 50 M
TOJIyOJIa, PACTBOP MepeMeIIMBaIN MPY KOMHATHOM TeMIIe-
patype okoJio 2 4. 3aTeM ero puiabTpyroT 1 cymar 10 u mpu
100°C. Tosyos UCIOIB3YeTCS TOJBKO IS YIaJleHUs TUAPO-
(hoOHBIX TPaPUTOBBIX HAHOYACTHII, IMOJIMAPOMATHYECKUX
mereit yrepona u QyJuiepeHoOB B ChIpoM obpasie [5, 8].
400 mr ob6pasma, 06paboTaHHOIO TOIYOJIOM, PACTBOPSIOT B
30% mepekucu BOJOPONA M OCTABJSIIOT NMPU KOMHATHOM
TeMIlepaType B TeUE€HME JUIUTETbHOTO BPEMEHU, DUIBTPY-
0T, TPOMBIBAIOT HECKOJILKO Pa3 JUCTWIIMPOBAHHOI BOIOI
u cymar B TedeHue 10 9 npu 100°C. [Inst ynageHus: MOHOB
METaJIJIOB TIOJIyYeHHBIN 00pasel] MOMEeIalT B KOHLIEHTPH-
posanHyio H,NO; u ocrasnsior Ha 30 muH. W HakoHer,
UIBTPYIOT, TPOMBIBAIOT HECKOJIBKO pa3, TUCTUUIMPOBAHHOMN
Bone u cymat B TeueHue 104 mpu 100°C. Cycnensust YHT B
BOJIE MICTOJIB3YETCSI JIs1 IPUTOTOBJIEHUS IIEeMEHTHOTO PacTBOPA.

Pe3ynbTaTbl

Ha puc. 2 nokazan o6pazenr YHT, o6paboTtaHHbIl TO-
ayonoM. MoxHO yBuUIeTh mosiBieHHe cBobomHoir YHT
BMecTe ¢ amopdomnogoOHbIMU vyacTuliaMu. [logydeHHbIE
HAHOTPYOKU MMEIOT IIUPOKUI TUana3oH aauHbl. Hapsay ¢
nyukamu YHT B oOpasue npucyTCTBYIOT YIJIEpOIHBIE Ya-
CTHUIIbI, B OCHOBHOM aMOp(¢HOTro yrjiepoia.

HeouunnienHslit obpaserr ObLT UCCIEA0BAH C TOMOIIbIO
shimadzue DSC-50 ananuzaTtopa npu tremmepatype ot 20 1o
700°C B atmocdepe Bo3ayxa (puc. 3). [IBa nmuka onpeaesi-
1oT poct YHT; nepsoiii muk DSC Haxomutcsa B 562,7°C u
MOXET OBITb OTHECEH K YMEHBIICHUIO CTaOMJILHOCTU
amopdHoOro yriieposa, B TO BpeMsl KaK BTOPOI MUK TOSIBJISI-
etcst ipu 645,8°C, yto 0OBsIcHSIeTCS TosiBiIeHeM YHT.

Hus cpaBHeHus, ounineHHbIi YHT obGpasen mokazan
TOJIBKO OOWH MUK npu 634,2°C. VBeanueHue TeMITepaTyphbl
MPOMCXOAMT U3-3a YCTpaHeHUsT aMOphHOTO yriepoaa U hyHK-
LIMOHAILHBIX Tpym Ha ouuiieHHylo YHT. Cunte3upoBaH-
HbIi1 06pazenr YHT umeeT 6ojiee BBICOKYIO TEpPMUYECKYIO CTa-
OWIBHOCTH, YeM TiosydeHHbIi Jleonom /1. Ilepecom u coaBTo-
pamu [6].

Ilocne ounctku Ob11M monxydeHsl Y HT BeicOKOI yncTo-
ThI, KaKk MTOKa3aHo Ha puc. 4.

CuuTaeTtcs, uTo TepMuueckasi crabuinbHocTh YHT 3aBu-
cuT OT JeeKTOB Ha OOKOBBIX CTEeHKaX M IIpUMeceil B 0opa3-
1e. C yMeHbIIIEHMEM KOJMYECTBA MPUMECEeil MOBbBIIIAETCS
kauectBo YHT, 4To criocoOCTByeT BBICOKOI TEPMHUIECKOM
crabwibHOCTH [4, 7].

YHT He obpa3yeT cycrneH3uil B YMCTOM BOAE U OpraHu-
YecKUX pacTBopuTessix. [1oaToMy BaXXHO HaWTU croco®
MOJIyYeHUsT ONHOPOJHON M cTabwibHoi cycnieH3un YHT
B Boje. C 3TOil 1eNnbi0 J00aBISIOT
IMOBEPXHOCTHO-aKTUBHOE BEIIIECTBO U
HCTIONB3YIOT YJIBTPa3BYK. MOJIEKYJIbI
ITAB umeroT XBocT 13 12 aTOMOB yIJie-
pona, MPUKPEIJIEHHbIX K CyJb(aTHOM
rpynrie, TpugaBasi MoJieKyjdaM CBOWi-
CTBa, HEOOXOIMMBbIE [JII MOIIIETO
cpenctia. [ToasIpHBIN KOHEI MPUTATH -
BaeTCsI K MOJIEKYJIaM BOJIBI, a HETIOJISIP-
HBIN KOHell oTTaakuBaetcs. [Ipu Ha-
guyun YHT 3TOT mpoaykr mnpumaet
CTeHKe TpyObl TMApO(dOOHbBIC CBOIICTBA,
YTO TIO3BOJISIET M30eXaTh KOHTaKTa
MEXIy HUMHU W TIOJYYUTh CYCITCH3UIO
YHT B Boge [9, 10].

VabTpa3ByK HEOOXOIUM KaK UCTOY-
HUK BHEIIHEH 3HepruM, Kotopas IMo-
MOTaeT 4YacTUIlaM IPeooJeTh CHUJIbI
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Puc. 3. DSC Tepmorpamma pocta 1 o4ncTkn obpasua YHT
Fig. 3. Thermogram of as grown and purified CNT sample

ple. A 4.7 mg of purified sample were measured using shimad-
zue DSC-50 analyzer from room temperature up to 700°C
under air atmosphere. Two peaks can be identified for the as
grown CNTs sample, the first DSC peak located at 562.7°C
may be attributed to the degradation of less stable amorphous
carbon, while the second peak appearing at 645.8°C which is
attributed to CNTs themselves.

In contrast, the purified CNTs sample showed only a single
peak at 634.2°C. The increasing in the degradation temperature is
due to the elimination of amorphous carbon and functional groups
on the purified CNTs. The location of the second peak is high
compared to that obtained by Leon D. Perez [6] which was about
572.5°C So, this means that the synthesized CNTs sample has
higher thermal stability than that prepared by Leon D. Perez et al.

After purification process amorphous carbon and other
unwanted spices were removed and high purity sample of
CNT were obtained as shown in Fig. 4. It is believed that the
thermal stability of CNTs depends on the defects on the side
walls and impurities in the sample. With the reduced amount
of impurities, the high quality of CNTs with few defects con-
tributes to the high thermal stability [4, 7].

The main target during the manufacturing of the CNTs in
this research program is to get a homogenous and stable sus-
pension of the CNTs in water. CNTs are insoluble in water
and organic solvents. However, if a surfactant is added, with
the use of sonication, a homogeneous and stable suspension
can be obtained. A surfactant molecule has a tail of 12 carbon
atoms, attached to a sulfate group, giving the molecule the
amphiphilic properties required for a detergent as seen in
Fig.6. The polar end is attracted to the water molecules, while
the non-polar end is repelled. By the presence of CNTs this
product attaches to the wall of the tube (hydrophobic mole-
cule) thus avoiding the contact between them and allowing a
free standing suspension of the CNTs in the water [9, 10].

Fig. 4. High purity CNTs sample after purification process
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nputskeHuss BaH-gep-Baanbca.
IIpouecc nDpUroTOBAEHUS CYy-
CTIEH3UM MPOBOIWICS C KOHIEH-
Tpauueil TMOBEPXHOCTHO-aKTUB-
HOTO BEIEeCTBA B AUCTU/UIMPOBAH-
Hoif Boze 1o 1%. KoHmeHTpammst
VYHT cocraBnsiia IIpuMepHO
0,3 mr/mu. Cycnensust YHT
(puc. 5) MOXET HCITOJIb30BaThCS
HETMOCPEACTBEHHO B LIEMEHTHOM
pactBope sl obecriedeHUsl
ONTUMAJIBHOTO pacClpeaesieHUsI
YHT B maTpulie LieMeHTa U, Clie-
JIOBaTeNbHO, IS MOCTUXKEHUS
BBICOKMX MEXaHMUYECKHUX CBOMCTB.

Puc. 5. Cycnensusa YHT, no-
Jly4EHHas C MCMNOJIb30BaHNEM
MAB v ynbTpassyka

Fig. 5. CNT suspension was

prepared using ultrasonic
waves and surfactant

3akiouenue

HWcnonb3oBaHue TepeKUcHU
BOIOpPOJIA B yIaJleHU aMOpdOHO-
o yriepoja oueHb 3(p(peKTUBHO,
tak Kak SEM mukpodororpadus mokasbBaeT, 4To 00paselr
cBoOO/eH OT amopdHoro yriaepoga v mnepBbiii muk DSC
TEPMOTPAMMBbI OBLUT TUKBUANPOBAH.

Tepmuueckas crabuibHocTh YHT 3aBUCUT OT nedhekToB
Ha OOKOBBIX CTEHKaX U COAepKaHUs TTpUMeceil B OUMIIEH-
HOM 00pas3lie, a TakKe 0T 3¢ (GHEKTUBHOCTH CUCTEMBI OXJIaXK-
IeHUsI, UCIojb3yeMoil B ycTpoiicTBe. IloaroroBieHHbIE
OYMILEHHbIe HAHOTPYOKHM, mojydyeHHble MBOC, umeror
0oJiee BBICOKYIO TEPMUYECKYIO CTAOMJIBHOCTb, YeM 00Opa3-
11bl, cuHTe3upoBaHHbIe JleoHowm [I. [Tepecom MeTromom Ka-
TaJIUTUYECKOTO MMHPOJIN3A.

KumoueBblie cii0Ba: y21epoodusie HaHompy oK, CKAHUPYIOWULL
2NEKMPOHHbIIL MUKPOCKON, OUGPepeHYUANbHbLI CKAHUPYIOUULL
Kaaopumemp, 31eKmpo0y2060i Cunme3, yeMeHmHblll pacmeop.
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The sonication process is necessary as a source of external
mechanical energy which helps the particles to overcome the
attractive Van Der Waals forces. The dispersion preparation
process was carried out with a concentration of surfactant in
de-ionized water of 1%. The concentration of CNTs was ap-
proximately 0.3 mg/mL. The suspended CNTs (as shown in
Fig. 5.) can used directly with cement mortar to ensure good
distribution of CNTs in cement matrix and hence optimum
mechanical properties can be achieved.

Conclusion

It can be concluded that the using of hydrogen peroxide
in removing amorphous carbon is very effective, as SEM
micrograph of hydrogen peroxide treated sample shows that
it is free of amorphous carbon and the first peak of DSC ther-
mogram was eliminated as indicated.

The thermal stability of CNTs depends on the defects on
the side walls and impurities in the purified sample and it can
be attributed to efficient cooling system used in the appara-
tus. The prepared purified CNTs sample with ARCD method
has higher thermal stability than the sample obtained from
CVD method and to that obtained by Leon D. Perez.

The authors would like to thanks all members of thermal
lab at HBRC and specially Prof. Magdy Helal prim head of
physics department and Prof. Mohamed Saad for their co-
operation during this work.

Keywords: CNTs, SEM, Arc discharge, DSC, Cement mortar.
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OueHka nonnpyHKUNOHaIbHOro Mmoandukaropa
6etoHa NPM-HJIK B kayecTBe cypgakraHTa
npu gucneprayvnn yriiepogHbiX HAHOTPybOoK ™

Estimation of the multifunctional modifier
of PFM-NLK concrete as surfactantat carbon

nanotubes dispersion*

AHanu3 pe3yJibTaToOB UCCIEAOBAHUI 11O pa3pabOTKE BbI-
COKOITPOYHBIX BHICOKOKAYECTBEHHBIX OETOHOB HAa MECTHBIX
3aTTOJTHUTEJISIX JIJISI TPOU3BOJICTBA MOHOJIMTHOTO OETOHA MO-
Ka3zaJl HeOOXOOMMOCTh TTOMCKA HOBBIX JIOMOJTHUTEIBHBIX
TEXHOJIOTUYECKUX MprueMoB. [IpruMeHeHne U3BECTHBIX Me-
TONIOB, HAITPUMEP BHIOOP BUIA 3aTOJHUTENCH, ONTUMU3A-
LIMSI UX 3€PHOBOTO COCTaBa, MPUMEHEHME MyIII0JaHOBbIX
HamnoJIHUTeN el (1LIeouTa, MUKPOKPEMHE3eMa U IPYTUX aK-
TUBHBIX MUHEPAJbHBIX T00aBOK) WJIM MCIOJb30BaHUE (-
(beKTUBHBIX BOAOPEIYIIUPYIONINX T00aBOK — CYITEePILUIaCTH-
¢ukaTopa C-3 1 MoIMPYHKIMOHAJIBHOIO MomuduUKaTopa
6etona [TOM-HJIK mo3BossieT MoJayynuTh GETOHBI Kjiacca
10 TIPOYHOCTH Ha cxkaTtue B35—B45 [1].

OIHUM 13 HOBBIX TPUEMOB PETYIMPOBAHUS CBOMCTB Oe-
TOHHBIX CMeceil 1 OETOHOB SIBJISIETCS YIIPaBJICHUE CTPYKTY-
poOOpa3oBaHMEM LIEMEHTHOTO OETOHA Ha HAHOYpPOBHE. List
PETyIMPOBAHUS CBOMCTB IIEMEHTHOM MaTpUIIBI, KaK MOKa-
3bIBa€T aHAJIM3 MPUMEHEHUSI HAaHOTEXHOJIOTHil, Hanbosiee
MEePCIEeKTUBHBIM SIBJISIETCSl TTPUMEHEHUE MHOTOCIOMHBIX
YIJIEPOIHBIX HAHOTPYOOK.

AHanu3 crnenragbHON TUTEpaTyphl TaKXKe MoKas3ai, 4To
MHEHUE YYEHBIX O BJIUSHUU YIJEPOAHBIX HAHOTPYOOK Ha
TTOBBIIIICHUE LIEMEHTHOM MaTPUIILl M OETOHA TIOKa HEOIHO-
3HA4YHO [2—5]. ABTOpHI paboTHI [2] OTMEYarOT, YTO y lie-
MEHTHBIX KOMIIO3UTOB, MoauduiupoBaHHblx YHT, npou-
HOCTb BBIIIE, YEM Y KOHTPOJIbHBIX 00pa3uoB 6e3 YHT npu
OTpeeJIEeHHBIX YCIOBUSIX: TTOBBIIIEHNE MMPOYHOCTH HA0JI0-
JlaeTcsl TOJIbKO B paHHeM Bo3pacTe (1o 14 cyt) npu B/1L1=0,5
u B/11=0,4. B pa6ote [3] MpoYHOCTb MPU CKATUU MEITKO-
3epHHUCTOro 6eToHa, MoguduiuposaHHoro YHT, moBricu-
JIach IOYTHU B IBa pa3a B 28 CyT-BO3pacTe, a IPOYHOCTh Ha
u3ru6 — B 1,5 paza. [oBbilieHHEe TPOYHOCTU MOAUMPULIIPO-
BaHHoro YHT 1ieMeHTHOro KaMHsI B TpPEXCYTOYHOM BO3pac-
Te B 1,9 pasa, B 28 cyr-Bo3pacte — B 1,3 pa3a oTMeyaior aB-

The analysis of results of researches on working out of
high-strength high-quality concrete on local fillers for manu-
facturing of monolithic concrete has shown necessity of
searching new additional processing methods. Application of
known methods, for example, the choice of fillers types, opti-
mization of their grain structure, application of pozzolanic
fillers (zeolite, microsilica and other active mineral additives),
use of effective water reducing additives — super softener
S-3 and multifunctional modifier of PFM-NLK concrete al-
lows to receive class concrete on compression strength of
B35—B45 [1].

One of the new regulation techniques of concrete mixes
and concretes behaviors is management for structurization of
cement concrete on a nanolevel. The application of multi-
walled carbon nanotubes is most perspective for the regulation
of cement matrix properties as shows the analysis of nano-
technologies application.

Analysis of the published literature has also shown that
the opinion of the scientists on influence of carbon nanotubes
on increase of a cement matrix and concrete is still unam-
biguous [2—5]. Authors of this work [2] notice that the dura-
bility of the cement composites modified by UNT is higher,
than at control samples without UNT under certain condi-
tions: durability increase is observed only at early age (till
14 days) at W/C=0,5 and W/C=0,4. Compressive strength of
fine-grained concrete modified by UNT has raised almost
twice at 28 day-age, and bending strength — in 1,5 times [3].
Authors of work [4] mark about increase of durability a ce-
ment stone modified by UNT at three-day age in 1,9 times,
at 28 day-age — in 1,3 times. The carbon nanostructured
material Taunit in number of 0,0006% from weight of cement
is provided stable growthof concretes structural characteris-
tics more than on 30% [5]. Apparently, it is possible to ex-
plain discrepancy of results different researchers by various

* Pabora BbINOJHSETCS B paMKax MpoekTa «Pa3paboTka BbICOKONPOYHOro 6eToHa, MOAUGMULIMPOBAHHOIO YIJIEPOIHBIMU HAHOTPYOKAMU, MPU
MIPOM3BOICTBE XeJIe300e TOHHBIX KOHCTpYKIMiA Ha CeBepe». Perucrparontbiii Homep: 7.4868.2011.

* Work is carried out within the framework of the project «Working out of high-strength concrete modified carbon nanotubes, at manufacturing of
reinforced concrete constructions in the North. Registration number: 7.4868.2011.
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TOpHI paboThI [4]. Pe3ynbrarel B paboTe [S] cBUOETEILCTBY-
0T, YTO YIJIEPOAHBI HAHOCTPYKTYPHBIM MaTepuai
«Taynut» B konmdectBe 0,0006% oT Macchl LieMeHTa obec-
MEeYMBAET CTAOMJIBHBINA POCT MPOYHOCTHBIX XapaKTePUCTUK
6etoHa Goee yeM Ha 30%. HecooTBeTcTBUE Pe3yIbTaTOB Y
pa3HBIX MCCIeAoBaresieil, Mo-BUAMMOMY, MOXHO OOBsIC-
HUTh PA3IMYHON CTETEHBIO TUCTIEPTalluy YIJIePOAHBIX Ha-
HOTPYOOK B BOIHOM AMCIIEPCUOHHOM Ccpelie.

IIpu cuHTe3e yriaepoaHble HAHOTPYOKM OOBEAUHSIIOTCS
B KJIyOKW, pa3Mepbl KOTOPbIX B cpeaHeM mocturaior 400—
900 MKM, 00J1amast I[P 3TOM BBICOKOM ITOBEPXHOCTHOM 3HEP-
rueii. B HacTostIee BpeMst TIOJTy9eHbI YIJIepOIHbIe HAHOCHUCTe-
MBI ¢ 3(OEKTUBHBIM TUAMETPOM 110 168,3 HM, C HAUMEHBIIUM
3HaYeHreM quameTpa 73,3 HM [6], Tpy 3TOM U AUCTIEPTaLlii
MHOTOCJIOMHBIX YIJIEPOIHBIX HAHOTPYOOK MPUMEHSUIUCH B Ka-
yectBe cypdakraHTa GraphistrengthTM ¢paHIty3cKoli KOpIio-
pauyu Arkema cynepruiatugukarop C-3. Ilocie BBIIepXKHN
cycnieH3un B TedyeHre 30 AHEH B pe3ysbraTte Koaryasiiuuu 3d-
(EeKTUBHEBI TuaMeTp HaHocrcTeM cocTaBmw 403,7 HM, B TO XKe
BpeMsI B CyCIIeH3UM HaOJIIOMAIOTCS OTIEIbHbIE HAHOTPYOKHU,
PaBHOMEPHO pacIipelie/IeHHbIE B 00beMe CyphaKTaHTa.

MOXHO MpeanoNOXUTh, I TOr0 4TOObI U3MEHUTH
CTPYKTYpY LIEMEHTHOM MaTPHIILI ¥ COOTBETCTBEHHO €€ CBOi-
CTBa, TMaMETp HAaHOTPYOOK JOJIKHA OBITH OJIM3KUM K TOJI-
muHe ciaoeB C—S—H. M3BecTHO, 4TO TOJMIIMHA TIACTHHOK
TMIPOCUIIMKATOB COCTABJISIET OKOJIO 3 HM, a pa3Mephl Ipo-
JIYKTOB TUApaTallMy LIeMEHTa Ipu TeMrneparype meHee 100°C
koneobmoTcs B npeaenax 5—20 um. [loaydyeHue yiabrpanu-
cniepcHbix yactull YHT B aucriepcun 1 yMeHbIIIEHUE WX KO-
aryJIsIlAY 1 SIBJISIETCS. OCHOBHOM TPYIHOCTBIO B TIOJYYEHUU
KauyeCTBEHHOM CYCTIEH3UM YTIEPOIHBIX HAHOCTPYKTYD.

B cBsI3u ¢ 3TMM Ha HaYaJIbHOM 3Tarle ObLIM BBHIMOJIHEHbI
TTOMCKOBBIE IKCIIEPUMEHTATbHBIE UCCIIENOBAHUS TI0 TIOTyYe-
HUIO TUCTIEPCUM MHOTOCJIOMHBIX YIJIEPOIHBIX TPYOOK (Iayee
MYHT) ¢ ucnonb3oBaHUEM B KauecTBe cypdakTaHTa IoJIv-
yaKIIMOHATBHBIN MOTMUKaTop 6eToHa [TOM-HIIK, KoTo-
phIii HanboJIee MMPOKO MPUMEHSIETCS B JAKyTUM IS TTOTyde-
HUSI OETOHOB ITOBBIIIEHHOM MPOYHOCTH X MOPO30CTOMKOCTH.

XapakTepucTUKA MHOTOCJIOMHBIX YIJIEPOIHBIX HAHO-
TPYOOK, UCTIOJIb30BAHHBIX B 9KCIIEPUMEHTE, TaHbI B Ta0I. 1.

HccnenoBanue Ha crereHb aucreprauyu MYHT Ha
IepBOHAYAJILHOM 3Tare MPOBOAWIOCH C TTOMOIIBIO BU3Yalb-
HOTO aHaJIM3a CyCIIEH3WU Ha TIPeIMETHOM CTeKJIe Ha HaJlv-
Yyre BUAMMBIX BKJIIOUEHUI YTJIepOIHOTO MaTepHaa ¢ ToMO-
IIBI0 ONTUYECKOTr0 MUKpockomna. MaeanbHasi cycrieH3ust ¢
YIJIEPOAHBIMU HAHOTPYOKaMU JOJKHA UMETh OJHOPOMHbII
yepHbIii LIBeT, O6e3 mpumMeceii. [locie nmepBoro aramna Bu3y-
aJIbHOTO MCCJIeIOBaHUSI CTETIEHb AUCTIEPTalliy YTIJIEPOIHOTO
HaHOMaTepuaja B BOAHOM AMCIICPCUOHHOM cpejie OlleHBa-
JIach TyTeM HEIMOCPEACTBEHHOTO MPUMEHEHUS CYyCIIeH3UN B
KayecTBe J0OABKHU B MJIOTHBIE LIEMEHTHbIE OETOHBI.

J17151 U3rOTOBJEHUSI KOHTPOJIbHBIX 00pa31I0B OeTOHA pa3-
MepoM 10x10x10 cM ObLIM MCIIOIB30BaHBI CIEAYIOIINE Ma-
tepuanbl: opmiananement LHEM II/A-II1 32,5 H 3aBona
«HeBpsIHCKMI LIEMEHTHUK»; IPUPOAHBINA necok ¢ M,=2,1
(nmoctaBuk «ITopt Capanyi»); medeHb IpaHUTHBIM CMECh
paxkuuu ot 5 1o 20 MM, Mapka 1o npobumoctu 1200 (mo-
craBIIMK «KaukaHap»).

PesynbraThl 3KCIIEpUMEHTA IO OLIEHKE TOJU(PYHKIIMO-
HajmbHOTO Momudukaropa 6etona [TOM-HJIIK B kauecTBe
cypdakTaHTa TIpY JUCTIEPTalli MHOTOCJIOMHBIX YIJIepOI-
HBIX HAHOTPYOOK IpecTaBiIeHbl B Ta0. 2. O0pa3iibl TBEpP-
eJd B KaMepe HOPMaJIbHO-BJIQXXHOCTHOTO XpaHEHMUS
(t=2142°C; W, =98%).

JlanHbIe TabJI. 2 CBUIETEIBLCTBYIOT, UTO BBEAEHHE B Oe-
TOHHYIO CMeCh MMOJIU(PYHKIIMOHATLHOTO MOaudUKaTopa
IM®OM-HJIK npu omuHakoBol ymoboykiagsiBaeMocTu I13
TO3BOJISIET CHU3UTBH BOIOMOTPEeOHOCTh Ha 29,4% 110 cpaBHE-
HMIO C STAJIOHHBIM COCTaBOM (0e3 100aBKM) UM COOTBET-
crBeHHO cHuxkaeT B/LI ot 0,39 no 0,3. 3a cuet 3TOro npou-
HOCTh OeToHa B Bo3pacte 28 cyT moBbilIacTcss Ha 21%.

(Y PONIEIIBHBIE

Ta6nuua 1
Table 1
NapameTos: Graphistrength | Masterbatch CW2-45
Pamerp C-100 (MWCNTS)
CpepnHuii gmaMeTp, HM 10-15 10-15
Average diameter, nm
OnvHa, pum _ ~
Length, ym 0,1-10 0,1-2
06wwit 06vem npumeceit, % Io 10
(nocne o4ncTkn) (80 3) _
Total admixture volume,% Till 10
(after cleaning) (till 3)
HacbinHas nnoTHOCTD, Kr/M3 .
Apparent density, kg/m? 120-150 800

degree dispersion of carbon nanotubes in the water dispersive
environment.

In the process of synthesis carbon nanotubes unite in the
balls the average size of which reaches 400—900 um, possessing
thus high superficial energy. Now carbon nanosystems with ef-
fective diameter to 168,3 nm with the least value of diameter of
73,3 nm are received [6], thus in surfactant quality at dispersion
of multiwalled carbon nanotubes GraphistrengthTM of French
Corporation «Arkema» superplasticizer S-3 were applied. After
endurance of suspension within 30 days as a result of coagula-
tion effective diameter of nanosystems has made 403,7 nm, at
the same time separate nanotubes in regular intervals distrib-
uted in surfactant volume are observedin suspension.

One may expect that a cement matrix structure and its
property can be changed, if nanotubes diameter should be
close to a thickness of C—S—H layers. It is known that the
thickness of plates of hydrosilicates makes about 3 nm, and
the sizes of hydration products of cement at temperature less
100°C fluctuates in limits of 5—20 nm. Reception of UNT
ultradisperse particles in dispersion and reduction of their
coagulation is the basic difficulty in reception of qualitative
suspension of carbon nanostructures.

In this connection at the initial stage of researches search
experimental studies on dispersion reception of multiwalled
carbon tubes (further MCNT) with use in surfactant quality
the multifunctional modifier PFM-NLK of concrete which is
most widely applied in Yakutia for concretereception of raised
durability and frost resistance have been executed.

The characteristics of multiwalled carbon nanotubes, used
in experiment, are given in table 1.

Research of the degree dispersion of MCNT at an initial
stage was made by means of visual analysis of suspension with
subject glass on presence of visible inclusions of a carbon ma-
terial by means of an optical microscope. Ideal suspension
with carbon nanotubes should have homogeneous black col-
or, without impurity. After the first stage of visual research,
dispersion degree of carbon nanomaterial in the water disper-
sive environment was estimated by direct application of sus-
pension as an additive in dense cement concrete.

Following materials have been used for control samples
manufacturing of concrete with the size of 10x10x10 sm:
portland cement CEMII/A-III 32,5 N «Neviansky
Tsementnik» plant; natural sand with M;=2,1 (the supplier
«Port Sarapul»); a mixture of granite chip of fraction from 5 to
20 mm, crushing mark «1200» (the supplier «Kachkanar»).

Results of experiment according to the multifunctional
modifier of PFM-NLK concrete as surfactant quality at mul-
tiwalled carbon nanotubes dispersion are presented in table 2.
Samples hardened in the concrete moist room storage
(t=21£2°C, W,,;=98%).

As table 2 shows, inclusion into concrete mixture of mul-
tifunctional modifier PFM-NLK in comparison with the
standard (structure without additive) at identical workability
of P3 allows to lower the water requirement on 29,4% in com-
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Ta6nuua 2
Table 2
M 6 . MpouHoCTh 6eTOHa, Ryg,
Homep cepum | 1aPk@ nfTOF;H@%V_' CMECH [ MoTHoCTS GeTora, | MMa / % oT npouHoCTH aTanoka
Bup coctasa XapaktepucTuka coctasa o6pasuos ymaﬂbTBﬂ'aeMOCTM Kr/mS Concrete density, Ryg,
Mix type Mix characteristic Sample series Concrete mix Concrete density, MPa /% of standard density
3
number workability mark kg/m cepum cpenHas
series mean
dranoH L, (C) = 570 kr/m°; 1 N3 (P3) 2586 34,7 30,6/100
Standard B/LI (W/C) = 0,39 3 M3 (P3) %65 ,
KOHTpONbHbIN L(C) =570 KF/MS;
Contro B/ (W/C) =0,39; 2 M3 (P3) 2640 285 28,5/93
0,006% MWCNTs
Kowtponsnii | & (C) =570 kr/w; 1 M3 (P3) 2576 36,6
Control B/LL(W/C)=0.3 36,9/121
0,7% NOM-HNK 2 M3 (P3) 2582 37,2
L (C) = 570 kr/m?; 1 M3 (P3) 2528 44,8
Wccnenyemein | B/, (W/C)=0,3 5 3 (P3 2568 379
Research 0,006% MWCNTSs + 0,7% MdM-HJK (P3) , 39,6/129
(PFM-NLK) 3 N3 (P3) 36,1
KOHTpOnbHBI LL(C) = 570 kr/w’;
Control B/LL (W/C)=0,3 3 N3 (P3) 40 40/131
0,006% MWCNTSs +0,7% C-3

IMpounHocTs GeToHa ¢ godaskoit 0,006% MWCNTs + 0,7%
IMOM-HJIK Bbille MpoYHOCTH OeToHA 06e3 moOaBOK Ha
29%, a ¢ mobaBkoit 0,006% MWCNTs + 0,7% C-3 — Ha
31%. B 1emoM MOJy4YeHHBIE PE3YIbTAThl COIMOCTABUMBI
C TaHHBIMU APYTUX MCCIIEI0BaTENCH.

JononuutenbHoe BBeneHue cycneHsuu MYHT B Ge-
TOHHYIO CMECh C IIacTUdUIMpyIolIeit no6aBKoi (Moaudu-
kaTop 6etona [TOM-HJIK wiu cyneprutactugukartop C-3)
Ha ynoOOyKJIaJbIBaeMOCTh OETOHHOW CMECH HE OKa3bIBaeT
BJIUSTHUS, TIPY 3TOM IIPUPOCT IMPOYHOCTH OETOHA B IIPOEKT-
HOM Bo3pacTe cocrapiser 8—10%.

IMonoxuTenbHbIe pe3yabTaThl O BO3MOXHOCTH MpUMe-
HeHust Mogudukaropa [IOM-HIJIK B kauecTBe cypdakTaH-
ta nipu aucriepraiiun MWCNTSs nmoareepXnawTcst pe3yiib-
TaTaMU U3YYeHUST MUKPOCTPYKTYPHI LIEMEHTHOM MaTpPUIIBI
0OeToHA C TIOMOIIBIO PACTPOBBIX JIEKTPOHHBIX MUKPOCKO-
noB FEI Quanta 200, XL 30 ESEM-FEG ¢upmsr PHILIPS
u JSMJC 25S dupmbl «JEOL».

CTpyKTypupOBaHUe 1IEMEHTHOM MaTpUlIbl TTOCJie BBe/Ie-
HUS IUCTIEPCUU YTIJIEPOIHBIX HAHOTPYOOK B COYETAHUU C TT0-
JUGYHKIMOHATBHBIM MoaudukaTopom [TOM-HKIT mpu-
BOAUT K (DOPMUPOBAHUIO BBICOKOIJIOTHBIX OOpa3oBaHMt
TOJIIUHOK OT 1 10 5 MKM (pUCYHOK, a@). IIpu 3TOM MUKpO-
CTPYKTypa B MPOMEXYTKaX MeXIy TUIOTHBIMU arperatamu
HOBOOOpPa30BaHUI XapakTepHa (OpMUPOBaHUEM KpUCTaJI-
JIOTHAPATOB TOBBIIIEHHOW TJIOTHOCTU (PUCYHOK, 6), UTO
TIPUBOJNT K YBEJIMICHUIO IMJIOTHOCTH BCEU CTPYKTYPBI MOITH-
¢uIMpoBaHHOTO IIeMeHTHOro OetoHa mucrepcueir YHT ¢
MoaUPYHKLMOHAILHBIM Monudrkaropom [TOM-HKII.

IIpoBeneHHbBI PEHTTEHOBCKMIA MUKPOAHAIU3 JIEMEHT-
HOTO COCTaBa CTPYKTYPUPOBAHHOIO CJIOSI LIEMEHTHON Ma-
TPUIIBI Ha TTOBEPXHOCTU TBEPAOii (ha3bl MOKa3aJl USMEHEHUE
COOTHOIIEHUSI MEXIY COJAepXXaHWEeM aTOMOB KPEMHUS M
KaJbLMs 10 TOJIIMHE ciost [3].

ITo Mepe oTnaneHus OT rPAaHUYHOTO CJIOST HapacTaeT UH-
TEHCUBHOCTh MTUKOB, COOTBETCTBYIOIIMX aTOMaM KPEMHMUSI.
Ha rpanutie Mexxmy TBepaoit a3oit 1 LIeMEHTHOI MaTpulieit
OTMEYEHO CYIIECTBEHHOE MOBBIIIIEHUE UHTEHCUBHOCTH TTH-
KOB, COOTBETCTBYIOIIMX aTOMaM KaJIbIMsl, YTO TTO3BOJISIET
TOBOPUTHh O TOBBIIIEHUN OCHOBHOCTH TUAPOCUIUKATOB
Kanbius. CrnenoBaTesIbHO, MOXKHO TOBOPUTDH 00 MU3MEHEHU U
He TOJIbKO MOP(OJIOTUM TUAPOCUIMKATOB KalbIIUs, HO U O
HaJIMYMU Ha rpaHuLax MexXda3HOro Cjiosl THAPOCUIMKATOB
pa3HOil OCHOBHOCTH.

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN Q POVIIED]

parison with reference structure (without additive) or accord-
ingly reduces introduction W/C from 0,39 to 0,3. By means of
it the durability of concrete in 28 days-age raises on 21%.
Durability of concrete with additive of 0,006% MWCNTSs +
0,7% PFM-NLK is higher than durability of concrete without
additives on 29 %, and with additive of 0,006 % MWCNTs +
0,7% S-3 — on 31%. As a whole the received results are com-
parable to the data of other researchers.

Additional inclusion of suspension MWCNT into con-
crete mixture with plasticizing additive (PFM-NLK concrete
modifier or supersoftener S-3) on concrete mixture workabil-
ity doesn’t influence, thus the gain of durability of concrete at
design age makes 8—10%.

Positive results about possibility of PFM-NLK modifier ap-
plication as surfactant at MWCNTs dispersion prove by results of
microstructure studying of cement matrix of concrete by means
of raster electronic microscopes FEI Quanta 200, XL 30 ESEM-
FEG of PHILIPS firm and JSM JC 25S of JEOL» firm.

The structurization of a cement matrix after inclusion of
carbon nanotubes dispersion in combination with multifunc-
tional modifier PFM-NKL leads to forming of high density
formations with thickness from 1 to 5 um (fig. 1, @). Thus the
microstructure in intervals between dense units of new growths
is characteristic formation of crystalline hydrates of raised
density (fig. 1, b) that leads to increase in density of all struc-
ture of modified cement concrete dispersion UNT with mul-
tifunctional modifier PFM-NLK.

Carried out X-ray microanalysis of element structure of
cement matrix structured layer on a surface of firm phase has
shown change between the maintenance of atoms of silicon
and calcium on a layer thickness [3].

The intensity of the peaks corresponding to atoms of sili-
con increases in process of distance from a boundary layer.
There is an essential increase of intensity of the peaks corre-
sponding to atoms of calcium on the border between firm
phase and cement matrix, that allows to speak about increase
of basicity of hydrosilicates of calcium is noticed. Thus, it is
possible to speak about change not only morphology of hydro-
silicates of calcium, but also about presence on borders of an
interphase layer of hydrosilicates of different basicity.

Thus, on the basis of carried out experimental researches
basic possibility of application of multifunctional modifieris
established as surfactantat multiwalled carbon nanotubes dis-
persion of Masterbatch CW2-45 series, produced by French

arl=)E
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Taxum o6pa3om, Ha OCHO-
BaHUU TPOBEICHHBIX IKCIE-
PUMEHTAJIbHBIX UCCIea0Ba-
HUIl yCTaHOBJIEHA MPUHIIM-
nuajabHasi  BO3MOXHOCTb
TIPUMEHEHUS TTOTU(PYHKIINO-
HaJbHOro Moau¢uKaTopa B
KayecTBe cypdakraHTa Opu
JNUCIiepraliid  MHOTOCJION- [*
HBIX YIJIEPOOHBIX HAHOTPY- |
60k cepuu MasterbatchCW (=
2-45, BbITycKaemoro ¢paH- =
my3ckoii ¢dupmoii Arkema.
a5 mojyyeHus BBICOKOKa-
YECTBEHHOW CYCIICH3UM HeE-

MwuKkpoCTpyKTYypa LLEMEHTHOW MaTpuLbl MOANDULMPOBAHHOM ANCNEPCUEN YrNepoaHbIX HAHOTPYBOK B coye-

EuTa 300KV
NTE a6 P

00XOOMMO OINTUMHU3UPOBATL TaHUM C NOMUYHKLMOHAIILHEIM MOAM(UKATOPOM MN®OM-HKJT: a — cTpykTyprpOoBaHHbIE pParMeHThbl LIEMEHT-

3¢ GEeKTUBHBIN CpeqHU pa3-
MEp IMaMETPOB MHOIOC/ION-
HBIX YIJIEPOAHBIX HAHOTPY-

Kanbuus

HOM MaTpuubl; 6 - Me)Kd)aE}Hble 3anofIHEHNST LEMEHTHOM MaTpULbl TOHKOOUCMEPCHbIMU rMapocunnKkaTamm

Microstructure of cement matrix modified by dispersion of carbon nanotubes in combination with
multifunctional modifier PFM-NLK: a — structured fragments of cement matrix, b — interphase fillings of

0OK B CYCIIEH3MSX C ILIeJIbI0 cement matrix by finely dispersed calcium hydrosilicates

MOJIy4eHUs] MaKCHMaJbHOIO

3(deKkra Mo MOBHIIEHUIO MPOYHOCTH W PETYIMPOBAHUS
TEMIIOB TBEPICHUSI OETOHOB B HayaJIbHBIE CPOKM M MCXOMIS
M3 3TOrO ONTUMHU3UPOBATH TEXHOJOTMUYECKUE PEXUMBI TO-
JIy4EeHHMsI CYCIICH3MM U IapaMeTphbl KOHTPOJISI KayecTBa Cy-
CIIEH3UH.

KiioueBble clioBa: MHO20CA0lIHbIE YenepoOHble HaHOMPYO-
Ku, cypghakmanm, oucnepcusi, mexHoao2us, bemoH, yemeHm-
Has mampuya, MUKpocmpyKmypa.
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firm «Arkema». For production of high-quality suspension it
is necessary to optimize the effective average size of multi-
walled carbon nanotubes diameters in suspensions for the
purpose of production of the maximum effect on increase of
durability and regulation of concrete hardening rates in initial
terms and, thus to optimize technological modes of produc-
tion of suspension and parameters of quality assurance of
suspension.

Keywords: multiwalled, carbon nanotubes, surfactant, dis-
persion, technology, concrete, a cement matrix, a microstructure.
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KOonaapsl oTpacan

B KoHue 2012 r. KONNeKTUB Hay4HO-CCNER0BATENbCKOrO M MPOEKTHO-
r0 WHCTUTYTA LIEMEHTHOW MPOMBbILEHHOCTU «[UNPOLEMEHT» OTMETUN
90-neTue. B TOp>XXeCTBEHHOM MEpONPUATAM NPUHANN y4aCTUE COTPYAHMKM
1 BeTepaHbl MHCTUTYTA, NPEACTABUTENN MPOMBILUAEHHbIX NPEANPUATUN,
MPOEKTHbIX U HAY4YHbIX OpraHu3auuit. B qoknagax u BbICTYNAEHMSAX y4acT-
HUKOB COBPaHMs 0TMeYanach BaXHas posib MHCTUTYTA B PA3BUTUN LIEMEHT-
HOM NPOMBbILLINIEHHOCTU Poccumn, CTpaH ObIBLIMX COK3HbIX PEcny6bnvk u
3apy6eXHbIX CTPaH.

B 1922 r. B Mockse 6bin 06pa3oBaH [0CcynapCTBEHHbIA AKCNEPUMEH-
TaJIbHbIA UHCTUTYT CUAINKATOB, KOTOPBIA W CTaN POLOHAYIbHUKOM UHCTU-
TyTa «[MNpoLemeHT». BnocneacTBumM aTOT UHCTUTYT OblN HECKONbKO pas3
npeo6pasosad, a B 1934 r., koraa umeHosancs Bcecow3HbIM Hay4HO-
1ccrnesoBaTenbCkuM MHCTUTYTOM LemenToB (BHILY), 6bin nepesefieH B
JleHuHrpag.

[TpoekTHas 4acTb MHCTUTYyTa GepeT CBOE Hayano OT CO3[AaHHOr0 B
1926 r. uHctutyTa «CTpOMO6IOpO», peopraHm3oBaHHoro B 1930 r. B
LlemnpoekT. B 1937 r. uHctutythl «BHUL» 1 «LlemnpoekT» 6binin 06beam-
HEeHbl B KOMMEKCHbIA BCECON3HbIA FOCYNAPCTBEHHbIA Hay4HO-WUCCNE-
[I0BaTeNbCKUA 1 NPOEKTHbIA WHCTUTYT LEMEHTHO NPOMBbILEHHOCTM
«[MNpoLEMeHT».

Ha Bcex aTtanax pasBuTUs Hallel CTpaHbl UHCTUTYT «[UnpoLemMeHT»
YCMELIHO peLuan BONPOChl NPOEKTUPOBAHWA 1 CTPOUTENLCTBA NPeAnpUs-
TWIA LLEMEHTHOM U1 LWNEPHOI NPOMbILLNEHHOCTU. [10 NPOEKTaM UHCTUTYTA
MOCTPOEHO U PEKOHCTPYMpoBaHo 6osiee 100 TEXHONOMMYECKUX NUHUIA HA
LileMEHTHbIX 3aBofiax Poccun n BO MHOTUX CTpaHax mupa. IHCTUTYTY npu-
HaJNeXUT aBTOPCTBO HA MHOTWE BUAbI NHHOBALWOHHOIO 060PYA0BaAHUSA
TEXHONOrMIA, KOTOPbIE B Pa3Hble roAbl BHEAPANNCH W YCNELWHO 3KCMTyaTu-
POBAINCH HA LIEMEHTHbIX NPEANPUATUAX.

