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JIET B POCCHIN
JAHRE IN RUSSLAND

KHAY® B kaxpoi cTpaHe 0cobeHHbIi: 30ech TPYAsTCs PAaXAaHe CTPAHbI, 34€eCh
pobbIBOETCS MECTHOE Chipbe, 34ech paboTaloT 3aBOAbl, M MECTHbIE NOTPEbUTENM
onpefenstoT HanpasneHus Hawero passutus. KHAYD so Bcex ctpaHax ogmMHako-
BblA: €AMHbIE CTAHAAPTbI 3HAMEHUTOTO HEMELKKOTO KAYeCTBA NPOAYKLMK, efiuHble
TPebOBAHMS K MPOU3BOACTBY, OXPAHE TPYAA M SKONOTHM, CEPBUCHAS
nopaepxka. M onbIT, HOKOMMEHHbIM B KAXKAOM CTPAHE, AeNaeT KOMNAHMIO
KHAY® 6onee adpdekTBHON, O NPOAYKLMIO — MHHOBALMOHHOM!
3a 25 net pestensHoctn 8 Poccun komnanus KHAYD mueectu-
poeana 1,5 munnmnapaa eBpo, NOCTPOMNA U PEKOHCTPYM-
posana 17 3aBOfOB M HO 5TOM HE 3AKAHYMBAET,
a NpofoNXaeT cBoe pasentue!

KHAY® emecte ¢ Poccuen!
YeTBepTh BEKa B MACUTAGAX CTPAHDI!

o KNAUF

000 KHAYD TUMC» Hemeukuii ctangapt
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MPOAYKT HAYKOEMKUX TEXHOMOrnm

CYXWE CTPOUTEJIbHbIE CMECI

OT npon3BoauTens - nuaepa Cesepo-KaBKka3ckoro permoua

000 «YEPKECCKCTPOM>

Npon3BOACTBEHHbIA KOMNNEKC
«4YEPKECCKCTPOM> 3To0:

= Co6cTBEHHbIE MECTOPOXAEHUSA IMUHbI U TUNCOBOr0 KaMHA
= 3aB0J N0 NPOU3BOACTBY MMNCOBOr0 BAXYLIEro
= 3aB0J CYXUX CTPOUTENbHbIX CMecei JIMTOKC
Ha rMNCOBOM BSIXYLIEM
= 3aB0J] CYXNX CTPOUTENbHbIX cMecei JIMTOKC
Ha LLEMEHTHOM BSXYLIEM
= Kepam3uToBblif 3aB0f

oro crpoutenbcTBa
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Cyxue cTpoutenbHbie cmecu TM Jlutoke - peluenne ana npopeccuoHanbH
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LlinakneBo4HblE CMECH POBHUTENN U HaNUBHBIE NOfbI FMapou3onsuMoHHbIe MaTepuanbl FuncoBbie BAXYyLWNE [PyHTOBOYHbIE COCTaBbI

Mpenmywectea naptHepcTea ¢ 000 «HEPKECCKCTPOM>
OnbIT N BbICOKOTEXHOJIOTMYHOE FapaHTUs BbICOKO KayecTBa R R R AR AR TR RO ELOp KA NAPTHEPOE
NnpPou3BOACTBO npoayKuumn

25 nert ycnewHoro NMpoun3eoacTBO B COOTBETCTBUMU C MpoeepneHue o0y4eHus, Bbinyck 6onee 200 ThiC. T
NPOU3BOACTBA CTPOUTEJIbHbIX Tpe6oeaHnsmu FOCToE n GecnnaTtHbIX MacTep CYXUX CTPOUTEJIbHBIX CMecei
MaTepuasnioB LUIMPOKOW MeXAYHapOAHbIX CTaHAAPTOB KJIACCOB Ha TeppuTopumn exerogHo
HOMEHKNaTypbl napTHepoB

BHeapeHue COBPEMEHHbIX Hay4HbIX Cknapackue 3anacbl 6onee
Ucnonb3oBaHue COBPEeMEHHOro | paapa6oTok TexHuyeckas nogaepXxka | 7.5 Tbic. T
000pynoBaHUSA POCCUNCKUX U
3apyb6exHbix npon3eogutenel | CoGCTBEHHbIN UCNbITaTeNbHbIN LEeHTPp | UHdopmaumoHHoe OTrpy3ka kak aBTOMOOWJIbHbIM,

obGecnevyeHue TaK U XXes1e3HOA0POXHbIM

NMpumeHeHne 3 PeKTUBHbBIX KoHTponb kayecTBa OT Cbipbs TPaHCMOPTOM
XUMUYECKUX A06aBOK A0 roTOBOW NpoAyKLuumn

JINTOKC.P®
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(V3L) B BOAHBIX Cpejax B NPUCYTCTBMM Pa3nnyHbIX CTabunnuaatopos (cynepnnactudukaropa C-3, nonusuHunosoro cnupta (MBC), oneata Hatpus,
KaTnoHakTuBHOM fo6asku Polyram L 200). YcTaHOBNEHO, 4TO MaKCMManbHYHO 3(PGEKTUBHOCTL B Ka4eCTBE CTabUNN3aTOpa BOAHBIX AUCNEpCHil K
LIeMEHTHbIM KOMMO3MTaM Ha OCHOBE rannyasnToBbIX HAHOTPY6OK NposBnfeT cynepnnactudukarop C-3 BcneacTsue AencTens afcopOLUnoHHo-
COMbBATHOrO W CTPYKTYPHO-MEXaHN4ecKoro qraktopos ctabunuaauuu. rony4eHbl 3aBUCUMOCTN BIUAHUA BPEMEHMN YbTPa3BYKOBOTO AUCMEPrMPOBaHIA,
BPEMEHIN AKCMOULMM 1 KOHLEHTPaLmMI TBepAOi (hasbl Ha BENNYNHY C-NOTEHUMaNa, pasmepbl YacTull U YAenbHyo NOBEPXHOCTb BOAHBIX CYCMEeH3Wii C
pa3nn4HbIMK CTABUIN3ATOPAMM.
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Aggregative Stability of Aqueous Suspensions of Halloysite Nanotubes

The aggregative stability of suspensions of halloysite nanotubes obtained by ultrasonic dispersion (USD) in the aqueous media with various stabilizers (superplasticizer C-3, polyvinyl
alcohol (PVA), sodium oleate, cationic additive Polyram L 200) is considered. It has been established that superplasticizer C-3 is maximum efficient as a stabilizer of aqueous disper-
sions for cement composites based on halloysite nanotubes. Its stabilizing effect is mainly connected with the formation of steric hindrances to aggregation due to the adsorptive and
solvate as well as structural and mechanical factors of stabilization. The dependence of the magnitude of C-potential, particle size and specific surface area of aqueous suspensions with

different stabilizers on ultrasonic dispersion time effect, exposure time and solid phase concentration is proven.
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I'MUHUCTBII MUHEpaT Taulya3uT J0ObIBAE€TCS B MECTO-
POXACHUSAX KAOJWHUTA W MPEACTaBIsIeT COOON MHOro-
cJioliHble HAaHOTPpYOKM. OH COCTOMT W3 TUApOCUIMKATa
amoMuuud Al,Si,05(OH), nH,O 1 oTHOCUTCA K TTOAKIIac-
Cy CJIOUCTBHIX CUJIMKaTOB. [ajulyasuT KpucTasinu3yercs B
MOHOKJIMHHON CUMHTOHUU. [IJIs1 HETO XapaKTepHbl BOCKO-
BUIHBIe U (hapdopoBuaHbIe arperatbl. LIBeT Oenblit, ce-
pblIid, TosryooBaThiii. biaeck MaToBbIi. TBEpIOCTH rajaayasu-
Ta Mo MUHepajornyeckoil mkane 1—2,5. TlaoTHOCTB
2000—2600 kr/™m> [1, 2].

Kpymnabie MmecTopoxkaeHus rajaya3uta uMmeiorcs B CLIIA
u HoBoii 3enanauu, Hebonbiuue (1o 3000 1) B Typuum,
IMonbme, Mekcuke, Manaisuu, a Takke B KaszaxcraHe.
B Poccuu oH oGHapyxeH Ha Ypane, B Tynbckoid u Yens-
OuMHCKOM objactsax [3].

YacTuibl rajtya3uta MOTYT UMETh Pa3IMuHyIo (hopMy:
TpyOuaTyio, BOJIOKHUCTYIO, TIPU3MaTUUECKYIO, TIceBaocde-
pUYecKyo U chepounaabHylo, apoOBUIHYIO, MJIaCTUHYA-
TyI0, B BUJIe CBEPHYTHIX Tpybouek u np. [4]. Ho yaiie Bcero
BCTpeYaroTcsl TpyOuyaThie, IIApOBUIHBIC W IJIACTUHYATHIC.
[lIunpoko pacnipocTpaHeH cheponiaabHbIi ralIya3uT C Iu1-
amerpoM mmapukoB oT 0,05 mo 0,5 mm [5]. HaubGonbimit
MHTEepeC MpeacTaBisaeT TpyouaTass MOP(OIOTHSL.

I1o cTpyKType 1 XMUMHUYECKOMY COCTaBYy raJLTya3uT OJu-
30K K KAOJIMHUTY, OT KOTOPOT'O OTJIMYaeTcs 00Jiee BHICOKUM
coziep>KaHueM BOJbI (AJIFOMOCUJIMKATHBIC CJIOM pa3aesieHbl
MoJieKyJiamu Bojibl). TTpociioiika BOIbl B rajiiyasuTe siBjisi-
eTcs c1abO0CBSI3aHHON U 1aeT paccTosiHue 0KoJio 10A Mexmy
CJIOSIMU; TIPU AeTUApaTalliy rajulya3uta mojyvaercs ¢dop-
Ma 7A, KoTopasi oueHb 6yM3Ka K KaonuHuty [4, 6]. JioGas
(opmMma rasryasuta (rMaApaTUpOBaHHAS WIM ACTUAPATUPO-
BaHHasl) MMeeT OOJIbIIYI CKJIOHHOCTh K MHTEPKAJISLIUN
OpPraHNYeCKUX MOJICKYJI.

HAYYHO-MeXHUHecKuil U NPOU3800CMBEeHHbILL HCYPHAN

Halloysite is a clay mineral in the form of multi-layer
nanotubes. It is mined in kaolinite deposits. It consists of alu-
minium hydrosilicate Al,Si,05(OH),,nH,0 and belongs to
the subclass of layered silicates. Halloysite is crystallized in
the monoclinic crystal system. It is characterized with waxy
and porcelain-like aggregates. It can be white, gray, and blu-
ish with dull lustre. The mineralogical hardness number of
halloysite is 1—2.5. The density is 2000—2600 kg/m?[1, 2].

There are large deposits of halloysite in the USA and New
Zealand, the smaller ones (up to 3000 t) in Turkey, Poland,
Mexico, and Malaysia and also in Kazakhstan. In Russia it is
discovered in the Urals, in the Tula and Chelyabinsk re-
gions [3].

The halloysite particle can be of different shapes: tubular,
fibrous, prismatic, pseudo-spherical and spheroidal, spheri-
cal, lamellar, and in the form of folded tubes, etc. [4]. But the
most common are tubular, spherical, and lamellar ones.
Spheroidal halloysite is also widespread. The diameter of the
spheres ranges from 0.05 to 0.5 mm [5]. The tubular mor-
phology generates the greatest interest.

The structure and chemical composition of halloysite is
close to kaolinite, but its water content is higher (alumino-
silicate layers are separated by water molecules). The water
layer of halloysite is weakly bound with the length of about
10A between the layers. The halloysite dehydration results in
form 7A, which is very similar to kaolinite [4, 6]. Any form of
halloysite (hydrated or dehydrated) has a greater tendency to
intercalating organic molecules.

Folding to the tubular structure occurs due to discrepancy
between cycles of the tetrahedral SiO, layer and the contigu-
ous layer of Al,0; and octahedral structure. As a result, the
layered tubular structure is formed. On the inner surface of
nanotubes there are AI-OH groups, while Si—O—Si groups
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are on the external one. Besides,
positive and negative charges appear
on external and internal surfaces,
respectively (Fig. 1, a).

A number of scientific works
present the dependence of halloysite
shapes on the content of iron ions:
platelet shapes, as a rule, contain
high content of iron, and tubular
ones, on the contrary, are rather
poor in it [7]. At the same time,
some researchers point to the high
content of iron oxide in the compo-
sition of halloysite platy forms [8, 9].

The advantages of halloysite are

Puc. 1. MannyasntoBble HAHOTPYOKK: @ — cxema cTpoerust FTHT; b — mopdonorus THT, COM
Fig. 1. Halloysite nanotubes: a - scheme of HNT structure; b — HNT morphology, SEM

CBopauyuBaHKe B TPyOUATYIO CTPYKTYPY ITPOUCXOAUT U3-
32 HECOOTBETCTBMSI B TEPUOIAX TETPAdAPUUYECKOrO CJIOs
SiO, u cmexHoro cios Al,O3 ¢ OKTa3APUYECKON CTPYKTY-
poii. B pesynbrare oGpasyercs ciioncrasi Tpyouarasi CTpyK-
Typa. Ha BHelIHei MOBEepXHOCTH HAHOTPYOOK pacroyiara-
1o1csa Si—O—Si rpynmel, B TO BpeMsl KaK Ha BHYTPEHHE —
Al—OH rpynmnsl, npy 3TOM NOSIBJISIOTCS OTpULIATEIbHBIE U
MOJIOXKUTEbHbIE 3apsiibl Ha BHEIIHEW W BHYTpEHHeEH Mo-
BEPXHOCTHM COOTBETCTBEHHO (puc. 1, a).

B psime paboT moka3zaHa 3aBUCUMOCTH (DOPMBI TraJTyas3u-
Ta OT COMEpKaHMS MOHOB XeJjle3a: TUIaCTUHYAThIe (POPMHEI,
KakK TIPaBWJIO, COAEPXKAT JOBOJIBHO OOJIBIIOE KOJTUYECTBO
Xeesa, a TpyouaTbie, HAIPOTUB, OTHOCUTEIbHO O€IHBI I10-
careqauM [7]. B To e Bpemsi HEKOTOpbIE HCCeaoBaTeIn
YKa3bIBalOT Ha BBICOKOE CO/Iep>KaHUe OKCHJIA XKeJie3a B CO-
cTaBe Tajllya3uTa KpyITHOC/IaHIeBaTeIX popM [8, 9].

K mpeumyliecTBaM rajuryasuTOBBIX HAHOTPYOOK OTHO-
CATCS: WX TPUPOJAHOE TPOUCXOXKIEHUE, OTHOCUTEIbHAS
JIETKOCTb U JIelIeBU3HA T00BIYM, Majible pa3Mephbl YacTHI,
BBICOKME 3HAYEHUsI YIeJbHONM MOBEPXHOCTHU, CITIOCOOHOCTD
K KaTUOHHOMY OOMEHY, OMpeaesonie ObICTPYIO aacopo-
1IUI0; BBICOKAsI pereHepaloHHasi CIOCOOHOCTb U 9KOJIOTH-
yeckasi 0e30TacHOCTb.

lanmyasuToBele HAHOTPYOKM MOTYT pPaccMaTpUBAThCS
KaK HaTypajbHasl ajJbTepHATUBA YIJIEPOIHBIM HaHOTPYO-
KaM, KOTOpbIE SIBJISIOTCSI MHEPTHBIMUA TIO OTHOILIEHMIO K
LIEMEHTHOMY KaMHIO, MMEIOT BBICOKYIO CTOMMOCTb M HeE
BCeT/Ia ONPaBIbIBAIOT 3aTPAThl TIPU UCIIOJIb30BAHUU B TIPO-
MU3BOJICTBE OETOHOB U PACTBOPOB.

CTPOUTENbHBIX KOMIO3UIIMOHHBIX MaTepuajax MOXeT 3a-
KJIIOYAThCS B CIIEAYIONIEM: CHUXKEHUE TTOPUCTOCTU U TTOBbI-
BSDKYIIETO TIPU €CTECTBEHHOM TBEPACHUM; YJIyUIIIEHUE Me-
XaHUYECKMX XapaKTepHUCTUK, BKIIOYas MPOYHOCTh Ha CXa-
THE€ U U3TU0, YIapHYIO CTOMKOCTD U JIP.; CHIDKEHUE TeMIle-
paTypbl WU yMEHbIIIEHUE BpeMEeHHU MpoIapuBaHusl OETOH-
HbIX KOMITO3UTOB U U3JEJIUIA.

3aTPYIHEHO B CBSI3W C HEPABHOMEPHOCTBIO UX pacripe/iesie-

CeIMMEHTAllMOHHOM CTaOUIBbHOCTBIO.

YCTOﬁqHBOCTH CYCHCH3I/H71 TaJTya3suTOBBIX HaHOpr6OK, I10-
JIy4a€MbIX YJIbTPAa3BYKOBLIM AUCIICPIUPOBAHUEM B BOJHOU

HOEMEHTHBIX KOMITIO3UTAaX.

Mmapku NN-PTE 200. THT npeacraBiasioT co00il LIMIUH-
IpudyeckKre TPYOKW Oeoro ImBera ¢ MpUMecsIMU chepou-

(TP OVIENIBTIBIE

as follows: it is a natural material; its
mining is easy and rather cheap; it
has a small particle size, high values
of specific surface area and high ca-
pacity for cationic exchange, determining quick adsorption,
as well as high regenerative capacity, and ecological safety.

Halloysite nanotubes can be considered as a natural alter-
native to carbon ones, which are inert to cement stone, have
a high cost and not returning the expenses in the production
of concrete and mortar.

The analysis of literary sources has showed that the effi-
ciency of halloysite nanotubes in construction composite
materials may be the following: porosity reduction and den-
sity increase; hydration acceleration of the cement binder at
natural hardening; improvement of mechanical properties,
including compressive strength, expansion and bending, im-
pact resistance, etc.; reducing the steaming temperature or
steaming time of concrete composites and products.

The widespread use of nano- and microdispersed addi-
tives in building materials is difficult due to the unevenness of
their distribution in the material volume and their unstable
aggregative, and sedimentation stability.

The aim of this work is to study the aggregative stability of
suspensions of halloysite nanotubes, obtained by ultrasonic
dispersion in an aqueous surfactant medium for further use in
cement composites.

The halloysite nanotubes NN-RTE 200 were used in the
work. Halloysite nanotubes (HNT) are cylindrical tubes of
white colour with impurities of spheroidal particles, as well as
crystal fragments (Fig. 1, 2).

Ta6nuua 1
Table 1
AHanu3 IUTepaTypHBIX UCTOYHMKOB MOKa3ay, 4To (-
(beKXTHBHOCTD MPUMEHEHUS TAJUTya3uTOBBIX HAHOTPYOOK B CopepxaHue, | 3Anementaphbii | ComepxaHue,
Oxenapl mac. % cocTaB mac. %
Oxides Content, % Elementary Content, %
IIEHUE TIJIOTHOCTH; YCKOPEHME TUapaTallii IIEMEHTHOTO in mass composition in mass
SiO, 53,17 Si 24,86
Al,O, 45,4 Al 24,02
Fe,04 0,46 Fe 0,32
P,0s 04 Px 0,18
[lIupoxomaciiTabHOe MPUMEHEeHNEe HAHO- 1 MUKPOI-
CIEPCHBIX 100ABOK B COCTABE CTPOUTEIBHBIX KOMIIO3UTOB MgO 0,25 Mg 0,15
. O 1 TiO, 0,13 Ti 0,08
HUS B 0ObeMe MaTepuaia U HeIOCTaTOYHOM arperaTuBHOM 1
D A P Na,0 0,06 Na 0,05
Lenbio paboThl SIBASIETCS UCCAENOBAHME arperaTuBHOM Cl 0,04 Cl 0,04
SO, 0,02 Sx 0,01
cpelie CTaOMIM3aTOPOB IS JaJbHEMIIero MpuMeHeHUs B Ca0 0,02 Ca 0,01
K,0 0,01 K 0,01
B pabote ncnonb30Baanch raulya3uToOBbIe HAHOTPYOKU
Mpoune
o 0,04 (0] 50,27
Ignition losses
HAYYHO-MeXHU4eCKUl U npou3800CME8eHHYLIL JHCYPHAA
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JATBHBIX YaCTHI[, a TakXe O0JOMKOB

KpucrauioB (puc. 1, 2).

ITo faHHBIM MUKPO30HIOBOTO aHa-
JIU3a, XUMUYECKUI COCTaB rajulya3uTo-
BBIX HAHOTPYOOK TIpE/ICTaBJIIEH B OC-
HOBHOM oKcumaMu kpemHus (53,17%)
u amomuHus (45,4%) (taba. 1). Ha
JIOJI0  OKCHUJa KeJie3a TMPUXOIUTCS
0,46%. Taxske B COCTaB rajTya3uTOBBIX
HaHOTPYOOK BXOASIT OKCUIbI (pocopa,
MarHusi, TUTaHa, HaTpus, XJIOpa, CEPbI,
Kanbust U Kanust. OCHOBHBIE OKCHIIBI
KPEMHUSI M QJTIOMUHUS COCTaBJISIOT
98,57%, BropoctenenHbie — 1,43%.
ITnotHocts THT 2510 kr/m3, o6bem
nop 0,17—0,9 cm3/r.

Jns1 arperaTMBHOI yCTOWYMBOCTU
BOIHBIX cycrieH3uit Ha ocHoBe ' HT nc-
CIeI0BAINCH Pa3INYHbIC O MEXaHM3-
My NEWCTBUSI CTAOMIM3ATOPBI: Cymep-
mwiactudukarop C-3 (HoBoMockoBcK
Tynbckoit 0011.); TOJMBUHWIOBBIM CITUPT
[-CH,CH(OH)—],, mapku IIBC 16/1,
I copra (BopoHex); oneaT HaTpusi
NaC3H3;0, (Mocksa); KaTMOHaKTHUB-
Has no6aBka Polyram 1200 (®paHius).
JIMCIIEpCMOHHOM Cpemoil CiryxKuja Auc-
TWITMPOBAHHAsI BOJIA.

Cycnensuto 'HT nonyyanu meto-
JIOM YIBTPa3BYKOBOTO NHCIIEPTUPOBA-
HUS B aKTUBATOpE BAHHOTO TUIIA
VY3B-13/150-TH-POJITEK npu Tem-
nepatype (20+2)°C mpu yactoTe
35 xI'u B BomHOI cpese cTabuin3aTo-
pPOB B TeueHUe 8§ MUH TIPU KOHIIEHTpa-
Uy TBepmoit ¢asel 5 r/1m (Tabm. 2) u
11 MUHYT TIp¥ KOHLEHTPALUU TBEPIOK
dasbl 3 r/1 (Tab. 3). O6pasibl BOAHBIX
nucnepcuii THT uccnenoanuck ciycers 1, 3 u 20 cyt mocie
UX TTOJTyYEHUSI.

Pa3mephbl yacTull, yaeabHYI0 MOBEPXHOCTD TBEPAON (hasbl
I'HT u C-moteHIMan cycrieH3uil onpene/isuii Ha J1a3epHOM
ananmsatope Fritsch Analysette 22 NanoTec Plus (I'epmanmst).

CTpyKTypy rajutya3uTOBbIX HAHOTPYOOK M3y4air METOIOM
CKaHUPYIOLIEH 31eKTpoHHOI MuKpockonuu (COM) Ha s1ek-
TpoHHOM MUKpockore Mira 3 FesSem (Yexus) u mpocBeunBa-
foieM aekTpoHHoM Mukpockorne FEI Tecnal G2F20
S-TWIN TMP ¢ 5J1C npucraskoit EDAX (Hunepnanmer).

Kak u3BecTHO, TOBBIIIIEHWE arperaTMBHOM, a TakKXke
CBSI3aHHOM C HEM CEAMMEHTALIMOHHOM YCTOMYUMBOCTU TUC-
Mepcuii MOXET ObITb TOCTUTHYTO ACHCTBMEM TJIaBHBIM 00-
pazoM clieayimx GakTopoB YCTORUMBOCTU (B peaIbHBIX
cucteMax (haKToOpbl MOTYT JIeHICTBOBATh KOMIUIEKCHO):

— KUHeTH4YecKHue (pakTopbl (YMEHBIICHUE KOHIICHTPAIIMT
JMCTIepCHOM (ha3bl, MPUBOAAIIEE K YMEHBIIEHUIO YaCTO-
ThI CTOJIKHOBEHU I MEXIy YaCTUIIAMU, WU TIOBBILLIEHUE
BSI3BKOCTM IMCIIEPCUOHHOMN Cpenbl, CHIKAloIee KakK ya-
CTOTY, TaK U 9HEPIUIO CTOJKHOBEHUIA);

— DJIeKTpUYecKue (pakTophbl, CBI3aHHbBIE C BOBHUKHOBEHH-
€M JIBOHOTO 2JIEKTPUIECKOTO CJI0ST Ha TPaHUIIe paszesna
¢a3 B moJIsIpHOU cpee (CAUMaHUIO YaCTULL IIPETISITCTBY-
€T HaJIMuMe Yy HUX OTHOMMEHHOTO 3apsifia v {-TIoTeHIIMaia
Ha rpaHUIIe CKOJIbXKEHUs);

— aicopOIIMOHHO-COJIbBATHBIN (haKTOp, BbI3BAHHbBIN aji-
copbuueit HenoauMmepHbiX [TAB 1 conbBarauueit auc-
TIepCHOM (ha3bl MOJIEKYJIaMU TUCTICPCUOHHOM CPeIbl;

— CTPYKTYPHO-MEXaHUYECKU (paKTop, CBSI3aHHLINA C 00-
pa3oBaHUEM CTPYKTYPUPOBAHHBIX 3alUTHBIX alcopO-
LIMOHHBIX cj10eB U3 MojieKyal BMC uiau aimHHOuEeno-
yeyHbIX [TAB;

— DOHTPOMNUIHBINA HaKTOP.

SEM MAG: 150 kx
View fleic: 1.85 pm

MIRAS LMU i
SEM HV: 15.0 kW 500 nm

Puc. 2. lannyasntoBble HAHOTPYOKK nocne 8 MvH Y3/, B BOAHO cpefe: a — CKaHUPYIOLMIA 9NEeKTPOH-
HbI MuKkpockon, 150X; b — d — NpoCBeYMBaIOLLIMI 3NEKTPOHHbI MUKPOCKON

Fig. 2. Halloysite nanotubes after 8 minutes of ultrasound in the aquatic environment: a — scanning
electron microscope, 150X; b—d — transmission electron microscope

MIRA3 TESCAN|

According to microprobe analysis, elemental composition
of halloysite nanotubes is mainly represented with oxides of
silicon (53.17%) and aluminum (45.4%) (Table 1). The iron
oxide accounts for 0.46%. Besides, halloysite nanotubes in-
clude oxides of phosphorus, magnesium, titanium, sodium,
sulfur, calcium, and potassium. The basic oxides of silicon and
aluminum put together 98.57%, and minor — 1.43%. The HNT
density is 2510 kg/m?, the void volume is 0.17—0.9 cm?/g.

To study the aggregative stability of highly-dispersed
HNT-based systems in the aqueous dispersion medium,
stabilizers with different mechanisms of action were taken:
superplasticizer C-3 (Novomoskovsk); polyvinyl alcohol
[-CH,CH(OH)—], PVA 16/1, class I (Voronezh); sodium
oleate N NaC,;3H;;0, (Moscow); cationic additive
Polyram L200 (France). The dispersion medium was dis-
tilled water.

HNT suspension was obtained by ultrasonic dispersion in
the bath-type activator USD-13/150-TN-RELTEC at the
temperature of (20+2)°C, the frequency of 35 kHz in the
aqueous surfactant medium within 8 minutes with the solid
phase concentration of 5 g/l (Table 2) and within 11 minutes
with the solid phase concentration of 3 g/l (Table 3). The
samples of HNT aqueous dispersions were studied after 1, 3
and 20 days of their production.

The particle sizes, specific surface of the HNT solid phase
and C-potential of the suspensions were estimated by means
of the laser analyzer ZetaPlus with multi-angle system
90Plus/Bi-MAS and Zetatrac (Germany).

The structure of halloysite nanotubes was studied by
scanning electron microscopy (SEM) with the electron mi-
croscope FesSem Mira 3 (Czech Republic) and transmission
electron microscope FEI Tecnal G2F20 S-TWIN TMP with
EDS EDAX attachment (Netherlands).

HAY4HO-MeXHUMecKuil U NPOU3E00CMEEHHbLIl HCYPHAN IPOVIEIIBHBIE
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Tab6nuua 2
Table 2
1oyt 20 cyt
1 day 20 days
KOMMOHEHTbI CycneHanm C-nmsguman, Cpennnit paavep YaenbHas CpepHuin paamep YaenbHas
Suspension components £-potential, mV YacTnLL U X MOBEpXHOGTS, M2/ 4acTIL, 1 X MOBEpXHOCTS, M2/
) arperatos, Mk Specific surface arperaros, Mkm Specific surface
Average particle > Average particle P)
) area, m</g : area, m</g
size, ym size, um
HT 6e3 cTabunuzatopa
Stabilizer-free HNT i 0,63 9,01 - -
C-3(5r/n)
C-3(5g/l) -10,83 0,38 15,79 0,57 10,92
MBC (5r/n) )
PVA (5 g/) 4,93 0,88 9,53 100,13 2
Oneart Hatpusi (5 /1) )
Sodium oleate (5 g/1) 19,34 034 17,59 1,21 9,77
C-3 (3 r/n) n oneat Hatpus (2 r/n) )
C-3 (3 g/I) and sodium oleate (2 g/1) 11,85 0,33 17,79 0,72 9,57
MBC (3 r/n) n oneart Hatpus (2 r/n)
PVA (3 g/I) and sodium oleate (2 g/1) 10,31 0,59 10,22 93,83 42
Ta6bnuua 3
Table 3
1oyt 3cyr
1day 3 days
KOMMOHeHTbI CycneHanmn C'HOTSE”'”a”’ CpepnHnit pasmep A CpepnHnii pasvep YaenbHas
i 4acTuL, 1 X 4acTnL, 1 X
Suspension components C-potential, mV arperaTI(-)lB MKM OBEPXHOCTb, M/ arperaTﬁa mm | MOBEPXHOCTL, me/r
-~ Specific surface L Specific surface
Average particle > Average particle P)
) area, m</g . area, m</g
size, um size, um
C-3(3r/n)
c-3(3g/) -13,17 0,31 18,71 0,5 12,43
MBC (3 r/n)
PVA (3 g/1) -5,09 0,64 11,47 93,83 2,98
Oneart Hatpusi (3 1/n) )
Sodium oleate (3 g/I) 26,98 0.20 22,55 1,13 9,75
Polyram L200 (3 r/n)
Polyram L200 (3 g/1) *5,41 0,37 16,28 0,52 11,84

MeTomoM pacTpOBOM BJIEKTPOHHON MMKPOCKOIIMU
YCTaHOBJIEHO, YTO HCCJeayeMble Tajlya3uTOBble HAHO-
TPYOKM MMEIOT JUIMHY OO0 2 MKM, HapyXHbIIi TuaMeTp 10
200 HM, a BHyTpeHHMI — oT 20 1o 100 um (puc. 1). [Mocne
yibTpa3BykoBoro aucrieprupoanusi THT B BonHO# cpene
B TeueHUe 8§ MUH hopma TpyOOUeK OCTaeTCsT HEM3MEHHOM,
HO IIPOMCXOIUT YMEHbIIeHUE X IIUHBL 10 800 HM 1 00-
pa3oBaHME OCTPOYTOJbHBIX CKOJIOB C IOCTYITHON BHYTPEH-
Heil MOBEPXHOCTHIO IJIST aICOPOLIMY XUMUYECKUX BEIIECTB
(puc. 2, a). B otninumne oT paHee MCCeAyeMbIX HaHOIM-
cnepcuil (MerakaosuHa, aMOpdHOro KpeMHe3eMa U
np.) [10, 11] THT umerot pa3Hble 3apsiabl Ha BHEIIHEH U
BHYTPEHHEU TTOBEPXHOCTH, UTO YCIOXKHSET IPOIIECC pPeTy-
JIMPOBAHUSI arperaTHoM YCTOMYMBOCTU JUCIIEPCHOM CHU-
CTEMBI.

MN3BecTHO, 4TO OCHOBY cynepruiactTugukaropa C-3 co-
CTaBJISIOT TTOJIMHA(DTATUHMETUICHCYIb(OHATHI MU METU-
JieHouc (HadTanuHCyIbGhOHATHI) HATPUS Pa3TUYHON MOJIe-
KYJISIPHOM Macchl, MoJydyaeMble MOJUKOHIEHCAIINEN CyIb-
dokucaor HadTanmHa ¢ GOopMaIbIETUIOM U MOCAEAYIONIEeH
HelTpannzanueil ruapoKcuaoM HaTpus. [InuHa moaumep-
HBIX LEMOYeK MTOXOAMUT A0 25 CTPYKTYPHBIX 3BEHbLEB.
IMomuHadTaTMHMETHIIEHCYIbMOHATHI SIBJISIOTCS JTMHEWHBI-

(TP OVIENIBTIBIE

It is generally known, that the increase in aggregate, as
well as sedimentometric stability of dispersions can be
achieved mainly by the following factors of sustainability (in
real systems factors may act in a complex):

— Kkinetic factors (reduction in the concentration of the dis-
persed phase, leading to a decrease in the frequency of
collisions between particles, or the increase in the disper-
sion medium viscosity, thus decreasing both frequency
and collision energy);

— electric factors caused by the double electric layer at the
phase interface in the dipolar medium (similar charges
and C-potential at the slip inhibit the particles from ag-
glomeration);

— an adsorption and solvation factor caused by the adsorption
of non-polymeric surfactants and solvation of the dispersed
phase with the molecules of the dispersion medium;

— a structural and mechanical factor caused by the forma-
tion of the structured protective adsorption layers of mol-
ecules of the high-molecular compounds or of long-chain
surfactants;

— an entropy factor.

It has been established by the scanning electron micros-
copy that the studied halloysite nanotubes have got the length
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MM TTOJTUMEPAMU C TTOBTOPSIIONIMMUCS Yepe3 paBHBIE TTPO-
MEXYTKHU CYTb(OHATHBIMU TPYIITIAMU.

Mosnekyiabl C-3 MOTYyT afcopOMpoBaThCs Ha JIOKAJTbHbBIX
MOJIOXUTEJIbHO 3apsDKEHHBIX yJ4acTKax MOBEPXHOCTU raji-
JIya3uTOBBIX HAHOTPYOOK B mpenenax neheKToB, CKOJIOB U
kpaeB Tpyook. OnHu u3 cyiabdoHaTHbIx Tpynn C-3 coenu-
HEHBI ¢ TBepAOIi (pa30ii, a OCTaIbHbIC HAIIPABJICHBI B CTOPO-
HY XUIKOM (hasbl.

Takast ancopO11us1, ¢ OMHON CTOPOHBI, JOJKHA MPUBECTH
K YBEJIMYEHUIO OTPULIATEJIbHOTO 3HAYEHUsT C-TIOTeHIMaa,
T. €. K TTOBBIIICHUIO arperaTuBHON YCTOMYMBOCTH YaCTUIL 32
CYET UX BJIEKTPOCTATUIECKOTO OTTAJIKUBAHMS, a C JAPYrou
CTOPOHBI, 32 CYET BOZHUKHOBEHUSI MPOCTPAHCTBEHHBIX TTpe-
MSATCTBUI K arperaiiuu BCIeACTBUE NeHCTBUS alCOPOILIMOH-
HO-COJIbBATHOTO U CTPYKTYPHO-MEXaHUUeCKOro (hakTOpoB
CcTabuIM3anuu.

DTO MOATBEPXKIAETCS SKCIIEPUMEHTAIbHBIMU JaHHBIMU,
MPUBEACHHBIMU B Ta0J1. 2 1 3; C-TIOTeHLIMA 1J1sT 00pa31ioB ¢
C-3 mo abcooTHOI BeanurHe OOJbllle, YeM ISl oOpa3ia
6e3 ctabunuzaropa. OnHAKO TaK Kak JJIs1 BCEX UCCIeI0BaH-
HBIX 00pa31oB {-MOTeHILIMAl HEAOCTATOYHO BEJUK, TO dJIeK-
TPOCTaTUYECKUI (PaKTOp arperaTMBHOM YCTOMUMBOCTU HE
SIBJISIETCSI OTIPEIEIISIIOIIUM JIJISI pACCMATPUBAEMbIX CUCTEM.

Jnst TIBC (HeMOHOTeHHBIN BHICOKOMOJIEKYJISIDHBIN CTa-
ounu3arop) (akTop BJAEKTPOCTATUYECKOIO OTTAJKMBAHUS
WUTpaeT ellie MeHee 3aMETHYIO poJjib (IaHHbIe AJi oOpa3la 3 B
Tab. 2). JIns Hero arperaTMBHAs yCTOMYMBOCTh ObecrieurBa-
€Tcsl IJIaBHBIM 00pa30M 3a CUeT aIcOPOLIMOHHO-COIbBATHOTO,
CTPYKTYPHO-MEXaHWYECKOIO ¥ SHTPOIMIAHOTO (haKTOPOB.

Ha moBepxHOCTH paccMaTpuBaeMBbIX THCIIEPCHBIX (a3
nmerotcd rpynnbsl OH, mostomy nipuposa ancopOLMOHHOTO
B3aMMOJICUCTBUS MEXIY TBEPAOU MOBEPXHOCTHIO U MAaKpPO-
MOJIEKYJaMM TIOJIUBUHWJIOBOTO CIIMPTAa B 3HAYUTEIbHOM
CTEIeHU OTPEACIISICTCSI BOAOPOIHBIMU CBSI3SIMU MEXITY MO-
BepxHOCTHbIMU Tpyrnnamu —OH u rpynnamu —OH nonu-
BUHWJIOBOTO CITUPTA.

ITpu ucnosb30BaHNY MOJTMBUHUIOBOTO CITMPTa B Kaye-
CTBE CcTabuau3aTopa OOpa3ylOTCs IOBOJIbHO OOJIBIIME 10
MPOTSKEHHOCTH aJICOPOLIMOHHBIE CIOU, YTO YBEJIUUMBAET
KaxylIlMics: pa3Mep HaHoYacTull aucriepcHoit dasel. [Tpu
CTaOMIM3AlMU  TUCTIEPCHBIX CHUCTEM TMOJMBUHUIOBBIM
CMUPTOM TIPU OTIPECIEHHBIX YCIOBUSIX HEJIb3sl UCKITIOYATh
GIOKYIIALINIO YaCTULl OUCIIepCHOM (a3bl. JImHHAsS Moie-
KyJia mojiuMepa TPUCOeANHSIETCS IByMsI KOHIIaMU K JBYM
pa3IMYHbIM YacTUIIAM JIWCIePCHON (asbl, CKPeruisis Hx
MeXIy co0oii. DTO MOATBEPXKIAAETCS JAHHBIMU O pa3Mepe
YacTUIl W YHCJbHON IMOBEPXHOCTU, TPEICTABICHHBIMU B
Tab1. 2 1 3 111 06pasuoB 3 u 2 coorBeTcTBeHHO. C yBeanye-
HHUEM BPEMEHM SKCIO3ULMUMU CYCNEH3UN CPeAHUI pasmep
yacTUIl OUCIIepCHOM (pa3bl pe3ko Bodpacraer. Tak, mpu
koHueHTpauuu [HT 5 r/a pa3Mepbl 4acTUll yBEIUYMBAIOT-
cst o 0,88 mkwm uepe3 cytku u g0 100,13 mxm yepes 20 cyT,
a npu koHuneHTpauu I'HT 3 r/n — no 0,64 MKM uepe3 CyTKI
u 10 93,83 MKM depe3 3 CyT 9KCITO3UIIUN.

Onear HaTtpusi SBISIETCSI aHMOHHBIM MELIVILIIPHBIM
ITAB. Ero ancop01iyst MOXeT MPOUCXOAUTh TOJbKO I10 Kpa-
sIM TPYOOK, Ha edeKTax 1 CKojax, e UMeeTCs JIOKATbHbII
MOJIOXUTENIbHBIN 3apsia. Crabuiau3auusi TUCIIEPCHOM CH-
CTeMbl MOXET MPOU30UTU TOJBKO B TOM CJydyae, €Cjiu CO-
OnrofaloTcsl yCJIOBUS IS 00pa3oBaHUsSI TTOBEPXHOCTHOM
MuLe/Ubl — KoHueHTpanus [1AB Bbillle KpUTU4eCcKOi KOH-
LIEHTpallu¥ MUIIEJITI000pa30BaHUSI.

Ancopb6uus munieuisipabix ITAB Oynet npoxoauTs B 1B
cranuu. CHavyaja MpoUCXOJUT MOHHBII OOMEH MeXIy Mpo-
TUBOMOHaMU noBepxHocTU 1 [TAB, Bo3HMKaeT 31eKTpocTa-
TUYECKOE MPUTSKEHUE MEXIY MOBEPXHOCTbIO U MOHAMU
ITAB. B pe3ynbrate TBepaoe TeJIo ITIOKPHIBAETCSI MOHOMOJIE-
KyJsipHbIM cioeM [TAB, npuuem ruapogoOHbIe paguKaibl
ITAB O6ynyT oGpalieHbl B CTOPOHY AUCIIEPCUMOHHOM Cpefbl.
[Mpoucxonut HeWTpanuzanus 3apsiioB MOBEPXHOCTU. DTO
BO3MOXHO ITpu KoHLeHTpatusx [TAB, npubanxkeHHO cooT-

HAYYHO-MeXHUHecKuil U NPOU3800CMBEeHHbILL HCYPHAN

up to 2 um, the outer diameter up to 200 nm, and the inner
one from 20 to 100 nm (Fig. 1). After HNT ultrasonic disper-
sion in the aqueous medium the form of the tubules remains
unchanged within 8 minutes, but their length decreases up to
800 nm and the formation of acute-angled chips with the
available internal surface for chemicals adsorption lessens
(Fig. 2, a). Unlike the previously studied dispersions (metaka-
olin, amorphoussilica, etc.) [10, 11], HNT have got different
charges on the outer and inner surfaces, and this fact compli-
cates the regulation process of aggregate stability of the dis-
perse system.

Polynaphthalenesulfonates or sodium methylenbis
(naphthalenesulfonate) of different molecular weight, ob-
tained by polycondensation of naphthalene sulfonic acid with
formaldehyde and further neutralization with sodium hy-
droxide are known to be the basis of the superplasticizer C-3.
The length of polymer chains is up to 25 structural units.
Polynaphthalenesulfonates are linear polymers with sulfo-
nate groups repeating at equal spacing.

C-3 molecules can be adsorbed on the local positively
charged surfaces of halloysite nanotubes within the defects,
chips and tube edges. Some of C-3 sulfonate groups are con-
nected to the solid phase, and the others are directed toward
the liquid phase.

Such adsorption would lead to an increase in negative
values of the C-potential, that is, to a rise in the aggregative
stability of the particles, on the one hand, due to their elec-
trostatic repulsion, and, on the other hand, due to the steric
hindrances to aggregation, owing to the adsorptive and
solvate as well as structural and mechanical factors of stabi-
lization.

This is confirmed by the experimental data given in
Tables 2 and 3. The C-potential for samples with C-3 is
greater in magnitude than that of the sample without a stabi-
lizer. However, since the C-potential is not high enough for
all the samples studied, the electrostatic factor of the aggre-
gative stability is not determinative for the systems under
review.

The role of the factor of electrostatic repulsion is even less
for PVA (non-ionic high-molecular stabilizer) (Table 2,
sample 3). The aggregative stability for it is mainly due to the
adsorptive and solvate, structural and mechanical, along with
entropic factors.

On the surface of the studied dispersed phases there are
OH-groups, so the character of the adsorptive interaction
between the solid surface and the macromolecules of polyvi-
nyl alcohol are largely determined by the hydrogen bonds
between the surface OH-groups and the OH-groups of poly-
vinyl alcohol.

Using polyvinyl alcohol as a stabilizer results in the for-
mation of adsorption layers quite large in extent, thus in-
creasing the apparent size of the nanoparticles of the dis-
persed phase. Under certain conditions the flocculation of
the dispersed phase cannot be preclude when stabilizing the
dispersed systems of polyvinyl alcohol. This is because the
long polymer molecule joins to two different particles of the
dispersed phase with its two ends, bonding them together.
This is confirmed by data on the particle size and specific
surface area presented in Tables 2 and 3 for samples 3 and 2,
respectively. Prolonging the exposure time of the samples
leads to a sharp increase in the average particle size of the
dispersed phase. For instance, the particle sizes increase up to
0.88 um in a day and to 100.13 um in 20 days if the HNT
concentration is 5 g/1; and to 0.64 um in a day and 93.83 pm
in 3 days of exposure with the HNT concentration of 3 g/1.

Sodium oleate is an anionic micellar surfactant. Its ad-
sorption can only occur at the edges of the tubes, on the de-
fect places and chips having a local positive charge. The sta-
bilization of the disperse system can happen only when the
surfactant concentration is above the critical concentration
of micelle formation.
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BETCTBYIOILIMX M303JIeKTpUUeCcKoit Touke. [1pu Gojee BbIcO-
kux KoHueHtpauusix [1AB Bo3MoxHa BTopas craaus aj-
copbLMM — MULIEJLTo0Opa3oBaHKe Ha rpaHu1e pa3aena das.
O6pasyeTcsd BTOpOI ancoOpOLMOHHBIN CI0, B KOTOPOM
runpodooHbie pagukansl [TAB OymnyT HarpaBiieHbl BHYTPb
MMUIIEJUIBI, a TOJISIPHBIE TPYIITHl 00pallleHbl B CTOPOHY BO-
nHou cpenbl. B aTtom ciyuae konuentpamus [TAB momkxa
COOTBETCTBOBATh KPUTUYECKON KOHIEHTPALIMU MMIIEJIO-
oOpa3oBaHUsL.

Kak cinenyer u3 naHHbIX TadJ1. 2 1 3, 1o6aBKa ojieara Ha-
TpUSI IPUBOAAT K MaKCUMAaJIbHOMY YBEJIMYEHUIO aOCOIIOT-
HOTO 3HaueHus C-moTeHuuana (obpasubl 4 U 3 COOTBET-
CTBEHHO), OMHAKO yKa3aHHbIE 00pa3Lbl CYIIECTBEHHO YCTY-
MalT B arperaTUBHOM YCTOMYMBOCTU C TEUECHUEM BPEMEHU
cucTeMaM, B KOTOPBIX TPUMEHSLIICS B KaUeCTBEe CTaOMIM3a-
Topa C-3. BO3MOXHO, 3TO CBSI3aHO C HEYCTOMYMBOCTBIO
IMOBEPXHOCTHBIX MUIIEJUT U TEM, UTO aacopOIIus ojieaTa Ha-
TpUSI SBJISIETCS JIOKATbHOU U HE MPOUCXOIUT TTOJTHOTO TI0-
KPBITUS TTOBEPXHOCTH YaCTUIILI aICOPOESHTOM.

B kauectBe crabunuzaropa MOAUMPULIMPYIOIINX 100aBOK
K OeTOHaM Ha OCHOBE TaJTya3UTOBBIX HAHOTPYOOK TaKxKe
uccaenoBajach KaTMOHAKTUBHAsl aAre3MoHHas jao0aBka
Polyram [.200. B ee mpucyrcTBuM ObUIM MOJYYEHbBI JTaHHbIC
10 arperaTMBHON YCTOMYMBOCTM C TEUYEHUEM BpPEMEHU
(Tabm. 3, obpazelr 4), COMOCTaBUMBIE C pe3ybTaTaMu JIJIsT 00-
pasua 1 B Toii ke Tabjuiie, B KOTOPOil ucroab3oBaucs C-3.

YCTaHOBJIEHO, YTO yBeJnueHre BpeMeHr Y3/ u cHike-
HUE KOHLEHTpALUM Tajulya3uTOBBbIX HAHOTPYOOK B BOIHOM
cpene ITAB ot 5 10 3 r/n mpu OAMHAKOBOM COJEP>KaHUU
cTabuan3aTopa MPUBOIUT K M3MEHEHUIO {-TTOTeHIIMAaa Cy-
CTIEH3MH, YMEHBIIIEHUIO CPETHETO pa3Mepa YacTHUIl U YBEJH-
yeHu1o ynaeiabHoil moBepxHoctu 'HT. 3Hauenue C-moreH-
LMaja CycreH3uu Mo abCoMIOTHOM BETMYMHE YBEIUUMBAETCS
st C-3 01 10,83 mo 13,17 mB, st [IBC — 014,93 1o 5,09 MB
" s ojteata Hatpust — oT 19,34 no 26,98 mB. Cpeanuii pas-
Mep vyactull ymeHbInaeTcs mist C-3 ot 0,38 mo 0,31 MM, 115
ITBC — ot 0,88 10 0,64 MM, 17151 osteata Hatpust — ot 0,34 1o
0,2 MKM uyepe3 CyTKM IKCro3uunu. OQHOBpeMEHHO MPOUC-
XOOUT yBenandyeHue yaeapbHou nmosepxHoctd HT B cycneH-
3un ¢ C-3 or 15,79 no 18,71 m%*/r, ¢ TIBC — or 9,53 no
11,47 M2/t ¢ oneatom Hatpust — ot 17,59 1o 22,55 M%/r.

CrenyeT OTMETUTb WHTEHCHUBHOCTb TTPOMCXOMISIIE
arperauuu yactull ' HT B cycrieH3uu B riepBbIe 3 CyT 9KCIO-
3. B panbHelimem K 20 cyT padMepbl YacTUIL U UX
yaeJabHasi TOBEPXHOCTb MEHSIIOTCS HE3HAYUTEIbHO.

BoiBobI.

MaxcumanbHasi 3(GheKTUBHOCTb JOCTUTAETCS TIPU UC-
MOJTb30BAaHUM B Ka4eCTBE CTAOMIM3aTOpa BOMHBIX CYCIEH-
3Uil Ha OCHOBE Ta/Tya3uTOBBIX HAHOTPYOOK CYIEpIUIacTH-
¢uxkaropa C-3.

Crabwimsupytoiiee neiictBue C-3 BbI3BAHO TINIaBHBIM
00pa3oM BO3HMKHOBEHMEM MPOCTPAHCTBEHHBIX TPENsIT-
CTBMI K arperaiuy BCJIEACTBUE NEHCTBUST afcOpOIIMOHHO-
COJIbBATHOTO M CTPYKTYPHO-MEXaHUYECKOTO (PAaKTOPOB CTa-
OMIM3aLMU; BJEKTPOCTaTUYECKUIT (haKTOop arperaTMBHOI
YCTOMUMBOCTHU HE SIBJISIETCS] OMPEACISIOIINM.

VYMeHblIeHe KOHIEHTPALIUY Tajilya3uTOBbIX HAHOTPY-
6ok B BonHOI cpene [TAB ot 5 1o 3 /i1 npu oauMHaKoBoit
KOHIIEHTpAIlUM CTAa0WIM3aTopa TMPUBOAUT K U3MEHEHMIO
C-ToTeHIMaNa CyCrieH3un, YMEHbBIIEHUIO CPETHETO pa3Me-
pa yacTMll 1 yBeJIMYEHUIO yaebHou noBepxHoctu THT.

YuuThiBasi UHTEHCUBHOCTb MPOUCXOJSILIEN arperaiuu
yactull HT B nepBbie 3 CyT 3KCMO3UIIMHU, 11eJ1eCO00pa3HO
MPOJOJIKUTH JaIbHEAIITIME UCCIeOBAHMS IO CTA0MIN3ALINU
BOJIHBIX CYCTIEH3MIT Ha OCHOBE Ta/UTya3uTOBBIX HAHOTPYOOK.
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The adsorption of micellar surfactants consists of two
stages. First, there is an ion exchange between surface coun-
ter-ions and surfactants, and then electrostatic attraction be-
tween the surface and surfactant ions. As a result, a solid body
is covered with a monomolecular surfactant layer, and the
hydrophobic radicals of the surfactants are directed towards
the dispersion medium. The neutralization of the surface
charge takes place. This is possible when the surfactant con-
centrations approximately correspond to isoelectric point.
The second stage of adsorption, that is the micelle forming at
the interface is possible if the surfactant concentrations are
higher. The second adsorption layer is formed with the hydro-
phobic radicals of the surfactants directed inside the micelle,
and with the polar groups are directed towards the aqueous
medium. In this case, the surfactant concentration should
correspond to the critical concentration of micelle formation.

According to the Tables 2, 3 sodium oleate additives lead
to a maximum increase in the absolute value of C-potential
(samples 4 and 3, respectively), but over time these samples
have got much lower aggregative stability than the systems
with the stabilizer C-3 used. Perhaps this is due to the insta-
bility of the surface micelles, as well as the fact that the sodi-
um oleate adsorption is local, and the adsorbent particles do
not fully cover the surface.

The cationic adhesive additive Polyram L200 was also
studied as a stabilizer of modifying additives for concrete on
the basis of halloysite nanotubes. The data for aggregate stabil-
ity over time (Table 3, sample 4) were obtained with its pres-
ence and compared with the results for sample 1 with C-3.

It is found that decreasing the concentration of halloysite
nanotubes in an aqueous surfactant medium from 5 g/1to 3 g/1
with the same concentration of the stabilizer leads to the
C-potential change of the suspension, lessening the mean par-
ticle size and increasing the HNT specific surface area. The
value of T-potential of the suspension in magnitude is increas-
ing for C-3 from 10.83 to 13.17 mV, for PVA from 4.93 to
5.09 mV, and for oleate sodium from 19.34 to 26.98 mV.

The average particle size is reduced from 0.38 to 0.31 um for
C-3, from 0.88 to 0.64 um for PVA, and from 0.34 to 0.2 um for
sodium oleate after a day of exposure. There is a simultaneous
increase in the HNT specific surface in the suspension with C-3
from 15.79 to 18.71 m?/g, with PVA from 9.53 to 11.47 m%/g,
with sodium oleate from 17.59 to 22.55 m?/g.

It should be marked the intensity of the aggregating par-
ticles in the first 3 days of exposure. In the future, by the 20
day the size of the particles and their specific surface area vary
slightly.

Conclusions

The superplasticizer C-3 appeared to be maximum effi-
cient as a stabilizer of aqueous dispersions of modifying addi-
tives for cement composites based on halloysite nanotubes.

The stabilizing effect of C-3 is mainly connected with the
formation of steric hindrances to aggregation due to the ac-
tion of adsorption-solvate and structural and mechanical
factors of stabilization; the electrostatic factor of aggregation
stability is not determinative.

The reduction of the concentration of halloysite nano-
tubes in an aqueous surfactant medium from 5 g/1 to 3 g/1
with the same concentration of the stabilizer leads to the
C-potential change of the suspension, lessening of the mean
particle size and increase in HNT specific surface area.

Given the intensity of aggregating particles in the first
3 days of exposure, it is reasonable to continue further re-
search on stabilization of aqueous dispersions based on hal-
loysite nanotubes.
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BnuaHue okcupaa rpapeHa Ha NpoOYHOCTb
NMPU CXATUW LLEMEHTHOIro KamHs

[okasaHo, 4T oKcmp rpadeHa ABNSeTCA NepCrnekTUBHLIM MaTepuasiom Ans ynyvLeHns (u3nKo-MexaHU4ecKnx CBOMCTB LIEMEHTHbIX KOMMO3UTOB.
[laHHble 3apy6exKHbIX UCCIe0BaHNUI CBULETENbCTBYIOT, 4TO OKCUA rpadieHa 06ecrneynBaeT 3HaYMTENbHOE MOBbILEHUE NPOYHOCTI LLEMEHTHbIX
KOMMO3MTOB Ha CXXaTWe 1 Ha U3rmb Kak B PaHHKE, TaK N B NPOEKTHbIE CPOKK TBEPAEHNUA. B HacTosuee BPeMS NOABUNIOCH MHOMO CTaTei, MOCBALLEHHbIX
BbISICHEHWIO BEPOATHOCTHOIO MEXaHW3Ma MOBbILIEHWS MPOYHOCTY LEEMEHTHBIX KOMMNO3UTOB NPW BBEAEHMM HAHOJ06aBKM OKcuaa rpaceHa. OgHako
MEXaHN3M MOBbILLIEHNS MPOYHOCTU ELLE HE BbISCHEH, UMEHOTCA PasHble MHEHUS, NOPOIA NPOTUBOPEeYMBbIE. NPUBEAEHbI PE3YNbTaThl SKCNEPUMEHTaNbHbIX
CCNEA0BaHUI BIMAHNA OKCWUAA rpadpeHa Ha NPOYHOCTHbIE CBONCTBA LEMEHTHOIO KaMHS. Vicnosib30BaHue CKOPOCTHOr0 CMECUTENS Npu NPUroTOBIIEHUN

06pasLioB N03BONNI0 NOMYYUTb 3HAYUTENBHOE MOBbILIEHWE NPOYHOCTU. [1Ns M3yyeHus pacnpeaeneHns oKcaa rpadeHa B LEMEHTHOM KamHe
CMONb30BaH METOA CKaHMPYHOLLEA 3NEKTPOHHON MuKpockonui Ha JEOL F7500.

KntoyeBble cnosa: okcua rpacbeHa, LIEMEHT, NPO4HOCTb, CXKaTne, MUKPOCTPYKTYpa.
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Influence of Graphene Oxide on Compressive Strength of Cement Paste

It is shown that graphene oxide is perspective material for improvement of physical and mechanical properties of cement composites. Data of foreign researches demonstrate that gra-
phene oxide provides substantial increase of durability of cement composites on compression and on a bend both in early and in design terms of curing. At present many articles have
appeared devoted to clarification of probabilistic mechanism of durability increase of cement composites at nanoadditive introduction of graphene oxide. However the mechanism of
increase in durability isn’t found out yet, there are different opinions, sometimes contradictory. Results of pilot studies of graphene oxide influence on strength properties of cement
stone are given. Use of high-speed mixer at preparation of samples allowed to receive substantial increase of durability. For graphene oxide distribution studying in a cement stone the

method of scanning electronic microscopy on JEOL F7500 is used.

Keywords: graphene oxide, cement paste, compressive strength, microstructure.

For citation: Fedorova G.D., Alexandrov G.N., Scryabin A.P., Baishev K.F. Influence of graphene oxide on compressive strength of cement paste. Hassanue. Stroite/’nye Materialy

[Construction materials]. 2018. No. 1-2, pp. 11-17. (In Russian).

Pa3zpaboTka MHHOBALIMOHHBIX CTPOUTEILHBIX MaTepHa-
JIOB M TEXHOJIOTUII B TIEPCIIEKTUBE CBSI3aHa C MCIIOIb30Ba-
HUEM HAHOTEXHOJIOTMH B CTPOUTEJLCTBE. YCMEIIHOCTh
MPOBEIECHUSI MCCJIENOBAaHUI B JTaHHOW 00JIaCTH TMpexnie
BCEro 3aBUCUT OT MOJATOTOBKU KaJIpOB HOBOTO MOKOJEHUSI,
KOTOPBIE OCBOSIT MPUHIIUITBI 1 METOIVMKU PAOOTHI HA COBPE-
MEHHOM BBICOKOTOYHOM 00OPYIOBAHUH.