B cBA3M C nepexofom LiEMEHTHOI NMPOMBbILLMIEHHOCTU MUpa Ha CYXOM
€noco6 Npon3BOACTBA U HEOOXOANMOCTbI) KOPEHHOW PEKOHCTPYKLUN OTe-
YECTBEHHbIX LIEMEHTHbIX 3aBOAOB MHCTUTYT «[UNPOLEMEHT» aAKTUBHO
BK/KOYMNICA B Pa3paboTKy HOBbIX TEXHONOrMYECKMX NPOLECCoB 1 060pyao-
BaHMs.

[epBas B Hallel CTpaHe NeyHas yCTaHOBKA Cyxoro cnoco6a npowus-
BOACTBA C LWKNOHHbIMU TeNn006MeHHUKaMu 6bla CnpoeKTUpOBaHa
«MnpouemMeHTOM» W MyLieHa B aKcnyaTaumto ewwe B 1958 r. Ha Cnacckom
LIeMeHTHOM 3aBofie. B panbHeiilwem 6binn paspaboTaHbl NPOeKThl 60ee
MOLLHbIX TEXHONOTMYECKNX NUHMIA ¢ nevyamn & 7,0<95 M ¢ 3aneyHbIMu
TennoobMeHHNKaMK, a TaKxe ¢ neyamm & 4,5x80 M C LUMKNOHHbIMU
TENNO0OMEHHNKAMM 1 peakTopamu-LekapboHm3aTopamiu.

B HacTosLiee BpeMst UHCTUTYT «[UNpoLEeMeHT» NPOA0MKAET akTUBHO
11 NNOA0TBOPHO Y4aCTBOBATb B MOZIEPHN3ALNN LEEMEHTHON NPOMBbILLNEHHO-

C.K. IOPOI'AHUMY, n-p TexH. HayK, 3aCJIy>KeHHBII cTpouTeib PO,
reHepaibHbI gupeKTop OAO «['mnpouemenT» (Cankr-IleTepOypr)

[ MUpPOoLIeMeHT
S22 90 N1eT ¢ UEMEHTHOM NpOMbILNCHHOCTbH

CTW CTpaHbl. 32 nocnegHue rofbl paspaboTaHbl LWECTb COBPEMEHHbIX Bbl-
COKO3(D(HEKTUBHbIX TEXHOMOMMYECKNX NNHWIA NOAYCYXOro W CyXOro cnoco-
60B NPON3BOACTBA MOLLHOCTbIO OT 1 40 2,5 MITH T LIEMEeHTa B rOA.

YenewHsIMU npumMepamin  KOMMNEKCHOTO PELUEHUsS COXHbIX Npo-
61eM, BO3HUKAIOLLMX NPW UCMONb30BAHNMN BbICOKOBNAXHOIO ChIpbS, ABMA-
t0TCS NpOeKTbl benopycckoro uemexTHoro 3asopa (nevs & 4,5x80 m) u
3aBofa 0AOQ «MopaoBuemeHT» (nedb & 5,2X65 m).

Bnepsble Ha OAO «MopJoBLEMEHT» NPOEKTOM NPeSyCMOTPeHa W no-
CTPOEHa COOCTBEHHAS MWHWU-3NIEKTPOCTAHLMA CYMMAPHOA MOLLHOCTbIO
6onee 100 MBT, o6ecneymBatoLlas 3aBof CyLIECTBEHHO 60fiee AeLIeBOn
3/1EKTPO- W TENNOBON 3HEPrueit Npu MakcUManbHO 3EKTUBHOM UC-
NONb30BaHMM 0TPABOTAHHBIX ra30B TYPOUH NS CYLUKM CbIPbEBOI CMECH B
BEPTUKANbHOW MenbHuue. Eule ofHON BaXKHOW O0COGEHHOCTbIO MpOeKTa
HOBOW TexHonornyeckoin nuHum OAOQ «MopaoBLEMEHT» ABWUAOCL CTPOM-
TebCTBO NEPBbIX B POCCUN COBPEMEHHbIX aBTOMATU3MPOBAHHBIX CKAL0B
KNWHKEpa 1 LeMeHTa CUII0CHOM0 TUNa, 0651ajaloLmx 60MbLION EMKOCTbIO
(95-140 TbIC. T).

VHCTUTYT «[MNpoLEMEHT» aKTUBHO y4acTBYeT B PEKOHCTPYKLMN Lie-
MeHTHbIX 3aBogoB OAO «HosopocuemeHT». Ha LeMeHTHOM 3aBoje
«lNepBOMaiicknit» 3T0ro KOM6MHaTa 3anpOeKTUPOBaHA U YCMELLHO CTPO-
UTCA TEXHONOTNYECKas JINHNA C NEeYbl0 NMPOM3BOANTENBHOCTbIO 6 ThiC. T
KNUHKepa B CYTKW. Ha 3TOM e 3aBofe BMECTO CYLIECTBYHOLIMX ABYX ne-
yeit TNa «Jlenonb» NpesycMOTPEHO CTPOWUTENLCTBO BTOPOA COBPEMEH-
HOIl TEXHONOTMYECKON NIMHUN NPOU3BOAUTENBHOCTLIO 2 ThiC. T KNNHKEPa
B CYTKM.

B Hactoslwee BpemMs MHCTUTYT «[MNPOLIEMEHT» BbINONHAET paboyee
NPOEKTMPOBaHMEe AAHHON NuHuK. ocne BBOLA B 9KCMyaTaUmM0 ABYX HO-
BbIX TEXHONOTNYECKUX NWHWUIA 3aBof «[lepBomanckuii» 6ynet obnagarb
06LLei rof0BOI NPOM3BOAUTENILHOCTBIO NOPALKA 3 MAH T LEMEHTa.

VHCTUTYT «TMNPOLEMEHT» aKTUBHO Y4aCTBYET B PEKOHCTPYKLMM eLLe
ogHoro 3asoga OAO «HoBopocLemeHT» — LEMEHTHOro 3asoja
«MponeTapuii». PazpaboTaHa KOMMMEKCHAsA NPOrpamMma PEeKOHCTPYKLMK
3TOr0 NPEANPUATUA C NEPEBOJOM TEXHONOTNYECKUX NIMHUIA HA CYXOM Cno-
€06 NpoM3BOACTBA.

B HacToslee Bpems pa3pabaTbiBaeTCA MPOEKT PEKOHCTPYKLMM Meym
Ne 10 ¢ nepeBofOM ee Ha CyXoil cnoco6 Npou3BoACTBA NPOU3BOANTENBHO-
CTbI0 6 ThIC. T KNUHKepa B cyTKu. lMeyHble arperartbl Ne 6-8 mokporo crno-
co6a npon3BoACTBA HAMEYEHO BbIBECTW U3 3KCMyaTauun. B utore pekoH-
CTpyMpyemas TeXHONOrn4eckas NUHWA 6ydeT npeacTaBnaTb CO60A Camo-
CTOATESIbHOE MPOK3BOACTBO, CBA3AHHOE C COXPAHAEMOi LEeBATON NUHNeNR
06LWmM nepesenom Apo6rieHns Cbipbsi, KIMHKEPHOrO W LEMEHTHOTO Cu-
NOCHbIX CKNaaoB.

C 1934-ro no 1940 r. uHcTUTyT
Bo3rnasnsin B.W. Akcenos

*| (1899—1946) — oanH 13 nepBbIX
pyKOBOAWTESIE COBETCKOM LIEMEHTHOI
| NPOMBILLNEHHOCTH, NpeacenaTenb
LlemTpecTa 1 0auH 13 pykoBoauTeneit
Coto3LemenTa

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN
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HOouaapsl oTpacan

WMHeTuTyT «fMnpouemeHT» NNOAOTBOPHO COTPYAHMYaeT B 06/1actu
moaepHn3aumn npon3soactea ¢ 0AQ «CebpAKOBLEMEHT».

B KoHue 1980-X rr. no npoekTy «[MnpouemeHTa» Ha 3TOM NpeanpusTmn
6blNna NOCTPOEHA NepBast B HaLLIei CTpaHe TEXHONOrYecKas NMHUS Nonycy-
X0ro cnoco6a NpoM3BOACTBA NPON3BOANTENBHOCTbIO 2,3 ThIC. T KNMHKEpa B
CYTKW. Ha aTOM XXe 3aBOfie NOCTPOEHA U YCMELLUHO BBEJiEHA B SKCMITyaTaLmto
camas moliHas B Poccum LemeHTHas MenbHuLa, paboTaroLas no 3aMmkHy-
TOMY LKy NOMOMA, NPOEKTHON NPOM3BOANTENLHOCTBIO 120 T/M.

B HacTosLLee BpemMs nieT akTUBHaA peanu3auus nepeoro arana mac-
WTabHOIt MOfEpPHW3aLMN BCEro NPOWU3BOACTBA — PEKOHCTPYKLMS Meyn
Ne 5 ¢ nepeBofiOM €€ Ha CyXoi cnoco6 Npon3BOACTBA KNMHKEpA NPOM3BO-
ONTENbHOCTBIO 3575 ThIC. T B CYTKW. VIHCTUTYTOM «[UnpoLemeHT» paspa-
60TaHa BCA He06Xx04MMas NPOEKTHas U paboyas [OKYMEHTALMS, BbINONHA-
l0TCA CTPOMTESIbHO-MOHTXHbIE PaboTbl, KOTOPbIE JOMKHbI ObITh 3aBep-
LueHbl B cepeanHe 2013 .

Pa6oTbl N0 peKOHCTPYKLK TexHonorunyeckux nuHuit 0AQ «Ce6pskos-
LLeMEHT>» NPeACTaBAAKT 6OMbLLOA UHTEPEC AN LLEMEHTHOM NPOMBbILLNEH-
HOCTM HalUeli CTPaHbl, TaK Kak CTaBAT CBOEN LieNbio 0TpaboTaTb TEXHOMO-
Ty NepeBoda NMNUHWIA MOKPOro cnocoba npou3BOACTBA HA CyXOi CNocob
C MUHUMAJIbHBIMMW KanuTafbHbIMK 3aTpatamn 1 B MUHUMANbHbIE CPOKM.

Bce aTw [OCTUXEHUS CTanu BO3MOXHbI 6rarogaps BKNagy MHOMMX
NOKOJEHUI NHXEHEPOB W HAY4YHbIX COTPYAHWKOB WHCTUTYTA, KOTOPbIE B
pa3Hble NepMoabl BAOXHOBEHHO 1 C 6ONbLIOI TBOPYECKOW OTAAYENR TPyAM-
NNCb B €ro cocTaBe, MPOAOMKAKT paboTaTb U CErOAHS.

OHK ABNIAOTCA rMaBHLIM 60raTCTBOM W rOPAOCTbIO MHCTUTYTA. MHOrMe
[06UANCE BbIJAIOLWMXCA NPOECCUMOHANbHBIX AOCTWXEHUA, CTanu npu-
3HAHHLIMW aBTOPUTETHLIMK CMeLManucTaMum B OTPaciu, Cpean Hux
naypeartbl locynapcteeHHon npemun GCCP — H0.C. Jlypbe, A.H. bokos,
K.M. TpuHes, A.E. Ho6posonbckuii, E.W. Xopmopos, H.H. TuH36ypr,
B.B. Tosapos, b.B. Bonkonckui, B.A. Apedbbes, B.®. Inagkos, H.B. MyxuH;
C0aBTOPbI Hay4yHOro OTKpbITMsA: U.I. A6pamcoH, A.®. BaiimaH, b.B. Bon-
KoHckui, C.W. Oanwowescknii, [.6. Eropos, H.B. Huknudopos.

bonbwas rpynna COTPYLHMKOB 6biNia HarpaxgeHa opAeHamu:
B.W. AkceHos, H0.C. Nypbe, A.®. CemeHases, H.A. Onecos, H.®. AHaHeHKo,
t0.A. Makees, .M. bposap, B.1. boposukos, 11.3. BoptmaH, J1.91. KoLwkuH.

3acnyrn MHCTUTYTa HEOAHOKPATHO Ha NPOTsHKeHUM Bcex 90 neT paboThl
BbICOKO OLIEHMBANNCL €r0 3aKa3yMKamu M roCyAapCTBEHHbIMW OpraHamu.
VHCTUTYT HarpaxaeH opaeHoM TpymoBoro KpacHOro 3HameHu, MHOM04UC-
NEHHbIMM MOYETHBIMU PAMOTaMMN Pa3IMYHbIX MUHUCTEPCTB M BELOMCTB.
Tpw ero pa3paboTku 6binK yaocToeHbl focynapcteeHHoi npemun GCGP.

[MpodheccroHanbHas pabota MHCTUTYTA «[UNPOLEMEHT» U ero Beay-
LLMX COTPYAHWKOB B rof tobunes Gbina BbICOKO oueHeHa MuH1CTepCTBOM
pernoHanbHoro passutus Poccuiickon ®epepaunn, MpaBuTenbLCTBOM
CaHkT-lleTepbypra, POCCHIiACKMM COO30M CTPOUTENEN.

O0AO «IMnpouemMeHT» BbIl HArpaXXaeH HeCKOMbKMMI FpamoTamMu i an-
nnomamu. Tpem coTpyaHukam — J1.J1. Omutpuyenko, WU.[. Pomaiesoit u
0.H. TeHTnepy npucBoeHo 3BaHMe «[lo4eTHbIA CTpouTens Poccum».
1.3 Boptman u C.K. [oporaHuy HarpaxzeHbl MNOYETHbIM 3HAKOM
«CtpoutenbHas cnasa», A.B. [loctanb HarpaXieH NOYETHbIM 3HAKOM
«Gtpoutento GaHkT-leTepbypra». bonbluas rpynna COTPYAHWKOB MHCTM-
TyTa OTMEYeHa NOYETHbIMU rpamMoTamu.

Beyep B 4ecTb 0OUNES MHCTUTYTA 3aBepLunics canoTom 13 90 3annos.

BpyueHue Hauanbhuky otaena W.JI. Pomaluesoit 3Haka «[loyeTHblii cTpoutens Poccum»

(3 [HOYTE SR S| HAYHHO-MeXHUECKUIL U RPOU3BOOCMEEHHbLIL JCYPHAN
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CnoHcopbl KOHthepeHUnu:

£ BEDESCHI s.pA
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MEXOQYHAPOOHAA HAYHHO-NPAKTUHECKAA KOH®EPEHUWNA
«PA3BUTUE KEPAMWYECKOW NPOMBILWNEHHOCTW POCCUIA»

KEPAMTIKE

. 30-31 maa 2013 r.
™ POCCUSA, MOCKBA //f/

. RENAISSANCE
QW MONARCH CENTR

30.05.2013
MocelleHne HOBOro COBpeMeHHOro npeanpuaTus
OAO «IMHkenbCKUW KUPNUYHbIN 3aBOA>»
Visit to Gzhel brick-plant
31.05.2013
TopxecTBeHHbIN Mana-y>xnuH kepammkoB Poccum B nereHgapHoOM pectopaHe «Apb»
C Bpy4YeHueMm npocpeccuoHasnbHbIX Harpag
Ceramic awards dinner at legendary restaurant «Yar»

PykoBoguTenb npoekTta — fOmaLueBa EneHa VieaHoBHa
MeHep)xep npoekTa — JleckoBa EneHa JlbBoBHa

Poccusa, 127434, MockBa, [iMMTpOBCKOE LLIOCCe, A. 9, cTp. 3
Ten./cpakc: +7 (499) 976-22-08, 976-20-36, m06. +7 (910) 437-03-98

www.rifsm.ru mail@rifsm.ru www.keramtex.ru
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CTPOMUTEJIbHAA

BLICTABKA 24-27 &= ATIPETIS| 2013, MOPTIOPT

APXUTEKTYPA. CTPOUTENBCTBO. BATOYCTPOICTBO. KX
CTPOHTENBHBIE W OTAENOYHBIE MATEPWANbI, O6OPY[I0BAHHE
KIMMATHYECKWE CWCTEMbI. TENNO-, TA30-, BOJOCHABXEHWE
SHEPTOCHABXEHWE M SNEKTPOTEXHWKA B CTPOMTENbCTBE
CTPOMCTELTEXHUKA. [IOPOTA. TOHHENb

& [I0M. [JAYA. KOTTE/K. [IEPEBAHHOE [OMOGTPOEHME.
TAH[LIAGTHBIA AN3AVH

) [M3ATH MHTEPLEPA, SKCTEPBEPA. [IEKOP
=3 JKONOMMA. BE30NACHOCTL
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TeHepanbHeii WHEOPMaUHOHHBIR cnoHcop: [EETETERTYe
MaptHep:

lenepanbhbiil NHTEpHET-NApTHEp: A MYALE LEW

i - ; BoicTaeoynan komnams «Coun-dxkeno TN r. Coun
st mgopuaans g [ (&) Ten./charc: (862) 264-87-00, 264-23-33, (495) 7457709 @

CrieumansHbii WHGhOpMaLHORHBIF NapTHED: BPEWTA COYMIKCIO  e-mail: M.Lepikova@sachi-expo.ru; www.sochi-expo.ru WBEHT-CEPBIC

PeroHansHeI MHGOPMAUNOHHLIA NapTHep: Business S

yn. Bopowmwunosa, 1a
CnopTMBHBLIN KOMMIEKC
“QHEPIUA”

36-a MeXpervoHanbHas cneuManu3MpoBaHHas

B b I CTAB KA C MeXAYHapOAHbLIM y4acTUeM

CTPOMTENBGTED

OPFKOMUTET: (g%} Befgs KoHTAkte: Ten: (473) 251-20-12, 277-48-36
NG/ et e-mail: stroy@veta.ru

MNoapobHasa nHcgopmavus

Ha www.veta.ru
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OTpacib B COBPEMEHHBIX YCIOBHAX

BTPOHTENbHbIA KOMMNIEKC KAK OTaNEHHE
NEANbHOH JKOHOMHYECKOH CHTYAIMH B CTPAHE

< knauf

V mondrepenumn
#HeapuE? COCTIRRINE CTROTERANY CAMRREED)
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[eHepanbHbIM NAapTHEPOM KOHMEpeHUMn, Kak u B npo-
wnom rogy, ctana doupma «KHAY®» — KpynHenLmm npomsso-
ONTENb 9KONOMMYHbIX MaTepuanoB Ans OTAESIKWM MOMELLEHUIA,
kotopass B 2013 r. oTmevaeTr 20-neTve [esATeNbHOCTU B
Poccun. 3a npowepwive rogbl komnanma «KHAY®» ctana He
TOJSIbKO OfHUM 13 KPYMHEWULLNX UHBECTOPOB B NMPOMBbILLIEHHO-
CTU CTPOUTENbHbIX MaTepUanos, HO 1 aKTUBHbIM 3aUHTEPECO-
BaHHbIM CYOGbLEKTOM POCCUINCKON CTPOUTENBbHOW oOTpacnu,
npuHMMas y4actve B paspaboTke HOPMaTUBHO-TEXHUYECKUX
OOKYMEHTOB, y4ebHbIX MporpaMM Ans By30B M CPedHUX cre-
umnanbHbIX 06pa3oBaTeNbHbIX YYpeXAeHWi, 3aHMMasacb 6na-
rOTBOPUTENBHOCTLIO.

TpagnuMOHHO B CBOEW OpraHvM3aunoHHon paboTe penak-
uMs onupaeTca Ha nogaepXkKy Poccuickor rmncoBou acco-
unaummn, Accoumarmm Npon3BOaNTENEN KEPaMNYECKMX CTEHO-

———

= ‘\ rrr
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«TeKywee COCTORHHe [:T]]II'I:TEIII:HI]

ITI]l]MhIlI!lIl!HI!I][:]_’II CTIIONTEbHbIX MaTepKanog»

1 thespana 2013 r.

V koudepey

uun

0 Komnneca
W NIBCneKTHBY| NasBHTHA

ol ] Mockea, Queunm._np'

Beictynaet J1.M. Jlock. Cnesa C.H. Ky4nxuH

HAYMHO-MEXHUYeCKUIl U NPOU3B00CmeerHbil JeypHar  (Cx [POVIE

1 cbeBpansa 2013 r. coctosinacb V KoHepeHUMs
«TeKyLLiee COCTOAHNE CTPOUTENBHOrO KOMMMeKca
N MepCcrnekTVBbl PasBUTUA MPOMbILLNEHHOCTU
CTPOWUTENbHBIX MaTepuranos», OpraHmaaropamu
KOTOPOW  BbICTYNUAM  pefakuma  Hay4Ho-
TEXHMYECKOrO M MPOU3BOACTBEHHOIO XXypHana
«CTpouTensHble Matepuansi»® 1 MapkeTuHrosas
kKomnaHus «[C-OkcnepTt». KoHdepeHums Obina
BKIOYeHa B fenosyto nporpammy XIV cneuma-
NN3NPOBaHHOM  BbICTaBkM  «OTe4eCTBEHHbIE
CTPOUTENbHbIE MaTepuarbl».

BbIX MaTepuanos, HekoMmmepyeckoro napTHepcTBa NPOM3Bo-
auTtenen nssectun, Accoumanim NponsBoamTenen CUnUKaTHbIX
n3genun, HaumoHaneHoOM accoumanmmn Nnpon3soanTenen aBTo-
KIaBHOro ra3o6etoHa, Coto3a Npon3BoanTeNen Cyxmx CTpou-
TeNbHbIX CMECEN.

B paboTte KoHdepeHUnn NpUHANKN y4acTne okono 70 pyko-
BOAMTENEN U BEAYLLUX CNELManMCcToB CTPOUTESNbHBIX OpraHu-
3aLuin, OeBenonepcknx KomnaHwi, npovussBoauTenen cTpou-
TeNbHbIX MaTepuanos, PMHAHCOBBLIX CTPYKTYp M3 MOCKBbI U
MockoBckoi obnactu, CaHkT-INeTepbypra u JIeHMHrpaackon
obnactu, Bnagummnpckon, BopoHexckon, Hwxeropogckon,
Tomckon, YnbsHOBCKON, YenabuHckon n fpocnasckon obna-
cten, KpacHogapckoro u Npumopckoro Kpaes, Pecny6nvku
TaTapctaH. Lunpokas reorpadusi y4aCTHMKOB MokasbliBaeT
aKTyanbHOCTb MPOBEAEHUSI aHAIMTUYECKOrO MEeponpusaTus B
Hayane roga. Mindopmaums 06 ntorax paboTbl OTpacnu 3a rog
1 TEHOEHUMSX ee pasBUTUKs, Nony4eHHas 13 nepBbIX PyK He3a-
BMCMMbIX 3KCMEPTOB M aHaNUTUKOB, NO3BONSET pykoBoOUTE-
9M 1 cneymnanucTam, onpepensiowmnm ctpaTermio passutms
KOMMaHWi, paspabdaTtbiBaTb M KOPPEKTUPOBaTL yrnpaBneHYe-
CKME peELLEHMS.

TpaanunoHHO OTKpbIBaEeT KOHbepeHLMIo 6a30BbIN AoKNaa
06 utorax pa6oTbl CTPOUTENBHOIO KOMMIIEKCA U NMPOMBbILLITIEH-
HOCTW CTpOUTENbHbIX MaTepmanoB B 2012 r. u NporHose Ha
2013 r. Ero nogrotoBun reHepanbHbIi AUPEKTOP MapKeTUHIO-
BOM KOMMNaHun «["C-OkcnepT» KaHf. TeXH. HayK A.A. CeMeHOB.
OH OTMeTWA, YTO CTPOUTENbHAA OTpacslb N0 a6COMOTHLIM MO-
KasaTenam [AEeMOHCTpUpyeT POCT MO MHOMMM MO3ULMAM.
OpHako TPEeBOry BbI3bIBAET CYLLIECTBEHHOE 3aMefJieHNe TeM-
NMoB pOCTa, B MEPBYIO O4epedb MHBECTULMIA. DTO O3HaAYaEeT,
YTO OTpacnb OXMAAET Nepuop cTarHaumm (YuTaKTe cTartbio Ha
cTp. 62).

B BbicTynnenun Buue-npesupeHTa Poccuiickoro coto3a
ctpouteneit C.H. Ky4nxuHa 6b110 OTMEYEHO, YTO K ONTUMMU-
CTMYECKMM MOKa3aTensiM NOCTOSHHO pacTyLLero o6bemMa »Xu-
JIMLLHOrO CTPOUTENLCTBA ClefdyeT OTHOCUTBCA C OCTOPOXHO-
CTblO, TakK Kak, Nno aaHHbiM PCC, Tonbko okono 60% BBOAUMO-
ro XWJbsi MOCTPOEHO C NMOMOLLbIO MHAYCTPUanbHbIX METOAOB,
OCTaslbHOE XUNbe MOCTPOEHO MHAMBUAYanbHO, 4acTO C UC-

2Jlorlul2
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OTpacib B COBPEMEHHBIX YCIOBHAX

Nosib30BaHNEM «HOBbIX, CKOPOCTHbIX>» TEXHOMOMMI, NO3TOMY TPYAHO OLEHMBATL €ro
Ka4ecTBO W [ONTOBEYHOCTb, TO ECTb [OCTOBEPHO HEM3BECTHO, NOMOMHUTCA NN 3a ero
cYeT B GnvKallLne rofbl BETXMI M aBapuiHbIA xunon doHg. Mpu atom Ceprei
Hvkonaesu4 HanomHuN Konseram MO3ULMIO PYKOBOACTBA CTPaHbl, O3BYYEHHYIO
HakaHyHe Ha pacLUMpeHHOM 3acefaHun npasBuTeNnLCTBa MPeMbep-MUHUCTPOM
[.A. MepnBefeBbiM, KOTOPbIV 3asBUI, YTO B GiKanLLme rogbl 06beM CTPOUTENBLCTBA
XWbsi AOIKEH BbIpacTy Ao 100 MAH M2 B rof, a ero CTOMMOCTb [OSKHA CHU3UTLCA.
HocTuxeHnio 3asaBneHHbIX nokasartenen npussaHa cnoco6cTBoBaTb rocyaap-
cTBeHHas nporpamma «O6 obecneveHny JOCTYMHbIM U KOMMOPTHBIM XWUITbEM U KOM-
MyHanbHbIMW ycnyramm rpaxpaH Poccuiickon ®epepauunmn», yTBepXAeHHas
MpaButensctBom P® 30 Hos6psa 2012 r., koTopasa npegycMaTpuBaeT CTPOUTENLCTBO
XWUNbs 3KOHOM-KNacca 1 06LEKTOB MHPPACTPYKTYPb! HA 3EMESbHbIX YYacTKax, npu-
MbIKaOLLMX K KPYMHbIM ropofaM, a TakxXe Ha HeMcrnosib3yemblX Uin UCNoNb3yeMblX
HeaPheKTNBHO 3eMeSibHbIX YHacTKax, NpPefocTaBlieHHbIX rocyAapCTBEHHbIM opra-
HU3auusam. Ecnm ncxoants N3 peanbHOCTY BbINOSIHEHUS 3aa4, KOTopble CTaBuT npa-
BUTENbCTBO Nepef CTPOUTENbHBIM KOMMIIEKCOM, TO, MO pacyetam akcneptos PCC,
NPOV3BOACTBO CTPOUTENbHLIX MaTepuarnos AOMKHO 6bITb yBenuyeHo B 3—3,5 pasa.

F'eHepanbHbin anpekTop Kb nm. A.A. fAkyliesa
MoyunTenbHy0 NCTOPUIO Pa3BUTUSA NPOU3BOACTBA B POCCUM COBPEMEHHBIX 3KO-  (Mocksa) MN.I. AdaHacbeB NPeACTaBm KOHLEMLMIO
MUNOTHBIX XWbIX AOMOB HOBOrO MOKONEHNS

(uutavite ctatbio B Ne 3-2013r.)

JIOTMYHbIX CTPOUTENbHBIX U OTAENO4YHbIX MaTepuasnoB KOMMaHWenh — MHOCTPaHHbIM
WHBECTOPOM NpefcTaBuil OMPEKTOP MO OOLLECTBEHHbIM CBA3AM LleHTpanbHoro
ynpaenexus rpynnbl «<KHAY® CHI™» JI.M. Jlock. Hemeukas dovpma «KHAY®» Hava-
na WHBECTULUMOHHYIO AesATenbHOCTb B Poccum Ha nepBoMm 3Tane coumasnbHO-
3KOHOMMYeckmMx npeobpasosaHuit — B 1993 r. Toukom oTcyeTa ans paseutus 6usHe-
ca crano KpacHoropckoe npegnpustne TUIN. A B HacTosLLee Bpemsi BbICOKOKaye-
CcTBeHHyto npoaykumio KHAY® npounssogaTt 13 3aBooB, pacnonoxeHHbix B Poccuu.
Ho rnaBHoW 3acnyroi MHOCTPaAHHOIO MHBECTOpPA, U 3TO MPU3HaeT npodeccrnoHasnb-
HOEe COO6LLIECTBO, MOXHO CYMTaTb MOLLIHBIA UMMYNbC PasBUTUSA, NPUOAHHbBIA TMNco-
BOM oTpacnu Poccuu B LeNOM (4utarite cTatbio Ha CcTp. 73).

3a naTb NeT NpoBeAeHVs Ha KOHDEPEHLMN CNOXWUIAach onpeaeneHHas Tpaguums
npeacTaBneHmsa MHopMaLmMm B COOTBETCTBUM C TEXHOSIOTMEN HALLEN MPOMbILLIEH-
HOCTM, BCE NOJOTPaC/N KOTOPOM HAYMHAIOTCH C ChIpbS.

O npo6nemMax MCrnonb30BaHNsA U BOCMOMHEHUS CbIpbEBOM 6a3bl MPOMbILLIEHHO-
CTU CTPOMUTESbHbIX MarepuanoB pacckasan 3aMecTuTeNlb AMpeKTopa Nno Hayke WH-
ctutyta UHWWreonHepyn (KasaHb) kaHa. reon. Hayk P.K. CagbikoB. bbino otmeve-
HO, 4TO HacuuTbiBaeTcs 6onee 70 BMOOB NOME3HbLIX MCKONAeMbIX, KOTOPbIE ANS HYX[
CTPOUTENLHOrO KOMMNJiekca [o6bIBaOT OKOMO 5 Thic. npeanpusaTuii. OgHako Ans pes-
KOro yBenunyeHuss 06beMOB CTPOUTENLCTBA XWUMbA U OOPOr pa3BefdaHHbIX 3anacos
Cbipbsl HeQoOCTaTO4HO. B pe3ynbrate reonoro-passefo4Hbix paéot B 2005-2010 rr.
MoJly4YeH CyLLIECTBEHHbIV NPUPOCT 3anacoB, OCOBEHHO MO CTEKOJIbHBIM Neckam U Le-
MEHTHOMY CbIpblO, BKIOYasa KapboHaTHbIe U IMUHUCTLIE nopofpl. [pobnemon asns-
€TC HepaBHOMEPHOCTb pa3MeLLieHNs CbIPbEBbLIX PECYPCOB Ha TeppuTopun Poccuu.
Hanpumep, B psage permoHoB, UMEIOLLMX CTpaTerniyeckoe 3Ha4eHne, LeMEHTHOrO Chbli-
pbs HET BOOGLLE NTMOO ero KpanHe marso.

PaBunb KacumoBMY OTMETU, YTO AUHAMUYHOMY Pa3BUTUIO MUHEpPasIbHO-
CbIpbeBOV 6a3bl MPOMBILLNIEHHOCTU CTPOUTENBHBIX MaTtepuanoB B 3HAYUTENbHOM

thespana 2013 r.

Mockea, JxcnouenTp

B.A. Ceprees
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OTpacib B COBPEMEHHBIX YCIOBHAX

N.M. WaxHec

Mepe MeLLalT HefoCcTaTK1 AeNCTBYIOLLEr0 HanoroBoro 3akoHodaTenbCTeBa 1 3aKo-
HofaTenbCcTBa O HeApPOMnonNb30BaHNW, HEAOCTaTOYHbIA 06bEM reonoro-pas3sefoyHbIX
paboT, cnaboe MCMoNb30BaHWE TEXHOTreHHbIX pecypcoB (ctateio P.K. CapbikoBa
yutante B Ne 3-2013r.).

[Mpob6nemHble BONPOCHI NPOMbILLNIEHHOCTU HEPYAHbIX CTPOUTENbHbLIX Martepuva-
noB O6biMM  3aTPOHYTbl B  BbLICTYNNIEHUN PYKOBOAWUTENS  HanpasneHus
«MalumHocTpoeHnne» Accoumauum «Heppa» B.A. CepreeBbiM. NMopnepxas akTy-
anbHOCTb Mpo6nem, 3aTpoHyTbix B BbicTynneHun P.K. CappikoBa, Bnagumwunp
AHaTONbLEBUY OTMETUST HEOOXOAMMOCTb OO6beAMHEHUS OCHOBOMONaratLWmx AOKY-
MEHTOB, pernaMmeHTUPYIOLLIMX HEAPO- U 3emMrienosnb3oBaHne, MopHbIN Kogeke. Takxe
6bIIM OTMEYEHbl NPO6NEMbI NPEANPUATUIA HEPYAHOW MPOMBbILLIIEHHOCTH, Cpeaun Ko-
TOpbIX — ONpefeneHne rpaHnL, 3eMenbHOro OTBOAA, HEPUTMUYHOCTb (OMHAHCKMPOBA-
HWA MOCTaBOK NPOAYKLMU Ha BIOOKETHbIE N KPYMNHbIE MHPPACTPYKTYPHbIE OOLEKTHI,
AnuTtenbHas npouegypa so3spara HAC, B3aMMOOTHOLLEHMS € onepaTopamm Xenes-
HOLOPOXHbIX NEPEBO3OK.

Kak nokasanu ganbHenLume BbICTYMIEHNs, faHHbIe Npobriembl B TON UMW MHOM
Mepe akTyasnbHbl MpakTuyecku ansa scex nogotpacnen NMCM.

LlemeHT HasbiBalOT xnebom cTpouTenscTea. [JencTBuTtensHo, 6e3 LemMeHTa He
06x0aMTCA HU ofHa 6onbluas UM Manas cTponka. JJuHaMnyHoe pasBUTUE XXUNNLL-
HOFO W MPOMBILLINIEHHO-TPaXAAHCKOrO0 CTPOUTENbCTBA B JOKPU3UCHBIA MEPUOA 1
nocnenosasLUMi AedULUUT LeMeHTa, 06yCIIOBUBLLNIA POCT €ro CTOMMOCTU, CTUMYSIU-
poBanM MaccoBYK PEKOHCTPYKLMIO AENCTBYIOLUMX LEMEHTHbIX 3aBOJOB M CTPOU-
TeNbCTBO HOBbIX. B KpM3uCHble rodbl TEXHNYECKOE MepeBOOpPYXEHUE LEMEHTHOM
NPOMBILLNIEHHOCTN He NpekpaLLanock, No3ToMy yxe ¢ 2009 r. Ha4asncs pocT NpPous-
BOACTBa UemeHTa. B 2012 r. Bbinyck LemMeHTa B Poccum yBennUmncs no CpaBHEHUIO
¢ 2011 r. Ha 10%. O6 3TOM COOBLLMN OMPEKTOP MO MApKETUHIY KoMnaHum «CMIpo»
E.B. Bbicoykui. OH npefcTaBui CTPYKTYPY U AVHAMUKY NMOTPEONeHus LeMeHTa,
npoaHann3vpoBan 3KCMOPTHYIO M MMMNOPTHYIO COCTaBMAOLLME PbIHKA, & TaKkxe ak-
TOpPbI, BMUSIOLLIMNE HA pa3BUTUE OTPaCU (YUTaKTe CTaTbio Ha CTp. 66).

Bbicokne Temnbl pocta AEMOHCTPUPYET U3BECTKOBas MPOMBILLNIEHHOCTb B Lie-
IOM W B CerMeHTe BbIMNyCKa CTPOUTENbHOW W3BECTW B 4acTHOCTU. [upekTop
Hekommepyeckoro napTHepcTBa npoussoauTenen nssectn P.®. Nannaxmeros oOT-
METUI, 4TO MO abCOMOTHBIM MOKa3aTensaM BbiMyCK CTPOUTENbHON U3BECTU [OCTUM
JOKpU3nNCHbIX 06bemoB elle B 2011 r. B 2012 r. pocT nponssoacTsa npoaosnKuics
n coctaBun 6onee 116%. B n3BeCTKOBOM NPOMBILLNIEHHOCTM TaKXe MaeT MogepHU-
3aums U CTPOUTENBCTBO MPOM3BOACTBEHHbLIX MOLLHOCTEN.

Kak n pgpyrne konnern, PaHuc ®aHUCTOBUY OTMeYan HeyBA3KU «rpoMapbsi»
NaHoB MO YBENNYEHNIO 06LEMOB CTPOUTENBCTBA C peasibHbIMU BO3MOXHOCTAMU MX
BbIMOMTHEHWSA, BKIIOYAIOLLMMMN MHAOPMAaLMOHHBIN pa3pbiB MeXAy BNacTHbIMU CTPYK-
TypaMu W MPOMBILUNEHHOCTBIO CTPOUTENbHBLIX MaTepuanos, NPOTMBOPEYMBOCTb
NpPaBoBOM N HOPMATUBHO-TEXHNYECKON 6a3bl.

Passutre rmncoson otpacnm Poccumn nocne mmpoBoro kpusmca 2008-2009 rr.
OTNINHAETCH NONOXMUTESIbHOW ANHAMMKOW MO BCEM MO3NLMAM — [OObIYE MMMCOBOro
KaMH$1, MPOM3BOACTBY MMIMCOBbIX BSXKYLLUMX, MMNCOKapPTOHHbIX nnctos (MKJT), nepe-
ropogoyHbix mamt (M), cyxux cmecen (CCC) n ap. [JOKpM3UCHbIE MoKasaTenm
BbIMycka NpoAyKumn 6binn BOCTUMHYTHI yxxe B 2010 r. O6 aTOoM pacckasan UCMOoSHK-
TenbHbI aupekTop Poccuiickorn runcoson accoumaunm A.d. BypbsiHoB. OH pac-
CMOTpEn Knio4YeBble (akTopbl YCMELIHOro pa3BuUTUS OTPacin rmMncoBbIX MaTepua-
NnoB (untarTe cratbio Ha cTp. 70).

Kak nokasbiBaloT CTaTUCTUYECKNE AaHHbIE, MPOM3BOACTBO CUIIMKATHOrO KMpMnu-
Ya n 6rokoB B 2012 r. yBenuumnock no cpasHeHuto ¢ 2011 r. Ha 10%. OgHako no
3TOMY BMAY MPOAYKLMM OOKPU3UCHbIE NoKasaTenu o6bemMoB Npon3BoAcTBa He A0-
CTUrHyTbl. OTHOCUTENBHO HEBBICOKME TEMMbI POCTa BbiNyckKa CUIMKATHOIO Kupnvya
06yCnoBfeHbl Kak 06bEKTUBHBIMU, TaK U CyOBEKTUBHBIMU MPUYMHAMK, KOTOpble
nogpo6HO paccMmoTpen B AOKNage npefcepjatens accouvauvu npoussoguTenei
cunukatHeix matepuanos H.B. ComoB. OgHol 13 rnaBHbIX NPO6/ieM NPOMBbILLMEH-
HOCTM CTpouUTeNbHbIX MaTtepuanos Hukonan BukToposu4 HasBan npakTUHECKu
MOMHYIO 32BUCUMOCTb POCCUNCKMX NPEANPUATUA OT TEXHONOrMin, 060pYAOoBaHUA Y
3anacHbIX YacTel MHOCTPaHHOro Npomn3BoAcTBa. M 9To kacaeTcs NPakTU4ecKn BCeX
nogoTtpacnen NPOMbILLNEHHOCTU CTPOUTENBHBIX MaTepuasnos.

TexHunyeckoe MNepeBOOpyXeHue C MPUMEHEHWEM WMMOPTHOrO O60pPYAOBaHUA
CYLLECTBEHHO YBEMYMBAET CTOMMOCTb MOAEPHU3ALMM 3@ CHET BbICOKMX MPOLIEHT-
HbIX CTABOK Mo 6aHKOBCKUM KpeauTam, HeO6XOAUMMOCTU onfavmeaTe paboTy MHO-
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OTpacib B COBPEMEHHBIX YCIOBHAX

Ynpaensiowmin Coto3a Npon3BOAUTENE CyXMX CTPOUTENbHbIX CMecen
(CaHkT-MNeTepbypr) E.B. BensieB 3aTpoHyN akTyanbHyto NpobsemMy KOHTpa-
dakTa Ha POCCUIACKOM PbIHKE CYXMX CTPOUTENbHbIX CMECel (4uTariTe cTa-
Tbt0 B Ne 3-2013r.)

CTPpaHHbIX crneumanucToB, obyyatb poccumncknx UTP n pabo-
ymx 3a py6exoM. DTn pacxopbl noxarcs Ha ce6eCTOMMOCTb
NpoayKLuuW, yBenMumMBas ee LeHy U CHUXas peHTabenbHOCTb
BCEro npoekTa MoaepH13aumm.

Ha 3Tom ¢hoHe onTMMUCTUYHBIE MNaHbl MO CTPOUTENBCTBY eXe-
roaHo 100 MAH M? 3KOMOMMHHOTO XMrbs C TPEBOBAHNEM CHUKEHMS
€ro CTOMMOCTM, B TOM HMCIIE 32 CHET CHWDKEHWS LiEHbI HA CTPOU-
TenbHble Matepuasbl, BbIIMSAAT, MAMKO rOBOPS, HEOOCTaTO4HO
060CcHOBaHHbIMU (cTaTero H.B. ComoBa untavite B Ne 3-2013 ).

Camol AMHaMM4HO pa3BMBAIOLLENCA MOQOTPACIbO MPo-
MbILLNEHHOCTM CTPOUTESNbHBIX MaTepuasioB fIBNSETCA NPOn3-
BOJCTBO aBTOKNABHOIro A4encToro 6eToHa. BypHbIi pocT npo-
nasoacTea 0OYyCMOBMEH, MPeXAe BCEro, HOBbIM CTPOUTESb-
CTBOM MpeanpuaTtuii  60NblIOA  €OUHUYHOW  MOLLHOCTU.
Bbinyckaemas nogoTpacsbio NpoAayKums obnagaeTt npuHLmMnm-
anbHO HOBbIMW Ka4eCTBEHHbIMU XapakTepucTukamu, oTeeva-
OLLIMMU COBPEMEHHbIM TpeboBaHUSAM, Npexae BCero no aHep-
roc6epexeHnto. ATo NO3BONAET ra306€TOHY TECHWUTb Ha PbIH-
ke Opyrue TpagMLMOHHbIE LUTYYHblE CTEHOBbIE Martepuvarnbl.
[Mogpo6bHO O COCTOAAHUW POCCUIACKOrO pblHKA aBTOKMaBHOIO
ra3ob6eToHa YMTanTe B CTarbe UCMOJIHUTE/IbHOrO AMPEKTopa
HauywmoHarnbHovi accoymaymm rnpon3BoanTenesi aBToK1aBHoOro
razobetoHa I./. purHebesbga Ha cTp.76.