ITepcreKTUBHOCTD TIPUMEHEHUST TMEPBUYHBIX YIIepO.I-
HbIX HAHOYACTHUIL B TPOM3BOACTBE LIEMEHTHBIX OETOHOB Ce-
TOMIHSI YK€ He BbI3bIBAET COMHEHUN. OMHUM U3 TaKUX MaTe-
puasios siBisieTcs okeun rpadena (OT), koTopelit Garoaapst
CBOMM YHUKAJbHBIM MEXaHUUYECKUM M XMMUYECKUM CBOW-
CTBaM CIIOCOOCTBYET 3HAUNTETLHOMY TOBBIIIIEHUIO TTPOYHO-
CTU LIEMEHTHOTO KaMHS$I, MOXET MpUIaTh COBEPIIIEHHO HO-
Bble cBoiicTBa OeToHy. Kak u Bce HOBoe, 3(h(eKTUBHOCTh
BAUsIHUS HaHoiucToB Ol ceromHsi oOcyxKnaeTcs, UMEITCS
MMPOTUBOPEUMBLIE HTaHHbIE, OOBSICHSIONIME TOBbIIICHUE
IMPOYHOCTHBIX CBOMCTB LIEMEHTHOTO KaMHs, pacTBopa 1 Oe-
ToHa. B pabore [1] mpencraBieH aHAIUTUYECKUI 0030p HUC-
clefoBaHMI B JaHHOI oOiacTu. B mpencraBieHHOI CTaThe
coOpaHbl JaHHbIE O TOBBIIEHWM MPOYHOCTU IEMEHTHbBIX
KOMITO3UTOB, U3 KOTOPBIX BUIHO, UTO BBEJICHUE HAHOMI00aB-
k1 OT crioco6cTBYeT 3HAYNUTEIBHOMY MOBBIIIIEHUIO MEXaHU-
YeCKOW TIPOYHOCTM IIEMEHTHBIX KOMMO3UTOB. [Ipum sTtom
OOJIBIIMHCTBO PabOT TOCBSIIEHO MCCIENOBAHUIO BIMSHUS
OI Ha NPOYHOCTHBIE CBOMCTBA LIEMEHTHOTO KAMHSI U paCTBO-
pa. Hanmpumep, aBTopbl paboThI [2] MccaenoBaan U3MEHEeHUE
MPOYHOCTHBIX CBOWCTB LieMeHTHoro KamHsi (B/L1=0,29) u
nemeHTHoro pactBopa (LI:I1=1:3, B/L1=0,37) ¢ nobaBkoit

(TP OVIENIBTIBIE

Development of new innovative construction technolo-
gies is in the long term connected with use of nanotechnolo-
gies in construction. The success of carrying out researches in
this field, first of all, depends on training of new generation
which will master work techniques in modern high-precision
equipment which will help to reveal a Nanoworld secret.

The field of future application of primary carbon
nanoparticles in production of cement concrete doesn’t raise
today doubts any more. One of such perspective materials is
graphene oxide (GO) which due to its unique mechanical
and chemical properties promotes substantial increase of
durability of cement stone, can give absolutely new proper-
ties to concrete. As well as all new, the efficiency of influence
of GO nanosheets is discussed today, there are contradictory
data explaining increase in strength properties of cement
paste, mortar and concrete. In work [1] the state-of-the-art
review of researches in the field is submitted. Data of in-
creasing durability of cement composites are given in this
article. It is visible that introduction of GO nanoadditive
promotes substantial increase of mechanical durability of
cement composites. At the same time the majority of works
is devoted to research of GO influence on strength properties
of cement paste and mortar. For example, authors of work [2]
investigated change of strength properties of cement paste
(W/C=0.29) and cement mortar (C:S=1:3, W/C =0.37)
with additive of polycarboxylate superplasticizer depending
on GO expense in number from 0.01 to 0.05% of cement
mass. They have come to conclusion that introduction of
GO in number of 0.05% is the most effective. Data on in-

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA

WIEEVIAYIDTE aneapy/espars 2018

11



K npoBeaennio X MexayHapoaHoH koH(epenunu «HaAHOTEXHOJIOTHH B CTPOHTEIBCTBE >,

13—17 anpensa, Xypraga, Eruner

120

106,4
100 |-

70,5

MoBbIWeHne NpoyHoCcTH, %
Increading of the strength, %

creasing of cement composites strength
from 0.05% of GO in comparison of struc-
tures without GO are shown in fig. 1.
Apparently from fig. 1, in the whole GO
provides increasing strength properties of
cement composites in all stages of curing.
However, increase in durability in early
stages of curing is much higher that, proba-
bly, indicates that GO promotes accelera-
tion of hydration of Portland cement.
Substantial increase of flexural strength (is
almost twice higher, than at compression)
demonstrates what due to two-dimensional
size and uneven surface of a film GO acts as
microfittings in a cement matrix. According
to authors of work [2], GO not only partici-
pates in reaction with cement and hydration
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In compressive
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LleMeHTHbIN KaMeHb
Cement paste

Puc. 1. lNoBblLEHNE NPOYHOCTU LEMEHTHbLIX KOMNO3WTOB Npw BBeaeHun 0,05% O [2]
Fig. 1. Increasing the strength of cement composites with the introduction of 0.05% GO [2]

MOJUKApOOKCUIATHOTO CymnepIuiacTuguKaTopa B 3aBUCUMO-
ctu ot pacxona OI' B kommuectse ot 0,01 10 0,05% ot Macchl
1eMeHTa. OHM NIPUIIUIMA K BBIBOAY, UYTO HanboJee 3 eKTrB-
Ho BBegeHue OI' B koimuectBe 0,05%. JlaHHBIE O MOBBIIIIE-
HUM TPOYHOCTH ILIEMEHTHBIX KoMIto3utoB ¢ 0,05% OT 1o
cpaBHeHUIO ¢ coctaBamu 0e3 OI rmokaszaHbl Ha puc. 1.

Kak BunHo u3 puc. 1, B uenom OI obecrieunBaeT MMoBbl-
IIEHWE MPOYHOCTHBIX CBOMCTB LIEMEHTHBIX KOMITO3UTOB BO
Bce ctaauu TBepaeHuss. OQHaKO MOBBIIICHUE TIPOYHOCTH B
PaHHMX CTaaUsSIX TBEPIEHUs TOpa3no Bblllle. DTO, BUAMMO,
yKkaseiBaeT, 4To OI' crrocoOCcTByeT yCKOPEHHMIO TUApaTaALIN
MOpTIaHAIIEMEeHTA.

3HayuTeJbHOE IIOBBIIIEHHWE IPOYHOCTU IIPU U3TUOE
(TouTH B IBa pa3a BbILIE, YeM MPU CXKATUM) CBUIETEIbCTBYET,
yTO Ojarogapsi IByMEpHOMY pa3Mepy U HEpOBHOI MOBepX-
Hoctu TieHKM OT BbICTynaroT Kak MUKpoapMarypa B Iie-
MeHTHOI MaTpulie. [1o MHeHMIO aBTOPOB padoTH! [2], OI He
TOJIKO YJaCTBYET B PeaKIIMy ¢ IIEMEHTOM W HOBOOOpa3oBa-
HUSIMU LIEMEHTHOTO KaMHSI, HO M CITOCOOCTBYET (hOPMUPOBaA-
HMIO TIOPOBOM CTPYKTYPbI, YBEIUUMBas OObEM MUKPOIIOP.

Haibin Yang u 1ip. vicciieoBajiv IEMEHTHOE TECTO C TeKY-
yecTbto 183 MM (pacruibiB KoHyca) npu B/11=0,4, nocturny-
TOM C TTOMOIIIBIO cynepriacTudukaropa B Koauuectse 0,04%
u tnieHoracutenst B KonuuectBe 0,12% [3]. HosupoBky OI
BapbpupoBanu B kommuectse 0,1; 0,15 u 0,2% ot macchl 1ie-
MeHTa. sl moaaepxaHusl paBHON TEKy4ecTH 1IEeMEHTHOTO
Tecta pu onuHakoBoM B/L1=0,4 B cocTaBax MEHSIIU pacxon
cynepractugukaropa. Hanbosbllee MOBBIIIEHNE TTPOYHO-
CTH TIpY CXaTtuu Habmoaanock npu BBeneHuu Ol B Konmmye-
ctBe 0,2%. ToBbIlIEHNE TPOYHOCTH TIPU CXKATHH COCTaBa C
OI 1o cpaBHeHMIO ¢ O6e3100aBOYHBIM B Bo3pacte 1, 3, 7, 14,
28 cyt cocraBuio 11,9; 42.3; 35,7; 21,3 u 11,2% cootseT-
ctBeHHO. ClielyeT OTMETUTh, YTO, KaK U B pabote [2], Hau-
OoJibliIee MOBBIIICHNE MPOYHOCTH OTMEUYEHO Ha 3-U U 7-€ CyT
tBepaeHus. C Ipyroii CTOPOHBI, UCTIOIb30BaHNE HECKOJTBKUX
BUIOB H00aBOK, TeM 0o0Jjiee pa3IMIHOE KOJIMYECTBO CyIEp-
iactTudukaTopa 3aTpyaHsIoOT olieHKY poau OI' B MOBBIIIIe-
HMM MPOYHOCTU LIEMEHTHOro KamHs. TeM He MeHee, IO
MHEHUIO uccienopareieit, O He BIMSIET HA CTPYKTYpPY TU-
POCWIMKATOB KaJIblIsl M TIOBBIIICHUE MEXaHUUYEeCKUX
CBOWCTB LIEMEHTHOTO KaMHSI B OCHOBHOM TIPOMCXOIUT Oja-
rofapsl TIOBBIIIIEHUIO CTETIEHU TUApATAllUM U XUMUYECKUM
peakumsim Mexay OT 1IeMeHTOM 1 MPOAYKTaMU TUIpaTalyy.
MHoro mHeHus1 ipuaepskuBaioTcs Shenghua Lv u ap., KoTo-
pble U3YYaloT BEPOSTHOCTHBIN MEXaHU3M MOBBIILIEHUS] TPOY-
Hoctu [4]. OHU nipenioXuau Moneiab 3hdeKkTa, B KOTOPOM

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

LlemeHTHbIN pacTBOp
Cement mortar

products, but also promotes in formation of
pore structure, increasing the volume of
micropores.

Haibin Yang et al. investigated cement
paste with a fluidity of 183 mm (cone flow)
at W/C=0.4 reached by means of superplas-
ticizer in number of 0.04% and defoaming
agent in number of 0.12% [3]. The dosage of
GO was varied in number of 0.1, 0.15 and 0.2% of cement
mass. For maintenance of equal fluidity of cement paste at
identical W/C=0.4 a superplasticizer consumption changed
in structures. The biggest increase of compressive strength
was observed at introduction of GO in number of 0.2%.
Increase of compressive strength of structure with GO in
comparison without GO at the age of 1, 3, 7, 14, 28 days was
made by 11.9, 42.3, 35.7, 21.3 and 11.2% respectively. It
should be noted that, as well as in work [2], the greatest in-
crease of strength is noted for the 3 and 7 days of curing. On
the other hand, use of several types of additives, especially
various amount of superplasticizer complicates to estimate
GO role in increase of durability of cement paste.
Nevertheless, according to researchers GO doesn’t influence
on structure of hydrosilicates of calcium and increase in me-
chanical properties of cement stone generally happens due to
increase in extent of hydration and chemical reactions be-
tween GO cement and products of hydration. Shenghua Lv et
al. think differently, they study probabilistic mechanism of
strength increase [4]. They have offered effect model in
which graphene oxide is considered as a substrate and the
catalyst of flower-like crystals formation of the calcium hy-
drosilicates consisting of a core — and needle-like or many-
sided crystals. They consider that process of hydration and
formation of crystals is caused by oxygen-containing groups
(—COOH, —OH, —S0;) on the surface of graphene oxide as
these active groups easily react with active groups of products
of cement hydration. Also they believe that GO preferably
adsorbs C;S, C,S, C;A and C,AF due to its active functional
groups and it leads to formation of crystallization centers and
their growth. Lin et al. take the similar point of view in
work [6]. Besides from the above said, they have also shown
that GO can adsorb water, stimulating chemical reaction at
average stage of hydration process (fig. 2). Thus, the hypoth-
esis is made, GO adsorbs minerals of the Portland cement
and water and also is chemical reagent, due to presence of
oxygen containing groups (mainly —OH and —COON), and
reacts with hydration products, namely with C—S—H and
Ca(OH)..

Somewhat different approach in this problem is shown by
authors of [7, 8]. According to them, GO nanosheets are ad-
sorbed on the surface of cement as well as water reducing
additives. Owing to Van der Waals bonds layers of GO cause
negative impact on cement fluidity, but not due to reduction
of free water owing to water adsorption by graphene oxide.
Besides they have established that H* ions in carboxyl group
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oKcuJ rpacheHa paccMaTpuBaeTCsl Kak IMOIIOXKKa M KaTalv-
3aTOp 00pa30BaHUsI LIBETKOMOAOOHBIX KPHUCTAUIOB TUAPOCH -
JIMKATOB KaJIblLIMsI, COCTOSIIIIMX U3 CTepKHe- U UIJIONOoa00-
HBIX WJIM MHOTOTPaHHBIX KpUCTAIoB. OHU CYUTAIOT, YTO
Mpoliecc ruaparaluy U o0pa3oBaHUsl KPUCTALIOB 00YCI0B-
JuBaeTcs kucioponaconepxammumu rpynmnamu (—COOH,
—OH, —S0O3’) Ha noBepxHOCTU OKCHUA rpadeHa, MOCKOJIbKY
9TU aKTUBHBIE IPYIIIIHI JIETKO BCTYMAIOT B PEaKIIMIO C aKTHB-
HBIMU TPYMMaMM MPOAYKTOB T'MApaTalluu lieMeHTa. Takxke
OHM noJiaraiot, yto OI" mpennoytutesbHo agcopobupyet CsS,
C,S, C3A u C,AF Gnarogaps ero akTMBHBIM (DyHKIIMOHATb-
HBIM TPYIIIaM M 3TO MPUBOIUT K OOPa30BaHMIO IIEHTPOB
KPUCTATU3alMU U UX POCTy. [ToX0XyI0 TOUKY 3peHHUsI MpH-
JIEP>KUBAIOTCS aBTOPBI paboThI [6]. TTOMMMO BBIILIEU3IOKEH-
HOTO OHM TakxXe Tokazanu, yto O’ MoxeT ancopbupoBaTh
BOJIY, CTUMYJIMPYSI XMUMMUECKYIO PeaKIIMI0 Ha CPeTHEM 3Tarie
npouecca ruapataiuu (puc. 2). Takum oO6pa3oM, BbIIBUHYTA
runote3a: OI' agcopOupyeT MUHEpaIbl MMOPTIAHIIEMEHTA 1
BOJLy, a TAKKe SIBJISIETCSI XUMMUYECKUM peareHTOM OJiaromapst
HaJIMYMIO Y HEro KUCJIOPOACOAEPXKAIIMX TPYMIl (IJIaBHBIM
oopazom —OH u —COOH) u BcTymaeT B peakiuio ¢ IPOayK-
Tamu ruaparainuu, a uMeHHo ¢ C—S—H u Ca(OH),.

Heckosbko MHO# moaxoa K JaHHOU mpobJjieMe JIeMOH-
CTPUPYIOT aBTOPbI paboT [7, 8]. T1o ux MHEHUIO, HAHOJUCTHI
OI ancopOupyroTCs Ha ITIOBEPXHOCTHY LIEMEHTA, TaK XKe KaK 1
BoJopeayLuupyoiie nooaBku. BeaeactBue cun Ban-gep-
Baanbca ciou OI' mpoBOLMPYIOT HEraTUBHOE BAMSIHUE HA
TEKY4YeCThb LIEMEHTa, a He 3a CUET YMEHbILICHUsI CBOOOIHOM
BOJIBI BCJICACTBUE aACcOpPOLIMM BOALI OKCHUIOM rpadeHa.
Kpome Toro, oHM ycTaHOBWIM, uTo MOHBI H™ B Kap6ok-
CUJILHOM TpyrIe ObLTM 3aMellleHbl KaTUOHAMU MeTajula C
ob6pazoBanueM —COO-rpynn (puc. 3).

Takum o6pazoM, 0030p BBIITOJIHEHHBIX MCCIEIOBAHUI
10 M3YyYEHUIO0 peaklMy OKcuaa rpacdeHa C TpOayKTaMu
ruipaTalliy [IEeMEHTa MOKa3bIBaeT, UTO YCKOPEHWe ThapaTa-
MM TIPOMCXOIUT TJIAaBHBIM 00pa3oM OJyiaromapsi KUCIOPO-
conepxxamM (HYHKIIMOHATBHBIM TpyIIiaM Ha OKCHIE Tpa-
(beHa, KoTopbie BCTYNaIOT B peakiiMio ¢ MPOAYKTaMU THIpa-
tauuu, B yactHoctu ¢ C—S—H u Ca(OH),. OnHako MHeHus
VYEHBIX O MEXaHW3Me TOBBILICHUS MPOY-
HOCTU MpOTUBOpeurBbl. HecMmoTpst Ha 310,
MPaKTUIECKH BO BCeX pabOTax OTMEUEHO,
yTo 1pu BBeneHUM O B IEeMEHTHYIO CUCTe-
My GOpMUPYETCSl METKOKpUCTaLIMUecKast
CTPYKTYpa, 3HAYUTEJbHO MOBBIIIAETCS
00bEM TeJIEBBIX TIOP B KOMITO3UTE.

YyuteiBag 3HauuTeabHYI0 ponb O B
TTOBBIIIIEHUN TIPOYHOCTHBIX CBOWCTB IIe-
MEHTHBIX KOMITO3UTHBIX MAaTepuajoB, a
TaKKe JIs1 YIydIlIeHUs] UX 2JIEKTPOTeXHUYe-
ckux cBoiicTB B CBDY HavyaThl MOMCKOBbIE
uccieoBaresibckue padotel. B HacTosiieit
pabote C¢ LeNblo YaydllleHUs pacrpeese-
HMs HaHoIIeHOK OI' B IIeMEHTHOM TecTe
HECKOJIbKO M3MEHEHA METONKA eTO MPUTo-
toBieHus. s uzydyenus sausHust Ol Ha
IIPOYHOCTb NIPU CXKaTUX LIEMEHTHOTO KaMHSI
OB MPUHST COCTAaB C MOCTOSIHHBIM BOJIO-
IIEMEHTHBIM OTHOIIEHWEM, paBHBIM 0,5.
Hcrnonb3oBaH MeCTHBIN TMOPTJIaHILEMEHT
mapku [1LI 500 J0 H memeHntHOro 3aBoma
OAO I10 «kyTLeMeHT», XapaKTepUCTUKU
KOTOPOTO TMpuBeIeHbl B Tabm. 1-3.
WcnpiTaHre 1LIieMEHTa BBIMOJIHEHO B COOT-
BerctBuu ¢ OCT 310.

B nensx ouenku BiustHus Ol Ha ripoy-
HOCTb IIEMEHTHOTO TeCTa IIaCTUDUIIUPY- @
omue a100aBKU He mpuMeHsiid. HaHo-
no6aBky Ol BBOIWIM B LIEMEHTHOE TECTO B
BHJIC CYCIIEH3UU C KOHIIeHTpanuei 3,86 u
4,33 mr/mia. B akcniepuMeHTax MCIOIb30-

(TP OVIENIBTIBIE

have been replaced with metal cations with formation —
COO-group (fig. 3).

Thus, the review of carried out researches on graphene
oxide reaction studying with products of cement hydration
shows that acceleration of hydration happens mainly due to
oxygen-containing functional groups on graphene oxide
which react with hydration products, in particular with
C—S—H and Ca(OH),. However opinions of scientists on
mechanism of increase in durability are contradictory.
Despite it, practically in all works it is noted that at introduc-
tion of GO to cement system the fine-crystalline structure is
formed, the volume of gel pores in a composite considerably
increases.

Considering a significant role of GO in increase of ce-
ment strength properties of composite materials and also for
improvement of its electric properties in NEFU research
works are begun. In given work with the purpose of improve-
ment of GO nanofilms distribution in cement paste the tech-
nique of its preparation is a little bit changed. For studying of
GO influence on strength properties of cement stone the
structure with constant water cement relation equal to 0.5 has
been accepted. The local Portland cement of PC 500 DO H
brand of cement plant JSC PO “Yakuttsement” which char-
acteristics are provided in tables 1—3 is used. Test of cement
is carried out in compliance of GOST 310.

For assessment of GO influence on strength properties of
cement paste the plasticizing additives weren’t applied. GO
nanoadditive was mixed into cement paste in the form of
suspension with concentration of 3.86 and 4.33 mg/ml. In
experiments the graphene oxide suspension made by
“Graphene Technologies” laboratory of NEFU is used. The
technological scheme of GO suspension synthesis is provided
in work [8]. The average lateral size of GO nanosheets varies
from 0.7 to 1.3 microns, their thickness — from 1.5 to
10 nanometers.

The choice of GO consumption of additive has been
made taking into account earlier performed works and has
been accepted equal 0.03, 0.05, 0.1% of cement mass.
Having analysed production methods of mixes and test of

Puc. 2. CxemaTtuyeckas anarpaMmma peakumm okcmaa rpadeHa ¢ LemMeHTom [6]
Fig. 2. Schematic diagram of the reaction of graphene oxide with cement [6]

MpoAyKTHl ruapaTaumm
# Co0-Ca-00C Hydration production

LleMeHTHble YacTuLbl
Cement particle

Puc. 3. Mogenb pearnpoBaHust okcnga rpadeHa B LLEMEHTHOM TecTe [5]
Fig. 3. Model reaction of graphene oxide in cement paste [5]
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Ta6nuua 1
Table 1
HIUT, % Cpoku cxBaTbiBaHUs, Yac-MuH | MpoyHocTb npu cxaTtuun, MMa | MpoyHocTb npu n3rnée, MlMa
YpenbHas Water Setting time, hour-min Compressive strength, MPa Flexural strength, MPa
NoBepXHOCTb, cM?/r | requirement of
Specific surface normal Hauano OkoHuaHue focne 28 cyTt fMocne 28 cyT
area, cm?/g consistency, Initial Final MPOMAPNBANNA | o8 days | NPOMAPVIBARAT | 58 gays
% After steaming After steaming
3880 27,5 2-30 3-25 23,7 49,8 4.5 6
TaGnuua 2
Table 2
CunukaTHsbIii MMHO3EeMHbIN KoadpdpuuneHt
Minerals CsS C,S CsA C,AF MoZaynb mMoaysb HacbILWEeHNs
Silica modulus Alumina modulus Saturation coefficient
CopepxaHue, mac. %
Content (wt %) 58,7 16,38 6,44 14,35 2,08 1,15 0,91
Ta6nuua 3
Table 3
. CaOgpo5 nnn
Okenabl Sio, Al,O4 Fe,04 CaOo MgO SO4 R,0 CaOnes | Loss on Ignition
ConepxaHue, mac. % _
Content (wt %) 21,16 5,45 4,72 64,85 2,71 0,75 0,15 0,11
Ta6nuua 4
Table 4
Jo3unposka OI, B % oT [MNOTHOCTb LLEMEHTHOIO Mpo4yHOCTb Npu cxatun, MIMa/% OT KOHTPONBHOIro CocTaBa
B/ Macchbl LLeMmeHTa KamHsi, r/cm® Compressive strength, MPa/% of control composition
Content of GO, % by Density of cement paste,
weight of cement g/cm? 7 cyT (days) 14 cyT (days) 28 cyT (days)
0 1828 25,7/100 27,6/100 36,5/100
05 0,03 1883 32,0/124 33,7/122 37,2/102
’ 0,05 1920 32,5/127 42,2/153 54,8/150
0,1 1905 27,1/105 30/109 47,2/129

BaHa CyCIIeH3Us oKcuaa rpadeHa, u3roToBjieHHas jJabopa-
topueit «I'padeHoBbie TexHOJOTUM» CBDY. TexHosoru-
yeckas cxema cuHre3a cycneHsuu Ol mpuBeneHa B pabo-
Te [8]. CpeaHeB3BellleHHbIN JaTepalibHbIll pa3Mep HaHO-
smctoB OT Bapwupyercs ot 0,7 no 1,3 MKM, UX TOJIIIMHA —
ot 1,5 mo 10 aMm.

Br16op pacxoma mo6aBku OI' ObLT Mpou3BeaeH ¢ yIeTOM
paHee BBINOJHEHHBIX padoT U MpuHAT paBHBIM 0,03; 0,05;
0,1% ot macchl ieMeHTa. [1poaHaM3UPOBaB METOMBI U3r0-
TOBJIEHUSI CMECEii U UCTIbITaHUS 0OPa31I0B ¢ HAHOA00ABKAMU
OTI no ony6JMKOBaHHBIM pabotaM [9], MpUIIUIM K BBIBOJY,
YTO IS JIy4IIero pacrpenesieHruss HaHoauctoB O Heobxo-
JIMMO WCITOJIb30BaTh BBICOKOCKOPOCTHOE TIepeMellIMBaHKe.
M3roToBaeHue IEMEHTHOTO TECTa OCYIIECTBISUIM B TPEXJIO-
mactHoM cmecurene WiseStir HS-50 (3000 o6/muH).
[TponosxuTebHOCTD 3aTBOPeHUs TecTa B TeueHue 30 c, me-
pemMeirBanus — 180 c. YruioTHeHMe Ha BUOpocToJIe.

JIns ompeneieHus Tipeiesia IPOYHOCTH TIPU CKATUW 13-
TOTaBJIMBAIM OOpa3lbI-KyObl pa3MepaMm 2x2X2 cM M3 Ie-
MeHTHoro Tecta. Ilocie m3rotopaeHus1 o0pas3ubl B (hopmax
XpaHWIM B BaHHE C TUAPABIMYECKUM 3aTBOPOM B TeUeHUeE
24 4. [1o ucteyeHUM BpeMEHH XpaHEHUST 00pa3Iibl OCTOPOKHO
0CBOOOXKIATN OT (POPMBI U YKITAIBIBATIM B BAHHY C TTUTHEBOI
BOIIOI TaK, YTOOBI OHM HE COIPUKACAINCh MEXIY COOOIN.
XpaHeHue 00pa3ioB OCYILIECTBIISIOCH IIPU TEMIIEPaType BO3-
nyxa (20£2)°C. O6pa3siibl, BBIHYThIC U3 BOJIbI, UCIILITHIBAIA B
teueHure 30 MuH. [Tepea ucnbitTaHueM 00pasiibl BHITUPAIHU.

Wcnbitanue mpousBomwiock Ha creHme A TC-06-100.
CpeaHsist CKOpOCTh HapacTaHMWSI Harpy3KH MPU UCITbITAHUKA

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

samples with GO nanoadditives on published works [9] we
have come to conclusion that for the best distribution of GO
nanosheets it is necessary to use high-speed hashing.
Production of cement paste was carried out in three-blade
WiseStir HS-50 mixer (3000 r/min). Paste gauging duration
during 30 sec., mixing — 180 sec. Consolidation on a shak-
ing table.

For determination of compressive strength samples —
cubes with sizes of 2x2x2 cm were made. After production
samples in forms has been stored in a bathtub with a hydraulic
lock within 24 hours. After storage time samples carefully
strip a form and stacked in a bathtub with drinking water so
they couldn’t be in contact with each other. Storage of sam-
ples was carried out at air temperature (20%+2)°C. Samples
taken from water were tested within 30 min. Before test
samples have wiped.

Test of samples was made at DTS-06-100 test bench.
Average speed of loading increase at test for compression has
been accepted (240.5) MPa/sec. Samples were tested for a
compression at the age of 7, 14 and 28 days. Six samples for
test for compression are in a series.

Structural researches were conducted by method of scan-
ning electronic microscopy. Samples prior to microscopic
researches were stored in plastic bags at temperature of
20+5°C.

The results of the cement paste strength are shown in
table 4. Apparently from this table the greatest increase in
durability of cement paste is observed at GO nanoadditive
consumption in number of 0.05% of cement mass. At the

(PO ENIBTIDIE
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Ha cxkarue obuta ipuHsTa (2+0,5) MITa/c. 60
OOpa3slibl UCOBITHIBAIN HA CXaThe B BO3-
pacte 7, 14 u 28 cyr. B cepuio BXxoaut
1IeCTh 0Opa3IIoB.

CTpyKTYpHBIE HMCCIEIOBAHUSI TPOBO-
IUJIACh METOIOM CKaHUPYIOIIEH 3JIeK-
TPOHHOU MUKpocKomnuu. OOpa3Lbl 10 MU-
KPOCKOTIMYECKUX MCCIeAOBAHUI XpaHWIN
B MOJIMATUICHOBBIX TTAKeTax MpU TeMrepa-
Type 20£5°C. Pe3ynbraThl UCMIBITAHUI 00-
PAa3IoB MPY CXXATUU MTPUBEACHBI B Ta0. 4.

Kak BumHO 13 maHHbIX Taba. 4, Hau-
0oJIbIIIee TIOBBIIIIEHNE IPOYHOCTH LIEMEHT-
HOTO KaMHsI HaOJIoJaeTcsl TpU PacXoie
Hanonot6asku OI' B xoinmyectse 0,05% ot
Macchl LieMeHTa. [Ipy 3TOM TOBBIILIEHHE
MPOYHOCTU B Bo3pacte 7, 14 u 28 cyr co-
CTaBWJIO COOTBETCTBeHHO 27, 53 m 50% 1o

N
o
T

MpoyHOoCTL Npu cxaTtun, Mla
Compressive strength, MPa
N w
=} S
I I

=== 7 cyT (days)
e=fill== 14 cyT (days)

10

CPaBHEHUIO C KOHTPOJIbHBIM COCTaBOM 03 28 cyT (days)
okcuaa rpageHa. 3aBUCMMOCTb HM3MEHe-

HUS MIPOYHOCTH TIPU CXKATUU LIEMEHTHOTO

KaMHs OT pacxona okcujaa rpadeHa noka- 0 L L L L L

3aHa Ha puc. 4. [loJydeHHBIN pe3yJbTaT 0 0,02 0.04 0,06 0,08 0.1 0,12

coracyercsl ¢ pe3ylbTaTaMHu APYIMX HC-
cnepoBateneit. Tak, B pabore [10] BBeme-
uue OI B kommuectse 0,05% OT Macchl Lie-
MeHTa ipu B/11=0,5 noBbICHJIO MPOYHOCTH
MPpY CKaTUU B Bo3pacTte 28 cyT Ha 59%.

CopepxaHue okcuaa rpadeHa, % oT Macchl LeEMEHTa
The contents of graphene oxide, % by wieght of cement

Puc. 4. BanaHue okcnpa rpadeHa Ha Npo4HOCTb MPK CXaTum LieMeHTHoro kamHs (B/LU=0,5)
Fig. 4. Influence of graphene oxide on compressive strength of cement paste (W/C=0,5)

35

[TockonbKy B mpouecce ruaparaumum K g
YacThb KaJIbLIMSI, BXOMSIIETO B CTPYKTYpYy cl- &
JIMKATHBIX (a3, BBICBOOOXIAETCS B BUAE 38 30
Ca(OH),, 06pasyeMblii IMIPOCUIMKATHBIA 3 2 —¢
rejib MMeeT 6oiee HU3KYIO OCHOBHOCT (OT- 2 é
Howenne Ca0/Si0,) Mo cpaBHeHUIO € Mc- 58§ 25
XOMHBIMU CWJIMKaTaM#. TakuMm oOpasom, uf.l)_E
YeM BBIIIE colepKaHKue MOPTIIAHANTA B 1Ie- % 20
MEHTHOM KaMHE, TEM HIXKE €70 OCHOBHOCTb. £ S
MaccoBasd 10/l IOPT/IaHANTA U3Mepsd- T
Jach Ha PEHTTEHOBCKOM TIOpPOIIKOBOM &2 15
audppakromerpe ARL X'Tra cupmbl  S¢
Thermo Fisher Scientific (LLIBeiiiapusi) ¢ E-g 10
JUIMHOW BOJIHBI PEHTI€HOBCKOTO U3Jyye- §[ 8
nus 1,54056 anrcrpem (puc. 5). = 2
3aBMCUMOCTb MAccoBOii Joau MopT- 2 & 5 [
naHxuTa oT cogepxanust Ol B IeMeHTHOM S &
KaMHe MMeeT TOT XKe XapakTep, uTo ¥ 3a- = 0 | !
BUCHUMOCTh TIPOYHOCTU TIPU CKATHU IIe- 0 0,05 0.1 0.15
MEHTHOTO KaMHs OT cojaepxanus O CopepxaHue okeuaa rpadeHa, % oT Maccsl LieMeHTa
(puc. 4, 5). The contents of graphene oxide, % by wieght of cement

MuKpoCTpyKTYypy 00pa3LioB U3ydalu C
TOMOIIIbIO CKAaHUPYIOUIETO 2JEKTPOHHOTO
mukpockona JEOL F7500. Mccrenosa-
HUSIMUA YCTAHOBJIEHO, 4TO MOP(OJorusi HOBOOOpa30BaHUIA
pasnmuaHa. O6pazert ¢ nobaskoit 0,05% OT (puc. 6, b) obia-
naet 0oJiee IUIOTHOM CTPYKTYPOii, YeM 00pa3Libl 0e3 100aBKU
(puc. 6, a) u ¢ mo6askoii OT B komuuectse 0,1% (puc. 6, ¢) u
0,2% (puc. 6, d). Y 06pas1ioB ¢ BLICOKMM COAEPXKAHUEM J0-
O6aBku HaOmomaercst ckoruieHue O, 4TO, MO-BUAMMOMY,
OTPULIATEJIbHO CKA3bIBAETCSI HA MPOYHOCTU 1IEMEHTHOT'O Te-
cta. Kak u3BecTHO, [Tl yIpaBJIeHUS MTPOIIeCCAMM TTOBBIIIIe-
HMS TIPOYHOCTH LIEMEHTHBIX KOMITO3UTOB TJIaBHOM TPYIHO-
CTBIO SIBJISIETCSI paBHOMEepHoe pacrnpeneieHue OI' B MaTpu-
e, T. €. B IeMeHTHOM KamHe. Kak yTBepxKaaloT mccieao-
Batesau [3], rmaBHO# npuuuHOl arperupoBaHus OI B 1e-
MEHTHBIX KOMITO3UTax sIBJIsIoTcst MoHbl Ca’t. Ha cHUMKax
YETKO BUAHO, 4TO y ckorieHust OI' C—S—H umeroT ctepx-
He- WIN UTJI0IOoA00HbIe (DOPMBI, 00pa3yIoIIre CETh.

BoiBobI.

* Okcun rpadeHa sBiasercs MepcrekKTUBHOM q00aBKOM

JUJIST TIOJTyYEHMST BBICOKOTIPOYHBIX M CAMOYILIOTHSIOIIIMX -

cs1 6ETOHOB, TaK KaK 3HAYMTEJIbHO MOBBIIIIAET MEXaHUYe-

(TP OVIENIBTIBIE

Puc. 5. 3aB1Mc1MOCTb MacCcOBOW A0NM NopTaaHamTa ot copepxarus O B LEMEHTHOM KaMHe
Fig. 5. The mass fraction of portlandite from the content of graphene oxide in cement paste

same time increase of compressive strength at the age of 7,
14 and 28 days has made respectively 27, 53 and 50% in
comparison with control structure without graphene oxide.
The dependence of the compressive strength of the cement
stone from the consumption of graphene oxide is shown in
figure 4. The received result will be coordinated with results
of other researchers. So, in work [10] introduction of GO in
number of 0.05% of cement mass at W/C=0.5 was in-
creased by durability on compression at the 28-th daily age
for 59%.

Because in the hydration process of part of calcium in-
cluded in the structure of silicate phases, is released in the
form of Ca(OH), formed hydrosilicate gel has a lower basic-
ity (ratio CaO/Si0O,) compared to the original silicates. Thus,
the higher the content of portlandite in cement stone, the
lower its basicity.

The mass fraction of portlandite was measured by x-ray
powder diffractometer ARL X’Tra firm Thermo Fisher
Scientific (Switzerland) with a wavelength of x-ray radiation

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA
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Puc. 6. COM cHumMmkn 06pasLoB LiemeHTHoro Tecta B/L=0,5 B Bo3pacTe cem
no6askn; b—d - ¢ pobaskori OF B konunyectse 0,05; 0,1 1 0,2%

1.54056 Angstrom (Fig. 5). The mass frac-
tion of portlandite from the content of gra-
phene oxide in cement stone has the same
character as the dependence of the compres-
sive strength of the cement stone from the
content of graphene oxide (Fig. 4 and Fig. 5).

The microstructure of samples was stud-
ied by means of scanning electronic micro-
scope JEOL F7500. It is established by re-
searches that morphology of new growths is
various. The sample with additive of 0.05%
of GO (Fig. 6, b) has more dense structure,
than samples without additive (Fig. 6, a) and
with GO additive in number of 0.1%
(Fig. 6, ¢) and 0.2% (Fig. 6, d). At samples
with high content of GO congestion of GO
is observed that, apparently, has an adverse
effect on durability of cement test. It is
known that for management of processes of
durability increase of cement composites the
main difficulty is uniform distribution of GO
in a matrix, i.e. in cement stone. According
to researchers [3] the main reason of GO
congestion in cement composites are ions of
Ca®™. In pictures, it is accurately visible that
at GO congestion C—S—N have a core- or

nmecsues: a - 6es  needle-like forms forming network.

Conclusions.

Fig. 6. SEM pictures of cement paste samples W/C=0,5 at the age of seven months: 2 -no  «  Graphene oxide is perspective additive

additive; b—d — with the addition of GO in an amount of 0.05%, 0.1% and 0.2%

CKHE CBOMCTBA LIEMEHTHBIX KOMIIO3UTOB, C €Tr0 MOMO-
b0 BO3MOXKHO PETYJIMPOBAHNE TEKYUECTH CMECH U T. JI.
B nocenHue roapl 3a pyoeskoM MosiBUIMCh MHOTOYMCIICH-
HBIE CTAaThU, OMUCBIBAIOIIE BEPOSTHBIN MEXaHN3M TTOBbI-
IIEHUST IPOYHOCTH LIEMEHTHOTO KaMHsI TTpU JT00aBICHUN
okcuyia rpadeHa B lieMeHTHBIe KOMITO3UTBI. OIHAKO MeXxa-
HM3M TIOBBIILIEHUST TTPOYHOCTH LIEMEHTHOTO KaMHs TPy
BBe/IEHNY OKcHa rpadeHa erie He 10 KOHIIA SICEH.
[IpuroroBieHue HEMEHTHOIO TeCTa B CKOPOCTHOM CMe-
cuTesie TIPUBOAMT K PE3KOMY POCTY MPOYHOCTH KakK B
7-cyTO4YHOM, TakK u B 14- 1 28-cyrouHom Bo3pacte. [1pu
9TOM Hambojiee BBICOKOE TOBBIIIEHUE MPOYHOCTU TI0
CpPaBHEHUIO ¢ KOHTPOJIbHBIM COCTaBOM 0€3 OKCcHa Tpa-
¢dena Habmoganoch npu BBeaeHuu OI B KonmyecTBe
0,05% (cootBetrcTBeHHO 27, 53 11 50%).

LlemeHTHBIN KameHb ¢ gobaBkoil 0,05% obGnamaer Goiee
TUTOTHOM MUKPOCTPYKTYPOI, YeM 00pa3Libl 0e3 T00aBKM U C
OI B komuectse 0,1 1 0,2%. B obpasiiax ¢ BEICOKUM CO-
nepxkanrem go6asku (0,1 1 0,2%) nmeeT MeCTo CKOIUICHHE
OTI B mopax, 4To yKa3bIBaeT Ha HEpaBHOMEPHOE pacrpe/e-
snenue OI' B marpuile. Bo3aMOXHO, 3TO CTajlo MPUUMHOM
MEHBIIIETO TTOBBIIIEHUST TTPOYHOCTU LIEMEHTHOTO KaMHSI.

Cnucok JuTepaTypbl

Haibin Yang, Hongzhi Cui, Waiching Tang, Zongjin Li,
N ingxu Han, Feng Xing. A critical review on research
progress of graphene/cement based composites //
Composites Part A: Applied Science and Manufacturing.
2017. Vol. 102, pp. 273-296. doi.org/10.1016/].
compositesa.2017.07.019.

Qin Wang, Jian Wang, Chun-xiang Lu, Bo-wei Liu, Kun
Zhang, Chong-zhi Li. Influence of graphene oxide
additions on the microstructure and mechanical strength
of cement // New Carbon Materials. 2015. Vol. 30. Iss. 4,
pp. 349—356. doi.org/10.1016/S1872-5805(15)60194-9
Haibin Yang, Manuel Monasterio, Hongzhi Cui, Ningxu
Han. Experimental study of the effects of graphene oxide
on microstructure and properties of cement paste
composite // Composites Part A: Applied Science and
Manufacturing. 2017. Vol. 102, pp. 263-272. doi.
org/10.1016/j.compositesa.2017.07.022.

for receiving high-strength and self-com-

pacting concrete as considerably increases
mechanical properties of cement composites, with its
help regulation of fluidity of mix, etc. is possible;
Last years abroad the numerous articles have appeared
describing the probable mechanism of durability increase
of cement stone at graphene oxide addition in cement
composites. However the mechanism of durability in-
crease of cement stone at introduction of graphene oxide
isn’t yet clear;
Preparation of cement paste in high-speed mixer leads to
sharp growth of durability both on the 7-th day, and on
the 28-th daily age. At the same time the highest increase
in durability in comparison with control structure without
graphene oxide was observed at introduction of GO in
number of 0.05% (respectively 47 and 65.7%);
Cement stone with additive of 0.05% possesses more
dense microstructure, than samples without additive and
with GO in number of 0.1 and 0.2%. In samples with the
high content of GO (0.1 and 0.2%) congestion of GO in
pores takes place that indicates uneven distribution of GO
in a matrix. Perhaps, it became the reason of smaller in-
crease in durability of cement paste.
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OnHUM W3 TePCNeKTUBHBIX HAMpaBJEHWN CHUKEHUS
SHEPreTUYeCKUX 3aTpaT B MPOMBILIIEHHOCTU CTPOUTENb-
HBIX MaTEpPHUAJIOB SIBJISIETCS IIMPOKOE BOBJICYCHUE B TEXHO-
JIOTUYECKUI 000POT TOTUIMBOCOAEPXKAILUX OTXOOB TETIO-
anektpoctanimii (TOC), paboTalomux Ha THUIEBUIHOM
KaMeHHOYTOJIbHOM ToIinuBe. Hambojee KpymHOTOHHAX-
HBIMU M LIEHHBIMM TI0 OCTATOYHBLIM TETUIOTBOPHBIM CBOYi-
CTBaM SIBJISIIOTCSI 30JIbI-yHOCA. YKa3aHHbIE OTXOJbl JOCTa-
TOYHO CTAOUJIbHBI IO XMMUKO-MUHEPATOTMYECKOMY COCTa-
BY, CO/epXaT TOTUIMBHbIC BKJIIOUEHHUSI B KOJIMYECTBE [0
10—20 mac. %, 4To mpemorpenessieT BhIpaXkeHHbIe TETI0-
TBOPHBIE CBOMCTBA MOCIeIHUX [1]. DTO M0O3BOIsIET OTHECTU
NIAaHHBIE OTXONbI K IIEHHOMY MUWHEPaJIbHOMY CHIPBIO IS
MPOU3BOJCTBA OOXKUTOBBIX CTPOUTEJbHBIX MaTepUaIoB, B
MEePBYIO 0UYepe/ib BSKYIIMX BELECTB, Kak Hanbosiee aHepro-
€MKOTO U MOTPeOIISIEMOro MPOIYKTA.

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

One of the prospective ways of reducing energy consump-
tion in the building materials industry is a wide involvement
of fuel-containing wastes of thermal power plants (TPP) op-
erating with dust coal fuel in the technological turnover. The
most large-tonnage and valuable in terms of their residual
calorific properties are fly ashes. These wastes are quite stable
with respect to the chemical-mineralogical composition,
they contain fuel inclusions in an amount of 10—-20% by
weight which predetermine expressed calorific properties of
the latter. [1] This makes it possible to attribute these wastes
to a valuable mineral raw material for producing fired build-
ing materials, binder substances in the first turn as the most
energy-intensive and consumable material.

In the last years a number of works are devoted to the
study of properties of binders of low-temperature firing on
the basis of natural and artificial mixes [2—7].
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B mocnenHue rombpl MCCIENOBAHUIO CBOMCTB BSIKYIIUX
HUM3KOTEMIIepaTypHOro O0XHra Ha OCHOBE MPUPOAHBIX U
HUCKYCCTBEHHBIX CMECEil IMMOCBSIILEH LIeJIbIi psin paboT [2—7].

OfHUM 13 BO3MOXHBIX BapuMaHTOB 3((EKTUBHOIO pe-
IIEHUsT JAHHOM 3a7auM SIBJISIETCSl TIPEIJIOXKEHHbI Cr1ocob
TTOJTyYeHHST TUIPABIMYECKOTO BSKyIIero [8] mocpenctBom
ooxura mpu 900—1100°C nBYXKOMIIOHEHTHOI CBIPLEBOI
IIMXThI, COCTOSIIIIEN U3 KApOOHATHOTO KOMITOHEHTA U TOII-
JINBOCOMIEPXKAIIUX MUHEPATbHBIX TPOMBILILIEHHBIX OTXOJ0B
B YCTAHOBJICHHBIX COOTHOILIEHUSIX 10 Macce, Mpu pa3padboT-
K€ KOTOPOTO MCXOIWJIM U3 CJCAYIOIIUX MPUHIIMITHATbHBIX
TIOJIOXKECHUM:

— nIBYX(YHKIIMOHAJIBHOTO MCITOIb30BAaHUSI OTXOIOB B Ka-
YeCTBE TOIJIMBHOTO U ChIPbEBOTO KOMITOHEHTA;

— TIOJIyYeHHUsI BSDKYIIEro B pe3yJbTaTe TOHKOTo TMomoJa
MPOAYKTa COBMECTHOTO 00XKUTa KapOOHATHOI MOPOJIbI C
3oi0ii-yHoca TOC mpum MaKCUMaJbHO BO3MOXKHOI
SHEPreTMYECKOi cOaTaHCMPOBAHHOCTHM TIpoliecca Ie-
KapOOHM3AIMK ¥ YACTUYHOTO CITIeKaHWSI MHTPEIMEHTOB
30JIbHOM YaCTH ¢ OKCUIOM KaJIbLIMS 3a CYET peau3aiun
TETMJIOTBOPHBIX CBOWCTB TOIUIMBHBIX BKJIIOUEHUIA, CO-
JepKalimxcsl B OTXO/Aax.

TpanuimoHHOe M3BECTKOBO-30JibHOE Bsixylee (M3B),
MTOJTy4aeMO€ COBMECTHBIM ITOMOJIOM BO3IYIITHON M3BECTH U
3oibl-yHOca TOC, OTHOCUTCS K IPYINEe M3BECTKOBO-ITYII-
1IOJTAHOBBIX BSDKYIIUX U SIBJISIETCS ABYXKOMITOHEHTHOM CH-
creMoii, Bxkinouarouein 60—80% 3omel u 20—40% wusBe-
ctu [9]. CymmapHast sHeproemkoctb MU3B, Takum o6pazom,
CKJIa/IbIBACTCSl M3 DHEPreTUUYECKUX 3aTpaT Ha ToJyuyeHue
M3BECTH, a TAKXKE Ha COBMECTHBII ITOMOJT UICXOTHBIX KOMITO-
HeHTOB. Haubosee sHEeproeMKuM SIBISIETCSI MEPBBIA MPO-
1ecc. B 3aBucMMOCTM OT TUMA YCTAHOBKM JJISI O0XMKTa Ha
nosiyyeHue 1 Kr u3BeCTU B 3aBOACKMX YCJIOBUSIX PACXOAYET-
cst ot 3500 1o 8900 xJIx Tertia [10].

Takum o6pazom, yneiabHast aHeproemkocTh M3B B oc-
HOBHOM OIIpeNeNIsieTCsl CoIepKaHeM B €r0 COCTaBe M3Be-
CTU 1 HAa OCHOBAaHWHU TMPOU3BENEHHBIX pACYETOB HAXOAUTCS
B nipeaesiax 700—3500 k/Ik /KT BSKYILEro B 3aBUCUMOCTU OT
coctaBa 3B 1 9HEeproeMKOCTH MpUMEHsIEMOIi U3BECTH.

BmecTe ¢ TeM MCTI0/Ib30BaHUE 1JISI TTOJIyUYEHUSI BSIKYIIE-
ro TipejlaraeMbIM CITOCOOOM OTXOJIOB C COJep>KaHUEM Op-
ranuku 10—20 mac. % mo3BosisieT UMETh Ha | KI IIMUXTHI
0,1-0,2 xr oprannyeckoro torumma, uin 2000—4800 kx
MOTEHIIMAJIBHOTO TerJjia, B 3aBUCHUMOCTU OT TEIIOTBOP-
HBIX CBOMCTB YTOJIbHBIX, KOKCOBBIX U TTOJYKOKCOBBIX BKJTIO-
yeHuit. Takum o00Opa3oM, SHEPreTUYECKUIA TTOTEHIIMA
CBIPBEBOI1 IIMXTHI COTIOCTABUM C dHepro3arpaTaMM Ha Jie-
KapOOHM3alMI0 KapOOHATHOTO KOMITOHEHTa, YTO 0OOCHO-
BBIBAaeT 1I€J€CO00Pa3HOCTh COBMECTHOro oOXwura kKap0o-
HaTHOI mopobl ¢ 3o0J0ii-yHoca TOC. [1pu aTOM co3naroT-
Csl yCJIOBUS JJTS CaMOOOXHUTA IIUXTHI IMOO MPUOTMXKEHHbIE
K Hemy. B aTOM ciiyyae TexHosiormye-

CKO€ TOTUIMBO MCIIOJIb3YeTCS JIMIIb Ha

pa3orpeB IUXTHI 0 TeMIIepaTyphbl BOC-

One of the possible variants of the efficient solution of this
problem is a proposed method for producing a hydraulic
binder [8] via firing of two-component raw charge at 900—
1100°C containing a carbonate component and fuel-contan-
ing mineral industrial wastes in established proportions by
weight. When developing this method, the following princi-
pal provisions were taken into account:

— a two-functional use of wastes as a fuel and raw compo-
nent;

— producing a binder as a result of fine grinding of the prod-
uct of combined firing of carbonate rock and fly ash of
TPP at a maximum possible energy balancing of the de-
carbonization process and partial sintering of ingredients
of the ash part with calcium oxide due to the realization of
calorific properties of fuel inclusions contained in wastes.
A traditional lime-ash binder (LAB) produced by joint

grinding of air-setting lime and fly ash of TPP belongs to a

group of lime-pozzolanic binders and is a two-component

system including 60—80% of ash and 20—40% of lime [9].

Thus, the summary energy intensity of LAB consists of en-

ergy consumption for obtaining lime as well as for joint grind-

ing of initial components. The most energy intensive is the
first process. Depending on the type of a firing unit, an
amount of 3500 to 8900 kJ of heat is consumed for obtaining

1 kg of lime under the factory conditions [10].

Thus, the specific energy intensity of LAB is mainly de-
termined by the content of lime in its composition and on the
basis of the calculations made is within the limit of 700—
3500 kJ/kg of binder depending on the composition of LAB
and energy intensity of the lime used.

With that, the use of wastes containing 10—20% of organ-
ics by weight for producing the binder by the proposed
method makes it possible to have 0.1—0.2 kg of organic fuel
or 2000—4800 kJ of potential heat per one kg of charge de-
pending on calorific properties of coal, coke, and semi-coke
inclusions. Thus, the energy potential of a raw charge is com-
parable with energy consumption for decarbonization of the
carbonate component which proves a reasonability of joint
firing of carbonate rock and TPP fly ash. At this, conditions
for self-firing of the charge or close to it are created. In this
case, technological fuel is used only for heating the charge up
to the ignition temperature of carbonic particles (600—
750°C) and then firing occurs exclusively due to calorific
properties of fuel residuals contained in the raw charge or
with minimal fuel expenditures (Table 1).

To study the effect of the ratio of components on binding
properties of lime-ash cement (LAC) raw mixtures of natural
humid basic ashes of TPP and carbonate rock of 0—20 mm
fractions were prepared. Firing was carried out at 950—
1100°C. Grinding was continued until the specific surface
area of 3000—3200 cm?/g. Part of the samples after molding

[JITAMEHEHUST YIJIEPOMUCTBIX YaCTHUL
(600—750°C), a manee OOXUI TIPOMC-
XOIUT MCKIIIOYUTEIBHO 3a CYET TEILIO-
TBOPHBIX CBOMCTB TOIJIMBHBIX OCTaT-
KOB, COIEPXKALINXCH B CHIPbEBO IINX-

CopepxaHue 30/bl-

yHOCa B LUNXTE, Kr/Kr

Content of fly ash in
charge, kg/kg

Ta6Gnuua 1
Table 1
OHepreTnyeckas
Pacxop, ycnoBHoro Tonnavea
camMoo06ecneyeHHOCTb

Ha 0BXWI LWWXTbI, Kr/T
Consumption of equivalent
fuel for charge firing, kg/t

npouecca obxura wnxTbl, %
Energy self-sufficiency of
charge firing process, %

Te, MO0 C MUHUMAJbHBIMU TOTUIMB-
HBIMU 3aTpatamu. JlaHHBIE pacuera
TOIUIMBHBIX 3aTpaT Ha nmoaydeHue U311

3ona-yHoca T3C (MMM - 13 mac. %)
Fly Ash of TPP (LOI — 13% by weight)

MpeacTaBieHbl B Ta0. 1. 0,5 55 68
Jns vccieoBaHUsT BIUSIHUSI COOT- 0.66 85 19,8

HOILIEHUSI KOMITOHEHTOB Ha BSDXYILIME

CBOMCTBAa M3BECTKOBO-30JIbHOTO IIE- 0.75 CamooGxmr 0

meHTa (M31I) roTOBWINCH CBHIPHEBLIE ' Self-firing

CMECH U3 €CTeCTBEHHO-BJIaXKHBIX 0a30- YcnosHas 3ona-yHoca TAC (MMM - 0 mac. %)

BbIX 30;1 TOLl 1 KapOOHATHOI TTOPOIBI Conditional fly ash of TPP (LOI — 0% by weight)

dpaxkumit 0—20 mM. OGXKUT Beau MpU 0.66 | 0 | 109

950—1100°C. IToMoJ TIPOU3BOAWIN 0

(TP OVIENIBTIBIE

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA

WIEEVIAYIDTE aneapy/espars 2018

19



K npoBeaennio X MexayHapoaHoH koH(epenunu «HaAHOTEXHOJIOTHH B CTPOHTEIBCTBE >,

13—17 anpensa, Xypraga, Eruner

Tab6nuua 2
Table 2
Mpo4yHoCTb Npu cxatun, MlMa
3 AN 30mb1 Compression strength, MPa
13BECTKOBO-30J1bHbIN o,
LIEMEHT Ha 30Me mac. % B/L, YCno_qu TBepHequ
Lime- LOl of ash, | W/C Curing Conditions
ime-ash cement on ash % by weight
7 cyTH.Y. 28 cyT H.Y. | MNponapusaHne npu 95°C | 3anapueanue npu 174°C
7days N.C. | 28 days N.C. Steaming at 95°C Autoclaving at 174°C

KymepTtaycckon TOL,

Kumertau TPP 15,2 0,45 2,2 5,3 10,6 27

Mockockon TOLL-20

Moscow TPP-20 16,7 0.5 2,6 7.1 12,5 31,1

MockoBckoi TIOLL-22

Moscow TPP-22 17 0.5 2,5 6.7 12 30,2

JNyranckon MP3C

Lugansk RPS 13 0.5 2,1 53 10,1 26,4
ynenbHoii moepxHocTH 3000—3200 cMm?/r. YacTb 06pastoB  Awsuw/Any
nocsie (popMOBAHMSI XPAHWUIM Haj BOJAOI B TeueHHMe 7 U Hoending.cement/Aportiandcement
28 cyT, a ApyTylo 4acTh TOJBEprajiv IMporapuBaHUIO MPU 1
95°C nmbo 3amapuBaHWIO B aBTOKJaBe mipu 174°C u
0,8 MIla. ®usuko-mexannuyeckue cpoiicrsa U311 6a3oBbix 0,9
COCTaBOB MPEACTaBIEHBI B Ta0JI. 2.

Hawubosblueil mpoYHOCTBIO 00/1aJaI LIEMEHTHO-TIECYA- (8
Hble 00pa3ubl Ha U311 rmocie TerioBaaXxHOCTHOIM 00paboT- 1
ku: 10,1—12,5 MTITanocne nponapuBanus u 26,4—31,1 MIla 07 P
rocJjie 3anapuBaHus B aBTokiase. [Ipu xpaHeHnu oOpa3ioB ' P
B HOPMaJIbHBIX YCJIOBUSIX TPOUHOCTH MPU CXATUU COCTaBU- ] / 2
1a2,1-2,6 yepe3 7 cyt u 5,3—7,1 MIla uepes 28 cyr. 06 =
B pesyabraTe uccienoBaHuii yCTAaHOBJIEHO, YTO OCHOB- e ]

HbIE CBOICTBA BSIKYILIETO COXPAHSIOTCH NMpU comepxkaHum 0.5 ——f—
30JIbI B IBYXKOMITOHEHTHOM ChIpbeBOit mxTe 50—75 mac. % P
npu temmneparype obxura 950—1000°C. IIpouHocTb Mpo- 04 =" ——
MapeHHBIX 00pa3LoB B cpegHeM Ha 60% Bbille 28-CyTOUHON "
NPOYHOCTU. OTHOILEHUE IPOYHOCTH TIPU CXKATUU B BO3pac- o3
Te 7 CYT K MPOYHOCTHU yepe3 28 CyT HOPMaJIbHOTO TBEPACHUS 10 20 30 40

cocrasiseT 0,38—0,41.

ITo MPOYHOCTHBIM MTOKA3aTENISIM ONTUMATLHBIM SIBJISIET-
csa U311, comepkatnii 30,1y-yHOCa B KOIuecTBe 66 mac. %.
IMpu yBenuueHUN copepKaHUsI 30Jbl B uxTe A0 75% ak-
tuBHOCTh U311 ymeHbiaeTcs B cpeaHeM Ha 22%. CHIKeHUE
KOJIMYECTBA 30J1bI 10 50% MOHMXKAeT aKTUBHOCTD BSIKYIIIETO
B cpeaHeM Ha 16%.

Pesynbrarsl uccnenoBanuit noxkasanu, yrto U3L o mo-
KazaTeJIsIM TIPOYHOCTH OTHOCHUTCST K HI3KOMAapOUYHBIM BSIXKY-
IIIAM, YTO OTPAaHUIMBAET 00JIACTb €r0 TPUMEHEHHSI, HECMOT-
psI Ha TIPEMMYILIECTBA B TEXHUKO-9KOHOMUYECKUX MOKa3aTe-
JISIX 32 CYET CYLIECTBEHHOTO COKpAIleHUsI 9HEPTOEMKOCTH
npousBoacTBa. [10aTOMy Ha BTOpPOM 3Tare UCCIeAOBaHUI
M3y4Jajiach BO3MOXHOCTh €ro MOAM(UKALIMU PsSIOM Jo0a-
BOK, MOBBIIIAIOIINX €r0 MPOYHOCTHBIE XapaKTePUCTUKMU.