[Mpon3BOACTBO KepaMuyecknx CTEHOBbIX MaTepuanos B
2012 r. coctaBuo OKoMo 7,3 MpA LUT. YCIIOBHOIO KMpnn4a u
pocturno yposHs 2008 r. B [OKPU3MCHBIN Mepuof B OTpaciu
6bIIN Ha4aTbl KPYMHbIE UHBECTULIMOHHBIE MPOEKTbI, NMO3TOMY
rogbl KpMamca OoTMeYeHbl MOCTOSAHHBIM BBOAOM HOBbIX MPOU3-
BOACTBEHHbIX MOLLHOCTel. OgHako MoaepHU3aums CyLlecTBy-
HOLLMX NpeanpusaTuin, OCO6EHHO CpedHEeN U Manowm MOLLHOCTEN,
CYLLECTBEHHO 3aTOPMO3MNach. TEXHUYECKOEe OCHAaLLEHWe Kup-
MWYHOM NPOMBILLINIEHHOCTUN TaKXe OCYLLEECTBMAETCH 3a CHET 3a-
py6exHoro o6opynoBaHus. 3To NO3BONAET NPEANPUATUAM Bbl-
nyckaTb HOBble BMAbl KEPAMUYECKUX CTEHOBBbIX MaTepuasrios
BbICOKOIO Ka4ecTBa W BMOSIHE KOHKYPEHTOCNOCO6HbIX Ha PbIH-
Ke CTEHOBbIX MaTrepuanos Kak no Tenno3alimMTHbIM CBONCTBaM,
TaK 1 NO 3KOMOrMYHOCTU, TEXHONMOrMYHOCTH.

B poknapge gupektopa Accounaumm KepaMmmyeckux CTEHO-
BbIX MaTtepuanos B.H. lNepalljeHKo 6b1n 0603Ha4€eHbI OCHOB-
Hble HanpaBfieHNs OenaTeNbHOCTM accoumaLum ¢ Lesnbio ganb-
HelLlero passmTna oTpacnn 1 crnocob6CTBOBaHNA YBENUYEHUS
06beMOB NOTPEBEHNSA KEPAMUYECKOW CTEHOBOW MPOLYKLUN.

Y4aCTHVKU pbIHKa IMCTOBOrO CTEKS1a TakKe OPUEHTUPYIOTCSA
Ha KOHTPOMbHbIE NMOKa3aTeny PasBuUTUs XXUITULLHOMO M rPaXkaaH-
CKOro CTpOUTENbCTBA, YCTaHaBnNMBaeMble rocygapctsom. B go-

(CYPONIENIBHBIE

[MOCTOSIHHBIN, aKTUBHbIA Y4aCTHUK KOHMEPEHUMn 1N ONCKYCCUIN COBETHUK
[enaptameHTa pa3BuUTUS CEKTOPOB 3KOHOMMUKM MUH3KOHOMpPassutua PO
B.A. FopbyHoB

Knage 3amecTUTens UCMoNHUTENbHOro avpekTopa Coto3a cre-
KonbHbIX Npeanpusatuin JI.M. LaxHeca oTme4deHo, 41O B 2000—
2010 rr. B Poccum coopmmpoBanacb NpakTUHecKu Hosas
nogoTpacsb NO BbINYCKY NUMCTOBOro ctekna. CymmapHas MoLu-
HOCTb CTEKOSIbHbIX 3aBOAOB COCTaBnsieT nopsgka 2,48 MiH T
JINCTOBOroO CTeKna B rof. B pasHoi cTeneHu peanmaauum Haxo-
OATCA eLle YeTbipe NpoeKTa CTPOUTENbCTBA CTEKONbHbBIX 3aBO-
0OB 06LLEN MOLLIHOCTbIO OKOMO 1 MIH T IMCTOBOro CTEKNA B rof.
[MapannensHo ¢ passuTeM MPou3BOACTBA B OTPacIN hopmMu-
pyeTca nogoTpacsib NPOMBILLINIEHHOV NepepaboTKu cTekna.

OpgHako Temnbl pocTa NPOM3BOACTBEHHbLIX MOLLHOCTEN Cy-
LLIECTBEHHO OMepeXatoT TeEMIbl POCTa CTPOUTENBLCTBA, YTO 060-
CTPSIET KOHKYPEHLMIO Ha pbiHKe. KpoMe TOro, 3asBieHHbIN Kype
Ha 9HeprocbepexeHne npexae BCEero B KWIMULLHO-
KOMMYHarIbHOM CEKTOpPEe OO0 HACTOSALLEro BPpeMEHU CBOAUTCA K
60pb6e 3a yTenneHune cteH. iHHoBaumoHHas aHeprocbeperato-
Las cTekosnbHas NpodyKuus octaeTcss MasioBoCTpeboBaHHOW.

B cBA3WM C CyLEeCTBEHHOW KOPPEKTMPOBKOW LENeBbIX
nokasaTteneil rocygapcTBeHHbIX nporpamm co 140 mnH m2
K 2020 r. g0 92 MnH M2 A5 NepepaboTUNKOB JIMCTOBOMO CTEK-
na ocob6oe 3HavyeHue npuobpeTtaeT cermeHT XXKX.

O pasBuTUM pbiHKa MAFKUX KPOBENbHbLIX MaTepuanos pac-
cKasan nyydLlmnin 3KkcnepT B 3TON 0651aCTU reHepasbHbI Anpek-
Top HTL «Mppon-Kpoensa» W.A. 3enbmaHoBud (4uTtarite
cTatblo Ha cTp. 78).

Pestomupysi nTorn KoHdepeHUmMn, MOXHO OTMETUTb, YTO
NMOCTEMNEHHO MPOMBILLNIEHHOCTb CTPOUTENbHbIX MaTepuanos
onpasnsieTca OT MNOCNEeACTBUA (PUHAHCOBO-9KOHOMMUYECKOrO
Kpuauca. Bonee Toro, B psige oTpacnen rogbl kpusuca 6binm
Nosie3HO UCMONb30BaHbl AJI1 MaccoBOro TEXHUYECKOro nepe-
BOOPYXeHusi. B HacTosllee BpeMs MPakTUYecKu Mo BCEM
OCHOBHbIM BUOAM CTPOMUTENbHbIX MaTepuanoB CyLLIEeCTBYeT
3anac MOLLHOCTW, KOTOPbIA CMOXET B 3Ha4UTENIbHOM Mepe
obecneynTb 3asBfieHHbIe NokasaTenn rocygapcTBEeHHbIX Npo-
rpaMm MO CTPOUTENLCTBY XWbsS. TpeBory BbI3blBAeT TOT
hakT, 4TO Ha choHe 3amenneHnst pocta UHBECTULMIA B CTPOU-
TENbLCTBO Ha4Yanacb KOPPEKTMPOBKA LieNIeBbIX nokasaTener no
BBOAY XWsbs Ha nepcriekTnsy Ao 2020 r. B CTOPOHY cylie-
CTBEHHOro yMmeHblleHus. CnepgoBaTenbHO, MOCTPOEHHbIE
MOLLUHOCTN MPOMbILLSIEHHOCTU CTPOUTENbHBIX MaTepuanos
MOryT OKa3aTbCs HEBOCTPEOOBaHHBIMMU.

B sTon cBA3M Kak HMKOrga BaXKHO, 4YTOObl OTpacsfieBble
06beNHEHNSA, 3KCNEPTbI MPOMBbILLIEHHOCTU 6bIIM NpUBREYe-
Hbl K peanibHOW pas3paboTke rocydapCTBEHHbIX MNporpamm
COLManbHO-3KOHOMUYECKOrO Pa3BUTUS.

HAayuHO-MexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN
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YAK 630*381.2

A.A. CEMEHOB, xaHz. TexH. HayK,

reHepaibHbIi fupekTop OO0 «I'C-Dkcnept» (MockBa)

UTorn pa3Bntnss CTponTesibHOro
KoMIiekca v npoMbILLUIIEHHOCTU
CTPOUTEJIbHbIX MaTepunasios

B 2012 rony, nporHo3 Ha 2013 ron

[TpuBeneHHast B CTaThe OILIEHKA COCTOSTHUSI CTPOUTENb-
HOTO KOMITJIEKCa U TIPOMBIIIIEHHOCTH CTPOUTETHHBIX MaTe-
puayoB 6a3upyeTcss B OCHOBHOM Ha aHaJM3e JaHHBIX O(H-
ouaabHON cTaTUCTUKU. OgHAKO HEOOXOOMMO OTMETUTH,
YTO 5TU JaHHbIE HE BCErna BIIOJHE KOPPEKTHO OTPaKaloT
NEACTBUTENBHYIO CUTYalIMIO B OTEUECTBEHHON 9KOHOMMUKE,
YTO HEOJHOKPATHO OTMEUAIOCh B psie MyOIMKaIUii U BbI-
crymienuii [1, 2]. Kak nmpaBwio, gaHHbIe ODUIIMATBHON
CTaTUCTUKU HOCAT OoJiee ONTUMUCTUYHBIN XapakTep.
OnHako, HECMOTPS Ha 3TO, JaHHBIE 110 MPOIISAIIEMY TOY
He TIO3BOJISIIOT TOBOPUTH 00 OKOHYATETLHOM BBIXOJIE OTpac-
JIU W3 KpU3Kca U €€ yCTOMYMBOM pPa3BUTHU. OCHOBHBIE
MaKpOdKOHOMUYECKUE TI0Ka3aTeau, XapaKTepusyloliue
COCTOSIHME CTPOUTETLHOTO KOoMILIekca Poccuu, mpuBeeHbI
B Tabm. 1.

DTU maHHBbIE TIOKA3bIBAIOT, YTO HA TMPOTSIKEHUM BCETO
MMHYBIIETO TOJAA TEMITbl POCTAa WHBECTUILIMA B OCHOBHOI
KanuTajl B LIEJIOM MO POCCUICKON SKOHOMMKE CTAOUJIBHO
cokpamanuck. [To utoram 2012 r. 3TOT nmokasarejib cOCTa-
BuJT 12279 Mipa p., yBETMUMBIIKUCH Ha 6,7% 10 CpaBHEHUIO
¢ 2011 r.; B 2011 r. ”HBECTULIMA B OCHOBHOI1 KaITTaJl BbI-
pocnu Ha 8,3%. B o6111em 310 corylacyeTcsl ¢ TpOrHO3HBIMU
olleHKaMHU, 03By4yeHHbIMU Ha IV KoHdepenuuu «Texyiee
COCTOSIHME CTPOMUTEJIBHOTO KOMIUIEKCa U TePCIEKTUBbBI
MOCTKPU3UCHOTO Pa3BUTUSI MTPOMBIIIEHHOCTH CTPOUTEIb-
HBIX MaTepuaaoB» [3].

OmHako eciiu MpoaHAIM3UPOBAThH OTPACIIEBYIO CTPYKTY-
Py WHBECTUIIMA, TO MOXHO OTMETUThb, YTO HAUYMHAsI CO
II xBaprana 2012 r. HaGII0gAETCS HE TOIBKO CHIDKEHUE TEM-

OB pOCTa WHBECTULMNA TO BUAY JAeATEIbHOCTH
«CTpoutebeTBO» (Ha TaHHYIO OTPACb POCCUICKOI 9KOHO-
MUKU IPUXOIUTCS OKOJIO 2% OT 00111eT0 00beMa MHBECTU-
IIMiI B OCHOBHOM KammuTaj), HO M COKpallleHue 00beMOB
WHBECTUIIMN B aOCOJTIOTHOM BBIPAXXEHUU IO CPAaBHEHUIO C
npeapiaymumM rogom. Ilo utoram 9 mecsuen 2012 r. o6bem
MHBECTULIMI B OCHOBHOI KanuTasa Mo BULY AESITebHOCTH
«CTpoUTEILCTBO» COKpaTuics moutu Ha 20% 1o cpaBHe-
Huto ¢ 2011 r., 4TO Jaxe TMPEBBICWJIO TEMITbI CHIKEHUS
o0beMoB nHBecTHLMi B 2011 T.

Ecnu npocyienuTh TMHAMUKY U3MEHEHUS 3TUX MTOKa3a-
Tejeil 3a mocieaHUe TATh JIET, TO MOXHO YBUIEThb, UTO
YPOBEHb MHBECTUILIMIA B OCHOBHOI KanuTaj TOJbKO 0 UTO-
raM TpOIIeINIero roga JOCTUT JOKPU3UCHOTO YPOBHS
(puc. 1, @). A MUHBeCTULIMM B OCHOBHOI KarnuTaJl 10 BULY
neaTeTbHOCTU «CTPOUTEILCTBO» TTOC/Ie HE3HAYUTEIBHOTO
pocta B 2010 r. mpomoizkaioT cokpamartbcs. B 2012 1. 06b-
€M MHBECTUIIMI B CTPOUTEIIBCTBO COCTABUJI BCero 56% ot
ypoBHs 2008 1. (puc. 1, 6).

Temrmbl pocTa 06bEMOB pabOT, BBITTOJHEHHBIX 1O BUIY
nesiTebHOCTH «CTpOMTENBCTBO», 1O JaHHBIM Poccrara, B
2012 1. Takxe cyiecTBeHHO ycrynanu ypoBHo 2011 r. Ilo
WTOTaM IPOIIEAIIETO rofa 00beM PaboT IO 3TOMY BUTY JIesI-
TeJbHOCTU cocTaBw 5711,8 Mupna p., YBEJIMUMBIIKNCH BCETO
Ha 2,7% B COIOCTaBUMBbIX LIeHaX 10 cpaBHeHuio ¢ 2011 1., a B
2011 r. pocT 3TOTO TTOKa3aTes coctasisti 5,1%. 1o oTHoIIIe-
HMIO K MpUHATOMY 3a 6a3y 2008 r. MOXXHO KOHCTaTUPOBAaTh
peajlbHOe TMameHue oO0beMOB paboT MO BUAY ACSATECILHOCTH
«CtpoutenscTBo» — 94% B cOMOCTaBUMBIX 1LieHaX (puc. 2).

Taomma 1 @
MakponokasaTenu cocTossHus cTpoutensctea B PO B 2012 r.* 100 ey
(B % K cooTBeTCTBylolWEeMy nepvoay 2011 r.) o5 102%
goo 83% 5%
2012
2011/
Makponokasatenb | qupapb— | sHeapb— | sHBapb— | sHBapb— 0
2010 2008 2000 2010 2011 2012
MapT MIOHb ceHTa0pb | Aekabpb 6
WHeecTuumm B 116,8 | 109,6 108,6 1067 | 1083 |
OCHOBHOW Kanutan
100%
NHBecTumm B 7% 70% 56%
OCHOBHOW Kanutan wer 66%
no Bnay 134,5 97,4 80,2 89,9 0
[ESITENLHOCTY AaHHbIX 2008 2009 2010 2011 2012
Puc. 1. [JuHamuka WHBECTULUWUI B OCHOBHOI Kanutan
«CTpouTensCTE0> B 2008-2012rr. (2008 r. = 100%): a — BCero; 6 —no Buay AesiTenb-
O6bemsbl paborT, HOCTU «CTPOUTENLCTBOY. IcTO4HIK: PoccTar, oueHka «MC-3kcnepT»
BbINOJIHEHHbIX MO
BUAY 105 104,7 102,3 1024 (1051 |
DesaTenbHOCTU 91% 94%
«CTpoOnTENBLCTBO» 100% 84% 87%
BBopa B nencrene
XUNbIX JOMOB 105,7 101,9 102,7 104,7 106,6 0
6 2008 2009 2010 2011 2012
(o6uias nowanp) Puc. 2. [OuHamnka ob6bemoB paboT no Buay OeATenbHOCTU
* . «CTpoutensctBo» B 2008-2012 rr. (2008 r. = 100%).
WcTounuk: PoccTar. McTouHmk: PoccTaT, oueHka «C-3kcnepT»
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100 T - === ————————

102%
98%

100% 93% 91%

2008 2009 2010 2011 2012

Puc. 3. [luHamurka o6bEMOB BBOAA B AEWCTBME XWUNbiXx AOMOB B 2008—
2012 rr. (2008 r. = 100%). UcTouHmk: PoccTar, oueHka «FC-3kcnept»
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= O6beM NponssoacTea s NMCM e 2011 r.
s OGbEM NpoOn3BoacTea B MCM B 2012 .
=== O6bem paboT No Buay AesTenbHocTH «CTponTenscTeo» B 2012 T.
Puc. 4. Temnbl pocta 06bEMOB NPON3BOACTBA B NPOMBILLNEHHOCTU CTPO-

nTenbHbix Matepuanos B 2011-2012 rr. (% k aHanorm4yHomy nepuony c
Hayana npeaplayLero rona)

PeanbHylo cuTyanuio B KUJIMITHOM CTPOUTEIbCTBE
B 2012 1. TakKe HeIb3sd Ha3BaTh ONTUMUCTUYHOM. A cTa-
TUCTUYECKHUE NaHHBIE Y CIENATMCTOB-aHATUTUKOB BbI-
3bIBAIOT MHOXECTBO BOIPOCOB. B mMepBOM MOJyroauu
2012 r. TeMIIbl pocTa 00BEMOB BBOJIA XKWJIbsSI B CTpaHe cTa-
OUJILHO COKpAIIAJNCh, a B OTAEbHbIE MECSLIBI COKpaIla-
JINCh U 00BEMBI BBOAA IO CPaBHEHUIO C aHAJIOTUYHBIM
nepuogaoM Tmpenpiaymero roga. Ognako B IV kBaprane
2012 r. Poccrat 3apuKcupoBa cylecTBeHHbII POCT 00b-
e€MOB BBoJa XuJbsi. Hampumep, B okTs10pe—HOsI0pe TeM-
Bl POCTa TOTO MMOKa3aTess npeBbimain 11%, 4To BBI3bI-
BaeT 3HAYUTEJbHblEe COMHeHUs. Hanuiio mpoTtuBopeuue
MEXIy HAHHBIMUA TI0 WHBECTUILIMSM B CTPOUTEILCTBO U
00beMOM BBOja XWJibsi. B pesynbraTte coriacHo oduim-
aJbHBIM TaHHBIM PoccTaTa 1o utoram roja B cTpaHe ObLIO
BBEICHO 65,2 MITH M2 Xwibsi — Ha 4,7% GOJIbLLE, YeM ro-
noMm paHee. Temmnbl pocTta BBoaa xuJibst B 2012 r., naxe 1o
JMAHHBIM O(PULIMATBLHONM CTATUCTUKU, TAKXKE CYIIECTBEHHO
CHU3WINCH TTo cpaBHeHMIO ¢ 2011 r., Korma 3ToT mokasa-
TeJIb yBeauuuics Ha 6,6%. [Ipu comocTaBiaeHUN TaHHBIX
3a MpPOILIEAIINN TATWIETHUN MEePUOJ MOXHO OTMETHUTb,
YTO MO 00BEMY CTPOUTENbCTBA XKWJIbsl Mbl HAKOHEII Tpe-

BBICWIIU ngBeHb 2008 r., xorma OBUIO BBEAEHO OKOJIO
64 mH M* (puc. 3).

ITo ouenkam «I'C-Dkcnepr», B 2013 1. curyauus
B CTPOUTEILCTBE HE MPETEPITUT KapAUHATBHBIX U3MEHEHUHA.
Jaxe mpu 61aronpusITHOM Pa3BUTHH SKOHOMUYECKOW CH-
TyalluM B CTpaHe B OTpaciu OymeT HaOMomaaThes DalbHe-
Iee CHIDKEHWE TEMIIOB pocTa O0OBEMOB CTPOWTEILCTBA,
MpeXae BCero XKWIMIIIHOTO, KOTOPBIE M0 HAIlMM OLIeHKaM
He TIpeBBICAT 2—4%, T. €. 06beM BBoma Xuibs B 2013 T. co-
cTaBuT 66,5—67,5 MITH M2

Htorn paGoThl NMPOMBIILIEHHOCTH CTPOMTENBHBIX MaTe-
puasioB B 2012 r. oTpaxaloT peaJbHOE COCTOSIHME CTPOM-
TEJTbCTBA.

ITocne nocTaTOYHO AMHAMUYHOTO POCTa MPOW3BOACTBA
B orpaciau B 2010 r., Korga CIEIIHO 3aBepIlaJioch CTPOU-
TeJbCTBO OOBEKTOB, HAYAThIX B JOKPU3UCHBIN MEPUO, Ha
npotsokeHuu 2011 r. oTMeuanaoch MOCTeTIeHHOE CHUXKEHUE
TEMITIOB POCTa TTPOU3BOACTBA [4]. DTa cuTyalnysi COXpaHU-
mack 1 B 2012 r. IIpu 3TOM TeMIIBI pocTa IPOM3BOACTBA
B oTpaciu B 2012 r. ObUIM CYIIECTBEHHO HUXE, YeM T'OJI0M
paHee. JIocTaTOYHO BBICOKME TeMIIbl pOCTa MPOM3BOACTBA
HaOJIOIATNCh TOJTBKO B Havajie roga — cBhime 10% B sTHBa-
pe—arnpese, 4To ObLJIO CBSI3AHO C HAJEXAAMU Ha POCT 00b-
€MOB CTPOMTEJIbHBIX paboT B cTpaHe. OmHAKO HaaeXIbl Ha
POCT B CTPOMTENLCTBE HE OIPaBIAMCh: Ha MPOTSDKEHUU
Bcero 2012 r. TemIibl pocTa 00BEMOB CTPOUTEIBHBIX PabOT
B CTpaHe, KaK YK€ 0TMe4aJloCh, CTAOUJILHO COKPAIIAIUCh.
ITo utoram 2012 r. pocT MpOoU3BOACTBA B TPOMBIIIUIEHHOCTH
CTPOUTEIBHBIX MaTepUAaJIOB COCTaBUJI Bcero 5,6% MpoTuB
9,3% B 2011 1. (puc. 4).

B 2012 r. Ha ¢oHE CHMKEHMSI TEMIIOB pOCTa 0OBEMOB
MPOM3BOACTBA B OTPACIIM TaKXe COKPATUJICS U BBOI HOBBIX
MPOMU3BOACTBEHHBIX MOIIIHOCTE! B HEKOTOPBIX TOAOTPACIISIX
IICM. UckioueHre COCTABISIOT MPOU3BOAUTEIN OJIOKOB
U3 STYEUCTBIX OETOHOB, KEPAMUUYECKOTO KUPITHYA, IIeOHST 1
TETJIOM3OJISIIIMOHHBIX MaTeprasioB. B aTuX momoTpacisix B
2012 r. BBOI IIPOM3BOACTBEHHBIX MOIITHOCTEI, IO IIpeaBa-
PUTEBHBIM OIIEHKAaM, MPEBLICKII TIPOIIJIOTOAHUI YPOBEHD
(Tabm. 2).

Ecnu npocnenutb AMHAMUKY U3BMEHEHUsT 00BeMOB MTPO-
MU3BOJICTBA HEKOTOPBIX BUIOB CTPOUTETHHBIX MATEPUAIOB B
2012 1. u conmocTaBUTh ee ¢ JaHHBIMU 3a 2011 1. [4], TO MOX-
HO YBUAETb OTYETIMBYIO TCHICHIINIO COKPAIIEHUST TEMIIOB
pocTa 1o OOJBIIMHCTBY TOBapPHBIX MMO3ULMii. OQHAKO B IIe-
JIOM, HECMOTpSI Ha COKpallleHHe TeMIIOB pOCTa MPOU3BOI-
CTBa, 00BEM BBIMYCKA OOJILIIMHCTBA BUIOB CTPOUTEIbHbIX
MatepuasioB B 2012 r. Ha 5% u Gonee TIPEBLICUIT TTPOLILIO-
roaHuii yposeHb (tabsa. 3). [Ipu 3TOM HEOOXOAUMO OTMeE-
TUTb, 9TO HauboJiee BLICOKME TEMITbI POCTa ITOKA3bIBAIOT TE
CEerMEHTBI CTPOUTEJbHBIX MaTeprajIoB, KOTOPbIE UCTIOJb3Y-

Tab6auma 2
BBoa npou3BoACTBEHHbIX MOLWHOCcTen B 2008—-2012 rr.
Mpoaykumsa En. nam. 2008 2009 2010 2011 9 mec. 2012
MaTepuanbl CTPOUTENbHbIE HEPYAHbIE MIH M3 6,5 7 5,4 4,7 5,2
LlemeHT MIH T 0,3 7,3 9 5,9*
COopHble Xene3obeToHHble KOHCTPYKUUW 1 N30enns Thic. M® 106 173 358 87 38
Knpnuy kepamuyeckunii MJIH LWIT. YCA. KMpm. 223 536 272 135 225
Knpnuy cunukaTtHbln MJIH LWIT. YCA. KMUpm. 24 224 80
Bnoku 13 s4encTbix 6eTOHOB MJTH LIT. YCAI. KUpn. 236 300 1225 1045 1700*
CTekno nMMcToBoe MITH M2 35 14 35*
MnnTkn kepammnyeckune MJTH M2 6,1 0,3 3,1 0,01
TennonsonaunmoHHbIe MaTepuarnbl MIH M3 4,3 0,7 4.3 0,7 1,8
* — OueHka no utoram 2012 r.
McTouHuk: PoccTar, oueHka «C-3kecnepT».
('} PONITEIIBHBIE HAY4HO-MeXHU4eCKUil U nPoU3B00CMBEHHbLI HCYPHAN
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Tab6mumna 3
AvHaMuka NPon3BOACTBA OCHOBHbIX BUAOB CTPOUTENbHbLIX MaTepuanoB B 2012 r.*
Temnbl pocTa Npou3BoACTBa, %
Mpoaykumsa 2012
AHBapPb—MapT | SHBapb—UIOHb | AHBAPb—CEHTAOPDL | SHBapb—Aekabpb 2ot
A 12,7 108.5 107.3 1056 | 1093
HepygHble cTponmaTepunansl, B TOM YUCHE: 120,4 116,8 112,8 111,4 114,3
webeHb 123,3 113,5 109,8 109,3 117,1
NeCoK CTPOUTENbHbIN 115,7 120,3 115 112,7 109,1
LiemeHT 118,5 114,4 110,7 109,5 111,4
M3BecTb cTpouTebHas 123 119,5 116,9 116,7 116,4
rnc 108,3 106,6 109,1 108,0 113,7
Knpnuny kepamuyecknin 120,7 116 112,2 109,6 117,2
Knpnny cunukaTtHbin 125,1 117 113,5 110,6 111,6
Bnoku n3 ayenctoro 6eToHa 146,1 129,5 122,5 120 129,8
XU 116,3 113,4 111,2 109,6 111,2
ToBapHbI 6eTOoH 122,4 90,5 97,6 106,8 119,3
CTekno nMcTosoe 108,4 109,4 106,4 106,3 103,2
MnAnTkn kepammyeckne 113,2 110,5 111,3 108,5 114,9
Cyxue cTpouTenbHble CMeCcH 122 122 119 117 119
CTpouTtenbHble rMncoBble N3nenns 114,5 104,1 106 106,4 109,3
MuHepanoBaTHble TEMON30NALUMOHHBIE MaTepUarbl 130,1 128,4 125,9 123,6 118,9
*McTounuk: Poccrar.
Tabmmuna 4

O6GbemMbl NPOU3BOACTBA HEKOTOPbIX BUAOB CTPOUTENbHBIX MaTtepuanos B 2007-2012 rr.*

% OT JOKPU3NCHOIO
Mpoaykwws EAMHULEI O6beMbl NPOM3BOACTBA ] obbema
M3MepeHms poun3BoacTBa

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2010 [ 2011 | 2012

MaTepuasnbl CTPOUTENbHbIE HEPYAHLIE mnpa m° 392,4 | 415,8 | 261,2 | 311,9 | 375,8 | 411,5 75 90 99
LLle6eHb 1 rpaBuii MApA4, m3 184,7 | 199,8 | 151,6 | 172,9 | 207,8 | 223,6 87 104 112

[Mecok CTpoUTENbHBIN MIIPA m3 146,7 | 165,2 | 94,3 | 120,5 | 142,3 | 157,4 73 86 95
LiemeHT MIH T 59,9 53,5 44,2 | 50,4 | 56,2 61,5 84 94 103
M3BecTb cTpoutTenbHas MJIH T 1,9 1,9 1,1 1,7 2 2,2 89 105 116
vnc MIH T 4 4,1 3,3 41 4,6 5 100 113 122

C6opHble XXBU MIH M3 29,1 284 | 17,5 | 20,3 | 23,2 | 24,9 70 80 86
Kupnuy kepamunyeckuin MApA4 wr. ycn. kwpn. | 6,8 7,3 5 5,3 7 7,3 73 96 100

Knpnuny cunukaTHbIn MIIPA, LWT. YCI. KNUPM. 5 4,9 2,6 2,7 2,9 3 54 58 60
Broku cteHoBble 13 suencToro 6eToHa | mnpg wr. ycn. kvpn. | 4,4 5 4,2 5,4 6,7 8 108 134 160
Crekno nucTosoe (dnoar) MIH M2 140,5 | 156,4 | 165,9 | 201,6 | 209,2 | 213,7 | 129 134 146
MAnTbl N NAINTKW KepaMuyeckmne MITH M2 137,6 | 148,1 | 117,5| 127,6 | 143,9 | 156,1 86 97 105

KepamanTt MIH M3 4.8 4.8 3,2 3,3 3,4 4 69 71 83

*UcTouHuk: PoccTaT, oueHka «FC-3kecnepT».

I0TCSl B UHAMBUIYaJTbHOM XXWIMITHOM CTPOUTEIbCTBE U MIPU
PEMOHTE CYILIECTBYIOIIUX 3MaHUN U COOPYKEHUM.

Ecnu conoctaBuTh 00beMbl TPOM3BOACTBA B HATypasib-
HOM BBIPAXXEHUU, TO MOXHO OTMETUTh, UTO OOJIBIIMHCTBO
nonotpacieir [ICM no utoram 2012 r. 1OCTUINIM JOKPU-
3UCHBIX 00BEMOB MPOU3BOACTBA (TabJ. 4), HO psI IMOAO-
Tpacjeii elie o4eHb JajaeKo OT MPEOIOJCHUS MOCIEACTBUI
Kpu3uca.

HAYMHO-MeXHU4eCKUil U npou3800CEeHHbLIL HCYPHAN g POVIIED]

Hecmotpst Ha cHUXKeHUEe TEMITOB 0ObEMOB CTPOUTEIb-
CTBa B CTpaHe, COXpaHUBIASICS MOJOXUTEIbHAS TMHAMUKA
crpoca Ha OOJIBITMHCTBO BUIOB CTPOUTEbHBIX MaTEpUaJIoB
B MPOIUIEIIEM IOy 00yCIOBUIa BO30OHOBIEHUE NHBECTH -
IIMOHHOM aKTUBHOCTHU B oTpaciu. Hauarta peanusanus He-
CKOJIBKMX HOBBIX TTPOEKTOB CTPOUTENHCTBA 3aBOJIOB 1O BbI-
MycKy 1leMeHTa, U3BECTH, TUIICa, JUCTOBOTO CTEKJIAa U pa3-
JIMYHBIX BUJOB CTEHOBBIX MaTepuayioB. Takxke 3asiBIIEHO
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0 TIJIaHaX 1O CTPOUTEILCTBY MTOIOOHBIX TPOU3BONICTB B OJIM-
XKaWIlIue ToIpbl.

OpHako, 1Mo HalmM olieHkaM, B 2013 r. cutyauusi B OT-
paciyv He TIPEeTEePIUT CYIIeCTBEHHBIX U3MEHEHUI, TaK KakK
COCTOSTHUE TIPOMBILIJIEHHOCTH CTPOUTEIbHBIX MaTepHUaioB
TTOJTHOCTBIO 3aBUCHT OT CUTYaIlUH B CTPOUTENBCTBE. MOKHO
IIPOTHO3MPOBATh, YTO B OTPACIM OyIeT HAOII0JAaThCS CTar-
HaIUsI C MUHUMAaJbHBIM POCTOM, OOYCJIOBJIEHHAs NabHEl-
MM CHMXXKEHMEM TEMIIOB pOCTa B DKOHOMHUKE CTpaHbI B
1IeJIOM U 00BEMOB CTPOUTENBbHBIX PadOT B yacTHocTU. [1o
WATOTaM rofia pOCT MTPOU3BOCTBA B IPOMBIILIEHHOCTH CTPO-
UTEJBHBIX MATEPHUAJIOB COCTAaBUT He GoJiee 3—5%.

Karoueevte caoea: umoeu pabomot 3a 2012 2., cmpoumens-
CME0, NPOMbBIUACHHOCIb CMPOUMENbHBIX MAMepUanos, Ma-
KPOIKOHOMUYECKUe NoKa3amenu, memnsl pocma, OUHAMUKA
npouzeodcmea, cmacHayus, nPocHo3.
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Cocras: okemp TvTaHa Ti0, (>85%),
okcup amomunma ALO, (>5%),
OKCHA, KpemHua 510, (<B8%)

COLOR [;1=)]

Cocrae: Tpuokeug xenesa Fe, 0, (>98%)

Pycckuii xpom 1915

Poccua

Xpoma oKucb (9,1

Cocrae: okenpa xpoma Cr,0, (>99%)

R&G International

Kurai

bapuit kapboHar

Cocrae: kap6oHar 6apus BaCo, (>99%)
MNpepoTepawaer 06pasoBaHMe BbICONDB
Ha NOBEPXHOCTH FOTOBbLIX M3AENMIA M KNAAKK

Bce 310 1 ewwe Gonee 150 HaMMEHOBAHMIA XUMUYECKOM NPOAYKLIMM
BCEraa B HaNM4YMK Ha cknazax 8 Mockee v Cankr-Metepbypre.

+7 (495) 727-22-87
info@iodine.ru www.iodine.ru
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OTpacib B COBPEMEHHBIX YCIOBHAX

YK 666.94

IIpomenmmit 2012 r. o3HaMEHOBAJICSA TSI LIEMEHTHOM
MPOMBIIIIEHHOCTA PEKOPAHBIMUA B COBPEMEHHON HMCTOPUU
Poccun mokazarenssMu 00bEMOB TOTPEOJEHUST LieMEeHTa
(tabn. 1). Io pacueram cnenuanuctoB CM Ilpo, npoussos-
CTBO LieMeHTa B Poccuu B ripoliuioM roay yeemumiocsk Ha 10%
1o 61,5 MJTH T, 4TO JTMIIb Ha 134 THIC. T MeHbIIIe, Y4eM B 1992 T.,
KorJa ObUT JOCTUTHYT MAaKCUMYM TTPOM3BOJICTBA B ITOCTCOBET-
ckuii nepuoa. OnHAKO UCTOPUYECKUIA peKOP/ MPOX3BOICTBA
1ieMeHTa ycTosiT: B 1989 T. 6bU10 IPOM3BENeHO 85 MJTH T.

IMoTpe6nenue nemenrta B 2012 r. onepexxano Mpou3Bo/I-
CTBO U BhIpocio Ha 13,2%, no 65,2 MaH T. OQHAKO TEMITBI
pocTa moTpebieHus IeMeHTa HECKOJbKO CHU3WINCH IO
cpaBHeHuIo ¢ 2011 r., Korga pocT MoTpeOJeHUsSI COCTaBIII
15,5% x yposHio 2010 r.

B noctikeHuM CTOJIb 3HAUMMBIX MTOKa3aTesieid moTpedJie-
HMSI ChITPAIM UMITOPTHBIE MTOCTaBKM lieMeHTa B Poccuio, Ko-
Topsie B 2012 1. yBenmmummch Ha 81%. OmHAKO OTpaciieBoi
«pekopi» no uMmnopty He O6bu1 modut: B 2008 r. B Poccuio
ObUTO BBe3eHO 7,3 MUIH T LieMeHTa (0e3 KIMHKepa) — Ha
5,1 MiH T 60J1B1IE, YeM B 2007 T.

Benapych BblliLIa Ha BTOPOE MECTO 110 UMIIOPTY LIEMEHTA
B Poccuto. He o6o1uioch Ha 1lIEMEHTHOM PBIHKE 0€3 Kyphb-
€30B: TYpPelKUii IeMeHT A0CTUT 6eperoB bapeHiieBa Mopsi, 1
o ero Ha peiHke Mypmancka B 2012 r. cocraBuia 30%.

B HacTosIIee BpeMsl B LIEMEHTHOM MPOMBIIIJICHHOCTH
YCIIEIITHO BHEAPSIIOTCS SHeprocoeperaioime TeXxHojioruu. B
2012 r. 76% npupocTa MPOU3BOICTBA [IEMEHTA JOCTUTHYTO
3a CUeT BbIMTyCKa KJIMHKepa Mo CyXoMy croco0y. B cBsizu ¢
STUM CPEeIHMIl YOENbHBIM pacxon TOIIMBAa Ha OOXUT 1 T
KamHKepa cokpatuics ¢ 198 no 188 xr. I[pu cpenHeii ieHe
rasza 5KOHOMMSI B OTPacjIv cocTaBuiIa 6oJiee 2 M P.

Taxke B ieMeHTHOI oTpaciau Poccuy mpon3onumm Bax-
Hble U3MEHEHUs, TTOBIUSIBIIME HAa POCT 00beMa MPOU3BOJI-
ctBa. B Hauvase rona B KpacHomapckoM Kpae ycIieniHo 3ary-
ILLIEH TTOC/Ie PEKOHCTPYKIIMU BepxHebakaHCKMIl 1IeMEHTHBII
3aBoj MOIITHOCTHIO 2,3 MitH T. B YeueHckoit Pecnydmke Boc-

a Mpoune (+1,9%) 13,3%
BocToKuemeHT 3,2% (-0,4%)
Lafarge 3,8% (-0,9%)
Dyckerhoff 4,6% (+0,2%)
Holcim 5%  (+0,4%)
Heidelberg Cement 5,3% (+1,6%)
CebpakosLemeHT 5,5% (-0,4%)
AHrapcKkUemenT, 3,6% (+0,1%)
NeckmTumuemeHT
«CUBUPCKUit LeMeHT» 6,5% (-0,2%)

MopaosLemeHT 7,7% (+1,1%)
HosopocuemeHT* 8% (+0,2%)
EspouemeHT (-3,6%)

r T T T T 1

0 5000 10000 15000 20000 25000

E.B. BBICOLIKM !, nupekrop no mapketunry, OO0 «CM IIpo» (Mocksa)

TeHgeHUNN N NepcneKTnBbl Pa3BUTUS
pbiHKa yemeHTa Poccuiickon Pengepaunn

craHoBIIeHO TTpon3BoacTBO Ha ['YI1 «YeueHieMeHT» MOIITHO-
cThi0 0,6 MJIH T.

ITo3uumu poccuiicKuX U MUPOBBIX EMEHTHBIX KOPIOpaLuit
B npou3BojacTBe nemenTa B 2011—2012 rr.

B 2012 r. B mATepKy JMIEpOB HE BOIUIM 3apyOeKHbBIE
MPOM3BOAUTEN LIEMEHTA, 001IasT TOJIST KOTOPBIX KOJeOeT-
ca B npenenax 20%. ITo mporHo3aM 3KCIepTOB KOMIIAHUU
«CM Ilpo», cutyaliusi B CPpeIHECPOUYHOI MEepCHEKTUBE HE
usMeHurcs (puc. 1).

BeccriopHbIM uepoM B MPOM3BOICTBE LIEMEHTA OCTAeT-
CsI TUTQHT OTEYECTBEHHOM TTPOMBIIIIJIEHHOCTH CTPOUTETbHBIX
matepuanoB xouguHr «EBPOLIEMEHT rpyn». Ilomumo
POCCHIICKMX 3aBOIOB B XOJIWHT BXOJSAT JIBa MPOU3BOJICTBA B
YKpauHe 1 oqHO B Y30eKHCTaHe, KOMIIaHUsI TaKXKe BJaaeeT
CYILECTBEHHOI n0seil B Komnanuu Holcim, siBastroneiics: B
CBOIO oYepeab OJHUM M3 MUPOBBIX JIMAEPOB IO TTPOU3BOI-
ctBy 1ilemeHTa. OmgHako 10751 EBpolieMeHTa B 00I1IIeM BbIITY-
CKe LIeMeHTa CHIKAeTCSl.

CyllecTBeHHBIN pocT mpousBoacTBa B 2012 r. K ypoBHIO
2011 r. nabmopainca Ha 3aBomax Heidelberg Cement:

Ta6muna 1
OCHOBHbIE NapaMeTpbl pbiHKa uemeHta PP B 2011-2012 rr.

MokaszaTenb 2012r. | 2011 r. A, %
Mpon3BoACTBO, MAH T 61,5 55,9 10
MMnopT, MAH T 51 2,8 80,7
OKCNOPT, MAH T 1,4 1,2 20,2
MoTpebneHne, MAH T 65,2 57,5 13,2
LleHa I'IDVIOﬁpeTeHICIﬂ, p./T, 4041 3577 12,9
¢ HAC v pocTaBkon
O6beM pbiHKa, MAPA pP. 263,3 205,9 27,9

6
MNpoune 3,2% (+0,5%)
Ipynna ICP 3% (+2,7%)
Lafarge 34% (-1,3%)
Heidelberg Cement 5% (+3%)
Holcim 7,6% (+0,5%)
CebpAKoBLEMEHT 8,3% (-0,8%)

MopaoBsLuemeHT 11,7% (+1,5%)

HosopocuemeHT* 12,2% (+0,1%)

(-6,2%)

0 5000 10000 15000 20000

EspouemeHT

Puc. 1. Mpoussoacteo uemeHTa B 2012 r. BegyLumMmMy NpeanpuaTuamMmn otpacnu: a — B Poccuiickoit @epepaunm (Toic. T), Aons (%) oT obLiero npon3soactea
uemeHTa B P®; 6 - B EBponeiickoit yactn PD, nona (%) oT Npor3BoACTBa LieMeHTa B EBponeinckoit 4yacTu; B ckoGkax — uaMeHeHue aoneii B % k 2011 r.
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Puc. 2. JuHamuka nmnopTa uemeHta B PO 8 2012 r., Thic. T
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Puc. 4. JuHamunka akcnopTa uemeHTta nad PO B 2011-2012 rr., Toic. T

Taoamua 2
OTrpysKka uemMeHTa Xefie3HOAO0POXHbIM TPAHCMOPTOM
B2011-2012rr., ThiC. T

Mpoune
HOx. Kopea 11%
2%
Nutea Typuma
4% 36%
PymbiHMA
4%
Weeuuna
4% 51
Kumaii | s MIH T
4% ;
JlateuA
7%
WpaH
9% Benapycb

19%

Puc. 3. 3apybexHbie CTpaHbl — OCHOBHbIE MOCTaBLLUVKM LiemeHTa B PO B 2012 1.

Mpouue
2%

Benapych
19%

Kasaxcran
54%

Azepb6aitgxaH
25%

Puc. 5. OcHoBHble cTpaHbl — NnoTpebutenu uemeHta PO B8 2012 .

Tab6mmma 3
MoTpe6neHune uemeHTa no pernoHam PP
B2011-2012rr., ThiC. T

PervioHsl P 2012r. | 2011 r. A, % PervioHsl P 2012r. | 2011r. | A, %
Poccus Bcero, ThiC. T 35,1 34,3 2,2 Poccus Bcero, Thic. T 65,2 57,6 13,2
LleHTpanbHblit PO 12,1 11,2 8,2 LleHTpanbHbiii O 19,3 16,8 14,9
MpuBonmxcknih PO 5,7 5,2 11 Mpusomkckuii @O 11,2 9,3 20,5
OxHbIN PO 3,6 4.1 -13,3 IOxHbIN DO 9,2 8,1 13,7
Ypanbckuit @O 3 29 3,0 Cunbupckuin @O 7,2 6,7 8,4
CeBepo-3anagHbliin PO 3,1 3,5 -11,6 Ypanbckuin @O 6,7 5,8 14,9
Cwnbupckuin PO 4,1 3,8 6 CeBepo-3anagHbiin PO 5,8 5 14,7
Ceepo-Kaeka3ackuin O 2,6 2,7 -5,2 Ceepo-KaBkaackuin O 3,5 3,3 4.1
LanbHeBOCTO4HbI PO 1 0,9 2,9 [anbHeBOCTOYHbIN PO 2,3 2,5 -8,2

+1209 ThIC. T (+60%) mo 3235 THIC. T; MOpIOBLEMEHTA:
+1032 thIC. T (+28%) 1m0 4707 ThIC. T (CYILIECTBEHHOE YBEJIM-
YeHHe ITPOM3BOACTBA MMPOM30ILTO Grarogapst BBOLY B KOHIIE
2011 T. HOBBIX TPOM3BOJCTBEHHBIX MOIIHOCTEN B pa3Mepe
2,4 MH T LIeMeHTa B Ton); HoBopocuemenTa*: +560 Thic. T
(+13%) nmo 4911 TteIc. T; Holcim: +512 TeIC. T (+20%) 1o
3053 teic. T; 1 Dyckerhoff: +391 teic. T (+16%) mo 2850 ThIC. T.
[lageHue mpou3BOACTBA 3a JaHHBIN IIepUOI ObLIO OTME-
4yeHo Ha 3aBomax Lafarge: 298 toic. T (-11%) mo 2317 ThIC. T;
EBponiemenTa: 127 teic. T (-1%) mo 20723 ThIC. T U
Boctokuemenra: 63 Toic. T (-3%) mo 1977 Thic. T.

(CYPONIENIBHBIE

WHTerpanus B MUPOBOIi IeMEHTHBII PHIHOK

B 2012 . B PO 6b1T0 3aBe3eHO 60Jee S MITH T IIEMEHTa U3
30 crpaH mupa (puc. 2, 3).

ITocTtaBKM UMITOPTHOTO LieMeHTa B PD BOIHBIM TpaHC-
rmoptoM B 2012 r. yBeanuminch Ha 86,3% x 2011 r. u co-
craBuad 3,4 MaH T (67% ot 00iero ob6beMa MMIIOPTA).
OCHOBHBIMM CTpaHaMU — IOCTaBIIMKAaMU LieMeHTa B PD
BOIHBIM IyTeM ABnstorcsa Typums — 1837 Toic. T (53,5%);
Hpan — 462 teic. T (13,5%) u Kurtait — 206 ThIC. T (6% ).
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Puc. 9. JuHamunka CTOMMOCTM NpuobpeTeHns LeMeHTa B cpegHeM no Poccun u nporHo3 fo 2020 .
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OTpacib B COBPEMEHHBIX YCIOBHAX

Kene3HOmOpOXHBEIM TPAHCIIOPTOM OBLIIO MOCTaBJICHO
1,4 maa T (27%), uto Ha 60,2% OGombiue, yemM B 2011 T.
OCHOBHBIMU CTpaHaAMU — TIOCTaBIIMKaMU LieMeHTa B PD xenes-
HOJOPOXKHBIM TpaHCHopToM siBiIsiioTcsl Pecryonvika benapych
— 655 ThIC. T (48%) W cTpaHbl banTun — 486 ThiC. T (35,6%).

HMMIiopT 1ieMeHTa aBTOTpaHCcIopToM U3 bemapycu B
2012 r. yBenuuwmicsa 6osee 4yeM B 2,3 pa3a K 2011 r. 1 cocTa-
By 0,3 MJIH T.

HeobOxoauMo oTMETUTD, UTO yBeJIMYEHUE OOBEMOB M-
MopTa MPOUCXOJUT, HECMOTPSI Ha BBOJ, HOBBIX LIEMEHTHbBIX
npousBoAcTB B Poccuu. B mpoliiom romay BBeneHa B 9KC-
TUTyaTalvioo HoBas JIMHUS Ha BepxHeOakaHCKOM IIEMEHT-
HOM 3aBojie MOIITHOCTBIO 2,3 MiH T. TeM He MeHee B peru-
OHE PACIOJIOXEHHUS 3aBO/Ia OIIYIIAETCSl HEraTUBHOE BIIUSI-
HME [ELIEBOTO MMIIOPTHOIO LIEMEHTA, KOTOPbIA CHUXKAET
MPUOBITILHOCTh OTEYECTBEHHOTO 1IeMEeHTHOro 6usHeca. I1o
Hameir oueHke, B 2012 r. oObeM MMIoOpTa ILIEMEHTa B
KpacHonapckuii kpait cocraBui 6osiee 1 MJIH T, YTO COIIO-
CcTaBUMO C 00BEeMOM IIpoM3BOACTBa IiemMeHTa Ha BBII3.
Bonee 50% emKoro peiHKa POCTOBCKOM 00J1acTH Takxke
o0ecneynBaloT NOCTaBKU UMIIOPTHOIO LieMeHTa u3 TypLuu
(0,9 mutH 1) M apyrux ctpaH (0,3 MJIH T).

AHanutuku komrnanuu «CM I1po» porHo3upyoT najb-
Helilee yBeJandeHre umMriopTa iemeHnra B Poccuto.

B 2012 r. poccuiickyie IpoU3BOANTEIN 1IEMEHTA YBEJIMIM-
JIA ero aKcropt a0 1,4 muH T, yro Ha 20% OGomblle, YeEM B
2011 r. (puc. 4). I1pu 3TOM OCHOBHOI 0OBEM ObLT OTIPYKEH BO
BTOPO¥A MOJIOBKHE rofia. [ JTaBHbIMU MOTPEOUTENSIMUA POCCUIICKO-
IO LIEMEHTA SIBJISTIOTCSI CTPaHbl — OBIBLIME COBETCKUE PECITYOTU-
ku: (puc. 5) Kazaxcran (54%), Asep6aiimkan (25%) u benapych
(19%). atepecHo oTMeTHTh, 4To Beapych Takke SIBISIETCST O~
HUM U3 KPYITHEMUIINX IMOCTABIIMKOB 1ieMeHTa B Poccuio.

OTrpy3Ka 1leMeHTA JKeJIe3HOA0POKHBIM TPAHCTIOPTOM
B peruonbl P®

OnHa 13 BaXXHEUIIUX 3a/1a4 JII0OOTO IIEMEHTHOTO TP~
TIPUSTHSL — CTAaOWJIbHBIE TIOCTABKYU IIEeMEHTA MIOTPEOUTENSIM,
MO3TOMY B YCJIOBMSIX OTPaHUYEHHOTO KOJWYEeCTBa CIelra-
JIN3UPOBAHHOTO MOJBMXKHOIO COCTaBa MHOTUE MPEeArpus-
THSI TIPUOOPETAIOT ABTOLIEMEHTOBO3BI. ISl CpaBHEHMS, JOJIST
OTTPY3KM LIEMEHTa XEeJEe3HOMOPOXHBIM TPAHCIOPTOM B
2011 r. cokpaTtunach ¢ 65 1o 60%, B 2012 . — CHU3WIIACH 1O
55%, a B Hauase 2000-X IT. 10JIs XKeJe3HOAOPOXKHOM OTIPy3-
KM COCTaBJIslIa 0KOJI0 75%.

B pervoHax cutyaius ¢ Xejae3HOAOPOXKHBIMU TEPEeBO3-
KaMM IIeMEHTa BeChbMa HeOHOPOAHA (TalJI. 2).

JAuHaMuKa OTTPY3KM I1IEMEHTa KeJIe3HOIOPOXHBIM
TPAHCITOPTOM HapSIAYy C CYIIECTBEHHBIM YBETUYCHUEM TOJIH
OTTPY3KM LIEMEHTa aBTOMOOMJIBLHBIM W TIPOYMM TPAHCITOP-
TOM CBUIETEJILCTBYET O MPoOIeMax, KOTOPbIe UCIIBIThIBAIOT
LIEMEHTHUKU B CTPOUTENbHBINM ce30H. MakcuMaabHasi Me-
CsYHasl OTTpy3Ka LIEMEHTa XXeJIEe3HOAOPOXKHBIM TPaHCIOpP-
TOM 3apMKCHUPOBaIach Ha ypoBHE 3,7 MJIH T. YBEIMYECHUIO
MePEeBO30K B ITMK CTPOUTEIBLHOTO C€30HA TIPETISITCTBYIOT He-
XBaTKa BaroHOB M M3HOIIEHHOCTh JKEJIe3HOMOPOKHON MH-

GpacTpyKTyphl.
IToTpebJienue 1 neHa eMeHTa

IMorpe6aenue nemenTa B 2012 1. yBenmuuinoch Ha 13,2%
K MPOLLIJIOMY TOY ¥ COCTaBMIIO 65,2 MIH T. MaKCUMaIbHBIi
pocT noTpebaeHUsI B a0COIIOTHOM BhIpaXKeHUU 3a(pUKCHUPO-
BaH B lleHTpanbHOM (enepaibHOM OKpyre: +2,5 MJIH T
(+14,9%), a Taxxe B [IpUBOIIKCKOM (heiepaibHOM OKpyTe:
+1,9 mutH T (+20,5%). IManenue morpednenus B 2012 r. Ha-
Omonanochk TOAbKO B [lasbHEBOCTOUHOM henepasbHOM
okpyre: -0,2 MitH T (-8,2%) (Tabu. 3).

Kak mpaBwiio, B Teproj, aKTUBHOTO CTPOMTENIbCTBA, C
UIOHS TIO0 CEHTSIOPb, MOSBIISIETCS CIIPOC CO CTOPOHBI YacT-
HBIX ¥ MEJIKUX 3aCTPOMIIMKOB (prc. 6). B 310 BpeMs 1ieMeHT

(CYPONIENIBHBIE

MOXHO TIpOJaBaTh IO MpENOIUIaTe, a TakKXKe IMOBBIIIATH
1eHbl 10 10% B Mecsi1l, YTO SIBJISTIOCH HOPMOI 10 HETaBHETO
BpeMeHU: B 2011 r. ce30HHOE IOBBIIICHUE LIEH COCTAaBUJIO
0Kk0J10 40%. B 2012 r. ce30HHOE MOBBIILIEHIE COCTABUJIO BCE-
ro 15% (puc. 7).

Ha puc. 8 mpeacTaBieHbl pa3inyHbie BAPUAHTHI Pa3BHU-
TS pbIHKA LleMeHTa B Poccuu Ha mepcnektusy g0 2020 r.
IleccMMUCTUYHBIN U ONTUMUCTUYHBINA BapUaHThI pa3pabo-
TaHbl HA OCHOBE MaKPO3KOHOMUYECKUX MPOTHO30B pa3Bu-
TUSI Halllell cTpaHbl. Beayliue crneuuajucTbl KOMIIAHUU
«CM IIpo» co caepXaHHBIM ONTHMHU3MOM CYWTAIOT, YTO
TEMITBI POCTa TMOTPEOJIEHUST LIEMEHTa OYIyT CHIXAThCS U
K 2020 1. 06beM mToTpebaeHus coctaBuT 90—105 MIH T B TO7,
TIPU YCIIOBUM GECKPU3UCHOTO Pa3BUTHUS d3KOHOMUKU. Eciun
3TO HEOJArONpHUSITHOE COOBITHE IIPOM3OMAET, TO IlIeJEBBIC
nokKa3aTe/Iu CABUHYTCS Ha 3—5 JieT.

IIporHo3 cpenneii neHb! npuodpeTenus nemMenta B PO
BeckpusucHblii cueHapuii

IIo ourenke «CM Ilpo» cToMMOCTh LIeMEHTa, KaK U Ipy-
THX PECypcoB, OyIeT yBeJIMYuBaThCs. B ycloBusx cradbuib-
HOI'O0 pa3BUTHUSI POCCUUCKONM SKOHOMMUKM, MPOAOJIKAIOLIC-
rocsl JaBJI€HUSI UMIIOPTHOTO LIEMEHTA U YCUJIEHUS KOHKY-
PEHIIMHU 3a CUET BBOJIA B AKCILTyaTallMI0 HOBBIX IEMEHTHBIX
MPOU3BOJICTB PE3KUX KOJIEOAHUI CpelHEell CTOMMOCTH Iie-
MeHTa He npeaBuautcs (puc. 9). Tem He MeHee, B pa3iny-
HBIX PErMoOHax CTPaHbl LIeHA MOXET CYIIECTBEHHO OTJIM-
4aTbCsl B 3aBUCUMOCTH OT psijia (haKTOpOB, TAKUX Kak, yaa-
JICHHOCTb TOTPEOUTENSI OT MPOU3BOAUTENEH LIEMEHTA,
KOJIMYECTBO ITTOCTaBIIUKOB I1IEMEHTAa B pPEruoHe, Haauuyue
MOCPENHUKOB, O0bEM PETMOHAJIBHOIO MOTPEOIeHUSs, 10-
CTYITHOCTb TOBapa Jyisl TOTpeOuTe s, JIOTUCTUKA, TaBICHUE
UMIIOpTa U ApYyTrux hakTOpOB.

B 5Tux ycnoBusix Bo3pacTaeT poJib KaYeCTBEHHOM aHaIN-
TUYeCKOI UHMDOPMAaLIUY JUTsT IPUHSTUS ONIEPATUBHbBIX U CTpa-
TETMYECKUX pEIeHU, KaK ISl TIPEapUsSTUI-TIPOU3BOIM -
TeJIei lIeMeHTa, TaK U JJIsI TIOTpeduTeNei lieMeHTa.

Baw napTtHep B
MPOMBILLIIEHHOCTM CTPOUTENbHBIX MaTepUanos

CMPro

YnpasneHue npoekTamMu 1 NpeanpuaTmamm
ConpoBoKaeHue v peanusaumsa caenok M&A
TexHUYeCKnit ayauT NpeAnpuUATUIA U NPOEKTOB
T30 MHBECTULMOHHDBIX MPOEKTOB
IKOHOMMUYECKUIA U ByXranTepckuin ayaut
MNpasoBan noaaepKKa peannsaLmmn NPoOeKTos
MapKeTUHIoBble NCCNeA0BaHNA PbIHKOB

NN NN

WWWwW.cmpro.ru info@cmpro.ru +7 (495) 722-09-59

000 «CM [Npo» - He3asucumasa UHBECMUYUOHHO-KOHCA/IMUH2080A
KOMMQHUsA 8 NPOMbIWAeHHOCMU cmpoumesbHbIX Mamepuanoe Poccuu u
cmpaH CHI

Mel ynpasnanu emopoli no seauduHe yemeHmwol epynnoti e CHI, ¢
obvemom npouzsodcmea b6osee 10 MAH. MOHH 8 200, KpynHelwel
mpaHcrnopmuoli KomnaHueli No nepeso3xke cmpoumesbHbIX Mamepuasos,
pou38odcmeoM HepyOHbIX Mamepuanos, Kupnu4ya u 6emoHa

Mei npogenu 6onee decamka ycrnewHbix COes0K Mo npoodaxce u rnoKynke
akmueoe 8 [1CM cymmapHol cmoumocmeto 6onee 1,5 mapd donnapos.

PbiHKKM PeweHusn

* LlemeHT

* HepyaHble maTepuansl
* CTeHoBble maTepuansbl
* BU un XKBK

* BeToHbl U pacTBOpPbI

* W3BecTb cTpouTenbHan
* TWNCc cTpoUTeNbHbI

lopoBble 1 KBapTanbHble
AHA/IMTUYECKNE OTHETbI NO PbIHKam
CTPOUTE/IbHBIX MAaTEPUANOB

OnepaTuBHbIA MOHUTOPUHT PbIHKOB
CTPOUTE/IbHBIX MaTEPWUANOB, aHaN3
KOHKYpPEHLMMN

On-line KoHcyNbTaLKMKM 3KCNepTOB

HAayuHO-MexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN

I AVEBVIAVIBIN pespans 2013
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OTpacib B COBPEMEHHBIX YCIOBHAX

YAK 666.913.2

A.®. BypbsHOB BbICTYNAeT
Ha koHdepenmm 1 despans 2013 r.

PasButue rumcoBoii oTpaciau Poccuu mociae MupoBoro
kpusuca 2008—2009 rr. oTiMyaeTcs MOJOXUTETbHON JuHA-
MMKOH TI0 BCEM MO3ULIUSIM — N00bIYE TMIICOBOTO KaMHs,
MMPOM3BOACTBY TMITCOBBIX BSIKYIIUX, TUIICOKAPTOHHBIX JIM-
croB (I'KJT), meperopomnounsix mut (ITTTT), cyxux cMmeceit
(CCC) u ap. Yxe B 2010 1. 00beMbI MPOU3BOJCTBA TUTICA U
MaTepHaJIOB Ha €ro OCHOBE HOCTUINM mokasateneir 2008 T.
B 2011 r. poct npousBoactsa cocraBui 13%, B 2012 1. —
22% (B HaTypaJIbHOM BBIPaXCHUU 5 MJTH T).

Ha ycneniHoe pa3BuTtue oTpaciu u ee 6ojiee yCTOMYMBOE
MOJIOKEHWE B TMEPUOA SKOHOMUYECKOM HEeCTaOUIBLHOCTH
BIIUSAET pAA (aKTOPOB, KOTOPHIE ObUTH MPOaHATU3UPOBAHbBI
Ha BceMmupHoit KoHpepeHunu Global Gypsum, mpoien-
mreit B okTs10pe 2012 r. B CramOyiie. BbIBoabI 1 peKOMeHaa-
LMK MUPOBOTO MPoeCCUOHAILHOro coob1IecTBa, 6e3 co-
MHEHUsI, OyIyT MOJIe3Hbl POCCUICKUM KOMIAHUSM, OCO-
OeHHO mocJie BCTyIUIeHus Hateit ctpanbl B BTO.

KoHeuHo, Heb3sl cKa3aTh, YTO MUPOBOM SKOHOMHUYE-
CKMi1 KpUW3UC 00O0IIe]T CTOPOHOM TUTICOBYIO OTpacCb.
B CeBepHolii AMepurKe 3aKpbLIOCh HECKOJIBKO 3aBOJOB IO
nepepadOTKe TMIICOBOIO ChIpbsi, HAOJIOHAeTCs craj 00b-
eMOB NoTpebieHUst Ha pa3BUThIX pbiHKax (EBpona, CILA);
13 TUIICOBOM OTpaciu yiuia KommaHust Lafarge; MupoBoit
JIUAEP TO TPOU3BOACTBY OymMard W ymakOBKU ITPOIYKTOB
kommaHus International Paper mpuoOpena KoMmaHMIO
Tempel Inland — npousBoautesss I'KJI u gpyrux crpouTtenb-
HBIX MaTepuasioB Ha TeppuTopun CIIIA.

HeszaBucuMo OT 9KOHOMUYECKON CUTyallud U CTPaHbl
JIOKAIM3allid TPOU3BOACTBA, PEe3YJbTaThl IeATEIbHOCTH
TIPEATIPUSTUS TUTICOBOM OTPACIIM TIPSIMO 3aBUCST OT CJIEIy-
IOIINX KITIOYEBBIX (PaKTOPOB.

* Tunc. HeobxomuMo 3aKIr04aTh COIJIAIIEHMSI O TapaHTH-
POBaHHBIX TTOCTaBKaX TMIICOBOTO CHIPbsI IO KOHKYPEHT-
HBIM LIEHaM.

* O6auy06o4HbLI KapmoH WIUM XUMHYECKHE J00aBKH.
Heob6xoquMo 3akio4yaTh COTJIalIeHUs O TapaHTUPOBaH-
HBIX TTIOCTaBKaX ChIPHS IO KOHKYPEHTHBIM IICHaM.

» [Ipodykuus. TIpou3BOAMMBIE CTPOUTEIbHBIE MaTepUaIbl
JTOJXKHBI COOTBETCTBOBATh IOTPEOHOCTSIM MECTHOTO PhIHKA.

*  Cebecmoumocms. CeGECTOMMOCTD JOKHA OBITh KOHKY-
PEHTHOI HAa MECTHBIX PIHKAX 1 00JIee HU3KOM Ha MPOYKX.

*  Bausnue poinka. Heo6X0quMO HaxoOAUTh CIOCOOBI BO3-
NIeCTBUSI HA KOHETHOTO MTOTPEOUTEIS.

* Macwuma6b oOesmeavnocmu. HeobxomnuMo MaKCHMAaJbHO
HCTIOJIb30BaTh MPEUMYIIECTBA KPYIMHOM KOMIaHUM.

IO.A. TOHYAPOB, nipesunenr, A.®@. BYPbAHOB, ncnoaHuTeIbHBIN IUPEKTOP,
Poccuiickas runcoBast accolualus

KnroyeBbie pakTopsbl ycrieLUHOro pa3BuTus
OTpacJiv rurncoBbIX MaTtepuasios

[NonsITHO, YTO 7151 paGOTHI JIIOOOTO TUTICOBOTO TIPEITTPUSI-
THS Ha TIEPBOM MECTe BCET/Ia CTOMT BOIIPOC 00eCTIeueHHOCTH
OCHOBHBIM CBIPbEM — TUIICOM. JIJIT YyCTOMYMBOTO Pa3BUTHS
3aracoB TUIICOBOTO KaMHS pa3padaThbiBaEMOTO MECTOPOXIe-
HMSI TOJKHO XBaTaTh HE MEHEe YeM Ha 25 JIeT HenpepbIBHOM
pabotsl nipenrpusatysi. [1py 3ToM runc n1omkeH ObITh BbICO-
KOTo KayecTBa (COOTBETCTBOBaTh TPEOOBAHUSIM K COCTaBYy M
copepxxaHuio mpumMeceir). IloaToMy MeCTOpOXIEHMS TUIICO-
BOTr'0 KaMHSI IIpHOOPETaloT BCe OOJIBIITYI0 3HAYMMOCTb.

AJIbTEpHATUBON HATYpaJlbHOMY T'MIICOBOMY KaMHIO $IB-
nsieTcst uckycctBeHHbIN rurc. B CIIIA u MHorux crpaHax
EBporibl 1151 MpOU3BOACTBA CTPOUTEIBHBIX MaTepHUaJIoOB J10-
CTaTOYHO IIMPOKO UCTIONB3YIOT TUIIC, KOTOPBIA MOJy4aroT
TPY OYMCTKE TBIMOBBIX Ta30B YTOJBHBIX 3JEKTPOCTAHIIVIA.
B Ceepnoii AMepuke oH HasbiBaeTcss FGD runc (flue gas
desulfurization), B F'epmanuu — REA rumnc. O6beMbl Tpou3-
BoactBa FDG rurca HaMHOTO MpEeBBIIAIOT OOBEMBI €ro
notpebsieHus B CIIIA. D10 cBsSI3aHO ¢ poCcTOM cebecTONMO-
CTH TIPOU3BOJICTBA, TEHACHLIMEN CHUKEHMS UCTTOIb30BaHUSI
VIJISI ¥ BO3pacTaHMEM MCITOIb30BaHUS aTbTePHATUBHBIX MC-
TOYHUKOB SHEPIUMU.

Ha nocrtcoBeTcKOM MPOCTPaHCTBE UCKYCCTBEHHBI TUTIC
MPaKTUYECKU OTCYTCTBYeT. OH MOXET MOSIBUTKLCS B OyayleM
MpY U3MEHEHUU TIPUPOIOO0XPAHHOTO 3aKOHOIATEIbCTBA.

Bousbliie 1MoI0BUHBI MUPOBOTO MOTPEOJEHUSI TUTICOBOTO
BSDKYIIETO TIPUXOAUTCS Ha TipousBoacTBo I'KJI, mostomy Bo-
MPOC MOCTaBKM OOJIMIIOBOYHOTO KapTOHA CTOMT Ha BTOPOM
MECTe B psIIy TPUOPUTETOB BAXKHOCTH. JIOTOBOPHI HA MOCTAB-
KY 00JIMIIOBOYHOT'O KApTOHA JOJKHBI HOCUTh JOJTOCPOYHBII
XapakTep M 3aKII04aThCsl HE MEHEE YeM Ha MSTh JIEeT.

ITpu pa3paboTKe acCOPTMMEHTA BBIMTYCKAEMOM TTPOIYK-
LMY CJIEYeT UMETh B BUILY, UYTO B HACTOSIIIEE BPEMSI CIIOXKU-
JIach YCTOMYMBAsI TEHASHIIMSI POCTa CIPOCa Ha BBICOKOTEX-
HOJIOTMYECKHE CTPOMTEIbHbIE MaTepuaibl U CUCTEMbI Ha
BCEX PbIHKAX — HOBBIX, 3aHUMAEMbIX U YK€ JaBHO 3aHSThHIX.
B ycioBusiX xXecTKol KOHKYPEHIIMU POCT MOTpebdeHUs Oy-
JIeT MOIePKUBATHCSI 32 CUET YIOBJIETBOPEHUS BHOBb BbI-
SIBIEHHBIX TTOTPEOHOCTEN U MPEATOYTCHUIA.

Bo3MoXHBIE TTyTH BIMSHUSI HA PHIHKE — MPOM3BOICTBO
(IIpeoCTaBIEeHUE) YHUKAIBHBIX MPOAYKTOB (YCIyr); KOHKY-
PEHTOCIIOCOOHOCTh; OCYIIIECTBIEHHE COBMECTHOTO ITPOM3BO/I-
cTtBa. TeHAEeHIIMU Ha Oymyllee MpeanosaraoT 00JIbIIYI0 KOH-
COJTMIIAIINIO, HAJTMYME Ha PhIHKE HECKOJbKUX KPYITHBIX UTPO-
KoB. [1py 3TOM HEOOXOMMMO MMETh KaHAJIbl COTPYAHUIECTBA
C KOHEYHBIM NTOTPEOUTENIEM HAMPSIMYIO, 03 MOCPEIHUKOB.

SaEio,u «KHAY®D FUMNC BAVKAR> (VpkyTckas 0611.)
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OTpacib B COBPEMEHHBIX YCIOBHAX

TepputopuanbHas Mnanupyemsbiii
Komnanusa TR T Bup npoaykuuu MowHocTb e
MpoekTbl HOBbIX 32BOAOB OT rN106asIbHbIX KOMMaHWIA
KHAY® r. Hosomockosck cce 270 Thic. T 2013 .
Tynbckon 06.1.
Huxeropoackas o6n. rKn 30 mMnH M2 2015 .
CeH-lobeH
BaluKopTOCTaH rKn 30-45 mH M?

[poeKTbl HOBbLIX 3aBOJ0B M€

CTHbIX NTPOKOB

'mncosoe BaxyLLEee

Kopnopauusa «<BOJIMA» OpeHbyprckas 0671. CCC 220 TbiC. T
nrn 550 TbiC. T
'K «tOHUC» Mepmckui kpan CCC 180 TbIC. T. 2013-2014 rr.
000 «ApakuuHCKUIM runc» («AB4yNIMHIMNC>) TatapcTtaH FKJ1 15 MAH M2
DO TEeTET T lMepmckuin kpan Ir'IKFﬂI'I, (ngea;glo(;orwy 2018r.
(Mpukamckas runcosas KOMNaHMS) cce BSKYLLIEMY)
rKJ1 15 MAH M2
000 «®doHuka-runc» TatapcTaH nrn 550 TbiC M? 2013-2014 rr.
CCC 350 ThiIC T
OAO «MopaoBLEMEHT» MopzoBus FKn 30 MH M2 2013 r.
OAO «Xabe3ckuit rMncoBbIN 3aBog» KapayaeBo-Yepkecus rKn 20 MAH M2
000 «Kabbanrunc» KabapanHo-Bankapus cec 1007wiC. T 2013 r.
dubponnmta 2,5 MIH M2
F'nncoBoe BaxyLLee
000 «Ypanrunc» MepmMckuin kpai FKn 30 MnH M?
Mrn (3-s nuHus)

KpynHbie KoMnaHWY AOJKHBI OCYLIECTBIISATh (DUHAHCH -
pOBaHUE PHIHOYHBIX UCCIIEAOBAHUIA, a TAKXKE HAYYHYIO JIesi-
TEJbHOCTD, Pa3pab0TKy HOBBIX TEXHOJIOTMI 1 MHHOBALIMOH-
HBIX TIPOMYKTOB. JleficTBOBaTh OBICTPO U JIOKAIBHO, Pa3BU-
BaTb COTPYAHUYECTBO U ObITh OTKPHITBIMU K OOMEHY OTTBITOM.

Kaxnplii U3 BbIIENEPEYNCICHHBIX (AKTOPOB MIPaeT
CBOIO POJIb B 32aBUCHMMOCTHU OT 3Tara U MaciTadba pa3BUTUS
KOMITaHUH.

ITpy BOBHUKHOBEHUW KOMITAHUH UISI Hee BaXKHEHIIIMMU
3amadyaMu OyayT 00ecrie4eHHOCTb TUTICOBBIM ChIPhEM U Op-
raHM3alys MpoAaXkKu TOTOBOM IPOMYKIUM B OMKANMIIIX
peruoHax. [1o Mepe pocTa mpou3BOACTBA U MTPOJAXK HA MECT-
HOM DBbIHKE OYIET MOBBIIIATHCH AKTYaJbHOCTh BOIPOCOB,
CBSI3aHHBIX CO CHUXKEHUEM ce0eCTOMMOCTHU MTPOAYKIIMHU.

Bbixon Ha MeXpermoHajbHBIN PBIHOK, KaK IpaBWIIO,
O3HauaeT MepexoJ], K IKCIUTyaTallud HECKOJbKUX 3aBOJMOB.
BDT0 MOTpedyeT BEICTpanBaHUS 00JIee TECHBIX OTHOIIICHUH C
MPOU3BOAUTENSIMHU ChIpbsi. Kpome Toro, ocylecTsiisisg mpo-
Ay Ha 3HAYUTEIbHOI TEPPUTOPUU, HE YAAeTCs U30eXaTh
000CTpeHUST KOHKYPEHIIMU C KPYITHBIMU UTPOKAMU.

‘ -
3aBop «PoHuka-rmnc» (TaTapCTaHﬁ

(CYPONIENIBHBIE

IMpexneBpeMeHHbIM (HEMOATOTOBJICHHBIN) BBIXOA Ha
MUPOBOI PHIHOK UpeBaT PUCKOM TMOBBIIIEHUST Ce6eCTOMMO-
CTHU PE3yJIbTATOB NESITEJIbHOCTH U3-3a YXYAILICHUS YIpaBsi-
€MOCTH YAAJIEHHbIMU 3aBoJaMU. TO €CTb FOTOBHOCTb K
rJ100aIM3aly OLICHUBAETCST He 110 KOJIMYECTBY JACHET, a 1o
TOTOBHOCTY OPTaHM3allMOHHOM CTPYKTYPBI.

Craryc r1obajbHOI KOMIAHUU 00SI3bIBACT BKJIAAbIBATh
3HAUMTEJIbHbIE CPEACTBA B Pa3pabOTKy HOBBIX MPOAYKTOB,
OTJIMYHBIX OT MPEIJIOKEHUM APYTUX TJTOOATIBHBIX UTPOKOB.

Taxkum o6pa3zoM, o Mepe pocTa KOMITaHUU YIIPABJIEHUE
YCJIOXKHSIETCSI HE TOJIbKO MPOIMOPIIMOHATIEHO 00beMaM Tpo-
M3BOJICTBA U KOJIMYECTBY 3aBOJIOB, HO U 3a CUET BOBJICUCHUSI
B cepy 0co00ro BHUMAaHUS BC€ HOBBIX KJIIOUEBBIX (PaKTO-
pOB ycrexa.

C ynoBJIETBOPEHHEM OTMETUM, UTO HauboJjee aKTUBHO
pa3BUBAIOIIMECS POCCUMCKUE KOMITAHMW MOTYT CIYKUTb
MIPUMEPOM TIPUMEHEHUSI COBPEMEHHBIX MapKETUHTOBBIX
TEXHOJIOTUIM W TeXHMYECKMX WHHOBauuii. B mociemnue
rofibl TUIICOBasi MPOMBIIIJIEHHOCThL Poccuu yBepeHHO Ha-
palIMBaeT MOLIHOCTb.

ManoTeHrMHCKNIA TMNCOBbLIN 3aB0g, (KpacHoaapckui kpaw)

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN
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OTpacib B COBPEMEHHBIX YCIOBHAX

Komnanust «<KHAY®» (MockoBckast 06:1.) 3aBepiiia
CTpOUTENLCTBO 3aBoma B Mpkyrckoit obiactu «KHAY®

TUIC BAMKAJ» MomnocTsio 60 MaH M2 o TKJT 1 200 B 2013 roﬂy NUCMNOJTHAEeTCHA
ThIC. T o runcoBbiM CCC.

Kopnopauus «BOJIMA» (Boarorpan) B YensiouHckoit
obnactu BBena yuHuio IIT'TI MomHoCTBIO 550 ThHIC. M% B
MoCKOBCKOI 00JIACTH 3aIlyCTUJIa HOBOE T'HUIICOBAPOYHOE 7Z 8 ? ?Z
npousBoacTBo, auHuio ITTTI momHocThio 300 ThiC. M? U

o runcoBeiX CCC momHocTho 220 ThIC. T.

OAO «T'uncononumep» (Ilepmpb) 3anycTUJIo J1Be JIMHUA C MOMEHTa ”p”xoﬂa B POCCV"'O

IIT'TI oO1eit rogoBOM MOITHOCTRIO 1,1 MJIH M*. ~

OAO «Xabe3ckuii rumncoBbiii 3aBom» (KapaueBo- O,ElH oro n3 prl'l HENLLINX
Yepkecckas Pecriybnuka) Beno 3aBoa I1TTI rogoBoit Mot~ MW pO BbIX N pOM 3BO ,D,l/lTe J'le|7|
HocTbio 700 ThIC. M.

OAO «MopnosuemeHT» noctpousio aunuio ITI'TI Moi- r’MNCOBbLIX MartepuranoB —
HOCTBIO 550 ThiC. M2, ~

Ha mocturHyToM UTrpoKM pOCCUIICKOTO TUTICOBOTO PhIH- He MeLlKO N KOMNOaHN <« KH Ach » .

Ka He OCTaHABJIWBAIOTCSA. B pazHOU cTemeHW peann3ariuu
HAaxOIUTCS HECKOJIBKO HOBBIX IIPOU3BOICTBEHHBIX IIPOECKTOB
(cM. TabauiLy).

Om scex unernos Poccuiickoii 2uncosoii
Takum obpasom, runcoBas orpacib Poccun B 2012 T.

MpOJOoJIXajla pa3BUBATLCI 3HAYUTENbHBIMU TEMIIAMU, accoyuayuu nosjpasasaem KoaA1€E2
co3faH 3aznen Ha Oynymee. OnHako yxe B KoHIe 2012 r. C AMuM 3HameHameabHbim coboimuem!
OBUTO OTMEYEHO HEKOTOPOE 3aMeIEHIe POCTa ITOTpebIIe- K

HUSI CTPOUTENLHBIX MATEPUAIOB, B TOM 9MCIIE TUMICOBBIX. eaaem compygHuKam Komna-

YyacTHUKAM pBIHKA HYXKHO OBITb TOTOBBIMU K TOMY, UTO HUU JaAbHeUuUx ycnexos,
B Ouirkaiiinue rozapl (II0 Mepe HaChILEHUS PIHKA) TEMIIbL
pocTa IrMICcOBOM oTpaciy OyayT maaaTh, a KOHKypeHUUs NPOUBCMAHUI, HOBbLX
yXecTodaTbcs. PoccHiicKuii TMTICOBBIN PBIHOK B OJIvKali - npogpeccuoHanbHbvlx U
IMe NATh—BOCEMb JIET MPEBPATUTCSA U3 PA3BUBAIOLIETOCST AUYHBIX JOCTUNICCHUIL,
B Pa3BUTHIA. Y POCCHICKMX UTPOKOB OCTAJIOCh COBCEM
HEMHOIro BpeMeHHU, YTOObl HAyYUThCsd KOHKYPUPOBATh C KPENnKozo 840008bs

rJ00aabHBIMU KOMIAHUAMU. TeM, KTO He IOATOTOBUTCS U B8CC20 CAMO0 HAU-
K K€CTKOI 60pb0e, IPUAETCSA YUTH C PBIHKA.

ayuwezo!

14 17 CNEUWMANTNB3NPOBAHHASA BbICTABKA
|

MAAO3TAXKHOE AOMOCTPOEHME.
MAA (_. CTPOUTEAbHDIE
U OTAEAOUYHbBIE MATEPUAADI '
>

KPACHOAPCK = CrpouTeAbHble U OTAEAOUYHbIE MaTepHanbl

e

= TexHonoruu u obopynosanue
= [euu, 6anm, cayHbl, 6acceinbl
= AaHpwadTHaA apXuTeKTypa

= 3aropoapHas HEABMXXMMOCTDb

Mpuranawaem NpUMHATL yuactue!
Opranmnsatop — BK «Kpacnoapckas apmapka» OdmumansHan NoAAEPHKa:

Oy = :“@":2 & )

MBAL, «Cubupn», yr. ABHaTopos, 19 L.- -;":
Ten./pakc: (391) 22-88-405, 22-88-611 (KpyrnocyTouHO)
stroyka@krasfair.ru, www.krasfair.ru
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OT1pac.ib B COBpEMEHHBIX yCIOBHAX ‘

JI.M. JIOCb, nupekTop 1o 00111ecTBeHHBIM cBsI3M LleHTpanbHoro ynpapiaeHus rpyninbl KHAY® CHTI
(r. KpacHoropck MocKoBcKoit 0011.)

Npynna «KHAY®>::
20 net nHBecTUUMn B Poccum — ypokun 1 nepcnexkTrBb

«Mbl CTPEMUNUCH [OKAa3aTb NMPEVMYLLIECTBO /151 3KOHOMUKM CTpaHbl CBOOOAHOMO Npef-
npuHUMaTenbLCTBa Hagd aagMUHUCTPATUBHO-KOMaHOHOM CUCTEMO» 0 SN T

B 1993 r. HemeLkas cemeiHas komnanua «KHAY®» npuobpena naket akumii N0OAMOCKOBHOr0 Kom6uHaTa TepMomnso-
NAUMOHHBIX U runcoBbix matepuanos (TUTN). C aToro BpemeHn Havancs otcyeT uctopun doupmsl «KHAY®» B Poccuu.
OfHaKOo Hay4Hble 1 [eN0Bble CBA3UM MEXAY KOMMNaHWen U POCCUACKM Hay4HbIM COOOLLECTBOM Hadyanu CKNafblBaThCsa C
1970-x rr., Korga 6bi1 HaNaXeH perynsApHbIA 06MeH ONbITOM C BEAYLUMMU HAYYHbIMU UHCTUTYTaMK, a B KoHUe 1970 . B
Mockse 0TKpbITO NpeLcTaBuTensCTBO KoMNanuu «KHAY® VIHXMHUPUHT».

B nayane 1990-x rr., nocne 3anycka npowueccos nnbepannsaunm pocCMinCKON 3KOHOMUKK, Y 3apyOeXHbIX KOMMaHWI
NosABUIACH BO3MOXHOCTb BECTN 6u3Hec B Poccun. Komnanusa «KHAY®» ctana ogHUM U3 NOHEPOB WHBECTOPOB B POCCHIA-
CKYI0 MPOMbILUAEHHOCTb CTPOUTENbHBLIX MaTepuanos. [pUHUMAs Takoe PUCKOBAHHOE OM3HEC-peLleHne PYKOBOACTBO
(hupMbl, B Nepayto 04Yepefb COBNajeneL, U ynpasnstoLmMi napTHep rocnoguH Hukonayc KHayd, pykoBOACTBOBAIUCH YN-
CTO NpeanpuHUMaTeNnsCKUM pacyetoM. MnaHupys passusaTb NPOM3BOACTBEHHbIA GU3HEC NPeAnonaranoch, Y10 Bbiny-
cKaemasi NpoLyKLUMs HangeT cObIT, TaK Kak Poccus — cTpaHa ¢ 0rpoOMHOIN TeppuTOpueis, 60MbLLOIA YUCNEHHOCTbIO Hacerne-
HWS 1 KONOCCANTbHOW MOTPEGHOCTLIO B PEMOHTE CTApOro W CTPOMTENbCTBE HOBOMO XWbsi. G NPUXOAOM K PyKOBOACTBY
cTpaHoi B.B.MMyTuHa nonutuyeckas cTabunbHOCTb U HU3KMIA YPOBEHb rOCYAAPCTBEHHOMO L0/ra Oblin OLEHeHbl Kak hak-

OpHako B NepBble rofibl COLMANbHO-9KOHOMMYECKIX NPe0bpa30BaHuii
eLLe He 6blK PeLLeHbI 0CHOBOMOMAratoLLMe BOnpoChl Pa3BIUTUS YaCTHOTO
KanuTana: CyLlecTBOBana HEOMPEAeneHHas CUTyaums ¢ COBCTBEHHOCTbIO
Ha 3eMJI0; OTCYTCTBOBAN 3aKOH 06 aKLIMOHEPHbIX 06LLECTBAX.

He pa3BuT 6bIN 1 PbIHOK NPOAYKLWM, HA KOTOPYH OPMEHTNPOBA-
nace oupma «KHAY®»: He 6bIN0 KynbTypbl NPUMEHEHWUS BbICOKOTEX-
HONMOTMYHBIX MOAN(UUMPOBAHHBIX CYXUX CTPOUTENbHbIX CMECEN, He
6bINI0 KaK TaKOBOI0 «CyX0ro CTPOUTENbCTBA».

Mpowno 20 net. 3a 370 Bpems MHBECTULMM pupmbl «<KHAYD» B
POCCUICKYO NPOMBILLIIEHHOCTb CTPOMTENbHbBIX MATepKUanos COCTaBUMN
okono 1 mnpa espo. MoaepHWU3MpoBaHO WK BHOBb NOCTPOEHO 14 npo-
13BOJICTBEHHbIX NPEANPUATHIA, CO3[jaHa Pa3BITas CeTb MapKETUHIOBbIX
KOMNaHUM, y4e6HbIX U pecypcHbIX LeHTpoB. dupma «KHAYD» crana
NPWU3HAHHBIM NNAEPOM MMMNCOBOr0 PhIHKA M MATEPUANOB Ha €0 OCHOBE.

Ctparernyeckum npuHLMnom komnanun «<KHAY®» 8 Poccum ctano

NPOU3BOACTBO BbICOKOKA4ECTBEHHOW WHHOBALWMOHHOW MPOLYKUMU U3

-

Tak cerofHs BbIrNaouT NpeanpusatTne «KHAytD FVH'IC KpacHOropck»
C BbICOTbI MTUYLErO NoseTa

TOpPbI JOMFOCPOYHOr0 Pa3BUTUSA CTPaHbl M BO3MOXHOCTU MACLUTA6HOr0 WHBECTUPOBAHUS B NPOU3BOACTBO.