BBeneHue ¢ Bomoii 3aTBOPEHUSI XJIOPUIA KaTbIUS B KO-
JngectBe 2 Mac. % OT BSIKYIIETO (B IiepecueTe Ha Cyxoe Be-
IIECTBO) MOBBIIIAET MPOYHOCTb OOPA3OB MPU CXKATUU B
cpenHeM Ha 45% Tipy TBEpIEHUHU B HOPMAJbHBIX YCIOBUSIX
yepe3 28 cyT u Ha 32% mocie niponapuBaHus. [Ipu sToM
MPOYHOCTH MU cxKatuu coctasisieT 7,7—10,3 MIlaun 13,3—
16,5 MIIa COOTBETCTBEHHO.

BBeneHue ¢ Bomoii 3aTBOpeHUsI Cy/ibgara HaTpus B KO-
JmaecTBe 2 Mac. % OT BSDKYIIETO MOBBIIIAET IPOYHOCTh TP
cXXaTuu B cperHeM Ha 56% depe3 28 cyT HOpMaJIbHOTO TBEP-
neHus U Ha 47% mnocne nponapuBaHus. s 6a30BbIX CO-
CTaBOB COOTBEeTCTBeHHO 8,2—11 n 14,7—18,3 MIla.

Kpome axktuBm3amuu TBepAeHMS BBeIeHHE I00aBOK
XJIOpUIA KaJIbLIMS U CyJbdaTa HaTpusl MPaKTUUECKU MOJTHO-
CTBIO YCTpaHsieT 00beMHOE paclMpeHre oopa3iioB ¢ MOBbI-
IIEHHBIM COAEPXAaHUEM CBOOOJHOIO OKCHUAA KaIbLIVS TIPU
rupaTaluy B YCJIOBUSIX TETUIOBJIAXKHOCTHOM 00pabOTKU.

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

Copepxaruve noptnaHauemenTta B 3L, mac. %
Content of Portland cement in LAC, % by weight

Puc. 1. 3aB1CUMOCTb NPOYHOCTM NecHaHbix o6pasuos Ha 3L, nocne npo-
napvBaHus OT KonnyecTsa fo6aBku NnopTiaHaLuemMeHTa: 1 — BBOAMMOro npu
nomorne; 2 — BBOAMMOIO B CyXyl0 CMeCb

Fig. 1. Dependence of strength of sand samples with LAC after steaming on
the amount of Portland cement additive: 7 — introduced when grinding;
2 — introduced in the dry mix

were stored over water during 7 and 28 days, another part was
subjected to steaming at 95°C or autoclaving at 174°C and
0,8 MPa. Physical-chemical properties of LAC of basic com-
positions are presented in Table 2.

The greatest strength applied to cement-sand samples on
LAC after steam treatment: 10.1—12.5 MPa after steaming
and 26.4—31.1 MPa after autoclaving. When storing the
samples under the normal conditions, compression strength
was 2.1—2.6 MPa after 7 days and 5.3—7.1 MPa after 28 days.

As a result of the study, it is established that main proper-
ties of the binder are maintained when the ash content in the
two-component raw charge is 50—70% by weight at the firing
temperature of 950—1000°C. The strength of steamed sam-
ples is higher by 60% on the average than a 28-day strength.
The ratio of compression strength at the age of 7 days to the
strength after 28 days of normal hardening is 0.38—0.41.

Related to strength indicators, the optimal indicator is
LAC containing 66% of fly ash by weight. When the content
of fly ash in the charge is reduced up to 75%, the activity of
LAC is reduced by 22% on the average. Reduction in the
amount of ash up to 50% reduces the binder activity by 16%
on the average.

Results of the study show that LAC in terms of strength
refers to low-grade binders, which limits the area of its ap-
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Puc. 3. MukpodoTorpadus NosHOCTbIO NPOrMapaTMpoBaHHOrO
LemeHTHoro kamHa 3L, moandvumposaHHoro o6aBkol nopT-
naHguemenTa (35 mac. %) 1 TOHKOMOJIOTOro KBapLEBOro necka
(60 mac. %). R, nocne nponapusaxus npu 95°C - 30,3 Mla

Fig. 3. Micro-photo of fully hydrated cement stone of LAC
modified with Portland cement additive (35% by weight) and
fine grinded quartz sand (60% by weight). Rcompression after
steaming at 95°C - 30.3 MPa

plication in spite of the advantages in technical-
economic indicators due to a significant reduction
in the energy intensity of production. That’s why at

Puc. 2. PeHtreHorpamma 1 pesynbTatbl peHTreHoha30BOro aHanmsa: a — CbipbeBOu

LIMXTbl nocne obxura; b — uemeHTHoro kamus 3L,

Fig. 2. X-ray diffraction pattern and results of X-ray-phase analysis: a — raw charge after

firing; b — cement stone of LAC

BBeneHue mojiyBOJHOrO TUIica MPU MOMOJIE B KOJIMYE-
ctBe 5 Mac. % W31 npuBOaUT K YBEJTUYEHUIO TIPOYHOCTH B
cpenHeM Ha 10% Kak mpu TBEpIEHUU B HOPMAJIBHBIX YCJIO-
BUSIX, TaK U IIOCJI€ TeTUIOBIAXKHOCTHOM 00pabOTKU.

Ho6aBka 20—40% mnopriaHalueMeHTa (aKTUBHOCTBIO
43,5 MIla) B paCTBOpPHYIO CMECh WJIM TIPU IOMOJIE IOBBI-
maeT akTuBHOCTh M 311 B 2—3,6 pasa (10 20—22 MIla) u 1o
31-42 MIla mnocie TEIUIOBIAXHOCTHON 00pabOTKH.
CosmectHbI oMot M31 ¢ mopTiaHaLieMeHTOM SIBIISICTCS
b6onee 3(p(peKTUBHBIM, YeM BBEIACHUE €ro B PAaCTBOPHYIO
cmech. Tak, aktuBHocTh U311 B riepBoM cilyyae B CpeIHEM
Ha 17% BbIllIe, YeM IIPH MepeMeIIMBAHUA KOMITOHEHTOB Ha
CTajuy TMPUTOTOBJICHUSI LIEMEHTHO-TIECUaHO CMECH.

BnusiHue KOMMYECTBEHHOIO COAEPXAHUSI B COCTaBe
W31l mopTianmmeMeHTa, BBOOAMMOTO IIPW IIOMOJIe WA B
PACTBOPHYIO CMECh, Ha MIPOYHOCTHBIE TTOKA3aTeJIN BSIKYIIE-
T'O XOPOIIIO WITIOCTPUPYETCs TpaduecKu, eCiv MPOYHOCTh
00pa3iloB BbIPAa3UTh B OTHOCUTEIBHBIX €AMHUIIAX MO OTHO-
IIEHUIO K MPOYHOCTU KOHTPOJIbHBIX OOpa3lioB Ha IMOPT-
nananemenre (puc. 1).

HccrenoBaHUSIMU BJIUSTHUSI TOHKOCTH ITOMOJIA Ha ITPOY-
HocTHbIe XapakTtepuctuku U311 yctaHOBIEHO, UTO C yBEIH-
YeHMeM yeIbHoI moBepxHocTH ¢ 3000 10 4000 cM%/T poy-
HOCTh 00pa3IoB IIPpM CKaTUM Bo3pacTaeT Ha 28—33%. [1pu
YBEJIMYEHUU TOHKOCTH romoda ¢ 3000 1o 5500 cm?/r mpou-
HOCTb yBeJnuuBaetcst Ha 43—46%.

IIpouecc TBepneHUs MOIMGMUIMPOBAHHOTO BSIKYILETO
HOCUT KOMOMHMPOBAHHBII XapaKTep W OOYyCJIIOBJIEH B3au-
MOJIEICTBMEM CBOOOJHOTO OKCHAA KalblLMS C aMOp(pu3u-
POBAaHHBIM TJIMHUCTBIM BELIECTBOM 30JIbI IO TUITY PEAKLIUH,
XapaKTePHBIX JUISI U3BECTKOBO-ITYIIIIOJIAHOBBIX BSIKYIIUX, a
TaKKe THApaTalMeil KIMHKEPHBIX MUHEpAJoOB, comepkKa-
IIMXCs B 1o0aBKe MopTiaHaliemMeHTa (puc. 2, 3).

MomnpuipoBaHHBIN 700aBKOM IMOPTIAHALEMEHTA 13-
BECTKOBO-30JIbHBII 1IEMEHT, MOJIy4aeMblil 2Heprocoepera-
IOLIMM CIOCOOOM, MO OCHOBHBIM XapaKTepUCTHKaM OTHO-
CUTCS K CpeHEMAPOYHBIM TUIPABINYECKUM BSKYIIIUM, YTO
CYILIECTBEHHO pacuinpsieT 00J1acTh €ro MpUMEHEHUSI.

(TP OVIENIBTIBIE

the second stage of the study a possibility of its
modification with some additives improving its
strength characteristics was investigated.

The introduction of calcium chloride in an
amount of 2% of binder by weight (in terms of dry
substance) with mixing water improves the strength
of samples when compressing by 45% on the average and
when hardening under the normal conditions after 28 days
and by 32% after steaming. At this the compression strength
is 7.7—10.3 MPa and 13.3—16.5 MPa accordingly.

In addition to hardening activation, the introduction of
additives of calcium chloride and sodium sulfate completely
removes the volume extension of samples with an increased
content of free calcium oxide during hydration under the
condition of heat-humid treatment.

The introduction of semi-aquatic gypsum when grinding
in an amount of 5% by mass of LAC leads to improving the
strength by 10% on the average both when hardening under
the normal conditions and after heat-humidity treatment.

An addition of 20—40% of Portland cement (activity of
43.5 MPa) in the mortar mix or when grinding increases the
activity of LAC by 2—3.6 times (up to 20—22 MPa) and up to
31—42 MPA after heat-humidity treatment. Joint grinding of
LAC with Portland cement is more efficient than its introduc-
tion in the mortar mix. So in the first case the activity of LAC
is higher by 17% on the average than that when mixing compo-
nents at the stage of preparation of the cement-sand mixture.

The effect of quantitative content in the LAC composi-
tion of Portland cement introduced when grinding or in the
mortar mix on the strength indicators of the binder is well il-
lustrated graphically if the strength of samples is expressed in
relative units in relation to the strength of control samples
with Portland cement (Fig. 1).

The studies of the effect of grinding fineness on the sur-
face characteristics of LAC established that at increasing the
specific surface from 3000 to 4000 cm?/g the compression
strength of samples was increased by 28—33%. When increas-
ing the grinding fineness from 3000 to 5500 cm?/g, the
strength was increased by 43—46%.

The process of hardening of a modified binder is combined
in nature and caused by interaction of free calcium oxide with
amorphized clay substance of ash by the type of reaction char-
acteristic for lime-pozzolanic binders as well as by hydration of
clinker materials containing in the Portland cement additive

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA
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YcTraHoB/IEHa BO3MOXKHOCTb MCMOJIB30BaHUST 30J1-yHOCA
psna TOC ¢ MOBBIIEHHBIM COAEPXKAHUEM HECTOPEBILINX
TOTUTMBHBIX BKItoUeHM# (13—17 Mac. %) mist mosryaeHust
M3BECTKOBO-30JIbHOTO LIEMEHTAa IyTeM OOXura Ipu
950—1000°C kapboHATHOM MOPOILI M 30JIbI, KOTOpast
HCTIOJIB3YETCsT OMHOBPEMEHHO KaK ChIPhEeBOM U TOTUIUB-
HbIA KOMITOHEHT;

PesynbraThl pacyeta HEPreTMYECKOro MOTeHIIMala Chl-
PbEBOI HIMXTHI ¥ TEILIOBOTO OajaHca mpoiecca 0oxura
YKa3bIBalOT Ha TO, UTO 3aTPaThl TEXHOJIOTUYECKOTO TOII-
smBa Ha 32—100% HuKe TI0 cpaBHEHMIO ¢ 6a30BHIM Ba-
PUAHTOM 3a CYET MCIOJIb30BAHUS MPU OOXKUTEe SHEpTe-
TUYECKOTO TTOTEHIIMAIA 30J1bl;

YcraHoBeHo, yTo 00Xur npu 950—1000°C aByxkomIo-
HEHTHOU KapOOHATHO-30JIbHOM IIMXTHI MTO3BOJISIET T10-
JIy4aTh WM3BECTKOBO-30JIbHBI ILIEMEHT aKTUBHOCTHIO
3,4—5,3 MIla, mpoYHOCTHIO TIPUA CXKATUU B IIECUAHOM
pactBope 10,1—12,5 MIla mocie mpomapuBaHuUsI U
26,4—31,1 MIla mmociie aBTOK/IaBHOI 00pabOTKU.
Beenenue 20—30% mnopTiaaHAlIeMEHTa IIPH IOMOJE
obecrieunBaeT JAOCTHKEHME 00pa3laMu MOAMMUILINPO-
BAHHOTO WU3BECTKOBO-30JIbHOTO 1LIEMEHTA MPOYHOCTHU
ripu cxkatru 10 0,52—0,65 OT aKTUBHOCTHU TTOPTIaHAIIE-
MEHTa. YBeIMUeHNe KOJIUIECTBA BBOIUMOTO ITPU TTOMO-
sie moprnaHanementa 1o 40 mac. % W3Il mosbimaeT
MpoyHocTh 10 0,82 OT aKTMBHOCTU MOPTJIAHIALEMEHTA;
YcTaHOBJIEHO, YTO C YBEJIMYEHUEM YAEIbHON MOBEepX-
HocTu ¢ 3000 1o 4000 cM?/T TIPOYHOCTH 06PA3IIOB MPH
cxkatnu Bo3pactaeT Ha 28—33%. T1pu yBeTM4eHUU TOH-
KoctH Tomona ¢ 3000 1o 5500 cM?/T IPOYHOCTH YBEIH-
upBaeTcs Ha 43—46%.
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(Fig. 2, 3). Lime-ash cement modified with the Portland ce-
ment additive and obtained by an energy saving method be-
longs, by its basic characteristics, to average-grade hydraulic
binders that significantly broadens the area of its application.

Conclusions

— A possibility of the use of fly ash of some TPPs with an
increased content of unburned fuel inclusions (13—17%
by weight) for producing lime-ash cement by firing at
950—1000°C of carbonate rock and ash which is used both
as a raw and fuel component has been established;

— Results of the calculation of an energy potential of the raw
charge and thermal balance of the firing process show that
the consumption of technological fuel is less by 32—100%
compared with the basic option due to the use of energy
potential of ash when firing.

— It is established that the firing of a two component car-
bonate-ash charge at 950—1000°C makes it possible to
obtain lime-ash cement of 3.4—5.3 MPa activity, com-
pression strength in sand mortar — 10.1—12.5 MPa after
steaming and 26.4—31.1 MPa after autoclaved treatment.

— An introduction of 20—30% of Portland cement when
grinding provides the achievement the compression
strength up to 0.52—0.65 of Portland cement activity by
samples of modified lime-ash cement. An increase in the
amount of Portland cement introduced when grinding by
up to 40% of LAC weight improves the strength up to 0.82
of Portland cement activity.

— It is established that with increasing the specific surface
area from 3000 to 4000 cm?/g the compression strength of
samples is increased by 28—33%. With improving fineness
of grinding from 3000 to 5500 cm?/g, the strength is in-
creased by 43—46%.
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WccneposaHue (ha3oBoro cocraBa LLEMEHTHOr0 KaMHA
C yrnepoAHbIMM HaHOMaTepuanamu

MpencTaBneHbl pe3ynbTaThl UCCNEA0BaHNI (Ha30BOr0 COCTAaBA LIEMEHTHOTO KaMHsi Npy MOAMMUKALAN YINepoAHbIMI HaHOMaTepranamu, nony4eHHbIMu
B Ka4eCTBE COMYTCTBYOLIEro NPOAYKTa NpU NnasmMeHHOM rasudpukaumi yrns. rlog AeicTBMeM NEKTPOAYrOBOA NNa3Mbl U3 MaTepuana anekTpozaos
YIS, N0faBaeMoro Ans rasuchukaln, B 0HON yCTaHOBKe NOMYTHO 06pasytoTcs YrnepoaHble HaHOMaTepuansl. BeegeHue yrnepoaHbIx HaHOMaTepuanos
MOBbILIAET (PU3MKO-MEXAHUYECKINE U 3KCMNyaTaLMOHHbIE CBOMCTBA LIEMEHTA 1 68TOHA 3a CYET YCKOPEHUs MPOLLECCOB rMapaTaLuy NopTNaHaLEMEHTa,
YAYYLIEHUS MUKPOCTPYKTYPbI 11 U3MEHEHNst (ha30BOro COCTaBa LIEMEHTHOrO KaMHs. [ns uccnefoBaHus ha3oBoro cocTaBa LEMEHTHOTO KaMHsi
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Research of the Phase Composition of Cement Stone with Carbon Nanomaterials

The paper presents the results of studies of the phase composition of cement stone when modified by carbon nanomaterials obtained as a co-product in the plasma gasification of coal.
Under the action of electric arc plasma from the material of electrodes and coal fed for gasification, carbon nanomaterials are simultaneously produced in one apparatus. The introduc-
tion of carbon nanomaterials increases the physical, mechanical and operational properties of cement and concrete by accelerating the processes of Portland cement hydration, improv-

ing the microstructure and changing the phase composition of the cement stone. To study the phase composition of the cement stone with carbon nanomaterials, differential thermal
analysis and infrared spectroscopy were carried out. The results of differential thermal analysis and infrared spectroscopy of the cement matrix indicate a change in the basicity of the

calcium hydrosilicates formed when carbon nanomaterials are introduced.

Keywords: portland cement, differential thermal analysis, infrared spectrometry, carbon nanomaterials.
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MonuduiimpoBaHue lIeMeHTa U 0€TOHA ¢ TPUMEHEHUEM
Pa3IMYHBIX HAHOMOAU(UKATOPOB SIBISETCS TMEPCIEKTHUB-
HbIM, IMOCKOJIbKY UX BBEIEHUE 3aMETHO YJIydllaeT (hUu3nuKo-
MEXaHUUYECKHUE XapaKTePUCTUKMU TIPU MaJbiX T03MPOBKaX
JI00aBOK 1 MO3BOJISIET HAITPABJIEHHO PETYIMPOBATH CTPYKTY-
py MaTepuaja IIyTeM pa3IndHbix 3¢ ¢eKToB. B nureparype
JIOCTATOYHO IIIMPOKO OCBEIIAIOTCS pabOThl MO MCCea0Ba-
HUIO BBEACHMUS YIJIEPOAHBIX HAHOMATEPUAJIOB B COCTAB Lie-
MEHTHBbIX 0eTOHOB [1—7]. Yalle Bcero aTo yriepoaHble Ha-
HOTPYOKU, KOTOPbIE XOPOILIO 3aPEKOMEHI0BAIU cedsl B Ka-
YecTBe MaTepuajia, 3HAYUTEJbHO YJIyUIlalolero CBOMCTBa
KOMITO3H1TA.

Modification of cement and concrete with the use of various
nanomodifiers is promising, because their introduction signifi-
cantly improves the physical and mechanical properties at low
dosages of additives and allows the directional regulation of the
structure of the material by various effects. In the literature, studies
on the introduction of carbon nanomaterials in the composition of
cement concretes are widely covered [1—7]. Most often these are
carbon nanotubes, which have proven themselves as a material
that significantly improves the properties of the composite.

For the modification of the cement stone, carbon nano-
materials (CNM) were used, which were obtained in a coal

Jdnsg moguduKauuMd LIEMEHTHOTO Qo (%) Qo (%)
KaMHs1 ObUIM MCIOJIb30BaHbl yraepox- § 100 > slelolelsiele e lolaletele olo olotelo e te oleteretelo oretors 1))
Hele HaHoMarepuaiabnl (YHM), mony- gy 90 J
YEHHBIC HA YCTAHOBKE IPY IIA3MEH- £ 8 80 / 40
HOll 06paboTke yruisi [8]. Pesynbrarer &< 10
onpeznenenus dasosoro coctaa YHM &2 gg = 30
CBUIIETEIbCTBYIOT, YTO COAEpXaHue & & 40 2
dyanepena Cgy B nob6aBke mpubausu- S8 o
TenbHO 1,5-2% [9]. Pesynbratel, momy- 88 5 B 10
YEHHBIC METOIOM Ja3epHoii anbpak- 535 1o !

LIV, [OKA3bIBAIOT, YTO pa3Mep YacThLl & 0doododobd 0
YHM anexur B mHTepBaie oTr 50 mo T 0,01 0,05 0,1 05 1 5 10 50 100 500
150 um. PacmpeneneHue 4YacTUIl I1O Paamep yacTuu, Mk
pasmepaM OIpenessyii METOAOM Jia- Particle Diameter, um
3epHON IMdpakiuu Ha npudope Puc. 1. Pacnpenenenve yactuu YHM no pasamepam
SALD-7101 Shimadzu (puc. 1). Fig. 1. Distribution of particles of CNM by size
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Fig. 2. DSC curves: a — Portland cement (without additives); b — Portland cement with carbon nanomaterials (0.01%)
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Fig. 3. IR spectra of Portland cement: a — without additives; b — with CNM 0.01%

ABTOpaMM paHee ObUIO YCTAHOBJIEHO, UTO ONTUMAIbHOE
comepxkanue YHM B cocraBe mnopTiaHAlLEMeHTa
0,01 mac. %, npu yBeJMUYEHUU KOJIMYECTBA JOOABKU 10
0,1 mac. % HabromaeTCs CHIDKEHUE TTIPOYHOCTH IIEMEHTHBIX
kommio3utoB [10]. YBeanueHue NMPOYHOCTU CBSI3aHO, IIO
MHEHHIO aBTOPOB, C U3MeHeHHeM (a30BOro COCTaBa U MU-
KPOCTPYKTYpPhI 1IeMEHTHOTO KaMHsl [4]. 151 olleHKM Biusi-
Hugd YHM Ha noptiaHaueMeHT ObUl TPOBENEH KOMILIEKC
(U3UKO-XMMHUYECKUX METOJOB MCCIEIOBAaHUMI, BKIIOUYAIO-
muit nuddepenmanbHo-Tepmudyecknii 1 MK-crekrpanb-
HBII aHaJIU3bl ¥ JOKAa3bIBAIOIINI N3MeHeHNe (Pa30BOro co-
cTaBa LIeMeHTHOro kaMHsi ¢ YHM.

Pesynbrathl auddepeHInaabHO-TEPMUUECKOT0 aHar-
3a (puc. 2) HIEMEHTHOI MaTPUIIbl CBUACTEIbCTBYIOT O IMOBBI-
IIEHUU UHTEHCUBHOCTH 3HA03(deKTa B 00J1acTh TeMrepa-
Typbl 515—520°C npu momguduLnpoBaHun riemeHta Y HM.

DTO TOBOPUT 00 YBEIMYEHUM COIAEPXKAHUS TMIPOKCHIA
KaJIbLMsI, KOTOPOE CBSI3aHO C YCKOPEHHEM TMapaTalluy 1ie-
MeHTa nipu BBeneHuu Y HM. Hapsiny ¢ yckopeHueM ruapata-
1IUM LIEMeHTa HabJII01aeTcsl UBMEHeHUe OCHOBHOCTU 00pasy-
IOIIMXCS] TUAPOCUIMKATOB KaJIbLUSI: SHIOTEPMUUYECKUI -
ekt B o6macTu Temrrepatypbl 800—840°C cmelaeTcs BIpaso,
B CTOPOHY CHIDKEHMS TemriepaTypsl o 838 mo 806°C. Inu-
POKMIi MHTEePBaJl TEMIIEpaTyphl CBSI3aH C TEM, UTO BBEICHUE
YHM npuBoauT K 00pa3oBaHUIO JOMOJIHUTEIBHOIO KOJIU-
YeCcTBa I'MIPOCUIIMKATOB KaJIbLIMSI, OTIMYAIOLIMXCS OT TPaIu-
LIMOHHBIX. B MoauduimpoBaHHOM 1IEMEHTHOM KamMHe o0pa-
3YIOTCSI JIOTIOJTHUTEIbHBIE BBICOKOOCHOBHBIE TUIPOCUIUKATHI
KaJIbLIMSI, CTPYKTYPUPOBAHHBIE IO TIOBEPXHOCTH TBEPIOM
da3sbl, ¢ oOpa3oBaHUeM 0o0Jiee TUIOTHOIO KOMITO3UTA C YIyd-
IIEHHBIMM (DU3UKO-MEeXaHUYeCKUMU CBOMCTBAMMU.

H3meHeHune Ga3oBoOro cocraBa HIEMEHTHOIO KaMHSI MO/~
tBepxnaetcst MK-criekTpanbHbiM aHa3oM Ha MK-Dypbe-
cniekrpomerpe [RAffinity-1 (MxeBckuit rocynapcTBEHHbBII
TexHuueckuii yHuBepcuteT uMm. M.T. KanamrHukosa).
Ananu3 UK-cnekTpos (puc. 3) mokasaj, 4To Ipu BBEASHUU
YHM npoucxoauT yBeJUYeHWEe WHTEHCUBHOCTM IOJOCHI
MOIJIOIEH!s B HHTepBae yactoThl 1000—1100 cm™!, KoTo-
pble COOTBETCTBYIOT KojiebaHusiM Si—O cBsi3eit, UTO CBsi3a-

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

plasma treatment plant [8]. The results of the determination
of the phase composition of CNM indicate that the content
of Cg, fullerene in the additive is approximately 1.5—2% [9].

The particle size distribution was determined by laser dif-
fraction on a SALD-7101 Shimadzu instrument (Fig. 1). The
results obtained by the laser diffraction method show that the
CNM particles lie in the range from 50 to 150 nm.

The authors have previously found that the optimum con-
tent of CNM in Portland cement is 0.01 mass. %, with an
increase in the amount of the additive up to 0.1 mass. %, the
strength of cement composites decreases [10]. The increase
in the strength of Portland cement is due to the intensifica-
tion of the hydration process of Portland cement with the
introduction of CNM. To assess the effect of CNM on
Portland cement, phase composition studies were carried out
by performing differential thermal and IR spectral analyzes.

The results of differential-thermal analysis (Fig. 2) of the
cement matrix indicate an increase in the intensity of the
endoeffect in the temperature range 515—520°C for the
modification of cement with CNM.

This indicates an increase in the content of calcium hydrox-
ide, which is associated with the acceleration of hydration of ce-
ment with the introduction of CNM. It should be noted that
along with the acceleration of hydration of cement with the intro-
duction of additives, the basicity of the resulting calcium hydro-
silicates is observed: the endothermic effect in the temperature
range 800—840°C shifts to the right, in the direction of tempera-
ture decrease from 838 to 806°C. Thus, in the modified cement
stone, more highly basic calcium hydrosilicates are formed struc-
tured along the surface of the solid phase to form a denser com-
posite with improved physical and mechanical properties.

The change in the phase composition of the cement stone
is confirmed by IR spectral analysis on the IR-Fourier spec-
trometer [RAffinity-1 (Izhevsk State Technical University
named after M. T. Kalashnikov).

Analysis of IR spectra (Fig. 3) showed that upon intro-
duction of CNM, the intensity of the absorption line in-
creases in the interval 1000—1100 cm™!, which correspond to
calcium hydrosilicates. This indicates an intensification of
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HO ¢ 00pa30BaHMEM THAPOCHIMKATOB KaJlbIIUsI. DTO CBUIE-

TEJbCTBYET 00 MHTEHCU(UKALMU Tpolecca TUipaTaluu

nopmiaHaleMeHTa npu BeeaeHuu YHM u oGpazoBaHuu

JIOTIOJTHUTEJIBHOTO KOJIMYECTBA TMIPOCUIIMKATOB KaJlbIIUs.

CMellleH1Ee YacToT MOJI0C MOJIOIIEHUS], COOTBETCTBYIOIIMX

TUAPOCUSIUKATAM KaJIblIKsI, TAKXKe TOBOPUT O TOM, YTO 00-

pasylolmecs: CTPYKTYpPbl OTJIUYAIOTCS OT TPAAUIIMOHHBIX.

B pesynbTaTe npoBeneHHbIX UCCIEA0BAHUN MOXHO Clie-

JIaTh CJIEIYIOIINE BbIBOIbI:

— BBegeHue YHM npuBonut K yaydilieHUIo hU3nKo-Me-
XaHWYECKUX CBOMCTB LIEMEHTA;

— npoBeneHHbIe nuddepeHanTbHO-TepMuyeckuii u MK-
CHEKTPAIbHBIN AHAJIU3bBl JOKA3bIBAIOT KOMIUIEKCHBIN
MexaHu3M BozaeiictBus YHM Ha cTpykTypooGpa3oBa-
HUE LIEMEHTA, 3aKJIIOYAIOUIUMNACS B YJIyYIIEHUHU MUKPO-
CTPYKTYpPHI U (ha30BOro cOCTaBa U COOTBETCTBEHHO TO-
BBILLIEHUHU €ro (PU3UKO-MeXaHUYEeCKUX CBOMCTB.
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the hydration process of Portland cement with the introduc-

tion of CNM and the formation of an additional amount of

calcium hydrosilicates. The shift in the frequencies of absorp-
tion lines corresponding to calcium hydrosilicates suggests
that the structures formed differ from traditional ones.

As a result of the studies, the following conclusion can be
drawn:

— the introduction of CNM leads to an improvement in the
physical and mechanical properties of cement;

— differential thermal and IR spectral analysis prove the
complex mechanism of impact of CNM on the structure
formation of cement, consisting in improving the micro-
structure and phase composition and, accordingly, in-
creasing the physical and mechanical properties.
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WccnepnoBaHue CTPYKTYpbI U CBOWUCTB
HaHOMOAU(ULMPOBAHHON CTPOUTENIbHON KEpaMHUKK

lprBeaeHbl Pe3ynbTaThl UCCNELOBAHNS CBOWCTB U CTPYKTYPbI CTPOUTENBHON KEPAMMKI HA OCHOBE NIErKOMMABKMX MNH C A06aBKaMI1 MHOFOCMOMHbIX
YINepoAHbIX HAHOTPY6oK (MYHT). YcTaHoBneHO, 4TO BBeAEHME BOAHON aucnepcun MYHT B cocTaB kKepamnyeckoi WXThbl NOBbILIAET NPOYHOCTHbIE
XapakTepUCTMKI MaTepuana 3a c4eT N3MEeHeHNs ero CTPYKTypbl. [IPOYHOCTL NP CxXaTUK MOANMULNPOBaHHLIX 06pasLoB Bo3pacTaeT Ha 109%,
NPOYHOCTb NpU packanbiBaHun — Ha 123%. poBefeHHbIe nccnesoBaHnsA NOATBEPAUNN MOBbILIEHNE CTOKOCTM KEPAMUYECKOr0 KMPNuYa, CBA3aHHOI

C coneson kKopposuen, npu seegeHnn MYHT B konuyectse 0,001%, 4TO B KOHEYHOM WUTOre MO3BOAUT CHU3NUTb BEPOSTHOCTb LUENYLLIEHNS 11 Pa3pyLLEHNs
KMPMUYHOM KNaKM Npin BbICON006pa3oBaHmm.

Kntoyesble CNoBa: CTPOUTENbHAA KePaMUKa, MHOTOCIIOMHbIG YTNePOAHbIE HAHOTPYOKM, HAHOMOAMMDUKALINA, MEXaHUYECKasA MPOYHOCTD, CONeBas
KOppPO3us.
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Research of Structure and Properties of Nanomodified Ceramics

Researches of properties and structure of building ceramics on the basis of low-melting clays with additives of multilayered carbon nanotubes (MWCNTSs) are given in this article. The
results of the research show that adding of a water dispersion of MWCNTSs to the composition of ceramic charge increases the strength characteristics of the material due to structural
change. The compressive strength of the modified samples increases by 109%, the splitting tensile strength increases by 123%. The conducted researches confirm that the corrosion
resistance of ceramic bricks with the adding of MWCNTSs in the amount of 0.001% increases. It will allow reducing the possibility of peeling and destruction of bricklaying during salt

corrosion.

Keywords: building ceramics, multilayered carbon nanotubes, nanomodification, mechanical strength, salt corrosion.
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B Hacrosiiiee Bpemsi onHOlN U3 MPOOJIEM B CTPOUTEIb-
HOM KOMIUIEKCE SIBJISIETCS YXYIIIeHWe ToKa3areaeit mpoy-
HOCTU W BHEIIIHErO BU/Ia KUPMUYHON KJIaJIKU, KOTOPOE MO-
JKET TIPOUCXOAUTh KaK M3-3a HU3KOTO KayecTBa ChIPbs IS
MU3TOTOBJIEHUSI KUPINMYA, TaK U BCJIEACTBUE MPOLIECCOB BbI-
cosnoobpaszoBaHusi. Cpok CIIy>KObl KepaMUKU 3aBUCHUT OT
yCJIOBUI ee Kcrutyatanuu. HeraTMBHO cKasblBaeTcsi Ha
CBOICTBaX KUPIIUYa €T0 MOCTOSIHHBIN KOHTAKT C BOJOM MTpU
OTpULIATEILHO TEMIIEpAType, MUTPALIUSI PACTBOPUMBIX CO-
JIeld M3 OKpYXawlleld cpeabl NpU KalnWUISIPHOM IOJICO-
ce [1]. Pazpymaroiiiee neiicTBue pa3TiuyHbIX COJIE, CKAILIA-
BaIOUIMXCSl B MOpax M3AEINiA, TOATBEPKIACHO pa3IMUHbIMU
HuccaenoBaHusgMu |2, 3].

OgHUM M3 CIOCOOOB YAy4IIeHUs] (DUMKO-MeXaHuve-
CKUX XapaKTepUCTUK KUPMKYa U, KaK CJIeICTBUE, MOBbBIILIE-
HUSl €ro BbICOJOCTOMKOCTU SIBJISIETCS CTPYKTYpHasi MOJIU-
(ukaumss kepamMuyeckoil MaTpullbl 3a CYET BBEICHUS
MVYHT [4, 5]. Jaunbiil ahdekT nocturaercst 3a cYeT dJeK-
TPOCTAaTUUECKOTO B3aMMOJCHCTBUS TJIWHSHBIX YacTUIl B
cnabokucioii cpeae cycneHsuiit MYHT nHa aTane dhopmoBa-
HUS ceIplia [6, 7], a TaKXKe YBETMYEHUST CITEKAEMOCTI Kepa-
muku [8—10]. B npogoikeHre mpuBeaeHHBIX pabOT ObLIU
UCCIIEOBAHbl BIUSHUS CTPYKTYPbl U CBOWCTB CTPOMUTENIb-
HOI1 KepaMMKU, MOAM(MULIMPOBAHHON AUCIIEpCUEt MHOTO-
CJIOMHBIX yryiepoaHbix HaHOTpyook (MYHT) cepum

(TP OVIENIBTIBIE

Now one of the problems in a construction complex is
decrease of strength index and appearance of the bricklaying
which can occur because of bad quality of raw materials for
brickmaking, and owing to processes of efflorescence.
Service life of ceramics depends on operation conditions.
Continuous contact with water at negative temperatures and
migration of soluble salts from the environment during a
capillary suction effect has a negative impact on brick prop-
erties [1]. The destructive effect of various salts accumulat-
ing in pores of products is confirmed by the researches in
works [2, 3].

One of ways of improvement of physicomechanical char-
acteristics of brick and, as a result, increase efflorescence re-
sistance is structural modification of a ceramic matrix due to
adding of MWCNTs [4, 5]. This effect is reached due to
electrostatic interaction of clay particles in the weak acidic
environment of MWCNTSs suspensions at stage of raw forma-
tion [6, 7] and also due to increase ceramic caking capaci-
ty [8—10]. Then, researches of influence of structure and
properties of the building ceramics modified dispersions of
multilayered carbon nanotubes (MWCNTs) of the
Masterbatch CW 2-45 series on resistance in the salt corro-
sion conditions were conducted.

Ceramic samples in the form of cylinders with a diameter
of 50 mm and a height of 50 mm were made by plastic form-
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Puc. 1. Pacnpepenexune yactuy, B BOAHbIX aucnepcusx MYHT: a — aucnepcus 1; b — pucnepcus 2
Fig. 1. Particles distribution in water dispersions of MWCNT: a - dispersion 1; b — dispersion 2

Masterbatch CW 2-45, Ha ee CTOMKOCTb B YCJIOBHUSIX COJie-
BOIi KOPPO3UU.

JInst TIpoBeneHUsT UCCIIEAOBAaHUN METOJOM TILIacTHYe-
CKOro (oopMOBaHMUSI ObUIM U3TOTOBJIEHBI KEpaMUUeCKue 00-
pasiisl B hopMe LMAMHAPOB auaMeTpoM S0 MM M BBICOTOM
50 MM. OGXUT OOPa3LOB BBIMOJHSIN C U30TEPMUUYECKOI
BBIJIEPXKKOI B TEUEHHME JIBYX YaCOB IPU TEMIEepaType 00XKu-
ra 950°C.

Kepamuueckass 1mmxrta mJisi M3rOTOBJIEHMS OOpa3loB
Bkimovana 70% nerkomiaBkoi rivHbl U 30% KBaplieBOro
rnecka. XMMUYECKUIA COCTaB IJIMHBI IIPUBEJEH B Ta0JI. 1.

Posnb HaHomoaupukaropa BeinmoaHsuii MYHT cepun
Masterbatch CW 2-45 (Arkema, ®paHiys), BKIIOYAOIINE
55% xapOOKCUMETWIIIEIUTION03bI U 45% HaHOTPYOOK, Me-
IOIIKUX CpeaHui auamerp 15 HM u mimHy g0 20 MKM.
Monudpuiupytomast 1o6aBKa BBOAMUIACH B COCTAB IIKUXTHI B
BUJIE BOAHOM IMCMEPCUM, MTPUTOTOBIEHHON MPU MOMOIIU
BBICOKOCKOPOCTHOTO ToOMoreHusaropa (aucrnepcusi 1), a
TaKXe JI0MOJHUTEbHO 00pabOTaHHOU YJIbTPa3BYKOM (JIMC-
nepcusi 2) [11]. AHanu3 aUCTIEPCHOCTH, TIPOBEACHHBIN C
HWCIOJb30BaHMEM Ja3epHOTo aHamus3aTopa Shimadzu
SALD-7500, rokasai, 4To CpeAHUI AUaMeTp YaCTULL B IUC-
nepcun 1 coctaBuia 2,53 MM, B aucnepcuu 2 — 1,31 MKM
(puc. 1). MYHT BBoaunu B koauvectse 0,001; 0,005 u
0,009% oT Macchl [JIMHBI.

JlnutenbHOe MpeObIBaHWE KUPITUYHON KJIaJK1 B HeO1a-
TOMPUSITHBIX YCIOBUSIX, CBA3aHHBIX C U3MEHEHMEM BJIaX-
HOCTH OKpYXalollle Cpeabl, BO3JACUCTBUEM 3HAKOIIEpe-
MEHHOI TeMIlepaTyphl, MEePeKpUCTAIUIM3ALMU COJIel, CO-
JIepXallMXcs B KUpPMUYe W KJIaIOYHOM pacTBOpe, CO
BpPEMEHEM IPUBOAST K CHUXXEHUIO €T0 NMPOYHOCTHBIX Xa-
PaKTEpPUCTUK, BILIOTH /10 pa3pylieHusi. [IposeaeHs! nccie-
JIOBAHUSI, 1IEJbI0 KOTOPBIX SIBJISLIOCH OIMpEAeSIeHUE BIIMSI-
HUS CyJIb(haT-uOHOB Ha KepaMuiyeckue oOpasibl 0 METO-
IWKe, TpeatoxeHHoi B crathe [1]. CorinacHo maHHOM
METOAMKE 000X KEHHbIe 00pasibl MOABEPraju BO3IEH-
CTBUIO KOPPO3UOHHOM Cpe/ibl, POJib KOTOPO MUrpaj pac-
TBOp cyJibaTa HaTpUsI ¢ KOHIEHTpalei cyabdaT-noHOB
50 r/om>. JlaHHas KOHIEHTpAIMs OOOCHOBAHA aBTOPOM
Stryszewska T. B ctatbe [12]. Koppo3noHHoe Bo3aeiicTBUe
MPOBOAMUIN LIMKJIMYECKU: HACHIIEHUE 00pa3oB KOPPO3U-
OHHBIM pacTBOpoM B TeueHue 48 u; cyiika npu 105°C no
MOCTOSIHHOM Macchl; oxJiax1eHue 00pa31oB 10 KOMHATHOMI

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

ing for research. The samples were fired with isothermal age-
ing for two hours at a firing temperature of 950°C.

Ceramic charge for the making samples had 70% of low-
melting clay and 30% of quartz sand. The chemical composi-
tion of clay is given in Table 1.

As the nanomodifier there were MWCNTs of the
Masterbatch CW 2-45 series (Arkema, France) including
55% of carboxymethylcellulose and 45% of the nanotubes
with a diameter of 15 nm and length of 20 microns. The
modifying additive was added into composition of charge as
the water dispersion prepared by a high-speed homogenizer
(dispersion 1) and also processed by ultrasound (disper-
sion 2) [11]. The dispersion analysis carried out using of laser
analyzer Shimadzu SALD-7500 showed that the average di-
ameter of particles in dispersion 1 was 2,53 microns, in dis-
persion 2 was 1,21 microns (Fig. 1.). MWCNT was added in
amount of 0,001; 0,005 and 0,009% of the clay mass.

Prolong stay of a bricklaying in an adverse conditions
connected with change of environmental humidity, influence
of freeze-thaw temperature, salts recrystallization which are
contained in a brick and brick mortar solution eventually lead
to decrease strength characteristics, up to destruction.

The aim of the researches was to determination influence
of sulfate ions on ceramic samples by the method in arti-
cle [1]. According to this method, the fired samples were ex-
posed to the corrosion environment as sodium sulfate with a
concentration of sulfate ions of 50 g/dm?. This concentration
was justified by the author Stryszewska T. and [12]. Corrosion
attack were carried out cyclically: saturation of samples with
corrosive solution for 48 hours; drying at 105°C to fixed-
mass; cooling the samples to room temperature. Strength
characteristics of ceramics were investigated after complete
5, 10, 15 and 20 cycles of corrosion attack.

Results of researches. Density of the fired samples was
1905—1935 kg/m?>. Strength indexes at compression of raw
and the fired samples are shown in the figure 2. After drying
the samples with MWCNT in amount of 0,009% (disper-
sion 1) and 0,001% (dispersion 2) had the largest compressive
strength. The gain of strength of the dried-up raw to 55%
from a check sample strength is recorded. After firing at tem-
perature of 950°C these compositions also have the best
strength index: 15,9 MPa — sample with 0,009% of MWCNT
(dispersion 1); 20,7 MPa — a sample with 0,001% of MWCNT
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TeMriepaTypbl. [IpoYHOCTHBIE XapaKTepu-
CTUKM KepaMUKHU HCCIEeIOBAIM TOCIe
noJjHbIX 5, 10, 15 u 20 IMKI0B KOppO3u-
OHHOTI'O BO3JICHCTBUS.

I110THOCTE 000XCKEHHBIX 00pa3loB
cocrauia 1905—1935 xr/m>. TMokasarenn
MMPOYHOCTU TIPU CXXaTUU ChIpla U 000-
JKCKEHHBIX 00pas3lioB MpEACTaBJeHbI Ha
puc. 2. IMocne cyiky HanbOobIIEH PO~
HOCTBIO MPU CXATUM 00J1a1aau oOopasibl ¢
comepxkanueM MVYHT B konaudectBe
0,009% (mucriepcust 1) u 0,001% (mucrep-
cus 2). 3auKCUPOBaH MPUPOCT IIPOYHO-
CTH BBICYILIEHHOTO ChIpIa 10 55% ot rmpoy-
HOCTU KOHTPOJIbHOTO obpasiia. Ilocie 06-
xxura npu Temreparype 950°C oTMeyeH-
HbIE COCTaBbl TakXke 00JIafaloT Jy4lIUuMU
rnokazareisiMu rpouyHoctu: 15,9 Mlla —
obpaser ¢ 0,009% MYHT (aucnepcus 1);
20,7 MIla — o6pasen ¢ 0,001% MYHT
(mucnepcus 2). [IpoyHOCTh 000KKEHHOTO
KOHTPOJILHOTO 00pasiia 6e3 106aBoK co-
craBuia 9,9 MIla.

IIpu wucnonb3oBaHUM [OUCTIEpCUU 2
MOTPeOOBAIOCH MEHbIIIee KOJTUIeCTBO Ha-
HOTPYOOK TSI AOCTUKEHUSI MOBBIIIEHHOM
MPOYHOCTU KEepaMMKH, YTO MOXKET OBbITh
00yCJIOBJIEHO JIyullleil aucrnepraiueil Ha-
HOYACTUI] TIPU WX JOTMOJHUTEIBHOMU 00-
paboTKe yIbTPA3BYKOM.

25
Mocne cywkn
After drying
20— m Mocne ob6xura
After baking

15+

10 |

MpoyHocTb Npu cxaTtun, MlMa
Compressive strength, MPa

0 0,001 0,005 0,009 0,001

CopepxaHne MYHT, %
Content of nanotubes, %

0,005 0,009

Puc. 2. lMpoyHOCTb Npu cxaTum kepammyieckmnx o6pasL/oB B 3aBUCMMOCTM OT coaepxaHus MYHT:
1 - ovcnepcwusa 1; 2 — pucnepcus 2

Fig. 2. Compressive strength of ceramic samples depending on the MWCNT amount:
1 — dispersion 1; 2 — dispersion 2

3,5
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34 After drying
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Mapka Kuprnuya MOMHUMO ToKa3aTe-

N
[

JIeil TIPOYHOCTU TP CXKATHUU OIpEaesi-
eTCsl 3HAYCHUSMU ITPOYHOCTHU IIPU U3TH-
6e. OnHako o0pa3ibl B (hopMe LIMJIMH/I -

N

POB pallMOHAJIbHO HCIIBITaTh Ha IMPOY-
HOCTb Ha HEMpsSMOE€ pacTsSKeHUE TpU
pacKajJbIlBAaHUM, ¢ KOTOPBIM TIPSIMO TIPO-

—_
6]

MOPLUMOHAIBHO CBSI3aH TIpele MPOYHO-
CTU Ha pacTskeHue mpu usrude. Ilpou-
HOCTb MPU pacKaJbIBAHUU PACCUUTHIBAIN
o opmyie:

—_

[MpOYHOCTL NPU PacTsxKeHUM Npu packansiBaHuu, Mla
Tensile strength at splitting, MPa

2P
Rouek = —21—, 0,5
\pack TDH
roe: P— nukoBas Harpyska, KH; D — nua- 0
MeTp oOpasua, MMm; H — BbicoTa 00pas- 0

1a, MM.

Kak BUZHO W3 pe3yabTaTOB HCIThITa-
HUI KepaMHYecKrX oOpas3loB Ha TPOY-
HOCTb INPU pacKajbiBaHuu (puc. 3), Hau-
JIYYIIMMM  TIOKa3aTessIMU, TMPeBOCXOsI-
IIUMH TPOYHOCTH KOHTPOJIBHBIX 00pa3LioB
MOYTH B J[Ba pa3a, TaKxKe 00J1a/1at0T cocTa-
BBI ¢ 0,009% MYHT (mucniepcus 1) u 0,001% MYHT (mmc-
nepcus 2).

C BBeaeHueM MYHT B kepaMUKy yBEIMYMIOCH KOJTUYE -
CTBO 3aKPBITBIX MOP (pe3epB MOPUCTOTO MPOCTPAHCTBA) 10
3% 1o CpaBHEHUIO C TOKa3aTeIsIMU KOHTPOJBHBIX 00pa3-
1108 [13]. Yewm BblIlIe pe3epB MOPUCTOrO MPOCTPAHCTBA, TEM
HIKe OyIeT CKOPOCTh MUTPALIMU BOIBI C PAaCTBOPMUMBIMU
COJISIMU B TeJie KupIuya.

C moMolIblo Hepaspyllalolero MeToaa MccieaoBa-
HUI — KOMIIBIOTEPHON ToMorpachuu — ObUIM TOJYyYEHbI
CHUMKM BHYTPEHHMX cpe3oB oOpasuoB (puc. 4). Ha
puc. 4, a IpuBeIeH BHYTPEHHUI Cpe3 KOHTPOJIBLHOIO 00-
pas3na, KOTOPBLIA CONEpPKUT INIyOOKME TPEIIUHBI BO BCEM
oobeme. Obpazen ¢ nobasieHuem MYHT (puc. 4, b) co-
JEPXKUT TOJBKO TPEIIMHBI YCAAKU B 00JACTU BKIIIOYESHUIA
[JIMHBI, HE TTOABEPTHYTON HEOOXOAMMOI AuCTepraiuy mpu
MPUTOTOBJIEHUM IUXThl. OTMedaeTcsi, 4To obOpasel c
MYHT umeet 6oiiee OTIHOPOIHYIO U IUIOTHYIO CTPYKTYDPY.

R
0,009

0,001 0,005 0,009 0,001
CopepxaHvne MYHT, %

Content of nanotubes, %

0,005

Puc. 3. MNpo4yHOCTb Ha pacTsxeHre Npu packanbiBaHUM KepaMmmyeckmnx o6pasLoB B 3aBUCUMOCTH
oT cogepxaHus MYHT: 1 — gucnepcus 1; 2 — gucnepcus 2

Fig. 3. The tensile strength at splitting of ceramic samples depending on the MWCNT amount:
1 — dispersion 1; 2 — dispersion 2

(dispersion 2). Strength of the fired check sample without
additives was 9,9 MPa.

When using dispersion 2, a smaller amount of nanotubes
was required to achieve increased ceramic strength, which
can be due to better dispergation of nanoparticles at addi-
tional processing by ultrasound.

The brick grade besides strength index at compression is
defined by values of bending resistance. However it is rational to
test samples in cylinders form to indirect tensile strength at split-
ting with which tensile strength at a bending is in direct ratio
connected. Cleavage strength was calculated by the formula

2P
Rpack = ma

where: P is peak load, kN; D is the sample diameter, mm;
H is the sample height, mm.

As seen from results of tests tensile strength at splitting of
ceramic samples (fig. 3) compositions with 0,009% of
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Puc. 4. CHUMOK cpesa kepamumyeckmx o6pasLoB, NoslyYeHHbI METOA0M KOMMbIOTEPHO TOMO-
rpadun: a — KOHTPObHLIN 06pasew; b — o6paseu, ¢ 0,001% MYHT (aucnepcusa 2)

Fig. 4. A picture of a cut of ceramic samples, received by the computer tomography method:

a — a check sample; b — sample with 0.001% MWCNT (dispersion 2)

OTO MOATBEPXKIAIOT paHee MPOBEIECHHbIE MUCCIEN0BAHUS
MUKPOCTPYKTYpPbI KepaMukH | 14], KoTopble TOKa3aiu CHU-
XXEeHHe KOJIMYeCTBa INIYOOKHMX, CBSI3aHHBIX MEXIy co0oit
MOp B KEPAMUYECKOIM MaTpUIIE.

HccrnenoBaHust MUKPOCTPYKTYPBI BHISIBUJIM B CTPYKTYPE
MoauduIMpoBaHHOrO obpasua (puc. 5, b) obpazoBaHUs
KPUCTAJUIMYECKUE HOBOOPA30BaHUSI Urojb4yatoit (opmbl,
COOTBETCTBYIOIIME KpucTasiaM myinuTa [15]. Kpucramib
MYJUIUTa CIIOCOOCTBYIOT MMKPOApMHMPOBAaHMIO Kepamuye-
CKOI1 MaTpUIIbl, TEM CaMbIM IOBBIIIAs €€ TPOYHOCTb.

IMonyyeHHble TaHHBIE MO3BOJISIIOT MPEANOJOXUTh, YTO
Kepamuueckue odpasiibl OyayT 6osiee YCTOMUMBBIMU 1O OT-
HOIIEHUIO K COJIeBOI Koppo3uu. Ha mpakTuke 5T0 1M0o3BO-
JIAT CHU3UTH PUCK BOSHUKHOBEHUS IISTYIICHU U CKOJIOB
Ha TOBEPXHOCTU KUPIMUYHOM KJIaIKW TIPU BHICOJO0Opa-
30BaHUU.

JI1s1 MOATBEepKIEHUS MPEANOI0XEHUsT ObLIM MpOBe/ie-
HbI UCTIBITaHUSI 00Pa31OB B KOPPO3MOHHOM Cpejie pacTBopa
cynbdara Hatpus B TeueHure 20 mukioB (puc. 6). OHU 1TO-
Kazajii, 4TO TepBble BUAMMBIC TTPU3HAKU OTPHUIIATETLHOTO
BO3IEUCTBUS COJIel HAOIIOAAIOTCS YK€ TTOCIE MSITU LIMKJIOB.
Ipouiecc paspylieHus: KepaMUKU HAuyMHAETCSl B BepXHeit
yacTu 00paslioB, TaK KaK B pe3y/ibTaTe KarmuUISIpHOTO (-
(hexTa KOPpPO3MOHHBIN PACTBOP MUTPUPYET MO MOPOBOIL
CTPYKTYpe 00pa3loB U KPUCTALIU3YETCs B BUje cyjbdara
HATpusl Ha UX MOBEpXHOCTU. C yBeJMYEHUEM YUCIIA LIMKIIOB
30Ha pa3pylIeHUs] CABUTAETCSI BHU3.

3aBUCUMOCTD ITPOYHOCTH TIPU CKATUHN
00pa3lloB C Pa3iMYHBIM COJepXKaHUEM
MVYHT ot konnyecTBa IIUKJIOB IIPUBEIE-
Ha B Tabu. 2. [Tocie ngaTv LMKIOB MPOY-
HOCTb IIPU CXATUU BCEX 00Pa3LOB YBEIU-
yptack 10 17%, 94TO MOXKET OBITh CBSI3aHO
C OTJIOXEHHEM TMPOAYKTOB KOPPO3UHU B
rnmopax KepamMU4yeckoro wmatepuaiga u
VIUIOTHEHUSIX UMU CTPYKTYPbl Kepamu-
ku [1]. ITpu nepexpucraiauzainum 6e380-
JHoro cyibdara Hatpus Na,SO, B 10-Bo-
IHbII Kpuctauioruapat Na,SO, 10H,O
MPOUCXOIUT YyBEJIUUYEHHUE €ro oObeMa Ha
311%, moaToMy majbHeiilee HaKOTUIEHHE
cosieii B mopax marepuana MpPUBOJUT K
YBEJMYEHUIO UX 00bEeMa U pa3pyllalolie-
MYy IeHCTBUIO HA CTPYKTYPY KEPAMUKHU.

IMocne 20 LHUKIOB UCTIBITAHUST BUIU-
Masi 30Ha pa3pylIeHU COCTaBISIET MOJI0-
BUHY BBICOTHI 00pas3loB, a CHUXEHUE
npoyHocT — 110 31%. OnHako o6pasiibl,
MOIU(UIIMPOBAHHBIC AUCIICPCUCH YTIIe-

SEM MUz 50,0 ke Det: SE |
SEMHV: 200KV | 500 nm

MWCNT (dispersion 1) and with 0,001% of
MWCNT (dispersion 2) have the best indi-
cators exceeding the check samples strength
almost twice.

When adding of MWCNT to ceramics
the quantity of close pores (a reserve of
porous space) increased to 3% in compari-
son with indexes of check samples [13].
The reserve of porous space is higher, the
lower will be migration rate of water with
soluble salts in the brick.

By using of a nondestructive researches
method — a computer tomography — pic-
tures of internal cuts of samples (fig. 4) were
received. The internal cut of a check sample
which contains deep cracks in total volume
is given in the figure 4a. The sample with
MWCNT (fig. 4, b) contains only shrinkage
cracks in the field of inclusions of the clay
which isn’t exposed to a necessary disperga-
tion at charge preparation. It is noted that
the sample with MWCNT has more homo-
geneous and dense structure. It is confirmed by microstruc-
ture ivestigations of ceramics [14] which showed decrease
number of the deep, interconnected pores in the ceramic
matrix. Microstructure investigation revealed in structure of
the modified model (fig. 5, b) crystal a growths of a needle
form, corresponding to mullite crystals [15]. Mullite crystals
promote microreinforcing of a ceramic matrix, thereby in-
creasing its strength.

The recived data allow to assume that ceramic samples
will be more resistance to salt corrosion. In practice it will
allow to reduce the risk of peelings and chips on the bricklay-
ing surface at effloresce.

For confirmation of assumption samples were tasted in
the corrosion environment of sodium sulfate solution for
20 cycles (fig. 6). They showed that the first visible signs of
negative effect of salts are observed after five cycles. Process
of destruction of ceramics begins at the top part of samples as
aresult of capillary effect corrosion solution migrates through
the pore structure of samples and crystallizes as sodium sul-
fate on their surface. With increase number of cycles rupture
zone moves down.

The dependence of the compressive strength of samples
with different MWCNT contents from cycles number is given
in the table 2. After 5 cycles compressive strength of all sam-
ples has increased to 17% that can be connected with deposi-
tion of corrosion products in the pores of ceramic material

SEM MAGE 60.0 kx | Det SE 11 L MERAT TESCAM|
| SEMBW200KV | 500 nm
| AdMa s - FAST VUT Brna

Puc. 5. MukpocTpyKkTypa kepaMmmyeckmnx o0pasLoB: @ — KOHTPOJbHLI obpaseu; b — obpaseL,
¢ 0,009% MYHT (aucnepcus 1)

Fig. 5. Microstructure of ceramic samples: a — check sample; b — sample with 0.009% MWNT
(dispersion 1)
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Puc. 6. BHelHuii B1ua, 06pasLioB Npy BO3AENCTBM KOPPO3UOHHOW cpeabl (pacTBop Na,SO,): Ao ucnbitanuii (a); nocne 20 uuknos (b)
Fig. 6. Appearance of the samples at influence of the corrosive environment (Na,SO, solution): before testing (a); after 20 cycles (b)

Tabnuua 2
Table 2
Copepxanne MYHT, %
in 9
KonmuecTso Content of MWCNT in %
LIMKIIOB 0 0,001 (7) 0,005 (1) 0,009 (7) 0,001 (2) 0,005 (2) 0,009 (2)
Cycle number Mpo4yHoCTb Npu cxatun, MMa
Compressive strength, MPa
- 9,9 10,2 10 15,9 20,7 14,5 15
5 10,5 10,7 10,3 16,2 21,4 16 15,9
10 9,5 10 9,8 16,2 21,3 14,1 15,1
15 8,9 9,3 9,3 16 20,9 13,4 14,7
20 7,2 7,5 7,6 14,3 19,3 11,7 10,3
Mpumeuanue. (1) — aucnepcus 1; (2) — amcnepcus 2.
Note. (7) — dispersion 1; (2) — dispersion 2.

POIHBIX HAHOTPYOOK, IOCJC BBIACPKKKU B KOPPO3MOHHOM
cpelie TaKKe UMEIOT TTPOYHOCTD BBIIIE, YeM KOHTPOJIbHBIC
obpasupl. KpoMme Toro, mpouHocth o6pasuoB ¢ 0,009%
MVYHT (mucniepcus 1) u 0,001% MYHT (aucniepcus 2)
MPaKTUIECKU HEe U3MEHSIETCS.

BoiBopI.

Takum ob6pa3oM, MpoBeAeHHbIE UCCIEIOBAHMS MOKa-
3bIBAIOT 3(PHEKTUBHOCTE MOAUMDULIMPOBAHUS CTPOUTEIb-
HOW KepaMUKHU TUCTIEPCUSIMU MHOTOCTOMHBIX YTIePOIHBIX
HaHOTpyOOK. BBenenue BonHoi#t nucrnepcun MYHT B co-
CTaB KEPaAaMUYECKOM IIMXThI U3MEHSIET CTPYKTYPY Kepamu-
YeCKOM MaTpulibl, MOBbIIIAS €€ IMJIOTHOCTb U OJHOPO.I-
HOCTb, TEM CaMbIM YJIy4lllasl €e TPOYHOCTHBIE XapaKTepu-
ctuku. Hanbosee aphekTrBHOI sSIBIsIETCS KOHIIEHTpALUs
HaHOTPYOOK B KoimvecTBe 0,001% OT Macchl TIIMHBL, TIpE.I-
BapUTEJbHO JUCIIEPTUPOBAHHBIX B BOTHOM cpejie TPy IMo-
MOIIY BEICOKOCKOPOCTHOTO TOMOTEHMU3aTOPa U TIOCIEAYIO-
IIEr0 BO3AEHCTBUS yabTpa3Byka. [IpOUHOCTb MIPU CXKATUU
MOIMGUIMPOBAHHBIX 00pa3ioB Bo3pacTaeT Ha 109%,
ITPOYHOCTH Ha pacTsSCKeHUE TTPU pacKalbiBaHU — Ha 123%.
Kpome Toro, moBbIIIaeTcsl KOpPO3MOHHAsSI CTOMKOCTh Ke-
pPaMMYECKOTr0 KUPITUYa, YTO MTO3BOJIMT COKPATUTh KOJTUYE-
CTBO TIOBPEXIEHUI KUPIMYHBIX (hacagoB TPU COJIEBOI
KOPpO3UHU.
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and compaction of ceramic structure by them [1]. At recrys-
tallization of anhydrous sodium sulfate into a 10-aqueous
crystalline hydrate Na,SO, 10H,O its volume increases by
311% therefore further accumulation the further accumula-
tion of salts in the pores of material leads to increase in their
volume and a destructive effect on the ceramic structure.

After twenty cycles of test the visible rupture zone is a half
of height of samples, and decrease in strengt is up to 31%.
However the samples modified by dispersion of carbon nano-
tubes after aging in the corrosion environment also have
higher strength, than check samples. Besides, strength of
samples with 0,009% of MWCNT (dispersion 1) and with
0,001% of MWCNT (dispersion 2) practically doesn’t change.

Conclusions.

Thus, the conducted researches show efficiency of modifying
of building ceramics with dispersions of multilayered carbon
nanotubes. Adding of water dispersion of MWCNT to composi-
tion of ceramic charge changes structure of the ceramic matrix,
increasing its density and homogeneous, thereby improving its
strength characteristics. The most effective is concentration of
nanotubes, in an amount of 0,001% of the clay mass which are
previously dispersed in the water environment by means of a
high-speed homogenizer and the subsequent influence of ultra-
sound. The compressive strength of the modified samples in-
creases by 109%, the tensile strength — by 123%. Besides, the
corrosion resistance of a ceramic brick increases that will allow to
reduce the number of damage of brick facades at salt corrosion.
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3aKoHOMEpHOCTH COBMELLEHUSI NONNBUHUNXJIOPUAHBIX
KOMNO3HULMIA C AUCNEPCUAMU YTNEPOaHbIX HAaHOTPYOOK

PaccmMoTpeHbl 3aKOHOMEPHOCTY COBMELLEHMS C NOANBUHUAXNOPUAHBIMU KOMMO3NLMAMI YrAepOAHbIX HAHOCTPYKTYP B 3aBUCUMOCTM OT BMAA
ancneprupytowlei cpefbl. icnonb3oBaHbl 6a30Bble PELENTYPbI NONUMBUHUAXNOPUAHbIX NNACTUDULMPOBAHHbIX U XXECTKMX KOMNO3uLUMiA. B kadecTse
YIMepOAHbIX HAHOCTPYKTYP M3Y4eHbl OAHO- N MHOTOC/ONHbIE HAHOTPYOKN. YrnepoaHble HAHOCTPYKTYPHbIe A06aBKN BBOAUINCH

B MOMUBUHWAXNOPUAHBIE KOMNO3MLMK B BUAE arfiOMEpPUPOBAHHBIX CyXMX MOPOLUKOB U Pa3fNYHbIX ANCNEPCUl HA OCHOBE OPraHNYecKnX, B TOM YUCHe
NoANMEpHbIX, cpefl. B paboTe npeAcTaBneHbl AaHHbIe, OTpaXaroLme 06LHOCTb U PA3NNYNS BNUAHUS HAHOPA3MEPHbIX 406ABOK Ha CBOMCTBA

11 CTPYKTYPY MOAMULMPOBAHHbBIX KOMMO3UTOB. YCTAHOBMEHO, 4TO KOHLIEHTPALMA YrNepoAHbIX HAHOTPYOOK B AUCNEPCUN, a TakKe npupoaa
QNCNEPCUOHHOI CPeAbl 0Ka3blBAKT Pa3fIMYHOE BAUSHUE B 3aBUCUMOCTI OT PELeNTYPbl MONMBUHUAXNOPUAHbIX (MNACTUCULMPOBAHHbBIX UITN XKECTKNX)
KOMMO3NLMIA 1 CNOCOBOB X MONYYEHUS.

KntoyeBble cnosa: YrNepofHble HAHOTPYOKN, NNACTUPULMPOBAHHBIE W XKECTKINE NONUBUHUNXIOPUAHBIE KOMMO3UTbI, MUKPOCTPYKTYpa.

Ins uutupoBanus: Xo3uH B.I'., Hnzamos P.K., A6apaxmaHoBa J1.A. 3aKOHOMEPHOCTY COBMELLLEHNS MONUBUHUNXNOPUAHBIX KOMNO3WULWA C AMCNEPCUAMMU
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Regularities of Combining Polyvinyl Chloride Composites with Carbon Nanotubes Dispersions

The article deals with the regularities of combining carbon nanostructures with polyvinyl chloride composites depending on the type of dispersion medium. The basic formulations of
plasticized and rigid polyvinyl chloride composites were used. Single- and multi-wall carbon nanotubes were studied as carbon nanostructures. Carbon nanostructured additives were
introduced into the formulation of polyvinyl chloride composites in the form of agglomerated dry powders and various dispersions based on organic, polymer media. The research
includes the data reflecting similarities and differences in their effect on the properties and structure of modified composites. It is found that the concentration of carbon nanotubes
in the dispersion, as well as the nature of the dispersion medium, have a different effect depending on the formulation (plasticized or rigid) of polyvinyl chloride composites and pro-

duction process.

Keywords: carbon nanotubes, plasticized and rigid polyvinyl chloride composites, microstructure.

For citation: Khozin V.G., Nizamov R.K., Abdrakhmanova L.A. Regularities of combining polyvinyl chloride composites with carbon nanotubes dispersions. StroiteI'nye Materialy

[Construction materials]. 2018. No. 1-2, pp. 33-38. (In Russian).

ITo accopTMMeHTY TOJMMEPHBIX MaTepuaJoB U M3Je-
Juii, 00beMy UX IPUMEHEHUSI B CTPOUTEJIbHOM OTpaciiv Be-
Iylmasi pojib OpUHALIEXUT noauBuHwixjaopuay (ITBX),
KOTOPBI MCITOJIb3YeTCsl B TPOU3BOJICTBE IIMPOKO HOMEH-
KJaTypbl NPOMUILHO MOTOHAXHbIX W3IEIUN, PYTOHHBIX
TMOKPBITUI TIOJIOB, KPOBEJbHBIX MartepuasoB u jap. [1BX
SIBJISIETCSI OTHUM M3 CaMbIX BOCTPeOOBAaHHBIX TOJVMMEPOB,
€ro TPYAHO 3aMEHUTb APYTMMU TepMoIiacTamu, Oosee
YIOOHBIMU M MeHee TTPOo0JIeMHBIMM B IlepepaboTKe.

IIpu pa3zpaborke komMmno3uToB Ha ocHoBe IIBX, B Tom
4yyCjie HAHOKOMITO3UTOB, PELIAIOTCS CAeAYIOIe OCHOBHbIE
3a/1a4M: TIOBBIIIEHUE TEPMOCTAOMJIBHOCTU KOMITO3UIINIA,
CHIDKEHME BSI3KOCTHU UX paciiaBoB. Ho rpu aTom npumanue
crieliuueckrx (pyHKIMOHAIBHBIX CBOWCTB HE JOKHO
MPUBOAMUTD K CHUKEHUIO MEXaHUYECKMX CBOMCTB KOMITO3M -
ToB. [100yIsIpHAast cTpyKTypa, nmpucyias 3epHam [1BX pas-
MepoM |—2 MKM, UMEET JI0CTaTOUYHYIO TTPOYHOCTH TMPHU Te-
pepaboTke 4epe3 pacIliaB, W TPU Pa3TUIHBIX CIOcoOax
nepepadoTKU MOXKET ObITh JOCTUTHYTA pa3Hasl CTeIEHb Io-
MOTEHM3allMM pacriaBa, YTO MPUHLIMITUMAIBHO BaXKHO JUISI
noHuMaHus apdekTa MoaudUKaIMM MaJTbIMU KOJTMUeCTBa-
MM 100aBOK, OCOOEHHO HAHOCTPYKTYPHBIX [1, 2].

ABTtopamu ucciemnyercs 3(hheKTUBHOCTh HAHOMOIU (DU -
Kalluy MOJUBUHUIXJIOPUIHBIX KOMITO3UTOB MHOTOCTOMHbBI-
MU 1 OMHOCJIOMHBIMU yrjiepogHbIMU HaHOTpyOKamu (YHT)
komnanuu «Arkema Group Co.» (PpaHuus) ¥ KOMIAHUU
00O OCSIiAI (r. HoBocubupck) [3—6]. B HacTosieit cra-
Th€ J1a€TCS CPABHUTEJbHbBII aHaJIU3 BIUSIHUS TIPUPOJIbI
CpeIbI-HOCUTEJISI YIVIEPOJAHBIX HAHOTPYOOK B 3aBUCUMOCTH

(TP OVIENIBTIBIE

According to the range of products and materials, volume
of their application in the construction industry the leading
role belongs to polyvinyl chloride (PVC), which is used in the
production of a wide range of shaped and linear articles, ma-
terials for flooring and roofing, etc. PVC is one of the most
popular polymers; it is difficult to replace them with other
thermoplastics, more convenient and less problematic in
processing.

When creating composites based on PVC, including na-
no-composites, the main tasks are: to increase thermal resis-
tance of the compositions, to reduce the viscosity of their hot
melts. However, adding specific functional properties should
not affect the reduction of the composites’ mechanical prop-
erties. The globular structure inherent in PVC grains of
1—2 pm in size has sufficient durability during the processing
through the melt and various degrees of homogenization of
the melt can be achieved using various methods of process-
ing, this is of crucial importance for understanding the effect
of modifying with small amounts of additives, especially
nanostructured ones [1, 2].

The efficiency of nanomodification of polyvinylchloride
composites by single- and multi-wall carbon nanotubes
(MWCNT) by Arkema Group Co. (France) and OCSiAl
company (Novosibirsk) was considered in our works [3—6].
This research provides the comparative analysis of the nano-
modification results in terms of assessing the influence of the
carbon nanotubes carrier medium nature, depending on the
composition of basic PVC composites for construction pur-
poses.
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OT KOMITOHEHTHOro coctaBa 06a3oBbix [1BX-kommno3zuuuit
CTPOUTETBHOTO Ha3HAYESHUSI.

HomeHknatypa HCHoOAb3yeMbIX s MoAMbUKALUU
[1BX-KoMITO3ULIMI HAHOYTJIEPOAHBIX J00OABOK JOCTATOYHO
HIApOKas:

1. MuorocnoitHbie yriaeponHbie HaHOTpyOku (MYHT).

1.1. Cyxme arnomepupoBaHHBIe TIopomiku MYHT
Graphistrength™-100.

1.2. ducnepcun Graphistrength™-100 B auokTuigra-
Jiate.

1.3. Aucnepcuu Graphistrength™-100 B Boze.

2. OpgHocnoitHble yraepoaHbie HaHOTPpYOku (OYHT).

2.1. Cyxue armoMmepuposanHblie nopoku TUBALLR.

2.2. Tucnepcuut TUBALLR B nnokTundranare.

2.3. Cynepkonuentpar TUBALLR B adpupax xupHbIx
KapOOHOBBIX KMCJIOT.

2.4. Nucnepcust TUBALLR B BogHOM pacTBOpe CyJib-
danomna.

B mannoii paboTe ocTaHOBMMCS Ha pe3yJbTaTax MCCe-
JIOBaHUI B ABYX acrnekTax: 1 — cpaBHeHUe 3((HEKTUBHOCTU
HaHoMoaupukauuu [TBX ogHO- 1 MHOTOCIOMHBIMM CYXU-
MM HaHOTpPYOKamu; 2 — BJIUSHUE BUIA CPEIbI-HOCUTEIIS
YHT, B ywacTtHOCcTM OUOKTWI(TAaTa — ruiacTuduKaTopa
I1BX, Ha cTPYKTYpYy 1 CBOMCTBA XXECTKUX U TUIACTU(DULIUPO-
BaHHBIX KOMITO3ULIUIA.

Jlanee mpeacTaBeHbl pe3yJbTaThl CPABHUTEILHOTO aHa-
JIN3a BIUSIHUSL MHOTOCJOWHBIX U oaHocaoiHbix YHT Ha
cBoiictBa [1BX-kommno3uiuii. st 5Toit 1ieau ucnosb3oBa-
JINCh 6A30BbIE TTPOYKTHI IBYX KOMITAHUI-TIPOU3BOAUTEIICH
YHT B BuIe cyxux arjloMepuMpoOBaHHBIX TOPOIIKOB.
Xapaktepuctuka YHT gana B pabotax [3, 5], u mis BBene-
HUS UX MUKPOI03 UCTIOAb30BaH MPUHIIUIT MTOJTYyYEHUS] KOH-
uentpartos ¢ [IBX. Peuenrtypa cogepXut 10CTaTOYHO BbICO-
KYI0 KOHIIEHTpalM HaHOIOOaBKU, MOUTH HAa HECKOJIBKO
MOPSIIKOB OOJIbllIe, YEM B pelienType KOHEUHOTO HAaHOKOM-
MO31Ta, ¥ TTIOTOMY JOCTUYbh TOMOTEHHOCTH pacIpeeieHusI
VHT B mpouecce nepepabOTK B paciuiaBe 3HAYUTEIbHO
sierye. KOHIIEHTpaThl TOTOBWIM IYTEM CMEIIeHUs 3epeH
I[1BX ¢ HaHOTpyOKaMu B IJIaHETApPHO-IIAPOBOM MEJIbHUIIE.
B Tabnuiie npeactaBieHbl CDABHUTEIbHBIE JAHHBIC 11O BII-
sTHU10 Ha Ttokazarteiv [TBX MHOTOCTIOMHBIX M OTHOCIOMHBIX
HaHOTPYOOK.

Tak Kak IO acrleKTHOMY COOTHOIICHUWIO IuUaMeTpa
nnvHbl YHT B npuHIMne nogoOHbI MaKpOMOJIEKYJIaM, oue-
BMIHO, OHM MOTYT 00Pa30BbIBATb COBMECTHbBIE CTPYKTYPHI,
YTO, BOBMOXHO, U 00YCJIOBIMBAET yIPOUHEHNE KOMITO3UTA.
OueBUIHO, YTO MeHbIas (ppakranbHas pasmepHocTb YHT
JTaeT BO3MOXKHOCTD (pU3MIecKy B3anMoeiictBoBaTh ¢ [1BX
Ha MaKpOMOJIEKYJISIPHOM YpoBHe. Takoro ke MHEHUST TpH-
JIePKUBAIOTCSI U aBTOPbI APYrux padbot [7, 8], cuuras, 4To
OoJblast IIMHA M Majblid auametp, npucyiue YHT, «pon-
HSIT» UX C IMHEHHBIMU MaKpOMOJIEKYJIAMU TTOJIMMEPOB.

B o0Ooux ciaydasix WMCIOIb30BaHUS
VHT BbIsIBIEHO 3HAYUTENIHLHOE ITOBBIIIIE-

Hue TepmoctadbmwibHocTu [1BX (Tabnauma).
HanoTtpyOku 00pa3yloT CKpy4eHHBIE MEX-
ny coboil pazHOOOpa3HBIM 00pa3oM CIH-

Nomenclature of nanocarbon additives used by us for
modification of PVC-compositions is quite wide:

1. Multi-wall carbon nanotubes (MWCNT):

1.1.  dry agglomerated powders
Graphistrength™-100;

1.2. dispersions Graphistrength™-100 in dioctylphthal-
ate;

1.3. dispersions GraphistrengthTM-100 in water;

2. Single-wall carbon nanotubes (SWCNT):

1.1. dry agglomerated powders TUBALLR,;

1.2. dispersions TUBALLR in dioctylphthalate;

1.3. master batch TUBALLR in the ethers of oily carbox-
ylic acids;

1.4. dispersion TUBALLR in aqua solution of sulphanole.

This article deals with the results of our research in two
aspects: 1 — comparison PVC nanomodification efficiency
with single- and multiwall nanotubes; 2 — influence of the
medium type of CNT carrier, in particular, the PVC plasti-
cizer dioctylphthalate on the structure and properties of rigid
and plasticized PVC-compositions.

The results of multi- and single-wall carbon nanotubes
comparative effect analysis on the properties of PVC com-
positions are presented below. For this purpose, the basic
products of two companies producing CNT were used in
the form of dry agglomerated powders. The characteristic
of CNT is given in works [3, 5]. For the introduction of
microdoses, the principle of creating preliminary concen-
trates with PVC was used. Their formulation contains a
sufficiently high concentration of nanoadditives, almost
several times higher than in the final nanocomposite for-
mulation, and therefore it is much easier to achieve homo-
geneity of CNT distribution while processing in melting.
Concentrates were prepared by processing PVC grains with
nanotubes in a planetary ball mill. Table presents compara-
tive data on the effect of multi- and single-wall nanotubes
on PVC parameters.

Since according to the aspect ratio the diameter and the
length of CNT are similar to macromolecules, it is obvious
that they can form joint structures, which causes the com-
posite to harden. Obviously, the smaller fractal dimension of
CNT makes it possible to interact with PVC at the macro-
molecular level. The authors of the works [7, 8] share the
same opinion, considering that the large length and small
diameter inherent in CNT are related to linear polymer
macromolecules.

In all cases where CNT was used, a significant increase
in thermal stability is indicated. Nanotubes form spiral
structures, twisted in various ways; leading to the emer-
gence of a significant number of nanometer-sized cavities
inside the material, that are available for “guest” [9] mole-
cules of: liquids (acetone, methanol, ethanol, linear chain
alkanes, fatty acids, benzene and cyclic hydrocarbons,

MWCNT

CpaBHUTeNbHbIe Noka3aTtenu o6pa3uos MNBX

npu KoHueHTpauum 0,001 mac. 4. YHT Ha 100 mac. 4. MBX

Comparative parameters of PVC samples

at a concentration of 0,001 phr of CNT for 100 phr of PVC

pajieBUIHbIE CTPYKTYPbl, KOTOPbIE MPUBO-

JAT K BO3BHUKHOBEHUIO BHYTPU MaTepuaia lMokasatenu Mexoanwiid MBX | Graphistrength™-100 | TUBALLR
3HAYUTEIILHOTO KOJIMYECTBA TIOJIOCTEN Ha- Parameters Initial PVC Graphistrength™-100 Tuball®
HOMETPOBOTO pa3Mepa, IOCTYMHBIX Ui IPOSHOCTS NpH paCTAXEHA (Gp), MTTa

«roCTeBbIX» MOJIEKYJ [9]: kuaKocTeil (ate- || 1o sile stren gth (o), MPa 36 4 44
TOH, METaHOJI, 3TaHOJI, JUHEHHO-1IENo- .

YeyHble ajKaHbl, XKUPHbIE KUCIOThI, OCH- MNokasaTenb Teky4ecTu pacnnasos

3071 ¥ UMKJINYECKHUE YIIeBonopoabl, Heko- || (TTP), r/10 mux _ 0,28 0,31 0,25
TOpble aMuHbl) win rasos (H,0, CO, CO,, | Meltflow rate (MFR), g/10 min

CH,, G,H,, NO, NO,, CF,, CCl,, SF¢, H,, TepmMoCTabuabLHOCTD (T), MUH 6 89 5
Ny, O,, Cly) [9, 10]. CrenoBarenbHo, BO3- | Thermal stability (t), min 4 ! 14
MOHA COpOLMS M XJIOPUCTOTO BOIOPOIA, Bomonornowenie (W), wac. %

BH{[CJ’I&I}OU_IE?FOCH IIpU BbBICOKOTEMIIEpaTyp- Water absorption (W) % w‘r. 0,21 0,15 0,04
Hoil mepepaborke [IBX u katanusupyto- d .
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1LIeTO ero pacrnaa. DTOT (PakT, 0OYEeBUIHO, SIBJISICTCS OMpPeae-
JISIIOLLMM TPU OOBSICHEHUM TOBBILLIEHUS TEPMOCTAOUIbHO-
ctu IIBX, XxoTsd MOryr OBITh peaJnM30BaHbl U JOpyrue
MexaHU3Mbl. OTHOBPEMEHHO aBTOpPaMU BBISIBJIEHO U MOBBI-
IIEHUE TEIUIOCTOMKOCTU KOMMO3UTOB (rmouytu Ha 15°C B
cinyyae MYHT), uto paciupsiet fuamna3oH paboueii Temrie-
patypsl Ojarofapsi OBBILIEHUIO TEMIIEpaTyphl Mepexoaa B
CTEKJI000pa3HOe COCTOSIHUE 3a cYeT 00pa3oBaHUs TUIOTHO-
ynakoBaHHOTro MexxdasHoro cios marpuiia — YHT. Crenyer
OTMETUTH, YTO ONTUMYM CBOWMCTB IO psly ToKasarejeil B
cinyyae nipuMeHeHuss OYHT nabmiomaercst mpu OOJIBIIMX
KOHIIEHTpauusx, yeM B ciiyuae MYHT.

Crenyomast cepusi 9KCIIEPUMEHTOB KacaeTcsl a(pdek-
TUBHOCTU U MEXaHU3Ma MOAUMUKALIMU YIJIEPOAHBIMU Ha-
HoTpyokamu [1BX-koMmo3uliuii B 3aBUCUMOCTU OT IIpU-
poOAbl OCHOBHBIX KOMIIOHEHTOB peuentypsl. [1BX-kowm-
MO3UIIMK — 3TO MHOTOKOMITOHEHTHbBIE CUCTEMBI, COJIEPXKa-
1Me pas3anyHble (GyHKIMOHAIbHBIE (11eJieBble) T00aBKY IS
MOBBILIEHUS YIPYTOMPOYHOCTHBIX CBOWCTB, CHUXEHUS
BSI3KOCTU PACIJIABOB, PACIIUPEHUS TEMIEPATYPHBIX UHTEP-
BAJIOB MPUMEHEHUS, YMEHBUIEHUSI CTOMMOCTU U3ACIUN U
MpUIAHUS UM CIelualbHbIX cBoicTB. PaHee [11] Obuin
TMpeUIoKeHbI pa3nyHbie criocoObl BBenaeHus YHT B cocTas
IIBX-koMmo3u1iii, B YaCTHOCTH MCTIOJIb3YsI BO3MOXHOCTb
MPeBApUTEILHOTO COBMEIIEHUSI UX C HEKOTOPBIMU 1ieJie-
BbIMM JJ0OaBKaMU.

B uactHocTH, muacTudUKATOP, KOTOPBI COCTaBIsIET
OOJIBLLYIO JOJTIO B PELENTYpax MATKUX U 31acTUYHbIX [1BX-
MaTepuasioB, OKa3blBaeT 3HAUUTEJIbHOE BIMSIHUE Ha BCe
rokasaTesii cBoicTB. Hanumuue rutactudukatopa mpuBOAUT
K U3MEHEHUIO YCJIIOBUI B3aMMOIEUCTBUS MOJMMepa U Jpy-
rMX KOMIIOHEHTOB, B YACTHOCTU HarnoJjiHuTeseil. BeeneHue
YHT B cocTaBe ruiacTudukaTopa B OJIMMEPHYIO KOMIIO3U-
LIMI0 TIpencTaBisieTcs: Haubosee >(GhEeKTUBHBIM, TaK Kak
1acTUUKATOP MOXET OBITh HOCUTEIEM HAaHO00aBOK TSI
pacnpeneneHust ux B matpuie rnoaumepa — [IBX. [Tpu mo-
JIEKYJISIPHOW TiacTU(UKALMU OCIa0SIOTCS MEXMOJIEKY-
JISIPHBIE CBSI3U B MOJIMMEPE U AOCTUTAETCs O0JIbIIask CTeNEHb
roMOreHu3alu paciiaBa npu mnepepadborke. HaubGosee
3¢bGEeKTUBHBIMU  MOJIEKYJISIPHBIMU  TIIaCTU(hUKATOpaMu
IBX saBnsitorcst 3¢Upbl KUPHBIX KapOOHOBBIX KMCIOT, B
YaCTHOCTU AMOKTWI(TATIAT.

B cBs13u ¢ 3TUM paccMOTPEeHO BIMSIHUE HA CTPYKTYPY U
cpoiictBa [1BX-kommno3unuii nByx aucnepcuiit YHT B nu-
oktundrangare (JOD) (xonuenrpauuu 0,1 u 10% YHT).
Hucnepcun, cogepxantue 0,1% YHT, ycToitauBbI Ipu Xpa-
HEHMM, HO OKa3ajoch, yTo MX 3pdekTuBHOCT, B [1BX-
KOMITO3UIIUSIX HE3HAUMTEIbHA.

B mucnepcusix, conepxamux 10% YHT B mnactuduka-
tope (cymepkonuentpar TUBALLR B adwupax sxupHbIx
KapOoHOBBIX KucioT MatrixTuball), HabmogaeTcss UX nepe-
XOJ OT XHMJIKOTEKYYeil M0 BSIZKOTEKyueil KOHCUCTCHIIMU.
PacnpeneneHue Tpybok B miactudukaTtope MokKazaHo Ha
COM-dororpadhmn TOHKMX TUIEHOK, TIOJIyYeHHBIX U3 AUC-
nepcuit YHT B JIO®, BbICyllI€HHBIX B TeueHue 18 u mpu
100°C ¢ HempepblBHOIM KOHBekLMeil. Ha 3Tu ruieHku Ha-
HOCWJICSI TIPOBOISIIIUIA CI0 METOAOM KaTOIHOTO HarmbLIe-
HMS1 B BbICOKOBaKyyMHO# yctaHoBKe Q- 150TES. ITpenapatbt
HCCEIOBAUINCh HAa CKAaHUPYIOIIEM 3JIEKTPOHHOM MUKPO-
ckomne Merlin kommanuu Carl Zeiss (puc. 1).

M3 nonyyeHHBIX JaHHBIX CJEAYET:

— TpYOKU pacripeesieHbl B IlacTu(uKaTope B BUIE OT-
NEJIbHBIX XTYTOB, WX MavyekK, pa3IUuyHOU CTENeHU arpera-
LIUU U YTIJIOTHEHMUSI,

— MOJIEKY/IBI TIacTUduKaTopa aacopOMpyloTCs Ha I0-
BEPXHOCTU TPYOOK, TpuoOpeTasi OIpeneieHHYl0 OpUeHTa-
LIMI0, YIJIOTHSIOTCS W, €CTECTBEHHO, TEPSIIOT MOJBUKHOCTb.

PesynpraToM BTOpOro ¢akropa sIBISIeTCS yBeIUUCHUE
BSI3KOCTH paciiiaBa riacTuurpoBaHHbIX 00pa3ioB [1BX
B npucytctBum aucrepcuii YHT. [1pu BBeneHuu B peuen-
Typy maactuduimpoaHHoro I1BX (100 mac. u. TIBX,

(TP OVIENIBTIBIE

some amines), gases (H,O, CO, CO,, CH,, C,H,, NO,
NO,, CF,, CCl,, SFs,, H,, N,, 0, Cl,) [9, 10].
Consequently, it is possible the sorption of hydrogen chlo-
ride, which is emitted at high-temperature processing of
PVC, thus catalyzing the PVC decay. This fact must be the
major one in explanation of PVC thermal stability increase,
although there can be another mechanism of this thermal
stabilization. At the same time, the increase of composites
heat resistance is revealed (almost by 15°C for MLCNT),
which extends the range of operating temperatures, due to
the increase in the temperature of transition to the viscous
state by the formation of the densely packed interphase
layer between matrix and CNT. It should be noted that in
case SLCNT is applied, the optimum properties in a num-
ber of indicators are observed at larger concentrations in
comparison with MLCNT.

The next series of experiments deals with the efficiency
and mechanism of carbon nanotubes addition to PVC com-
positions, depending on features of main ingredients of a
compound. PVC compositions are multicomponent systems,
containing various functional (target) additives for the in-
crease of the elastic-strength properties, reduction of melt
viscosity, expansion of working temperature intervals, reduc-
tion of cost, and endowing them with special properties.
Earlier [11] we offered various ways of introducing CNT to
PVC compositions, in particular, using the possibility of a
preliminary combining of CNT’s with some designed target
additives.

In particular, the plasticizer, which comprises the major
part of soft and elastic PVC materials, has a significant im-
pact on all material properties. The presence of a plasti-
cizer results in a change in the interaction conditions of the
polymer and other components, particularly fillers.
Introduction of CNT as a part of the plasticizer to the poly-
mer composition is the most effective because the plasti-
cizer can be a carrier of nano-additives for their distribu-
tion within PVC matrix. When molecular plasticization is
taking place, the intermolecular connections in a polymer
are weakened, and a higher degree of homogenization of a
melt at the processing is reached. The most effective mo-
lecular plasticizers of PVC are ethers of fatty carbonic acids
(dioctyl phthalate).

In this regard, the influence on the structure and proper-
ties of PVC compositions of CNT dispersions in dioctyl
phthalate (DOP) is considered. Compositions containing
0.1% and 10% of CNT in plasticizer were studied. The dis-
persions, containing 0.1% of CNT, are stable while stored
but it turned out that their efficiency in PVC compositions
is not realized in scales, sufficient for practical recommen-
dations.

The structuring of the dispersion occurs in compositions
holding 10% CNT in plasticizers (master batch TUBALLR in
the ester of fatty carboxylic acids MatrixTuball), and it gets
viscous-flow. The tubes distribution in the plasticizer is il-
lustrated in the Fig. 1. SEM-photographs are got from light-
weight films crystalized dried for 18 hours at the temperature
of 100°C with the continuous convection. The conducting
layer was applied to the dried agents by the method of cath-
ode sputtering in the high-vacuum unit Q-150TES. The
agents were examined at the scanning electric microscope
Merlin by Carl Zeiss (fig. 1).

It means:

— first, the tubes are distributed in the plasticizer as sepa-
rate binders or packs of different degree of aggregation and
compaction;

— second, molecules of the plasticizer near the surface of
tubes get the certain orientation while the crystallizing.

We detected some viscosity increase in the plasticized
samples while the CNT dispersion in the plasticizer. In case
of adding of plasticized PVC (100 phr PVC, 50 phr DOP,
1 phr dibasic lead stearate) MatrixTuball the rate of viscos-

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA

WIEEVIAYIDTE aneapy/espars 2018

35



K npoBeaennro X MexayHapoaHoiH koH(pepeHunn «HAHOTEXHOJIOTHH B CTPOHTENbCTBE>,

13—17 anpeasa, Xypraaa, Eruner

KFL

—

Puc. 1. M306paxeHne nneHKn B CKaHPYIOLLEM 3IEKTPOHHOM MUKPOCKOME, MOSTy4eHHOM BbICYLUMBAHNEM KOHLIEHTPUPOBaHHO aucnepcun OYHT B nnactu-

dukaTope, Npy pasnmyHom ysenmyeHnn. Macwtab 200 HM

Fig. 1. A film image in a scanning electron microscope obtained by drying a concentrated SWCNT dispersion in a plasticizer at different magnification:

a 200 nm scale

OYHT. MacwTa6 300 HMm

Puc. 2. MukpodoTorpadpum noBepxHOCTM XPYNKOro ckomna aKCTpyaaToB xecTkux MNBX-o6pa3uos: a — 6e3 mogudukatopa; b — copepxatumx 0,01 mac. 4.

Fig. 2. Microphotographs of the brittle fracture surface of extrudates of rigid PVC samples: a — without a modifier; b — containing 0.01 phr. of SWCNT. Scale

of 300 nm

50 mac. 4. JIOD, 1 mac. 4. IByXOCHOBHOTO CTeapaTa CBUHIIA)
MatrixTuball moka3zareb TeKy4eCTH pacIulaBOB CHUKACTCS
¢ 15,3 r/10 mun g0 12 r/10 MmuH. O4eBUAHO, YTO YACTh MO-
JIeKyJ miaacTuduKaTopa, ancopoMpoBaHHOTO Ha MOBEPXHO-
ctu YHT, tepsier miacTU(GUUMPYIOLIYIO CITIOCOOHOCTD.
CyliecTByeT KOHLEHTpAIUsI, KOTOpast SIBISIETCS KpUTUYIe-
ckoii (mopsinka 0,05 mac. u. OYHT B I1BX), Bbllile KOTOpOit
TEeKy4JecThb pacrjiaBa CHOBa HaYMHaeT pacTu. BeposiTHo, Ha-
YyHasi ¢ 3TOl KOHILIEHTpPAlUM TMOBEPXHOCTh HAHOTPYOOK
YK€ HeTOCTYITHA MOJIEKyJlaM TutacTudurkaTopa.

B ecTKuX KOMITO3UIIUSIX TaKO# criennduruieckuii xapak-
tep B3auMmozeiictBuss YHT ¢ nucniepcroHHO# cpenoit, Ha-
000pOT, OKA3bIBAET OJIATONPUATHOE NEICTBUE HA CHIDKEHIE
BSI3KOCTH PacIIaBOB mpu nepepadborke. Habmogaercsa yBe-
muyenue I1TP mo Tpex pa3 mo cpaBHEHMIO ¢ HEMOAU(DUIIM-
pPOBaHHOI KOMIMO3UIIMENH. YMEHbIIIEHNE B3KOCTH pacriia-
BOB, OYEBUIHO, CBS3AHO C COPA3MEPHOCTBLIO YACTUIL] MO~
(ukaropa u riodyasipHbIX obpazosanuit B [IBX [12, 13].
Hanotpy0Oku 061amatoT BBICOKOI acOpOLIMOHHON CITOCO0-
HOCTBIO, OUEBMIHO, PACIIONAraoTCs B TEPBYIO Oouepeab B
MEXTJIOOYISIPHBIX 30HaX. B JKECTKUX MOJMMEPHBIX KOMIIO-
3ULUSX, TAKUM 00pa3oM, Cpeloii-HOCUTENIEM SIBJISIIOTCS yKe
YIJIEPOAHBbIE HAHOTPYOKM, Ha KOTOPBIX aIcCOPOUPOBAHBI MO-
JIEKYJIBI TIacTUdUKaTopa. B JaHHOM citydae TIpOSIBIISIETCS

HayuHo—mexHuuecxuﬂ u I’lpOll36’00Cl’n6€HHblﬁ JHCYPHAN

ity of hot melts decreases from 15.3 g/10 min to 12 g/10 min.
It is obvious that a part of plasticizer goes out of the sphere
of its “activity” — the decrease of viscosity by means of poly-
mer macromolecules loosening as they are in the condition
of the linked layer on the surface of CNT. There is a con-
centration that is “critical” (0.05 phr SWCNT in PVC), ifit
becomes higher the viscosity grows with the increase of
nanotubes. Probably, starting at this concentration the sur-
face of nanotubes is not available for the molecules of the
plasticizer any more.

In rigid compositions, not holding the plasticizer, the
specific character of CNT interaction with the dispersion
phase, conversely, makes positive influence at the decrease of
viscosity of hot melts while recycling. Melt flow index in-
creases up to three times comparing to non-modified compo-
sition. The decrease of viscosity of hot melts is likely con-
nected with the equality of the modifier particles and the
globular units in PVC [12, 13]. Nanotubes having high ab-
sorbing ability are located, first, in inter-globular zones. In
rigid polymer compositions are on carbon nanotubes where
the molecules of the plasticizer are adsorbed. In this case the
role of the structural plasticizer is activated. It is possible that
the decrease of viscosity is also determined by the appearance
of layerwise flow by means of stable supermolecular features

OV =Y BT DIES
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HX pOJIb CTPYKTYpPHOTO I1acTudukaTopa. Bo3aMoxkHO Takke,
YTO CHWXKEHME BS3KOCTU OOYCJIOBJIEHO U BOBHUKHOBEHUEM
MOCJIOMHOTO TEYEeHUSI 32 CUET YCTOMUMBBIX HAIMOJIEKYJISIp-
HBIX 00pa30BaHMIi TTOJIMMeEpa BOKPYT HAHOYACTHI, YTO eCTe-
CTBEHHO MPUBEIET K 00JerYeHUIO TeUEHUSI pacIuiaBa.

IMpu oxnaxkaeHUM pacTulaBOB IMOCJE SKCTPYIUPOBAHUS
(opMupyeTcsl CTpyKTypa KOMITO3MTa, TIPeACTaBIeHHas Ha
mukpogotorpadusx (puc. 2). CbeMka MOP(HOJOTUU TO-
BEPXHOCTU MPOBOAMJIACH TIPU YCKOPSIONIEM HAIMPSLKEHUU
MEePBUYHBIX 2JIEKTPOHOB 5 KB 1 30H10BOM Toke 300 nA st
MHUHUMAJIBHOTO BO3/EUCTBUSI HAa OOBEKT MCCIEAOBAHUS.
O6pasusl [1BX moMeranuch B XXUAKWKM a30T, TOCIE YEeTO
MIPOMU3BOAMIICS TPOAOJBbHBIN cKoJI. Ckojbl oOpa3uoB [1BX
(bukcupoBanuch Ha AepkaTese W MOMEIIAINCh B KaMepy
BakyyMHo#1 ycraHoBkM Quorum Q 150TES. Hanecenue
MPOBOJISILLIETO CJIOSI TPOBOAUIOCH METOIOM KaTOJIHOTO pac-
nbuieHus cruiaBoM Au/Pd B cootHonienuu 80/20.TonmnHa
HaHECEHHOTO CJIOST COCTaBJIsIET 15 HM.

Bo-nepBrix, mpu cpaBHEHUU ¢ HEMOAUMULIMPOBAHHBI-
MU obpasuamu (puc. 2, a) BUIHO, UTO COXPAHSIIOTCS ydacT-
KU, He 3aTpOoHyThle Momudukauueit (puc. 2, b). OgHako
9TU YYACTKU SIBISIIOTCST 00Jiee OAHOPOMIHBIMU (C MEHBIIIEH
CTEIEeHBIO TETEPOreHHOCTH ), UTO, MOXKET ObITh, O0YCIIOBIIE-
HO OPUEHTUPYIOIINM BIUSHUEM MOJIEKYJ TUIacTU(UKATO-
pa. OYHT nokanu3yioTcss B MEXCTPYKTYPHBIX OOJIAaCTIX
I[I1BX-matpuuibl, 00yc/lIOBIMBas TeM CaMbIM JOCTAaTOYHO
BBICOKME TOKazaTeld MeXaHUYeCKHUX CBOMCTB. MexaHu-
YeCKHUe CBOMCTBA HOCSAT DKCTPEMaJbHBIN XapakTep, MMest
makcumym mipu 0,01 mac. v. OYHT (wim 0,1 mac. 4. cynep-
koHueHTtpaTa) Ha 100 mac. u. [IBX.

Takum o0Opa3om, MCIOIb30BaHUE CTAOMIBHBIX BHICOKO-
KOHIIEHTpUpOoBaHHLIX aucnepcuid YHT B opraHnyeckux HO-
CUTEJISIX 11e1eCO00pa3Ho MPHU Pa3IUUYHbIX KOHIIEHTPAIUsIX:
B xxectkux — 10 0,01 mac. 4. OYHT Ha 100 mac. u. I1BX,
a B rutactuguumpoBaHHbix — Bbiie 0,05 mac. u. OVYHT. Ins
npakTuieckoro ucnojb3oBanust Y HT nenecoodpaszHo ontu-
MU3UPOBaTh COCTaBbl PA3TUYHBIX TMMOJIMMEPHBIX KOMITO3M-
TOB, OTNMPASICh Ha YCTAHOBJIEHHbIE 3aKOHOMEPHOCTH.

Asmoput baaeodapsm:

xomnanuu «Arkema Group Co.»(@panyus), 000 OCSiAl
(e. Hosocubupck) 3a npedocmasnernvle oopasybl yeaepooHbix
HAHOMAamepuanos;

MENCOUCUUNAUHAPHBLIL UeHmp <«Anasumuvueckas MUuKpo-
ckonus» (KDY) 3a nposedenue uccredosanuii MUKPOCMPYK-
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of polymer around nanoparticles that leads to the easing of
hot melting.

At the hot melts cooling after the extrusion, the compos-
ite structure is formed (fig. 2). The survey of morphology of
the surface was held at the speeding tension of the primary
electron 5 kV and probe current 300 pA for the minimal in-
fluence at the studying object.

PVC samples were placed in liquid nitrogen after which
was made linear spalls. The spalls of the PVC samples were
fixed at the holder and placed to the camera of
Quorum Q 150TES vacuum installation. The applying of
conducting layer was made by the method of cathode spray-
ing of the Au/Pd alloy in proportion 80/20. The thickness of
the applied layer is 15 nm.

Firstly, comparing with unmodified samples (fig. 2, @), it
is seen that there are parts which are not influenced by the
modification (fig. 2, ). However, these parts are homoge-
neous and have lower degree of heterogeneity which may be
explained by orienting influence of plasticizer molecules.
Single-wall carbon nanotubes in the PVC-matrix structure
localize in interstructural zones providing rather high rates
of mechanical properties. Mechanical properties have ex-
treme character showing their maximum at 0.01 phr. of sin-
gle-wall carbon nanotubes (or 0.1 phr. of master batch) per
100 phr. of PVC.

Thus, application of CNT highly-concentrated disper-
sions on organic base, which are stable in time, have differ-
ent concentration ratio for rigid and plasticized composi-
tions: in rigid compositions it is up to 0.01 phr. of SWCNT
per 100 phr. of PVC, and in plasticized compositions —
more than 0.5 phr. of SWCNT. For CNT practical use it is
necessary to optimize the composition of different polymer
composites taking into account the established consistent
patterns.

The authors thank:

«Arkema Group Co.» companies (France), OO0 OCSiAl
(city of Nivisibirsk) for providing the samples of carbon nano-
materials;

Interdisciplinary centre “Analytical microscopy” (Kazan
Federal University) for carrying out the study of samples micro-
structure.
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Bnusxue HaHopa3MepHbIX J06aBOK HAa afire3UOHHYHO
CNOCO6HOCTb 3ALYMTHBIX NONMMEPHBIX NOKPbITHIA

[MpeanoxeHa TeXHONOrs YCTPOMCTBA 3ALUMTHBIX TEPMOHANBINAEMbIX MOMMMEPHBIX MOKPLITUIA U3 NONM3TUNEHA HU3KOrO AasneHus (MIHL) ang
AHTUKOPPO3WNOHHON 3aLLNUTbI METANMNYECKIX NOBEPXHOCTEI OYMCTHBIX COOPYXXEHWIA CeNlbCKOX03AACTBEHHOM0 Ha3Ha4eHMs. BaXHOI XapakTepucTuKoi
TaKnX NOKPbITUIA ABAAETCA BENNYMHA aare3unu, Y10 06eCnevnBaeT AANTENbHYK SKCnayaTauuio 06LeKToB. M03TOMy B NMepByto 04epedb Obln U3Y4eHbl
BOMPOCHI BNIUSIHNS HAHOPA3MEPHbIX [JOOABOK HA aire3MOHHYH CMOCOGHOCTb 3aLLUUTHbIX HaMbINSAEMbIX NOKPbITUIA. B pe3ynstate KOMMNEKCHbIX
NabopaTopHbIX UCCNEA0BAHINI YCTAHOBNEHO, YTO AN 06ecneyeHns TpebyemMoin NPOHNLAEMOCTI 1 KOPPOSUOHHOM CTOMKOCTI NOSIMMEPHbIX 3ALLUTHbIX
HanbINAEMbIX NOKPLITUIA paLOHaNbHO BBELIEHNE B UX COCTAB CMeLManbHON J06aBKN HAHOPa3MePHbIX KOMMO3ULMIA, YTO rapaHTUPYeT YBENNYeHNe
MPOYHOCTM CO3[aBaEMON NeHKM Ha 25-45% 3a c4eT CO3AaHNs Pa3BETBIIEHHON CTPYKTYPbl HAMbISAEMOr0 NOANATUAEHA. ITOT (PAKT NOATBEPXKAALTCA
pesynbratamu M3NKO-XUMNYECKNX UccneaoBaHuit. [1oy4eHHbIe NOKPbITUS 061aAat0T NOBLILIEHHBIMI 3aLUUTHBIMU CBOCTBAMM OT NPOHUKHOBEHNS
ArPeCcCMBHbIX XWUAKOCTEN 1 Cpef, )KUBOTHOBOAYECKMX MOMELLEHMIA.

KntoyeBble cnoBa: TepMoHanbIeMble NOKPbLITUS, NONMITANEH HU3KOTO JABNEHNS, HAHOPA3MEPHbIE KOMMO3NULNK, O4UCTHBIE COOPYXKEHWS,
AHTUKOPPO3WNOHHAR 3aLynTa, aAre3noHHHas cnoco6HOCTb.

Ins yutuposanus: Muyyrud AT, Xputankos B.®., baHyn B.B., Kyapswos A.H). BnusiHue HaHOpa3mMepHbIX 06ABOK Ha aire3MOHHYK CNOCOBHOCTb
3aLLMTHBIX NONUMEPHbIX NOKPbITWIA // CTpoutenbHbie matepuansl. 2018. Ne 1-2. C. 39-44.

A.P. PICHUGIN, Doctor of Sciences (Engineering), V.F. KHRITANKOV, Doctor of Sciences (Engineering),
V.V. BANUL, Candidate of Sciences (Engineering), A.Yu. KUDRYASHOV, Candidate of Sciences (Engineering)
Novosibirsk State Agrarian University (160, Dobrolyubova Street, Novosibirsk, 630039, Russian Federation)

Influence of Nano-Dimensional Additives on Adhesion Ability of Protective Polymer Coatings

The technology of protective thermo-dustable polymer coatings from polyethylene of low pressure (HDPE) for anticorrosion protection of metal surfaces of treatment facilities for agri-
cultural purposes is proposed. An important characteristic of such coatings is the value of adhesion, which ensures long-term operation of the facilities. Therefore, in the first place, the
influence of nano-sized additives on the adhesion of protective coatings was studied. As a result of complex laboratory studies, it was found that to ensure the required permeability and
corrosion resistance of polymer protective coatings, it is rational to introduce a special additive of nanosized compositions into their composition, which guarantees an increase in the
strength of the created film by 25-45% due to the creation of a branched structure of sprayed polyethylene. This fact is confirmed by the results of physical and chemical studies. The

obtained protective coatings have an improved quality against penetration of aggressive liquids and livestock environments.

Keywords: treatment facilities, anticorrosion protection, thermo-spray coatings, low-pressure polyethylene, adhesion ability, nanoscale compositions.

For citation: Pichugin A.P., Khritankov V.F., Banul V.V., Kudryashov A.Yu. Influence of nano-dimensional additives on adhesion ability of protective polymer coatings. Stroitel'nye

Materialy [Construction materials]. 2018. No. 1-2, pp. 39-44. (In Russian).

BocctaHoBieHe pabOTOCTOCOOHOCTH M 3alluTa OT
KOPPO3UH B 30HE MEPUOJINYECKOTO YBIAXKHEHUS METaJIn-
YeCKUX KOHCTPYKIIMIA U COOPYKEHUI C MOMOIIBIO MOJIK-
MEPHbIX KOMITO3UIIUI MPEeNCTaBIseT HAauOOIbIIUN UHTE-
pec, Tak KakK BO BJIAXXHOM M Mapora3oBOi cpenax WMAET
HanboJjiee MHTEHCUBHBIN MPOLIECC pa3pyllieHus MeTasia.
B psiae paboT paccMOTpPeHBl 0COOEHHOCTH UCTIOIb30BaAHUS
MOJIMMEPHBIX KOMITO3UIIM /IS BOCCTAaHOBJIEHUST pabOTO-
CMOCOOHOCTM M 3allMThl OT KOPPO3UU METATMYECKUX
KOHCTPYKIIMI, paboTaloliMXx B arpecCUBHBIX cCpelax.
OnHaKo J1s1 OUYMCTHBIX COOPYXKEHU I U 2JIEMEHTOB HABO30-
yIaJleHUs] KUBOTHOBOMUYECKUX KOMIIJIEKCOB, B KOTOPBIX
MEeTaJlJl U TOKPBITUS TIOJBEPraloTCs TUaApoadbpasuBHOMY U
KOPPO3MOHHOMY BO3JEHCTBUSM B OOJILIIIOM WHTEpBaje
TeMIIepaTyphl, TaKMe pabOThl HE BBITTOJHSUIMCH. B HacTosI-
1ee BpeMsi OTCYTCTBYIOT JaHHbIE O MPUPOJE, OCHOBHBIX
3aKOHOMEPHOCTSAX KOMIUJIEKCHOTO pa3pylIeHUs] MOKPbI-
TUH U XapakKTepe U3MEHEHUS CBOMCTB 3allUTHBIX MaTePU-
aJioB, MO3BOJISIIONIMX PETYJIMPOBATh XapaKTEPUCTUKU TO-
JIMMEPHBIX TOKPBITUI TIPU UX MCMOJb30BAaHUU JISI BOC-
CTaHOBJICHUSI W 3allUThl METAUIMYECKUX KOHCTPYKIIUH
OYUCTHBIX COOPYXKEHUHN CEebCKOXO3SIMCTBEHHbIX Ipel-
npustuii [1-8].

BaxxHelMM 351eMEHTOM CO3JaHMsSI AOJTOBEYHBIX 3a-
IIUTHBIX TOKPBITUI SIBJISICTCS TILATEJIbHAS TTOITOTOBKA 3a-
IIMIIIAeMOM TTOBEPXHOCTU COOPYXKEHUI, 3aKITIoYaloIasics B

(TP OVIENIBTIBIE

Restoration of serviceability and protection against corro-
sion in the zone of periodic wetting of metal structures and
structures with the help of polymer compositions is of the
greatest interest, since in the moist and vapor-gas medium the
most intensive process of metal destruction takes place. In a
number of works, the features of using polymer compositions
for restoring working capacity and protecting against corro-
sion of metal structures working in corrosive environments are
considered. However, for sewage treatment plants and ma-
nure removal elements of livestock complexes in which metal
and coatings undergo hydroabrasive and corrosive effects in a
large temperature range, such work was not performed. At the
present time, there are no data on nature, the main regularities
of complex destruction of coatings and the nature of the
changes in the properties of protective materials that allow to
regulate the characteristics of polymer coatings when they are
used for the restoration and protection of metal structures in
treatment plants of agricultural enterprises [1—8].

The most important element in the creation of durable
protective coatings is the careful preparation of the protected
surface of structures, consisting in preliminary mechanical
and chemical processing. All methods of preparing the sur-
face for coating, depending on the nature of the physical and
mechanical processes that occur, are divided into: mechani-
cal, chemical, physical and combined. In practice, the first
two are mostly used. Physical methods (ultra-ultraviolet
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MpeaBapyuTeIbHOM MEXaHUYEeCKOM M XUMUIECKO 00paboT-
Ke. Bce MeToabl MOATOTOBKM MTOBEPXHOCTH MO, HAaHECeHUe
MOKPBITUST B 3aBUCUMOCTU OT MPUPOJBI MPOTEKAIONIMX TTPU
9TOM (DUZMKO-MEXaHUYECKUX MPOLIECCOB Pa3esIioT Ha:
MeXaHUUYeCcKue, XuMuiyeckue, pu3ndeckue 1 KOMOMHUPO-
BaHHbIe. Ha TIpakTHKe B OCHOBHOM TIPUMEHSIIOTCS TIepBBIE
nBa. dusnueckue meronbl (yJIbTpa3ByKoBas 00pabOTKa,
BO3aeHCTBIE YIbTPahONETOBBIM U PAAUALIMOHHBIM U3ITy-
YeHUeM, TEPMUYECKHUI HarpeB U T. [.), KaK MPaBuiIo, SIBJs-
10Tcst MeHee A(PhEeKTUBHBIMU.

KauectBeHHast moAroTroBkKa MOBEPXHOCTU CIIOCOOCTBYET
TTOBBIIIEHUIO TIPOYHOCTH CIETUIEHUST W 3allIUTHOM CITOCO0-
HOCTH TIOKPBITHIA B 11eJ10M. ClieTuieHre MTOJTUMEPHOTO CII0ST
SIBJISIETCSl aAre3uoHHBIM. CHUJIbI, IEHMCTBYIOIINE MEXIY pas-
HOPOJHBIMU TOBEPXHOCTSIMU, OOECIIEUMBAIOT CIIeTUIEHUE
COMNpPUKACAIONIUXCSI TTOBEPXHOCTENH. DTU CUJIbI 3aBUCAT OT
CBOOOIHOI 3Hepruu mnoBepxHocTeil. CBoOOTHAST SHEPTUS
paBHO3HAYHA TTOKA3aTeII0 TOBEPXHOCTHOTO HATSKEHMS [8].

Bosblioe BausiHUE Ha aire3MOHHYIO MPOYHOCTh OKa3bl-
BaeT MpUpoJa MeTajja U COCTOSIHME €ro MOBEpPXHOCTU. B
pabote [9] oTMmeuaeTcs, YTO MaKcUMajibHas MPOYHOCTD
CLIETJIEHUSI TIOKPBITUI HaOJI0JaeTcsl B Cilyyae CTaJbHOIO
npokara. Jlajiee cjaenyoT cTaibHOE U YyTYHHOE JIUThE, aJlio-
MWHUI U €ro CIUIaBbl, JJATyHb U OpoH3a. AIre3usi MHOTUX
MOJTMMEPOB K YMCTOM MeIM ellle HUKe, yeM K OpoH3e, a K
OJIOBY, CBUHIY W IIMHKY SBJSIETCSI COBCEM HU3KOIA.
DopMupoBaHUE MOKPHITUI CAEIYET OCYIIECTBISITH HA TOTO-
BbIe M3ICNIMS TOCE 3aBEPIICHUSI BCEX MEXaHMYECKUX U
TepMMUYECKMX Orepaluii (CBapka, ToueHue, MpaBKa 1 ap.).
BrimioTHeHUe 9TUX oTiepalnii ocjae HaHECEHUST TTOKPBITHS
MOXET IIPUBECTH K €T0 MOBpexaeHmo [6—10].

OcTpble TpaHU, KPOMKHU UM YIJIbl PEKOMEHIYETCSI CKPYT-
JI9Th. PaznuyHble 3a30pbl U HIEAN B IETAISAX U COSTMHEHU -
sIX, a TakKe MIyOOKHe TOphl U PAaKOBUHBI HAa IMOBEPXHOCTHU
OKa3bIBAIOT BPEAHOE BJIUSIHUE TEM, UYTO HAXOSIIIIUICS B HUX
BO3IyX, HArpeBasiCh M PacIIUpSISICh, CO3IAET My3bIpH B TO-
KpbITUM 1pu ero opmupoBaHuu [9]. [Noaroroska rnmosepx-
HOCTU METANTMYeCKUX W3NeIW B 1IEJOM 3aKIoJaercs B
OUMCTKE OT 3arpsi3HeHus1 (00e3KUpUBaHUE) OKCUAHBIX U
TUIPOKCUIHBIX CJIOEB U MPOBEJACHUM aKTUBALIMOHHOM 00-
paboTKu (co3naHue HeoOXOAMMOro pesibeda MoBepXHOCTH,
3apsITOBOTO COCTOSTHMS, HAHECEHUSI TTPOMEKYTOYHOTO ajire-
3MOHHO-aKTUBHOTIO cjios u 1p.) [10—13].

Cnocobbl HaHeCeHUs MOKPHITUM paszauyHbl. Ha rorto-
Bble JieTalu, 2JIEMEHTbl U €MKOCTU MOJMMEphbl HAHOCAT B
SKUJIKOM WJIM TTIOPOIIIKOOOpa3HOM cocTosiHuu. [IpumeHeHue
MOPOIIKOB ONpPEAeIeHHON IUCIEPCHOCTU CIOCOOCTBYET
JIy4IIeMy TiepeMeIleHUIO X B BO3AYIITHOM MTOTOKE, PaBHO-
MEpPHOMY pacTpeAe/ieHUI0 Ha TTIOKPhIBAEMOM MMOBEPXHOCTH
U OBICTPOMY OILUIABJICHUIO C OOpa3oBaHUMEM MPOYHOU U
JTOJITOBEYHOM 3allIMTHOM TUIeHKHM [11—14].

PazpaboTka TeXHOJIOTMM YCTPOKCTBA 3aIIUTHBIX TEPMO-
HaMbUISIEMBIX TTOJIMMEPHBIX MOKPBITUI JIJI1 aHTUKOPPO3U-
OHHOM 3aIllUTHl METANTMIECKUX MOBEPXHOCTEM OUMCTHBIX
COOPYKEHUI CeTbCKOXO3SIMCTBEHHOTO Ha3HAYeHUs U 00ec-
MeYeHUsl UX JUIMTETbHOM DKCILTyaTalluy BKIOYaia caemyto-
1€ ITATbI.

OrnpeneneHue OCHOBHBIX 3aKOHOMepHocTel (hopMupo-
BaHUSI CTPYKTYPbl MAJIOMPOHUIIAEMbIX HAIbUISIEMbIX TTOJIM-
MEPHBIX MaTePUaJIOB C Pa3TMUYHBIMU CTIOCOOAMU MpeaBapu-
TeJTbHOM MOATOTOBKU METAJUIMUECKUX TTOBEPXHOCTEN B yC-
JIOBUSIX BO3JEUCTBUS KOPPO3UOHHBIX CPENl; OMpeaesieHUe
3aBUCHMOCTHU TPOYHOCTHBIX, Ae(OPMATUBHBIX CBOMCTB U
KOPPO3MOHHOM CTOMKOCTM DPA3JIMYHBIX HAMbUISIEMbIX MO-
JIMMEPHBIX MATEPUAJIOB OT CTPYKTYPOOOPA3YIOIINX U TEXHO-
Jlornyeckux (HakTopoB; pa3padoTaTh COCOObI MOBBILICHUS
aJITe3UM TyTeM TIPEIBapUTEIbHOM 00pabOTKM KOMITO3UIIN-
sIMA C HaHOPa3MEPHBIMU COCTABJSIOIIMMU; pa3padboTaTh
TEXHOJIOTMIO HAHECEH s KOPPO3UOHHO-CTOMKUX 3AIIMTHBIX
HaMbLISIEMbIX TTOJIMMEPHbBIX TOKPBITUI C MpeaABAPUTETbHOMI
00paboTKOIT HAHOPAa3MEPHBIMU COCTABJISIIOIIUMU METaJTA-

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

treatment, exposure to ultraviolet and radiation radiation,
thermal heating, etc.) are usually less effective.

Qualitative preparation of the surface helps to increase
the strength of adhesion and the protective ability of coatings
as a whole. The adhesion of the polymer layer is adhesive.
Forces acting between heterogeneous surfaces ensure the
adhesion of contacting surfaces. These forces depend on the
free energy of the surfaces. Free energy is equivalent to the
index of surface tension [8].