POCCUIACKOTO Cbipbs ANt POCCUIACKOr0 PbIHKA C NPUBJIEYEHNEM POCCUIA-
CKUX cneumannctoB. Cnemyet 0TMETUTb, YTO B NepUOS, KOrha co3aaBa-
nuce npeanpuatug «KHAY®», 3T0 6bin BaXKHEWLIME COLMANbHO-
9KOHOMUYECKME NPOEKTHI, Peanu3aumns KoTopbix 06ecneynsana nonon-
HEeHWe O6I0[KETOB, CO3[AHWE HOBbIX Pabo4ux MECT, YmydlleHue
WHGPACTPYKTYpbl. MpuMepamin YCMELIHbIX PErnoHanbHbIX NPOEKTOB
«KHAY®» gsnstotcs npeanpusatus «KHAY® TUMNC HoBoMOCKOBCK»
(Tynbckast 06n.), «KHAY® TUMNC Ky6aHb» (KpacHopmapckuii kpai),
«KHAY® TUNC [OsepxuHck» (Hwxkeropoackas 06n.), «KHAY® TUNC
KyHryp» (Mepmckas 0611.), <KHAY® TMNC backyHyak» (AcTpaxaHckas 0611.),
«KHAY® NG baitkan» (MpkyTckas 061.) n ap.

Ha Bcex npeanpuatuax «KHAY®» npuMeHAOTCH HOBEILINE Tex-
HONOTUU, HAYMHAR OT Pa3paboTKu Kapbepa, BKNOYAA PeKybTUBALMNIO,
[0 YNaKOBKM roTOBOW NPOAYyKUMU. Hanpumep, Ha KpynHemLem runco-
BOM pyAHuKe EBponbl HOBOMOCKOCKOro npeanpustus B 2009 r. 3any-

LUEH B 9KCNayaTauuto _HOBbII71 TEXHONIOTUYECKUA KOMIIIEKC LLAXThI,

! M-TGDMOMSOHHLWIOHHHX 1 FUNCOBbIX U3LENNA

(TUTN) — Tenepb XOTb 1 CNlaBHas, HO BCE-Taku NCTopust




OTpacib B COBPEMEHHBIX YCIOBHAX

Ha mHorux kapbepax komnaHum «KHAY®» pobblya runcoBoro
KaMHsl BeeTcs no Havnbonee Laasiien TexHonorum 6e3s3pbis-
HbIM COCO60M. [/ NEPBUYHOrO APOBAEHNS 1 TPAHCTIOPTUPOBKN
NPYMEHSIeTCS HOBELLIAs KapbepHast TEXHUKA BeAyLLMX MUPOBbLIX

npovssoauTenen

g

MepBbii y4ebHbI UeHTP koMnaHun «KHAY®D»
1995 r. Ha 6a3e KPacHOropCKOro NPeAnpPUATUS

BK/NIOYAKOLMA NOA3EMHbIA KOMNNEKC APO6IEHNS KaMHS, NOrPy304HO-CKIAACKoe
11 TPAHCMOPTHOE XO3AACTBO HAa MOBEPXHOCTU, @ TAKXE HE NMEILLNA aHANoroB B
MUPOBOI FMNCOBOIA OTpacnn BepTUKanbHblA KoHBelep Pocketlift. MinBecTuumn B
NPOEKT cocTaBunn 42 MiH eBpo. Ha KpacHOropckoM npeanpusaTUi YCTaHOBSIEHO
HOBelLLee 060pyA0BaHNe Ang NPOM3BOACTBA MMMNCOKAPTOHA C BbICOKOCKOPOCT-
HbIM KOHBENEpOM, a TaKxe 060pyLOBaHMEe [N NPOU3BOACTBA XULKUX TPYHTO-
BOK, LLINAKMEBOYHbIX W KIIEEBbIX COCTABOB.

B HacToswiee Bpems Ha 50 ropHOL06bIBAOLLNX, NPOU3BOLCTBEHHbIX N Map-
KEeTUHroBbIX npeanpuatuax «KHAY®» Tpyautcs 0Kono 6 TbiC. YernoBek, 6onee
99% 13 KOTOPbIX POCCUSIHE.

PykoBoacTo cpupmbl «KHAY®», npuHUMAas peLleHme 0 LMPOKOMACcLUTaBHbIX
WHBECTULMAX B POCCMM HA HEPa3BUTOM B CErMEeHTe OTAENOYHbIX MaTepuanoB
PbIHKE, CTABUIIO0 HE TOMIbKO NPOU3BOACTBEHHYIO, HO TaKXXe MapKETUHIOBYIO U NPo-
CBETUTENbCKYIO 3afa4u. Beb ecnn B CTpaHe HeT CreunanucToB, KOTOPbIE rOTOBbI
rPamMOTHO NPUMEHSATb BbICOKOTEXHONOMMYHbIE NPOLYKTbI, TO 06€CNeYnTb UX COBIT
OyAeT 3aTpyaHNTENbHO.

[ns pelueHns NOCTaBNEHHbIX 3afa4 C NepBblx feT paboTsl B Poccuu pupma
«KHAY®» Hayana cosfjaHue CeT MapKeTUHIrOBbIX KOMMAHWI 1 y4e6HbIX LLEHTPOB.
bonblunm HanpasneHnem paboTbl CTaNo COTPYAHWUYECTBO C BbICLUUMU U CPEAHU-
MU CreunanbHbIMM y4e6HbIMYU 3aBeEHUAMY C LeNblo BBeEHUS B y4ebHbIe nna-
Hbl KYPCOB MO CYXOMY CTPOUTENbCTBY M MPUMEHEHWNIO BbICOKOTEXHOMOMMYHbIX
OTENI04HBIX MATepUanos.

MepBbIii y4e6HbIA LEeHTP 6bin co3faH B 1995 r. Ha 6a3e NPOM3BOACTBEHHOMO
npeanpuatua «KHAY® TUMNC KpacHoropck». B Hem 06y4aloTci He TONbKO
pabo4me-0TAENOYHUKM, HO TAKXKE apXUTEKTOPbI U NPOEKTUPOBLLNKN.

3atem cTanm co3pasartbCa  yyebHble UeHTpbl B CankT-leTepbypre,
KpacHogape, Mepmu, [13epxuHcke, HenabuHcke, Xabaposcke. Bcero 3a nepnog ¢
1995 1. B y4e6HbIX LEHTPAX NoAy4nnu nogroToBky 6onee 70 ThbiC. HeNOBEK.

OTHenbHO cnegyeT OTMETUTb COTPYAHMYECTBO oupMbl «KHAYD» ¢ By3amu,
rae 060pYaylOTCA CheLManu3npoBaHHble NEKUMOHHbIE ayAMTOPUN, B KOTOPbIX
HarnagHo npeAcrtasnieHa npofykuus KHAY®, a Takxe npumepbl KOHCTPYKLWA €
ee npumeHeHnem. Ha 6a3e psga By30B CO3[aHbl KOHCYNBTALMOHHbIE LIEHTPbI, Ha-
npumep, npu MICY (Mocksa) n [B®Y (Bnagmsoctok), KaslACY (KasaHb),
HOYpl'Y (Hensbunck), HFTACY (Hosocnbupck), HHTACY (Huxuuii HoBropog).

Kpome Toro, rpynna «KHAY®» oka3biBaeT (PUHAHCOBYH NOAAEPXKKY WU3aa-
HUIO Y4e6HON 1 CneunanbHON TEXHUYECKOR NUTepaTypsl.

B HacTosLLee BpeMs C YBEPEHHOCTbHD MOXHO CKa3aTb, YTO 6r1arofaps rogam
KpOnoTAnNBOK paboThbl, B KOTOPYHO CO BPEMEHEM BKIKYUINCH W APYrve UrpoKu
rUNCOBOr0 pbiHKa, B Poccum co3faH pasBuTbIi PbIHOK NPOJYKTOB HAa OCHOBE
runca. MpakTuyeckn co34aHO HOBOE HanpasreHue B OTAESKE, TaK Ha3blBaemoe
CyX0e CTPOMTENIbCTBO, MNOABUACS CNPOC HA BbICOKOTEXHOMOMMYHbIE U CheLmnalb-
Hble NPOAYKTbI. Hanpumep, Ha nuctoBble Matepuans KHAY®-akyctuka, KHAYOD-
thanep6opa, KHAYD-ceindp6opa, KHAYD-akBanaHens.

Kak nugep otpacnu, rpynna «KHAY®» Bcerga sBnfetcs npoBOSHUKOM CO-
BPEMEHHbIX MUPOBbIX TPEHLOB. B CTPOMTENBHONM OTPAciM OHA CTana NMOHEpPOM
JBWKEHNA 32 3KOYCTON4NBOE (3€J1€HOE) CTPOMTENLCTBO. [ XOTA M3MEHEHME Tex-
HONOTUM B CTOPOHY MOBBILLEHWS 3KONOTUYHOCTY, KaK NpaBuno, BeLeT K ee yao-
POXaHMI, PYKOBOACTBO KOMMAHWW WAET HA HUX CO3HATENbHO, MOHUMAS, YTO
0Ha N3 BXHENLMX 3aja4 COBPEMEHHOr0 MOKONEHWS — OCTaBUTb MOTOMKaM
KOMEOpPTHYIO 1 6e30MacHy0 cpefy 06uUTaHKs.

C 3TOiA Uenblo Ha paae ropHoao6biBatowmx npeanpuaTuax «KHAY®», pac-
NONOXEHHbIX B HENOCPEACTBEHHOIM 6MN30CTU K HACENEHHbIM MyHKTaM, 0TKasa-
JINCb OT B3PbIBHOM TEXHONOrMM JO6BIYM FUMCOBOIO KAMHS, NPOBOAUTCS PEKYIb-
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B y‘-leﬁHOM LLeHTpe cnywaTesni nosiy4yatoT Kak TeopeTnyeckyio, Tak U NpakTnyeckyto noaroToBky
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OT1paciab B COBpEMEHHBIX yCIOBHAX ‘

TUBALMA KapbepoB C UCMONb30BAHMEM HOBEILLNX NPUPOLOOXPAHHbIX pa3pabo-
TOK. Ha npon3BoAcTBax ycTaHOBNEHO 060pYyA0BaHME ANS NOMY4eHNs runcoBoro
BSKYLLIEro, NO3BONALLIEE MAKCMMANbHO MCMONb30BaTh MPUPOLHOE CbIPbeE.
B CaHkT-lNeTepbypre Hayat LUMPOKOMACLUTABHbIA NPOEKT No cO0pY Y HaceneHns
1 nepepaboTke MaKynatypbil.

Bcs nponykuus KHAY®D npoxo4uT MHOrOCTYNEHYaTblil KOHTPOMb Ka4yecTBa
0T MPUEMKM CbIpbS A0 YNaKOBKM FOTOBOW Npogykuuu. dupma rapaHtupyer
cBOMM noTpebutensm, 410 BcA npofykums KHAY® a6CcontoTHO 3KOJIOrMYeckm
6e3onacHa. BaxxHo 0TMeTUTb, 4TO Ans npeanpuatuii KHAY® no scemy mupy
CYLLECTBYIOT eIMHbIE CTAHAAPTbI Ka4eCTBa HA BbINYCKAEMYIO NPOJYKLMIO.

[pynna «<KHAY®» 13BecTHa CBOEI HOPMOTBOPHECKOI AeATENbHOCTLHO. G Lie-
Nb0 pa3paboTKM HOBbIX OTPACNEBbIX HOPMATUBHO-TEXHUYECKUX [OKYMEHTOB U
rapmoHu3auuu ux ¢ EBpokogamu cneunanuctbl KOMNaHUKM y4acTBYIOT B HAy4HbIX
nccnefoBaHMax n paboymx rpynnax no aktyanusauum u cosganuio FOCTos,
CHulMoB n apyrux AoKymeHTOB. Kpome TOro, oupma COAeicTBYeT COBEpLLEH-
CTBOBAHMIO HANIOTOBOI0 M TAMOXEHHOr0 3aKOHOLATENbLCTBA, BELET HENPUMUPK-
MYt0 60pb6Y C NPOM3BOACTBOM KOHTPAPaKTHOM NpoayKLuN.

3a 20 net pabotbl B Poccum cmenaHo Hemano. OfHAKO Ha JOCTUrHYTOM
rpynna «KHAY®» He octaHasnueaetcs. B HacTosliee BpemMs 0Y4epesHOn UM-
nynbC Pa3BUTUS MONYYUI0 HOBOMOCKOBCKOE npeanpuatue «KHAY®», Ha 6ase
KOTOPOro BEAETCS CTPOMTENbCTBO HOBOTO NPOWU3BOACTBA CyXWUX CTPOUTENbHbIX
cMeceit, a Takxe nepson B Poccun anHum no Beinycky KHAY®-akBanaHens.

Takoe cTpeMUTENbHOE Pa3BUTUE JaHHOMO NPEANPUATUAA CTaNo Pe3ynsTaTom
peanu3aumn KOHLENUUM YacTHO-roCyAapCTBEHHOr0 NAapTHEPCTBA B PEruoHe.
COBMECTHO C [pyrMu KpynHbIMU KOMNAHUAMM pernoHa rpynna «<KHAY®D» yee-
NINYMBAET NPOU3BOLACTBEHHbIE MOLLHOCTY, @ FOCYAAPCTBO Peannu3yeT B 3TOM pe-
TNOHE MHPPACTPYKTYPHbIE NPOEKTI, B YaCTHOCTW, N0 PA3BUTUIO SHEPTETUYECKO-
ro X03fI/CTBA, CTPOMTENLCTBY ABTOMOOGWNBHBLIX AOPOT U XKENe3HOLOPOXHbIX
noabe3aHbIX MyTeil.

3a rogpl pa6otsl B Poccuu rpynna «KHAY®» cTana paBHONPaBHbIM CyObek-
TOM POCCUICKON NPOMBbILLIIEHHOCTW CTPOUTENbHbIX MaTepuranos. [pu peanusa-
L1 MHBECTULMOHHBIX MPOEKTOB B PErMOHAX KOMMaHMs, Kak NpaBuio, BCTpeyana
J06p0oXenaTenbHoe OTHOLIEHWE U NOSAEPXKKY PeroHanbHbIX Bnactel. OgHako
pykoogutenu rpynnbl «<KHAY®» He CO CTOPOHbI, @ B paMKax eXefHEeBHOMN pa-
60Tbl CTaNKMBAKOTCA TaKXe C HEraTWBHbIMKU pPe3ynstatamu CcounanbHo-
3KOHOMWYECKMX NPeobpa3oBaHuid, NPOUCXOAALLMX B Poccun, MHOTME U3 KOTO-
pbIX ABNAKOTCA CELCTBMEM YPE3MEepHOI 6I0poKpaTM3auuy, nepekocamm B pas-
BUTUU PA3MINYHBIX CEKTOPOB 3KOHOMMKU. He Tonbko komnanunm «KHAY®», HO
BCeM 0Tpacnn 601bLION Bped HAHOCUT Hepa3BMTas TPAHCMNOPTHAA MHAPPACTPYK-
Typa, OTCYTCTBUE ELUHOI HOPMATUBHOI 6a3bl. 0060 crefyeT OTMETUTL Hera-
TWBHbIE NOCNEACTBUSA NPAKTUYECKMN MOJTHOTO PA3PYLLEHUS CUCTEMbI Ha4aNlbHOro
1 CPeSHero creuuansHOro 06pasoBaHus, NOBNEKLUNE XECTKUA LenUnT KBau-
(PULMPOBaHHbIX PabO4MX KaLpOB.

Komnanus «KHAY®» — cemeitHas KOMMNaHus, pe3BuBLUascs [0 Maclitaba
TPaHCHALMOHaNbHOI Koprnopauuu. TeM He MeHee, NPUHLMNLI BeAeHUs 6usHeca,
3aN10KeHHbIE ee ocHoBatenamu 6onee 80 neT Hasan, 6ePEXHO COXPAHAOTCSA W
NOLTBEPXJAIOTCA He Ha CNOBaX, a Ha Jene. Kak KpynHaa KoMnauus, KpynHbli
uHBecTop, rpynna «KHAY®» Bcerfa npuHUMAaeT Ha Ce6s BbICOKYHO COLManbHY0
OTBETCTBEHHOCTb B PErMOHAX, e pacnonoxeHbl ee npeanpuatus. B cchepe ee
BHUMAHUA [ETCKIME YHPEXAEHNS 1 NpeanpusTus KynbTypbl. Komnatus nogaep-
)KMBAET COLNANBHO 3HAYMMble MPOEKTbI, TANAHTNBYH MONOAEXKb.
3a 20 net pa6otbl B Poccun thupma «<KHAY®» ctana HeoTbeMNEMOil YacTbH

poccuiicKoil npomblwweHHocTy. Eto oHa 0cTaHeTca Ha foNrue rofbl.

s .
«KHAY® MMNC HoBoMOCKOBCK» CaMoe AMHAMWYHO pas3BuMBaloLLeecs npeanpusTne

YcapnebHas uepkoBb YcneHus lNpecesitoi Boropoauubl Gbina
nocTtpoeHa B 1778 r. n npocnyxuna 4eTblpeM NoKOSIEHNSAM CEMbM
TiotueBbix. Mocne cmeptn ®.MN.TioTyeBa ycaapba cTana npuxo-
AnTb B ynanok. BecHoit 1930 r. LepkoBb Obina 3akpbiTa 1 nycTo-
Bana, a Bo Bpemsi Benukoit OTe4eCTBEHHOWN BOWMHbLI B30pBaHa.
K 200-netmio  ®.U. TiotyeBa NO MNPOEKTY WHCTUTYTaA
«CneynpoekTpecTtaspauus» (apxutektopbl O.B. Knemanosa,
M.T". BonoT-HukoBa, O.A. [po3esa) LepkoBb YcneHus MpecssaTom
Boropoauubl Obina 3aHOBO MOCTPOEHAa Ha HOBOM MecCTe.
®durHaHcUpoBaHWe NOCTPOKKM B3sina Ha cebs rpynna «KHayd»

Komnanusa «KHAY®» akTmBHO y4acTBOBana B paboTtax no cTpou-
TENbCTBY XW/bsi NOCAe CTpalHbix noxapos 2010 r. bnarogaps
MCMOJIb30BAHWIO BbICOKOKA4Y€CTBEHHOM TENI0n30a9LMn U INCTO-
BbIX MaTepuanoB TeMMbl CTPOUTENLCTBA YAANOCH CYLLECTBEHHO
yBENN4UTL

C nepsbix net pabotbl B Poccun komnanus «KHAY®» yaensina

rpynnbl «<KHAY®» 8 Poccun 0c060€ BHMaHVE NOMOLLM AETCKUM YYPEeXAEHUSIM.

HAayuHO-MexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN
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OTpacib B COBPEMEHHBIX YCIOBHAX

YOK 666.973

(Cankr-IleTepOypr)

O6umii o6beM cTpouTesibeTBa B Poccuu 3a mocnenHee
JecSITUIIeTUE BhIpOC OoJiee ueM B 1iBa pasa [1], JOCTUTHYB B
2012 1. 97 MIH M%, U COIPOBOXIAICS CYLIECTBEHHBIMU
CTPYKTYPHBIMU U3MEHEHUSMU: BBIPOCIA MOJII WHIAWBUILY-
aTbHOTO M MaJlO-3TaXKHOTO CTPOMTEILCTBA, COKPATUIACh
JIOJISI TTPOMBILIUIEHHOTO CTPOUTENLCTBA, U3MEHUIUCH KOH-
CTPYKTHBHBIE pereHus. OOIMii 00beM phIHKA INTYYHBIX
CTEHOBBIX MaTepPUAJIOB BBIpoc B 1,5 pasa (¢ 15 mo 21 MitH M°).

3a To e BpeMs ITPOU3BOJICTBO aBTOKJIABHOTO ra3006eTo-
Ha yBEIMYMIOCHh TTO4TH B 6 pa3 (¢ 1,2 10 6,9 MiH M3), a ero
yaeJlbHOe MOTpebjieHhe B CTPOUTEIbCTBE — 0oJjiee 4eM
B 2,5 paza. B cpenHem no Poccum ynenbHoe morpebiieHue
raso6eroHa mocturiao 50 M3 Ha 1000 xuTeneit B rox, uim
7 M> Ha 100 M2 BBOIMMOW B SKCIUIyaTALMIO TUIOLIAAN
(puc. 1). I1pu atom B Cankr-IleTepOypre ¢ JlenuHrpamsckoit
00;1acThbI0 1 MOCKOBCKOM PEeTHOHE ITOTPEOIEHNE COCTABIIS-
et okosto 150 M3 Ha 1000 xureneit, wiu 1o 20 M> Ha 100 M2
BBOJMMBIX ILIOIIAIEH.

Hons razobeToHa BBIpocia 3a mecaTh Jet ¢ 6 1o 30% ot
00BbeMa pbIHKA CTEHOBBIX MaTepUaioB, U TEHACHIIUS K yBe-
JIMICHUIO 0T COXPAHSIETCSI.

BBox HOBBIX MOIIHOCTE! MO MTPOU3BOICTBY aBTOKJIAB-
HOTO ra3o0eToHa orepeXxaeT ONTUMUCTUYHBIE CLIEHAPUH,
caenaHHble 2—3 rofa Hazan. Takke U MPUPOCT GaKTUUECKUX
00bEMOB ITPOU3BOACTBA MPOMCXOIUT ObICTPEE, YEM MPOTHO-
3UPOBAJIOCh PSIOM aHATUTUKOB. OHAKO TeKyllas 3arpy-
)KEHHOCTh YCTAHOBJIEHHBIX MOIIHOCTEM CHUXKaEeTCs.
JlannHble rpaduKa mo TeKyllei 3arpy>KeHHOCT! (puc. 2) OT-
paXxaroT HECKOJbKO (haKTOB: HETOJHBIN BBIBOA YCTaHOB-

Tabumnna 1
Pacnpep,enel-wle 3aBOAOB aBTOKJIAaBHOIo rasobeToHa
no rogam 3anycka

Mepuog YcTaHOBEHHAs! MOLLHOCTb, MIH M°
Jo 1995 . 3,5
1995-2012 rr. 9
Crposimecs 4,5

Tabmua 2

PacnpeaeneHue 3aBoaoB, 3anyleHHbix nocne 1995r.,
no NnpousBoauTenio o6opyaoBaHus

I''N. TPUH®EJIB/l, ncnoHUTETbHBIN AUPEKTOP,
HamuronanbHas accoumaliysi Ipou3BOAUTENE aBTOKJIABHOTO ra300€TOHA

lMpon3BoacTBO aBTOKJ/1aBHOIO
razoberoHa B Poccun: coctossHue
PbIHKa Y NepcrneKkTuBbl Pa3BUTUS

JIEHHBIX MOIIIHOCTEN Ha MPOEKTHYIO MTPOU3BOIUTENBHOCTD;
BBICOKAsl CE30HHOCTh CITpoca, Bedyllas K 3MUMHEN Hemo3a-
Tpy3Ke; SIBHBII M30BITOK YCTAHOBJIEHHBIX MOIIHOCTE Ha
TEKYyIIeil eMKOCThIO PBIHKA.

B cBsa3u ¢ 3TUM oOXUMmaemoe YBEIUYEHUE MOIIHOCTEi
¢ cymectByomux 13 no 17,5 man M3 B 6nmxaitime 2—3 roga
ypeBaTo 00OCTPEHUEM KOHKYPEHLIMU, CHUKEHMEM 3arpy-
JKEHHOCTH, COOTBETCTBYIOIIIMM POCTOM CEOECTOMMOCTH H,
KakK CJIelCTBUE, CHUXKEHMEM peHTabenbHOCTH (Tadu. 1, 2).
Jns mpemoTBpalieHus BOBMOXHBIX HETaTMBHBIX TOCIE-
CTBUI M30BITKA YCTAHOBJEHHBIX MOIIHOCTEN Mpearnpusi-
TUSIM ClieiyeT YOeNasaThb 0coboe BHUMAaHUE YBEJIUYEHUIO
CYyMMapHO# eMKOCTHY pbIHKA U3/IEJUIl U3 aBTOKJIABHOTO Ta-
300€TOHA.

Temmbl pocTa MPOM3BOACTBA aBTOKJIABHOTO ra300eToHa
OIepeXaloT TEMITBI POCTA OCTATbHBIX 3HAUMMBIX JIJIST phIHKA
IITYYHBIX MaTepuajaoB. B HacTosIee BpeMs1 HauboJjiee Mac-
COBBIM CT€HOBBIM MaTepHajoM IO BaJOBOMY BBIMYCKY SIB-
JIleTcsl KepaMMUYeCKUii KUpIKUY BceX BUIOB. OHAKO yXe B
Onvkaiiye Toabl CaelyeT OXUIaTh CMEHBI JInJepa 1Mo Ba-
JIOBOMY BBIITYCKY MaTSpPUAJIOB JJIsI KAMEHHOM Kiaamaku [2].
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10000— 1200 | | | 1
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Puc. 1. O6beMbl NPOM3BOACTBA (ThiC. M%) 1 ypoBeHb NoTpebneHus (M3/100 m3)
aBTOK/1aBHOro ra3o6eToHa B cTpouTenscTBe Poccuiickoin epepaummn
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OTpacib B COBPEMEHHBIX YCIOBHAX

Tabanna 3
XapakTepucTukn MacCcoOBO BbilMyCKaeMoro razo6eToHa

Tabauua 4

U3ameHeHne o6bLEeMOB BbiMyCKa aBTOKJ/IABHOINro s4encTtoro
3

O0eToHa 3a nocnegHue 20 net, MJIH M
Mapka no Knacc no npo4yHocTn
cpenHei NIoTHOCTH npu cxaTnm 1990 2011
D300 B1,5-B2,0 CCcpP 6 | Poccus 6,9
D400 B1,5-B2,5 Benopyccus 3
D500 B2,5-B3,5 Ykpaua 2,3
D600 B3.5-B5.0 KasaxcTtaH 0,8
D700 B3,5-B5,0 13
EBpocoto3s 25 | EBpocoto3 15
Ha nepBoe Mecto 1o o6beMy npou3sBoacta K 2015—2017 rr. KuTait, Unousi, Mipan <10 Kutan, Mnama, Mpax ~100
IIPY COXPAHEHUM CYIIECTBYIOIIMUX TEHACHIIMIA BBIAIET aBTO- v ap. n aop.

KJIaBHBIIA Ta300€TOH.

Hapsiny ¢ poctoM mpou3BoACTBa IITYYHBIX CTEHOBBIX
MaTepHaioB T0JI KITAAKKU U3 IITYYHBIX MaTepPHAJIOB B CTPO-
UTEIBbCTBE CHIDKaeTCs. Takas TeHIEHIIUS Obljla OTMeYeHa B
1960—1980-¢ rr. B CBSI3W C Pa3BUTHEM IAHEJIBHOIO CTPOM-
TenbcTBa. [laHe M HOBOTO MOKOJIEHUSI HA OCHOBE JIETKOTO
kapkaca (JICTK, nmpeBecuHbl), OJHOC/IOIHbBIE Xeje300e-
TOHHBIE MaHEIU C MOCTPOSYHBIM HApYXHBIM YTEIJIECHUEM
— 3TO KOHCTPYKTUBHBIE PEIICHUS, TIOJyJalolIne Bce 60JIb-
1ee pacrpocTpaHeHHe.

Y1o06b1 000CHOBAThH KAUYE€CTBEHHBIE ITOKA3aTEIU POCCUIA-
CKOTO aBTOKJIABHOTO ra3o0eToHa, pacCMOTPUM HECKOJIbKO
(bukcupyronmx cuTyaluio ¥ TeHACHIMU MOJOXKEHUI.

XapaKTepUCTUKU Ta300€TOHA, BBIMTYCKAEMOIO POCCHIi-
CKO¥ MPOMBIIIJIEHHOCTbIO, KOTOPbIE MOTYT CYUTATHCS OpU-
E€HTHpaMU TIpU OllEHKE TEPCIEKTUB OTPACIU, CBEICHBI B
Tabn. 3.

l'a306eToH 1 KJ1agKa U3 Hero Ha Kjiero o01aJaloT HU3KOM
TEIMJIOMPOBOAHOCTbIO, YTO OTPAXEHO B COBPEMEHHbIX
HopMaTUBHO-TexHU4YecKuX nokymeHTax (FOCT 31359-2007
«beToHbl sSlUencCTBHIE aBTOKJIABHOTO TBepAeHUs. TexHuue-
ckue ycnoBusi», CTO HAATD 87313302.13330-001-2012
«KoHcTpyKIIMy ¢ mprMeHeHNEM aBTOKJIaBHOI'O ra300eToHAa
B crpoutenbcTBe», EN 1745: 2002 Masonry and masonry
products — Methods for determining design thermal values).

DHeproeMKoCcTh MPOU3BOACTBA Ta300€TOHA OTHOCU-
TeJbHO HU3Kasl B CPAaBHEHUHU C APYTUMHU MaTepuasaMu JUIst
KaMeHHOM Kianku. Ha ocHOBaHMU pacueToB, TaK KakK 00b-
€KTUBHBIX JTaHHBIX 10 9HEPTOEMKOCTH MX IIPOM3BONCTBA B
OTKPBITBIX MCTOYHMKAX HE TMPUBOAWTCS, MOXHO YTBEPXK-
JIaTh, YTO YHEProeMKOCTh MTPOU3BOICTBA aBTOKJIABHOTO Ta-
300€TOHA CYIIECTBEHHO HUXe OOJBIIMHCTBA BUIOB MUHE-
pajioBaTHBIX M TOJUMMEPHBIX yrerunTesnei. [Ipu atoMm yem
HIXe TIOTHOCTh ra300€TOHA, TeM HIDKE YaeIbHbIe SHepro-
3aTpaThl Ha €ro MPOU3BOJCTBO U TEM BBIIIE TEILIOTEXHUYE-
CKUe XapaKTepUCTUKU KOHCTPYKIIUIA U3 HETO.

Eciu onieHMBaTh KOHCTPYKLMU HE TOJBKO IO MPENOT-
BpAlllEHHBIM TEILJIONOTEPSIM, HO 1 110 9KOHOMUU 3aTpayeH-
HOI Ha TTPOU3BOJCTBO Y MOHTaX SHEPIUU, OMPaBIaHHOCTh
CHIDKEHUS TIIOTHOCTH CTAHOBUTCSI OCOOEHHO HATJISITHOM.
I[TosToMy TipenesoM  pa3BUTUSA  KOHCTPYKIIMOHHO-
TETIOU30JISILIMOHHOM (hYHKIIMM Ta300€TOHA KaK eTMHCTBEH-
HOTO NMPUHUMAEMOTO B pacuyeT KOHCTPYKTUBHOTO CJIOSI CTe-
Hbl MOXHO MPUHATH Mapky 1o miotHoctu D300. IMpu tos-
IIUHEe CTeHHl B Tipenenax 500 MM Kiagka M3 TakKoro
Marepuaia IMo3BOJIMT JOCTUYb COTIPOTUBIICHUM TeTIomnepe-
Jaue o MIaay cTeHsl 1o 6 M2°C/Br.

ITpou3BoACTBO ra300€6TOHA B MUPE CO BpeMeHEM Tepe-
pacnpenensieTcss MeXay cTpaHaMu M peruoHamu (Taoi. 4).
Hupkymbantuiickue cTpaHbl, CTaBlIMe pOJAOHAYaJIbHUKA-
MM KOMMEPUYECKU YCTIeIITHOTO TTPOM3BOICTBA aBTOKJIABHOTO
razo0eToHa, COKpallaloT €ero IIPOU3BOACTBO. YIIeHBI
EBpomeiickoii accouuauuy IPOU3BOAMUTENIEH TIa300eToHa
MPOU3BOIAT B HacTosILIee BpeMs 0Koso 15 MitH M> B rox [3].
B To xe Bpemst B KHP BbITycK aBTOKJIaBHOTO SYEUCTOTO
GetoHa mpesbicit 100 MaH M2 B rox [4]. B Poccuu u co-

(Y PONIEIIBHBIE

* o 2007 r. pbiHka ra3obetoHa Ha YkpanHe npakTU4ecku He
6b110. Meree 500 Thic. M3 610KOB MPOU3BOANNOCK Ha YCTAPEB-
LeM COBETCKOM 060pyaoBaHun, MeHee 300 Thic. M° 3aBO3M-
nocb 13 benopyccun, Monbwn 1 Typummn. 3a nocnegHue YeTbl-
pe roga Npov3oLlen CTpeMUTENbHbIN POCT pbiHKa 610K0B, NpuU-
FOAHBLIX ANS KNAAKM C TOHKAM LUBOM, — G 300 Thic. M UMMopTU-
pyembix A0 2,3 MiH M3 MecTHOro npouseoacTea. [ons rasobe-
TOHa Ha pblHKE CTEHOBbLIX MaTepuanoB YKpauHbl 3a NsTb neT
Bblpocsia ¢ 5 no 31%. OTcyTCcTBME YCTOSIBLUMXCS TPAAULNA N
CTEPEeoTMNOB NO3BONMI0 CHOPMMPOBATL CNPOC, OPUEHTUPO-
BaHHbI Ha HW3KYl0 MNOTHOCTb: Mapka D300 nonyduna B
Kneeckom pervoHe 6onbLumnii cnpoc, 4em B MNetepbypre.

MpeaeIbHBIX CTPaHaX SKCIIOHCHIIMAIBHBINA pOCT IIPOU3BO/I-
ctBa ASIb npourcxoout TOJIBKO ceifdac.

B HacTosiiee BpeMsi BO BCEM MHMpPE CTajla aKTyaJlbHOM
3a/1a4a BCEMEPHOTO MOBBIIIEHUS 3(PPEKTUBHOCTU MOTPEO-
JISIEMBIX PECYPCOB, UX PAllMOHAJIBHOIO MCIOJb30BaHUS U
000CHOBaHHOI 3KoHOMUM. [IpMMEHUTENBHO K TeIio3a-
IIUTHON O00OJIOUKE OIrpaKIaoIINX KOHCTPYKUMI 3TaHWI
BaXKHBIM IIOKa3aTeJIeM CTAaHOBHUTCS COOTHOIIEHHE DHEPro-
€MKOCTH IIPOM3BOICTBA MaTepHUaJIOB K 9HEeprocoeperaolie-
My 3¢hGeKTy KOHCTPYKTUBHBIX pelieHuit. [T0cKoabKy aBTo-
KJIaBHBII ra300€TOH 00J1aaeT HU3KOM yaeIbHOM SHEPTOeM-
KOCTBIO MPOMU3BOACTBA U MOHTaXa U BHICOKOI MPOTHO3HOM
JIOJITOBEYHOCTBIO B OOJIBIIMHCTBE KOHCTPYKTUBHBIX pellle-
HUI, MOXHO YTBEepPXKIaTh, YTO OH BeChMa IIEPCIIEKTUBEH B
COBPEMEHHBIX YCIOBUSX U MPU COBPEMEHHBIX TEHIECHLIMSIX
Pa3BUTUSI CTPOMUTENbHOI oTpacin. OmHAKO MPOU3BOAUTE-
JISIM aBTOKJIABHOT'O Ta300€TOHA CJIEMyeT MPUCTAIBHO Clie-
JIUTh 32 KOHBIOHKTYPOI, HE JOITyCKaTh CYLIECTBEHHOIO T1e-
PENpOU3BOACTBA TMPOAYKUMHU, MOMAACPKUBATH 3arpy>KEeH-
HOCTb MOIITHOCTE, TI03BOJISIONIYIO 00€CIIeUMBATh BHICOKYIO
peHTa0eIbHOCTh U BOCIIPUMMYMBOCTD IIPOM3BOACTBA K UH-
HOBallMsIM, HaIlpaBJI€HHBIM Ha MOBBIIIEHUE KadyecTBa U
JIOJITOBEYHOCTH MPOAYKIIVH.

Cnucok 1uTeparypbl
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YeCKHUX CTeHOBBIX MatepuanoB B Poccum // Crpou-
TeJbHble MaTepuaibl. 2012. Ne 4. C. 13—18.

3. DnekTpoHHBbIl pecypc (obuuuanbHbil cailt EBpo-
TIEHCKOW acCOIMAlliX TIPOU3BOAUTENIEH aBTOKIJIABHOTO
razobeTtoHa): http://eaaca.com/

4. Caxcnes H.II., Byxma /I.11., @edocoé H.H., Kaybinens P.b.,
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PYCCKUM CTPOUTENbHBIN peIHOK. 2011. Ne 5. C. 8—16.
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YK 625.731.87

B xonie ssHBapst 2013 r. Poccrat o6HapomoBas mpeaBsa-
pUTENbHBIE JAaHHBIE O paboTe oTpaciieil 5KOHOMUKHU Poccun
B 2012 r. B manpHelimeM mmoka3arejau paboThl OyayT yTOUHE -
HBI, OTHAKO YXe ceiiyac MOXHO TTOIBECTH IPeIBapUTEIh-
HBIE UTOTH IEATEIbHOCTH B OTPACISX M IMOAOTPACISX TTPO-
MBIIIUIEHHOCTH, B TOM YHMCJIe MPOMBIIIJIEHHOCTH KPOBEJIb-
HBIX ¥ TUAPOU3OJISILIMOHHBIX MaTepUAJIOB.

B camoii octpoit ¢aze kpusuca — 2009 r. BuAMMOE 10~
TpebJieHne PYJTOHHBIX OUTYMUHO3HBIX MaTepuajoB (aaee
PBM) B Poccum, paccumtanHoe mo Gopmyse: BUAUMOE
MOTpebeHre = MPOU3BOACTBO + UMIIOPT — 3KCIIOPT, CO-
kpaTtwioch Ha 20%. B 2010 r. mponaxkxu B PBM Bo3pociu
b Ha 1,4%, B ciaenylolye 1Ba rofa TeMIIbl POCTa PhIH-
Ka He TipeBeImann 3—4% (puc. 1). Bunumoe motpebieHue
PBM B Poccun B 2005—2012 rr. (MJIH M%/TOI) TIPUBELCHO
B TabmuIIe.

A.. 3EJIbMAHOBUY,
kaHza. xum. Hayk, gupektop HTLL «'ugpon-Kposns» (Mocksa)

PbIHOK PYJIOHHBIX OUTYMMUHO3HbIX
MarTepuasnosB: npeaBapuUTesibHbie
nrtorm 2012 roga

B pesynbrare B npomeaiiem 2012 r. o0beM BHYyTPEHHETO
pbIHKa ObI1 Ha 13,5% Huke, yeM B ipeakpusucHoM 2007 T.,
T. €. TaKUM Xe, Kak B 2005 r. (puc. 2, 3).

IIpencraBneHHbBIE B TaOIMIIE 3HAYCHUS 0O BEMOB ITPOU3-
BoactBa PBM B 2009—2011 rr. moJyiyueHbl aBTOpPOM Ha
OCHOBE YTOYHEHHBIX JHaHHBIX Poccrara mo komy
OKIIJI 26.82.12.110 «MaTepuanbl KpOBeJIbHbIE U THIPO-
U30JISIIIMOHHbIE PYJIOHHbIE U3 acdanbTa UM aHATOTMYHbBIX
MaTtepuasioB (He(TIHOTO GUTYyMa, KAMEHHOYTOJIBHOTO TTeKa
W T. 1.)». DT JaHHbIC ObLIN ITOMOJHEHH MH(pOpMAaIreii 1mo
obbeMaMm BhIITycKa PBM Ha nipeanpusiTusx, He OTYUTHIBAIO-
LIMXCS IO KAKUM-JIM00 MpUYMHAM 00 MX ITPOU3BOICTBE.

Cogepxkaliuvecs B Tabiuile CBeAeHUs O MPOU3BOICTBE
PBM 3a 2012r. ocHOBaHBI Ha OIEPATUBHBIX TaHHBIX
Poccrara, ony6oimkoBaHHEIX B KoHIIE ssHBaps 2013 1. DT
JIaHHBIE BeChbMa HETOYHBI, COAEpKAT 3HAYNTEbHOE KOJIH-

2005 2006 2007 2008 2009 2010 2011 2012
Mpoun3BoacTBO 494,5 523,3 574,3 567,1 460,9 474,7 495,5 521,9
3kenopT 57,1 65,2 73,2 69 58,6 63,2 68,9 80,2
NmnopT 11,1 8,6 12 11,3 4,8 1,4 2 1,94
Buammoe notpebneHune 448 461 513,1 509,4 4071 412,9 428,6 443,6
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Puc. 1. JuHamuka Buammoro notpebneHns PEM B 2005-2012 rr. (1ctou-
Hukn: PoccTat, @TC Poccumn, COBCTBEHHbIE AaHHbIE): T — BUAMMOeE NoTpes-
neHve; 2 — NPOLEHT K NpeablayLlemMy rogy

60 1 1 1 1 1 1

2006 2007 2008 2009 2010 2011 2012
Puc. 2. NHpekcobl notpebnenns PEM B 2006-2012 rr. (uctouHuku: PoccTar,
®dTC Poccun, cobCTBEHHblE OaHHble): 1 — mHgekc (2005 r. = 100%);
2 - vHpekc (2007 r. = 100%)
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Puc. 3. MIameHeHne 06bemoB npoussoactea PEM B 2007-2012 rr. (B HaTy-
panbHOM BbIpaXeHuW, % K npeabliaylwemy rofy; UCToudHuku: Poccrtat —
YTOUYHEHHbIe 1 onepaTueHele AaHHble, HTL «Muapon-Kposns»): [l - co6-

CTBEHHblE OaHHbIE, — Poccrar; D — Poccrar - onepaTtvBHble AaHHble
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Puc. 4. Vnpekc npomnssogctea PEM B 2008-2012 rr. (B HaTypasbHOM
BblpaxeHuu, %; 2007 r. = 100%; UCTOYHUK — COOCTBEHHbIE AAHHbIE)
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Pasanckuii KP3
M3odnekc OcTanbHble 10,1

Msirkas kpoBns

Oprkposnsi+
Oprkposnsi-2
75

OMCKKpOBAS

AnTankposns
Bunnako
1,9

TexxoHWKOJTb

,6

Puc. 5. Jona npegnpusTtuini B obuiepoccuinickom npounssoactse PEM B
2012 r. (B HaTypanbHOM BblpaxeHun, % oT obLiero o6bema NporM3BoACTBa;
MCTOYHMK: onepaTtuBHble faHHble Pocctarta, HTL, «fnapon-Kposnsa»)
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Puc. 6. MI3meHeHne koaddurumeHTa NCnosib30BaHNS MOLLIHOCTEN No npo-
n3eoacTtey PEM B 2004-2012 rr. (nokasaTtenb 3a 2012 r. paccyntaH Ha
OCHOBaHMM OnepaTuBHbIX AaHHbIX PoccTtata; mctoyHukm: Pocctat; HTL,
«mppon-Kpoens»): 1 — cobCTBEHHblE AaHHble; 2 — AaHHble Poccrara;
3 - Tpenp (2004-2008 rr.); 4 — TpeHa, (2009-2012 rr.)
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48,2 449 45,6 45,1
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Puc. 7. CooTHoweHne Mexay notpebneHvem PBEM Ha OCHOBe kapToHa
1N HerHmiowmx ocHoax B 2006-2012 rr. (% ot ob6uwero o6bema norTpet-
JIeHMs1 B COOTBEeTCTByOWEeM roay; mctouHuk: HTL, «Mvppon-Kposnsi»):
M - xapToH; 1] - HerHuioLas ocHoBa

YECTBO OLIMOOK M, KaK MPaBWJIO, KOPPEKTUPYIOTCS BIO-
CJIEICTBUY CAMUM CTaTUCTUYECKUM BEJIOMCTBOM B CTOPOHY
YMEHBILICHUSI 3HAaUEHUs ToKaszaTelsisi. ABTOpOM IpoBecHa
NpeaBapuTebHasl KOPPEKIMS OMNEPATUBHBIX OAHHBIX
Poccrara mytem ompoca TpenctaBUTeNeil 3HAUUTETBHOTO
yyclia IpeanpusiTuii — npousponuteneitr PBM, B pesynbra-
T€ Yero NMoJiyyeHHbIe 3HaueHUs1 o0beMa mpousBoacTsa PbM
BEeCbMa CYIIECTBEHHO CTaJIU OTJMYATHCS OT JAaHHBIX OUIIH-
ajpHOM ctatuctuku (puc. 3). Crnemnyer OTMETUTh, YTO OMU-
CaHHBIN TIOPSIOK YTOYHEHUN ODUIMANIBHBIX CTaTUCTHYE-
CKUX MAHHBIX SIBJISIETCS OOBIYHOM MPAKTUKOMN ISl 9KCTIep-
TOB, aHAJIM3UPYIOLIKUX JaHHBIe PoccraTta, 1o KpaiiHeit Mepe
TeX, YTO KacawTcsl UHbOpPMAlMU O TTPOU3BOACTBE CTPOM-
TeJIbHBIX MaTepPUAIIOB.