The nature of metal and the state of its surface exert a
great influence on the adhesive strength. It is noted in [9] that
the maximum adhesion strength of coatings is observed in the
case of rolled steel. Steel and iron castings, aluminum and its
alloys, brass and bronze follow. Adhesion of many polymers
to pure copper is even lower than to bronze, and to tin, lead
and zinc is very low. Formation of coatings should be carried
out on finished products after completion of all mechanical
and thermal operations (welding, turning, straightening,
etc.). Performing these operations after application of the
coating can lead to its damage [6—10].

Sharp edges, edges and corners are recommended to be
rounded. Various gaps and cracks in details and joints, as well
as deep pores and shells on the surface, are adversely affected
by the fact that the air in them, heated and expanding, creates
bubbles in the coating when it is formed [9]. The preparation
of the surface of metal products as a whole consists in purifi-
cation from contamination (degreasing), oxide and hydrox-
ide layers, and activation processing (creation of the neces-
sary surface relief, charge state, application of an intermedi-
ate adhesion-active layer, etc.) [10—13].

Methods of coatings are different. On ready-made items,
elements and containers, polymers are applied in a liquid or
powder-like state. The use of powders of certain dissipation
contributes to their better movement in the air stream, uniform
distribution on the surface to be coated and rapid melting with
the formation of a strong and durable protective film [11—14].

The development of the technology for the construction
of protective thermally sprayed polymer coatings for the an-
ticorrosive protection of metal surfaces of treatment plants
for agricultural purposes and ensuring their long-term opera-
tion included the following steps.

Determination of the main regularities in the formation
of a structure of low-permeability sprayed polymeric materi-
als with various methods of preliminary preparation of metal
surfaces under conditions of corrosive media; determination
of the dependence of strength, deformation properties and
corrosion resistance of various sprayed polymeric materials
on structure-forming and technological factors; to develop
methods for increasing adhesion by pretreatment with com-
positions with nanoscale constituents; to develop a technol-
ogy for applying corrosion-resistant protective sprayed poly-
mer coatings with preliminary treatment of nanoscale com-
ponents of metal elements in sewage treatment plants of
cattle-breeding premises [11, 13—16].

An important point in the formation of a corrosion-resis-
tant protective coating is its shrinkage characteristics, which
determine the level of internal stress and which contribute to or
do not contribute to the long-term operation of corrosion pro-
tection. The study of shrinkage deformations during the forma-
tion of a thermally sprayed coating from low-pressure polyeth-
ylene has shown that nanoscale compositions significantly re-
duce the shrinkage of polyethylene spray coatings and,
therefore, contribute to the formation of an adhesive protective
coating. In addition, pre-treatment of the metal surface with
activating compounds results in a positive effect, which is ex-
pressed in improving the physico-mechanical characteristics of
the protective coatings. This is especially noticeable in deter-
mining one of the most important characteristics of protective
coatings - density. It is noted that for a conventional polyethyl-
ene coating, the density of the material decreases sharply after
+80°C, while the films obtained on the pre-treated surfaces
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paTtypbl Nnpyu 06paboTke nopotluka: 1 — KOHTPONbHLIA 0bpasel; 2 — MOHL,
06paboTaHHbI kpemHesonem; 3 — NMIHA, o6paboTanHbIi YHT (2%)

Fig. 1. Dependence of the density of a polyethylene coating from the
temperature when processing the powder: 7 - control sample; 2 — HDPE
treated silica sol; 3 — CNT treated CNT (2%)

YeCKMX 2JIEMEHTOB OYMCTHBIX COOPYKEHU I XKUBOTHOBOIUE-
CKUX rmomerneHuii [11, 13—16].

BaxkHbIM MOMEHTOM (OPMUPOBAHUSI KOPPO3UOHHO-
CTOMKOTO 3allIUTHOTO MOKPBITUSI SIBJISIIOTCSI €r0 yCaJ0YHbIe
XapaKTepUCTUKH, OTPEIeSIoNIe YPOBEHb BHYTPEHHETO
HaIPSKEHUS ¥ CIIOCOOCTBYIOIINE VTN HE CITOCOOCTBYIOIIE
IUINTEJIbHOI  paboTe AaHTUKOPPO3MOHHON  3alllUTHI.
H3yuyeHune ycanouHbsix aedopmaliuii mpu oopazoBaHUM Tep-
MOHAIBUICHHOTO MOKPHITUS U3 TOJUATUIIEHA HU3KOTO JIaB-
JIGHUs TTI0Ka3aJ10, YTO HAaHOPa3MEPHbIE COCTABbI CYIIIECTBEH-
HO CHUKAIOT BEJIMYMHY YCAIKU TTOJIMATUICHOBBIX HAITbLISI-
eMBIX TIOKPBITMH W, CJIeIOBaTeJIbHO, CIIOCOOCTBYIOT
GOpPMUPOBAHUIO AAT€3MOHHOCIIOCOOHOIO 3alIUTHOIO IO-
KpbiTusi. Kpome Toro, mpeasaputenbHasi 00pabOTKa aKTH-
BUPYIOIIMMU COCTaBaMU METANIMYECKON TMOBEPXHOCTU
MPUBOJIMUT K TTOJIOXUTEIbHOMY 3(h(eKTy, BhIpaxKaroeMycst
B YJIy4llIeHUU (HU3MKO-MEXaHWYECKHUX XapaKTEPUCTUK 3a-
IIUTHBIX MOKPBITHIL. OCOOEHHO 3TO 3aMETHO TP OTpe/ie-
JICHUM OHOW M3 BaXXHEWINMX XapaKTepUCTUK 3allMTHBIX
MOKPBITUI — TUIOTHOCTU. OTMEUYEHO, 4TO IS OOBIYHOTO
MOJIMATUJIEHOBOTO MOKPBITHS MJIOTHOCTh MaTepuaia pe3ko
cHmxaetcs 1mociie +80°C, B To BpeMsT KaK IUIEHKH, ITOJIy-
YeHHBIE Ha TMPEABAPUTEIHLHO O0OPabOTaHHBIX aKTUBUPYIO-
UMK COCTaBaMM TTOBEPXHOCTSIX, OTIMYAIOTCS TIOBBIIIEH-
HOI1 TEIUIOCTOMKOCTBIO 1 00J1a1aI0T XOPOILeil COMPOTUBIIS-
€MOCTBIO K TETJIOBBIM BO31eCcTBUSIM. CyllleCTBEHHEE BCETO
9TOT 3¢(eKT MPosIBIsIETCS] MPU HEMOCPENCTBEHHON 00pa-
0OTKEe caMOT0 TOJIMATUIICHOBOTO MOPOIIKA aKTUBUPYIOIIN-
MM COCTaBaMU ITyTeM DPACIbUICHUSI U TIOCIEIyIoIIel Cylil-
ku (puc. 1). U3 rpacduka cieayer, 4To TeMIlepaTypHbie (-
(eKThl, COOTBETCTBYIOIINE ASCTPYKIIMU IOJIMITUIEHA Oe3
00pabOTKM, CIBUTAIOTCSl B 30HY MOBBILIEHHON TeMIepary-
pbl. Takue e pe3ysbTaThl MOJYYEHBI U MPU MPOBEACHUU
TepMOMEXaHUUYECKUX uccieaoBanuii [9, 11].

Kak mokasanu nmpoBefeHHbIe MCCIeI0BaHusI, TIPU BBE-
neHuu B KpeMHe30J1b YHT B konnuectBe 2—4% TposIBISICT-
Csl CUHepreTUYecKuii a(p@eKT, BhIpaKaloluiicsl B yBeJI1de-
HMU BCeX OCHOBHBIX XapaKTePUCTUK 3aTUTHOTO MOKPBITHSL:
afre3auy K 3alluiaeMoil CTaJIbHON MTOBEPXHOCTH, TUIOTHO-
CTU, MOPUCTOCTU U CTOMKOCTHU K BO3/ICHCTBUIO KOHIIEHTPU-
POBaHHBIX arpeccUBHBIX cpel. O0bsicHeHEeM 3TOTo 3 deK-
Ta MOXeT CIYXHTb TO, 4T0 30% BOMHBIIM pacTBOP KPEMHE30-
JIS TIpEICTaBIsIeT COOOM MOJISIPHYIO CUCTEMY U IOCTATOYHO
XopoIiro coequHsieTcs: ¢ 3% BomHot amyabcueit YHT, siisi-
oleiics HenoJigpHol cuctemoll. [TonydyeHHas akTuBUpyro-
1asi KOMIMO3UIIMsI OKa3bIBaeT YCUJIMBAIOIIIEE JICCTBUE KaK

(TP OVIENIBTIBIE
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Fig. 2. Effect of CNTs in the composition of silica on the adhesion strength
of the sprayed polyethylene coating (when processing metal and powder
HDPE): 1 - control coating; 2 - treatment with silica sol; 3 — treatment of
silica with CNT

with activating compounds are characterized by increased heat
resistance and have good resistance to thermal effects. Most
importantly, this effect is manifested by direct processing of the
polyethylene powder itself with activating compounds by
spraying and subsequent drying (Fig. 1). From the graph it fol-
lows that the temperature effects corresponding to the destruc-
tion of polyethylene without treatment are shifted to the zone of
elevated temperatures. The same results were obtained by us
also during thermomechanical studies [9, 11].

As shown by the conducted studies, when CNTs are intro-
duced into the silica sol, in the amount of 2—4%, a synergistic
effect manifests itself in increasing all the basic characteristics
of the protective coating: adhesion to the protected steel sur-
face, density, porosity and resistance to concentrated corro-
sive media. The explanation for this effect is that a 30% aque-
ous solution of silica powder is a polar system and quite well
combines with a 3% aqueous CNT emulsion, which is a non-
polar system. The resulting activating composition exerts a
reinforcing effect on both the steel substrate and the thermo-
sprayable low-pressure polyethylene, modifying it. This influ-
ence is well illustrated on the graphs Fig. 1, 2. Properties of
protective thermo-sprayed polyethylene coatings on pre-
treated metal surfaces are presented in the table [9—11].

Investigation of the chemical resistance of polymer pro-
tective coatings of metal elements in treatment plants and
manure removal systems of livestock complexes is one of the
prerequisites for assessing the suitability of the material for
anticorrosion coatings under conditions of exposure to ag-
gressive environments of agricultural and industrial premises.
Determination of corrosion resistance in aggressive chemical
media was carried out on specimens-plates protected by
polymeric composition. The main criterion for the chemical
stability of the polymer coating was the presence of defects
(peeling in the form of blisters, cracks) leading to steel corro-
sion and a change in the mass of the samples [9].

Further studies of the reinforcing properties of the protec-
tive polymer coating based on HDPE, associated with pretreat-
ment, namely, thermal stability, physicochemical characteris-
tics and supramolecular structure, were confirmed by the re-
sults of physical and chemical studies. To determine the
features of physico-chemical transformations in a polymer
protective coating based on HDPE with preliminary treatment,
thermographic, thermomechanical, polymeric studies were
carried out, and IR spectroscopy methods were also used.

Under certain conditions, most of the synthetically pro-
duced high-molecular compounds are capable of phase
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MokasaTenn CBOMCTB B 3aBMCMMOCTUN OT MeToAa 06paboTky MOBEPXHOCTH
Characteristics of properties depending on the method of surface treatment
CeolicTBa
Properties 563@3%3?"” er“"&‘g"“e“" YHT | K3+1%YHT | K3+2%YHT | K3+4%YHT | K3+10%YHT
. . CNT SS+1% CNT | SS+2% CNT | SS+4% CNT | SS+10% CNT
processing Silica Sol (SS)
pareann nneni, Mria 54-6,1 6,7-8,1 93-11,6 | 71-82 | 84-105 | 89-1038 9,1-11
5,9-7,2 7,7-8,9 9,8-12,4 7,9-8,8 8,7-11 9,6-12,3 9,6-12,4
membrane, MPa
CpepHsas NNOTHOCTb
3
IHKM, KI/M" 950-965 960-985 980-1050 | 950-990 | 970-1035 | 970-1040 | 970-1045
Average density
membrane, kg/m®
MopuctocTb, % 1,2-1,6 0,8-1,1 0,6-0,7 0,8-1,1 0,7-0,9 0,7-0,8 0,7-0,8
Porosity,% 1-1,4 0,7-1 0,5-0,6 0,7-1 0,6-0,7 0,6-0,7 0,6-0,7
CTolikoCTb B
arpeccuBHON cpepne, 4
Stability in an 160-170 180-200 220-260 190-210 210-250 210-255 220-260
aggressive
environment, hours
PacyeTHbIli cpok
cnyx6bl, roabl 0,5-0,7 1,2-1,7 2,1-2,5 1,2-1,7 1,6-1,9 1,6-1,9 1,8-2,1
Estimated service life, 0,8-1 1,5-1,9 2,2-2,8 1,3-1,7 1,9-2,2 1,9-2,3 1,9-2,5
years
MpumeuaHue. Hap vepToli npuBeaeHbl pesynbTaThl UcnbiTaHuii 6e3 06paboTku nopoluka NAH/; noa YyepToit — nocne npegsapuTeb-
HO 06paboTKM TEMU XE COCTaBaMMU.
Note. Above the line — the test results without the treatment of HDPE powder are given; below the line — after preliminary treatment with
the same compounds.

Ha CTaJIbHYIO TMOJUIOXKY, TaK U Ha TEPMOHAIbLISEMBbII MO-
JIMBTWJIEH HU3KOIO JaBJCHUSI, MOIUMUIIMPYs ero. DTo
BJIMSIHUE JIOCTaTOYHO XOPOIIO WUIIOCTPUPYETCS Ha
puc. 1 u 2. CBoiicTBa 3alIUTHBIX TEPMOHAIIBLISIEMBIX TOJIH -
STUJICHOBBLIX IOKPBITUI Ha IpeABapUTEIbHO 00paboTaH-
HBIX METAJUIMYECKUX MOBEPXHOCTSIX MPEACTABICHBI B Tab-
sate [9—11].

WccnenoBaHue XMMUYECKON CTOMKOCTU TTOJUMEPHBIX
3AIIMTHBIX MOKPHITUN METAITNYECKUX DJIEMEHTOB OUMCT-
HBIX COOPYXXEHUU U CUCTEM HABO30YAAJICHUS XXUBOTHOBO/I-
YECKUX KOMILJIEKCOB SIBJISIETCS OJHUM U3 HEOOXOIUMBbIX yC-
JIOBUI OLIEHKU NTPUTOJHOCTU MaTepuaa Jisi aHTUKOPPO3U-
OHHBIX MOKPHITUI B YCJIOBUSIX BO3JIEHCTBUSI arpecCUBHBIX
Ccpell CeJTbCKOXO3SIMCTBEHHBIX 1 TTPOU3BOJICTBEHHBIX TTOME-
meHuit. OnpeneneHre KOPPO3MOHHOM YCTOMYMBOCTU B
arpecCUBHBIX XUMUYECKUX CpeJax MPOU3BOAMIOCH Ha 00-
pasuax-IjacThuHax, 3allMIIEHHbIX TOJIMMEPHBIM COCTABOM.
OCHOBHBIM KPUTEPUEM XMMUYECKON YCTOMUYMBOCTU TIOJIH-
MEPHOTO MOKPBITUST CIYXKWIO Halnuue 1eeKToB (OTcaau-
BaHWIi1 B BUIIE B3IYTUIA, TPELIUH), TTPUBOSIIIIMX K KOPPO3UU
cTaju U U3MEHEHUIO Macchl 00pas3ios [9].

JlanpHenne n3y4eHus yCUJIMBAIOLINX CBOMCTB 3allIUT-
HOTO IOJMMEPHOro MoKphiTus Ha ocHoBe IIDH]I, cBs3aH-
HBIX C TIpeIBaApUTEIbHON 00pabOTKOM, a UMEHHO TepMUYEe-
CKOI CTaOWJIBHOCTH, (PUBUKO-XMMUYECKUX XapaKTePUCTUK
U HAJIMOJIEKYJISIPHOM CTPYKTYPbI, ObUIM TTOATBEPKACHBI pe-
3yJabTaTaMu (HU3UKO-XUMUYECKUX uccienoBaHuii. Jst
YCTAaHOBJICHUSI OCOOEHHOCTEe! (PM3UKO-XUMUUECKUX IIpe-
BpAlLIEHW1 B TOJIMMEPHOM 3a1LIMTHOM MOKPHITUU Ha OCHOBE
TIDH/ ¢ npenBapuTe/ibHON 00pabOTKOI ObLIM MTPOBEACHBI
TepMorpaduyeckre, TepMOMexXaHUYeckue, MoJuMeporpa-
(rueckre uccaenoBaHus, a TakKXKe MCIOJIb30BaHbl METOIbI
HMK-criekTpockonuu.

ITpu onpeneneHHbBIX YCIOBUSIX OOIBIIMHCTBO U3 CUHTE-
TUYECKU MOJIyYEHHBIX BBICOKOMOJIEKYISIPHBIX COeMHEHU I
CIOCOOHKI K (ha30BbIM MpeBpalleHusiM. Kpuctamimyeckoe
(hazoBoe cocTosiHME MOMMEpPa XapaKTepU3yeTcs: HATUYH-
€M TPEXMEPHOTO TOpsiIKa MEXAy OTACTbHBIMU 3BEHBSIMU

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

transformations. The crystalline phase state of a polymer is
characterized by the presence of a three-dimensional order
between individual units of molecules within each individual
pack. It is shown that the activating compositions contribute
to the creation of HDPE crystallization centers in the forma-
tion of the polymer film, with separate identical groups of
atoms entering the sprayed polyethylene powder joining to-
gether to form a branched, strong structure. The change in
the structure of the polyethylene film on the change in the
infrared spectrum of HDPE with the treatment of the metal
surface before and without sputtering is shown in Fig. 3.

Atmospheric tests of the samples and in the climatic
chamber did not reveal any structural changes in polyethyl-
ene from the effect of low temperatures. No significant struc-
tural changes were observed in the spectra of polyethylene
samples taken after winter aging, while in the summer (warm)
period some signs of structural changes were noted. The films
were cloudy and lost their original shine, which is probably
due to the processes of oxidative degradation, which takes
place with a change in structure. A change in the optical den-
sity of the absorption band of polyethylene samples during
aging has been recorded. The calculation of the band was
carried out using the baseline method. The appearance of
absorption bands in the region of 1380—1430 cm™' is ob-
served, which, in our opinion, can be attributed to the forma-
tion of a branched structure of polyethylene due to catalytic
action of nanoscale components previously deposited on the
protected surface (Fig. 4). This conclusion is in good agree-
ment with the increased physical and mechanical properties,
in particular, with increasing heat resistance and adhesion.
For polyethylene coatings in the form of films obtained by the
flame spraying method on metal surfaces exposed for a long
time in the open air, the appearance and growth of the ab-
sorption band at 1720 cm™!, associated with the formation of
carbonyl groups of C=0 in the warm season, are noted. In
films exposed in the winter time, as well as for the entire ex-
posure, as shown by IR spectra, no noticeable structural
changes occur [9—11].
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MOJIEKYJ B IIpeAesiax KaXmoil otaenbHoli nauku. [TokazaHo,
YTO aKTUBUPYIOLIME KOMIO3UIIMU CIIOCOOCTBYIOT CO3/1a-
HMIO LEeHTPOB KpucTtauusauuu [IOH] npu dopmupona-
HUU TTOJMMEPHOM TIJIEHKU, TIPYU 3TOM OTIEIbHbIC UICHTUY-
HbIE TPYIIIBI aTOMOB, BXOJSIIINME B HAMBLISIEMbII TTOJIMATH-
JICHOBBI TTIOPOIIIOK, COETUHSIOTCS MEXITy co00ii, oOpasys
pPa3BETBIEHHYIO TIPOYHYIO CTPYKTypy. MI3MeHeHue CTpyK-
TYpbl MOJUATUIEHOBOIN IJIEHKM HAa M3MEHeHUM WHdpa-
kpacHoro crnekrpa I[IDHJI ¢ o6paboTKOil IMOBEPXHOCTHU
MeTajula Tepel HalbUIeHUEeM U 0e3 Hee MpeAcTaBiIeHO
Ha puc. 3.

ATtMocdepHble UCTIBITAHUSI 00pa3loB U B KJIMMaTUYe-
CKOIl Kamepe HUKAKHMX CTPYKTYPHBIX M3MEHEHUI B TOJIM-
STUJIEHE OT BO3ICMCTBUSI HU3KOM TeMITepaTyphbl HE BbISIBU-
qu. B crmekTpax o6paslioB MOJMITWIEHA, CHSTBHIX IMOCTe
3UMHEN BBIIEPKKU, 3aMETHBIX CTPYKTYPHBIX U3BMEHEHUIT He
OTMEYEHO, B TO BpeMsI KaK B JICTHUI (TETUIbIIA ) Ieproj1 ObLIN
OTMEUEHBI HEKOTOpbIe NMPU3HAKKU CTPYKTYPHBIX HM3MeEHe-
Huit. TIeHKr TTOMYTHENM W TIOTepsUTd TIepBOHAYaTbHBII
0J1eCK, YTO, BEPOSITHO, CBS3aHO C ITPOLIECCAMU OKUCIUTEb-
HOW NECTPYKIIMU, MPOXOISILIEN C U3MEHEHUEM CTPYKTYDHI.
3adUKCUPOBaHO M3MEHEHUE ONTUYECKON TUIOTHOCTU MO-
JIOChl MOMIOLIEHUST 00pa3loB MOJUITWIEHA B Tpoliecce
crapeHMs. PacyeT moJsiochl IpOBOAWIICS O MeToay Oasuc-
Holi TuHuKu. HabmromaeTcst mosiBiieHre T0J10C TTOTJIONIECHUST
B obuacti 1380—1430 cm™!, 4TO, 110 MHEHMIO ABTOPOB, MOX-
HO OTHECTM K OOpa3oBaHWIO Pa3BETBJIEHHOUN CTPYKTYpbI
MOJMATUIICHA 3a CYET KaTaJIUTUYECKOTO BO3ACHCTBMSI Ha-
HOpa3MEpHbIX KOMIIOHEHTOB, IpPEIBAPUTEIIbHO HaHECEH-
HBIX Ha 3allIMIIaeMyI0 TOBepXHOCTh (puc. 4). JIaHHBIN BBI-
BOJI XOPOIIIO COTJIACYETCS C TIOBBIIIEHHBIMU (DU3UKO-MeXa-
HUYECKMMHU CBOWCTBaMM, B YAaCTHOCTU C YBEJIWYCHUEM
TETMJIOCTOMKOCTU U aare3uu. st MoJuM3TUICHOBBIX TTOKPbI-
THUI B BUJIE TIJICHOK, TOJYYEHHBIX METOJOM Ta30TIaMEHHO-
IO HaNbUICHUS HAa METAJTMYECKKE MOBEPXHOCTHU, SKCIIOHU-
POBaHHBIX B T€UEHUE JUTMTEIIBHOTO BPEMEHM Ha OTKPBHITOM
BO3IyXe, OTMEUYEHBI TIOSIBJIEHUE M POCT TIOJIOCHI TTOTJIONIe-
Hus npu 1720 cm!, cBs3aHHBIe ¢ 06pa3oBaHMEM Kapbo-
HWIbHBIX Tpynn C=0 B Teruioe BpeMs roja. B mieHkax,
5KCIMOHUPOBAHHBIX B 3UMHEE BpeMsl, a TaKXKe 32 BCE BpeMst
9KCMO3UIIMK, KaK ToKasbiBatoT MK-criekTpbl, 3aMeTHBIX
CTPYKTYPHBIX UBMEHEHUI1 He mpoucxonut [9—11].

IIpenBaputenbHasi 00pabOTKa MOJMATUIEHOBOTO Tep-
MOHAIBLISIEMOTO TIOKPBHITUSI aKTUBUPYIOIIMMU COCTaBaMU
Ha ocHoBe kpeMHe30s1s1 U1 YHT mo3BosisieT cylecTBeHHO
M3MEHUTb CBOICTBAa Marepuaja, MOBBICUTbh €ro TePMOCTa-
OWJIBHOCTb, YTO MOATBEPXKAAETCS CABUTAMU SHAOTEPMUYE-
ckux addexroB mpu 125 u 400°C B 30HHI 135—140°C u
450—460°C cooTrBeTcTBEHHO. M3MeHEHUE SHIOTEpPMMYE-
cKuX 2((HEeKTOB U YBEIUMUYEHUE CKOPOCTU ITOTEPU MAcChl Ha
nuddepeHIMaNbHON TePMOTPaBUMETPUYECKON KPUBOM ¢
320°C B 30HY noBbllIeHHOM TeMmnepatypbl 480°C cBsi3aHO C
TeM, UYTO TpW aKTUBALMU HAMBLUISIEMOTO TMOPOIIKOBOTO
IODH 1 MeTamInyecKoil MOBepXHOCTU B MPOLIECCe TOIM-
MepHu3aluu B paciuiaBe oOpa3yeTcsl HaIMOJIeKyJ/IsipHas Ta-
YyeyHasi CTPYKTypa, KOTOopasi yMeHbIIaeT MOABUKHOCTh MO-
JIEKYJT TIOKPBITUSL. DTU pe3yJbTaThl MOATBEPXKAAIOT MPaBO-
MEPHOCTh BbIOOpa criocoba MpeaBapyuTeSIbHONW 00paboTKU
3alIMIIAEMON CTAJIbHOW TTOBEPXHOCTU aAKTUBUPYIOIIUMU
Kommo3unusamu [9, 11].

YcraHoBIeHO, YTO UIsT oOecmedeHusT TpeOyeMoil MMpo-
HULIAEMOCTU M KOPPO3MOHHOM CTOMKOCTH ITOJMMEPHbBIX
3aIIUTHBIX HAIbUISIEMBIX MOKPBITUI pallMOHAJILHO BBeIe-
HUE B UX COCTaB CIELMAJIbHON 100aBKM HaHOPa3MEPHBIX
kommnosutuii (YHT unu kpemuesouist) B Konnvectse 0,002—
0,006 mac. %, 4TO TapaHTUPYET YBEIMUEHHE IMPOYHOCTH
C03/1aBaeMoii TUIEHKU Ha 25—45% 3a cueT Co3MaHust pa3BeT-
BJIEHHOW CTPYKTYPbI HATIBUISIEMOTO TIOJMATUIeHA. DTO MO~
TBepxkaaeTcs: MK-cnekTrpockonuuecKuMu U IpyrumMu (u-
3UKO-XUMUUYECKUMU METOJaMU MCCIeI0BaHUI; NTaHHBIA
3¢ dEKT TakKe co3/1aeT KaueCTBEHHYIO 3alIUTy OT MTPOHUK-
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Puc. 3. TepmomexaHuyeckme kpusble NMAHI, npu 06paboTke nopotuka u
MeTaINYecKom NoBepxXHOCTN: T — KOHTPOSbHLI 0bpasel,; 2 — npeasapu-
TenbHasi o6paboTka NOBEPXHOCTU MeTasnna KpemHesonem; 3 — npeasapu-
TenbHas 06paboTka MeTanIM4eckor NoBepxXHOCTH 1 nopotuka NAHI kpem-
He3oneM; 4 — npeaBapuTenbHas 06paboTka MeTanIM4yeckon NoBepPXHOCTH
1 nopowwka MN3OHL kpemHezonem + YHT

Fig. 3. Thermomechanical curves of HDPE when processing powder and
metal surface: 7 — control sample; 2 — pretreatment of the metal surface with
silica sol; 3 — preliminary treatment of metal surface and with HDPE silica sol;
4 - pretreatment of metal surface and HDPE silica sol + CNT

BonHoBble uncna, cm-!
Wave number, cm-!

1400

Puc. 4. ViHdpakpacHblit cnekTp nonuatunena B6amsn 1400 cm™': 1 — KOH-
TPONbHbIN 06paseL; 2 — NOBEPXHOCTb MeTasna, npeasapuTensHo o6pabo-
TaHHas aKTUBMPYIOLLMM PACTBOPOM

Fig. 4. Infrared spectrum of polyethylene near 1400 cm™': 7 - control
sample; 2 — metal surface pre-treated with an activating solution

Preliminary treatment of polyethylene thermal spray coat-
ing with activating compounds based on silica sol and CNT
allows to significantly change the properties of the material,
increase its thermal stability, which is confirmed by shifts of
endothermic effects at 125 and 400°C in the zones 135—140°C
and 450—460°C, respectively. The change in endothermic ef-
fects and the increase in the rate of mass loss on a differential
thermogravimetric curve from 320°C to the zone of elevated
temperatures of 480°C is due to the fact that when the pow-
dered HDPE and the metal surface are activated, a supramo-
lecular paired structure is formed in the melt during the po-
lymerization process, which reduces the mobility of the coat-
ing molecules. These results confirm the validity of the choice
of the method for preliminary treatment of the protected steel
surface with activating compositions [9, 11].

[t is established that in order to ensure the required per-
meability and corrosion resistance of polymer protective,
sprayed coatings, it is rational to incorporate a special addi-
tive of nanosize compositions (CNT or silica sol) in the
amount of 0.002—0.006 mas. %, which guarantees an in-
crease in the strength of the created film by 25—45% for ac-
count for creating a branched structure of sprayed polyethyl-
ene, which is confirmed by IR spectroscopy and other physi-
cal and chemical methods of research; this effect also creates
a quality protection against the penetration of aggressive lig-
uids and livestock environments.

It has been proved that the pretreatment of the surface to be
protected and the modification of the sprayed powder with na-
noscale compositions provide a reduction of shrinkage and
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HOBEHMSI arPECCUBHBIX XXUIKOCTEN U Cpejl )KMBOTHOBOUE-
CKMX ITOMELEHUA.

JlokazaHo, 4TO npeaBapuTeIbHasi 00paboTkKa 3aluiiae-
MO TTOBEPXHOCTHU Y MOAM(UILIMPOBaHE HAHOPAa3MEPHBIMU
KOMIMO3ULIMSIMY HAITbLISIEMOTO TOPOIIKa 00eCIeunBalT
CHUKEHME YCalK/ 1 HAMPSIKEHHOTO COCTOSTHUS HaITbLIsIe-
MBbIX TOJMMEPHBIX 3alIUTHBIX KomIo3uuuii Ha 50—70%,
4yTO 00eCcreurBaeT He TOJIbKO BBICOKYIO a[Ile3UI0 COCTaBa ¢
MAaCCHBOM 3alIMILIAeMbIX KOHCTPYKIIMI U BBIPABHUBAET KO-
a¢hGULIMEHTbl JTUHEHHOTO TeMIIEpaTypHOrO pacuIMpeHusl,
HO U CITOCOOCTBYET IIJTMTEIbHON paboTe TOKPBITHS.

Takum 00pa3oM, OTMEUEHO TOJIOXKUTEIbHOE BIMSIHUE
MpeABapUTESIbHON 00pabOTKM METAUIMUECKUX TMOBEPXHO-
cTell aKTUBUPYIOLIUMU KOMITO3ULIUSIMU Tepe]l HAHECEHUEM
MOJMMEPHBIX MOKPBITUI, YTO MO3BOJUIO OTPAdOTATh TEX-
HOJIOTMYECKHME PEXMMbl HAHECEHMST MOPOIIKOBBIX MTOKPBI-
TUI Ha METAJTMYECKUE MTOBEPXHOCTH, a TAKXKE CYIIECTBEH-
HO TIOBBICUTh KOPPO3UOHHYIO CTOMKOCTb U JOJITOBEYHOCTh
3alIMIIAEMbIX 3JIEMEHTOB M PabOYMX OPraHOB OUMCTHBIX
COOPYXEHUI U KaHATU3ALMOHHBIX CUCTEM.
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stress of the sprayed polymer protective compositions by 50—
70%, which ensures not only high adhesion of the composition
to the array of protected structures and equalizes the coefficients
of linear thermal expansion, prolonged coating operation.

Thus, the positive effect of preliminary treatment of
metal surfaces with activating compositions prior to applica-
tion of polymer coatings has been noted, which allowed to
work out technological regimes of powder coating on metal
surfaces, and also significantly improve the corrosion resis-
tance and durability of the protected elements and working
organs of treatment plants and sewage systems.
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Bnuanue 3019 KpeMHEKUCNOTbI
Ha (PM3MKO-MexaHW4yeckne CBOWCTBA NONUCTUPONOETOHA

PaccmoTpeHbl BONPOCH UCNONb30BaHNS 3011 KPEMHEKIMCNOTbI, MOY4EHHOro rMapoNu3oM COMNei, B KayecTse [J06aBKN ANs YNyyLleHUs (PU3NKo-
MeXaHU4YECKNX CBOMCTB LIEMEHTa 11 MONMCTUPONBGETOHA Ha ero 0CHOBE. [10Ka3aHO YNydllieHe CBOMCTB LIgMEHTa U U3MeHeHe ero hasoBoro cocTasa
Npy UCNOJb30BAHNN KONNOWAHOM [06aBKN. Pa3pa6oTaHbl PeLENTYpPbI 1 ONpPeaeneHbl 0CHOBHbIE XapaKTePUCTUKM NONNCTUPONGETOHA C
CMONb30BAHMEM 30711 KDEMHEKICNOTbI 1 NS CpaBHeHUs cynepnnactudukatopa C-3. BbifiBneHa onTumanbHas [O3MPOBKa 3015 B COCTaBe
nonucTMponGeToHa. [lokasaHo, 4To NPUMeHeHNe MOAUULIMPYIOLLIER 106aBKN YBENUYMBAET FMAPOMUILHOCTL NEHONONNCTUPONA K LIEMEHTHOMY KaMHIO,
MOBbILIAET MPOYHOCTb NONNUCTUPONGETOHA NPU CHINKEHIAN 8r0 CPEAHEN NIOTHOCTHA.
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Influence of Silica Sol on Physico-Mechanical Properties of Polystyrene Concrete

The article discusses the use of silica sol obtained by salt hydrolysis, to improve the physical and mechanical properties of the cement and polystyrene concrete. Improvement the prop-
erties of cement with colloid additive and changing phase composition are proved. The composition is designed and main characteristics of polystyrene concrete are defined with silica
sol and naphthalene superplasticizer. The optimal dosage of the sol in the composition of polystyrene concrete is identified. It is proved that with use of modifying additives — silica sol

the hydrophilicity of foam polystyrene to the cement stone increases in the composition of polystyrene concrete. Compressive strength of polystyrene concrete is increased with a

decrease in average density.
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N3BecTHO, YTO ISl PeryJMpoBaHUsI CBOWCTB OETOHA,
OETOHHOI CMeCU M 9KOHOMUH 1IeMEHTa ITPUMEHSIIOT 100aB-
KW pa3iMuHOTO (DYHKIIMOHAJIBbHOTO HasHavyeHwus. [Ipume-
HEHUE XMMUUYECKUX T00ABOK SIBJSIETCS OMHUM U3 HauboJiee
YHUBEPCAIbHBIX, JTOCTYITHBIX U TMOKUX CIIOCOOOB yIpaBJe-
HUSI TEXHOJIOTUE OETOHA M PEeryJMpoBaHUSl €ro CBOMCTB.
[TnaHbl pa3BUTHUSI CTPOUTEIHLHOM MHIYCTPUM MPEIyCMaTPU-
BalOT 3HAUYUTEIBHOE PACIIMPEHUE TTPOU3BONICTBA OETOHHbIX
cMecelt ¢ ucrojb3oBaHreM 3(hGEKTUBHBIX 100aBOK, TPU-
MEHEHNE HOBBIX BUIOB 100aBOK [1].

I[IpoMBILIIEHHOCTh CTPOUTEbHBIX MaTepuaaoB Pec-
nyonuku bypsitus (PB), yuuTbhiBasg moTpeGHOCTH CTpOU-
TeJBHON OTpacivi B KOHCTPYKIIMOHHO-TEIJIOU3OJISILIUOH-
HbIX O0€TOHAX, BBIITYCKAET TPAAULIMOHHbBIC U3IEIUSI HA OCHO-
B€ ILIJJaKOOETOHA C MCMOJb30BAHUEM TOTUIMBHBIX M BYJIKa-
HUYECKMX IIUIaKOB, MOJIMCTUPOIOeTOHA. B cTpouTtenbHOMI
uHayctpuu PB Bce 1mpe ncnonp3yeTcst moaucTUpoaI0eTOH,
MPUTOTOBJICHHBI MO TPaIMIIMOHHOW TEXHOJIOTUU B COOT-
BerctBUM ¢ [OCT P 51263—99 «[Tonuctupon6eron. TexHu-
yeckue ycsoBusl». OaHAKO y MPEANPUSITUIA, BBIITYCKAOIINX
JIAHHBIN BUI TTPOMYKIIMU, BO3HUKAET MPoOJieMa yXyaIIEHUS
GU3NKO-MeXaHNIEeCKUX IMoKa3aTeleil 0eToHA IpU CHIDKE-
HUM €ro CPEeIHEN MJIOTHOCTHU.

Ananus pabot B.A. PaxmanoBa, B.T'. JloBxuka u apyrux
MOKa3bIBAET, YTO MPOYHOCTb MOJUCTUPOJIOETOHA 3aBUCUT
OT MHOTHX (haKTOPOB: OT MPOYHOCTHU 3aMOJTHUTEJISI, OT Kauye-
CTBa MCXOIHOTO MaTepuana — OMCEepHOI CMOJIbI, TTPOYHO-
CTU LIEMEHTHOTI'O TeCTa, aAreé3MOHHO-KOTe3MOHHbBIX KOHTaK-
TOB B CHCTEME IEHOIOJIUCTUPON — LeMeHT [2—4]. Tak, B
pabotax H.B. Apxunueesoii, O.B. 2Kyp6a permanuch npoo-
JIEMbI aAre3uu MeHOMOJUCTUPOIA K 1LIEMEHTHOMY KaMHIO:
JUJISI TIOBBIIIEHUS] TUIPOMDUIHLHOCTH TTEHOIOJIMCTUPOJIA UC-

(TP OVIENIBTIBIE

It is known that there are some additives of various func-
tional purposes are used in order to regulate the properties of
concrete, ready-mix concrete and cement saving. The use of
chemical additives is one of the most versatile, accessible and
flexible way to manage concrete technology and regulating of
its properties. The development plans of the construction
industry provide a significant expansion of the production of
concrete mix using effective supplements, the use of new
types of additives [1].

The building materials industry of the Republic of
Buryatia (RB), consdering the need of the construction in-
dustry in structural-insulating concretes, produces tradition-
al products on the basis of the slag concrete using fuel and
volcanic slag, polystyrene. In the building industry of RB,
polystyrene concrete, prepared according to traditional tech-
nology in accordance with GOST R 51263—99 is increas-
ingly used. Nevertheless, the companies producing polysty-
rene concrete have the problem of the deterioration of physi-
cal and mechanical properties of concrete while reducing its
average density.

The analysis of works of Rakhmanov V.A. and
Dovzhik V.G. and others shows that the strength of polysty-
rene concrete depends on many factors: the strength of the
filler material, the quality of the base material — bead resin,
strength of the cement grout, adhesive-cohesional contacts
in the system of expanded polystyrene cement [2—4]. So, in
the works of. Arhincheeva N.V and Zhurba O.V. the prob-
lems of adhesion of polystyrene to cement stone were
solved: in order to increase the hydrophilicity of expanded
polystyrene various chemical additives were used [5]. There
were identified the optimal proportionment of various
chemical additives for increasing hydrophilic properties
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0,25 0,8 52,2/72 1,34 1,2 86,7 67
0,5 0,4 65/77,1 1,67 1,28 108 85
0,75 0,2 67/83,3 1,71 1,38 112 80
1 0,2 63,3/80,5 1,62 1,33 103 79
Be3 nobaBku
) " - 39/60,2 - - - 65
Without additive /
Ta6bnuua 2
Table 2
Mpenen npoyHocTn Npu cxatuu R, MlMa, B 3aBUCUMOCTH OT KOSIMYecTBa
KOH"'-E”TpOa"'-"'” Bpews 3019, % OT Macchl LieMeHTa
Bun poGasku 3019, % TBEPAEHNA, CYT | Compressive strength, R, MPa, depending on the amount of sol,% by weight
Type of additive | Concentration Hardening time, of cement
of sol, % days
0 0,2 0,4 0,6 0,8 1 1,2
. 7 39 67 62,7 62 61,9 60,8 -
Na,SiFg 0,75
28 60,2 83,3 80 78,1 78,5 80,9 -

MOJIb30BAIMCh Pa3IMYHbIC XMMUYECKKe 100aBku [5]. beuin
BBISIBJIEHBI ONTUMAaJIbHBIE JO3UPOBKU Pa3IMYHbIX XUMUYE-
CKUX JT00aBOK IS TOBBIIIEHUS TUAPOMUIBHOCTA U COOT-
BETCTBEHHO aJre3uu IMEHOIOIUCTUPOIa K IIEMEHTY, B pe-
3yJIbTaTe Yero yJaydlinaach MPOYHOCTh MOJUCTUPOIOETOHA.

7151 pacliMpeHusi acCOPTUMEHTA XUMUUYECKUX T00aBOK
aBTOpPaMM CTaTbU HCCIENOBAIMCH are3UMOHHbIE T00aBKH,
HCMOJb3yeMbIE B IOPOKHOM CTPOMTELCTBE, JJIsI YBEIUUE-
HUS a[ire3Un TIECHOOJIMCTUPOJIA K IIEMEHTHOMY KaMHIo [6].

[loBbimeHue (GpU3NKO-MEXaHUYECKNX CBOMCTB ITOJIM-
CTUPOJIOETOHA BO3MOXHO 3a CUET MCIOJb30BaHUSI HOBBIX
MOIUMUIMPYIOIINX 100aBOK, KAKUMU SIBJISIIOTCS 100aBKH,
MoJTly4eHHbIe 30Jb-resib MeTogoM. Eme B 1980-e rr. mpo-
deccop M. M. CorrueB mposIBUII MHTEPEC K 30JIb-TEJISIM KaK
MIPOTPECCUBHOMY METOJIY, CBSI3aHHOMY C TTOJTyYeHUEM KOM-
MO3UILIMOHHBIX MAaTepPUaAJIOB C YJIYJIIEHHBIMM CBOMCTBa-
mu [7, 8]. TpyaHO npeAcTaBUTh (PU3UUYECKYIO KAPTUHY BIIA-
SIHUST MUKPOA00ABOK, TOJYYEHHBIX 30J1b-Te/Ib METOIOM, Ha
MPOLECChl TBEPAEHUS 1LIEeMEHTa, OJJHAKO TOJYyYeHHbIe TTPU
UX HCIOJB30BAaHUM PE3YJIbTaThl TOBBIIICHUS! OCHOBHBIX
CTPOUTETBHO-TEXHUIECKUX CBOWCTB IIEMEHTHOTO KaMHS 1
OETOHOB IIOATBEPKIAIOT BBHICOKYIO 3(P(PEKTUBHOCTH IIPU-
MEHEHUSsI JTaHHBIX BUIIOB MOIU(DUKATOPOB.

K Hacrosiiiemy BpeMeHU MOSIBUIOCH 3HAYUTEIbHOE KO-
JIMYECTBO 10OABOK HA OCHOBE 30J1eii KPDEMHUEBOI KUCIOTHI,
TUIPOKCUIA Kejle3a, TUAPOKCUIA ATIOMUHUS, MO3BOJISIO-
IIKUX TTOJYYUTh BHICOKOTIPOUHbBIC OETOHBI 3 CYET MHTEHCU-
dukanuu npouecca ruapatauuu emeHra [9]. 3o1u Kpem-
HEKUCJOTHI U TUAPOKCHUIOB AJIIOMUHUS 1 JKeJie3a MpeicTaB-
JISIIOT cOOOM  KOJJTOMIHDBIE CUCTEMbl HaHOIMCIEPCHBIX
pa3MepoB, YACTUIIbI KOTOPbIX OTJIMYAIOTCS HE TOJIBKO BbICO-
KOW XMMMUYECKOW aKTUBHOCTbIO, HO U CITIOCOOHOCTBIO TIPU

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

and, consequently, the adhesion of expanded polystyrene to
cement, and as a result, the strength of concrete was im-
proved.

For extending the range of chemical additives, the au-
thors investigated the adhesive additives used in road con-
struction, in order to increase the adhesion of expanded
polystyrene to cement stone [6].

The increase of the physical and mechanical properties of
polystyrene concrete is possible through using new modifying
additives, like additives that were obtained by the sol-gel
method. In the 1980s, the professor Sychev M.M. showed
interest in sol-gels as a progressive method associated with
the receiving composite materials with improved proper-
ties [7, 8]. It is hard to imagine the material picture of the
microaddition’s influence received by the sol-gel method, on
the cement hardening processes, but their results of an in-
crease the basic construction and technical properties of ce-
ment stone and concrete confirm the high effectiveness of
using of these types of modifiers.

Currently, there are considerable additives based on silica
sols, ferrum hydroxide, aluminum hydroxide, allowing to
obtain high-strength concretes in consequence of intensifica-
tion of the cement hydration process [9]. Silica sols and hy-
droxides of aluminium and ferrum represent the colloid sys-
tems of nanodispersed dimensions, the particles of which are
not only high chemical activity, but also the ability when
switch to gels to fill in the fine capillaries of the cement stone
and increase the following physico-mechanical properties:
strength, water tightness, cold resisting property. A substan-
tial contribution to the study of this direction were made by
such scholars as Komohov P.G., Svatovskaya L.B.,
Lukutcova N.P., etc. [10—13].
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Tepexo/ie B TeJIv 3aIOJIHITh CaMble TOHKUE KalmWuisi- a8 §3
pbl LIEMEHTHOTO KaMHSI M TOBBIIIATH OCHOBHBIC EE
(busuko-mexaHnyecKure CBOMCTBA: MTPOYHOCTb, BOAO- LE
HETMPOHUIIAEMOCTb, MOPO30CTOMKOCTb. boJibloii EE
BKJIaJl B MI3yYEHUE TAaHHOTO HATIpaBJICHMSI BHEC/IU Ta- E
kue yuennle, Kak [1.I'. Komoxos, JI.b. CBaTtoBckas, R
H.II. JIykyruosa u ap. [10—13]. &

B pabGote mist ynydineHus IpoYHOCTU LIeMEHTa U § &3
MOJUCTUPOJIOETOHA Ha €ro OCHOBE MCIIOJb30BAJICS LT
30JIb KPEMHMEBOI KUCJIOTHI, TOJy4aeMbIil IyTeM EE
TUIPOJIM3a PACTBOPUMBIX COJIE, B YACTHOCTU KpeM- EE
Hedropucroro Hatpusa Na,SiFg, 6e3 ynaneHus katu- EE
oHOB Hatpusi Na't. Tmapoiau3 KpeMHe(pTOpUCToro 8]
HATpus MPOTEKAET IO CAeNYIOIIeH PeaKivu: L

[

| POF 00-041-0216 (Tuno Call) Cat A2 OF { O H 6 32 H2 © Calcumn Aluminurn Crdda Hydrarida Hydrah

| PDF 00-042-0487 (Tune Cell) 3C8 O - A O3 Ca (O H )2~ |smocwummmummumm
| POF 000461045 (Tune Call) Si O2 Quartz, syn

| POF 0O-00E-0025 (Turie Call) { Fe +2 , Mg 13 54 010 { © H )2 Minnesciaite

| PDF 00-003-D832 Ca3 51 05 Calclum Siicate:

|1_POF 00-002-0960 (Tune Cell) € © - H2 © Portisndite

Na,SiF, + 4H,0 — 2NaF + 4HF + H,SiO,.

2Theta (Coupled TwaTheta/Theta) WL=1,54060

B pesynbrare runposnsa o0pasyeTcs KpeMHUEBAs 4 §
KUCJIOTa B KOJUTOMTHOM COCTOSTHUM, (DTOPUI HATPUSI
U TUTaBUKOBas KucinoTta. GTopua HaTPUST BBICTYIIAET B &
KauyecTBe YCKOPUTEIsI TBEPAECHMSI LIEMEHTHOTO KaMHSI. e

Db bEKTUBHOCTh 30151 KPEMHEKUCIOTHI, MOJy-
YeHHOU ruaponan3oM nobaBku Na,SiFg, mis moBbi- g
IIEHUS MPOYHOCTU LIEMEHTHOTO KaMHSI TIpeacTaBIie-
Ha JaHHBIMU TaoI. 1. g

AHau3 pe3yIbTaTOB UCCIeNOBAaHMIA TOKA3all, YTO
ONTUMAalbHAsl KOHLEHTpAIMs WMCXOJHOTO 30Ji CO-
crapistet 0,75%, a onTMMajbHasl JTO3MPOBKA B IIe-
MeHTHOM KamMHe — 0,2% ot Macchl uemeHTa. [lpu
5TOM TIPOYHOCTh MPU CKATHU IIEMEHTHOTO KaMHS B
Bo3pacTe 7 cyT yBenuuuiaach Ha 71%, a B 28 cyT — Ha
38%. B Bo3pacre 7 CyT TBEpAEHUS JOCTUTAETCS TTPOY-
HOCTb, PaBHasl MPOYHOCTY KOHTPOJIbHBIX 00pa31ioB B
28 cyt. CnepoBaTesibHO, 100aBKa SIBJISIETCSI M YCKOPH -

Counts

TeJIeM TBEpACHUS 1IEeMEHTa U OJHOBPEMEHHO MOBBI-
IIaeT MPOYHOCTH LIeMeHTa B Bo3pacTe 28 CyT.

B 1a6:1. 2 mpuBeneHbl JaHHBIE MO TIpeAey Mpoy-
HOCTH IIpU CXKaTUM ILIeMEeHTa B Bo3pacTe 7 U 28 CyT B
3aBUCHUMOCTH OT JO3UPOBKHM 30J151 KPEMHEKHUCIOTHI.

Kak cnenyeTt u3 naHHbIX Tab1. 2, 1o6aBKa 30J151 Ha
ocHoBe Na,SiF¢ achdexTuBHa Bo BceM MHTepBajie uc-
CJIeIOBAaHHBIX 103UPOBOK. [Ipeses MpoyHOCTH MpU CXXATUKU
roBbIIaeTcs Ha 56—72% B Bo3pacte 7 ¢yt 1 Ha 30—39% B
Bo3pacte 28 CyT.

HN3ameneHust GpusnKko-MexaHM4eCKMUX CBOMCTB MOAU(DU-
uupoBaHHoro [III cBsizdaHO ¢ M3MeHeHHeM ero (ha3oBOro
cocTtaBa M CTPYKTyphl. [IpoBeneHue peHTreHo(ha3oBOTO
aHamuza (PMA) mo3BosisieT ncciienoBath (pa3oBbIi COCTaB
MCXOIHOTO M MOAU(MUIIMPOBAHHOTO IIEMEHTa U OOBSICHUTD
MEXaHW3M ACUCTBUS 30J151 KPEMHEKUCIOThI Ha TIPOLIECCHI
ruaparauuu v TeepaeHus [111 [14]. POA 6bu1 ipoBeaeH 1uist
I1LI 6e3 no6aBKU 1 ¢ 10OABKOI 3011 KpeMHEKUCIOThI (15%
pactBop). ITo pesynabratam PMA ycTaHOBJIEHO, YTO Y Iie-
MEHTa, MOJIMMUIIMPOBAHHOTO 30JIeM KPEMHEKHUCIOThI
(puc. 1, b), BBo3pacte 3 cyT HaO/IIOAaETCS YBEIMUYECHUE CYyM-
MapHOII MHTEHCHBHOCTM oOTpaxeHus mopTiaaHauta CH,
MpeBbIIIAMONIeH 3HAUeHUE MHTEHCUBHOCTU Y 1IEMEHTHOTO
KaMHSI KOHTPOJILHOTO cocTaBa (puc. 1, @) B cpenHeMm Ha
10—15%, 49To CBSI3aHO C YCKOPEHUEM ITPOIIECCOB TMIpaTa-
LIUY LEMEHTA C 30JIeM KPEMHEKHUCIIOTHI.

B meMeHTHOM KaMHe C 30JIeM KPeMHEKHMCIOTHI Yepe3
28 cyt TtBepmeHus (puc. 2, b) 3apMKCHUPOBAHO CHIDKEHUE
CYMMapHOI WMHTEHCHBHOCTM OTpaXKeHMsl TOPTJIaHAMTA Ha
10—20% 110 cpaBHEHUIO C KOHTPOJBHBIM IIEMEHTHBIM KaM-
HeM (puc. 2, a). [Ipu 3ToM cymMmmMapHasi UHTEHCUBHOCTb U~
PaKIMOHHBIX MAKCUMYMOB aJINTa B LIEMEHTHOM KaMHe C 30-
JIeM KpeMHEKUCJIOTHl yMeHblnaeTcst Ha 60—65%, Genmura —
Ha 13% 1O CpPaBHEHUIO C KOHTPOJBHBIM LIEMCHTHBIM KaM-
HeM. DTO CBUAETEJIbCTBYET 00 YCKOPEHHOM ThapaTalu M-
HepaJioB anuTa 1 6enuta. OCHOBHBIMU MPOJAYKTaMU THApaTa-
mun I1L ¢ moGaBKoii SIBJSIIOTCS TMAPOCUIMKATHI KaJIbLIMS
(I'CK), ruapoantoMuHaThl Kajblusl, TUAPOCYIb(HOATIOMU-
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Puc. 1. PeHTreHorpaMmma LeMEHTHOIO KaMHsi Yepes 3 CyT TBEPAEHMS: & — KOHTPOSIb-
Hblih 06pasel; b — ¢ 30/1eM KPEMHUEBOI KUCNOThI

Fig. 1. X-ray pattern of the cement stone after 3 days of curing: a — test specimen;
b — with silica sol

In the work for improving the strength of cement and
polystyrene concrete on its basis the silica sol was used, that
obtained by hydrolysis of soluble salts, in particular kremne-
fluosilicic sodium Na,SiF,, without removal of cations of
sodium Na*. Hydrolysis of kremnefluosilicic sodium flows
through the following reaction:

Na,SiF + 4H,0 — 2NaF + 4HF + H,Si0,.

As a result of hydrolysis the silicic acid in a colloidal state,
sodium fluoride and hydrofluoric acid are produced. Sodium
fluoride acts as an activator of hardening cement stone.

The effectiveness of silica sol obtained by hydrolysis of
Na,SiF¢ additives for improving the strength of cement stone
is presented in Table 1.

The evaluation of the results of the research showed that
the optimal concentration of the initial sol is 0.75%, and
optimal proportioning in the cement stone — 0.2% of ce-
ment weight. The compressive strength of the cement stone
at the age of 7 days increased by 71%, while in 28 days —
38%. At the age of 7 days of curing, the strength is achieved
equal to the strength of the control sample in 28 days.
Consequently, the additive is an activator of curing the ce-
ment, and simultaneously increases the strength of cement at
the age of 28 days.

Table 2 shows the information for the limit of compres-
sive strength of cement at the age of 7 and 28 days depending
on the proportioning of silic sol.

It follows from the Table 2, the addition of sol on the basis
of Na,SiF; is effective over the whole range of the investi-
gated proportioning. The limit of compressive strength is in-
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Ta6nuua 3
Table 3
Mpenen npo4HocTu nNpu cxatum R, MMa, B 3aBUCHMOCTYM OT Konn4ecTsa A00aBOK,
Bpemsa TBepaeHus, % OT Macchbl LeMeHTa
Bua noGaskn oyt Compressive strength R,, MPa, depending on the amount of additives,
Type of additive Curing time, day % by weight of cement
0,2 0,4 0,6 0,8 1 1,2
. 7 5,6 5,45 5,42 5,78 5,6 5,5
Na,SiFg
28 8,2 6,4 7,34 8,82 7,78 7,56
c-3 7 4,05 4,12 4.7 4,57 4,35 -
28 5,45 5,6 6,1 8,15 6,8 -
MpumeuaHume. NpoyHOCTb KOHTPOJILHOrO 06pasLia B Bo3pacTe 7 cyT paBHa 3,78 Mra, B Bo3pacTe 28 cyT — 5,4 MMMa.
Note. The strength of the control sample at the age of 7 days is 3.78 MPa, at the age of 28 days — 5.4 MPa.
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Non-additive polystyrene concrete
MonncTpon6eToH C 30/1eM KPEMHEKNCOThI
(0,8% oT Macchl LeMeHTA)
Polystyrene concrete with silica sol (0.8% by 8,82 56 0.52 16 3.8 50
weight of cement)

HAThbl KaIbLUSI — STTPUHIUT, nopTiaHaut Ca(OH),. B ue-
MEHTE C 30JIeM KPEeMHEKUCIOThI HaboaaeTcs 60sbliasi uH-
TEHCUBHOCTB IMTUKOB (d/n=1,82), OTHOCHMBIX K HUI3KOOCHOB-
HbIM ruapocvinkaram Kaabuus Tuna CSH (I).

CrenyeT TpearooXuThb, UYTO BbICOKAasl yjeJbHasl I0-
BEPXHOCTHb 00pa3yeMoTro 30Jis1 KPeMHEKHUCIOTHI TTO3BOJISIET
€ro YaCTUIIaM 3aITOTHSITh MUKPOTIOPBI LIEMEHTHOTO KaMHST 1
CO3aBaTh 3a CYET ATOTO TUIOTHYIO M MPOYHYIO MUKPOCTPYK-
Typy. 30Jb KPEeMHEKMUCIOTbl aKTUBHO BIUSIET HA THWApaTa-
muto 1 ero TIPUCYTCTBUE H3MEHSET KOHIICHTPALIUIO
noHoB Ca’" 1 OH™ B XuKoit (hase IeMEHTHOI MACTHI yXe B
MepBble MMHYTHI TUApatanuu. O6pa3oBaHHUE IPOIYKTOB
rMapaTallii B PaHHMM TIepUON TTPOUCXOAMUT TIPU YJacTUH
MOBEPXHOCTU HAHOAWCIIEPCHBIX YAacTUIl, U TOBEPXHOCTb
1IEMEHTHbIX 3€PEH OKa3bIBAETCS B MEHbIIIEH CTeNeHU OJIOKHU-
poBaHa HOBOOOPA30BaHUSIMU, UTO MHTECHCU(DUIIUPYET MPO-
Lecc TUApoJIn3a IeMeHTHBIX ¢a3 [14]. U3BecTHO, UTO BBEE-
HHEe MUKPOKOJIMYECTBA BEIIeCTBa, KaK MMEIOIIETO CPOACTBO
C CUHTEe3upyeMbIMU (pa3amMu, TaK M He 00JIaIarolIero Tako-
BbIM, BJIMSIET Ha CKOPOCTb KPUCTALIU3ALIMU, MOPMOIOTIIo
MUHEPaTbHBIX UHIMBUIOB U arperaToB. 30Jib KpeMHEKHCII0-
ThI, HAXOMSIIVICS B AUCIIEPCHOM COCTOSIHUM B aKTUBHO
TUAPaTUPYEMOM cpelie, KOHAEHCUPYETCs Ha pedpax, BepIIn-
Hax M CKOJIaX KPUCTAJUTOB UCXOMHBIX KIIMHKEPHBIX MUHEPa-
JIOB 11 00pa3yeT NOMOJHUTEIbHBIE LIEHTPbI KPUCTAJUTU3AIIUH,
BOKPYT' KOTOPBIX I'PYMIUPYIOTCS HOBOOOpPa30BaHHBIE KpH-
crajulbl B Buge Apy3 [15]. Takum obGpa3oM, BBeLEHUE 30151
KpeMHeKUCIIoThl B cocTaB [11l akTBHO BiMsieT Ha Mpoliec-
Chl TUApATAlUWKM KJIMHKEPHBIX MUHEPAJIOB, M3MEHSST KakK
CBOCTBa cBeXXec(OpMOBAaHHOI CMeCH, TaK 1 CBOMCTBA 3a-
TBEpIEBIIETO KaMHs. MexaHu3M AeiCTBUS TOOaBKHM SIBJISIET-
c KOMILJIEKCHBIM, TaK KakK 30JIb KPEMHEKUCIOTHl MOXET
BBICTYIATh B KaUeCTBEe HAMOJHUTENS, CIIOCOOCTBOBATH CBSI-
3bIBAHMIO TTOPTJIAHAMTA, OOpPa30BBIBATh IOIMOJTHUTEIbHbBIC
LIEHTPbI KpucTtayu3anuu. [IpuMeHeHne 307151 KpeMHEKHC-
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creased by 56—72% at the age of 7 days and by 30—39% at the
age of 28 days.