Takum o6pa3zoM, TIpUBeIEHHbIE B Ta0JIUlIEe JaHHBIE T10
Mpou3BOACTBY M ToTpebieHuto PBM 3a 2012 r. cnenyer
paccMaTpUBaTh JIUIb KaK IMPeIBAPUTETHHYIO OLICHKY, TIPH-
HUMasl BO BHUMaHUe, YTO UTOTOBBIEC (YTOUHEHHbBIE) Pe3YJib-
TaThl OYAYT, KaK yalle BCero ObIBaeT, HECKOJBKO BhIIIIE.

ITo naHHBIM, TTOJTyYEHHBIM aBTOPOM Ha OCHOBAHUM aHa-
sm3a, B 2010—2012 rr. Temmbl pocta mpousBoactsa PBM co-

(CYPONIENIBHBIE

craBisui 3—5% B rof (110 orepaTUBHBIM JaHHBIM Poccrara,
00beMbI BeIlTycka PBM yBenmnuuBaiuch Ha 5—10% B rom).
IMpu 3ToM mokazarenu KpuszucHoro 2009 r. mo urToram
2012 1. GbIIY MPeBBIIIEeHBI UL Ha 11—13%, a MHOEKC mpo-
n3BoacTtBa B 2012 T. MO CpaBHEHUIO C TIPEAKPU3UCHBIM
2007 r. cHuswmics Ha 9% (puc. 4).

3aBomamu rpyminsl Kommanuii TexatoHUKOJIbs 2012 r.
OBUIO TIPOU3BEICHO YyTh Gosee 290 MiH M2 PBM (56% Bce-
ro oobeMa Beiltycka B P®). Bropoe 1o o6beMy Ipou3Bo-
ctBa npeanpusitue — 3A0 «MHorooTtpacieBasi TpoU3BO/I-
cTBeHHast KomnaHust KP3» (PHBaHbg BblTycTUs0 B 2012 1. B
5,5 pa3 menpme PBM (52,6 mutH M*, uu 10%); TpeThe —
3A0 «Msirkast kposis» (Camapa) rnpousseno 50,3 MiTH M2
PBM (9,5%). Takum o0pa3om, A0JS TpeX KPYIHEHIIMX
npousBoauTeneit PBM cocraBuia 75% oT Bcero mpou3BoI-
ctBa B P® B 2012 1. (puc. 5).

KosdpunmneHT ncnob30BaHUS MOIIHOCTE! B IMTOJOT-
pacnu (puc. 6) mocie 6wicTporo pocta B 2004—2008 rr.
JIpaMaTU4eCKU CHU3UIICS B pe3yibTaTe Kpusuca 2009 r.: B
2010 r. 3arpyXeHHOCTb MOIIHOCTE!l COOTBETCTBOBaja
ypoBHIo 2006 T. (1axe ¢ y4eTOM BBIOBITHS MOLIIHOCTEI). B
nejsoM B 2009—2012 rr. 3TOT mokaszaTesb BbIIIET Ha HO-
BYIO TPaeKTOpHUIO, HA KOTOPOU eXerojHble MoKa3aTeau
okasbIBaloTcsl Ha 14—15% HuXe TpaeKTOpUU TOKPU3UC-
HOTO pOCTa.

HecmoTtps Ha akTUyecKylo cTarHaiuio, B IIOA0Tpaciu
B 2012 1. UMeJIM MECTO M TOJIOXKUTEJbHbIE TeHASHUUU. B
MpeAbIAYIIEeM IOy ObUT MPEBbIIIEH MPEAKPU3UCHbBIN 00BEM
skcriopta PBM, mpuuem cpasy Ha 10% (cMm. TaGmuiy).
CoBeplIeHCTBOBaaCh ACCOPTUMEHTHAs CTPYKTypa Mpou3-
BOJICTBA/TTOTPEOJICHUA: TPONOKIIOCH CHUXEHHUE O0b-
€MOB TNPOU3BOJCTBA MaTePUAIOB Ha OCHOBE KPOBEIHHOTO
KapToHa (MpU OJHOBpPEMEHHOM pocTe Bhillycka PBM Ha
HETHUIOIIUX OCHOBax) (puc. 7), yBeauuuaach A0Jjsl COBpe-
MEHHBIX GUTYMHO-TIOIMMEPHBIX MaTEPUAIOB C BHICOKUMU
MOoKa3aTessIMU TEIIO- U MOPO30CTOMKOCTH, JOJTOBEYHO-
CTU U T. TI.

3HAKOBbIM ISl MOJOTPACIU COOBITUEM SIBUJICS BBOJ
B 2012 r. HOBBIX MOIIHOCTEN IO MPOM3BOACTBY COBPEMEH-
HBbIX MaTepuasoB.

B CapatoBckoit 06J1aCTH OTKPbUIOCh HOBOE MPEApUsi-
e — 3A0 «PBbM» 1o mpou3BOACTBY OUTYMHBIX JUCTOB
THUIIA «ITWHIJIC» U PYJIOHHBIX MaTepuasioB. Ha 3aBome ycTa-
HOBJICHO BBICOKO3(P(PEeKTUBHOE aMEPUKAHCKOE 1 UTAJIbSIH-
CKOE€ TEeXHOJIOTMYEeCKoe 00O0pydoBaHUE, IMPOU3BOACTBO,
CKJIIMPOBaHUE U OTIpy3Ka MPOAYKLIMU MaKCUMaJIbHO aB-
ToMaTu3upoBaHbl. [IpeanonaraeTcsi, YTO HOBBIA 3aBOJI SIB-
JIIeTCS CaMbIM COBPEMEHHBIM TPEINIPUSITHEM TOI0TPACITH
He ToJIbKO B Poccuu, Ho 1 B EBpore B 11esioMm.

Ha 3AO «MHorooTpacieBasi IpOu3BOACTBEHHASI KOM-
nmanus KP3» (Ps3aHb) 3amyleHa HOBasl, U3TOTOBJICHHAS
B CIIA texHosorn4eckasl JMHUS MO MPOU3BOICTBY OU-
TYMHBIXJIUCTOB, a Ha ipeanpusaTuu OO0 «TexHoHuKob-
Bb1Gopr» — TpeTbsl 1O cuYeTy MPOU3BOJICTBEHHAs JIMHUS
[0 BBIMYCKY COBPEMEHHBIX PYJOHHBIX MaTepUajioB.
I[locnennsis OymeT McCIONb30BaHA [JISI IIPOM3BOACTBA
PBM, HampaBisieMbIX MPEUMYILIECTBEHHO Ha 3KCIIOPT B
CxkaHOuMHaBCKuUe cTpaHbl U JlaHuIo.

[Tonaraercst, YTO MpPU YCJIOBUM OTCYTCTBUSI KAaKUX-JINOO
MaKpO3KOHOMUYECKUX /MU TTOJIUTUIECKUX KaTaKJIN3MOB
Ha PBIHKE PYJOHHBIX OGMTYMWUHO3HBIX MaTepHajioB B OJIM-
Xaiimme 2—3 roma COXpaHUTCS TEHACHIIMS YMEPEHHOTO pO-
cta (3—5% B roa) 0OGbEMOB ITPOM3BOACTBA U MOTPEOICHUSI.
[IpenxkpusucHbIi 00bEM BHYTPEHHErO0 pPBhIHKA BOCCTaHO-
BUTCSI He paHee 2014 r.

KiroueBble CI0Ba: npombluaeHHOCIb KPOGEAbHbIX U SUOPO-
UB0AAUUOHHBIX MAMepuanos, npou3goocmeo, nompebieHue,
2KCNOPM, UCHOAB30BAHUE MOWHOCIEN, CMPYKMYPA NPOU3E00-
cmea.
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Hudopmanna

POCCUSA, HUWKHUA HOBrorop, Bcepoccuinckoe 3A0
“HUWXETOPOAOCKAA APMAPKA”
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MHHOBALIMOHHbLIE TEXHOJIOT'MXA N OBOPYOOBAHUE
Ans NEPEPABOTKU MUHEPATIBHOIO CbIPbS,
BCEX BUOOB TBEPAbIX OTXOOOB N MATEPUANOB JNIIOBOU NMPOYHOCTU

ApobunbHoO-copTUPOBOYHOE 06OpyaAOBaHue
|
JlabopaTtopHoe obopyaoBaHue
|
TexHonorum nony4eHuss Ky6oBMAHOro LWeOHSs

lMocmaensiemoe Hamu o6opydoesaHue obecrne4yusaem peanusayuro

COBPEMEHHbIX MaJlo3ampamHbIX, 8bICOKO3GghgheKmueHbIX U
3KOJI02UYeCKU YUCMbIX mexHosio2ul

HAYYHO-NPOU3BOACTBEHHAS KOPMOPALMSA  Poccusi, 199106, C.-MeTtepbypr, 22 nuHus, 3
MEXAHOBP Tened)OHbl (812) 3310242, 331 0257
I dakc: (812) 327 7515
TEXHM KA E-mail: sales@npk-mt.spb.ru
W -"r+ T T Y L T2 T T www.mtspb.com; www.mtspblab.ru
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TexHoJioruu H 060py10BaHHE

YAK 69

B.A. IYBOB, n-p akoH. HayK, 3AO «Boarouemcepsuc» (r. Tonbsartu, Camapckasi 0011.);
A.A. XYPABIJIEB, npe3unent accouuaunu «HEJIPA» (Mocksa);
A.C. KHA3EB, J1.1O. KOIIbIJIOB, kanauaaTtel TexH. Hayk, 3AO «Boarouemcepsuc»

lNMpupogocbeperamoymne TexHosorun
npou3Bo4CTBa CTPOUTEJIbHbIX MaTepuasios

[IpoGaeMa palLMOHAIBHOIO MCIIOJb30BAaHUS IIPUPOI-
HBIX PECYPCOB OCTaeTCsl aKTYaJIbHOM Ha BCeX ATarnax Mpupo-
nonoJyib3oBaHus. Ilpyu 3ToM 3(DGhEKTUBHOCTh MCIIOIb30Ba-
HUS MEHSIETCS B 3aBUCMMOCTU OT YPOBHSI Pa3BUTUS YeJIOBE-
Ka U YIOBJIETBOPEHMUSI €ro MOTPEeOHOCTEN, a TAKXKe OT 000py-
JMOBaHUS TSI OOBIUY 1 TIepepabOTKU 3TUX PECYPCOB.

IlepepaboTky kapOoHaTHBIX mopona B LleHTpanbHOM M
IloBomkckoMm permoHax Poccun MOXHO BeCTU KpYIJIbIA
roa. OnHako TpeOOBaHUS, TPEeabSIBIsIEMbIE K KaYeCTBY ITPO-
NYKIWAW U3 JAHHOTO ChIPbsl, OTPaHUYUBAIOT pa3pabOTKy U
OCBOCHME MeCTOpoxXaeHuit. Hampumep, medbeHb MeHee
mapku 300, royyaemblil U3 TOPHOM MOPO/IbI, CHUKAET Mep-
CIIEKTUBHOCTb MECTOPOXICHUI. MeTom M30MpaTeIbHOTO
NpoOGJIeHM S, TPEBATMPOBABILIMIA B ITOCIEAHWE TOMbI TIPY Tie-
pepaboTKe HepaBHOIIPOYHLIX MOPOJ Ha I1eO0eHb, IPUBET K
CO37IaHMIO OOJIBIIOTO KOJMYECTBa OTCEBOB IPOOJIEHUsI, Ha-
MpaBJISIEMbIX Yallle BCETO B OTBaJIbI. B TO ke Bpemst mpous-
BOJICTBO M3BECTHSKOBOM MYKM, HallpyMep IUISl pacKucIe-
HUS TIOYB, HE HAILIO ITMPOKOTO MMPUMEHEHUS B CEIIbCKOM
XO3SICTBE YKa3aHHBIX PETMOHOB.

B nocnenHue roapl 3HAYUTENBHO YBEIUYWIICS CITPOC Ha
aKTUBUPOBAHHbBII M HEAKTHBUPOBAHHBII MUHEpaIbHbIE
IMOPOIIKU, MIPUMEHSIEMbI€ B KAUeCTBE 3aIlOJTHUTEIS [IJIST ac-
(anbTOOETOHA B IOPOXKHOM CTPOMUTEJIBCTBE M TIPU TTPOU3-
BOJICTBE CYXMX CTPOUTENIbHBIX cMeceit. HecMoTpst Ha ce30H-
HOCTb TIOTPeOJIEHMSI, TIPEATIOYTEHUE TTOKA OTAAETCs 3aIoJI-
HUTeIIM 1151 acanbTodbeToHa. Eciau B mpexkHue BpeMeHa
OIHUM M3 OrpaHUYUTENeil MPUMEHEHUsI OTCEBOB Ipoliie-
HUS SIBJISIIaCh BBICOKAS BJIAXKHOCTD, TO TIOCJIe pa3paboTKU 1
peanu3aluMru TEXHOJOTUM TepepabOoTKM TOPHBIX IOPOJ C
BJIAXHOCTBIO 10 50% enWHCTBEHHBIM OTpaHMYECHHMEM TSI
MIPYMEHEeHUs B JOPOXKHOM CTPOUTETLCTBE SIBJISIETCS COEP-
JKaHUWe TIMHUCTBIX TPUMeceit, KOTOpOe COTrJIacCHO CTaHAapTy
HE OJDKHO MpeBbIaTh 7%.

TexHonorus mepepabOTKM OCHOBaHA Ha IPUMEHEHUU
MOJIOTKOBBIX TaHT€HIIMAIbHBIX MeJbHUIL TuIIa MMT. OHa
3araTeHTOBaHa M TI03BOJISIET IepepabaThIBaTh BHICOKOBIIAXK-
Hble MaTepuasbl, BIUIOTh 10 nuiaMma. [Ipu 3TOM BO3MOXHa
KPYIJIOTOAMYHAS WM CE30HHAsI 9KCILTyaTalusl YCTAHOBOK B
3aBUCHMMOCTH OT MCIOJb30BaHUsI MTPOJYKTOB NEPePabOTKHU.

[TepBbIit MPaKTUYECKUIA OMBIT U3METBUECHUS U CYIIIKU OT-
CeBOB Jpo0OJieHUs] U3BECTHSIKA ObLI  TOJIyudeH Ha
3AO0 «KuryneBcKuit U3BeCTHIKOBBIN 3aBOf» (T. 2KUTYJIeBCK,
Camapckas 00j1.). [aa mepepa®OTKY IUIAaHUPOBAJIOCH HC-

nojib3oBaHue meoHs ppakium 5—20 mMm. 11ledeHb TogaeTcs
BMOJI0TKOBYI0 MesibHuiy MMT1300/2030/750K. YcraHoBKa
obecnieunBaet nojaydyeHue 10 10 /4 MMHEpaJIbHOTO MOPOILI-
Ka, oTBevawniero TtpedoBaHusiMm ['OCT P 52129—-2003
«[TopollloK MUHEpaTbHbIH 151 achaaTbTOOETOHHBIX CMeCeid.
TexHUYecKre YCIOBUSI» MO BIaXHOCTH (He 6ojiee 1%) u 1o
TOHWHE TToMoJIa (ocTaTtok Ha cute 71 MkM He 6oinee 30%). B
JIETHee BpeMsI MPOIYKIIVSI UCTIONB3YeTCS] B OCHOBHOM B Ka-
YecTBe 3aIoJHUTENS achaibTOOETOHA, B 3MMHEEe — B Kaue-
CTBE HaIlOJIHUTEJE CyXUX CTPOUTENIbHBIX cMeceli. B maib-
Heii1eM 111e6eHb ObLT 3aMeHEH OTCeBaMU ApodIeHMs (hpak-
mun 0—5 MM.

[MonoXuUTeNbHBINM OMBIT BKCIJTyaTalluM WCIIOJb30BaH
MpY CO3MaHUU TTOMOJIbHO-CYIIMJILHON YCTAHOBKM TTPOU3-
BoaMTeIbHOCTBIO 0 20 T/4. st aToro Ha OAO «TsxMmari»
co3laHa MejlbHUIIAa MosioTKoBas MMT2000/2590/750K,
CHaOxXeHHas cenapaTopoM AuHamuyeckoro Tura CJ11700 ¢
nurameTpoM potopa 1700 MM, mpuMeHsiemast J1Jist IPOU3BO/I-
cTtBa MUHepasbHoro ropoiika B ['YIT «Branumupckoe KY»
(1. MenexoBo, Brammmupckast 06:1.). MeabHUIIA CKOHCTPY-
MpOBaHA TaKMM 00pa3oM, YTO TIO3BOJISIET BBIBOAUTH CBEPX-
MEpHBI MaTepuan Hapyxy. [1pu 3ToM TosiBUIaCh BO3MOX-
HOCTb MOJIyYUTh OMHOBPEMEHHO JiBa TOTOBBIX MPOIYKTA, OT-
Bevatorux Tpe6oBarmsaM [OCT P 52129—2003 u 26826—83.
B Tabn. 1 mpencraBiacH 3epHOBOIM COCTaB IPOIYKTOB M3-
MeJTbueHMS n3BecTHsKA [100THIHO3aBOICKOTO MECTOPOXK-
neHust Kamyxxckoit 00J1., ITOIy4eHHBIX ¢ IPUMEHEHUEM Ce-
rapatopa IMHAMUYECKOTO THUMAa B MOIEIU MOJIOTKOBOI
MeJbHULIBL @250 MM Ha SKCIEPUMEHTATbHOM CTEeHIE
3AO0 «BouroriemMcepBUC».

Cenapatop AMHAMUYECKOTO TUIIA TTO3BOJISIET PETYIUPO-
BaTh MAaKCUMAaJIBHYIO KPYITHOCTh CBEPXMEPHOTO MaTepurala,
obecnevnBas IMPOKYIO 00JIACTh €ro IPUMEHEHUsI, OT MyKU
JUTSI CeJTbCKOTO XO3SMCTBA 0 KOMOMKOPMOB U TTOIKOPMKHU
JUTSL KyP U CEeJTbCKOXO3SIHCTBEHHBIX JKUBOTHBDIX.

Bo Brnagumupckom KY ycTaHOBKa MCHONB3YyETCS IS
rnepepaboTku oTxonoB (ppakiu 0—20 MM MapKu He MeHee
150, a Tak:ke OTBAJIOB, CKOITMBIIUXCS B Pe3yJIbTaTe JTUTEIb-
HOI paGOTBI IPEeAIPUSITHSL.

HoBass TexHosorusi mnepepaboTKM OTCEBOB Apo0diie-
HUs KapOOHATHBIX TOPHBIX TOPOJA peaiu3oBaHa B
OAO «ITaroBckoe KVY» (Kanyxckas 061.). B 2012 . tam
BBEJIEH B DKCIUTyaTallMIoO LI€X MO MPOU3BOACTBY MUHEPAIIb-
HOTO TIOPOIIIKAa MOIIHOCTBIO 0 20 T/4, MOCTPOEHHBIN TI0

npoekty 3AO «Boaroumemcepsuc». B

(Y PONIEIIBHBIE

Ta6nuua1 L€XC CMOHTHPOBAHBI [BE TEXHOJO-
TMYeckue JUMHUU C MeJbHUIIAMU

3epHOBOI1 COCTAB NPO/YKTa M3MENbYEHIS, MM MMT 1300/2030/750K. Onu obGecmne-

Mpovcxoxaenme 35 13 | 05-1 ] 0315-05 | 0315-07 | -0.071 YUBAIOT MepepaboTKy OTCEBOB IpodIe-

HUs BJIIAXXHOCTBIO 10 8%. Bricokast a¢-

CBepxmepHbIn maTepuan 4,29 | 26,31 19,84 15,81 32 1,25 (DEKTHBHOCTb HOBOW TEXHOJOTMU IO-
MuHepanbHbI NOPOLLOK 0,06 27,68 72,26 3BOJIMJIA 32 OIVH CE30H OKYNUTH 3aTpa-
Thl Ha CTPOMTENIbCTBO 1i€Xa U clesaTh

Ta6nuua 2 BBIBOJ O 1IEJI€COO00PA3HOCTH pacIInpe-

HUs MPOM3BOACTBA MUHEPAJIBLHOTO T10-

KpynHocTe rotoBoro npoaykra, Mm pOIIIKa 3a CUET BBEACHUS B CTPOU €Ille

0,071 | 03-0071 | 0315-05 | 05-07(1) | 0,7(1)-3 3-5 O/HOTO 1[eXa MOIIHOCTBIO 60 T/4.

Boixon, % 45 34,96 15,7 17,69 22,59 256 | AONOIHATEIbHAS MOLIHOCTb obecrie-
YUBAETCS 32 CUET MPUMEHEHMSI OIHOM

HAayuHO-MeXHU4ecKuil U NPOU3800CMBEeHHbILL HCYPHAN

I AVEBVIAVIBIN pespans 2013

81



TexHoJioruu H 060pyA0BaHHE

McxoaHbli
[ Martepuan

5-10 5-10 2-5
MM MM

0,5-2 | 0,3-0,5
MM MM

TexHonornyeckas cxema npor3BoacTBa GPakLUMOHMPOBAHHOIO WeOBHS 1 necka n3 Mpamopa EneHnHckoro MectopoxaeHus B HensabuHckor o6, npon3so-

OUTENbHOCTLIO 18 T/u:

1 — HakonuTenbHbI GyHkep ¢ Bubponutatenem; 2 — apobunka poTopHas; 3 — ocaauTeNbHbIA UUKINOH; 4 — pyKaBHbIA GUbTP;

5 - TennoreHepatop; 6 — cenapaTtop KackafHblii; 7 — anesaTop; 8 — rPOXOT KPYTOHAKNOHHbIM CMI-226; 9 — cunocHblii cknag; 10 — NeHTOYHbIN TPAHCMNOPT;

11 — oToeneHne ynakoBkum

menbHuIl MMT 2000/2590/750, cHaGkeHHO TMHAMUYe-
ckuM cemnaparopom C11700 ¢ nmamerpom potopa 1700 mMm,
u aByx MmeabHUL MMT 1500/2500/750, Takke cHaOKeHHBIX
NMHAMUYECKUMMU cerapaTopaMu.

KOHCTpYKLIMST MEJTBHMII TTO3BOJISIET OCYIIECTBIIATH BhI-
BOJI CBEPXMEPHOTO MaTepuaa (KpyrKu) U3 rpolecca u mo-
JIy9aTh JOTIOJTHATENIEHO MPOMYKT, TTOJB3YIOIIUICS CIIPOCOM.
Mensania MMT 2000/2590/750, pabotatomiasi B 3aMK-
HYTOM LIMKJIE C YKa3aHHBIM BBIIIE CEIIapaTOpoOM, BLITyCKAeT
28 T/4 MuUHepaibHOro Topoiuka. [Ipu pabore Ha nBa mpo-
JTyKTa MeJIbHUILIA C CENapaTopoM MOXKET 00eCIeUUTh BBIMTYCK
15 T/4 MUHEpaJbHOTO TOPOIIKAa U AOMOJHUTENbHO 30 T/4
MYKH, T.€. Bcero 45 T/4 ToTOBOro MpoaykTa. MeJbHULIbI
MMT 1500/2050,/750 Takxke MOTYT OBITh HACTPOEHBI Ha BbI-
MTyCK MUHEPAJTBLHOTO IMOPOIIKA WU MYKH UM OTHOBPEMEH-
HO JIByX INpPOAYKTOB, Hampumep 10 T/4 MUHEpaIbHOIO MO-
pomika u 17 /u myku. Takum 00pa3oM, MPOU3BOIUTEIb-
HOCTb CTPOSIIIIETOCS 1I€Xa MO BBITYCKY TOTOBOM MTPOAYKIIMHI
coctaBuT 99 T/4, a Mo nepepabOTKe OTCEBOB IPOOJIEHUS
107 /4. Best muHMpPacTpyKTypa liexa pacCuYMTaHa Ha repepa-
0OTKY TakKoro ooneMa ropHoii Macchl. s cKiiagupoBaHMs
1 OTTPY3KU TOTOBOI MPOAYKLIMM MPOEKTOM IMPEeayCMOTPEeH
CUJIOCHBIN CKJIaJ, COCTOSIIIMI M3 IIECTH CUJIOCHBIX OaHOK
eMKOoCThIO 110 450 T Kaxnast. OTrpy3Ka HaBaJJOM MOXET OCy-
IIECTBIISITLCST KaK aBTOMOOWMIIBHBIM, TaK M JKeJIe3HOIO0POXK-
HBIM TpaHCTIOPTOM. [TpOeKTOM MpemycMOTpeHa TakKe yIia-
KOBKa rOTOBO¥ IIPOAYKIIUY B OUT-0erH.

Ilepen mpoekTHOI opraHM3alueil ObLla MOCTaBIeHa 3a-
Jlaya roucka UCXOTHOTo MaTepurasia Juisi 0becreyeHus OMHO-
BpeMeHHOI paboThl 000MX 11eX0B. [1pr MaKCHUMAaTbHOM MOIII-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

HOCTH TIO TIPOM3BOJCTBY TOJIBKO MUHEPAJIBLHOTO TOPOIIKa,
paBHoit 80 T/4, TpeOyeTcs 86,4 T/9 MCXOMHOTO MaTepuaa, a
T10 TIPOM3BOACTBY MOPOIIKa U MyKH — 119 T/4. DakTnyecku
JIENCTBYIOIAsT TEXHOJIOTMYecKasl JIMHKUSI 00eCIIeurBaeT BbI-
xo Bcero 50 T/4 orceBoB ApobseHus ppakuuu 0—5 (20) MM.

HccrenoBaHust BIMSIHUSI KPYITHOCTH MCXOIHOTO Mare-
puaia Ha TIPOIIecC U3MEIbYEHUSI B MOJIOTKOBOM MEIbHUIIE,
u3joxeHHbie B [1], mokazanu cienywoniee. KpynmHocTs nc-
XOIHOTO MaTepuaja oKa3blBaeT He3HAYUTEJIbHOE BIUSHUE
Ha CTeTieHb U3MeJIbYEeHUST U TPOU3BOIUTENHHOCTD B MOJIOT-
KOBOI MeJibHUIEe. MakcuMaiibHasi KPYMHOCTh MCXOJHOTO
Martepuajia onpejessieT JUlllb pecypc padoThl MEJTbHULIbI.
HccnenoBanusi mo M3MeIbUEHUIO KEpam3uTa, MPOBEICH-
HBle Ha MOJEIW MEJbHMIIBI Ha 3KCIepUMMEHTAbHON 0a3e
3AO0 «BonrouemcepBuc», HOATBEPANIN Pe3yIbTaThl UCCIE-
noBaHuil. bosee Toro, HajiMuMe B MCXOJHOM MaTepuae
KPYITHBIX KYCKOB OJIATONPUSITHO CKa3bIBaeTCs Ha NOU3-
MeJIbUEHUU MEJIKOro MaTepuaia, obecrieunBasi 6osiee poB-
HbII 3epHOBOI COCTaB MPOJAYKTA M 3HAYMTEILHO CHMXKast
00beM MaTepualia, HUPKYJIUPYIONIETO B 3aMKHYTOM ITUKIIE.
[loaToMy mpuHSTO pelieHre 00 UCITOIb30BAHUM B KAUECTBE
MCXOIHOTO MaTepuaja J0MOJHUTEbHO OTCEBOB APOOIEHUSI
KPYITHOCTBIO 10 40 MM.

[TpousBoauTEeILHOCTH (HaOPUKHU MO TOTOBOMY MPOIYK-
Ty TOAHSTA 32 CUET UCIMOJb30BaHUS CIaObIX Pa3HOCTEN,
HaIpaB/IsIeMbIX paHee B OTBaJ, COJEPKaHUE KOTOPBIX CO-
craBisier 70,2 /4. ComepkaHWe TIMHUCTBIX MpUMeceil B
cocTaBe CJIa0bIX pa3HOCTEM B yKa3aHHOI (hpaKILIMK He TIpe-
BbIllIaeT TpeboBaHuii cTtaHgapra. OOIas MOTPeOHOCTh B
WCXOMHOM MaTepuasie OyIeT MOKPbIBAThCS 32 CUET HAIU-
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TexHoJioruu H 060py10BaHHE

Ta6Gnuua 3
KpynHOCTb FOTOBOrO NPOAYKTa, MM
5-10 2-5 0,5-2 0,3-0,5 0-0,3
Bbixoa, % 14,75 16,35 28 13,5 21,4

yus orceBoB apobOsieHust (50 T/4) U UCIOJIL30BAHUS Clia-
ObIX pa3HocTeii B KoauuecTse 70,2 1/4.

KauecTBO MUHEpaJIbHOTO TTOPOIIKA U MYKU T10 COAep-
>KaHUIO TJIMHUCTBIX TIPUMECeil B 3TOM Cilydyae He CTpajaeT,
IMOCKOJIBKY CXEMOM TEeXHOJOTMYECKOW JUHUM Kapbhepo-
yIpaBJeHUs TIPETyCMOTPEH 0TOOp MIMHUCTBIX TIpUMeceil B
b6apabanHoM rpoxote u Ha rpoxoTax 'MT-42 u I'MJI-52 o
3epHy 40 u 70 mM. [Toatomy dpakius -40 MM, norydaemast
KakK moapeleTHbii MaTtepuan rpoxota ['MJI-52, nHanbonee
MOJIOIILIa B KAUeCTBE MCXOTHOTO MaTepuaia.

ITpoekToM npeaycMOTpeHa TaKKe PeLUPKYJISIUsI TOps-
qux ra3oB — okoJio 50% ra3oB, HarpeThIX 10 TeMIEePaTyphl
110°C un npoureAux aBe CTaIMM OYMCTKHA B LIMKJIOHAX.
JlaHHasi TexHOJOTHS obOecrneyrBaeT CHUXKEHME pacxojia
TIPUPOTHOTO ra3a Ha 14% 3a cueT SKOHOMUU TOTPEOIITEMO-
rO NMPOU3BOACTBEHHON JIMHUEH TeTuia, 00JierdeHUe pexXxuma
paboThl PYKaBHOTO (DMIIBTPA U CHIDKEHHME KOJUIEeCTBA BbI-
OpachIBa€MOT0 Uyepe3 ILIMOBYIO TPYOY TOTOBOTO IIPOAYKTA.

[Ipo6nema moBbieHUsT 3(Q(HEKTUBHOCTY MCIOJIb30Ba-
HMSI TTOJIE3HBIX MCKOMAeMbIX U CHUXKEHUST 9KOJIOTMYECKOi
HAarpy3ku Ha OKpPYyKalollylo Cpeay yaauyHo pellleHa B TEXHO-
JIOTMYECKOM JIMHUU TI0 TIPOU3BOJICTBY MUHEPAIBHOTO TO-
pomka 1 myku Ha 3A0 «Bomkckre mpOMBIIIJICHHBIE TeX-
Hosoruw» (. MexnypeueHck, Camapckas ooi.) [2]. B tex-
HOJIOTMYECKOM JIMHUY JIJIs1 TIOMOJIa 1 CYIITKU UCTIOJIb30BaHa
MeJibHuULIa MosiotkoBasgs MMT 1300/2030/750K ¢ cenapaTo-
poM AuHamMuyeckuM (muameTp potopa 2200 MM) M HIKHEM
rojayveit mpoaykra usMeabueHus. BeiHeceHHBI cenapaTop
MO3BOJISIET MOJYyYaTh ABa MPOAYKTa: MUHEPAIbHBIN MOPO-
0K 15T achaTbTOO0eTOHA M MYKY TSI CEJIbCKOTO XO3SIHCTBA
KPYIHOCTBIO 10 3 MM. B 1aHHOM mpoeKkTe TakkKe IMIPpUMEeHSsI -
€TCSl PELIMPKYJISILIUS TOPSTUMX Ta30B.

B kauecTBe MCXOAHOTO MaTepuasa MpeanonaaraeTcs uc-
OJIb30BaTh OTCEBHI IpobsIeHus Ppakiuu 0—5 MM, TEKyIIIue
WA CJIeXXaBIIKMECs] OTBAJIbI OT MepepabOTKU U3BECTHSIKOB U
JIOJIOMUTOB Ha peanpusaTusix Camapckoit JIyku. icxomHbli
MaTtepual roJaeTcs Ha epepaboTKy BOTHBIM TPAHCIIOPTOM
(GapkaMu). YakoBKa IMPOAYKLIMY U €€ OTTpy3Ka IJIaHUpy-
eTcsl B OUr-6erax aBTOMOOUJIbHBIM U KE€JI€3HOMOPOXHbBIM
TpaHcnopToM. [IpoekTrpoBaHUe JTUHUU, OCYIIECTBISIEMOE
3AO0 «BouroriemMcepBHC» TTapauieIbHO CO CTPOUTEILCTBOM,
TTO3BOJIJIO TTIOCTPOMTH 1IeX B TEUCHUE TO/A.

DKojoruyeckass 0€30IIaCHOCTb IIPOCKTUPYEMBbIX
TTOMOJIBHO-CYIIWJIBHBIX YCTaHOBOK OOecreunBaeTcsl Mpu-
MEHEHUEM PYKaBHbBIX (DPMJIBTPOB U YCTPOUCTB OECMbLIEBOI
3arpy3ku ¢upmbl «Creiic-Motope» (Cankr-IletepOypr).
ConepxaHue TbUIA B BO3IIyXE, BI)I6paCI)IBaeMOM B aTMoc(e-
py, He ripesbimaet 10 mr/m> mpu HopMe 50 mr/m>. ToueuHble
GWIBTPHI, YCTAaHOBJIEHHbICE HAa OOOpPYIOBaHMHU, CO3MAIOT
KOMGbOPTHbBIE YCJIOBUSI Ha pabourX MecTax, a MCIOoJb30Ba-
HUE acMUPAIIMOHHBIX pyKaBOB MPU OTTPY3Ke HaBaJIOM CHU-
>KaeT MoTepy rOTOBOTO MTPOYKTA U HETAaTUBHOE BIMSIHUE Ha
9KOJIOTUYECKYI0 OOCTAHOBKY Ha TIPENNPUSITAMN U COCETHUX C
HUM 30HaXx.

He meHee mepcrneKTUBHBIM MPEACTaBIISETCS pacIivpe-
HUe 00JacTu TPUMEHEHMS! pa3pabOTaHHON TEXHOJOTUM
MpY MPOU3BOACTBE (HPAKIIMOHUPOBAHHBIX MECKOB IS CY-
XUX CTPOUTENbHBIX cMmeceill. B Omukaiiiieil repcrnekTuBe
T1aHupyeTcsl nepepadbotka Myku dpakuuu 0—3 (5) MM Ha
necok ¢pakmuii 5—3; 3—1; 1-0,5 (0,3); 0,5-0,2; -0,315 unu
0—0,2 MM 111 IPOU3BOACTBA CYXMX CTPOUTEIbHBIX CMECEIA.
st pacceBa IaHUpyeTcsl TPUMEHEeHUe Kackaaa KpyToHa-
KJIOHHBIX TpoxoToB CMJI-226 mpousBoactsa 3A0 «Boiro-
1eMcepBuc». B Tabs. 2 nmpuBeaecHa HOMEHKIIATypa TOTOBOM

(Y ROV EVBHBIES

TIPONYKIIMKA U €€ BBIXOA. BBIXOM CBEpXMEpHOro MaTepuaja
cocraBu 48% npu BiaaxHoctu 0,71%.

B OAO «®eHukc» (r. Marnuroropck, YenssomHckast
0071.) o npoekty 3A0 «BoJjronemMcepBuc» NoCTpoeHa 1 He-
CKOJIBKO JIET SKCITIyaTUPYETCsT YCTAHOBKA IO IIPOU3BOJCTBY
(bpakIIMOHMPOBAHHBIX KaJbLIIUTOB M3 Mpamopa EjreHuH-
CKOTO MECTOPOXIEHUSI MOIITHOCTBIO 10 18 T/4. YcraHOoBKa
o0ecrneynBaeT BHITYCK IIMPOKOH HOMEHKJIATYPhl (DpaKIINOo-
HUPOBaHHBIX MeckoB. Ha pucyHKe npencraBieHa TEXHOJO-
ruyeckas cxema rnepepaboTku Mpamopa, a B Tabj1. 3 HOMeH-
KJIaTypa IMOCTaBIsIeMOM TIPOXYKIIVIH.

CyTh TEXHOJIOTUM COCTOUT B KAaCKAJTHOM HCIOJTHEHWU
KPYTOHAaKJIOHHBIX TpoxoToB CMJI-226 — ogHOTO Ha Tpen-
BapUTEIbHOM COPTUPOBKE ISl TIOJYYeHUST KPYITHOTO TPO-
NyKTa Y IBYX MapajljieIbHO YCTAHOBIEHHBIX IS TIOJYYeHUST
6oJiee MEJIKUX (DpaKIIUId.

IMeieBuanas ppakuvst 0—160 MKM, BbIIeJIeHHAs B LIMK-
JIOHaX ¥ pyKaBHOM (DMIIBTPE, COCTaBIAeT 5,9% 1 MOXeT pe-
aJTM30BaThCST KaK TOTOBBIN MTPOIYKT.

KiioueBbie ClIOBA: MuHepanbHblil NOPOUWOK, U3BECTHAKO-
845 MyKa 0451 NOOKOPMKU KYp U JHCUBOMHbIX, OMcesbl dpobae-
HUsi KapOOHAMHbBIX NOPOD, MEAbHUYA MONOMKOBASL MAH2eHYU -
anbHasl, NOMOA, CYUIKA.

CnMcoK JInTepaTypbl

1. Ocoxun B.II. MonoTkoBasi MenbHULIA. M.: DHeprus.
1980. 176 c.

2. /ly6oe B.A. v np. I1oBbllieHNe 3()(HEeKTUBHOCTY U COXpa-
HEeHUe SKOJIOTUM TIpH TepepaboTKe ropHbIX mmopoa. C6.
IOKJIagoB XV MeXIyHapoaHOU KoHpepeHIuN «TexHo-
Jioruu, o0opyIoBaHUE, ChIpbeBasi 1 HOpMaTHUBHAs 0a3bl
MPEANPUITUI TTPOMBIIIUIEHHOCTU CTPOUTENbHBIX MaTe-
puajoB». MockBa, 25—26 oktsi6pst 2012. C. 76—81.
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¥ 20 neT Ha pbIHKe CTPOUTENbLHLIX MaTepuanoB.
v PaBoTta «nop KN4,

v Bonee 30 geAcTBYIOWMKMX NPOU3BOACTE, NOCTPOEHHLIX NO
npoektam 3A0.

v 3Heprocbeperatowme W 3konornyecku GesonacHele
TEXHONOrMKU NepepaboTKN CTPOUTENLHLIX FOPHLIX NOPOA,.

v 3anaTeHTOBaHHLIe TeXHONOrMM NPOU3BOACTBA
TOHKOAWCNEPCHLIX MAaTepUanos 1 WebHA ANA AOPOMHOIo
CTpOMUTENLCTBRA.

v MNpubopbl ANs onepaTUBHOTrO KOHTPONA TOHWHLI NOMoNa
MaTepuanoB Ha ypoBHEe HaHOTE@XHOMOTHIA.

¥ Naypeat HaumoHanbHoW npemun TMMN P® «3onoTton
Mepkypui» B ciepe cTpoMTENbLCTBEA.

v HapewHeIA NnapTHep B cthepe TOProBnM, B T.4. B oBnactu
3KCNOPTHEIX NOCTABOK.

A, 445030, Camapckas obn., BK.
m t8482) 73-33-02, 73-09-33, tbauc (8482) ?5-94 15, e-mail: veszao@yandex.ru
www.vcszao.narod.ru
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HIIK «Mexano6p-texHuka» (Cankr-IlerepOypr)

Hosbie meToabi mMmogesimpoBsaHus BM6pauMOHHbIX rpoxoroB

['poxouyeHre — BaXKHEWIINHI TEXHOJOTUYECKHUIA TTpoliece
rnepepaboTKM MUHEPAJIbHOTO ChIPbSI JJISI CTPOUTEIbHOM
TIPOMBIIIJICHHOCTY M CaMbIil MaCCOBBII MPOILIECC TTOATOTOB-
KM IIOJIE3HBIX MCKOITaeMBIX K oboramieHuto. [Ipu mepepa-
0OTKe HEPYOHBIX TMOJIE3HBIX UCKOMAEMBbIX, a TAKXKe CTPOU-
TeJbHBIX OTXOJOB I'POXOUYEHUE SIBJISIETCSI OCHOBHBIM TEpe-
JieJioM, 00eCcTieYrBaOIIMM BbIJCIEHNE TOBAPHBIX KJIACCOB
KPYITHOCTH 111e0HST ¥ CTPOUTEJIBHOTO TecKa.

HernocpenctBeHHO Ha orepaiuy rpoXoYeHUsT 3aTpavyu-
BaeTcst 6—8% oOIIMX PacXomOB IEKTPOIHEPTUHU B IIUKIIAX
oboraieHus. Kpome Toro, onepamnyu rpoXxo4eHust IpsIMO
BJIMSIIOT HA PACXOJ1 3JIEKTPOIHEPTUU B OTKPBITHIX M OCOOEH-
HO B 3aMKHYTBIX LIMKJIaX APOOJEHUSI, MOCKOJbKY TOUHOCTh
Ki1accuUKalMyu Mo KPYITHOCTH OIpeAesieT CyMMapHYIO
Harpy3Ky Ha 9HeproeMkKoe ApoOuIbHOe obopynoBaHue [1].
TakuMm o6pa3oM, MPaBUJIBHBIN pacyeT v BLIOOD peTyInpye-
MBIX MapaMeTPOB T'POXOUYEHUsS] U KOHCTPYKIMU T'POXOTOB
00ecreunBaT peaibHOe SHEpProcoepexeHue Nnpu nepepa-
0OTKE HEPYIHBIX MOJIE3HBIX MCKOIMAEMbIX M TapaHTUPYIOT
TOBapHOE KayeCTBO KOHEYHBIX MPOMYKTOB IPOOUIBHO-
COPTUPOBOYHBIX MPEATTPUSITUA.