The changing of physico-mechanical properties of mod-
ified cement (PC) is associated with the change its phase
composition and structure. The conduction x-ray analysis
(XRF) allows to investigate the source and phase composi-
tion of modified cement and explain the mechanism of sili-
ca sol on hydration and curring of cement (PC). The XRF
was held for PC without additive and with an additive of
silica sol (15%). Based on the results of the XRF in the ce-
ment modified with silica sol (fig. 1, b), at the age of 3 days
there were been an increase in the magnitude of the total
intensity of the reflection portlandita CH, exceeding the
value of the intensity of the cement stone of the control
composition (fig. 1, a) upon average 10—15%, due to the
acceleration of processes of hydration of the cement with
silica sol.

In comparison with the control cement stone (fig. 2, b)
the decrease of total intensity of reflection of portlandite by
10—20% are registered in the cement stone with silica sol af-
ter 28 days of curing (fig. 2, a) a decline of total reflection
intensity portlandita on 10—20% compared to control ce-
ment stone. At that the total intensity of the diffraction lobes
of alite in cement stone with silica sol is reduced by 60—65%,
belita at 13% in comparison with the control cement stone. It
shows an accelerated hydration of minerals of alita and belita.
The main products of hydration of the PC with the additive
are calcium hydrosilicates, calcium hydroaluminate, calcium
hydrosulphite-jettringit, portlandit Ca(OH),.

In the cement with silicica sol there are large intensity
peaks (d/n=1.82), imputable to the low-basic calcium hydro-
silicates of type CSH (I).

It should be assumed, that the high specific surface of
silica sol allows its particles to fill micro-pores of the ce-
ment stone and create due to this solid and firm micro-
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structure. The silica sol actively impacts on the hy-
dration of PC: its existence changes the concentra-
tion of ions Ca?* and OH™ in liquid phase of the
cement mix at the first minutes of hydration. The
forming of products of hydration in the early period
occurs when the surface of the nanodispersed parti-
cles, and the surface of the cement flakes are turned
out to a lesser extent blocked by tumors that intensi-
fies the process of hydrolysis of the cement phas-
es [14]. It is known that the addition of trace
amounts of the material, as having an affinity with
synthesized phases, and not having such, works
upon the solidification rate, morphology of mineral
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Puc. 2. PeHTreHorpaMmma LieMEHTHOro KamHsi Yepe3 28 cyT TBepAeHUs:: a — KOH-

TPONbHbIN 06pasel; b — ¢ 30/1eM KPEMHMEBOI KUCNOTbI

Fig. 2. X-ray pattern of the cement stone after 28 days of curing: a — test specimen;

b — with silica sol

JIOTHI MO3BOJISIET U3MEHATh CKOPOCTb TMIpATalliy 1IEeMEHTa,
MOPGOJIOTUIO U COCTaB 00PA3YIOIIUXCST KPUCTAUIOTUAPATOB.
YuuteiBasi, 4yTo 3016 Ha ocHOBe Na,SiF, mokazan adgdex-
TUBHOCTh BO BCEM MHTEPBaJIe TO3UPOBAHMS, ObIJIO UCCIIEIO-
BaHO BJIMSIHUE 30JI1 KPEMHEKUCIIOTHI C ONTUMAIBHON KOH-
neHrpaumeit 0,75% Ha TIPOYHOCTHBIE XapaKTePUCTUKM TI0-
JIUCTUPONIOETOHA B MHTepBase no3uposanus ot 0,2 no 1,2%.
st cpaBHEHUST ObLIO MCCAEI0BAHO BAUSIHUE CYMepIiacTh-
(ukaropa C-3 Ha MPOYHOCTb MOJIUCTUPOJIOETOHA B BO3pACTe
7 u 28 cyt B uHTepBasie o3upoBaHus ot 0,2 1o 1% ot Macchl
1emeHTa. lisi 3Toro ObUIM TIPUTOTOBJIEHBI OOPa3IIbI-KyObl
10x10x10 cm Ha moptaanauemente LIEM 1 42,5H npwu mo-
crostHHOM B/II oTHomeHuu. B KauecTBe 3amoiHUTENEH HC-
TOJIb30BAJICS MIECOK MPUPOAHBINM KBAPII-MOJEBOILIIATOBBIN C
M,,=2,2-2,3, NeHONOIUCTUPOIbHBIA BCIIEHEHHBINA TPaHy-
svpoBaHHbIi 3anojgHutens ([IBI) ¢ pasmepom 3epeH
5—10 mM. T110THOCTH MOMUCTUPOIBHBIX TPAHYJI COCTaBIISIIA
15 xr/M>. O6pasLBbl XPaHIINCh B HOPMATBHBIX YCIOBHAX 1
UCIBITHIBAIMCH Ha CxKaTue B Bo3pacte 7 u 28 cyt (tabi. 3).
AHanu3 pe3yJbTaToB UCCAeNOBaHMI MOKa3al, YTo MpU
KOHIIEHTparu rucxomHoro 3o0iis1 0,75% ontuMaibHas I0-
3UpOBKa B mojucTuposbderore coctasiser 0,2 u 0,8% ot
Macchl ieMeHTa. [Tpr 5TOM MPOYHOCTH TP CXXKaTUU OeTOHA
B Bo3pacte 7 cyT Ipu 103upoBKe 307151 0,2% yBeaumuuiaach Ha
48,1%, a B 28 cyr — Ha 51,8% B CpaBHEHHUM C KOHTPOJIbHbI-
Mu obpasuamu. [Ipu 3T0M B 7 CyT TOCTUTAETCS TPOYHOCTD,
paBHasl MPOYHOCTU KOHTPOJBHBIX 00pasioB B 28 CyT.
OnTuMabHast TO3UPOBKa 30J1s1 KpeMHUEBOM KUCI0ThI 0,2 1
0,8% oT Macchl LIeMEHTa, YTO B IIepecyeTe Ha CyXoe Bellle-
cTBO cocTassteT coorsercTBeHHO 0,0015 1 0,016%.
ITpoYHOCTh 1IEMEHTHOTO KaMHS SIBISIETCSI ONHUM U3
(aKTOpOB, BIMSIOIIMX HA MPOYHOCTh MOJUCTUPOJIOETOHA.
BBeneHue 106aBKU B BUIE 307151 KDEMHEKHUCIOTHI MOBBIILIAET
He TOJIBKO MPOYHOCTD LIEMEHTA, HO U MMPOYHOCTh TTOJIUCTH-
posibeToHa Ha ero ocHose. Kpome Toro, 30/1b KpeMHUEBOM
KUCJIOTHl YMEHBIIAeT MOBEPXHOCTHBIN YroJ CMauyMBaHUsI,
BCJIEICTBYE Yero (hOpMUPYIOTCS aire3MOHHO-KOTe3MOHHbIE
KOHTAKTbhl B CUCT€M€ TMEHOIOJIUCTUPOJI — ILIEMEHT — BOJA.
OntumaibHas TO3MPOBKa cynepruiactudukaTopa C-3
coctaBmia 0,8% ot Macchl ieMeHTa. [1pu 5TOM MPOYHOCTD

(TP OVIENIBTIBIE
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individuals and aggregates. The silica sol located in
dispersed state in active hydrative environment,
condenses on edges, vertices and chipped crystals
source of clinker minerals and forms an additional-
centres of crystallization, around which are grouped
the newformed crystals in the form of drusen [15].
Thereby, the addition of silica sol in the composi-
tion of the PC actively affects the hydration of clin-
ker minerals processes, changing the properties of
the fresh concrete mixture, and properties of the
solidified stone. The mechanism of silica sol is com-
plex, because it can acts as a filler and it contributes
"= to forming of portlandita, and an additional centers
of crystallization. The usage of silica sol allows to
change the hydration rate of cement, morphology
and composition of formed hydrates.

Taking into account that the sol on the basis
Na,SiFg¢ showed effectiveness throughout the pro-
portioning interval, the influence of silica sol with optimal
concentration of 0.75% on strength characteristics polysty-
rene in the interval of dosing up 0.2 to 1.2% was analyzed.
For comparison, the influence of super-plasticizer C-3 was
studied on the strength of the polystyrene concrete at the
age of 7 and 28 days dosing interval from 0.2 to 1% by
weight of cement . For this purpose some samples were
prepared — cubes 10x10x10 cm on Portland cement
CEM 1 42.5H at constant W/C-ratio. The natural sand
quartz-feldspar with Fineness modulus = 2.2—2.3, polysty-
rene foam granules (OAGS) with the size of grains 5—10 mm
were used as fillers. The denseness of the polystyrene gran-
ules was 15 kg/m>. The samples were stored under normal
conditions and tested compression at the age of 7 and
28 days (table 3).

Analysis of the investigation’s results showed that when
the concentration of the initial sol of 0.75%, the optimal
proportioning in the polystyrene concrete is 0.2 and 0.8%
by weight of cement. In this case the compressive strength
of the concrete at age of 7 days at the proportioning of sol
0.2% increased by 48.1%, and in 28 days — by 51.8% in
comparison with the control samples. At the same time in
7 days achieved the strength equal the strength of the con-
trol samples in 28 days. The optimal proportioning of silica
s0l10.2 and 0.8% by weight of cement in terms of dry matter
amounts to 0.0015 and 0,016%. The strength of the cement
stone is one of the factors influencing on the strength of
the polystyrene concrete. The introduction of additives in
the form of silica sol increases not only the strength of the
cement, but the strength of the polystyrene concrete based
on it. Besides, the silica sol reduces the surface wetting
angle, in consequence of which adhesive-cohesive con-
tacts are formed in the system, expanded polystyrene—ce-
ment—water.

The optimal proportioning of superplasticizer C-3 com-
posed 0.8% by weight of the cement. In this case the com-
pressive strength of polystyrene concrete at the age of 7 days
increased by 20.8%, in 28 days — 50.9%.

[t should be noted that under the optimal proportion-
ing of superplasticizer C-3 and silica sol 0.8% by weight of
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MPU CXKaTUM ITOJUCTUPOIOETOHA B BO3pacTe 7 CyT yBEIUUM-
nach Ha 20,8%, a B 28 cyt — Ha 50,9%.

CrenyeT OTMETUTD, YTO MPU ONTUMATbHbBIX T03UPOBKaX
cyneprutactudukatopa C-3 1 307151 KpEMHUEBOM KUCIOTHI
0,8% oT Macchl LieMeHTa MPOYHOCTD MPU CKAaTUU GETOHA B
Bo3pacTe 28 cyr yBennumiaachk Ha 50,9 u 52,9% cootBeT-
cTBeHHO. [1pu 3TOM B TIepecueTe Ha CyXoe BelIeCTBO T03M-
pOBKa 30J151 KPEMHUEBOM KHUCJIOTHL B 28 pa3 MEHbIIEe MO
cpaBHEHMUIO ¢ cyrepruiactTudukatopom C-3.

B Tabs1. 4 nipuBeneHbl pe3yiabTaThl CPaBHUTEIbHBIX HUC-
MbITAHUN OCHOBHBIX (DM3MKO-MEXaHWUYECKHUX CBOMCTB MO-
JINCTUPOJIOETOHA.

BBenenue mo6aBoK MOBIMSIO HAa M3MEHEHUE CPEeIHEN
IUIOTHOCTU MOJUCTUPOJOETOHA. Y KOHTPOJIHLHOIO oOpasla
CpedHsisl MIOTHOCTL cocTapisaa 1150 xr/m3, ¢ cynepnna-
ctudukaropoM nipu go3upoBke 0,8% oT Macchl IIeMeHTa
IJIOTHOCTb 6eTOHa cHU3MIACh 10 930—960 kr/M>. O6pasLbl
MTOJTUCTUPOJIOETOHA C 30JIeM KPeMHUEBOI KMCJIOTHI ITOKa3a-
JIM TI0THOCTB 960—980 Kr/mM>.

Takum obOpa3oM, B pe3ybTaTe BBIIOJIHEHHOI paOOThI
MOXHO c/ieJIaTh CAEAYIONIE BbIBOIbI:

1. lo6aBKa 30J1s1 KpDeMHEKHCJIOTHI TTOBBIIIAET TPOYHOCTh
memeHTa. OnTuMaabHasi KOHIICHTpaLUs 30/ KpeMHEKHC-
J10ThI coctaisieT 0,75%.

2. lo6aBKa 30151 KpeMHUEBOI KMCIOThI C KOHLIEHTPALIK -
eit 0,75% B noaucTUpoIbeTOHE MoKasana 3G (HEeKTUBHOCTD
BO BCEM MHTepBajie No3upoBaHUsl. OTMEUeHO yBeIuUYeHue
MPOYHOCTH TIPU CKaTUM B Bo3pacte 7 ¢yT Ha 19-52,9%, B
Bo3pacTte 28 cyt — Ha 18,5—63,3%.

3. IIpoyHOCTH MOAMCTUPOIOETOHA C TOOABKOI 30J151 B
Bo3pacTe 7 CyT MPEeBBIIIAET IIPOYHOCTh KOHTPOJIBLHOTO 00-
pasiua B 28 CyT.

4. MexaHu3M AeMCTBUS 307151 KPEMHEKUCIOTHI SIBJISIETCS
KOMILIEKCHBIM: 30JIb KDEMHEKUCIOTHl MOXKET BBICTYMaTh B
KayecTBe HAIlOJHUTEJsI, CIIOCOOCTBOBAaTh CBSI3BIBAHUIO
MOPTJIAHAWTA, OOPa30BBIBATH JOMOJHUTEBHBIC LIEHTPHI
KPUCTAJUTM3ALINH.

5. IMonucTuponbeToH ¢ 3071eM KPEMHUEBOM KHUCIOThI U
cynepractudukaTopom C-3 Mpu ONTUMAIbHbBIX 103UPOB-
Kax Iokasajl MpakTUYeCKM PaBHYI MPOYHOCTh B BO3pACTe
28 cyT, HO MpU MEepecUeTe Ha CyX0oe BELIECTBO PAacXo/l 30JIs
KPEeMHUEBOI KUCIIOTHI B 28 pa3 MeHbIIIe pacxoja cyrepIuia-
ctudukaropa.

6. IToMCTUPOJIOETOH C 30JIEM KPEMHUEBOIM KUCIOTHI 11O
OCHOBHBIM (hM3UKO-MeXaHUYECKMM CBOMCTBAM IMPEBOCXO-
IUT 0e3100aBOYHbBII TTOJUCTUPOJOECTOH TIPU CHUKEHUU
cpellHeii MJI0THOCTU O6eToHa.
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the cement, the compressive strength of the concrete at
the age of 28 days accordingly increased by 50.9 and
52.9%. At the same time in terms of dry substance, the
proportioning of silica sol in 28 times less compared with
superplasticizer C-3.

Table 4 shows the results of the comparative tests of fun-
damental physico-mechanical properties of the polystyrene
concrete.

The additives affected on the change in the average den-
sity of the polystyrene concrete. In the control sample the
average density was 1150 kg/m? and the superplasticizer by a
proportioning of 0.8 % by weight of the cement the strength of
the concrete decreased to 930—960 kg/m?. The samples of
the polystyrene concrete with silica sol showed that the den-
sity is 960—980 kg/m?.

Thus, in the result, we can draw the following conclu-
sions:

1. The additive of silica sol increases the strength of the
cement. The optimal concentration of silica sol is 0.75%.

2. The additive of silica sol with a concentration of 0.75%
in the polystyrene concrete showed the effectiveness through-
out the proportioning interval. The increase of the compres-
sive strength at the age of 7 days at 19—52.9%, at the age of
28 days at 18.5—63.3% is noted.

3. The strength of the concrete with the additive of silica
sol at the age of 7 days exceeds the strength of the control
sample in 28 days.

4. The mechanism of action of silica sol is a complex:
silica sol can acts as a filler to facilitate, binding of portlandi-
ta, yielding additional centres of crystallization.

5. The polystyrene concrete with silica sol and superplas-
ticizer C-3 at optimal proportioning demonstrated almost
equal strength at the age of 28 days, but recalculated to dry
substance silica sol consumption at 28 times less consump-
tion obtained.

6. The polystyrene concrete with silica sol on the main
physical and mechanical properties is superior the polysty-
rene concrete without silica sol by reducing the density of
concrete.
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loBbiweHne 6MonorM4eckon CTOMKOCTH NONOB
U3 moguuLUMpoBaHHON ApeBecuHbl BBEJeHUEM
HaHOpa3MepHbIX A06aBOK

113BeCTHa HM3Kasi CNOCOBHOCTL ePEBSHHbIX NOMOB CONPOTMBAATLCS BO3AEACTBUIO BNark 1 PasnnyHbix KOPPO3NOHHBIX CPed. [pu 3TOM 0TMEeYeHbl
CHUDKEHUS NPOYHOCTY U 1echOPMATUBHOCTHA, YTO MPUBOANT K BbIXOAY U3 CTPOS NONOB XMBOTHOBOAYECKIX NOMELLEHNI. [TpeanoxeHa TexHonorus
MOAMDULNPOBAHIS APEBECUHBI NOAMMEPHBIMU KOMMNO3ULMSAMI U YCTPOIACTBO M3 HEe MomoB. Ha 0CHOBaHUN NPOBEAEHHOr0 KOMMNIEKCa UCCNeA0BaHMiA
onpejeneHbl ONTUMaNbHbIE COCTaBbl C HAHOPA3MEepHbIMI [06aBKaMu, 06ECNEYNBAIOLLIMMIA MOBbILLIEHHbIE SKCTYaTaLUOHHbIE XapaKTepUCTUKM.
YCTaHOBMEHO, YTO KPOME MOBbILLIEHIS (OU3UKO-MEXaHUYeCKUX CBOWUCTB W GUOCTOMKOCTM IPeBeciHa, MOAMULMPOBaHHAA (DEHONOCIMPTAMIA C
HaHoJ06aBKaMu, 0611aaeT NOHKEHHBIM COZlePXXaHneM CBOBOAHOr0 theHona. Npeanaraemble MeTOAbl MOANMUKALMIA APEBECUHbBI MONUMEPHBIMU
COCTaBaMM C HAHOPa3MepHbLIMI [06aBKaMI HANPaBNEHHOTO eNCTBUA 06ECTEeYMBAKT 3HAYUTEIIbHOE YMEHbLLEHINE MEXPEMOHTHBIX NEPUO0B,
COKPALLAIOT TPYOBbIE, MaTepUabHbIe 1 SHEPTEeTUHECKME 3aTPaThl.

KnroveBble cnoBa: [epeBsHHbIE NOMbI, MOANDULMPOBAHHAS APEBECHHA, (DEHONOCNNPT, HAHOPa3MepHbIe A06aBKM, BUOCTORKOCTD.
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[IPEBECUHbI BBEAEHNEM HaHOPa3MepHbIX J06aBoK // CTpoutesnbHbie matepuansl. 2018. Ne 1-2. C. 52-57.
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To Improve the Biological Resistance Floors Made of Modified Wood the Introduction of Nanoscale Additives

Known low capacity wooden flooring to resist moisture and various corrosive environments. This marked reduction in strength and deformability, which leads to failure of the floors of
livestock buildings. The proposed technology modification of wood-polymer compositions and device of her sexes. On the basis of the conducted complex studies to determine optimal
formulations of nanosized additives, providing increased performance. It is established that in addition to increasing physico-mechanical properties and decay resistance of wood modi-
fied with a phenol-alcohols with nano-additives, has a low content of free phenol. The proposed methods modification of wood polymer compounds with nano-sized additives directed

action provides a significant reduction in turnaround periods, reduce labor, material and energy costs.

Keywords: wooden floors, modified wood, peneloper, nanoscale additives, bio-stability.

For citation: Batin M.A., Pichugin A.P., Khritankov V.F., Kudryashov A.Y. To improve the biological resistance floors made of modified wood the introduction of nanoscale additives.

Stroitel'nye Materialy [Construction materials]. 2018. No. 1-2, pp. 52-57. (In Russian).

JInst ipoisieHus CPOKOB CIIYXObI IEPEBSHHbBIX TTOJIOB, a
TakKe JIJIs1 3aMeHbBI LIEHHOU XBOMHOM IpeBECUHBI Ha ApeBe-
CUHY HU3KOCOPTHBIX JIMCTBEHHBIX MOPOJ ObLIN TIPEIIOXKE-
Hbl HOBbIE TEXHOJIOTMYECKUE PELLIEHUS U YCTPOMCTBO MOJIOB
U3 MOIAU(PUUUPOBAHHOW TMMOJUMEPAMU JPEBECUHBI.
N3BecTHO, UTO JepeBSIHHBIE TTOJIbI U3 OOBIYHO IpEBECUHBI
OBICTPO HACHIIIAIOTCS BIAroi, 1eOpMUPYIOTCS U BHIXOAST
U3 CTPOSI B TEUEHUE OJIHOTO-TIONIYTOPaA JIET, TIO3TOMY BBIXO-
JIOM U3 CO3JIaBIIETOCs MOJIOXKEHUS MOXET ObITh UX U3TOTOB-
JIeHUue U3 MOAUGUIIMPOBAHHON TMOJMMEPHBIMU KOMITO3U-
LUSMU ApeBecHbl. MoauduupoBaHue NpeacTaBsieT co-
0011 CKBO3HYIO IPOMTUTKY APEBECUHBI O€pE3bl TOJTMMEPHBIMU
COCTaBaMU, B Pe3yJIbTaTe YEro MOJIY4aeTCs] HOBBI KOMIIO-
3UILMOHHBIA MaTepUal CO CBOWCTBAMU, TMPEBBIIAIOIIAMA
1MOKa3aTeJIM UCXOIHBIX BEIIECTB.

Jl1s peanu3aliiy 3Toi 3agaum ObLj1a pazpaboTaHa TEXHO-
JIOTUST TIOJYy4YeHUsT MOAUGDUIIMPOBAHHON TOJMMEPHBIMU
CBSI3YIOLIMMU C 10OaBKaMU HAIPaBJIEHHOTO AEWCTBUS Ape-
BECUHBI JIJI1 00CCIIeUeHMS] JUIUTEIbHOM 2KCIUTyaTalluy Mo-
JIOB >KUBOTHOBOIUECKUX MoMelieHui. [1pu 3ToM ObLIU BbI-
TMOJIHEeHBI CJIeAyIoIre 3Tanbl padot. OrnpeaesieHbl 3aKOHO-
MepHOCTU (HOPMUPOBAHUS CTPYKTYPbl KOMIO3UIIMOHHBIX
MaTepuaioB P MOAUMUIMPOBAHUM TMOJUMEPHBIMU CBSI-
3YIOLIMMU C Pa3IMYHBIMU J10OABKAMU; YCTAHOBJIEHBI 3aBU-
CHMOCTH TIPOYHOCTHBIX, Ae(OPMATUBHBIX CBOMCTB, OMOJI0-

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

To extend the service life of wooden floors, as well as to
replace valuable coniferous wood with low-grade hardwood,
new technological solutions and the installation of floors
from wood modified with polymers were proposed.
Modification is a continuous impregnation of birch wood
with polymeric compositions resulting in a new composite
material with properties exceeding the values of the starting
materials. It is known that wooden floors made of ordinary
wood are quickly saturated with moisture, deformed and fail
during one to one and a half years, so the way out of the cre-
ated situation can be their production from wood modified
with polymer compositions.

To realize this task, a technology was developed for the
production of wood modified by polymeric binders with
wood directional additives to ensure long-term exploitation
of the floors of cattle-breeding premises. The following stages
of work were performed. The regularities in the formation of
the structure of composite materials are determined when
modified with polymeric binders with various additives; The
dependences of strength, deformative properties, biological
and corrosion resistance are established at impregnation with
various compositions with directional action additives; The
methods for increasing the operational parameters have been
developed by first introducing nanosized components into
the polymer composition [1-3].
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TMYECKOM U KOPPO3MOHHOM CTOMKOCTU
MPU MPOINUTKE PANIUYHBIMUA KOMITO3U-
LUSMU C J100aBKaMu HalNpaBJIE€HHOIO
NecTBUS; pazpaboTaHbl CIIOCOOBI ITO-
BBIILIEHUsI 3KCIUTyaTallMOHHBIX TTOKa3a-
TeJieit TTyTeM TIpeABapUTEILHOTO BBeIe-
HUSI B MOJUMEPHYI0O KOMITO3ULIUIO Ha-
HOpa3MepHBIX cocTaBiasomux [1-3].

Baxneiiieii xapakTepruCTUKONA Ma-
Tepuaa JUisl oJoB XKUBOTHOBOIYECKUX
IMOMEIIEHUI SIBJISIETCSI CITOCOOHOCTH
€r0 COTMIPOTUBJISITHCS BO3IEHUCTBUIO BiIa-
M W Pa3IMYHbIX PACTBOPOB KOPPO3U-
OHHBIX cpell 6e3 JOMyCTUMOI0 CHUXe-
HMSI TIPOYHOCTU U 1e(OPMaTUBHOCTH.
MN3BeCTHO, YTO TIPU YBIAXKHEHUU Jpe-
BeCHMHA M3MEHSIET CBOM TeOMeTpuye-
CcKUe pa3Mepsl, T. €. HabyxaeT. Eciu xe
9TO MPOUCXOJUT B CTECHEHHBIX YCJIOBU-
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Puc. 1. VIameHeHve gaBnexHns HabyxaHus moam-
bUUMPOBAHHON ApeBECUHbI: 1 — HaTypasbHas
ApesecuHa; 2 — deHonocnupT; 3 - deHono-
CNUPT + KpeMHe30b; 4 — To xe + YHT

Fig. 1. Change in the swelling pressure of the
modified wood: 7 — natural wood; 2 — phenol
alcohol; 3 — phenol alcohol + silica sol; 4 — the
same, + CNT
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Puc. 2. N3ameHeHne cBobGogHoro pasbyxaHus
MOANPULNPOBAHHON APEBECUHbI: T — HaTypab-
Hasa apeBecuHa; 2 — peHonocnupT; 3 — peHono-
CNUPT + KpeMHe301b; 4 — To xe + YHT

Fig. 2. Change in the free swelling of the modified
wood: 1 — natural wood; 2 — phenol alcohol;
3 — phenol alcohol + silica sol; 4 — the same,
+ CNT

sIX, HalIpyMep B MeTaJUIMYeCKOoil 000ii-

Me, TO BHYTPU MaccuBa MaTepuajia APeBEeCUHbl BO3HUKAIOT
CYILIECTBEHHbBIC TaBJIeHUsI HAOyXaHUsI, UYTO MOXKET OBbITh 3a-
(bukcHpoBaHO creHUATbHBIM TIPUOOPOM TPYKMHHOTO
tuma. C Ieblo onpeaeieHusT JaHHOTO BHIA BO3ICHCTBUIA
Ha MOIM(UIIMPOBAHHYIO (PeHOJIOCIIMPTOM C HaHOpa3Mep-
HBIMU J00aBKaMU IPEBECUHY ObLITN BBITTOJHEHBI CEPUU HC-
MBITAHUIN AU U3YYeHUsT U3MEHEHUS AaBJIieHUs] HaOyXaHusI
Mpy UKJINYecKuX ucnbitaHusix [3—7]. Ha puc. 1, 2 npen-
CTaBJIeHbl KPUBbIE 3aBUCUMOCTU [aBJeHUsI HAOyXxaHUsl U
CBOOOIHOTO pa30yxaHUs APEBECUHBI B Pa3TMIHBIX YCIOBH-
SIX UCTIBITAHUI TTPU Pa3TUIHBIX COYSTAHUSIX MOAUMDUITUPY-
IOLIMX KOMITO3UIIUI Ha OCHOBE (PeHOJIOCTIUPTA U HAHOPa3-
MEpHBIX 100aBOK HampaBJIeHHOTO AeicTBUs [3].

JaBneHue HaOyxaHMsI U8 HATypaJdbHOU JPEBECUHBI
TOJIbKO B HavyaJIbHbIN MEepUOJ UMEET JI0CTaTOUHO BBICOKOE
3HaYeHMeE, a IMOCIe AeCSITH IIMKIOB MOTIepeMEHHOTO YBIIaXK-
HEHUS U BBICYIIIMBAHUS 3TOT MPOIIECC CTPEMUTCS K 3aTyxa-
Huo. B To Xe Bpemsl BelnMyMHa CBOOOIHOIO pa3dyxaHMs
HaTypaJIbHOM IPEeBECHHBI UMEET CaMble OOJIbIINE 3HAYESHUSI
u goxonut 10 8—9%. I1pu 3TOM clieyeT OTMETUTh, UTO MO-
Kazaresu JaBjieHUs] HAaOyXaHusl U CBOOOAHOTO pa30yXxaHust
JUTSE MOTM(DUITMPOBAHHOM APEBECHHBI BO BCEX CITydYasxX MMe-
10T 3HAYUTEJIBHO 00JIee BHICOKHE TTOKa3aTen, TPEBOCXOIs-
1Me 3HaYeHUsl U HaTypaJibHOM IPEBECUHBI B HECKOJIBKO
pa3. Ilokaszatenu pa3dyxaHusl APEeBECUHbI B ABa-TPU pa3a
MEHbIIIE TI0 CPABHEHMIO C HATYpaJlbHOW NPEeBECUHON MpU
MoAU(UIIMPOBaHUN OO0BIYHBIM (heHosocniupToM. [1pu BBe-
JIEHUU HAHOPAa3MEPHBIX 100aBOK 3TO PA3IUUYUE COCTABISIET
bonee Tpex—mATU pa3. TakuM o0pa3oM, MOXHO CIeJaTh
BBIBOJI, YTO MOAUMDUKAIIMS ApeBeCUHBI (heHOJTOCITUPTOM C
HaHOPa3MepHbIMU J100aBKaMM CYIIECTBEHHO BJMsET Ha
BJIQXXHOCTHbBIE XapaKTepUCTUKM MaTepuaa, 4YTo OCOOEHHO
BaXKHO JUTSl TAKMX KOHCTPYKIIVI, KaK TOJIbI (KUBOTHOBOIYE-
CKHUX nomelieHuit [1-3, 6-9].

BrimenpuBeaeHHBIC JaHHBIE OBUTM MOJIyYeHBI HAa 00pa3-
11aX ¢ MAaKCUMAaJIbHBIM COJIep>KaHUeM MoJauMepa B Moaubu-
LIUPYEMOI ApEeBECUHE, TOATOMY ObLIO HEOOXOAMMO OTpe/ie-
JINTh MUHUMAJIBHOE COACpKaHUE TMOJIMMEPHOIl KOMITO3U-
LI, TIPUBOJISIILICH K 3HAUUTEIbHOMY CHUXKEHU IO BEJIMYUHbI
pa3dbyxaHusl B BOjJe B TaHTEHIIMAJbHOM HaIlpaBJIeHUMU.
[IpuBeneHHbIe KpuBBIE pa3dyxaHUsI MOAUGULMPOBAHHON
JIPEBECUHBI CBUIECTEIBLCTBYIOT O TOM, 4TO yXe npu 10—15%
collepKaHUs MoJuMepa IpeBecuHa CTAHOBUTCSI BOIOCTOM -
KOM K pa3dyxaHUIo.

YcraHoB/IeHO, UTO MJIsi oOecrieueHust Tpedbyemoi Ouno-
JIOTUYECKOW U KOPPO3MOHHON CTOMKOCTH JI€PEBSIHHBIX
5JIEMEHTOB TT0JIOB B COCTaB MOJTUMEPHON KOMITO3UIINY 1Ie-
JiecoobpasHo BeeaeHue 10—15% HaHOpa3MepHBIX 100aBOK,
cocrosiux u3 30% pactBopa kpemHesoust (K3) u 2—4%
TPEXMPOLIEHTHON NMCIEPCUU YIJIEPOAHBIX HAHOTPYOOK
(YHT), 4TO mMpUBOAWT K YBEJIMYECHUIO MPOYHOCTU Mare-

(TP OVIENIBTIBIE

The most important characteristic of the material for the
floors of livestock buildings is its ability to resist moisture and
various solutions of corrosive media without permissible re-
duction in strength and deformability. It is known that when
humidified, the wood changes its geometric dimensions, i.e.
swells. If this occurs in cramped conditions, for example, in a
metal cage, then substantial swelling pressure arises inside the
massif of the wood material, which can be fixed by a special
spring-type device. To determine this type of impact on a
modified phenol-alcohol with nano-sized wood additives, a
series of tests were performed to study the change in swelling
pressure during cyclic tests [3—7]. Figures 1, 2 show the de-
pendence of the swelling pressure and free swelling of the
wood under various test conditions for various combinations
of modifying compositions based on phenol alcohol and
nanosized directional additives [3].

The swelling pressure for natural wood only in the ini-
tial period has a sufficiently high value, and after ten cycles
of alternate moistening and drying this process tends to at-
tenuation. At the same time, the value of free swelling of
natural wood is the highest and reaches up to eight to nine
percent. At the same time, it should be noted that indica-
tors of swelling pressure and free swelling for modified
wood in all cases have significantly higher values, exceed-
ing values for natural wood by several times. Especially the
indicators of wood swelling, which are two to three times
less than natural wood when modified with conventional
phenol-alcohol. With the introduction of nanosized addi-
tives, this difference is more than three to five times. Thus,
it can be concluded that the modification of wood with a
phenol alcohol with nano-sized additives significantly af-
fects the moisture characteristics of the material, which is
especially important for structures such as cattle-breeding
floors [1-3, 6—9].

The above data were obtained on samples with the maxi-
mum polymer content in the wood being modified, so it was
necessary to determine the minimum content of the polymer
composition leading to a significant decrease in the swelling
in the water in the tangential direction. The resulted curves of
swelling of the modified wood testify that already at 10—15%
of the polymer content the wood becomes water resistant to
swelling. It has been found that, in order to ensure the re-
quired biological and corrosion resistance of wood floor ele-
ments, it is advisable to incorporate 10—15% of nanoscale
additives consisting of a 30% silica solution (SS) and 2—4% of
a 3% dispersion of carbon nanotubes (CNTs) into the com-
position of the polymer composition, which leads to increase
the strength of the material by 30—40% due to the catalytic
effect and hardening of the structure. This fact is confirmed
by the results of thermomechanical, thermogravimetric and
IR spectroscopic studies (Table) [3].
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CToiikocTb MOANDULIMPOBAHHOW ApeBeCUHbl B CEPHOW KUCNOTE U pacTBOPE €AKOro Kanus
CocHa Eenosa Bepesa MO,ElMd)MLI:I/!pOBaHHaﬂ
MokazaTtenb HaTypasbHas P Birch modified
Index Pine tree HaTypankHas
Birch natural | ®eHonocnupt | ®eHonocnupt + K3 | deHonocnupt + YHT
natural Phenolo alcohol | Fenolo alcohol + SS | Fenolo alcohol + CNT
YCRnoBHbI Npeaen NPoYHOCTY NpU CXaTum
nonepek BoJIOKoH, MIMa 15,1 17,5 25,4 25,9 27,1
Conditional ultimate compressive strength 6,7 9,4 18,2 20,4 17,2
across fibers, MPa
To xe, nocne 30 cyT Bbiaepxku B 0,1N
pacTteope KOH npu 80°C, MMa 12,2 12,1 20,1 21 23,4
The same, after 30 days of storage in a 3,5 3,6 12,1 12,1 11,5
0.1N KOH solution at 80°C, MPa
To xe, nocne 30 cyT Bbloepxkm B 1N
pacTBope cepHoit knucnoTsl npu 80°C, MMMa 8,1 7 14,4 16,8 18
The same, after 30 days in a 1N solution of 2,5 2,4 7,2 9,4 12,9
sulfuric acid at 80°C, MPa
To xe, nocne 18 mec Bblaepxkn B 0,1N
pacteope KOH npu 20-25°C, MMNa 11 10,7 22,6 23,2 26,1
The same, after 18 months aging in 0.1N 3,1 3,2 16,1 18,9 19,4
KOH solution at 20-25°C, MPa
MpoyHOCTb Npu cTaTMyeckom nusrnbe, MMa 135,2 168,3 162,1 183,3 192
Static bending strength, MPa 42 53,9 111,2 119,4 1241
To xe, nocne 30 cyT Bbiaepxku B 0, 1N
pacTteope KOH npu 80°C, MMa 88,1 72,6 168,3 170 184,1
The same, after 30 days agingina 0.1N 28,4 24,6 84 80,8 81,5
KOH solution at 80°C, MPa
To xe, nocne 30 cyT Bbloepxkm B 1N
pacTBope cepHoit knucnoTsl npu 80°C, MMMa 50,2 41 104 106,2 110,9
The same, after 30 days soakingina 1N 18,9 18 56,2 50,4 48,6
solution of sulfuric acid at 80°C, MPa
To xe, nocne 18 mec Bblaepxkn B 0,1N
pacteope KOH npu 20-25°C, MMNa 80,5 70, 144 146,4 161
The same, after 18 months aging in 0.1N 24,8 21, 100,6 108,1 126,4
KOH solution at 20-25°C, MPa
Mpumeyanue. Hapg 4epToil — NPOYHOCTb B aBCOMOTHO CYXOM COCTOSIHWM; MOJ, YePTOl — B BOOOHACILLEHHOM.
Note. Above the line — strength in absolutely dry condition; below the line — in a water-saturated one.

puanra Ha 30—40% 3a cueT KataruTUdeckoro adgdexra u
YIIPOUHEHUsI CTPYKTYphI. JlaHHBIN (haKT MOATBEPXKIACH pe-
3yJIbTaTaMy TEPMOMEXaHMUECKHMX, TepMOTrpaBUMETpHUYe-
ckux u MK-crekrpockonnueckux ucciegoBaHuii (cMm. Tad-
Jy) [3].

ITokazaHo, 4TO BBeIEHUE B COCTAB MOJMMEPHOI KOMIIO-
sun 10—15% HaHOpa3MepHBIX 100aBOK, COCTOSIIUX W3
30% pactBopa KpemHe30/151 U 2—4% TpeXIpOLIEHTHOM! Jauc-
MepCUN YIJIEPOTHBIX HAHOTPYOOK ITO3BOJISIET CHU3WUTH B
MOJITOpa-ABa pa3a KOJIMYECTBO CBOOOIHOrO deHoma u ¢Gop-
MaJbJeruaa, 4To MpruaaeT MaTepraty 9KOJornieckyto 6e30-
MacHOCTb MpU O0ecreyeHUr TOBBIIIEHHOW BOAO-, OMO- U
KOPPO3MOHHOI1 cToiikocTh. [Tpu 3TOM coxpaHsItOTCST DyHTH-
LIUJIHbIE CBOMCTBA, CIIOCOOCTBYIOIIME ITUTEILHOMY COIPO-
TUBJICHUIO 9KCTUTyaTallMOHHBIX BO3ICMCTBUI U arpeCCUBHBIX
cpell JKUBOTHOBOTYECKUX ITOMEIIICHMIA.

CrerneHb HAMOJHEHUS IPeBeCUHbl MOAUMULIMPYIOIIEH
KOMITO3UIIMEN 3aBUCUT HE TOJIBKO OT BSI3BKOCTH MPOMUTHIBA-
JOILIETO COCTaBa U BJIAXHOCTU MCXOAHOM JApEeBECUHbI, HO U
OT TIPOJIOJIKUTEILHOCTH U JIaBJICHUsI B aBTOKJIABE WJIM TIPO-
MMUTHIBAIOILIEM COCYIIE, YTO OMPEesieT TOJTHOTY U paBHO-
MEPHOCTh 3aIlOJIHEHUST TTOp U KaNWUIIPOB MOIU(UKATO-
pom. OTpaboTKa pexXuMOB MOAUDUIIIPOBAHUS APEBECUHBI
COCTaBaMu Ha OCHOBe (heHOJOoCTIMPTa C HAHOPAa3MEPHBIMU
noO6aBKaMU OCYHIECTBIsUIaCh BHavyaje Ha JaOOpaTOPHOM
yctaHoBke. [Ipu aTom puKcupoBaioch Bpemst 00paboTKu 1
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It is shown that the introduction of 10—15% nanoscale
additives in a polymer composition consisting of a 30% silica
solution and 2—4% of a 3% dispersion of carbon nanotubes
makes it possible to reduce by half or two times the amount of
free phenol and formaldehyde, which gives the material eco-
logical safety while providing increased water-, bio- and cor-
rosion resistance. At the same time, fungicidal properties are
maintained, contributing to long-term resistance to opera-
tional influences and aggressive environments of livestock
buildings.

The degree of filling of the wood with the modifying com-
position depends not only on the viscosity of the impregnat-
ing composition and moisture of the original wood, but also
on the duration and pressure in the autoclave or impregnating
vessel, which determines the completeness and uniformity of
filling the vessels and capillaries with a modifier. The elabora-
tion of the modes of wood modification with compositions
based on phenol alcohol with nano-sized additives was car-
ried out first in a laboratory installation. At the same time, the
processing time and the pressure under which the material
was saturated were recorded. Since the process of modifica-
tion has a decaying character in time, i. €. up to the maximum
degree of saturation, it was necessary to determine the opti-
mum value of these parameters [3, 6—10].

Taking into account the industrial conditions for the
operation of industrial autoclaves at the factories of the
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JaBJIeHWE, IO/l KOTOPBIM TTPOU3BOIUIIOCH HACHIIIIEHUE Ma-
tepuaia. [lockoabKy mpouecc MOAUGMULMPOBAHUSI HOCUT
3aTyXxalolluii XxapakTep BO BpEMEHH, T. €. 10 MaKCUMaIbHOI
CTETNIEHU HACBILIEHUSI, TO HEOOXOAMMO OBLIO OMpeaenuTh
OINTUMAaJIbHOE 3HAUYEHME 3TUX ITapaMeTpos [3, 6—10].

YuutbiBast MPOU3BOJACTBEHHBIE YCIOBUSI TI0 paboTe aB-
TOKJIAaBOB Ha 3aBOJaX IPOMBIIIJIEHHOCTA CTPOMUTEIbHBIX
MaTepuaioB IO CO3JaHUI0 MaKCUMaJIbHOTO M30BITOYHOTO
naBiaeHus — He 6ojee 0,8—1,2 MIla, 5KOHOMMYECKU BbI-
TOAHBIM MOXET OBbITh BapMaHT M3MEHEHUsI BPEMEHU IPO-
MMUTKY TTPY MAKCUMaJIbHBIX 3HAYEHUSIX ITyTEM MOCTETIEHHO-
TO CHIDKeHUs AaBieHus. 71 moBbIeHus 3(DGhEeKTUBHOCTH
MPY CO3MaHUM MaKCUMAaJIbHOTO MaBJICHUS B TIPOIMTUTOYHOM
cocyle HeOoOXOAMMO HCKJIIOUMTbh HaxOXIeHHWE BO3ayXa B
MaccuBe MOAMMDUIIMPYEMOI TpeBeCUHbI, CO3/1aBasl MpeaBa-
puTeNIbHO TTy6oKmii BakyyM (8,6—9,4)-10°* TTa, uyto Takxe
TpeOyeT ornpeeIeHHbIX 3aTpaT BpeMeHU 1 9Hepruu. Kpome
TOTO, TOCe MOAUMUIMPOBAHUS HEOOXOIUMO OCYIIECT-
BJISITh BAKYYMUPOBaHUE JUIS yIAIEHUS U3TUIITHETO KOJTrIe-
CTBa TPOMUTHIBaIOIIEH Kommo3uiinu. ITosatomy cymmap-
HbIIi TEXHOJOTMYECKHUi Tpoliecc OyaeT CKIaabIBaThCsl M3
HECKOJIBKUX OIepaluii, 9To 0 BpeMEeHU OYIeT COCTaBIsATh
OT YeThIPEX JI0 IBEHAIIATH YacOB. BbUTH OTpeneieHbl OTTH-
MaJIbHbIe COOTHOIIEHMSI BEJIMYMHBI JaBJICHUS W BPEeMEHU
BBIIEPXKKHU IO/ JaBJICHUEM TIPU MPOMMUTKE HU3KOBI3ZKUMU
MOJUMEPHBIMU KOMMO3UIUAMU, 3aBUCSIINAE OT IJIMHBI
MPOINUTHIBAEMbIX U3aeaunii [§—12].

[MpemtoxkeHHast TEXHOJIOTHST MOIU(DUILIMPOBAHKS JIpeBe-
CUHBI IMCTBEHHBIX TIOPOJI ITPEyCMATPUBAET UCTIOIb30BaAHNE
MOoIM(pUKaTOpoB (heHOJLHOTO TUTIA, TIPEACTABISIONINX HU3-
KOBSI3KME€ BOIOpa30aBiIsieMble OJMIOMEPHI TUIIA (DEeHOJIO-
CIIUPTOB C J00aBKOW HAHOpPa3MEPHBIX KOMITOHEHTOB.
Moauduumpyrolyo KOMMO3ULIMID pa30aBisioT BOIOK 10
YCJIOBHON BsA3KOCTH 12—25 ¢ no Buckosumetpy B3-4 npu
temriepatype 20°C. Takum o0pa3oM, comep:KaHUE CyXOro
ocTaTKa B KoMITo3uiu Bapbupyercs ot 20 mo 30%, a Hanu-
yre cBOOOMHBIX (heHoNMa U (popMalbaeruaa He IPeBhIIIAeT
2%. B mipoluiecce OTBEPKICHUS B CTPYKTYPE IPEBECHHBI YKa-
3aHHbIE KOMIIOHEHTBI PearnpyloT Mexay coOoi Tak, uyTo B
KOHEYHOM MPOIAYKTE — MOAU(MULIMPOBAHHON IpeBeCcUHe CO-
Jiep>KaHue TOKCUYHBIX BELIECTB HE3HAUMTENIbHO [3, 15].

JpeBecrHa 3aIoJHsAET MPUMEPHO ITOJOBUHY OObeMa
MMPOTIMTOYHOTO IIUJIMHAPA, & 00BEM PACXOTHBIX eMKOCTEH B
3—4 pasa mnpeBblllIaeT 00beM CBOOOIHOIO MPOCTPAHCTBA B
uuarHape. C 11ej1blo 5KOHOMUY MOJUMEPHON KOMIO3ULIMU
U DHEPIUM Ha ee TepeMellleHue MPaKTUKOBAJICS CIoco0
MPOTNUTKU IPEeBECUHbBI B BaHHE, MOMEIIAEMON B IIWIMHIP.
IlepememuBanue deHonocnupra ¢ Ao0aBKaMuU M BOAOM
MTPOUCXOIUT B TMpOLIecCe MX TepeKaurMBaHUS HAcOCaMU U
3aMOJHEHUST IUJIMHIPA MPOTTMTOYHBIM pacTBOpoM. B ciry-
yae MPOIMUTKU MO CITOCOOY MOJHOTO MOTJIOIIEHMS B IUIUHA-
pe mepen rogadeil pactBopa mMomudukaTopa (HeHOIbHOTO
TUTA, MPEACTABIISIONIEr0 CO00i HU3KOBSI3KME BOIOopa3daB-
JisgemMble (PEHOOCTIMPTHI € 100aBIEHUEM HAHOPA3MEPHBIX
KOMITOHEHTOB, BaKyyM-HAacOCOM CO3[AeTCsI pa3pekeHue
nIy6uHoI (8,6—9,4)-107 TTa. TTocie [OCTHKEHUS 3a1aHHO-
ro 3HAUYeHUsI BaKyyMa IpeBecrHa B LIMJIMHIAPE BbIASPKUBa-
Jlach MpU paboTarolieM BaKyyM-HAcoce B TEUYEHUE pacyeT-
HOTO BpeMeHU. PacTBop ojiuromepa momaBayicsi HaCOCOM U3
pPACXOMHOW €MKOCTH W IIEJTMKOM 3aIlOJTHST ITPOTTUTOYHBII
LHWIMHIP, TIOC]e Yero BaKyyM-HAcoC OTKJIIOYaJiCcs. 3aTeM
BKJTIOYAJICSI KOMITPECCOp, CO3/1aBasi M30bITOYHOE TaBIeHUE
0,8—0,9 MTIla. ITpu ykazaHHOM AaBJEHUU MPOJOKUTEb-
HOCTb BBIZIEPKKH 3aBUCUT OT pa3Mepa 3ar0TOBOK M HEOOXO-
JIMMOW CTETIeHU TMOMIOIIeHUs pacTBOpa APEBECHHOI, OTpe-
nensieMoit mo Homorpamme. [lociie BBIIEpKKY TIOJ TaBiie-
HUEM pacTBOpP OTKAUMBAJICS B DPE3EPBHYI0 €MKOCTh U
LWJIMHIP OCBOOOXIAICS OT APEBECUHBI M OUMIIAJICS.

Ilocne NponmuTKU OCyHIECTBAsETCS TepMooOpaboTKa
MPOMUTAHHBIX 3arOTOBOK. PeXWMM CYIIKH COCTOMT W3 He-
CKOJIbKHX 3TAIlOB: CHavajla MaTepuajl HarpeBaeTcsl Py BbI-

(TP OVIENIBTIBIE

building materials industry to create the maximum excess
pressure — no more than 0.8—1.2 MPa, it may be economi-
cally advantageous to change the impregnation time at the
maximum values by gradually reducing the pressure. To in-
crease the efficiency when creating the maximum pressure in
the impregnating vessel, it is necessary to exclude the pres-
ence of air in the massif of the modified wood, creating a
previously deep vacuum (8.6—9.4)-10"* Pa, which also re-
quires certain time and energy. In addition, and after the
modification, it is necessary to vacuum to remove an exces-
sive amount of the impregnating composition. Therefore,
the total technological process will be composed of several
operations, which in time will be from four to twelve hours.
Optimum ratios of pressure and holding time under pressure
were determined when impregnated with low viscosity poly-
meric compositions depending on the length of impregnated
articles [8—12].

The proposed technology for modifying hardwood spe-
cies involves the use of phenolic type modifiers, which are
low viscosity water-soluble oligomers such as phenol-alco-
hols with the addition of nanosized components. The
modification composition is diluted with water to a conven-
tional viscosity of 12—25 s by a B3-4 viscometer at a tem-
perature of 20°C. Thus, the content of the dry residue in the
composition varies from 20 to 30%, and the presence of free
phenol and formaldehyde does not exceed two percent.
During the curing process in the wood structure, these com-
ponents react with each other so that the content of toxic
substances is insignificant in the final product — modified
wood [3, 15].

The wood fills approximately half the volume of the im-
pregnation cylinder, and the volume of the consumable con-
tainers is 3—4 times larger than the amount of free space in
the cylinder. In order to save the polymer composition and
energy for its transfer, a method of impregnating the drevesin
in a bath placed in a cylinder was practiced. Stirring of phenol
alcohol with additives and water occurs during their pumping
with pumps and filling the cylinder with an impregnating so-
lution. In the case of impregnation by the method of com-
plete absorption in the cylinder, before the supply of a pheno-
lic modification modifier, which is a low viscosity water-sol-
uble phenol-alcohols with the addition of nanosized
components, a vacuum with a vacuum is created by a depres-
sion of a depth of (8.6—9.4)-10"* Pa. After reaching the pre-
determined vacuum, the wood in the cylinder was main-
tained with the vacuum pump running, during the estimated
time. The oligomer solution was pumped from the supply
container and completely filled the impregnation cylinder,
after which the vacuum pump was switched off. Then the
compressor was turned on, creating a superfluous pressure of
0.8—0.9 MPa. At this pressure, the holding time depends on
the size of the blanks and the required degree of absorption of
the solution by the wood, determined from the nomogram.
After holding under pressure, the solution was pumped into a
reserve tank and the cylinder was freed from the wood and
cleaned.

After impregnation, heat treatment of impregnated work-
pieces is carried out. In the drying mode is composed of sev-
eral stages: first the material is heated at a high humidity
(100%) of the drying agent, then the humidity decreases to
30—35%. At the next drying stage, the moisture content of the
material was reduced to 20—25%. Between these two and
subsequent stages, the material was briefly subjected to ther-
mal-moisture treatment to relieve stresses. Thus, we made
four stages of drying, in the final analysis, the moisture con-
tent of the impregnated polymer of wood was brought to
10%. The fourth stage of drying and heat treatment is addi-
tional, in comparison with the mode of drying natural wood
according to the standard, since in the modified wood there
are more significant internal stresses than in the natural one.
After the drying of the wood, a heat treatment step is carried
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cokoii BiaxHoct (100%) cylmibHOroO areHTa, 3aTeM BJIaXk-
HOCTh yMmeHbinaercs: 10 30—35%. Ha ciemyroem stare
CYLIKM BIIAXXHOCTh MaTepuaja aoBomwiach no 20—25%.
MexIy TUMU IByMsI ¥ MOCIEAYIOIINMHU 3TaltaMy MaTepurat
KpPaTKOBPEMEHHO TIO/IBEpPrajicsi TEPMOBJIArooopaboTKe JUist
CHATHS HarpspkeHui. TakuM o6pa3oM, MPOU3BOIUIOCH Ye-
THIpE dTarna CyIIK1, B KOHEYHOM UTOTe KOTOPBIX BIaXKHOCTD
MPONUTAHHOM MMOJIMMEPOM IPEBECUHBI ToBoAMIach 10 10%.
YeTBepThIil 3TaIl CYLIKM U TEPMOOOPAOOTKM SIBJISIETCS HO-
MOJIHUTEIbHBIM 10 CPaBHEHUIO C PEXUMOM CYIIKU HaTy-
paJIbHOM IPEeBECUHBI ITO CTAHAAPTY, TaK KaK B MOAUGDULIMPO-
BaHHOI JPeBeCHHE BO3HUKAIOT OoJice 3HAUMTEJIbHbBIC BHY-
TpeHHUe HaIpsDKeHMs, YeM B HaTypaibHOU. [Tocne cymku
JIPEBECUHBI ClieyeT 3Tar TepMoodbpaborku npu 120°C B Te-
yeHue 2—4 4, He0OXOAMMBIiA 17151 TOJTHOTO OTBEPKIEHUS MO~
JMMepa. 3aTeM ClieyeT KPaTKOBPEMEHHBIN Mepruoj TePMO-
BJIAr00OPabOTKM IpH BiaaxkHOCTU Bo3ayxa 100% mwis cHsATUs
yCamovYHbIX HampspkeHunil. C 3TOl e 1eTbIo TToCeaylolee
oxJIaXIeHue MOIUMUIIMPOBAHHON IPeBECUHBI MTPOUCXOIUT
nocrerneHHo A0 temreparypbl 30—40°C B 3aKpbITOI KaMepe,
MO3TOMY CyMMapHO€ BpeMsI MOJHOTO LIMKJIa TeXHOJIOThYe-
CKOTO Tpoliecca MOXET 3aHUMAaTh 3HAUUTEITBHOE BPEMSI.

BoiBobI.

ITpennoxens! 2¢GeKTUBHBIE METOIBI MTOBBIIIIEHUST O1O-
JIOTMYECKOM 1 KOPPO3UOHHOM CTOMKOCTU AEPEBSIHHBIX 3J1€-
MEHTOB TIOJIOB IMyTeM MOAUMUKAIIMY TTOJUMEPHBIMU COCTA-
BaMM ¢ HaHOpa3MepHbIMU J0OABKaMU HaIpaBJIeHHOTO JAeii-
CTBUSI, YTO TMOBBIIIAET COMPOTUBJISEMOCTb NPEBECUHbI U
obecrieuynBacT HOPMaJIbHYIO pabOTy B YCIIOBUSIX BO3Jei-
CTBHSI arpecCUBHBIX Cpell KMBOTHOBOMYECKUX TOMeEIIle-
Huii [1, 15]. YcraHoBiaeHO, 4TO 1j1s1 o0ecrieueHus TpedyeMoit
KOPPO3MOHHOM CTOMKOCTU JEPEBSIHHBIX 2JIEMEHTOB PELIET-
YyaTbIX TOJOB B COCTaB MOJMMEPHON KOMITO3UIIMU 1IEIeCo-
obpasHo BBeaeHue 10—15% HaHOpa3MepHBIX T00AaBOK, CO-
crosiiunx u3 30% pactBopa KpeMHe301s1 U 2—4% Tpexipo-
LIEHTHOH nucriepcuu yriaepoaHbix HaHoTpyook (YHT), uro
MPUBOJUT K YBEJIMUCHUIO ITPOUHOCTU MaTepuaiia Ha 30—40%
3a CUeT MHTEHCU(UKAIIMY TIPOLIECCOB U YIIPOUHEHUS CTPYK-
Typbl. Pa3paboTaHbl U BHEIPEHbI MTPOIPECCUBHbBIE METOIbI
MonubUKay IpeBeCUHbI MOJIMMEPHBIMU COCTABAMU C Ha-
HOpa3MepPHBIMU T0OABKAMU HAIPaBJIEHHOTO JACUCTBUS, YTO
obecrieynBaeT 3HAYUTETbHOE YMEHbBIIIEHUE MEXXPEMOHTHBIX
MePUOIOB, COKpAIlaeT TPYIOBbIe, MaTepUaIbHbIe U dHEepre-
TUYECKHe 3aTpaThl, 00eCreunBaeT BEICOKUI 9(DDEKT 3a CUeT
BO3MOXKHOCTH COXPaHEHUsI AEPEBSIHHBIX MOJOB CETbCKOXO-
39MACTBEHHBIX COOPYXKEHUMA.
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out at 120°C for 2—4 hours, which is necessary for the com-
plete curing of the polymer. Then there is a brief period of
heat-treatment with 100% air humidity to remove shrinkage
stresses. For the same purpose, the subsequent cooling of the
modified wood takes place gradually to a temperature of
30—40°C in a closed chamber, therefore the total time of a
complete cycle of the technological process can take consid-
erable time.

Conclusions.

Effective methods of increasing the biological and corro-
sion resistance of wooden floor elements are proposed by
modification with polymer compositions with nanoscale ad-
ditives of directional action, which increases the resistance of
wood and ensures normal operation under conditions of ex-
posure to aggressive livestock environments [1, 15]. It has
been found that in order to ensure the required corrosion re-
sistance of wooden elements of latticed floors, it is advisable
to incorporate 10—15% of nanoscale additives consisting of a
30% silica solution and 2—4% of a 3% dispersion of carbon
nanotubes (CNTs) into the composition of the polymer com-
position, which leads to an increase strength of the material
by 30—40% due to the intensification of processes and
strengthening the structure. Progressive methods of wood
modification with polymeric compositions with nanoscale
additives of directional action have been developed and in-
troduced, which provides a significant reduction in over-
hauls, reduces labor, material and energy costs, provides a
high effect due to the possibility of preserving the wooden
floors of agricultural structures.
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nogo materiala. V kn. Modifitsirovanie svoistv drevesnykh
materialov [ Effect of impregnation of wood with phenol-
formaldehyde resins on the binder distribution and the
properties of the modified material. In the book.
Modification of properties of wood materials]. Riga:
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8. Shutov G.M. Shutov G.M. Modifitsirovanie drevesiny
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To realization of the X International conference «Nanotechnologies in construction»,
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Kayre 3.9., Hekynuna JI.A., 3oanaepc F0.A. Bausinue
MPOMUTKU ApPeBEeCUHBl (eHOJIOPOPMaTbAEeTUIHBIMU

ITarent PO No2605752. Crioco6 noydeHnst Moauuim-
poBaHHOU ApeBecuHbl. XpuTaHkoB B.®., batun M.O.,
[Muuyrun A.I1., Mutuna JI.A., lenucos A.C. [1puoputer
26.12.2014 r.

[Modification of wood by thermochemical method:
Overview| Minsk: BeINTINTI. 1982. 60 p.

CMOJIaMM Ha paclipelieieHue CBsAsylouero u csoricrsa 9. Lomakin A.D. Zashchita drevesiny i drevesnykh materi-
MoaupuupoBaHHoro Marepuaia. B ku. Moauguuupo- alov [Protection of wood and wood materials]. Moscow:
BaHME CBOWCTB IPEBECHBIX MaTepuanoB. Pura: 3uHaTHe, Lesnaya promyshlennost’. 1990. 256 p.
1983. C. 119—125. 10. Solomatov V.I., Selyaev V.P. Khimicheskoe soprotivle-
8. Myros I''M. MoauduiupoBaHue NPeBeCUHbI TEPMO- nie kompozitsionnykh stroitel’nykh materialov [ Chemical
XUMUYECKUM criocobom: O63opHasi MHpOpMaLusL. resistance of composite building materials]. Moscow:
Munck: bentHUMHTH, 1982. 60 c. Stroyizdat. 1987. 264 p.
9. Jlomakun A.JL. 3amuTa IpeBeCHHbI M IPCBECHBIX MaTe~ || Pichugin A.P., Gorodetskiy S.A., Bareev V.I. Korro-
puanos. M.: Jlechast MpOMBILLIEHHOCTD, 1990. 256 c. zionnostoikie materialy dlya zashchity polov i inzhen-
10. Conomaros B.W., CensieB B.I1. Xumuueckoe conpoTus- ernykh sistem sel’skokhozyaistvennykh zdanii i sooru-
JICHNE KOMITIOSUITMOHHBIX CTPOUTEJILHBIX MATEPUANIOB. zhenii. Monografiya. [Corrosion-resistant materials to
M.: Crpoitn3nar, 1987. 264 c. rotect floors and engineering systems agricultural build-
11. IMnuyrun A.I1., Toponeukuii C.A., bapees B.1. Koppo- p & & 8y ene
o ’ ings and structures. Monograph.] Novosibirsk: NGAU-
3MOHHOCTOMKME MaTepuaIbl JUIsl 3alIUThI MOJOB U MHXKe- RAEN. 2010. 123 p
HEPHbIX (imﬁeM CGHI’CKOXOH%ﬁCTBgHHHX fﬁf‘:gﬁpxgﬁ_ 12. Abrambv N. F Biolbgical damage of polymeric materials.
gg{BKeg/;Hc onorpagus. Hosocu6upe: ) ’ Cand. Diss. (Engineering). Alma-Ata. 1977. 121 p.
12. AbpamoB H.®. Buonornueckoe IMOBpEXACHUE MOJIU- (h.l R}Jssmn). .. - .
MEpHBIX MaTepuaios. JIicC... KAHI. TeXH. HayK. AlMa- 13. Nikitin N.I. Khimiya drevesiny i tsellyulozy [Cher.ms.try
ATa, 1977. 121 c. of wood and cellulose]. Mos_cow—Lemng_rad: Publishing
13. Huxkutua H.W. Xumus IpeBecHHbl U LEeJUTI0N03bL. M.; house USSR Academy of Sciences (Leningrad branch).
JI.: Uzn-Bo AH CCCP (JlenuHrpanckoe OTAeJieHUue), 1982. 711 p. . .
1982. 711 c. 14. Rotsens K.A., Bsrzon A.V., Gulbis Ya.K. Osobennosti
14. Pouienc K.A., Bepson A.B., Tyn6uc 51.K. OcobenHoctn svoistv modifitsirovannoi drevesiny [Features of the prop-
CBOMCTB MO,Z[H(i)I/IHHpOBaHHOﬁ JIPEBECUHBI. Pura: erties of modified WOOd]. nga: Zinatne. 1983. 207 p.
3unatHe, 1983. 207 c. 15. Patent RF No. 2605752. Sposob polucheniya modifit-

sirovannoi drevesiny [Method for producing modified
wood]. Khratankov V.F., Batin M.O., Pichugin A.P.,
Mitina L.A., Denisov A.S. Priority 26.12.2014.
(In Russian).
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Hudopmannsa

(Ipens umen W.A. TpHiIManoBa

yypexpaeHa
PocCMMCKOMN MH)XXEHEepPHOMN aKaaemMmuen

B NaMsATb BblOAIOLLIErOCs rOCYAapCTBEHHOIO U XO3ANCTBEHHOIO AeATENs
lepost Couymnanuctmyeckoro Tpyaa
NepBoOro MUHUCTPA NPOMbILLIEHHOCTM CTPOUTENLHLIX MaTepnanos CCCP
MNBaHa AnekcaHpgpoBu4a NpuumaHoBa

Mpemuns umerHn V.A. TpulimaHoBa B 06nacTi Hayku, TEXHUKM U OpraHmn3aumy Npon3BOACTBa MPOMbILLIIEH-
HOCTU CTPOUTENbHbLIX MaTepuranoB, KOHCTRYKUWA U CTPOUTENBHOM WHAYCTPUM YyYperkaeHa MOCTaHOBMEHWEM
Mpeauanyma Poccuinckom nHxxeHepHom akagemmm 22 ceHtabps 2016 r. ¢ Lenbto MOOLLPEHMS YHEHbIX U CneLm-
aNnCTOB, BHECLLIMX CYLLIECTBEHHbIN BKNA B HAyKYy, TEXHWKY, OpraHM3aumio Npon3BoACTBa CTPOUTENbHbIX MaTe-
pPVanoB 1 KOHCTPRYKLUWIA,

NaypeatoB 2017 r. onpegenuna KoHKypcHas kKoMmccus Bcepoccuickoro npodhecCnoHanbHOro KOHKypca no
NpUCYXOeHWIo npeMun nveru VLA, MpuiuimanoBa. PelueHne yteepxkaeHo npesuanymom PUA Ne 58 ot 21.12.2017 .

http://grishmanov.ru/

HomuHaums

JNaypeat npemumn umenmn U.A. MNpuwmaHosa 2017 r.

BbicLune yyebHble 3aBeeHus no npodusto
CTPOUTESIbHBIX MaTEPUANOB U KOHCTPYKLIAIA

KasaHckuii rocyaapCTBEHHbI apXUTEKTYPHO-CTPOUTESbHbIV YHUBEPCUTET

[Mpon3BoaCcTBO rmnca 1 rmncoBbIX N3AeNnN

000 «KHAY® I"'MrncC», KpacHoropck MockoBckoi o6nactu

[Mpon3BoacTBO LieMeHTa

KPUBOBOPO/40OB Opuit PomaHoBUY, O-p TEXH. HayK, Npodeccop kadenpbl
XUMNYECKON TEXHONIOIMM KOMMO3ULIMOHHbIX 1 BEXYLLMX MaTepuanos PXTY

uMm. .. MeHpeneeBa. 3acny>eHHbln nHxeHep Poccuu, nencTBuTenbHbln yneH PUA,
naypeat npemum JIEHMHCKOro KoMcomosa

Mpoun3BoacTeo 6eToHa

BEWBEJIb Anekcanap CaBBuuY, KaH[. TEXH. HayK, FaBHbI CNeLManicT

3AO0 «HIM UncTtutyt <UMNONC>, cneumannuct B 0651aCTy TEXHOSIOTUN N3FOTOBSIEHUS
MOCTOBBIX Xe/1e300€TOHHbIX KOHCTPYKLIMIA, MaTEPUaNoB U TEXHOMOIUN NMpu
VHBLELIMPOBaHNM KAHAJIOB C HAMPsSiraeMol apMaTypoi, PEMOHTA Xene300EeTOHHbIX
KOHCTPYKLMIA MOCTOB, NMPUMEHEHWUS NMOIMMEPHbLIX KOMMO3UTOB B MOCTOCTPOEHUN

[Mpon3BOACTBO MUHEPASILHON U30NSALIN

F'YPEEB Bnagnmup UBaHOBUY, MHXEHED, M1aBHbIA TEXHOMON 3aBOAa No
npousBoAcTBy 6as3ansToBoro yrennutens TEXHO (Pa3aHb). 3aHumaeTcs
MOJEepHM3aLUmein NpoOM3BOACTBA, HAMPaBIEHHOM Ha BbIMYCK NPOAYKLIMN C
YAYHLLIEHHBIMU XapakTEPUCTMKAMKW, COKPALLLEHVE OINTENTbHOCTN NPON3BOACTBEHHOIO
LMKna, CoKpalleHne TPpYA0EMKOCTN NPON3BOACTBEHHbIX MPOLECCOB

MpPon3BOACTBO MMAPOU3OSIALMOHHBIX
mMarepuasos

JIAPUH AnekcaHap EBreHbeBuY, NHXEHEP, MaBHbIA MHXEHEP NPOeKTa
MogaepHuzaumn 000 «3aBog LLnHrnac» Kopnopauun TEXHOHukonb. Mpu ero
HEMoOCPeACTBEHHOM YHaCcTUM 3aMyLLEHO HECKOJIbKO NMPON3BOACTBEHHbIX IMHUN,
yacTb 060pyaoBaHUS SBAsSIeTCS coO6CTBEHHOM paspaboTkoi A.E. JlapuHa

npOI/I3BO,D,CTBO CTPOUTEJIbHbIX n3pnenvi
13 MIacTn4ecknx Mmacc

BA3UH Cepreit AnekcaHgpoBuY, NHXEHED, PYKOBOAUTENb TEXHUYECKOW CIy>XObI
000 «3aBop Jlopxukpyd». MprHMMan akTMBHOE y4acTue B CTPOUTENLCTBE U 3anycke
3aBoa0B B BockpeceHcke, JHenpoasepxuHcke, 3anHcke, Opre, Yepkacax, Pa3aHu;
B MOZEPHM3ALLW JIVHWNIA MO NPOU3BOACTBY OUTYMHO MeMOpaHbI B YNIbIHOBCKE,
Bbi6opre, MuHepanbHbix Bogax, Ps3aHu, Yyanax; B MogepHu3auumy 3aBoga no
NpPOV3BOACTBY NOChINkn B benopevke Ha 3aBoae CtporiMuHepan v ap.

[Mpon3BOACTBO XMMUYECKNX [OOABOK
0151 CTPOUTENbHBIX MaTePUasioB

TAPACOB Bnagumup HukonaeBuu, KaHA. TEXH. HayK, 3aBenyloLnii nabopaTtopuen
MAB OOO «HIIM «Makpomep». MNpun ero HenocpeaCcTBEHHOM y4acTum 6biiv
pa3paboTaHbl 1 BHeAPEHbI B MPOMbILLIIEHHOE NPOM3BOACTBO 6onee 40 XMMUYECKMX
NpoAyKTOB

[Mpon3BOACTBO HEMETANINYECKON
KOMMO3UTHOW apMatypbl U U3AENVIA U3 HEE

F'yonuanr XXanr (Guoliang Zhang), Doctor of Sciences (Engineering), npodeccop
YXaHbCKOrO TexHonoruieckoro yHmsepcuteta (KUTAUCKAA HAPOOHASA
PECMNYBJIMKA). KpynHenwwmii cneumanicT Kutas B 061acTv yrnepoaHoro BOsIoKHa
3aBOACKOro M3roToBneHus, nepeblin B Kutae opraHMsatop npon3BoacTBa C rogoBOM
npouseogutensHocTbio 1000 T (T300 ypoBHS) yrnepoaHoro BOokHa
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Information

3a MHOrofIeTHWIA TPy4 1 3acnyrv B 06n1actu
NPOMBILLIEHHOCTU CTPOUTENBbHbBIX
MaTepuasioB 1 CTPOUTENIbHON HAYCTPUN

BYPJI0OB lOpuii AnekcaHapoBuY, 1-P 9KOH. HayK, KaH[,. TEXH. HAyK, FeHePasIbHbIA ANPEKTOP
AQO «[MoponbCK LIEMEHT», 3aCy>XXEHHbIV CTpouTESb PD, uneH-koppecrnoHaeHT PUA

JKAPKO Bnagumup UBaHOBUY, KaHA,. TEXH. HAyK, TexHudeckuii aupektop OO0 «CMI1po»,
naypeat npemun Coseta MuHncTpoB CCCP 3a Hay4Hyto paspaboTky 1 BHEAPEHWE B
CTPOUTENLCTBO HAMPSIratoLLIEro LIEMEHTa 1 CaMOHaNPsXEHHOT0 Xesie300eToHa Ha 06beKTax
Onumvnuagsl 1980 r. B Mockse, Kuese, MuHcke, JIeHMHIpaae, 3aciy>XeHHblii ctpouTess PO

ULEHKO UBaH UBaHOBUY, KaHA. TEXH. HAYK, 3aCTy)XEHHbI CTpouTens Poccuu,
naypeat locynapcteeHHo npemun CCCP. HarpaxaeH asyms opaeHamun TpyooBoro
KpacHoro 3HameHu, Apyx06bl HAapoaAoB 1 «3Hak MoyeTta»

KY3HELLOBA Tamapa BacunbeBHa, a-p TEXH. Hayk, npodeccop, naypeat
npemun Coeta MuHuctpos CCCP, naypeat NocynapcteeHHol npemun PCOCP,
naypeat npemuu NpaButenbcTBa P®, 3acnyXeHHbIl nHxeHep Poccuu,
yneH-koppecnoHaeHT PUA n MUA

MACCAJIMMOB Ucmaun AnekcaHpgpoBuY, -p TEXH. HAayk, npodeccop kadenpsbl
DUINYECKON XUMUU U XUMUHECKOW SKONOrmmn ballknpckoro rocyaapCTBEHHOroO
YHUBEpCUTETA, 3aBeayoLLmii nabopaTtopueii MIHHOBALMOHHbIX METOAOB NepepaboTku
MWHEPAJIbLHOrO Cbipbsi HAy4HO-1CCNeaoBaTenbCkoro TEXHOMOMMYECKOro MHCTUTYTA
repbuumaoos Akagemmm Hayk Pecny6navkm balukoptocTtaH

HU3AMOB Pawut Kyp6aHranueBud, [-p TEXH. Hayk, Mpodeccop, 3acny>XeHHbI
nestens Hayku Pecny6nuku TatapctaH, pektop KasaHCKoro rocyaapcTBeHHOro
APXUTEKTYPHO-CTPOUTESILHOrO YHUBEPCUTETA

NMYXAPEHKO KOpwuii BhnapnMmunpoBwud, 4-p TexH. Hayk, npodeccop, YieH-
KoppecnoHaeHT PAACH, naypeat npemuu Npaeutensctea P® B 061actu Hayku n
TEXHWKWN, 3aBeOYIOLLMIA Kadenpon CTPOUTENBHbLIX MaTeEPManoB N MeTponorum CaHkT-
[MeTepOyprckoro rocyaapCTBEHHOIO apXUTEKTYPHO-CTPOUTENBHOIO YHUBEPCUTETA

CTEMAHOBA BaneHtuHa ®enopoBHa, 4-p TEXH. HayK, Mpodeccop, 3aBeaytoLLas
nabopatopuen HU/KB nm. A.A. F'Bosaesa AO «HULL «CtpountenbcTBo», aypeat npemMun
MpaBuTensctea PD B 06nactu Hayku 1 TexHukn 2004, 2012 rr., 4eACTBUTENbHBII

yneH PUA, npencepatens HaumoHanbHoro komuteta RILEM, akcnept PAH

TAMPA3SH Awot NeoprueBud, a-p TEXH. Hayk, Npodeccop, naypeat npeMmmmn
MpaButensctBa PP B 061acTy HAyKM U TEXHUKU, MOYETHbI cTpouTenb Poccun,
nencteutenbHbi yneH PUA n MAWU, pencteutenbHbi YneH BAH KB, coBETHUK
PAACH, uneH akcneptHoro coeta BAK P® no ctpontensCcTBy 1 apxXutekType,
3aBeayloLmii kadbeapon xene3o06eToHHbIX U KaMEHHbIX KOHCTPYKLMi MICY

YEPHbILLUOB EBrenunin MuxamnoBud, 4-p TeXH. HayK, npodeccop. OanH n3
pa3paboT4MKOB OTEHECTBEHHOM TEXHOOMMW U3LENNIN N3 CUIIUKATHOIO SHENCTOrO
6eToHa (rasocunukara). MM co3paHbl HOBbIE, HE MMEIOLLME aHaIoroB Pa3HOBUAHOCTY
CUNIMKATHbIX MaTePUanoB; B HACTOSILLEE BPEMS BEAETCH pa3paboTka COBPEMEHHbIX
MUKPO- N HAHOMOANPULIMPOBaHHbLIX 6€TOHOB NpoyHocTbio 100 MIa n 6onee,
NOpV30BaHHbIX OETOHOB AJ1 MOHOJIMTHOIrO CTPOUTENLCTBA. HarpaxaeH Meaanbto
opaeHa «3a 3acnyru nepen OteyectBom» |l cTeneHn, NOYETHLIN cTpouTens Poccun,
NOYEeTHbIN JOPOXHUK Poccun, naypeat npemuu MNMpasButensctesa PO B o6nactu Hayku
1 TexHukn 3a 2012 r. Ynen MNpesnanyma PAACH

APYOBA Jia3at BopaH6aeBHa, A-p TeXH. Hayk, npodeccop kadenps! TMFC
EBpasunckoro HaumoHanbHoro yHusepcurteta um. J1.H. N'ymunesa (KASAXCTAH).
JencTBUTENBHBIN MHOCTPaHHbI YneH PUA

AXMETOB AkGynat Paum6ekoBuY, [-p TeXH. HayK, npodeccop kadeapbl
«TexHonorusa CTpoOUTEJIbHbIX MaTepunasioB I/13,EI,eJ1I/II7I n KOHCprKLLI/II7I>> KOXHO-
KasaxcTtaHckoro rocynapcTtBeHHOro yHmsepcuteta um. M.O. Ayagosa (r. LLbiMKeHT,
KA3AXCTAH). Akagemunk HaupmoHanbHOM NHXeHepHoW akagemun PK, npuHuman
aKTUBHOE y4acCTue B Hay4HbIX NMpPoeKTax, BXoOALKMX B NporpamMmmbl rOCCTp09| CCCP,
[ocapxcTpos KazaxcTaHa, pecnybarMkaHCKy HayYHO-TEXHUYECKYIO MporpaMmmy
«CTpoUTENLCTBO»

NMUIUNEHKO Bnagumup MutpodaHoBuY, O-p TEXH. HayK, Npodeccop
HaunoHanbHOro TEXHMYECKOro YHUBEPCUTETA, MHOCTPaHHbI YneH PAACH, yneH-
KoppecnoHaeHT MUA, 3amecTtutens npeacenatens Cotosa ctpouTteneii
PECNYBJIKWN BEJTIAPYCb, HauunoHanbHbI akcneptT OOH no Bonpocam
3HeprocObepexeHnst B CTPOUTENIbCTBE

3a nybnmkaumio KHUr, y4ebHNKOB,
CMpPaBOYHUKOB, ra3eT, XXypPHanoB, y4eOHbIX
noco6uii Mo CTPoUTEsIbHbIM MaTepuanam

JIOOKKUH Butanui MeTpoBuy, 4-p TEXH. HAayK, Npodeccop, AENCTBUTENbHbIN YIEH
PUA, pykosoguTenb KannmHnHrpaackoro otaenenns PYA, NOYETHbI CTPOUTENb
Poccun, 3acnyxeHHbIn nHxeHep Poccuun, naypeat npemun A.H. KocbirnHa. ABTop
3NEKTPOHHOM SHUMKIIONEANN TEPMUHOB, ONpeaeneHnii u NOSCHEHNA CTPOUTESTbHbIX
MarepuanoB. KcnepTamMmmn KHUMM pekopaoB Poccumy aHUMKIoNeams npuaHaHa camon
©0JIbLLOV 9NIEKTPOHHOW 3HLUMKIIONEONEN CTPOUTENbHBIX TEPMUHOB
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N.A. TAPBKIHA', o-p TexH. Hayk (fmatem@pguas.ru),
AM. JAHUIOB!, g-p TexH. Hayk, coseTHUK PAACH (fmatem@pguas.ru);
E.B. KOPOJIEB?, g-p TexH. Hayk (korolev@nocnt.ru)

" MeH3eHCKUI rocyaapCTBEHHBIN YHUBEPCUTET apXUTEKTYPhLI U CTpouUTensCcTaa (440028, r. Mensa, yn. lepmaHa TuTosa, 28)
2 HaumoHanbHbIi Mccnenosarensckuii MoCKOBCKUI rocyaapCTBeHHbIN CTROUTENbHbIN yH1BepcuTeT (129337, r. Mockea, ipocnasckoe L., 26)

JBOJIIOLMA NpeacTaBneHuin 0 KOMNO3ULMOHHbIX MaTepuanax
C NO3WLUUN CMEeHbl Nnapagurm

MpuBOASTCS 6a30Bble MOAENbHbIE NPEACTABNEHUS KOMMO3NLMOHHBIX MAaTEPUANOB Kak HECTPYKTYPUPOBAHHOI CPefbl, @ TakxKe Mpy UCMOJb30BaHNN
CTPYKTYPHOro noaxoaa. OnpeaenaoTes Coep)KaTenbHble YacTh Napaaurm Kak Ha6op KOHLENTYanbHbIX, METOOOMNYECKIX, TEOPETUYECKMIX 1
3KCMEPUMEHTATTbHBIX MOMOXKEHMIA. YKa3bIBAKOTCS NOAXOAbI K Pa3paboTKe KOMMO3UTOB G MO3NLMA CMEHbI MapafnrM Ha pasnnyHbIX aTanax passuTis
CTPOUTENBHOTO MaTepuanoBeseHmns. KOMNo3UT paccMaTpuBaeTCs Kak CrOXKHas CUCTEMA C COOTBETCTBYHOLMMI CUCTEMHbIMI aTpubyTami. 0606LLeHHas!
MOZEMb COCTOUT U3 COBOKYMHOCTIN YaCTHbIX MOJENeN ANs KaXXA0ro U3 3/1eMEHTOB, BXOAALLMX B NepPapXU4ecKyo CTPYKTYPY KOMMO3WUTA, MOCTPOEHHYIO B
COOTBETCTBUM C UEPAPXMYECKOI CTPYKTYPOIi ro Kputepnes kayecTtsa. [peanonaraeTcs cucTemMaTuaaums UCcneaoBaHnii no CTpyKTypooopasoBaHmio
KOMMO3MTOB, YTO MO3BOAUT 06ECMEYNTL (PYHAAMEHTANN3ALMIO CTPOUTENHOMO MaTepUanoBeaeHNs Ha OCHOBE CMOJb30BaHIUs aHANNTUYECKMX METO/0B.

KnioyeBble cnoBa: KOMMNO3NLMOHHbIE Matepuanbl, pa3pa60TKa, MeToJ0N0rn4eckne NpuHLUNNGLI, HECTPYKTYpUpOBaHHaA cpeaa, CTPYKTypa, CTPYKTYpHOe
MatepuanoBefieHne, napagurma, CMeHa napagurv.

Ins umtuposanus: NapbkuHa W.A., Oanunos A.M. Kopones E.B. 3sontouus npeAcTaBAeHMini 0 KOMNO3MLMOHHBIX MaTepuanax ¢ no3uuuii CMeHbl
napagurm // CtpontensHeie matepuansl. 2018. Ne 1-2. C. 60-62.

I.A. GARKINA', Doctor of Sciences (Engineering), (fmatem@pguas.ru),

A.M. DANILOV', Doctor of Sciences (Engineering), (fmatem@pguas.ru), Adviser of RAACS;

E.V. KOROLEV?, Doctor of Sciences (Engineering) (korolev@nocnt.ru)

' Penza State University of Architecture and Civil Engineering (28, Germana Titova Street, Penza, 440028, Russian Federation)

2 National Research Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, 129337, Moscow, Russian Federation)

Eevolution of Representations about Composite Materials from the Positions of Changing the Paradigm

Basic model representations of composite materials as an unstructured medium and using the structural approach are presented. The content of the paradigms is defined as a set of
conceptual, methodological, theoretical and experimental positions. The approaches to the development of composites from the standpoint of changing paradigms at various stages of
the development of building materials science are indicated. A composite is considered as a complex system with corresponding system attributes. The generalized model consists of a
set of partial models for each of the elements that make up the hierarchical structure of the composite, constructed in accordance with the hierarchical structure of its quality criteria. It
is planned to systematize research on the structure formation of composites, which will allow to ensure the fundamentalization of building materials science based on the use of analyti-

cal methods.

Keywords: composite materials, development, methodological principles, unstructured environment, structure, structural material science, paradigm, paradigm shift.

For citation: Garkina I.A., Danilov A.M., Korolev E.V. Eevolution of representations about composite materials from the positions of changing the paradigm. Stroitel’nye Materialy

[Construction Materials]. 2018. No. 1-2, pp. 60-62. (In Russian).

Pa3BuTHiO HaydHBIX M TIPUKJIAJIHBIX OCHOB CTPOUTE/Ib-
HOTO MaTepuaaoBeACHMS, METOJOJOTUYECKUX MPUHITUTIOB
CHHTe3a MaTepuajoB B 3HAYUTEJSbHOW CTETIEHU CITOCO0-
CTBOBAJIM HAKOIJIEHHWE 2KCMEePUMEHTAIbHBIX TAHHBIX, WX
000011IeHre, MPOrpecc B TEXHOJOTUSIX MPOU3BOACTBA.
[MaBHBIM OOBETUHSIONIMM HAaYaJIOM B MaTepUaIOBEACHUN
SIBJISIETCSl TIPUCYIIMN MaTepuajioBegaM eIWHbIA CTUIb
MBIIIJIEHUs ¥ IPU3HAHUS UMU OTIPeeIeHHbIX (hyHIaMeH-
TaJIbHBIX TEOPUIL U MEeTONOB (napaduema [1] KaK COBOKYM-
HOCTb 3HaHWIi, METOAOB, OOPA3IIOB pellleHus 3a1a4d MaTe-
puanosenenust). [TapagurmMa 6a3upyeTcsl Ha MPOLUIBIX J0-
CTHXKEHUSIX (TeOpHUsiX), CYMTAIOIIUXCS 00pa3iioM pelIeHuUst
Hay4YHBIX TIpO0JIeM; ee coaepXKaTeJIbHYI0 YacTb COCTaBJISIET
cUCTeMa HayYHBbIX B3IJISIZIOB, OCHOBAHHBIX Ha 0a30BBIX MO-
NEJbHBIX TPEICTAaBAECHUSIX, OTPENSIoONNX Bech Habop
METOJIOJIOTMYECKUX, TEOPETUUECKUX U DKCIepUMEHTAIb-
HBIX MoJioXeHui. B HacTosiiee BpeMsi mpoucxonut ¢op-
MUPOBAHUE HOBOIL napaduemsl JJisl pellieHus 3a1ay, CBsI3aH-
HBIX C APXUTEKTYPHO-CTPOUTEIbHBIM KOMIUIEKCOM: YBEJIU-
yeHUe TOJUMPYHKIIMOHAIBHOCTU M CpOKa CIYKObI
CTPOMTEJbHBIX MaTepruagoB W KOHCTPYKIIWIA, CHUXXKEHUE
3aTpaT Ha co3gaHue KOMMOPTHBIX YCIOBUI MPOXKUBAHUS
NP CHUXEHUW HETaTUBHOIO BIUSHHUS Ha OKPYXAIOIILylO
cpeay M T. II.; MpEArojaraeTcsi IUPOKOe UCIOJIb30BaHUE
BIM-texnosoruit 1 3D-cTpouTtenbcTBa.

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

[MpuBeneM HEKOTOPBIE PE3YITBTATHI COTIOCTABIICHUS 3BO-
JTIOIIMY B3IJISIZIOB Ha pa3paboTKy KOMITO3UIIMOHHBIX MaTe-
PHUAJIOB C TOUKU 3PEHUS CMEHbl NApaAdueM.

B [2, 3] B 3BOIIOLIMM MIPEACTABICHUI O psiie MaTepraioB
BBIICIISTIOTCST TPU 3Talla, Pa3IUdYalolnXcsl METOMIOJIOTUei
HCCIIEIOBAaHUSI M YPOBHEM TMPAKTHUYECKUX pPa3pabOTOK.
[epBolit aTaIm — 3apojcdenue HO60H mexHoto02uy (HAYATHHOE
HaKOIUIEHWE JaHHBIX, OIBITA M HABBIKOB ITPOMU3BOJCTBA HO-
BOro MaTepuaia). B TeXHOJOr1M JOMUHUPYET peuenmypHbiil
n00x00,; B UCCIICAOBAHUSIX — Memood npob u ouuboK; yrpasiie-
HHME TEXHOJIOTMYECKUM IIPOIIECCOM UMEET UHMYUMUGHDbLI
Xapakmep, OCHOBAaHHBI TOJBKO Ha OIBITE TEXHOJIOTA.
Bropoit atarm — cmanoenenue Hogoli mexnonoeuu (pa3BUTHE
TEXHOJIOTUM OCHOBBIBAETCSI Ha 0OOOINEHUM HAKOTUIEHHBIX
JMAHHBIX, BBISIBICHUU 3aKOHOMEPHOCTEH BJIMSIHUS Pa3/Ind-
HBIX (haKTOPOB Ha CBOMCTBA MaTepuaia; UCCICIOBaHMS IIPO-
BOIATCS C TIPUBJIEYEHNEM (DYHIAMEHTATBHBIX HAyK). 31€Ch
(hopMUPYIOTCS TIPEACTABJICHUS O BIUSHUW YITPABISIONINX
(bakTOpOB Ha cmpykmypy mamepuaira u ee 83aumocés3u CO
ceoticmeamu. TIpoBoguTcs KiaccuGUKAIUS YITPABIISIONINX
(hakTOPOB, BBIICIISIOTCSI IOMUHUPYIOIIKE, OObeINHEHHBIE B
CUCTEMY peyenmypHo-mexHoaoeuteckue gaxkmopsl. Ha aTom
3Tare B MaTepHajJOBeNeHUN BO3HHMKIIA TEOPUS UCK)YCCIMEEH-
HbIX CIMPOUMENbHbIX MAMEPUAN08, a MaKice NOAUCMPYKIYp-
Has meopus (M3ydeHUe MaTepyraja IPOU3BOIUTCS IO CXeMe
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As a matter for discussion

DeuenmypHo-mexHoa0cudecKue HaKkmopol — cocmae, CmpyKk-
mypa — ceoiicmea). 3HaHUE TEXHOJOTUN UMEET IMuuUpute-
cKUll xapakmep, He COACPXXKUT 0000IIAIOIIX 3aKOHOMEPHO-
CTeil, OCHOBaHHBIX Ha (hyHIAMEHTAJIbHBIX 3aKOHAX MPUPO-
npl.  [lpy  TIpOMBIIIJIEHHOM  BBINTYCKE  TPOAYKIIWM,
OpTaHU3allu¥M I1OJYaBTOMATU3MPOBAHHOTO YIIPaBICHUS
MTPOU3BOJICTBOM IJIaBHYIO (DYHKIIMIO B TIPUHSITUN PELIEHUST
HMMeeT YeloBeK — orepatop. Takasi opraHu3alusi Mpou3BO/I-
CTBa 4acTo TpeOyeT MpOBENEeHMSI KOPPEKTUPYIOIIUX MEpO-
MPUSITUI, BO3HUKIIUX BCJICACTBUE OTKJIOHCHUS KayecTBa
MPOAYKIIMY OT YCTAHOBJIEHHOTO YPOBHS (6oabluiue mexcnap-
muliinble Konebanus kavecmea). TpeTuii atan — pazpabomka
ahexmusHoll mexHoso2UU NpU HAYMHOM 8AA0CHUU NPOU3BO0-
cmeéom (TIOJyYeHUE CTPOUTEIBLHOTO MaTepuaa ¢ 3aJaHHbIM
ypoBHeM KauecTB). ITOHATHE «KauyeCTBO» pacIIUpsieTcs U
BKJIIOYACT HE TOJIbKO TpeOOBAHMS 110 U3TOTOBJICHUIO MaTe-
puaja (TeXHOJIOTMYECKHUIA TIPOLIecC), HO U €r0 COOTBETCTBUE
VYCIIOBUSIM  OKCIUTyaTallMu U3IeusT (9KCTUTyaTallMOHHbBIE
CBOICTBA U HOJTOBEYHOCTH). TeXHOJIOTMSI BKIIOYAET ABA
B3aMMOCBSI3aHHBIX 1LIUKJIA: MeXHOA0UHeCKUll N dKCHAyama-
yuoHHblil. Ha KaxkioM U3 LIMKJIOB MTPOBOAMTCS OLIEHKA BIUSI-
HMS yNPaABJISIIOIIMX BO3AEHCTBUI HAa KayecTBO MaTepuaa;
MPY UX OTKJIOHEHUH OT 33[IaHHBIX MapaMeTPOB MPUHUMAET-
csl perieHre 00 U3MEHEHUU PELETITYPhl U YCIOBUI U3TOTOB-
JeHus Matepuanaa (YCJIOBUSI CTPYKTYpOOOpa3OBaHUS).
BaxHo nmetasbHO BiafeTh 3HAHMSIMU KaK O TeXHOJOTHYe-
CKOM TIpoliecce, TaK 1 O Mpoliecce CTPYKTYPooOpa3oBaHuUsI
MojA JeHCTBUEM BKCITyaTallMOHHbIX (hakTopoB. JlojkeH
peau30BbIBATHCS MPUHIIMIT KOPPEKTUPOBKU PELETITYPHl U
pekruMa U3roTOBJICHUSI TIPOJIYKIIUM HE TOJBKO IO pe3yJibTa-
TaM HAYaJbHOTO COCTOSTHUS MPOIYKIIMU (KauyecTBO ITOCIEe
3aBeplIeHUsT TEXHOJIOTUIECKOTO 1IMKJIa), HO U TJIaBHBIM 00-
pPa3oM ¢ y4eToM Mpeodpa3oBaHuii CTPYKTYPHBIX TApaMeTPOB
MPOJYKIIMU IO/ AeMCTBUEM DKCILTyaTallMOHHBIX (haKTOPOB.
T. e. HAUMHAET YYUTHIBATHCS HE TOJBKO MOTEHIMA CTONKO-
CTU MaTepuajia (MCIONb3yeTcsl Uil TPOTHO3WPOBAHUS
JIOJITOBEYHOCTH), HO M KUHETHKA €r0 PacXOJ0BaHUS IO
BO3JEHCTBUEM OTAEJbHBIX WJIM COBOKYITHOCTH (haKTOPOB
9KCITyaTallMOHHOM cpenbl. TpeTuii aTan pa3BUTHSI CTPOU-
TEJbHOTO MaTepUaiOBEACHMSI TaKKe MOXHO Ha3BaTh 3Ta-
IMOM TIPOM3BOJICTBA MaTepuayia (MPOAYKUUM, U3ACIUs) C
VYETOM XKM3HEHHOTO IIUKJIa €TO CYIIECTBOBAHUS: OT 3aMbIC-
Jla 10 YTWIM3alluM WA peluKiauHra. Ilpemmonaraiorcs
UACHTUOUKAIMS TEXHOJOTUIECKOTo Mpoliecca U MocTpoe-
HUE aJeKBATHOW MOIEIU peuenmypHo-mexHoI0eudecKue
@akmopsvl — cmpykmypa — Kauecmeo Mamepuand.

ITo T. KyHy pa3Butue HaykKu — cKaukKooOpa3HbIii, pe-
BOJIIOIIMOHHBIN MPOIIECC, COCTOSIINI B CMEHE TTapaJnIM;
OIHOHAIIPaBJICHHBI U HeoOpaTUMBbIH Ipouecc. Hayunoe
Mo3HaHue nocje GopMUpoBaHUS MapaiurMbl — HaydHast
TEOpHsl; CYLIECTBYIOLIME B paMKaX Pa3IW4YHbIX Mapagiurm
Teopuur HecorocTaBUMbl. C poCTOM KOJIMYECTBA aHOMa-
Juii (IpUHIMIIHATbHAST HEBO3MOXKHOCTD MapaaurMbl pe-
IIUTh TIPOOJIEMy; HAKOTIJIEHWEe aHOMaJIMii BeleT K Tane-
HUIO TOBEPHUS K TTapaJuTrMe) B 1OMapaagurMaibHOM Mepro-
Jle pa3BUTUSI HAYKU TOSIBJISIIOTCS HOBbIE aJIbTEpPHATUBHbBIC
Teopuu. [IpOMCXOAUT CONMEPHUYECTBO HAYUHBIX LIKOJI TIPU
OTCYTCTBUM OOUIETIPUHSTBHIX KOHUEMIUI UCCIeT0BaHUIA;
CIOPbI O MPAaBOMEPHOCTU METOAOB U MPOOJIeM; HAKOHEII,
MPOUCXOIUT TT00ea OAHOM M3 IIKOJ C MCUYE3HOBEHUEM
pacxoxaeHuil. B nanbHeineM gopmupyemces nosas napa-
Oduema (B UTOre — y4eOHUKM, pacKphlBalOIllMe HOBYIO Ma-
pagurManbHylo Teopuio). Ha smane HopmanvHOU HaAyKu
paboTa OCYILEeCTBISIETCS B KECTKMX paMKaX MapaaurMbl.
3aech:

— BBIIEJISAIOTCST HanboJiee TToKa3aTeJIbHbIe ¢ TOUKU 3pe-
HUS TTapaIurMbl (DaKThI;

— YTOUHSIIOTCSI TEOPUU;

— pa3pabatbIBaeTcs 6osiee CoKHas U TOHKAsI armaparypa;

— OCYIIECTBJISIETCS TTOUCK (haKTOPOB, MOATBEPXKIAIOIINX
HOBYIO TTapajurmy;

(TP OVIENIBTIBIE

— COBEPIIEHCTBYETCs COOCTBEHHO Tapanurma (He sSBJis-
€TCs Cpa3y COBEPIIIEHHOI);

— YCTaHaBJIMBAETCsl HEOOXOAMMOCTb HOBOM MapaaurMbl
B CBSI3U C HEBO3MOXHOCTbIO OOBsICHEHUS psifa (akToB B
paMKax AeUCTBYIOILIEH TTapaJiurMbl.

Haxone11, npoucxonur kpusuc cmapoii hapaduembl, pego-
AOYUs 6 Hayke, TIOUCK U o(opMiIeHre HOBOW TapaaurMbl;
MPOMCXOIUT TPOBEPKA U OTCEB KOHKYPUPYIOIIMX TEOPUI.
Ynpa3aHsoTCcsl MPUHATBIE MpaBuia, KPOMe MOAXOMSIINX K
HOBOW Tlapanurme (peKoHCmpyKuyus npeonucanuil: He TipocTo
OTpUIIAHKE TIPABUJI, 4 COXPAHEHUE MOJIOXKUTEIHLHOTO OIIbITA,
MOAXOSIIETO HOBOW Tapaaurme). BaxHo oTMeTuTh: Hogas
napaduema ne exarouaem cmapyio. [lpy cMeHe apaaurM Hem
npeemcmeennocmu meoputi. OHa TpeanoaaraeT ¢GpopMUpOBa-
HMe IPYroii CUCTEMBbI B3[JISIZIOB, OCHOBAHHBIX HA TPUHIIUTIN -
aJIbHO HOBBIX 0a30BBIX MOJEISIX U CMEHE TIPUHIIMIIA yIIPaB-
JIGHUSI HaYaJIbHBbIM CTPYKTYPOOOpa3oBaHUEM: He (hopmuposa-
Hue cmpykmypbl mMamepuanra C TiapamMeTpaMmu, oOecredyn-
BalOIIUMU Ha4aabHoe Kauecmeo (MOCIE W3TOTOBJICHUS), a
noayuenue cmpykmypsl (OpraHusaius), obOecredyrBaloleit
Kauecmego 60 épemenu (B TIEpUOJ DKCIUTyaTallMU); TOMYCTH-
MO€ CHWXXEHUE ToKazareieil kauectBa. B yacTHOCTH, HaHO-
TEXHOJIOTUW — JIMIITb MHCTPYMEHT JUISl YIIpaBJICHUsI TTapame-
TpaMu CTPYKTYpbl WM/WIW TPUAAHUST JTOTIOJHUTEIbHBIX
cBoiCTB. [1py UCTIOIB30BAHUYN UIIEOJOTUM HECTPYKTYPHUPO-
BaHHOI cpelibl (OLIEHUBAETCS YCPEAHEHHBIMU MTOKa3aTeISIMU
TEMIIEpaTyphl, BIaXKHOCTH, TaBJI€HMSI, B KOTOPOI HAXOMSATCS
MpeAMETHI, UMEIOIIMEe Pa3HYlO TUIOTHOCTh, MPOYHOCTD, TeIl-
JIOTIPOBOJTHOCTh, TEPMUUYECKOE pacCIIMpeHue 1 Jp.) peasib-
HOCTh PAaCTBOPSIETCSI B CPEIHUX IMOKa3aTelsIX KayecTBa).
B Momensax cTpyKTypHOTO MaTepualloBeIeHUS Tpearoiara-
€TCsl CYLIeCTBOBAHUE OIpPECeHHbIX UepapXuuecKux cmpyk-
myp 00bEKTOB, pacCCMaTPUBAaEMBbIX KakK cucmemsl [4—7], KOTo-
phIe SIBJISIFOTCSI OCHOBO#M (DOPMUPOBAHUSI HOBBIX UICOJOTH-
YECKUX HayYHBIX YCTAaHOBOK. BbIOOp Momenn ornpenensieTcst
LIEJISIMU CTPYKTYPHOTO ONIMCAaHUsT 00BEKTa, TpPAaHUILIAMU Mac-
IITAOHOTO YPOBHSI, BBIIEIEHHOTO TIPUOPUTETHOTO Psijia dJie-
MEHTOB CTPYKTYPbI UCXOJIS1 U3 LIEJIEBOTO Ha3HAUEHHUsT 00BEeK-
Ta aHajM3a; MPOLIECChl Ha KaXIOM YPOBHE IMOTUMHSIOTCS
3aKOHOMEPHOCTSIM UMEHHO JaHHOTO YpoBHS. Hanmuiio caur
rapajiirM, OCHOBAaHHBIX Ha 0a30BbIX MOJEJISIX CIUIOIIHOMN
CcaMOpa3BUBAIONICIICS CPEIbl B CTOPOHY ITapagnurM, 0a3upyro-
IIUXCS Ha MOJIENSIX CTPYKTYPUPOBAHHOM caMOpa3BUBalO-
LLIEHCS cpelbl, OCHOBAHHOW HAa UIIESIX U METOJIAX CUCTEMHO-
ro nojaxojaa u cuHepretuku [8, 9]. CTpyKTypHas opraHusa-
LIMST MaTepuaia mpeaonpeaesisieT CTPYKTypHOe oopMiIeHUE
WU3IeUST WM KOHCTPYKLUMM W B 3HAYUTEIbHOW CTEIEeHU
orpeziesisieT (QYHKIIMOHAIbHBIE CBOWCTBAa BCEW CUCTEMBI.
[IpoexTrpoBaHKe CUCTEMBI B 1LIeJIOM Oa3MpyeTcsl Ha nepap-
XUUYECKON CTPYKTYpe ee KpUTEepUeB KauecTBa (Kaxk10e MHIN-
BUIYyaJIbHOE CBOMCTBO MOXKHO TOJYYUTh MPHU Pa3HbIX HabO-
pax CTpYKTYpHbIX cocTaBisttorux) [10].

Ha rpaHu cMeHbI mapagurM HaXOIUTCSl U KOAOPUCHUKA.
Eue HegaBHO oKpacka MaTepHraioB OCYIIECTBIISIaCh Ha OC-
HOBE MPUMEHEHNs KpacuTeseil, MUIMEHTOB OpPraHNYeCKOro
M HEOPraHUYECKOTO TPOUCXOXIEHHUs (TOTJIOoLIeHNE BUIM-
MO WM OTpakeHWE HEIOINOLIEHHOW YacTu CIEeKTpa).
B cBs3M ¢ pa3BUTHMEM HAHOTEXHOJIOTUIA HAYaJld MCITOJIb30-
BaTbCsl OnmMu4ecKue NPUHYUNbG! OKPAWUEAHUs: TIPU B3aUMO-
NIECTBUM CBETA CO CTPYKTYpaMM, HAHO3JIEMEHTbI KOTOPBIX
COM3MEPUMBI C JUTMHOM BOJIHBI CBETa, IMPOMCXOAIT MHTepde-
peHLus, IudpaKkivsg U paccCeBaHUe CBETa, B COBOKYITHOCTH
MPUBOJISILIIME K TOMY, UTO OOBEKT BUAECH OKpallIeHHbIM (OI1-
TUYECKUI TIPUHIIUTT OKPAILIMBAHUS — OECITUTMEHTHASI CTPYK-
TypHasi okpacka). CTpyKTypHasi oKpacka 3KoJIorMyHa (He
TpeOyeT CUHTe3a KpacuTeJelt U OYMCTKU TeXHOJIOTMUECKUX
CTOKOB); HAHOCTPYKTypa yCTOMYMBA K AeiicTBUIO cBeTa [11].

B 3akimtoueHre OTMETUM, YTO IIPOMCXOISIIIAs B HACTOSIIIIEE
BpeMsl CMeHa MapaaurM B CTPOUTETbHOM MaTepUalioBeIeHUU
BO MHOTOM CJICP>KMBAETCS BHELITHUMM YCIIOBUSIMU, KJTFOUEBbI-
MM U3 KOTOPBIX SIBJISIFOTCSI: YCTAHABJIMBAEMbIii 3aKa3uMKOM

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA
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B nopsajake oocyxaeHus

(IIPOEKTUPOBIIMKOM) YPOBEHb TPeOOBAaHMI1 K KAYECTBY MaTe-
puana, usnenaus (BKJIoYas OOJTOBEYHOCTD); (hparMeHTap-
HOCTb Pe3yJIbTaTOB UCCJEAOBAHUM, SIBSIIOIIMXCS, B CYLIHO-
CTH, TIOBTOPEHHEM 0a30BbIX 3aKOHOMEPHOCTE Ha HOBOM ChI-
pbeBoil cMecu (BUJI/HauMEHOBaHME KOMIIOHEHTa) 0e3
BBISIBJIEHNST KOJMYECTBEHHBIX OTKJIOHEHW, TaK KaK 4YacTo
MOJIeJTb, TIO3BOJISTIONIAST TIPOM3BOUTD TIPOTHO3, OTCYTCTBYET.
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ITo MHEHUIO aBTOPOB, CUCTeMATH3alIsI UCCIeI0BAHUIA,
HampaBjJ€HHasT Ha IIOCTpOeHHE OOOOIIEHHBIX MOJIeeit
CTPYKTYPOOOPa30BaHUsI CTPOUTETBHBIX KOMITO3UTOB, KJjac-
cubUIMPOBAHHBIX MO BUILY KOMITOHEHTA, 00ecreurBaolie-
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Materials and technologies
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KOHTpONb NPOYHOCTU KOHCTPYKUUA U3 BbICOKONPO4HOro 6ETOHA
Ha CTaJUM IKCNAyaTaLuu BbICOTHLIX 3[aHNI

MpoaHanM3npoBaHbl Pa3nnyHble METO/bl ONPEeeNeHNs NPOYHOCTI GETOHA NPUMEHUTENBHO K HECYLLMM KOHCTPYKLMSM BbICOTHbIX 3faHuil

113 BLICOKONPOYHOro 66TOHA B MpoLiecce aKcnyatauuu. MokasaHo, 4To Takne 0COGEHHOCTU BbICOKOMPOYHOT0 BETOHA, KaK BbICOKMI MOAYMb YNPYrocTy
11 XPYNKOCTb, 0GYCMOBIEHHbIE MOBbILIEHHOI 3K30TEPMIEil 1 TPELLMHO06Pa30BaHIEM, He NO3BONSAIOT HAIeXHO KOHTPONNPOBATL X KA4eCTBO

11 HafIeXHOCTb MyTEM WUCMONb30BaHIAS OTAEMbHbIX METOAO0B MCMbITaHWiA. MHOTVE HOPMaTWUBHbIE METOfb! UCMbITaHNs GeTOHA ObIM CHHOPMMPOBAHbI

B MepKoj MaccoBOro NPUMEHEHUS B CTPOUTENbCTBE COOPHOO Xene3066ToHa, KOraa KOHTPOSb KayecTBa NPOBOANCS B OCHOBHOM B 3aBOJCKMX
ycnosusix. MeTofbl Hepa3pyLLaoLLEro KOHTPONS TPEOYOT MOCTPOEHUS TPaJlyUPOBOYHbIX 3aBUCUMOCTEIA. [N BbICOKONPO4HbIX 6ETOHOB MPENIOXEHO
NPOBOANTL KOHTPOMb 11 ONMPeeneHIne NPOYHOCTI MyTeM KOMGUHMPOBAHNS Pa3pyLLAOLLUX 11 HEPa3PYLLAIOLLMX METO/0B C KOMM/IEKCHBIM aHann3om
NPAMbIX UCTbITAHNI KEPHOB WU KOHTPONbHbIX 06Pa3LI0B 11 PE3yNbTAaTOB Hepa3pyLLAOLNX METOI0B KOHTPOIS.

Knto4eBble CNOBa: Xene3066TOHHbIE KOHCTPYKLMM, BbICOKOMPOYHbI GETOH, Hepa3pyLLALLARA KOHTPOMb NMPOYHOCTY, TPayMPOBOYHAs 3aBUCUMOCTb,
KOHTPOMb MPOYHOCTM MO 06pa3Lam.

Ins yutuposanus: Jasnatok A.A., PymsHues V1.M. KoHTponb NPOYHOCTI KOHCTPYKLMAIA U3 BbICOKOMPOYHOTO BETOHA HA CTaAMW 3KCMayaTaLui BbICOTHbIX
3[aHnii // CtpontenbHbie matepunansl. 2018. Ne 1-2. C. 63-66.
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Strength Control of Structures Made of High-Strength Concrete at the Stage of Operation of High-Rise Buildings

Various methods for evaluating the strength of concrete are analyzed in relation to bearing structures of high-rise buildings made of high-strength concrete in the operation process. It is
shown that such peculiarities of high-strength concrete as a high modulus of elasticity and fragility due to increased heat of hardening and cracking do not make it possible to reliably
control their quality and reliability by means of using some testing methods. Many normative methods of concrete testing were formed in the period of mass application of prefabricated
reinforced concrete in construction when the quality control was performed mainly under the factory conditions. Non-destructive methods require the construction of calibration depen-
dences. For high-strength concrete, it is proposed to exercise control and determination of the strength by means of combination of destructive and non-destructive methods with a

complex analysis of direct tests of cores or control samples and the results of non-destructive methods of control.

Keywords: reinforced concrete structures, high-strength concrete, non-destructive method of strength control, calibration dependence, strength control by samples.

For citation: Davidyuk A.A., Rumayantsev |.M. Strength control of structures made of high-strength concrete at the stage of operation of high-rise buildings. Stroite/’nye Materialy
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C nacryrieHueM XXI B. MHOTOKpaTHO YBEJIWYMIICS
CITPOC Ha CTPOUTENTHCTBO BHICOTHBIX 3MaHUI ¢ HECYIITUM Kap-
KacoM M3 MOHOJINTHOI'O BEICOKOIIPOYHOTro OeToHa. [l Boc-
MPUSTUST BBICOKMX 3HAYEHUI BHYTPEHHUX YCWIMiII B Hecy-
LIUX KOHCTPYKUHMSAX OT HArpy30K, CBSI3aHHBIX C BBICOKOW
STAXHOCTbIO 3JaHUIA, BO3BEJAEHME HECYIIMX MOHOJUTHBIX
KeJ1e300€TOHHBIX KOHCTPYKIIMIA TTPOU3BOAUTCS C MPUMEHE-
HUEM BBICOKOITPOYHBIX OETOHOB — OETOHOB KJIACCOB MPOY-
Hocti B60 u Bbire (B80, B90). TpanuiiMoHHO IS TIpOM3-
BOJICTBA TaKMX OETOHOB NMPUMEHSIOT BSIKYIee Ha OCHOBE
MOpTJIaHALEMEHTHOro KinHKepa. Haubosnee MmaciutabHbIM U
3HAYMMBbIM OOBEKTOM, IJIe BHICOKOMIPOUHbIN OETOH MOJYYMIT
IIMPOKOE TIPUMEHEeHUe, sIBisieTcsi MOCKOBCKUI MeXIyHa-
ponHblii  genoBoit  1eHTp «MockBa-Cutn» (MMILL
«Mocksa-Cuti»), CTPOUTEIHCTBO KOTOPOrO OBLIO HAYATO B
1998 r., 3aBepienue 1uiaHupyetrcss Ha 2020 r. OcHOBHbIE
3MaHus KoMIUlekca Obutn moctpoeHbl B 2004—2017 rr.,
BCJIC/ICTBUE YETO OIBIT KOHTPOJIS KauyecTBa MPUMEHSIEMOTO
BBICOKOMPOYHOro OETOHA COCTaB/IsSIeT HEMHOTUM OoJiee jie-
CATH JIET, a B YCIIOBUSIX OKCIUTyaTallui 0OOBbEKTOB €Ille MEHb-
me. OcoOeHHOCTY BBHICOKOIIPOYHOrO OETOHA HECYIIMX KOH-
CTPYKIMIT B YCJIOBUSIX PEaJIbHOM KCILIyaTalliyd BbICOTHBIX
3MaHUI TIOCTOSTHHO MCC/IEAYIOTCSI YUEHHBIMU U CIeUaIv-
cTaMU BCETO MUpa, BHOCSITCS JOTIOJTHEHUST U KOPPEKTUPOBKU
B HOpPMAaTHMBHbIE U METOAMYECKME TOKYMEHThI. B mporecce

(TP OVIENIBTIBIE

SKCILTyaTallMy 30aHUI TTPOSIBIISIETCS] OTJIMUUTEIbHBIN XapaK-
Tep MOBE/ICHUST BBICOKOITPOYHBIX OETOHOB, KOTOPbII CBSI3aH
He TOJIbKO ¢ OCOOEHHOCTSIMUA MX COCTaBa, HO W C KAYeCTBOM
TPOBEACHUST CTPOUTEIBHBIX PA0OT U YCJIOBUSIMU DKCTUTyaTa-
. J{onoaHuTeIbHbIe TPeOOBAHUS IO KOHTPOJIIO ITPOYHO-
CTU BbICOKOITPoYHOTO 6eToHa onucaHbl B TOCT 31914-2012
«BeToHBI BBICOKOIPOUYHBIE TSKEIbIE U MEJIKO3EPHUCTBIE TSI
MOHOJIUTHBIX KOHCTPYKLIMiA. [TpaBuia KOHTPOJIST W OLEHKU
KauyecTBa», HO C yUETOM OCOOEHHOCTE KOHTPOJISI TPOYHOCTH
MPpU IKCIUTyaTaluuy, a TakkKe MPaKTUKOW TeXHUYECKOro 00-
CJIeOBaHMS 3MaHUI ¢ MPUMEHEHHEM BbICOKOIIPOYHOTO Oe-
TOHA ONTUMU3UPOBATh METOAMKY MPOBEACHUSI MCIBITAHUI
[0 KOHTPOJIO MPOYHOCTU BBICOKOMPOUYHOTO OETOHA MpU
SKCIUTyaTaluu.

beronsl MaccoBoro mpuMeHeHus (KJIacc IIPOYHOCTU IO
B60) 1 BEICOKOTIPOYHBIE OETOHBI ¥ KOHCTPYKIIMU U3 HUX 00-
JIAIAIOT PSIZIOM CYLIECTBEHHbBIX Pas3uyuMii, KOTOpPbIE ClenyeT
YYUTBIBATh MPU KOHTpoOJie KauecTBa. Hampumep, BbICOKUit
MOJYJIb YIPYTOCTU U XPYIKOCTb JIEIAI0OT BBICOKOIPOUHbIE
OETOHBI UYBCTBUTEJbHBIMUA K TOYHOCTU BBITIOJTHEHUSI TIPO-
1LIeyp M OCHACTKE TIPY BHITIOJTHEHUW MCITBITAHUI TTPSIMBIMU
MeTodaMU KOHTPOJIS TPOYHOCTHU OeTOHA (OTPHIB CO CKaJIbIBa-
HueM). OgHAKO HEOOXOAMMBIC B 3TOM CJIydae OrpaHUYCHMUSI
psiia IPEeyCMOTPEHHBIX CTaHAApTaMU JOIMYCKOB, KOTOpbIE
TpUeMJIEMBI JUTSl UCTIBITAHUI OOBIYHBIX OETOHOB, HEe obecre-
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Marepuaabl H TEXHOJIOTHH

OnTumarnbHble COYeTaHUs METOA0B UCMbITaHUIA, 06ecneynBLLIMX KOPPEKTHYIO FrPpaayupoBKy [1]

MPOEKTHBIV KNacc MeTonp! ncnbitaHnm
GeToHoB KOCBEHHblEe npsiMble
— YOAPHOro UMnynbca ¢ NPUMEHEHNEM — VCMNbITAHNS KOHTPOJbHbLIX 00Pas3LL/oB
B60 CKIEPOMETPOB C 3Hepruel yoapa He meHee 0,2 I | — oTpbIiBa CO CKasbiIBaHNEM
— VCMNbITAHUS KEPHOB N3 KOHCTPYKLMI
B8O-B90 — yOAPHOro NMMyJibca C NPUMEHEHUEM — UCMbITAHUS KEPHOB N3 KOHCTPYKLMA
CK1ePOMETPOB C 3Hepruel yaoapa 6onee 2 Ix

YUBAIOT O0OBEKTUBHOCTU MH(MOpMaLMu 0 (HhaKTUIeCKOM Ka-
YEeCTBE BHICOKOIIPOUHbIX.

I1oBbllIeHHAsT K30TEPMMUST U CBSI3aHHBIM C HEM rpaau-
€HT TeMIIepaTyphbl B TeJle KOHCTPYKIIMIA, HA KOTOPbIE HaKJIa-
NbIBaeTCs ycaaka (COOCTBeHHasi U OT 00e3BOXMBAHUS), B
3HAYUTEJbHOW CTENMEHM BJIMSIIOT Ha TEPMOHAMPSIKEHHOE
COCTOsSIHUE OETOHA, TPEHIMHOCTOMKOCTb U MPOYHOCTh B pa3-
HBIX 30HaX KOHCTpYK1Ui. Kpome Toro, B peajibHbIX yCJIOBU-
SIX CTEIEHb YIUIOTHEHUS] OETOHHOI CMECU HECKOJIbKO HUXKE,
YeM B KOHTPOJIBHBIX O0pasliax, YTO OOYCJIOBIEHO IOBbI-
LIEHHBIM COJIEPXKaHUEM apMaTypbl U XapaKTepoOM apMUpPO-
BaHUsI KOHCTPYKIIMIA, KOTOpbIE 3aTPYIHSIOT YKJIaAKy Oe-
TOHHBIX cMeceil. B ¢Bsi3u ¢ 3TUM (pakTrueckas IPOYHOCTb
0eToHAa B KOHCTPYKIIMSIX MOXET ObITb HUXE MPOYHOCTHU
KOHTPOJIbHBIX 00pa3110B, a MPOYHOCTh, OTpe/ieJIeHHast B M0-
BEPXHOCTHBIX 30HaX KOHCTPYKUMUN, HUXE TPOYHOCTU B
[JIYOMHHBIX 30HaX [1]. I3BECTHBI cilyyau 3aHUKEHUS MTPOY-
HOCTHU BbICOKOTIPOYHOTO OETOHA 0 IBYX pa3 MPU KOHTPOJIE
KavyecTBa HepaspylIaloMMu MeTogaMu (OTPhIB CO CKaJbl-
BaHUEM) CIIeIIMaIMCTaAMU HEKOTOPbIX MOCKOBCKUX CTPOU-
TeJIbHBIX JJabopaTopuii, pabOTaBIINX MO CTAHAAPTHBIM Me-
TONMKAM U C IPUMEHEHUEM TPAAULIMOHHOTO 000PYI0BaHU
tna «OHuke» win «I10C».