Braromapst Bo3poCIIM BO3MOKHOCTSIM BBIYHUCITUTE b~
HOW TeXHWKU MHOTHE MCCJIeNOBaHUsI, Ha KOTOPBIE ellle CO-
BCEM HeJaBHO MOTPeOOBaIOCh Obl JUIMTEJIBLHOE BPEMSI, MOTYT
OBITh MPOBEIEHbI B CYUTAHHBIE MUHYThI. DTO HE TOJbKO TO-
MOTaeT YIPOCTUTD IPOLIECC Pa3pabOTKM MAIlIMH U MEXaHU3-
MOB, HO ¥ OCBOOOXIAET PECYPChI, KOTOPhIE MOTYT OBITh Ha-
TpaBJIeHbI Ha COBEPILIEHCTBOBAHME IpoIiecca MMPOEeKTUPOBa-
HMS B 1IeJIOM, BBIBOJISI €T0 Ha TIPUHIIMITMAIBHO HOBBIN ypo-
BeHb. CpeaM TakuMX MCCIEAOBaHUI TMEPCIIEKTUBHO IpU-
MEHEeHHEe TaK Ha3bIBa€MbIX 3BOJIIOLMOHHBIX CTpaTerui.
Db GEKTUBHOCTD MPUMEHEHUST 3TUX TTOIXOI0B MOXET ObITh
paccMOTpeHa B KOHTEKCTe 3BOJTIOLIMOHHON TTapaaurMbl: TIpU
pa3paboTKe HOBOTO YCTPOMCTBA HaJleKO HE BCETIa MOXHO
3HATh Harepell, B YeM MOTYT 0Ka3aThCsl €ro MPeruMyIIecTBa, a
MPOIIECC COBEPIIEHCTBOBAHMSI B 3HAYMTEJILHOW CTEIEeHU
onpezessieTcst TeM, yto 6osee 3hheKTUBHBIE 00pa3Libl Bbl-
TECHSIIOT KOHKYPEHTOB. BO3MOXHOCTM COBpPEMEHHON BbI-
YUCJIUTESbHON TEXHUKU TO3BOJISTIOT BBIHECTU 3aMETHYIO
YacTh 3BOJIIOIIMOHHOTO OTOOPa Ha YPOBEHHh KOMITHIOTEPHOTO
MOJIEIMPOBAHUST, MUHUMM3UPYS TEM CaMbIM 4acTO TOPOTO-
CTOSIIIIME HATYPHBIE SKCTIEPUMEHTHI.
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Puc. 1. MpoaonbHOe ceyeHne crnos Matepuana Ha rpoxoTe, pasbreHne Ha
A4enkn: a — g4elika n3 06nacTy KOHTakTa Matepuana u cuta; b — ayeiika n3
TONLWM MaTepuana; ¢ — a4enka NoBEPXHOCTHOrO CNos

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

BaxHbIM yc0BUEM JIsI IPUMEHEHUST 3BOIOIIMOHHBIX
CcTpaTernii TpU MPOEKTUPOBAHUM HOBOTO OOOPYIOBAHUS
SIBJISIETCSl ajJieKBaTHasl TlapaMeTpu3alusl 3ajadyu: HeoOXo-
IUMO TIPEICTaBIISITh, KaKe mapamMeTphl CJeAyeT BapbUpo-
BaTh [JI MaKCHMMM3allMKM 3apaHee BHIOpAHHON IIeIeBOI
¢yHkiuu. C MOMOIIbIO 3BOJIOLIMOHHBIX METOAOB U COOT-
BETCTBYIOIIEH MOJENM Mpolecca cenapaiy ChIMyyux Ma-
TEPUAIOB IO KPYMHOCTM MOXHO HAWTH ONTUMAalbHOE
CcoYeTaHWE KOHCTPYKTUBHBIX U TEXHOJIOTMYECKUX TapaMe-
TPOB ISl COOTBETCTBYIOIIMX ycTpoiicTB. Hampumep, 8 HITK
«MexaHOOp-TeXHIKa» B paMKax paboT IO COBEPIIEHCTBO-
BaHUIO METONOB IPOEKTUPOBAHUSI BUOPALIMOHHBIX T'POXO-
TOB CO3JIaHbl U HEMPEPHIBHO COBEPIIEHCTBYIOTCSI COOTBET-
CTBYIOLIMI€ METOMIBI KOMITBIOTEPHOTO MOJEIVUPOBAHMSI.

IMapameTpuzaiius 3aga4uu, BaxKHasi pojib KOTOPOW OTMeye-
Ha BbIIIIe, OTIPeesIsIeTCsl BRIOPAaHHOI MOJIETBIO TEXHOJIOTYe-
CcKoro mpotiecca. s rpoliecca BUOPAIMOHHOTO TPOXOYCHMST
CYIIIECTBYET MHOXECTBO aJIbTEpHATUBHBIX MOJIEJIeli, KOTOPbIe
MOTYT ObITh BOCHOBHOM OTHECEHBI K TpeM KiiaccaM. B miepByo
ouepelb 3TO TaK Ha3bIBaeMble (eHoMeHon02uuecKUe Modeal,
Oasupylolecss Ha pa3HOOOPa3HBIX TEOPUSX Mpoliecca Mpo-
CEUBAHUSI; IMHUpUHecKue Mooeau, BbIpaOOTAHHbIE HA OCHOBE
OTbITa Pa3pabOTKU U IKCILIyaTallu OOOPYIOBAHUS; UlCACH-
Hble Memodbl, OCHOBaHHBIE Ha KJIACCMUYECKOM KOMITbIOTEPHOM
MOJETMPOBAHUY MEXaHUKU B3aUMOIEHCTBUI YaCTHI] CeTIapu-
pyeMoro marepuaja MU KOHTAKTUPYIOILIMX ¢ HUMM JAeTaieit
00opynoBaHus.

Krnaccryeckre KOMITbIOTEPHbBIE MOAEIN TIPY UCKITIOYUTE b~
HOI TOYHOCTU Y YHUBEPCATLHOCTU SIBJISIFOTCS CJTUIIIKOM PECyp-
COEMKUMH JUTSI MacCOBBIX BBIYMCIICHWIA, KOTOPbBIE TPeOYIOTCS
IUIST TIPUMEHEHUST METOIOB UYMCIEHHON ONTUMU3Alvu; Ooee
TOTO, OTNEPUPYS TEOMETPUUECKUMU MOJEISIMU, KOMITbIOTEPHBIE
METOMIbI He MO3BOJISIOT 3(D(EKTUBHO NapaMeTpU30BaTh 3aavy.

IIpu mocTpoeHNUN AMIMPUIECKUX MOJIENICH YIMTHIBACTCS
OTIBIT IPUMEHEHUST y3Ke pa3pabOTaHHBIX YCTPOMCTB, a 3HAUWT,
B IIpOLIECCe pa3pabOTKX IIPUHIUITNAIBEHO HOBOIO 000pYI0Ba-
HMSI TaKKe MOJIEJIM MOTYT UIpaTh TOJBKO BCIIOMOTATeIbHYIO
poJib. PeHOMEHOJIOTMYECKUE MOAEIN HEMOCTATOYHO TOUHBI 1
YUUTBIBAIOT CJIMIIKOM Majio (pakTopoB. Pa3BuTtre KuHeTnue-
CKUX MOJeJieil MPOXOAWIO MPEeNMYIIECTBEHHO IO MyTU CO-
BEPIICHCTBOBAHUSI YACTHBIX TPEACTABJICHUI O TIpolieccax,
MPOTEKAIOIIMX B CJIOE MaTepyaa v B 00J1acT KOHTaKTa MaTe-
puaa ¢ IpocerBarolIeii TOBEPXHOCTHIO. JlanbHelIlee coBep-
IIEHCTBOBaHME 3TUX MoJeJieil MpuBesao K (hOpMUPOBAHUIO
KOHTUHYQJILHOTO TMPENCTaBIeHuUsT Chillydyeil cpeabl. HoBbIM
IIIaroM B 00OOIIIEHNM TIOJYYeHHBIX paHee pe3yIbTaToB ObLIO
npeioxeHue oodero audhepeHIIMalbHOIO COOTHOILIEHMUS,
CBOJAIIIeECS TIPU HEKOTOPBIX AOMYIIEHUSIX K arcddepeHIm-
aJIbHBIM YpaBHEHMSIM 0a30BLIX Mojeneli [1]:

dep _ ug@ D\?
v (1 - d_o) Pp,(0)(1 —&p).
IIe &p — W3BJICUCHHE B MOAPELIETHBIN MPOLYKT Y3KOTO
knacca D; v — CKOPOCTb IBMXEHHUS €10 MaTepuaia Io
cuty, a Beipakenue @(1-D/d, )°, rie @ — XuBoe cedeHue
cuta, dy — pa3Mep OTBEpPCTUil, COOTBETCTBYeT (hopMyie
TloneHa 1ist BEpOSITHOCTU MPOXOXKAEHUS OMUHOYHOU YacTu-
LIeif OTBEPCTUS CUTA; U — CKOPOCTbH ABIKCHUS MaTepuaia
uepe3 oTBepCTUsl cuta, Pp, (x) — DyHKUMS pacnpesieieHus
yacTul Kjacca D 1o TONIIMHE CEeYSHUS.

Hanpueiiiune wucciaepoanust B HIIK «Mexano6p-
TEXHUKa» MPUBEIU K CO3JaHUI0 MPOrPaMMBbI ISl MOJEIU-
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Puc. 2. MogenvpoBaHne BUGPaALMOHHON cerperauny Cbilyqnx mMatepuanos Ans pasnuyHbiXx GpPakuMOHHbIX COCTABOB M WHTEHCMBHOCTEN BMOpaumu.

CocTosaHue nocne 3arpy3ku (a) n cnycta 16 ¢ Bubpaunm (6)
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poBaHUsI mpoliecca BUOpallMOHHOTO rpoxovyeHusi. B ocHOBY
MporpaMMbl ObLIT 3aJI0K€H YIMOMSIHYTBIN BbIIIe TOIXOM C
BHECEHUEM Dsiia YCOBEPILIEHCTBOBAHMI, KaCAIOIIMXCS TTPO-
lecca IpocenuBaHMusI MaTepuaia [2] 1 IpeAacTaBIeHUS CI0s
ChIMy4el cpeabl B BUAE MacCHUBa YCIOBHBIX stueek (puc. 1).
ITpu 3TOM Takxke ObUIa yuTeHa BO3MOXKHOCTb COBMECTHOTO
MPOXOXIEHUs HECKOJIbKUMU YaCTULIAMU OTBEPCTHUS B CUTE,
JUTS1 4Ero UCTOJIb30BaHa pacuiupeHHas gopmyna ['oaeHa.
CoBpeMeHHbIE TEOPETUUECKUE OOBSICHEHUS SIBICHUS
BUOpALIMOHHON cerperaluu 0a3upyioTCcsS B OCHOBHOM Ha
MpeaCTaBIeHUSIX O BUOPAIIMOHHON KOHBEKIIUM U TaK Ha-
3pIBaeMOM 3hdeKTe MOAKIMHUBAHUS KPYIHBIX YaCTHIL
MeJakuMu. B pazpabateiBaeMoii Mo BUOPOKOHBEKIIUS
MPEACTABISCTCS KaK TMPUHYIUTEIbHBIH OOMEH YacTbhlo
COJEPXUMOTO MEXIY COCEIHUMMU MO BEPTUKAIU sTueiika-
MM, a TOAKJIMHUBAHUE MPEICTABIsAETCS KaK mpollecc 60-
Jiee UHTEHCUBHOTO MPOABMXEHUS METKUX SUeeK B HUXK-
HHUe cJiou Oyiaroaapsi X CIIOCOOHOCTU MPOXOAUTH B 3230~
Pl MEXIy 4YacTUllaMu KpymHbIX dpakuuii. Takum
00pa3oM, B KaxXJ0M CJI0€ MaTepuala MpOUCXOAUT Mpoce-
WBaHWE, B KOTOPOM CHUTOM CJIyXaT KPYIHbIE YaCTHUIIHI.
Ecnu cpenHuii paguyc 9acTul B CJIOE PaBEH R, TO yClIOB-
HBIII AMAMeTp OTBEPCTUS CUTA, COCTABJIEHHOTO TaKUM
CJI0EM, COCTaBJISIET:
i=2(2-1)&

a KMBO€ CECYEHUEC COCTAaBUT:

(2=+3)’

=———T.

3V3

B 3t popmysBl OB TaKKe BHECEHBI ITOTIPAaBKM, CBSI-
3aHHBIC C OXIKEHMEM U IoAOpachkiBaHUEM MaTepHralia Ipu
BO3IEUCTBUM BUOpauuu. TOUHOCTh OTpaxKeHUsI TaKOH MO-
JIEJIbIO TIOBEACHUS YACTULL BHYTPH CJIOS CHIITy4ero MaTepua-
J1a, TIOABEPXXEHHOTO BO3ICHCTBUIO BUOpALIY, TIOATBEPKAA-
€TCs KOMITbIOTEPHBIM MCCJIEIOBAHUEM C MCIIOJb30BaHUEM
METO/Ia AUCKPETHBIX 3JIEMEHTOB (puc. 2).

(CYPONIENIBHBIE

001  om 0.03 0.05

v Mfe
Puc. 3. Pesy/nbTaT NnpMMeHeHns MeToaa post YaCcTuL, COBMECTHO C NMPEASIOXEHHOW MOAENbIO FPOXOYEHNS: @ — XUBOE CEHEHVE U ANaMeTp OTBEPCTUSA CUTA;
6 — A/IVHA W LUMPWHA CUTa; B — CKOPOCTb ABMXEHUS MaTepuana no CUTy 1 TOJLLMHA CNIOS MaTepuana nof niutatenem

HoBblii moaxom K MOJAEIMPOBAHMIO TIpoliecca BUOpaly-
OHHOTO I'POXOYEHHUS OBLI MOJIOXKEH B OCHOBY pa3pabaTbiBae-
MOJi TIPOTpaMMBbl, IIPUMEHSIONIEH SBOJIIOIIMOHHYIO CTpaTe-
TUIO IS BbIOOpA ONTHMMAJIbHOTO COYETaHUsI TEXHOJIOTHYe-
CKMX W KOHCTPYKTMBHBIX IapaMeTpOB YCTPOUCTB s
pazaesieHus! ChIMyYuX MaTepruagoB Mo KPYMHOCTU. ONTUMM-
3alMsl TPOBOIUTCS C TIOMOIIBIO METOIA «pOsT YaCTULL», KO-
TOPBII U3HAYAJIBHO MCITOJIb30BAJICS JUISI UMHUTALIMM TTIOBE-
IeHYeCKMX peakunii B omonuke [3]. [Ipumep paboThI 1Ipo-
rpaMMbl aBTOMAaTMYECKOTO MOMCKa ONTUMAJbHBIX Tapa-
METPOB BUOpPALIMOHHBIX TPOXOTOB MpeACTaBIeH Ha puc. 3.
O06sacTH CrylieHus: TOYeK cofepkaT ONTUMaJIbHbIE coYeTa-
HUS TapaMETPOB.

Takum o6pa3oM, HOBBIE MOAXOABI K MOIECIUPOBAHUIO
MPOIIECCOB TPAHCIIOPTUPOBAHUS M CEIapalvy ChITy4Ynx
MaTepuagoB, K KOTOPbIM OTHOCUTCSI OOJIBIIMHCTBO HEPY-
HBIX TTOJIE3HBIX MCKOIAeMbIX, MO3BOJISIIOT CBI3aTh (U3NYUE-
CKHUe€ CBOICTBa NepepabaTbiBa€MOTro ChIpbs C KOHCTPYKTUB-
HBIMU TTapaMeTpaMMy MallMH U MEXaHU3MOB U TEXHOJIOTU-
YeCKHUMU TTapaMeTpaMUu COPTUPOBKM 110 KPYMTHOCTU. DTO, B
CBOIO OYepelb, OTKPHIBAET BO3MOXHOCTH OOOCHOBAHHOTO
BBIOOPA KOHCTPYKTUBHBIX MTapaMEeTPOB MAIlIMH, YMEHbIIIAs
PUCKM M PACXOIbl HA JOPOTOCTOSIIEEe HATypHOE MOIEIU-
poBaHue.

Pabora BbINoAHeHa TIpM (UHAHCOBOW MOJAEPXK-
ke @enepalbHOM 1IeJIEBOM TMPOTpaMMBI, TPaHTHI
14.002.21.0681 u 12-05-31376.
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H.M. CEPTMHA, [.B. ABAPOB, kannuaaTbl TeXH. HayK, Bojirorpaackuii rocyaapcTBeHHbII
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ThINUIMHCKWIA TOPHO-000TaTUTEIbHBIN KOMOMHAT (YIbsTHOBCKasI 00JI.)

Cucremsni UHepLUUOHHOIO nbinneynaBjinBaHnNs
B NMPOMBbILLUJIeEHHOCTU CTPOUTEJIbHbIX MaTepuasioB

TexHonornyeckue MNPOLECCH MPOM3BOICTBA CTPOU-
TEJAbHBIX MaTePUAIOB CBSI3aHbl C U3TOTOBJICHUEM, TIepepa-
OOTKOM, TPAaHCIOPTUPOBAaHMEM U IPUMEHEHUEM ITOPOIII-
KOOOpa3HbIX MPOIYKTOB M COIPOBOXIAIOTCSI MHTEHCUB-
HBIM BBIZICJICHMEM U IOCTYILUIEHUMEM KaK B BO3AyX paboyeii
30HBI, TaK U B aTMOC(EPHBII BO3IYyX 3HAYNUTEIbHBIX KOJIH-
4ecTB IbUTU. B cl1oXKUBIIIECST DKOJTOTUYECKON 00CTaHOBKE
Jaxe MPpU OTHOCUTEJbHO HU3KMX HayaJlbHbIX KOHLEHTpA-
LUSIX 9TO MOBBIIIAET TEXHOTEHHOE BO3AECHUCTBUE HA OKPY-
2KaIOIIyI0 IIPUPOIHYIO CPeay, a TaKKe BJIeUeT 3a cO0O0i 10~
Tepu LIEHHBIX KOMIIOHEHTOB M BO3pacTaHUe 3aTpaT Ha 00-
paboTKy Bo3ayxa B CUCTEMaX BEHTWISILUU U KOHIAUIIMOHM -
pOBaHUS BO3ayXa.

Ha OonpImmHCTBe TIpeAIIpUSATUIA CTPOUTEILHON U JIpy-
TMX OTpacjei MPOMBILIJIEHHOCTU B CUCTEMaX JIOKAIU3YIO-

1

Puc. 1. Cxema cuctembl MblieynaBinBaHus B Liexe NPOU3BOACTBA runca: 1 — MenbHULA; 2 — LIMKIOH
LIH-800; 3 — 6artapeiiHbiin unknoH LIH-600x6; 4 — annapat B3M-400; 5 — BeHTUNSaTOp; 6 — 3neKTpo-

dunbTp; 7 — AbIMOCOC

el BEHTWISILUM TIPUMEHSIIOTCS MHEPLUMOHHBIE TbLUIEYJI0-
BUTEJIM — LIUKJIOHBI WJIK aIlliapaThl CO BCTPEYHBIMU 3aKpy-
yeHHbIMU nToTokamu (B3I1). Anmapater B3I1 obnanator psi-
JIOM TIPEUMYIIECTB IO CpaBHEHMIO ¢ IMKiIoHamu [1, 2]. B
YaCTHOCTHU, BUXPEBbIC MBLIEYJIOBUTEIN UMEIOT OoJiee JeT-
KYIO OpraHM3alliI0 KPYTKH (B HUXKHEN 4YacTh KOpIyca KpyT-
Ka MOAAEPKMBAETCS 3a CUET 3aKPYYEHHOTO BTOPUYHOTO MO-
ToKa). B nmimHapuyeckoil yacTu amnmapaToB MPOUCXOIUT
paznesieHre Ha BICOKO- U HU3KOKOHIIEHTPUPOBAHHbBIE MO~
TOKU. [TOTOK ¢ TTOBBIIIIEHHOY KOHIIEHTpaIel BpaliaeTcs B
nepudepuitHOM 30He 3aBUXPUTES, a IIOTOK C IIOHKEHHOK
KOHIIEHTpallMel — B LleHTpajabHO# yacTu. [locie Bbixona B
cernapalyoHHYI0 KaMepy HU3KOKOHUEHTPUPOBAHHBIN MO-
TOK OTTECHSIET BBICOKOKOHILIEHTPUPOBAHHBIN MMOTOK K Te-
pudepum anmapara, YTo OOYCJIOBJIMBAET IMOBBIICHNE (-
(beKTUBHOCTU yJIaBIMBaHUSI.
YCTaHOBKM TIBUICYJIABIMBAHUS C
WHEPUMOHHBIMU armnapaTraMmyd MOTYT
OBITb OTHOCTYNEHYATBIMU U MHOTOCTY-
- rneHvyaTbiIMu. B clioXuBIiIeics: mpakTu-
K€ TIPOCKTUPOBAHUSI WHXEHEPHO-
9KOJIOTUYECKHX CHUCTeM HauOoJbliee

6 7 pacIpoCTpaHEHHe MOIyYWIM MHOTO-
CTymeHYaTble TblIeyJaBIuBaloIIe
YCTaHOBKHU.

B BosrorpaackoM rocyaapcTBeH-
HOM  apXUTEKTYPHO-CTPOUTEIHLHOM
YHUBEPCUTETE Ha MPOTSKEHU MHOTHUX
JIET TIPOBOJSATCS MCCJIeNOBaHUS, Ha-
MpaBJeHHbIE Ha COBEPIIEHCTBOBAHUE
CXeM KOMIIOHOBKM MHOTOCTYTEHYAaThIX
WHEPLUMOHHBIX CUCTEM TbUICYJIaBINBA-
8 HUSI C YUETOM OCOOEHHOCTEH TeXHOJ0-
TMu TIpOM3BOACTBA U  (U3UKO-
XUMMYECKUX CBOMCTB BbIACISIOLIEHCS
nbu [3—5]. OTIMYUTeNIbHOM 0COOEeH-
HOCTbBIO TMpEAJIaraeMbIX CXeM SIBJSEeTCS
OpraHM3alnuvs OTcoca U3 OYHKEPHOM
1 30HBI TbUICYJIABIMBAIOLIETO armapara

W Tofada YJIOBJIEHHOTO MPOAYKTa C
BO3AYIIHBIM MTOTOKOM JIMOO B TEXHOJIO-
TMYECKUI IIpoliecc, JU0O B MHXEHEep-

m. 5
4 , 4 \ A1 [5] (7]
m.
T~ —
kom. 1
m8, Nm. 4
m. 9
7
‘ m11 [
~ Ot 6yHKkepa
5

HO-3KoJioTnyecKkyio cuctemy. C ogHoit
CTOPOHBI, TaKOe pelIeHUEe MO3BOJSIET
3HAYUTEJbHO ITOBBICUTH 3G HEKTUB-
HOCTb OYWCTKHU, JPYTroil — BO3HUKAET
BO3MOXHOCTb 3a0MBaHUST PEIUPKYJIs-

LMOHHOTO Bo3ayxoBoga. s obecrie-

YeHUs] HaJeXXHOCTU paboThl acrupa-
2 [IMOHHBIX CUCTEM Mpejjaraercsi ycra-

HOBKa JOIMOJIHUTECIBbHOTO

3

Puc. 2. Cxema CMCTEMbI MECTHOW BbITSXKHOM BEHTUASILMN OT MEJIbHULBI 1 TMMNCOBApPOYHOro KOTna B
nNpoun3BOACTBE runca: 1 — anekTpodunbTp; 2 — oxnaguTtenb; 3 — rMncoBapoOYHbI KOTEN; 4 — UUKIIOH;

5 — menbHMUA; 6 — annapat B3M-600; 7 — annapat B3MM-400; 8 — BeHTMUNATOP

HAYUHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

TBUTICYJIOBUTENIST Ha BO3IYXOBONE BO3-
BpaTa yJOBJIICHHOTO MTPOIYKTA.

Takue cucTeMbl yXe peajln30BaHbl
Ha TPEeANpUATUSIX IO IPOU3BOICTBY
CTpOUTENIbHBIX MaTepuaioB. Ha puc. 1
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Puc. 3. Cxema cuctemsbl nblneynaBnavMBaHus C JONONHUTENBHOM YCTAaHOBKOW TpeTbero annaparta B3M n pykasHoro ¢punbtpa: 1, 2 — neineynosutenu B3I,
3 - unnuHapuydeckuii kopnyc annapata B3IM; 4 — natpy6ok BepxHero BBoAa; 5 — 0CeBOW BbIXOAHOM NaTpybok; 6 — naTpyboK Ans yaaneHns ynoBieHHOro npo-
nykTa; 7 — 3akpy4mBaresnb; 8 — naTpybok HUXHEro BBoaa; 9 — otboiiHas waiiba; 10 — BeHTUNaTop; 11 — AONONHUTENbHBIN NblneynosuTens B3IM; 12 - pykas-
HbI dunbTp; 13, 14, 15, 16 — BOo3ayxoBoapl; 17, 18, 20 — Bo3ayxoBoabl; 19 — Lun030B0OM 3aTBOP

Tpe/icTaBIeHa cXeMa CUCTeMBI TTbUICYIaBINBAHUSI OT MeJb-
HUILIbI, YCTAHOBJIEHHasl B Iliexe IPOM3BOACTBA TUIICA.
I1pou3BOAUTENBHOCTh CUCTEMBI JOCTUIaeT 37 ThiC. M3/4.
Cuctema no3BosisieT obecneduTb 3¢ HeKTUBHOCTh 00ECTIbI-
JnuBaHus B nipeaenax 71—77% B 3aBUCMMOCTH OT peXHUMa
paboTHl TEXHOJIOTUYECKOTO 00opynoBanusi. Ha puc. 2 ripu-
BeZicHa CXeMa CUCTEMBI MbIICYJIaBIMBAHUS OT MEJIBHUIIBI 1
TMIICOBApOYHOTO KoTia. ITpou3BOAUTENLHOCTD CUCTEMBI
nocturaet 30 Thic. M3/4. CucTeMa T03BOJISIET 00ECIIEYNTh
3¢ eKTUBHOCTH 00eCTBUIMBAHUS B Tipenenax 84—98,2% B
3aBUCMMOCTH OT peXuMa padoThl TEXHOJOTMYECKOTro 000-
PYIOBaHMSI.

B cucreMe mbUieynaBIMBaHMS, cXeMa KOTOpPOH TIpen-
cTaBjieHa Ha puC. 3, yCTaHOBJIEHBI MOC/IEN0BATEIbHO COE -
HeHHble annapatel B3I1 1 nonoaHuTeIbHO Ha BO3MYXOBOIE
MbUIEBO3IYIITHOTO MOTOKA, OTCAChIBAEMOT0 U3 OyHKepa arl-
napara BTOPOM CTyI€HU, — TPETUH BUXPEBOW armapar
MEHbILIEN MPOU3BOAUTEILHOCTU C MEHBLUMMU TabapUTHBI-
MU pa3MepaMM U pyKaBHBII GuibTp [6].

Bo3sBpar rmoTroka ocyiecTBIsIeTCSI B HUKHUI Y BEpXHUI
BXOJIHbIe TATPYyOKM MepBOro mblaeyaoButens. [Ipu atom
BO3JYXOBO/JI ITOIaYM1 MCXOMHOTO 3aMbUIEHHOTO MOTOKA CO00-
IIIEH ¢ BXOAHBIMM MaTpyOKaMU MEPBOTO TbLICYTOBUTEJIS.

IIpu Takoit KOMMOHOBKe: OoJjiee 3ambLIEHHBINA TOTOK
MTOCTYTIAET B aIlliapaT IMepBoii CTYIMeH! Yepe3 TAaHTeHIINATb-
HBII TaTpyOOK BEpXHEro BBoAA; 00Jiee YMCTHII ITOTOK Moaa-
€TCs yepe3 HUXKHUI BBOJI, BpalllaeTCsl BOKPYT OCH arrapara
U, paclIMpsIsiCh KBepXy B LIMJIMHIPUYECKON KaMepe, Haxo-
NIATCS B 30HE, HanboJiee OJM3KOM K OCH arnapara, YeM Io-
TOK ¢ OoJibllieit KoHIleHTpauueit. OpraHuzanys nojaadu mo-
TOKOB TaKMM 00pPa30M J1aeT BOZMOXHOCTh MPUOIU3UTH 60-
Jiee 3amblICHHBIN MOTOK K CTeHKaM HWIMHAPWIECKON Ka-
MepHbI MbUICYJIOBUTES, 00ecTieurnBast JIyYIIUi OTXKUM yJlaB-
JIUBAEMOTO MaTepuara.

IIpencraBneHHast ycTaHOBKa MbUICYJaBIMBaHMS C 4a-
CTUYHOU peuupKyJIsueil CIOCOOCTBYET JIydlIeMy OT/eJe-
HUIO YaCTHII ITHLTH, 0OCOOEHHO METKOANCTICPCHBIX, HE TOJIb-
KO B TIBUICYJIOBUTENIE TIEPBOM CTYIIEHW, HO M B armapare
BTOPOIi CTYNeHH oYucTKU. OpraHusaims oTcoca u3 OyHKe-
pa TbUICYJOBUTENSI BTOPOH CTYMEHU CIOCOOCTBYET CTa-
OUJIBHOCTU PAOOTHI CHUCTEMbI, TaK KaK ITOIJIEPXKUBAETCS

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

CTabMJIbHOE pa3pekeHre BHYTPU KOPITyca 1 B CiIydae KoJje-
0aHUWit Harpy30K B CUCTEME CO3/1aBaeMOE Pa3peXeHUE BbI-
pPaBHUBAET BEJIMUMHY KOJIEOAHUIA.

Takas ycTaHOBKa MbLIEYIaBIMBAHUS TaKXKE MOXET Hall-
TU NPUMEHEHUE B CHUCTEMax JOKAIU3YIONIEW BEHTWISILIUA
Ha OPEANpUITUSIX IO TMPOU3BOJICTBY CTPOUTEIBHBIX MaTe-
pUAJIOB U U3AEITUNA.

KioueBble cioBa: cucmemot nouiaeyaaeauearnusl; UHepUUoOH-
Hble nslaeyaoeumenu, YUK/JAOHbL, nslieyioeumenu B3II.
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A.Tl'. TIEPEXOKEHIIEB, n-p TexH. HayK,

Bonarorpamckuii rocynapcTBeHHBIN apXUTEKTYPHO-CTPOUTEIbHBI YHUBEPCUTET

MOﬂeﬂMpOBaHMe TeMriepaTtypHO-BJ/1a>XXHOCTHbIX
rnpoLeccosB B ropuUcCTbiIX CTPOUTEJIbHbIX

marepunanax. Yacrtp 3.

PacueT koa¢pPpuumneHtTo audPpy3svm BOAAHOrro napa B NOPUCTbIX
MaTepuasnax no xapakrepucTtmkam mx nOpUCcTom CTPyKTypbl

N3BecTHO [1], YTO B COOTBETCTBUU CO CHELMMUKOMN
B3aMMOJIECTBUSI MOJIEKYJI Mapa cO CTeHKaMU Kamwuisipa
MOTOK T1apa BO BCEM Auaria3oHe M3MEHEeHUSI pa3MeEPOB IOP
OyIeT CKJIaAbIBaThCS U3 IBYX Pa3HBIX IT0 CBOSH (PU3NIECKOM
MpUpOJe OTOKOB: KHY/ICEHOBCKOTO MMOTOKA B MOpax ¢ pa3-
MepaM# PaguycoB 10 K" M MOJIEKyISPHOrO IOTOKA Iapa
B IIopax ¢ pagnycamu 6osee rk”,

IToTtok mapa B KHYJICEHOBCKOM peXuMe OyaeT Mmporop-
IIMOHAJIEH KOHIEHTpAallUu TIapa, paguycy Kamujusipa |
CpeoHell TeIUIOBOM CKOPOCTU MOJIeKYI [1]:

J"=-2/3(8RT/nM)" fm”f y(r)drvp, M

%

NI

JlKn:—DKn'Vp, (2)
rne DX — xosddument nuddy3un mpu KHYACEHOBCKOM
peXuMe TEYEHMS; Iy, — MAaKCUMAIbHBIA pasMep paauyca
KanJUISIPOB, B KOTOPHIX BO3MOXHO KHYICEHOBCKOE Tede-
Hue; M, — MoneKymsipHasi Macca BOASIHOToO mapa; 7 — TeM-
repaTypa.

KoabduimeHt kHynceHoBckoit nuddysun DX uz (1)
COOTBETCTBEHHO OYy/ET paBeH:

= {2603,29 1077y j f (r)dr]/ 3)

(l

L€ 7 — Paauyc Mopel, HM; d; —
CTH TIOD.

[Tpu pasmepax Mop, COM3MEPUMBIX C PalUycOM Jeii-
CTBUSI CWJI IPUTSIXKEHUST MOJIEKYJT ITapa CTEHKaMM, Hapyllia-
€TCSl YCJIOBHE JMHEWHOCTU TPaeKTOPUIA JBVKEHUS MOJIe-
KyJ, KOTOpPO€ WCIIOJb30BaHO TIPU BBIBOIE YpPaBHEHUS
Knyncena. [Toatomy ypaBHeHMe (1) uMeeT orpaHUYeHHUE He
TOJIBKO TIO 7,y, HO U TIO 7. Tak, panuycel KamwUISIpOB, Te
HayMHaeT MPOSBISATHCS NEHCTBUE MOJIEKYJSIPHBIX CUT #y,
cocTaBJsIOT TpuMepHO 20 paanycoB MoJieKyibl Bonbl. [Tpu
pazmepe paamyca MoOJIeKyJIbl Boabl, paBHOM 00,1345 HM nipu
T=273,15 K, 3Ta BentnunHa OyaeT paBHa 2,69 HM, 4TO COOT-
BETCTBYET OTHOCUTEILHOMY JIABJIEHUIO MTapa BOJbI p/pg~=0,6.
[Ipu U3MeHeHNU TeMIepaTypbl OHa OyIeT U3MEHSThCS, IPU
MOBBILIEHUH TEMIIEPATYPHI 7y YMEHbILIAETCSI.

CBOOOIHBIE OT XUJAKOCTU MOPbI 3aMOJHEHBI HE TOJIb-
KO TTapaMu BOIBI, HO U Bo3ayxoM. [ToaToMy HeoOXommmo
VUMUTBIBATh B3aUMHYI0 TU(dy3nio BOASIHOTO Mapa u BO3-
nyxa. Ecniu maBiaeHue B mopax MPUHSITb PaBHBIM JaBje-
HMIO B OKpyXalolleil cpene Pp, TO U30TEPMUAYECKUI T1O-
TOK BOJSIHOTO TMapa (uHaekc 1) yepe3 Bo3ayx (MHAEKC 2)
paBeH:

K02 PULIMEHT U3BUIUCTO-

(PO ENIBHBIE

D\, M, dp,
RT(1-p,/P)) dx
rae Py=p; +p, — obliiee gaBieHMe Mapora3oBoOii CMECH.
Koaddunument nuddy3um BoasHoro mapa uyepe3 BO3-

AYLIHYIO cpefy (M2/4) ¢ IOCTaTOYHOM TOYHOCTHIO [2] MOX-
HO OTIPEACTUTh TI0 hopMyJIe:

D,,=0,086(7/273)"*0,101/P,, (5)

J1=_ (4)

rne Py — 6apoMerpuueckoe nasiaeHue, MIla.

IMoactasnsis (5) B ypaBHeHUe IMapa B OOMHOYHOM Ka-
nwuisipe (4), HamuilleM ypaBHeHUE MOTOKa JUIsl Karui-
JISPHO-TIOPUCTOTO TeJIa KaK CUCTEMBbI KaMUJLISIPOB C IPOU3-
BOJIbHOM (PyHKIIME! pacripeneneHus mop mo paMepam pa-
JINYCOB:

_0,086(7/273)"*10,101/P, - M, " 6
h=- RT(1-p, /P, f i )dr {6)

IIpy HOpManbHOM OapomeTpuyeckoM HAaBieHUU P,
pasaom 0,101 MIla, xoaddunmeHT 1nddy3un BOATHOTO
rmapa u3 (6) Oyaer paBeH:

L0 T/ i ‘rfnaxf (rydr, %)
r
14

RT(1-p,/0,101)
rae DM — ko3 dunmeHT MoaeKyasspHoi nuddy3uu mapa.

Tak Kak, MOTOK Tapa BO BCeM AMana3oHe M3MEHEHUs
nop OyJeT CKIaabIBaThCsl M3 KHYACEHOBCKOTO M MOJIEKYJISIP-
HOTO MOTOKOB T1apa, TO JUISl TOTO YTOOBI OJHOBPEMEHHO HC-
OJIb30BaTh 00a ypaBHEHMST, HEOOXOAUMO ypaBHEHUE KHY/I-
ceHoBckoro teueHust (1) mpeoOpaszoBath K AudGy3HOMY
BUIY:

M

J,= (M, D*'/RT )vp =D""Vp, )

B uermom oO0mueit xapakTepMCTUKOI IepeHoca BJlaru
B BHJIe TTapa 1T KalMWUISIPHO-TIOPUCTOTO MaTepuajia, nMe-
IOILIETO MOPHI, pa3MepPbl KOTOPBIX U3MEHSIIOTCS B IIIMPOKUX
npeneaax, oynet ooui KoadduuueHT aug¢y3un BOASIHO-
ro napa k;, paBHBbIIi:

k,=D"+ D", ©)

rae k; — koadbuuueHt quddysuu nap006pa3H01/1 BJIATU
B TIOPUCTBIX MaTepuanax, Kr/(M-u-I1a); DX u D" — cootBet-
CTBEHHO KO3((OULINEHTHI KHYICEHOBCKOI 1 MOJIEKYJISIPHOM
nuddy3un, KoTopble ¢ yueToM Ko3(DGhUIIMEHTOB W3BUIU-
CTOCTHU OMPEAELIISIOT 1o hopMyJiam:
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TexHo.I0rHH H 000OpyAOBaAHHE

a;, M?/4

10°% -

1074

10°°

106

107

t t " — 1
0 2 4 6 8 10 12 14 16 18
W,

0’

108

%

Puc. 1. 3aBucumoctn koadodnumeHToB anddysmm BoasSHOro napa a ot
BIarocofepXxaHns maTepmanos: 1 — KpacHbIA KUpnuy; 2 — LEMEHTHBIN pac-
TBOP; 3 — razocunukat

D¥=1s.64 10T [ v, r| [(T-a);  (10)

1,81

,
D"=|1,863-10"%(T/273) ;ffV(r)dr /(T(l—Pl/Po)a’l), (11
Kn

Kaxk 1mokas3sIBaloT pacueTsl, BKJIaJ KHYICEHOBCKOTO TT0-
TOKa B OOIIWI ITOTOK Iapa COCTaBJISIET HE3HAUYMTETbHYIO
JTOJTIO TIO CPAaBHEHUIO C MOJIEKYJISIPHBIM TTOTOKOM ITapa.

Koaddunmentsr auddy3un BoasHOTO mapa, OTHECEH-
HbIE K BJIarocoJepKaHUsIM MMOPUCTOrO MaTepuasia, moJyuum
nefieHueM ki Ha ¢,=dw/dp n p,, T. €. a;=k,/(c,'py). Ha puc. 1
MPUBEACHBI 3aBUCUMOCTH KO3 duiimeHToB 1uddy3nu Bo-
JSTHOTO Mapa a;, M>/4, 0T 00EMHOTO BJIAr0COAEpKAHMUS He-
KOTOPBIX HanboJiee pacIpoOCTPaHEHHBIX CTPOUTETBHBIX Ma-
tepuaioB. KoappuuueHtol auddy3un BOASHOIO Iapa B
CYXOM MOPHCTOM MaTepualie UMeIOT MaKCMMaJIbHbIe 3Haue-
Hust. OJHAKO yXXe Ha HavyaJlbHOM CTaauM YBIaKHEHUST OHU
YMEHBIAIOTCS Ha HECKOJIBKO TTOPSIIKOB, YTO CBSI3aHO C 3a-
KYITOpUBaHUEM CKBO3HBIX ITOP TPH YBJIAXXHEHUM MaTepHa-
na. JIia KpacHOTO KMpIAYa 3TO TIPOUCXOAMT MPU BJIAroCo-
nepxanuu, pasHoM 0,9%, nemeHTHOrO pactsopa — 6,2%, a
IUTS razocumkara — 11,2%, T. e. 11T pa3HBIX MaTepHaiOB
9TOT IMANa30H YBIKHEHUS Pa3IvyeH.

B HopMatuBHbIX fokymeHTax (CI123-101—-2004) ocHoB-
HOI BJIaXXHOCTHOM XapaKTePUCTUKOM CTPOUTEIIBHOTO MaTe-
puana sBiasgeTcs Ko3(hOUIIMEHT MapoNmpOHUIIAeMOCTH |L.
AHajorom 3Toro Ko3g@uiieHTa CIyXUT KO3 ULUEHT
MoJTeKyIsipHON mnddysun mapa D10 mr/(m-u-Tla), pac-
CUMTaHHBIA 10 hopmyJe (11).

W, mr/(m-4-Ia)

0 1 1 1

0,6 0,7 0,8 0,9 1
p/Ps

Puc. 2. 3aBMCMMOCTb KO3DDULMEHTOB NAPONPOHNLLAEMOCTU L OT OTHOCK-

TeNbHOW BNAXHOCTW BO3AyXxa p/Ps: 1 — KPaCHbIN knpnuy; 2 — kepamauntobe-
TOH; 3 — LEMEHTHBbI pacTBOp

M3BeCTHO, UTO C U3BMEHEHUEM BJIaroCcoaep>KaHus ITOpU-
CTOro MaTepua’sa ero naponpoH1IaeMocTb U3MeHsieTcs. Ha
HavyaJbHOM CTamuy yBJIAXXHEHUs, ITOKa MAeT 0O0pa3oBaHUE
MOHO- ¥ TIOJTMMOJIEKYJISIPHBIX aICOPOMPOBAHHBIX CIOEB U
OCHOBHOI 00BEM IOp OCTAeTCSl OTKPBITHIM i1 AU Py3un
rnapa, 9T0 U3MEHEHUE OCTaeTCsl He3HAUUTENbHBIM. OMHAaKO
C HayvaJloM KaIlWwUISIPHON KOHACHCAIIUU MPOUCXOIUT 00b-
€MHOE 3aIlOJIHEHUE MUKPOTIOP U COOTBETCTBEHHO UX 3aKYy-
MMOpUBaHKe, YTO, B CBOIO OYepelb, MPUBOIUT K PE3KOMY
CHIDKEHMIO TIapONPOHUIIAEMOCTH MaTepuaga. DTOT Tpo-
11€CC OYEHb XOPOIIO MPOCIEXKMBACTCS Ha 3aBUCUMOCTSIX KO-
93¢ dGULIMEHTOB MapONPOHUIIAEMOCTH OT OTHOCUTEIbHOM
BJIAXXHOCTHU Bo3myxa (puc. 2).

o 3nauenuit p/ps=0,95—0,96 3Ta 3aBUCMMOCTH TIOUTH
JIMHEWHAsg ¢ He3HAYUTEeNbHBIM yMeHbIleHueM . [lpm
p/ps>0,96 3HaueHUST KOIDOUIMEHTOB (L PE3KO YMEHbIla-
I0TCS U TIpU p/pg=1 OyIyT paBHBI HYJIIO, TaK KaK B 9TOM CITy-
yae Mopbl MaTepuana OyayT 3amojHeHbl Boaoil. Bmecte ¢
TeM M3MeHeHHue KO3((GUIMEHTOB MapoNpOHULIAEMOCTU U
00BbEeMHOI BJIAXXHOCTU MaTepuasia UMeeT JTUHEHHYIO 3aBU-
cumocTh. Ha puc. 3 mpuBeneHBI Takue 3aBUCUMOCTHU JUTS
DJIMHSIHOTO O0O0XCKEHHOTO KMpIIMYa, KepaM3uTOOeTOHAa U
IIeMEHTHO-TIecyaHoro pactBopa. CiemoBaTejbHO, 3Hasl
3HaueHue KoadduureHTa W, B CyXOM COCTOSIHUU, MOXKHO
MPOTHO3UPOBATh €r0 3HAYEHUE TIPU JIIOOOM BJIarocoiepxa-
HUM W

B, =R~ (Ap/Aw)w, (12)

Tax xak npu wy=0 ko3 PULHEHT MapOIIPOHULIAEMOCTH

paBeH Wy, a MPU IOJHOM BJIATOHACBHILIEHWHM MaTepuaia

U, Mr/ (m-y.Ia)
MaTepuan MNOTHOCTb, Kr/M®
CI 23-101-2004 Mo dokuHy [3] Pacuet no (11)
lrasocunukat 390 0,23 0,46 0,41
MeHo6eTOH 600 0,17 0,31 0,15
a3obeToH 510 0,38 0,26
KepamantobeToH 1350 0,12 0,19 0,21
Knpnny kpacHsbii 1690 0,12 0,19 0,26
PacTBOp LeMeHTHbIN 1936 0,09 0,16 0,05
BeToH 2160 0,03 0,08 0,06
MeHorunc 300 0,51 (onbIT) 0,66 0,32
MuHepanoBaTHble MaTbl 350 0,38 0,66 0,56

ONS MaTepuanos C MAOTHOCTbIO, 6NIN3KOWM K PaCHeTHOM.

MpumeuaHue. [N0THOCTL MaTepmanos B Tabnuue cooTBeTcTBYET rpade «Pacyet». AaHHble n3 CI 23-101-2004 v [3] otbupanicb

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

(N PONIEIIBTBIE

90

deepans 2013 WLATERUATIL)°



TexHo10rHu H 00OPYAOBAHHE

W, mr/(m-y-Ta)

0,25 |-

0,2

0,15

0,1

0,05

Tepuaa; wy — BeIMYuHA 00BEMHOTI'0 BIaroCoIepXKaHUs Ma-
Tepuaia TPy MOJTHOM BOJOHACHIILIEHUH.

B Tabauue nmpencTaBieHO cpaBHEHUE 3HAYEHUI KO-
(buuMeHTOB MaponpOHMIIAEMOCTH L, TOJYYEHHBIX pacue-
ToM 1o opmyite (11), ¢ onbITHEIMU faHHBIMU K. D. Pokn-
Ha [3] u mpuBenenHbiMu B CIT 23-101—-2004. Kak BunHo,
TTOPSIIOK Y CaMU 3HAUYEHMS L OJITM3KY K OTTBITHBIM TAHHBIM 1
npuBeneHHbIM B CII. TTosHOrO coBMaaeHusI JaHHBIX HET,
Tak Kak B CIT coaepxkartcsi 0000111eHHbIE OTIBITHbIE JAHHBIE,
a omHoMMeHHbIe Matepransl y K.®@. @okuHa He Bceraa co-
BMA/JAIOT MO TUIOTHOCTU C PAaCUYETHBIMU U, CJIEAO0BATEJIbHO,
MaTepuabl OyAyT UMETb APYTHe XapaKTepUCTUKU TTOPUCTOM
CTPYKTYDBHI.

Xopoliiee COBMaJeHUE OMBITHBIX TaHHBIX C PACYETHBIMU
JIaeT OCHOBAaHME CYUTATh, YTO MPUBEACHHYIO BhIIIE pacyeT-
HYI0 MOJeJib MOPUCTOro Teja MOXHO MCIOJb30BaTh IS
orpeieJIeHUsl BJIaroriepeHOCHBIX CBOMCTB MOPUCTHIX MaTe-
pUANIOB, KOTODPbIE AOCTATOYHO CJIOXHO WJIU TPYAOEMKO

OIIPEACINUTD U3 IIPAMOIO OIIbITA.
0 10 20 30 40 50 60 W, %

Puc. 3. 3aBMCMMOCTb KOADPULMEHTOB NAPONPOHNLLAEMOCTHN OT 0OGbEMHO-
ro BfarocoAepxaHuns matepunanos: 1 — KpacHbIi kKupnuy; 2 — kepamautobe-

4 KmoueBble ciioBa: nopucmas cmpykmypa, oupgysus 6o-
TOH; 3 — UEMEHTHbI pacTBOpP

0sHO20 napa.

(Wy=wy) KO3(POULIMEHT U PaBEH HYJIO, TO YIJIOBON KO3(-
¢umenT B ypaBHeHuu (12) Oymetr paBeH U,/wy, a camo
ypaBHEHUE MPUMET CIEAYIOLIUIA BUI:

CHHCOK JIUTEepaTypsl

B, =My (L=wy /w)), (13)

rae W, — Ko3(p®dULMEHT NapoNpOHULIAEMOCTH MTOPUCTOTO

1. Jleikoe A.B. SIBneHue mnepeHoca B KalWLISPHO-IIOPU-
cthix Tenax. M.: l'ocrexusnar, 1954. C. 98—121.

2. Jlbikos A. B. TemnomaccoooMeH: CripaBouyHUK. M.: DHep-
rust, 1978. 680 c.

MaTepuaa Mpu 00bEMHOM BJIAroCOAEPXKaHUU Wy, Uy — KO- 3. @oxun K.@. CrpoutenbHas TEIUIOTEXHUKA OTPaKIaio-

3(hGUIMEHT TapOIIPOHMIIAEMOCTH a0COTIOTHO CYXOro Ma-

Tema
BbICTAaBKWU:

3eneHbin
oM

15-17
masa 2013 r.
r. bapHayn

[BopeL 3penu 1 crnopTa

mux yactei 3nanuit. M.: Ctpoiinsaar, 1973. C. 288.

OpraHusaropbl:

(3852) 65-88-44

XVIII CneumnanmsnpoBaHHas BbiCTaBKa-sipMapka

CTtpouTtenbCTBO
Bnaroycrpoucrseo
NHTepbep
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‘ Hudopmanna

12 anpens YbA-2013
AEHUE. BOJOCHABEHME.
INOHUPOBAHUE

CMNELMANBHBIV BbICTABOYHbIA MPOEKT

“YUCTASA BOOA"

BCE
ans CTPOUTENbCTBA
n PEMOHTA

XVl CNEUMANU3NPOBAHHAA BbICTABKA

47) 248-12-58, 253-38-00 _
R ovaviapens = www.bvkexpo.ru

MPOMCTPOVMMHOYCTPUAR / ACTAHA

14-a KazaxcraHckas mexayHapoaHasi CTpouTenbHas BbIiCTaBKa el /’

CTPOWTENLCTEO CTPOWTENbHBIE Marepuansi nepesoobpaboTtka

=L Y

CTpouTEenbHaaA TeEXHWKa

27-29 mapTta 2013

KasaxcraH, ActaHa, BL| "KepmMe™ z..:u: ==

OTONUTENGHBIE § t';'-‘{_e
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“1 a5 \ c..\-: i.‘. H

-;:I“ 3 “i& “7

MBK “Amaxenm-3xcno” @unuan MBK “Amaxenm-3xcno”

Pecny6nuka Kazaxcman Pecny6nuka Kazaxcmaw

050057 2. Anmamel, yn. Tumuprzesa, 42 010000 Kaban6ali 6ameipa, 7/3, og. 043
Ten.: +7 (727) 275 09 11, 275 13 57, 274 79 26 Ten./tba 507329, 5073 30

Qaxc: +7 (727) 275 08 38 e-mail: atakent@mail.ru

e-mall: atakentexpo.kz@mall.ru, atakent2012@bk.ru

www.afakentexpo.kz
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Hudopmanna

Peknama

CREUNKARBHOE BilOPO Ten/cpakc B YensiGuHcke:
CKb C TPOEHPHBOP & Mocae: (495) 964.95.63, 220.38.58
NPHBOPbI HEPA3PYILLAIOLEI0 KOHTPOAR e-mail: stroypribor@chel.surnet.ru

www. stroypribor.ru
WU3MEPUTENU MPOYHOCTU BETOHA, KUPMUYA

WNC-Mr4.01/Unc-mr4.03 YKC-MIr4/YKC-Mr4 c MOC-50Mr4/noc-5omMr4 4 /
YA2PHO-UMNYTbCHBIN yNbLTPa3ByKOBOW MnOC-50MIr4 “Ckon”
aBToOMaTHn4yeckKkana OﬁpaSOTI(a NOBEPXHOCTHOE U CKBO3HOE OTPbLIB CO CKanbiBaHMem

M3MepeHni Npo3By4MBaHue W CKanbiBaHWe pebpa —-

- npegensHoe
& yactora 60...70 kl'y ycunue 60 kH CEL L
| ;nnanasou 3...100 MNna l AuanasoH 10...2000 MKE .~ auanasox 5...100 MMa
npecchl nucneiTarernibHbie
noc-2mr4 n . ManorabapuTtHble l NCO-10MI4 KIn
MCMbITaHWe NPO4HOCTH nrmM-100Mr4 / Nrm-s00Mr4 MCTIbITaHMe NPOYHOCTH
AYencTbIX 6ETOHOB / MrM-1000MrI 4 CLenneHna B KaMeHHOM
C rmapaBnuyeckuM npuBogom | Knapke
npeaenbHoe RIS MCnRAHIG BaTons, npepnensHoe ycunue

acthansTo0eTOHa, KUpNu4a
# npeaenbHas Harpyska OrPbiBa 15 kH
100/ 500/ 1000 kH AOFE3UMETPbI

: nue BbipbiBa 2,5 kH
NMNOTHOMEPLI FPYHTOB

OMHAMWUYECKUE
Nay-Mr4 “Yaap” . I = macca 70/ 120/ 180 kr
v NAY-Mr4 ““mnynsc” NMnvV-1Mr4 / NM-2mMmr4 /nm-3mr4

onpepaenex1e AUHaMU4ecKoro [ MM-5MI'4 / MIM-10MI'4 HUCNbITaHWe NPOYHOCTH
MOAynA yNpyroCTn rpyHToB | ¢ pyyybim / 3NeKTPMYECKMM NPUBOAOM  CLENNEHWS NOKPLITUA
" OCHOBAHWW AOPOR.  hng yenwitaHus yTennuTenei Ha U3rn6 | € OCHOBaHWeM

.5 g:;muzuf;amnq; v cxatmne npu 10% nuHeitHoh gechopmaummn
arnaon: 3. 370 MHM(YR o npeaenbHas Harpyska1/2/3/5/10 kH | TPE€AenbHanA Harpy3ka
5...300 MH/m* ("Mmnynic”) aacea 20 [ 25 xr 1/25/5/10 kH

W3MEPWUTENWU U3MEPUTENK NIOTHOCTKU
TENNONPOBOOAHOCTH AHEMOMETPbI, TMIPOMETPb! ~ TEMJOBbLIX MOTOKOB U TEMMNEPATYPbI
UTT-MI4 “100” / “250” | “3oHg” UCI-Mr4/ UCn-mr4.01 WTTI-Mr4.03 “Morox”
: dHEeMOMeETpP-TEpPMOMETP
. CTaLUWOHapHbLINA nanazon 0 1p 20 (‘: 30) M!f 3...5, 10 n 100-KaHanbHbIE
| ¥ 30HAOBbINA PEXUMBI A " 30.+100°C | perucTpatophil I |—5~‘“-:=_~=_=-

Tru-mr4 /Tru-mr4.01 |
TEPMOTrMrpoMeTp

AManason 0..99,9 % / -30..+85 °C kg

W3MEPUTENN CUMbl HATSDKEHMSE
TEPMOMETPbI APMATYPbI

BNA [1040/ 60/ 80MT'4
TOMEE-WT4 TMP-MI4/ TU3-MF4 / TU3-MI4.01  MeTOR nonepesHoi oTrin
AnA uaMmepeHUAa BNaxHocT Avana3oH KOHTPOJNUP eMIx

MoAynbHbIE perucTpupyrowve

3 e
Geroa, ANA 3MMHero 6eToOHWpPOBaHUA ycunui 2...120 kH
CLIMYMX; £ 1 NPONapoYHLIX Kamep
ApeBecuHbl & (no 20 monyneit B komnnekTe)  ANAMETP

Awnana3soH 1...45 % 30HAOBbLIE | KOHTaKTHbIe  @PMaTypbl 3..12 MM

1...2-KaHanbHbIe U3MEPUTENW HAMPSXEHUN
auvanasoH-40...+100 / 250 °C B APMATYPE

SAUH-Mr4 A
‘ LOMC-Mr4/OMP-Mr4 YacTOTHbLIN MeToq .
I

onnhla AvameTp '

j cxatusa / pacTaxeHus | apmatypbi 3...32 Mm
npepenkHas Harpyska
1...1000 kH

NPOU3BOAMM: U3MEPUTEN BUBPALIMK, MOPO30CTOWKOCTU, TONLLMHOMEPLI, TMOPOCTATUYECKUE BEChI U [P.

WMA-Mr4

OUaMeTp KOHTPONMPYEMOW

apmaTtypbi 3...40 Mm
/ AWanasoH Uu3MepeHnn
© 3awmTHoro cnos 3...140 mm

AwnanasoH 100...1800 MMMa

(3 [HOYTE SR S| HAYHHO-MeXHUECKUIL U RPOU3BOOCMEEHHbLIL JCYPHAN
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HoBoctn

K 60-aeTmio IOpuna Heanosuua MapuyeHko

Hcnomaumnocs 60 et FO.M. MapueHko — reHepaibHoMy aupektopy 3AO «Hopckwuit
KepamMuuecKuii 3aBom» (SlpociaBib), moyeTHOMY cTpouTeso Poccuu.

IOpuit UBanoBuu MapueHko poauics 5 pespaist 1953 r. B BusbHioce.

B 1975 r. FOpuii UBanoBuy 3akoHumns1 HoBouepKacckuii MOJUTEXHUUECKUI UHCTUTYT
10 CIeLMaIbHOCTU «XUMUUYECKast TEXHOJIOTHUSI KepaMUKHU 1 OTHEYTIOPOB» 1 ObLJT HATIpaB-
JieH Ha paboty B Apocnasnbs Ha Hopckuii kepaMuueckuit 3aBo/.

Bcsa tpynoBast nestenbHocTh FO.M. MapueHKoO cBsi3aHa ¢ OTpaciblo MPOU3BOACTBA
CTPOMTENLHBIX MaTepuaioB. OH MpolIeN MyTh OT HaYaJbHUKAa CMEHBI 10 TJIABHOTO WH-
JXeHepa.

B 1999 r., Korna 3aBoj MpakTUYeCKW HaXOAWJICS Ha TpaHU OAaHKPOTCTBA, KOJUIEKTUB
uzopan FOpust BaHOBMYA reHepaTbHBIM JUPEKTOPOM. MoOuIu3alus KOUIEKTUBA, YBe-
JINYeHue oobeMa ITPOM3BOACTBA MPOAYKIIMU, BBIITYCK HOBBIX €€ BUJIOB, TEXHMUECKOE TIEPeBOOPYKEHUE TTO3BOJIMIIA B KOPOT-
KU CPOK BOCCTAHOBUTD TePEAOBBIC TIO3UILIUM TPEATIPUSTHS B OTpaciu. B HacTosIIee BpeMsl 3aBOJI SIBJISIETCST OMHUM U3 Be-
nynmx B Poccun 1o mpoun3BoacTBY Kepamuieckux MarepuanoB. [Ton pykoBoactsom FO.M. MapueHKo 3aBoa HEOMHOKPATHO
cTaHOBWICS mobenuTesieM Becepoccuiickoro KoHKypca «3a IOCTHXKEeHHME BICOKOM 3¢ (eKTUBHOCTU U KOHKYPEHTOCIIOCOOHO-
CTHU B CTPOUTEJCTBE U MTPOMBIIIEHHOCTH CTPOUTENBHBIX MATEPUATIOB», a B SIpociaBie — JydlliuM MpeanpusiTueM ropoja.

HestenbHocts FO.M. MapueHKO oTMe4YeHa MOYETHBIMU TIpaMoTaMu ryoepHaTopa fpociaBckoii obiacTh M M3pa
r. SIpocnasiist, Menanbio «3a 6JaroTBOPUTEIBLHOCTh B Poccrn», TOYETHBIM 3HAKOM M3PUM 3a TMOATOTOBKY B MPOBEACHUM
1000-neTus Spocnasnis, Harpanoi ryoepHaTopa SIpocnaBckoii obactu «[lodetHsriit 3Hak A.T1. MenbryHoBa» 3a 3aCIyru Te-

pen fpociaBcKoil 00J1aCThIO.

I0.1. MapuyeHKO HEOTHOKPATHO CTAaHOBWJICS MoOemauTeaeM KOHKypca «Jlyduinmii pykoBogutelsib ropona SApociapis»
(2001, 2003, 2008, 2011, 2012 rr.). OH UMeeT ABa aTeHTa Ha U300peTeHue (ToIydeHUe TTOPUCTON KePaMUKHU U MOJyYeHUE

KHpIH4ya CBETJIbIX TOHOB).

Pedaxuus ncypnasa «Cmpoumeasnvie mamepuaavp® cepdeuno nozopasanem IOpus Heanosuna Mapuenxo u sceaaem kpen-
K020 300p06bsl, COXPAHEHUSL CBOIICIEEHHO20 eMy ONMUMU3IMA U OalbHelwux ycnexos!

2KBMU: ntorn 2012 rona

Beimyck kene300eTOHHBIX M3OCINNA W KOHCTPYKLMK
B P® yBennumics no 24,9 miH M (+10%). Mocksa coxpa-
HWIA JIUAEPCTBO CPeAM PErMOHOB-TIpou3BonuTeneii B PO.

O6beMmbl Boinycka KBU npeanpusitusasmu MOCKBbI BbI-
pociy 10 2,2 MiTH M° (+5%). B 2012 T. 3HAYUTENTbHBII IPH-
POCT MPOM3BOACTBA TOKA3ATHU MPEANPUATUS MOCKOBCKOI
obiactu, yBeIuM4yuBLIME ero Gosee yeM Ha 35% — no
1,9 st M3. B uTore peruoH 3akpenuiacs Ha BTOPOil MO3H-
LIMK B OOILIEPOCCUIICKOM pEeUTUHTE.

Cpenu deaepaibHbIX OKPYTOB JIMIEPCTBO YAEPKUBAIOT
Hentpanbhbiii u [puBomkckuit @O, B cymme 6oee 50%

B anBape ynaau orrpy3ku HCM

[Tpou3BoANTEIN HEPYAHBIX CTPOUTENLHBIX MaTEPUAJIOB
(HCM) causunu B sHBape 2013 1. OTrpy3Ky XeJje3HOMI0-
POXHBIM TPAHCIIOPTOM Ha BHYTPEHHWII PHIHOK Ha 16,3%
K ypoBHIo sitHBaps 2012 1.

Bcero no xxene3Hoil 1opore oTeuecTBEHHbIE IOTPEOU -
teau nonyuwy 7 MiH M3 HCM, U3 HUX Ha JOJI0 UMIIOp-
ta npuuuiock 0,9 mutH M>. TIpu 3ToM Ha (hoHe 0611Iero co-
KpalleHuUs KeJIe3HOAOPOKHBIX MOCTaBOK 3TOTO BUIa Ma-

YBeInunInuch NOCTABKHA HMIOOPTHOrIO H€MEHTA

HToru ssHBapst Ha PhIHKE XeJIe3HOTOPOKHBIX TTEPEBO30K
lleMeHTa B Poccuy oTpaxaloT TUIMYHOE COCTOSTHHE €ro
VYaCTHUKOB B HaJaJle Tofa — KOJIMYECTBO paboUurX ITHEH B
IepBOM Mecsie (aKTUIeCKU CBOIMTCS A0 OXHON JEKabl.
Ilo pacuetam CM Ilpo, MMOOPTHBIC IMOCTaBKM ILIEMEHTa
KEJe3HOIOPOXHBIM  TpaHCIOpToM B  Poccuiickyio
®enepanuio B ssHBape 2013 1. yBeauuwinch n0 45 ThiC. T
(+9% x cootBeTcTBYyIOIIEMY Tieprony 2012 T.), U3 HUX OKO-

HAYYHO-MeXHU4eCKUll U nPou3800CMEEHHbLIL HCYPHAA

npousBozacTBa Kb B P®. B psine denepalibHBIX OKPYTroB
SIPKO BBIPAXKeHO TOMUHHMPOBAHKE IMPOU3BOIUTENIEH OTHOTO
pernoHa.

Ilo manHbpiM HoOBoro uccienoBanuss CM Ilpo «IlIpen-
MIPUSITUSI—TIPOU3BOIUTENM KeJIe300€ TOHHbBIX M3AEINI U KOH-
ctpykiuit B Poccun. 2008—2012 rr.» 330 Bemyluux mpe-
npusituii—npousBoauteneii KbU B P® obecrneynBaroT 0Ko-
o 80% mpomsBoactea Kb u koHcTpykumit. CTpyKTypa
poccuiickoro peiHka 2KBW ocTaeTcst qucnepcHoii: mogasisi-
folliee OOJBIITMHCTBO MPOU3BOAUTENEH SIBISIIOTCS HE3aBUCH-
MbIMU KoMMaHusiMu. [Iponiecchbl KOHCOMUAALIMU XKe CBSI3aHbI
C NeSITEIbHOCTBIO JIMIIb HECKOJbKMX KoMMaHuii: ['pyrmbi
JICP, CVY 155, TK 1K 1 HeKOTOPBIX ApyTHUX.

Tepuaja BBO3 M3-3a TPAHUIILI BRIPOC Ha 8,7% K sTHBapIO
2012 r. CHuxenue orrpy3ku HCM Kk gekabpio cocraBu-
70 12%. OnHAaKO OHO HOCUT CE30HHBIN XapakTep W IOo-
BTOpsIeTCS eXeTonHo. JIugepaMu CHUKEHUS KeJIe3HOI0-
poxHoOTo TMmoTpebnaeHus (kK sHBapio 2012r1.) cranu:
MockoBckas o6macte — -197 Teic. M>  (-25,2%);
TioMeHckass o6mactb — -180 Teic. M®  (-33,1%);
Pecny6auka Tatapcran — -123 thic. M3 (-29,6%); CaHKT-
Metep6ypr — -109 thic. M3 (-31,1%); Benroponckas o6-
sacTb — -90 TeIc. M° (-59,5%).

g0 50% mnpuiioch Ha IOCTAaBKUM M3 CTpaH banaruu.
«EBpolieMeHT» yBeJIMYWII 100 B 00IIeM 00beMe XKeJle3HO-
JIIOPOXHBIX OTIPY30K Ha pervoHajbHble PBIHKU — B
HentpanbHoM peruoHe (+1,9%), B CeBepo-3amagHoM
(+1,2%), B CeBepo-KaBkasckom (+7,2%), B IIpuBoIKCKOM
(+1%). O6BEeM Xene3HOMOPOKHOIO KCIOpTa IieMEHTa U3
Poccum Beipoc Ha 5% K cooTBeTCTBYIOIIEMY Tieproay 2012 T.
U COCTaBWJI 75 THIC. T.

(CIEONIEIIBHBIE
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HoBoctn

K 60-neTmio macruryTa BHUMKene300eToH

Huctutyry BHUMxene306eToH ucoaHuIoch 60 JeT.

MHCTUTYT g9BJISIETCS YYaCTHUKOM CO3/IaHMSI U OCBOE€HUS MIEPBBIX B CTPAHE 3aBOJOB MO MPOU3BOJICTBY XKeJ1€300€TOHHBIX
U3IEINiA, pa3pabOTKM MHHOBALIMOHHBIX TEXHOJIOTUU [J1s1 3aBOJIOB COOPHOTO Xejie300€TOHA U TOMOCTPOUTEIbHBIX KOM-
OMHATOB.

B MHCTUTYTE OBUIM CO3aHBI MOJYYMBILINE MacCOBOE BHEIpPEHUE: BUOPAIIMOHHBIE METObI YIJIOTHEHUsT OETOHA, 3JIeK-
TPOTEPMUYECKUIA METO/I HATSIKEHUST apMaTyphl, KOMILIEKCHBIE METO/IbI 3((EeKTUBHOM TEIJIOBOI 00pabOTKM OETOHA, METO-
Il YJIbTPA3BYKOBOTO HEpa3pylIaloero KOHTPOJIS MPOYHOCTH OeTOHA, BEICOKOA((EKTUBHBIE KOMITJIEKCHBIE XMMUYECKUE
I00aBKY U CyIepIuiacTU(UKATOPEl Ha OCHOBE IMPOMBIIIJICHHBIX OTXOIOB, BSKYIIMe HU3KoM BogornorpedoHoct (BHB) mns
GETOHOB BBICOKOI MPOYHOCTHU U AP.

CoTpyaHUKaM¥ MTHCTUTYTa pa3paboTaHbl OCHOBOIIOJIAralole HopMaTUBHbIE JOKYMeHTHI, Takue Kak CHull «CoopHbie
>Ke1e300€TOHHbIE KOHCTPYKIIMU U U3Aeausi», «O011ecOol03Hble HOPMbI TEXHOJIOTMYECKOTO MPOEKTUPOBAHMS MPEATIPUSI-
TU» U JIp.

[Inpoxoe BHeapeHME TTOTYyYnIIa CO3MaHHASI B MUHCTUTYTE OTEYECTBEHHAs TEXHOJIOTHSI CTPOUTENIBCTBA «TETLIbIX JOMOB»
U3 TOJUCTUPOJIOeTOHa cucTeMbl «KOHUKOH», KOTOpas o0ecreunBaeT BBICOKYI0 9KOHOMUYHOCTH OTpaKAalolInX KOH-
CTPYKLIMMA.

MuHoBaumoHHbIe pa3padotku BHUUxene3o6eToHa nmpuMeHeHbl Ha coTH:IX 3aBoa0B 2KBb W u KI1/I cTpaHbl ¥ MOJIydriIn
TPU3HAHKE B CTPAHE U 3a pyOeKoM.

Pab6orel mHctutTyTa ynocroeHsl JlennHckoit npemuu CCCP, tpex mpemuit CoBera MunucrpoB CCCP, npemwuit
Jlennnckoro komcomona u IpaButenbcTBa PD 1Mo Hayky M TEXHUKE, OTMEYEHBI TTOYETHBIMU TpaMOTaMU M TUTIJIOMaMH
OTEUYECTBEHHEIX U 3apy0exXHbIX opranu3anuii. Komrekrus nancturyra BHM M xene306eToH mpomoikKaeT akTUBHYIO paboTy
110 MOICPHU3ALIMU TTPOU3BOJICTBA U PA3BUTUIO CTPOUTEIBCTBA 3HEPTOA3(PHEKTUBHBIX 31aHUI B MOCKBE U IPYTMX peruoHax
CTpaHbl, pa3pabaTbiBa€T HOBbIE TEXHOJOTUU MPOU3BOJCTBA SHEPTOI(M(MEKTUBHBIX TEIUIOU3OISLIMOHHBIX MATEPUATIOB ISt
CTPOMUTEJIbHOM WHIYCTPUU U CTPOUTEJBCTBA XKUJIbIX U OOILECTBEHHBIX 3[aHWIA; MPOEKThl TEXHOJOTMYECKUX JIMHUNA IS

crieipkesne300eToHa; XuMHUUecKre 100aBKU 1 MOIU(MUKATOPHI OeTOHA.

Pedaxuus ncypnasa «Cmpoumeavnoie mamepuaivy> ® xceaaem xoaisexmugy uncmumyma oatvheiiueii n100omeopHoi oes-
meabHOCMU 8 00.Aacmu CO30AHUA U 6HEOPEHUS UHHOGAUUOHHBIX PA3PAOOMOK 0451 NPOMBLULICHHOCHU CINPOUMEAbHbIX Mamepua-

A068 U cmpoumeasvcmed.

NEHOIVIDKC npucTynui K CTPOUTENbCTBY
HOBOI'O 3aB0OAA

Hauanace peanu3zaiiust ouepe1HOro MaciTabHoOro MHBe-
crurmuoHHoro Impoekta KommaHum <«I[IEHOITIIBKC»
(r. HoBomockoBck Tynbckoit obnactu). B crpourenscTBo
HOBOT'O 3aBOfia M MapK 000PyI0BaHUSI IO BBIITYCKY SHEPTO-
3¢ deKTUBHOI TeMIOM30ISIIMK OyIeT BIOXEHO Ha TepBO-
HavasibHOM dTane 400 MH p. BocbMasi mpou3BoACTBEHHASI
IUIOIIAAKa CTaHET OJHWUM W3 KPYIMHEHIIUX TPeATrIpUITUR
KOMITAaHWUM C TOJOBBIM OOBEMOM TPOU3BOJACTBA [0
650 ThIC. M> TEIIOM30JISILIUN B FOJL.

B Hacrosiiee BpeMs y KOMIAHUM CeEMb ACHCTBYIOIINX
3aBOIoB B ropoaax Kupumm (JleHuHrpaackas o0iacThb),
Taranpor, HoBocubupck, Ilepmb, XabapoBck, YepeMxoBo
(Mpxkytckas obnacte) u Kamuaraii (Pecrydnvka KazaxcraH)

I'pynna JladapK mcnbiTaja HEMEHT

I'pyrma Jlacdapx (®paHims) mpoBesia MPOMBIIUIEHHBIE
ucIbITanus Aether® — KIIMHKepa HOBOTO ITOKOJICHHMSI, pa3pa-
60TaHHOTO ISl TIPOM3BOJICTBA LIEMEHTA C HU3KUM CojepXKa-
HUeM yriaepona. B paMkax ucnbITaHUN ObLIO MPOU3BEASHO
10 Toic. T kmHKepa Aether®, uTo MoATBepOMIO BO3MOX-
HOCTb MPOM3BOJICTBA B IPOMBIILIEHHOM Macilutabe ¢ Hc-
MOJIb30BaHUEM TPAIULIMOHHOTO ChIPhs. 3aIyCK MepBOi map-
TAM TMPOAYKLIMU MapKu Aether® 3araHupoBaH Ha 2014 .
Kinuakep HoBoro 1mokxosieHus pa3paboTaH HaydHO-
HCCIIeN0BaTeIbCKOM KOMaHa0M Ipynibl Jlagapxk.

LleMeHTBI, TIONYYeHHBIe Ha OCHOBE KIMHKepa Aether®,
HMMEIOT CXOKH1E CBOCTBA C OOBIYHBIM IMOPTIAHALIEMEHTOM U
MOTYT ObITb MPOM3BEIEHBI HA TPAJAUILIMOHHBIX LIEMEHTHBIX

(PO ENIBHBIE

— CCYMMApHO# IPOM3BOICTBEHHOM MOLIHOCTBIO 2,3 MJTH M3

B rof. C OTKpbITUEM HOBOTO 3aBofa B Tylbckoi 06gacTu
MPOU3BOACTBEHHBIN MOTEHIIMA KOMIIAHUW YBEJIUYUTCS 10
2,95 MJTH M° B TOLL.

HoBoe npenmnpustue pazMecTuTcsl Ha TUiomanu 7,5 ra
B IIPOMBIIIUIEHHOM 30He I. HoBomockoBcka. CTpouTe/IbHbBIC
paboThl yXXe HayaarCh, TOTOBUTCS MOHTaX 00OpYyIOBaHMSI.
ITepBble MycKOHaNan0YHbie pabOTH TPOMIYT B arpesie 3To-
ro roja. 3amyckK IMpOU3BOJICTBEHHbBIX JUHUN OyIET MPOX0-
IIUTh B JIBAa 3Talla, BCEro MIaHWPYETCs YCTAHOBUTD JIBE JIM-
HUW MOIITHOCTHIO 1,5 KT/9 1 ogHy — MotHOCThIO 500 Kr/4.

Ha noBoM 3aBome OymeT co3maHo okoio 120 pabouux
MecT 1S xkutesieii HoBoMockoBcka.

3aBoJaX MPU He3HAYMTEJbHbIX KOPPEKTUPOBKAX IMTPOU3BOI-
CTBEHHOTO TIpoliecca ¢ 1eJbl0 OOIEro CHUXEeHUs BO3eii-
CTBMSI Ha OKpYKalolilyto cpefay. HoBblit XUMUYECKUIi COCTaB
KJIMHKEpa TI03BOJISIET COKPaTUTh BhIOpock CO, Ha 25—30%
Gylarofapsi CHIDKEHUIO TOJIU M3BECTHSIKA B CHIPHEBOM CMe-
cu, 6osnee Hu3Koii temneparype (okojo 1300°C) obxura,
VIPOILEHHOMY MOMOJIy C MEHBIIUM MOTPeOJIEeHUEM DHEP-
ruy. DTOT MPOEKT MOJIYyYM MoaaepkKy EBponeiickoro co-
103a Kak vactb nporpammbl LIFE+ — ¢uHaHCcOBOro mH-
CTpYMEHTa, HalpaBJIeHHOTO Ha MOJIEPKKY IKOJIOTMIEeCKUX
MTPOEKTOB.

HAY4HO-MeXHU4eCcKUil U nPouU3e00CEeHHbLI HCYPHAA
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Hudopmanna

A NOJrOTOBKTL K NYONHKAUUA HAY4HO-TEXHHYBCKYID CTATDIO

ZKypHasbHast HayYHO-TEXHMYECKasl CTaThsl — 3TO COYMHEHUE HEOOMBILOro pasMepa (10 3-X KYpHATbHBIX
CTPAHMII), YTO CAMO MO cebe OMpeessieT rPaHUIIbl M3TOXEHMST TeMBI CTaThU.

HeoOxomuMbeIMu 351eMeHTaMy HayIHO-TEXHIIECKOM CTaThH SIBJISTIOTCS:

—  TIOCTAHOBKa IPOOIEMBI B 00IIIEM BUIC 1 €€ CBSI3b C BAXHBIMU HayYHBIMU WM TTPAaKTUYECKUMU 3a1a4aMu;

—  aHaM3 MOCNEIHUX JOCTHKEHUI 1 MyOIMKAIINiA, B KOTOPBIX HAYaTO pellieHe JaHHOM MPpo0JIeMbl U Ha
KOTOpbIE OMUPAETCS aBTOP, BbIAEJIEHME paHee HE PEICHHBIX yacTeil oOmieil mpobieMbl, KOTOPHIM
MOCBSIIEHA CTAThs;

— (opMmyaMpoBaHue 1ieNieii CTaThbi (TOCTAHOBKA 3a/1aUK);

—  W3JIOEeHNEe OCHOBHOTO MaTepyaa NCCIeNOBAHMS C TIOJTHBIM 000CHOBAHWMEM TIOTyJeHHBIX PE3YJTbTATOB;

—  BBIBOJIBI M3 IAHHOTO MCCIICIOBAHMS 1 TIEPCTIEKTHBBI JaTbHEHIIIEro Morcka B N30paHHOM HAIPaBICHUM.
HayuHble cTaTbi perieH3UpyIOTCS CIIeIMATMCTAMU. YUUTBIBAst OTKPHITOCTb XKypHasa «CTpOUTeIbHbIE MaTe-

pmaJ1b1>>® JUTS YYSHBIX M ICCIIeIoBaTe el MHOTMX JECATKOB HayuHbIX yupeskaeHuii u By3oB Poccun u CHI, pen-

CTABUTEJIM KOTOPBIX HE BCE MOTYT ObITh MPEICTABICHbI B PEAAKIIMOHHOM COBETE M3NAHMS, XeMaTe/IbHO Mpe-

CTaBJISITh OMHOBPEMEHHO CO CTaTheii OTHOIITEHHE YIEHOTO COBETA OPTaHM3AIINH, TIe IPOBEIeHa paboTa, K TIpelI-

CTaBJIIEMOMY K TTYOJIMKAIMY MaTePUAITY B BIIIE COTIPOBOIUTEHHOTO TTHChMA TN PEKOMEHIAITNN.
Bubmmorpaduyeckue CMCcKY IUTAPYEMOIi, MCIIONb30BaHHOM JTMTEPATYphl JOJKHBI MOATBEPKAATh

ClIeIOBaHKE aBTOpa TPEOOBAHUSM K COAEPXAHUIO HAYYHOM CTAThH.

HE PEKOMEHAYETCA:

1. BxuouaTh cchUIKM Ha ¢enepaibHble 3aKoHbI, nmoa3akoHHble akThl, [OCTbl, CHullel u ap.
HOPMATHBHYIO JIUTEPATYpy. YIIOMUHAHNE HOPMATHBHBIX TOKYMEHTOB, Ha KOTOPBIE OMMPAETCS aBTOD B
UCTIBITAHWSIX, PACYETaX WK apTyMEHTAIUH, JIYYIIle TeaTh HETIOCPEACTBEHHO 0 TeKCTY CTAaThH.

2. CcplnaTbes Ha yueOHBIe M y9eOHO-METOANUECKIE TOCOOHS; CTaTbi B MaTepyaiax KOH(epeHIMii 1
cOOpHHUKAxX TPYIOB, KOTOpbIM He mpucBoeH ISBN 1 KoTopble He momajaioT B Beaylide OMOIMOTEKU
CTpaHbl U He MHACKCUPYIOTCS B COOTBETCTBYIOIIMX Oa3ax.

3. CcblaTbest Ha IMCCEPTallK U aBTOpedepaThl AUCCEPTALIUIA.

4. CaMOLIMTHPOBAHUE, T. €. CChUIKU TOJIBKO Ha COOCTBEHHbIE MyOIMKAalMK aBTopa. Takasi mpakTuka He
TOJIBKO HapyIaeT 3TUYeCKe HOPMBI, HO U TIPUBOIUT K CHIDKEHUIO KOJMYECTBEHHBIX MyOJMKAIIMOHHBIX
ToKazareseii aBropa.

OBA3ATEJIBHO caenyer:

1. Ccbnatbest Ha CTaThU, ONMYOJIMKOBAaHHbBIE 3a TOCAeAHME 2—5 JIeT B BEAYIUX OTPACIeBbIX HAYYHO-
TEXHUYECKUX Y HAYYHBIX U3TAHMSX, Ha KOTOPHIE ONMUPACTCS aBTOP B MOCTPOCHUM apTyMEHTAIIMU W
MOCTAaHOBKE 3a/1a91 UCCIIeNOBAHNSI.

2. Ccpinatbcst Ha MOHOTpaduy, omybIMKOBAaHHEIE 3a TIOCHenHue 5 eT. boee maBHUE MCTOYHUKY
TaKXe HEeTaTUBHO BIMSIOT Ha [I0KA3aTe/ N IMyOMIMKALIMOHHON aKTHBHOCTH aBTOPA.

HecomHeHHO, YTO BO3MOXKHBI CChUIKM M HA KJIaCCMYECKKE pabOThl, OMHAKO HE CIeAyeT 3a0bIBaTh, YTO
Hayka BCEer[a pa3BUBAETCS MOCTYMATeNbHO BMEpel M He3HaHWE aBTOpPAaMH IOCIETHUX AOCTIKEHWil B
00J1aCTH MCCIIeIOBAHMIA MOXKET MTPUBECTHU K TyOIMPOBAHHUIO PE3YIBTATOB, OTMOKAM B TOCTAHOBKE 3a1a9n
MCCIIeNOBAHUS M MHTEPIIPETAIIMY TAHHBIX.

CraTby, HaMpaBJIsieMbIe TS OyOIMKOBAHMUS, IOJKHBI O(OPMIISITHCS B COOTBETCTBUY C TEXHUUECKHU-
MU TpeOOBaHUSIMU U3IAHUIA:

— TeKCT CTaThM JOJDKeH ObITh HaOpaH B pemakTope Microsoft Word 1 coxpaHeH B (popmare *.doc uin
* 1tf ¥ He TOJKeH cofepXaTh MILTIOCTPALIMIA;

— Tpaduyeckuit MaTepuan (rpadMKu, CXeMbI, YePTEXH, TMarpaMMBbl, JIOTOTHUIIBL 1 T. T1.) TOJDKEH OBITh
BBITIOJTHEH B rpadmdeckux penakropax: CorelDraw, Adobe Illustrator w coxpaHeH B opmarax *.cdr,
* ai, *.eps cooTBeTcTBeHHO. CKaHMPOBaHHKE TPahIeCcKOro MaTeprana 1 UMIIOPTUPOBAHME €T B IIepe-
YMCJIEHHBIE BHIIIE PEIAKTOPHI HEMOMYCTUMO;

— WUTIOCTpaTUBHBIN Matepuan (doTorpaduu, KOaaaxu U T. I.) HEOOXOAUMO COXPaHSTh B (hopMmate
* tif, *.psd, *.jpg (KauecTBo «8 — MakCUMabHOE») WU *.eps ¢ pazpemieHueM He MeHee 300 dpi, pa3-
MepoM He MeHee 115 MM o mmpuHe, nsetosas Moaenr CMYK unu Grayscale.

Marepuan, mepenaBaeMblii B PETAKIMIO B SJIEKTPOHHOM BHJIE, IOJKEH COTIPOBOXIATHCS: PEKOMEH/IA-
TeJbHBIM ITMCHMOM PYKOBOIUTEJIS IPEANPUATHS (MHCTUTYTA); TMLEH3MOHHBIM I0TOBOPOM O Tiepeiade mpaBa
Ha TyOJMKAIIMIO; PACIeYaTKoii, JITYHO MOANMCAHHOW aBTopamu; pedepatoM odbeMoM 10 500 3HaKOB Ha
PYCCKOM U QHIJIMIACKOM $I3bIKAX; MOATBEPXKIECHUEM, UTO CTaThsI MpeAIHA3HAYEHA TSI TYOJIMKALIMHI B XypHAIe
«CrpourtesibHble MaTepraib»®, paHee HULIE He MyOIMKOBANACh U B HACTOSIIEE BpeMsl He MepeiaHa B IpyrHie
U3NaHKUS; CBEICHUSIMM 00 aBTOpax ¢ YKa3aHUEM MOJHOCTbIO (haMIIMU, UMEHH, OTYECTBA, YUEHOM CTETeHH,
TIOJDKHOCTH, KOHTaKTHBIX TeJle(hOHOB, TIOYTOBOTO M 3JIEKTPOHHOTO aipecoB. MIUTIOCTpAaTMBHBIA MaTeprat
JIOJDXKEH OBITH MepeaH B BUIE OpUTMHAIOB (hoTorpaduit, HETAaTUBOB WM CNIAMIOB, pacrieyaTtku (paiiios.

B 2006 r. B xypHane «CtpoutenbHbie Matepraibi»® GbU1 omybanKoBaH psj crateil «HaunHaomemy
aBTOPY», 03HAKOMUTBCS C KOTOPBIMM MOXKHO Ha caiiTe xypHana www.rifsm.ru/files/avtoru.pdf

IloapoOHee MOXKHO 03HAKOMHUTBLCS ¢ TPEOOBAHUSAMM Ha caiiTe u3nareabcTBa http://www.rifsm.ru/page/7

Moanucano B nevatb 26.02.2013 OtnevataHo B 00O «C-lMpuHT» Ha6paHo 1 cBepcTaHo
®dopmar 60x887/5 Mocksa, JlIeHuHCckuiA Np-T, A. 95 B PU® «CTpoiimatepuansi»
Bymara «layap»

Meyatb odpceTHas B po3Huuy LieHa AorosopHas BepcTtka . Anekcees, H. MonokaHoBa

O6wwmin Tpax 5000 aks.