PaccMoTpuM KOHTPOJIb KauecTBa BbICOKOMPOUYHOTO Oe-
TOHa KOHCTPYKLMIA B MEPUOM SKCIUTyaTalluu 3AaHUs MpU
Bo3pacTe 6eToHa Oozee roma. Ilpu rpagynpoBke mpubopoB
Hepa3pylIaollero KOHTPOoJIsl B ciydyae OLEHKU MPOYHOCTH
SKCIIyaTUPYEeMbIX OETOHHBIX M XeJ1e300€TOHHbIX KOH-
CTPYKUMI CIIEAYET YUUTHIBATh BIUSHUE BIAXHOCTU U BO3-
pacta 6eToHa, CTeNeHb arpecCUBHOCTU cpeibl. [ pagyupoBKy
npubOpPOB HEPA3PYIIAIOIIET0 KOHTPOJIsSL 1ieJecoobpasHo
MPOBOAUTH MO 00pa3laM, OTOOPaHHBIM U3 KOHCTPYKILIUH B
penepHbIX TOUKaX C MAKCUMaJIbHBIMU, IPOMEXYTOYHBIMU U
MUWHMMAJbHBIMM [MOKA3aTeJISIMU ITPOYHOCTU OETOHA IO pe-
3yJIbTaTaM MpeIBapUTEIbHON OLeHKH [2].

MeTonbl KOHTPOJISI U OLIEHKU MPOYHOCTH OETOHA, OMK-
cannble B [OCT 18105—2010 «betonsl. I1paBuia KOHTpO-
s 1 oueHKH npouyHoctu» u TOCT 22690 «betonsl. Ompe-
JIeJIEeHUEe TTPOYHOCTU MEXaHUYECKUMU METOIaMU Hepaspy-
IIAIOLIEr0 KOHTPOJSI», ObUIM ChOPMUPOBAHBI B MEPUOS]
JIOMUHUPOBAaHUSI B CTPOUTEJIBCTBE COOPHOTO KeJ1e300eTo-
Ha U B OCHOBHOM CBOJMJIUCH K (DYHKIMSIM BHYTPU3ABO/I-
CKOTO KOHTPOJIsI KauecTBa Xejle300eTOHHBIX uanenuii [3].
Ilpu nepexose K MacCOBOMY MOHOJMTHOMY JIOMOCTpOE-
HUIO BO3HUKJIU IOTOJHUTEIbHbIE CJIOKHOCTU B afanTaluu
METOJ0B U CPEICTB Hepa3pyllaollero KOHTPOJs MPOYHO-
ctu G6etoHa [4]. [lpu obGcienoBaHUU BSKCITYaTUPYEMBbIX
JKeJ1e300€TOHHBIX KOHCTPYKLMI 3amaya omnpeesaeHus
MMPOYHOCTH elile bosiee yeiaoxHsieTcs. Bo-nepBbix, huznko-
MEXaHUYECKUE U CTPYKTYPHBIE XapaKTePUCTUKU UCCIIeye-
MbIX OETOHOB MOTYT ObITb HEW3BECTHBI, CJIeIOBATEJbHO,
HEBO3MOXHO TIpaayupoBaTh MPUOOPHI HEpPa3pylIAIOIIETo
KOHTPOJIs1. BO-BTOPBIX, TPYIHO OLIEHUTD BIAUSIHUE YCIOBUI
HUCMBITAHUN Ha TOKa3aHWsl MPUOOPOB HEpa3pylIalouIero
KOHTpPOJIsl. B-TpeTbux, Ha pe3ysibTaThl HEPa3pyLIAlOUIEro
KOHTPOJISI TIPOYHOCTU BJIUSIET U3MEHEHUE CTPYKTYPHBIX
XapaKTepUCTUK OETOHA B MpOILecce ero JUIUTEJbHON 3KC-
ryaramuu [2].

B HacTosiiiee Bpemsi rpaayupoBKy MprUOOpPOB Hepaspy-
LIAKOLIET0 KOHTPOJISI KOCBEHHBIMU METOAAMU MIPUHSITO Bbl-

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

TTOJTHSITB C UCTIOJIB30BaHUEM METOa MECTHBIX pa3pyIIeHUI,
K KOTOPBIM OTHOCSITCSI OTPBIB CO CKaJILIBAHWEM M CKaJIbIBa-
Hue pedbpa. OgHAKO MOCKOJbKY 3TH METOAbl (DUKCHUPYIOT
YCUJIME pa3pylleHUs] TOBEPXHOCTHOTO CJI0SI KOHCTPYKIIMU,
TO (haKTUUECKU OMPEeISIIOT Mpe/es MPOYHOCTH OeToHa Ha
pacTsKeHue, a CBSI3b MEXKJ1y Mpee oM TPOYHOCTH Ha cxkKa-
THE U PACTSKEHME BeCbMa IMCKYCCUOHHAsI, UX HEJIb3sI IIPU-
3HATh JOCTATOYHO HANEXKHBIMMU.

OueBUIHO, YTO €CJIM OOpaTUThCSI K METOMIY OIlpeaese-
Husl npouyHoctu GetoHa mo [OCT 28570—90 «beToHBI.
MeToasl onpeaeseHusI TPOYHOCTU I10 00pasiiamM, OTOOpaH-
HBIM M3 KOHCTPYKLIMI» [5], TO MOMUMO TpaaUIIMOHHBIX
(hm3UKO-MexaHMIeCKMX CBOMCTB OETOHA, TAKMX KaK Mpeaes
MMPOYHOCTU TIPU CXKATUU M PACTSKEHUU, TUIOTHOCTb U MO-
JIyJb YIPYTOCTH, MOXKHO MOJYYUTbh MH(MOPMALIUIO O BUIE,
(bpakIIMOHHOM cocTaBe M pa3ABUXKKEe 3epeH KPYIHOro 3a-
MOJTHUTEJIS, TTOPOBOM CTPYKType, HATUYUKU HU3KOMOYJIb-
HBIX BKJIIOYEHU I 1 HOBOOOPA30BaHMUI1, CBSI3aHHBIX CO CITeII-
nbUKOI AeCTBUS IKCITyaTallMOHHOM cpenbl. [TocKombKy
Hepaspylalole MeTOIbl KOHTPOJISI OCHOBAaHbBI HA KOCBEH-
HBIX KOPPEISIIMOHHBIX 3aBUCUMOCTSIX MPOYHOCTU OeTOHa
OT TMJIOTHOCTU W TBEPIOCTH, a TAKXKE OT CKOPOCTH YJIbTpa-
3BYKOBOTO MMITYJIbCA, TO OYEBUAHO, YTO MPU M3MEHEHUU
YCJIOBUI UCTIBITAHUSI MOTYT U3MEHSIThCSI U 9TU 3aBUCUMO-
ctu. OMHUM M3 HauboJjiee PacIpOCTPaHEHHBIX M3MEHSI0-
muyxcsl (HaKTOpOB YCIOBUIM HCIBITAHMUS SIBJISICTCS BIAXK-
HOCTB GeToHa [6].

CucreMa KOHTPOJISI KauecTBa BHICOKOMPOUHbBIX OETOHOB
otpabatsiBajiack ¢ 2005 r. B ipoliecce BO3BeACHWSI MOHOJIUT-
HbIX KOHCTPYKIIMIA Ha CTPOUTEJLCTBE BBICOTHBIX COOpYXe-
nuit MMJIL «MockBa-Cutu». Bbulo BBISIBIEHO, UTO BBICO-
KOTIpPOYHBbIE OETOHBI 00JIafal0T TOBBIIIEHHBIM TPELIMHO-
00pa3oBaHUEM 3a CUET YCaAOUHBIX TPEILIH, 00YCIOBIEHHbBIX
TOBBIILIEHHOM 9K30TepMueit Ha (hoHe ycaKu COOCTBEHHOM 1
00e3BOKMBAHUS. DTO TakKXKe OrpaHMYMBaeT TNPUMEHEHUE
METOJIOB KOHTPOJISI U OTIPEIC/ICHUSI IPOYHOCTU OETOHA, T0-
CKOJIbKY 3aTPYIHUTEJILHO BBIOPATh YYaCTOK 0€3 TPEelIuH He-
00X0IMMOTO pa3Mepa JIJIs KOHKPETHOTO METOIa U3MEPEHUIA.
Taxke 0cCOOEHHOCTH BBLICOKOIIPOUYHOTO O€TOHA MPUBOIAT K
TOMY, 4TO (paKTUUYecKasl IPOYHOCTb OETOHA MOXKET ObITh
HMXE MPOYHOCTU KOHTPOJIbHBIX 00Pa310B, U3TOTOBIEHHbBIX
B TIpOliecCce BO3BEACHUSI KOHCTPYKIIMI, a TTPOYHOCTb, OIpe-
JleJIeHHasl Hepa3pylIaloliMU METOJaM1 B TTOBEPXHOCTHBIX
30HaX KOHCTPYKIINA, MOXET ObITh HUXE MPOYHOCTU B TITy-
OUHHBIX 30HaX.

Takum obpazom, 1151 MOTYYEHUSI TOCTOBEPHBIX Pe3yJib-
TaTOB KOHTPOJISI U OTpeeeHrs] TPOYHOCTH BbICOKOMPOYU-
HOro 0eToHa HEOOXOAMMO KOMILIEKCHOE HUCIOJIb30BaHUE
paspyllaollnX U Hepa3pylialoumx METoJ0B (CM. Tabiu-
1y). [TpuHIMT 3aKTI09aeTCs B CASMYIONMIEM: C KaXI0i KOH-
TPOJIUPYEMOM KOHCTPYKIIMM COOMPAIOTCS NaHHBbIE MCITbI-
TaHWil OeTOHAa Ha TMPOYHOCTb KOCBEHHBIMU Hepaspy-
IIAIOIUMU METOIaMM, KOTOPbIE COMOCTABJSIIOTCS MyTeM
IMOCTPOEHUsI TPaTyUPOBOYHBIX 3aBUCUMOCTEN C pe3yJsibTa-
TaMU TPSIMBIX UCTIBITAHUN KEPHOB, OTOOPAaHHBIX U3 KOH-
CTPYKIIUIA, MU KOHTPOJBbHBIX 00pa3lioB, c(pOPMOBAHHBIX
MpY BXOAHOM KOHTpPOJIe KadyecTBa OETOHA TMPU YCIOBUU
COXpaHEHMSI TAaKOBBIX AAHHBIX, WJIM METOAOM OTpbIBA CO
ckanbiBaHueM. OrnpejefieHre MPOYHOCTH TSKEIbIX OeTo-
HOB TPOEKTHBIX KjaccoB B60 u BbIllle MM MIPU CpeaHeit
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e OcHoBaHo B 1962 rogy B coctase HVIXKB nm. A.A. F'Bo3aesa

e OfHa 13 OCHOBHbIX opraHnsaumin Ctponkomnnekca r. Mockebl 1 Poccum

¢ 150 4enoBek KBanMMUUMPOBAHHOIO NepcoHana, Cpean KOTOpPbIX AOKTOpa U KaHaMaaThbl HayK

e COTPYAHMKM OpraHm3aLlnmy SBastoTCs pa3padoTynkaMm 0CHOBOMNONArarLLMX HOPMaTUBHbIX
[OKYMEHTOB B CTPOUTENbCTBE

¢ KomnnekcHoe NpoeKTpoBaHme 1 obcneno- + VIHXeHepHO-reonornyeckmne nabiCKaHms
BaHWE 3AaHNM 1 COOPY)KEHWI 1 nabopaTopHbIe NCMbITAHWUS FPYHTOB
¢ JlabopaTtopHbIi KOHTPOMb Ka4ecTBa OETOH- OCHOBaHUA
HbIX 1 CBapPO4HbIX paboT B CTPOUTENLCTBE ¢ CTpouTenbHO-MOHTaXHble paboTbl Mo6own
¢ HerocynoapctBeHHasw akcnepTMaa un ayaut CNOXXHOCTN

NPOEKTHOW OOKYMEeHTaumn

¢ BbINnonHeHWe KOHCTPYKTOPCKMX pacHeToB
OO0 CNOXHOCTA, B TOM YMCE PacYETOB
Ha nporpeccupytoLLiee obpyLLeHne

¢ lIHXKeHepHo-reofesnyeckmne n3bickaHus v
MOHUTOPWHI 30aHUIA 1 COOPYXXEH I

PeKoHCTpYKUNA, YCUNEHNE U KanUTanbHbIl

PEMOHT CTPOUTESNbHbIX KOHCTPYKLWM, B TOM
4yncne ¢ NPUMEHEHMEM KOMMO3UTHbIX MaTe-
puanos

CepTtudmkaums CTPOUTENBHOW NPOAYKLMM

[eHnoapsn

B cocmae AO «KTb 2Kb» éxodum ucnvimamenvHas 1ab60pamopus ¢ cepmupuKkamom coomeemcmeus mpedosaHusim
TOCT P HCO/M3K 17025—2009 «Obusue mpebosanusi K KOMREMeHMHOCMU UCNbIMAMEAbHBIX U KAAUOPOBOUHBIX A -
bopamopuil», ceudemenbcmeom 00 ammecmayuy UChslmamensHoli rabopamopuu. Hcnsimamenvras aabopamopus ume-
em coOCmMeeHHYH0 0OUWUPHYH UHCMPYMEHMANbHYI0 6a3Y, K8AAUDUUUPOBAHHDBLI cOCMAs, 00WUDPHbLIL onbim pabomyt 6 Mo-
CKOBCKOM pe2uoHe, 8 MOM HUcAe Ha YHUKAAbHbIX 00sekmax. MHOusudyarvhblii n00X00 K KaicOoMy 3aKaA34UKY N038045em
0Ka3vleamy ycayeu Ha 00axicHom ypogre. Cmoumocms pabom paccuumsieaemes no P 15.01. 17 «Coopruk pacyeHok Ha
OCHOBHbLE UDBL PAOOM, OCYUECMBATEMbIX NPU HAYHHO-MEXHUYECKOM CORPO8oIcOeHUY cmpoumenscmea». Obuas cmou-
Mocmb pabom npu KOMHAEKCHOM nodxode Kk obsexmy — om 40 p. 3a 1 m°> 6emona.

Appec: 109428, MockBa, 2-1 UHcTUTyTCKan yn., A. 6, kopn. 15A
Ten.: (495) 286-70-01; ¢pakc: (499) 171-64-10
E-mail: ktb@ktbbeton.com
CauT: www.ktbbeton.com



‘ Marepuaabl H TEXHOJIOTHH

MpoyHoCTU GeToHa npu cxatuu R, >70MIla B MoHOIUT-
HBIX KOHCTPYKIIUSX HEOOXOAMMO MTPOBOIUTH C YYETOM IO-
noxenuit TOCT 31914—2012 «beToHBI BBICOKOMPOYHbBIC
TSIKEJIbIe M MEJIKO3EPHUCTBIC JUISI MOHOJIMTHBIX KOHCTPYK-
uii. I[TpaBuiia KOHTPOJISI U OLIEHKU KauyeCcTBa», COIIACHO
KOTOPBIM OIIEHKY BO3MOKHOCTHU MMPUMEHEHMS yCTAHOBJIEH-
HBIX T'PAaIyUPOBOYHBIX 3aBUCHUMOCTEN TMPOBOIAT IO JBYM
rnokazaTesisaM: KO3(pGUIMEHTY KOPPeIsILuU U MOrPelIHo-
CTU OMNpeaeNeHus] MPOYHOCTU OeToHa. Jlomyckaercs uc-
MMOJIb30BAHNE YCTAHOBJICHHBIX TPaJyMPOBOYHBIX 3aBUCH-
MOCTE# /ISl OTIpe/ieJIeHUs TIPOYHOCTU OeTOHA B KOHCTPYK-
LIUSIX TIPY 3HAYeHUU KO3 uiimeHTa Koppesiiuy He MeHee
0,7 ¥ BeMYMHE TOTPEITHOCTU OMpPEeneJeHUs TTPOYHOCTH
6eroHa He Oosee 15% [1]. KoadduimeHT Koppeasuuu u
MOrPELIHOCTh OMNpeAeSeHUs] MPOYHOCTU OETOHA YCTaHOB-
JICHHOU TpaaydpOBOYHOI 3aBUCUMOCTHM OIPEACNSIIOT IO
noapasaeny 6.5 TOCT 18105—2010 «betonwi. ITpaBuna
KOHTPOJIST ¥ OTLICHKU TIPOYHOCTI».

[Ipu onpeneneHny IIPOYHOCTU OETOHOB IO K€PHAM, OTO-
OpaHHbBIM 13 KOHCTPYKIIMI{, PEKOMEHAYETCS TPUMEHSITh Kep-
Hbl IMaMeTpoM He MeHee 70 MM co HUTMGhOBAHHBIMU OTIOP-
HBbIMU TIOBEPXHOCTSIMU M MAacCIITaOHbIM KO3(D(GUIIMEHTOM

Cnucok JuTepaTypbl

1. Kanpueno C.C., Ileitndensn A.B, Kucenesa H.A.
OCOOEHHOCTH CHUCTEMbl KOHTPOJISI KauecTBa BBICOKO-
MPOYHBIX 6eTOHOB // Cmpoumenvhbie mamepuanvl. 2012,
Ne 2. C. 63—67.

2. Hecseraes I'.B., Komuteranos A.B., Komreranos H.A.
OCo0eHHOCTM Hepa3pyllapIllero KOHTPOJS IIpoy-
HOCTU OeTOHA SKCIUTyaTUPYEMBIX KeJe300eTOHHBIX
koHcTpyKumii // WHTepHeT-XypHan Haykoeedenue.
2017. T. 9. Ne 2. https://naukovedenie.ru/PDF/
14TVN217.pdf

3. Jludanos U.C., llepctiokoB H.I'. MeTtponorus, cpen-
CTBa M METOABI KOHTPOJISI KauyecTBa B CTPOUTEIIHCTBE.
M.: Crpoituznar, 1979. 223 c.
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HUI 13 MOHOJIUTHOTO XeJie300eToHa // Cmpoumenvhas
uncenepus. 2005. Ne 1. C. 63—65.

5. TOCT 22690—-2015. betonsl. OnpenesieHre TPOYHOCTH
MEXaHUYeCKMMU METOJaMU Hepas3pyllaloniero KOHTpo-
s, M.: Crangapruadopm, 2016. 23 c.

6. HecBerae I'.B., KomneranoB A.B., Wsmes JI.H.
ITepcrieKTUBEBI UCMOJIb30BAHKS METOA YJIbTPa3BYKOBO-
r'O MPO3BYYMBaHUS MTPU 0OCIEIOBAHUU U TTPOSKTUPOBA-
HUU YCUJEHMS KeJIe300€TOHHBIX KOHCTPYKUUM //
bezonacnocms mpyoa 6 npomwviuinennocmu. 2008. No 2.
C. 62—66.

7. TOCT 31914—2012. beToHbI BBICOKOTIPOUHbIE TSIKEJbIe
U MEJKO3EPHUCTBbIC UISI MOHOJMUTHBIX KOHCTPYKIIWHA.
M.: Crangaptungopm, 2014. 15 c.

NOANUCKA HH 3rtkiTPD

=1, TaK KaK MCIOJIb30BaHNE KEPHOB MEHBIIIETO TUaMeTpa 1k
C MEHBIIIMM 3HaU€HHEM MaclITaOHOro (hakTopa IPUBOIUT K
OOJIBIIMM MOTPEITHOCTSIM MOTYYeHHBIX Pe3YIbTaToB [7].

BoiBobI.

1. BeicokompouHbIe 66 TOHBI I KOHCTPYKILIMU U3 HIUX 00-
JIamaioT PSAIOM CIEeUUUISCKMX OCOOEHHOCTEH: BBICOKUIA
MOJyJib YIPYTOCTU M XPYNKOCTb, IMOBBILLIEHHAS 3K30Tep-
Musl, ycaaka (COOCTBeHHas1 U OT 00€3BOXMBAHUSI), TTOBBI-
IIEHHOE COJepXKaHWe apMaTyphl U XapakTep apMUPOBaHUS
KOHCTPYKIIUM.

2. KoHTposb 1 onpenesieHre MPOYHOCTHA BHICOKOTIPOY-
HOro 0eToHa HEOOXOOMMO IIPOU3BOAUTD ITyTeM KOMILIEKC-
HOTO HCMOJIb30BaHUS Pa3pylIaIMX U Hepa3pylIalolmnx
METO/IOB.

3. Ilpu u3MepeHur MPOYHOCTH KeJIe300€TOHHBIX KOH-
CTPYKLIMI TIOCTIE ITMTEIbHON IKCIUTyaTalluu TPajgyupoOBKY
npubOpPOB HEPA3PYIIAIOIIEr0 KOHTPOJIsSL 1ieJecoobpasHo
MPOBOAUTH MO 00pa3liaM, OTOOPaHHBIM U3 KOHCTPYKIIUHI B
penepHbIX TOUKaX C MAKCUMaJIbHBIMU, TPOMEXYTOYHBIMU U
MMWHUMAJIBHBIMU TTOKA3aTeJISIMU MPOYHOCTHA OETOHA Mo pe-
3yJIbTaTaM MPeABAPUTETbHOIN OLICHKH.
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Hudopmannsa

® «YEPKECCKCTPOM>» — nujiep npou3soycTea

(1)

O( HTOKC

FISGOYHT HAVHDEMMI TEXHONOMA

CYXWE CTPOMTESNBHBIE CMECK

CYXHX CTOMTENbHbIX CMEceR Ha GeepHom KﬂBI(ﬂ3E

Komnanun «4EPKECCKCTPOM> ucnonuunocb 25 net. MHOro ato unu mMano B yCnoBusX
CMEHbI COLUaNbHO-IKOHOMUYECKON thopMaLui, 6ECKOHEYHbIX U3MEHEHWI| NPaBOBOIl U Hanoro-
BOW CUCTEMbI, 3aTAXKHOr0 3KOHOMUYECKOro Kpuuca? KoHeyHo, aTo 3Hayumasn fata ansa no6ou
opraHu3auumn, 0co6eHHO Ans NPOM3BOACTBEHHOr0 NPEANpPUATHS, NOCTOAHHO PACLUMPSAIOLLEro
aCCOPTUMEHT NPOAYKUMU M YBENUYMBAIOLLEr0 NPON3BOJMUTENILHOCTb B HENPOCTLIX Peanusx
poccuiickoro 6usHeca.

Ho cerogHs Mbl He GyieM BCNOMMHATD, KaK BCE HAYMHANOCh, KAKUe TPYAHOCTH Gbiiu npe-
Of0N1EHbI N0 NYTU CTAHOBNEHUS... 06 3ToM uuTaTenm yxe 3Hatot («4EPKECCKCTPOM> - 20 net
ycnewHoro pa3sutus // CTpoutenbHble Matepuansl. 2012. No 7. C. 66-68).

Mbi noroBopum 0 HacTtosiiem M Gyayliem COBPEMEHHOr0 BbICOKOTEXHONOrMYHOIO NMpo-
u3soacTBeHHoro komnnekca <4Y4EPKECCKCTPOM>, Bknio4atowero co6CTBEHHbIE Kapbepbl Ke-
paMW4ecKoro U runcoBoro Cbipbs, NPOM3BOACTBO KEPamM3uTa, 6ETOHA, FMNCOBOr0 BAXYLLErO,
CYXMX CTPOMTENbHBIX CMECE/ Ha 0CHOBE LIEMEHTA M runca.

HacTosLiee komnaHun onNpeaenseTcs Hepa3pbiBHO CBA3bIO MOKONEHNIA; NPUMEHEHNEM 3HAHUIA
1 OMbITa CNEeLnanncToB, CTOABLUMX Y UCTOKOB CO3[aHWS NpeanpusTus; pasBuTMeM Npou3BOACTBA;
pa3paboTKoii HOBbIX NPoAyKTOB. M0oNoA0e NOKONEHWe NPUBHOCKT B MPOLIECC HOBbIE 3HAHUS, KOM-
MbOTEPHbIE TEXHONMOTNN, HOBbIE MAPKETMHIOBbIE M KOMMYHWUKAUWOHHbIE PELUEHUs, MeXaHWU3Mbl
cObITa U NIOTUCTUKM.

AHanua cuTyaumm Ha CTPOUTENbHOM PbIHKE, MPOrHO3 PasBUTUS CTPOWUTENBHOIO KOMMJIEKCA Ha
CPEAHECPOYHYIO MepCneKTUBY NMO3BOUA BbIAENUTb NMPUOPUTETHOE HANPaBeHUe NPON3BOLACTBEHHO-
ro passutus «4EPKECCKCTPOM». Mim cTano npou3BOACTBO CyxXWX CTPOUTENbHBIX CMECceil TOProBoid
mapku «JTTOKC»®.

HarnagHoii unnioctpaumueid opraHMyHOro B3aUMOAEIACTBUS MOKOMEHWUA 1 ero CUHEePreTU4eckoro
adhdpekTa cTano npasgHoBaHue 25-netus KomnaHuu. OHO Ha4anoch Mo-AesoBOMY — NPOBELEHNEM
KoHbepeHuun «Ounep JINTOKC», Ha KOTOPYtO BbINK NpUrNaLLeHbl KITHO4EBbIe NapTHEPbI Npeanpus-
TWS, NOCTABLLUMKM CbIPbEBBIX KOMMOHEHTOB U XMMWUYECKUX [06aBOK. Briepsble aunepbl NpeanpusaTus
BCTPETUNNCh Ha 6a3e NPON3BOANTENS, 4TOObI NO3HAKOMMUTLCS C TEXHONOTUE, YOeANTLCS B rapaHTy-
POBAHHOM Ka4eCTBe NMPOAYKLMM, NONYYUTb TEXHUYECKYIO 1 aHANMTUYECKYH MH(OpMaLMIo, CBEPUTD
MNaHbl Ha CNeayoLWmi ro.

bonbLioi nHTepec cobpasLumxcs Bbi3Ban foknag «Cyxue CTPOUTENbHbIE CMECK B COBPEMEH-
HOM CTPOUTENbCTBE: PeaibHOCTb U MEPCMEeKTUBLI», C KOTOPbIM BbICTynun B.P. ®anukmaH, Buue-
npe3naeHT MexayHapo4HON WHXEHEePHOW akagemuu, LOKTOpP MaTepuanoBefeHns, 3aBefytoLnii
CEKTOPOM [J0/IrOBEYHOCTU 6ETOHA KeNe306eTOHHbIX KOHCTpykumii HUAVDKE um. A.A. TBo3aeBa
AO «HWL, «CTponTtenscTtBo». OH OTMETUA, YTO NPUMEHEHNE CYXMX CMECei B CTPOUTENbHOM MPOM3-
BOJICTBE — 3TO LLAr K rapaHTMn KayecTBa CTPOUTENbCTBA, NO3BONAOLLUMA B 3HAYUTENIbHOI CTENEHU
YCTPAHMTb HA CTPOMNNOLLIAZKE N3BEYHbIE MPOBSEMbI, CBA3AHHbIE C HU3KUM KA4eCTBOM W HEOAHO-
POAHOCTbIO NOCTABMAEMbIX HA CTPOMKY MATEPUanoB, a TaKXKe C HU3KOW TEXHONOMMYECKON Ancumn-
NHON 1 0CHaLLeHHOCTbHO. Mpon3soacTBo CCC B HacTosALLEe BPeMS, HECMOTPS Ha MPOA0IIKAOLLNIA-
€Sl 3KOHOMUYECKNIA KPU3WC, ABNAETCA CaMON AMHAMUYHO Pa3BUBAIOLLENCA NOJOTPACIIbIO MPOMBbILL-
NEHHOCTU CTPOUTENbHBIX MaTepuanos. Bsvecnas PyBUMOBIUY NPUBEN CTaTUCTUYECKYIO MHADOPMALNIO
M0 OTEYEeCTBEHHOMY PbIHKY, a TaK)Xe 3KCMOPTHO-UMMOPTHbIM noctaBkam GCC. OH 3aTpoHyn B TOM
4ncre NpobaeMHble BONPOChI, TaKME Kak 06HOBJIEHWE HOPMATUBHO-TEXHUYeCKOI 6a3bl Ha CCC, BO3-
MO>XHOE BBeieHMe 0643aTenbHOi cepTudbukauum n ap.

06 ycnewHom cotpygHuyecTse «HEPKECCKCTPOM>» ¢ komnaHmeli «EBpoxumM-1» (NOCTaBLLMKOM
moguduumpytowwmx gobasok ang CCC) pacckasan ee npeactasutens .. Bacunmk. OH oTMeTUA, 4TO
NOCTVXEHNS COBPEMEHHOI XWMUYECKON WMHAYCTPUN MO3BONAIOT NPUAaBaTb CyXWM CTPOUTENbHbIM
CMECAIM YHUKamnbHble CBOWCTBA 1 MPOU3BOAUTL KaK MHOFOTOHHAXHYIO NPOAYKLMIO MacCoBOro npu-
MEHEHMS, TaK U YHUKaNbHbIe COCTaBbl AN PELUEHNs Y3KUX TeXHMYecKux 3agad. OTMeTuM, 4T0 B
NPON3BOACTBO CMECEN «JTUTOKC»® BHE/PEHbI BECbl BbICOKOTOYHOIO B3BELLMBAHNA 1062BOK B Ma-
nom konmyectse (8o 50 r). 310 NO3BONAET 04EHb TOYHO A03UPOBATH OJHOBPEMEHHO HECKOSIbKO He-
06X0ANMbIX 106ABOK M BbINYCKaTb CMECH CO CTABUIbHO BbICOKMMI NOKA3aTeNsMu.

HAYUHO-MEXHUYeCKUil U NPOU3E00CMEEHHbLIL JCYPHAN %}" POVTEIIBHBIES
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Information

Oco6blit HTEpeC AunepoB Bbi3Banu goknaasl Mypata MyxaguHoBnya TamoBa 0 HOBbIX MPOAYK-
Tax «JINTOKC»® B kneeoil rpynne, HameueHHbIX K Bbinycky B 2018-2020 rr.; Myxamena
MyxagmHoBu4a TamoBa 0 NepcneKTMBHOM Pa3BUTUM NPEANPUATIAR U pacLLNPEHUN NPON3BOLCTBEHHON

6asbl; CynTaHa 3amaxiwapuesuya A640KOBAa O CTpaTeruu pasBuUTUs AUCTPUOYLUK «[IUTOKC»®

Ha 2018-2020 rr.

Co cBOeil CTOPOHbI, PYKOBOAWUTENN LUNEPCKNX OpraHu3auuii nogenunuch nnaHamu passutus
NPOAAX, MPOABVKEHNS TOproBoit Mapku «[TUTOKC»® B cBOMX pernoHax, pacckasani o TPYAHOCTSX 1
HaMeTUAN NyTW JanbHEeNLwero B3auMoAeNCTBIAA C NOCTABLLMKOM NPOAYKLMN.

Konnern npuwnu K BbIBOAY, Y4TO CTPOWUTENLCTBO — 3TO Ta 06/1acTb, rae Hanbonee BaKHbIM
(hakTOPOM NPY NPUHATAM PELLeHUs 0 NPUOBPETEHNI TOBAPOB W YCNYT SBNSETCA HAAEXHOCTb. JTOT
(haKTOp 3HAYUTENbHO CAEPXKMBAET U3MEHEHNA HA PbIHKE, TaK KaK CTPOUTENN NPUBbIKAIOT UCMOMb30-
BaTb OMpefeneHHble CMecu 1 609TCA MeHATb NPUBbIYHbIE MAPKU. PbIHOK 04€Hb WHEPTEH W MPUBbI-
KaH1e K HOBOMY NPOAYKTY NPOMCXOANT MeANIEHHO. TOSIbKO COBMECTHbIMU NPOSYMAHHbIMI JECTBUSA-
MW NPON3BOAUTENS W AWUNEPCKOIA CETU MOXHO OTHOCUTESIbHO 6bICTPO W 3(PEKTUBHO BbIBOAUTH HA
PbIHOK HoBble Mapkn CCC.

BTopoit aeHb meponpusTus 6bl1 NOCBALLEH nocelieHuio 3aBoga «4EPKECCKCTPOM». MHorue
Konneru, KOTopble B NOBCEAHEBHON paboTe YBEPEHHO YOEXAAKT NOKynaTenei B BbICOKOM Ka4eCTBe
HaieXHOCTH cMeceit «JTUTOKC»®, Booumto y6eanunnch, 4To NPOAYKLMA NpesnpuaTus NpocTo He Mo-
XKeT ObITb Apyroi. HoBoe coBpeMeHHOe 060pyA0BaHIE, NOSTHAA KOMMbOTEPU3ALMUS NPON3BOACTBEH-
HbIX MPOLLECCOB, NOCTOAHHbLIA KOHTPONb Ka4ecTBa Ha BCEX nepefenax, To4Has (pacoBka, HafexHas
YNaKoBKa M XpaHeHNe Ha 3aKpbITOM OTann1BaeMoM CKnafie NpOCTO He ONYCKatoT BOSMOXHOCTY Mo-
nafiaHus B TOProBY0 CETb HEKAYECTBEHHOIA UK BPAKOBAHHOW NPOAYKLNN.

KoHeuHo, 25-neTue npeanpusTus 6bi0 0TMEYEHO He TOSbKO KOHJepeHuueil. bbin n HacToAwmi
NPasfHUK C LieAPbIM YroLleHneM, no3apasneHnsiMin, nojgapkamu, BCTpPeYei NapTHEpPOB U Apy3eil,
KOHLIEPTHOW Nporpammon.

Mo3ppasutb pykosoautenen u cotpyaHukoB «HEPKECCKCTPOM» npuexanu MUHWUCTP CTPOM-
TenbcTBa u XKKX Kapayaeso-Hepkecckoin Pecny6nuku E.A. TopaneHKo; 3aMeCcTUTeSb YNpaBsioLero
thunuanom 6anka BTE (MMAOQ) B r. Ctasponone I'.B. lycesa; npescenaren coBeta AUPEKTOPOB 6aHKa
«Kaskas-lenunoc» C./. TonosuH.

AHatonunii FanuwmxaHosuy 0308, Bo3rnasnaswuin B 1992-1999 rr. MMpasutenscteo KYP, n
Oner KyyykoBuy LLlypaymoB, B Te rofibl ObIBLIMIA MUHUCTPOM 3KOHOMMKYecKoro passutus KYP, noa-
nepxanu B csoe Bpems MyxaanHa Yawudosuya Tamosa npu CO3AaHUN NEPBOr0 KEpam3uTOBOr0
3aBofia B pecny6nuke. OHM pacckazanu o TPYAHOCTAX U Npo6nemax, nexaBLinx He TONbKO B NPOuU3-
BO/JICTBEHHOW CChepe, KOTOPble BMECTE NPE0oNen u nobeannn.

Mbi He MoXem BbibpaTh BPEMS, B KOTOPOE XMBEM, HO Mbl MOXEM BbI6path T0, 4TO fenatb ¢
TeM BPEMEHEM, KOTOP0e HaMm JaHO — TaKne C/I0Ba 3By4aT B MPE3EHTALXOHHOM (PUbME 0 KOMNAHNK
«4EPKECCKCTPOM». M.Y. TamoB 25 net Hasajg caenan cBoi Bbi6op. Onmpasch Ha COOCTBEHHbIE
3HAHWA 1 OMbIT, Apy3eil, KONNer, NapTHEPOB, OH CO3/aN BbICOKOTEXHONOMMYHbIA NPON3BOACTBEH-
Hblil KOMNEKC MO BbIMYCKY CTPOUTENbHbIX MaTepManoB, BOCTPE6OBAHHbIX PbIHKOM. B TeyeHue aTux
25 NeT [ecaTkn e, BKNoYas camblX 61M3KNX — CbIHOBEN, TAKXE CLesianu CBOM BbI6GOP U npu-
COEeAMHMANCL K KOMaHae TamoBa, W BMECTe pa3BWUBAKT MPOM3BOACTBO Ha 651aro CBOWX CEMEWN,
_CBOVX NApTHEPOB, CBOEr0 ropoia, CBOeV Pecny6nuki, CBOeil CTPaHbl.-3a Co3uaaHnem — Gyayuiee
Bo Bce BpeMeHa. s ' i
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Hudopmannsa

ABTOKNABHbI ra3o6eToH — 10 NeT passTHA OTPACAH BMecTe ¢ HAAT

22-24 Hoabps 2017 r. B EkatepmHbypre npoluna MexayHapoaHas Hay4Ho-NpakTnieckas
KoHdbepeHUnsa «COBPEMEHHbIN aBTOKNaBHbIN ra306eTOH», MPUypPOYEHHasA K AECATUNETUIO
HaunoHanbHom accouyaumm Npon3BOAMUTENEN aBTOKNABHOIo razobetoHa (HAATD).

YeTtBepTasn koHgepeHuus, opraHn3oBaHHas HAAT, Bbi3Bana 60MbLLIOK
VHTEPeC Cpean NpoM3BoANTENeli aBTOKIABHOI0 ra306eToHa, NOCTaB-
LLIMKOB OTPac/u, NPOEKTHbIX U CTPOUTENbHbIX OpraHu3aunii, npes-
CTaBUTENEN Hay4HbIX M 00pPA30BATENbHLIX Y4pexneHun. B Heit
npuHANN y4actne okono 250 cneuymnanuctos u3 Poccun, KazaxcTaHa,
benopyccun, YkpamHbl, 3cToHum, JnTebl, lepmanuu, Monbuim,
[Hanuu, Cnosaknu.

OCHOBHbIMU TemMamu, 06CYXAaeMbIMI CreLanmcTamu, cTanm
nepcrneKTMBbI Pa3BUTUS NPOM3BOACTBA aBTOKNABHOMO ra306eToHa,
ONTUMN3aLNA NPOU3BOACTBEHHOIO NpoLecca, pacluupeHne obna-
CTW NpUMEHEHWUs BbiNyckaemoi npomykuuu. 0cob6oe BHUMaHMe
6bI1f10 YAENEHO aKTyanu3aun HopMaTUBHOI 6a3bl NPOU3BOACTBA U
NPUMEHEHNs N3Jenuii U3 aBTOKNABHOr0 rasobeToHa. Bcero B
pamkax paboTbl KOHdepeHUmMm 6bl10 NpeAcTasneHo 39 Joknagos
11 NPOBEAEHO TPU KPYIMbIX CTONA.

06 06wmx npobnemax passutus oTpacnn Arb pacckasan uc-
nonHutensHbin gupektop 000 «[1CO «Tennut» A.A. BulHEB-
CKMIA, KOTOPbIN NPEeLCTaBNA aKTyanbHble JaHHbIe 00 00LLeR Yuc-
NEHHOCTWN MPeanpuaTUA, WX NPOM3BOACTBEHHBLIX MOLLHOCTAX,
TEHAEHLNAX N3MEHEHNS 06beMOB BbINyCKa NPOAYKLMN.

B poknape ucnonHutensHoro aupektopa HAAT T.W. Tpuu-
thenbpa «BbI30BbI LLIMPOKOMY NPUMEHEHNIO aBTOKNABHOIO ra3o-
6eTOHa» 0TMEeYanoch, YT0 3a npoLueaLiee gecarunetne Arb cran
CaMbIlM MacCOBbIM CTEHOBbIM MaTepuanom B P®. Ero fons Ha
PbIHKE MaTepuanoB AN KaMeHHOW Knagku npesbiwaeT 50% u
NPoLOMKaeT pacTu. 1 nMeHHO B nepuop pacueTa ra3o6eToHa
MPOABNAOTCA W CTAHOBATCA ONPEAENsOWUMIA NP NPUHATUAN
peLLeHI (haKTOopbI, KOTOPble PaHbLLe 6biNN B TEHM U3-3a AednLNTA PbIHKA
CTPOUTESIbHBIX MAaTepUaioB 1 CYLLECTBEHHO MEHbLLER CTOUMOCTM ra3obe-
TOHA B CPABHEHUW C KOHKYPEHTHbIMU MaTepuanamu. LLinpokoe npumeHeHne
ra306eTOHa NO3BOMSET He TONbKO HakanauBaTb NOMOXKUTENbHbIA OMbIT, HO
11 3ameyatb Npo6sieMHbIe acneKTbl. B nocneHne rofsl 06beMbl CTPOUTENb-
CTBA MepecTany pacTu, 3arpy3ka NpoM3BOLCTBEHHbIX MOLLHOCTEN OCHOB-

MICnonHUTENbHBIN OANPEKTop '
000 «[CO «Tennut» A.A. BuuHeBckuii

HbIX CTPOWUTENbHbLIX W Ten-
NON30ALMOHHBIX MaTepua-
NOB CHM3unacb. 310 060-
CTPUIO KOHKYPEHLNIO MeX-
Ay rpynnamm TOBaponpous-
BOAMUTENEN, TNpUBENO K
6onbLuen pa3bopynBoOCTY 1
npuANPYMBOCT NOTPE6U-
Teneit. Mpoctota U 60b-
IO BbIOGOP TEXHWUYECKUX
peLUeHNii BbISBUMN Te CBOIA-
cTBa razo6eToHa U KOH-
CTPYKLUI U3 HEro, Ha KOTO-
pble elle HEeCKONbKo neT
Hasaj MOXHO 6bIn0 He 06-
paLaTb BHUMAHWS.

"n
a npom«eﬂﬂn BCEX NIET paboThl
‘HauvonanbHoi dccounatmy npou3so-
~ WTenei aBTOKNABHOro ra3o6eToHa
XypHan «CTPOUTENbHbIE MaTepuanbi»>
BbICTYNan MHOPMALIMOHHBIM Tiap-
THEPOM ¥ -iepBas BECTh 0 CO3/aHNN
accouvauyu 6bina ony6nMKoBaHa B
‘No1-2008. 10-neTve cotpyaHu4ecTBa
~ pepakuus oﬂiac-neéoro HaY4HO-TEXHH-
- yecKorou- npousanncrseuuoro )xypuana
: '-:--«Crpomenbuble Marepuanbl» :

Y4acTHUKM MeponpusaTS 03HAKOMUANChL C NPOM3BOACTBOM aBTOK/AB-
Horo razosono6etoHa Ha npegnpusatusax 000 «MCO «Tennaut» B 1. bepé-
30BCKOM W N.I.T. PeOTUHCKUIA.

[To utoram pa6oTbl KOHEpeHUn OblN NPUHAT PSS PEKOMEHAALNI.
Mpeanpuatuam NpeanoXeHo NPUHATL K CBEEHUIO U UCMONb30BaTh B pa-
60Te BO3MOXHOCTW, NpegocTasnsemble MoctaHosneHnem lMpaButenscraa
P® ot 20.05.2017 No 603 (BHOCWT pAf CYLIECTBEHHbIX W3MEHEHWI B
[MoctaHoBnexue Mpasutensctea PO ot 25 sHBaps 2011 r. Ne 18 «06 yT-
BEPXAEHNN NPaBWN YCTaHOBNEHNS TPe6OBaHWA SHEPreTUHeckoil achdek-
TUBHOCTYW [N15 3AAHUIA, CTPOEHWNIA, COOPYXXEHWIA 1 TPe6OBaHUI K NpaBunam
OnpefeneHns Knacca 3HepreTn4eckoin 3hdheKTMBHOCTM MHOTOKBAapTMp-
HbIX AOMOB>). Cunamn HAAT peLieHo noAroTOBUTL CEpUio Mybnnkaunii B
oTpacnesble CMW 0 Ba)KHOCTM KOMMNEKCHOW OLEHKM 3DEEKTUBHOCTH
MEepOnpPUATUIA, HANPABMEHHbIX HA CHIKEHNE 3HEPronoTpebneHns Npu aKe-
nnyatauun 34aHnia, 1 06 OLWNB0YHOCTI NOAX0AA K CHUKEHMIO 3HEpPromno-
TpebneHns, CTaBsLLEro BO rnaBy yrna TpebOBaHWS K Tenno3alluTHOM
060J104Ke 1 ee INeMeHTaM.

CoBMECTHO ¢ HayyHo-uccnenoBaTeNbCKUM MHCTUTYTOM CTPOUTENb-
HO (DU3MKI PELLEHO aKTyanu3nposaTb W 0606LNTb HAKOMIEHHbIE [aH-
Hble M0 TenI0MNPOBOAHOCTI U 3KCMyaTaUNOHHON BIAXHOCTI aBTOKIABHO-
ro ra3o6eToHa B KOHCTPYKLMSAX COBPEMEHHbIX 3[aHNIA.

AKTUBHOE y4acTune Npon3BOACTBEHHMKOB B paboTe KOHMEPEeHUMN — OTIMYUTENbHAA 0COBEHHOCTb BCTpeY razobeToHwwmkoB: A.M. Odaneukuii, OAO «CTpoii-
MnaHeTta», Yda (cnesa); M.A. Masues, HAO «1CT Kasbek», HeueHckas Pecnybnuka

HAYUHO-MEXHUYeCKUil U NPOU3E00CMEEHHbLIL JCYPHAN %}" POVTEIIBHBIES
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Information

B pamMKax noceweHna npegnpuaTtng y4aCTHUKY MO3HAKOMUIINCHE TakxXe
C BO3BMOXHOCTAMW NCMOJIb30BAHUSA HOﬂMypeTaHOBOI}'I MOHTaXXHOW MNeHbI
ONs Knaaky ra3o6eToHHbIX 6/10K0B

HAAT COBMECTHO C NpeanpuaTuamMn WHALMMPYET KOMMEKC UCCeao-
BAHWI1 MO M3Y4EHUIO N 06ECNEYEHM0 TPELLMHOCTONKOCTI KNafoK 13 ra3o-
6ETOHHbIX U3JENWiA MO HanpaBNeHUAM: CHUXEHWE BJIAXKHOCTHOW Aedop-
MauUun S4encToro 6eTOHA; MOBbILIEHE COMPOTMBIEHUS PACTKEHWIO U
13rnby camoro Alb 1 KOHCTPYKLMIA U3 Hero.

Cunamu HAAT, npeanpusTii 0Tpacam 1 0TpacneBbix Hay4HO-UCCNERo-
BATESIbCKUX MHCTUTYTOB NOLArOTOBJIEHbI HOBbIE PEAAKLMM OCHOBHbIX OTPAC-
nesblx ctanaapTos: FOCT 31359 n FOCT 31360, B KOTOPbIX aKTyanu3upoBsa-
Hbl METOMbI UCMbITAHUIA, Knaccudnkaums, TpeboBaHNs K pa3mepam 1 apy-
rne NONOXeHNS, KacarLLnecs aBTOKIaBHOr0 A4eMCTOro 6eTOHa U M3Lenuii
13 Hero. MpuHsaTo peweHue obpatutecs B TK 144 «CTponTenbHble mare-

] OK - pauu- ==
OHaNbHOE KCMOJbL30Ba-
HWE NOAPE3HOro CNosi
raso6eToOHHOr0 Maccrea

'S /."

KoHdepeHums no AI'B — MecTo BCTpeUM He TONbKO NPOU3BOACTBEHHUKOB,
HO W NpeacTaBUTenen oTpacneBom Haykn 1 nNpecchl

puansl u usgenus» (Mogkomutet 3 «CTeHOBbIE, NEPErOPOAOYHbIE U 06/M-
LI0BOYHbIE MaTepuasbl») C PeKOMEHAALMEN UX CKOPEMLLEro NPUHATHS.

Peanuzauns pekomeHzaumni KOH(EPEeHLN NO3BONUT aBTOKNABHOMY
ra300€TOHY He TONbKO COXPaHNTb, HO M PaCLLUMPUTL CBOK LOSH HA PbIHKE.

YKypHan «CTpouTenbHble MaTepuanbi»® co AHA 0CHOBAHUA COTPYAHU-
4aeT ¢ HauunoHanbHoOM accoumaumnein NpomM3BoANTeNeli aBTOKNABHOMO ra3o-
6eToHa 1 BCerga NopnepXKuBaeT 0Tpachb, Ny6ANKYA CTaTbu MO Pesyrbra-
Tam Hay4HbIX MCCnefoBaHui, NpoOU3BOACTBY, NpumeHeHnto Alb. 31o co-
TPYAHUYECTBO GYAET NPOLOIIKEHO.

Ilo3dpasasiem koanee c 10-1emuem pabomot accoyuavuu
u xceaaem npoueemanus!

Ha HDOMSBQAC%?VI naowanke

peann3oBaHbl pas Hbl€ 3JIEMEHTbI vl

CTPOUTESbHBIX KOHCTRYKLIA

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA
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Hudopmanna

BpyueHbl lpemun MNMpasutenbcrTea Poccuiickoin ®epepauuu
B 06Nn1acTN HayKuU N TeXHUKKU 3a 2017 T.

18 auBapsa 2018 r. 8 [lome lNpasutenbcrea Poccuiickoit degepaunm cocToanoch TopXecTseHHoe Bpy4eHuu Mpemuu Mpasutens-
cTBa P® B 06nacTu Hayku u TexHukn 3a 2017 r. Exo 66111 oTMeueHbl 28 paboT, B TOM Yucne 7 paboT MONOALIX YHEHbIX.

OTpapHo, 4TO cpefu POCCUACKOW WHTENNEKTYanbHOW 3NMTbI, KaK Ha3Ban jaypeaToB B CBOEM NPUBETCTBUW npepcenaresb
Mpasutenscrtea P® [1.A. Measenes, yueHble, paboTaroLiue B 061aCTU CTPOMTENBHON HAYKK.

IMPABUTEJILCTBO POCCUNCKOM ®ETEPAIINU
PACITIOPAXEHUE

ot 25 okTsa0ps 2017 r. Ne 2345-p
MOCKBA

O npucyxaeHuu npemMuii
IIpaBurenascTBa Poccuiickoii @enepanuu 2017 roga
B 00JaCTH HAYKH U TEXHUKH

3a HayyHble OCHOBbI ONTHMAJLHOTO NMPOEKTHPOBAHMUS, CTPOM-
TeJIbCTBA, MEPCHEeKTUBHOTO WH(OPMAIMOHHOTO MOEINPOBAHMS
H 3(GeKTUBHOTO YNpaBJieHUs KU3HEHHbIMH LUKJIAMHM JKIJIBIX M
0O0LIECTBEHHBIX 3AaHMI Il PA3JIMYHbIX pernoHoB Poccun npemus
IIpasurenscTBa Poccuiickoii Menepanuu npucyxieHa:

BOJIKOBY Annpeo AnatoibeBudy, 1-py TeXH. HayK, IpO-
deccopy, wreny-koppecrionnenty PAACH, pexropy Hammo-
HaJIBHOTO MCCIIeA0BATEIbCKOTO0 MOCKOBCKOTO TOCYIapCTBEH-
HOTO CTPOUTEILHOTO YHUBEPCUTETA, PYKOBOIUTEIO paOOTHI,

BAKEHOBY [Opuio MuxaiiioBuuy, 1-py T€XH. HayK, Mpo-
deccopy, aeiicteurenbHomy uieHy PAACH, 3aBeayroiieMy Ka-
Geapoit TeXHOJIOTUM BSIXYIIUX BellecTB U 6eTtoHoB MI'CY

TAMPA3SIHY Amoty 'eoprueBmdy, n-py TexH. HayK, IMpo-
deccopy, 3aBeayonieMy Kadeapoii XKeae300e TOHHBIX M KaMEH-
HbIX KOHCTpyKLMit MI'CY

YEJIBIIIKOBY Ilasy JIMutpueBudy, KaH/1. TEXH. HayK, 3aBeTy-
fo1eMy Kadenpoii aBromatuzanyu 1 saektpocHadxkeHust MI'CY;

TI'YCEBY Bopucy Baanuvuposudy, 11-py TexH. HayK, mpodec-
copy, UWIeHY-KOppecIoHAeHTY Poccuiickoil akameMnu Hayk,
MPE3UIEHTY OOILIEPOCCUMCKON OOIIECTBEHHONW OpraHu3aluuu
«Poccuiickast nHXXeHepHas aKaaeMusl»,

MNBAHOBY Akpamy VBaHoBidy, 1-py TeXH. HayK, COBeTHUKY PHA;

XKYKY IOpuio HukosnaeBudy, KaHI. TeXH. HayK, 3aBeIylo-
meMy JiabopaTopueil aBTOMaTU3alluKM MCCIENOBAaHU W TIPO-
CKTUPOBAHUS COOpYXeHUI LleHTpaJbHOTO HayYHO-UCCIIe-
JIOBaTEIbCKOTO MHCTUTYTa CTPOMTENbHBIX KOHCTPYKIIMM WM.
B.A.Kyuepenko AO «<HULI «CtpoutenbcTBO»,

COKOJIOBY bopucy CepreeBudy, KaH/I. TeXH. HayK, 3aBe/Iyl0-
eMy Jiabopatopyeil 3aBenyroluii JJabopaTopreil TOHKOCTEHHBIX
U TIPOCTPAHCTBEHHBIX KOHCTPYKIMi HaydaHo-nccrenoBaTebeko-
IO, TIPOEKTHO-KOHCTPYKTOPCKOTO 1 TEXHOJOTMIECKOTO MHCTUTYTA
OetoHa u xene3obetoHa uM. A.A. I'BosneBa AO «<HUII «Ctpon-
TEJILCTBO»;

MAWJISAHY JImutpuro PadasnoBudy, 1-py TeXH. HayK, Mpo-
deccopy, 3aBenyroiemMy Kabeapoi Xeae300eTOHHBIX U KaMeH -
HBIX KOHCTPYKITUH JJOHCKOTO rocy1apCTBEHHOTO TeXHNIECKO-
IO YHUBEPCUTETA;

CUMBUPKHHY Banepuro Hukonaesndy, KaHI. TEXH. HayK,
raaBHomy uHxeHepy OO0 «EBPOCO®DT»

IPABUTEJIBCTBO POCCUIICKON ®EJTEPALIIN
PACHOPIXKEHUE

ot 5 okTsi0ps 2017 r. Ne 2163-p
MOCKBA

O npucyxaeHuu npemMuii
IIpaBurenascTBa Poccuiickoii @enepanuu 2017 roga
B 00J1aCTH HAYKH U TEXHUKH [T MOJIOJBIX YYEHBIX

3a pa3pa0doOTKy W BHeIpPeHHE CHCTEM OrpaxkIaloIuX KOH-
CTPYKIMii, 00eCneYnBalNIIMX TMOBBIIIEHHYI0 JHEPreTHYECKYI0
3G eKTUBHOCTD 3JaHUI MPU IKCILIYaTANMN B PA3JTUYHBIX KJIU-
MaTHYecKHX 30Hax npemus [1paButenbcTBa Poccuiickoit de-
nepanuy B 006J1aCTH HayKW U TEXHUKHU JJIST MOJIOIBIX YISHBIX
MIPUCYXIeHa ¢ IPUCBOCHUEM ITOYETHOTO 3BaHUS Jlaypearta:

IT'PUH®EJBAY TInedy WocudoBudy, WCTOIHUTEIHBHOMY
nupekTopy HanmoHanbHOM accolManuy MpoU3BOAUTEEH aB-
TOKJIaBHOT'O ra300€TOHAa, HAyYHOMY PYKOBOIMTEIO aBTOPCKOTO
KOJIJIEKTUBA;

EPO®EEBO Hpuue BaaaumupoBre, MiaiieMy HayYHOMY
corpynanky HUMC® PAACH,

KOPKMHOM Enene BnaguMupoBHe, KaHJl. TEXH. HayK, CTap-
memy HaydHomy cotpyaHuky HUMC® PAACH,

IMACTYIIKOBY Ilasxy I1aBaoBudy, KaH. TEXH. HayK, CTap-
meMy HaygdHoMy cotpynHuky HUMC® PAACH;

ITABJIEHKO Haranbe BuKTOpOBHe, KaH/. TeXH. HayK, JO-
LIEHTy, BedylleMy WHXeHepy HayuHo-ucciaenoBareabckoro
MHCTUTYTa MEXaHUKU MOCKOBCKOTO TOCYIapCTBEHHOIO YHM-
Bepcurteta uM. M. B. JlomoHOCOBa

Ilozdpaseasem koaaee!

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

(CTPONIENIDHBIE
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Materials and technologies

YIK 625.7/.8

B.B. CTONAPOB', a-p TexH. Hayk, H.B. LLUEFONEBA', kaHa. TexH. Hayk, (Shegoleval23@mail.ru);
A.B. KOYETKOB?, g-p TexH. Hayk, npodeccop, B.10. SAIBOPHOB?, urxerep

" CapaToBCKuit rocyNapCTBEHHbIN TEXHUYeCKMI yHBepcuTeT uM. MarapuHa FO.A. (410054, r. Capatos, yn. MonutexHudeckas, 77)
2 MepMCKMI HaLMOHAaNbHBIN UCCNEA0BATENLCKMIA NONUTEXHUYECKI YHUBEPCUTET (614990, . MepMb, KOMCOMONLCKMA np-T, 29)

OcHoBHbIe hopMy”nbl TEOPUM PUCKA NPU CYMMUPOBaHUM
JIOTHOPManbHbIX 3aKOHOB pacnpe/ieNneHus

MexxayHapoaHble cornaiienns Poccniickoin Gefepauum npeaycMaTpuBatoT OLEHKY pucka Kak YCryry, BbIXOASALLYH U3 NPaBONpUMEHEHNS
®efepanbHOro 3akoHa «06 akkpeauTaLUuu B HaLMOHANbHOI cucTemMe akkpeauTaumm». 0cobyto akTyanbHOCTb NpUo6peTaeT Ny6nm4yHoe 06CyXaeHne
npoekTa HaunoHanbHoro ctaHaapta FOCT P «[loporn aBTOMO6UbHbIE 06LLEr0 NONb30BaHUS. PYKOBOACTBO NO OLEHKE PUCKA B TEYEHNE XKIU3HEHHOTO
LMKna», pa3paboTaHHoro focyaapcTBEHHON KOMNaHueid «Poccniickiue aBTOMOOUbHbIE AOPOrK>» MpK y4acTuu cneyuranncToB CapaToBCKOro
rocyAapcTBEHHOr0 TexHuyeckoro yHusepcuteta um. K0.A. TarapuHa 8 2017 r. OHa MOXeT 6bITb NONE3HA B Ka4eCTBE NOCOOUA AN NPOEKTUPOBLLMKA,
OLIEHMBAIOLLIEr0 PUCKN HA BCEM XXI3HEHHOM LIMKNe aBTOMOGMILHON A0POr. Takxe mMatepuan MOXeT ObITb MONE3eH Npyu peanu3aunn deepanbHoi
LieneBoi nporpaMmbl «[1oBbiLLEHME 6€30MaCHOCTI JOPOXHOro AmkeHus B 2013—-2020 rr.». Kak HeTpaHCGOpMUpOBaHHbIe, TaK 1
TPaHCOPMMUPOBAHHbIE NOTHOPMaNbHbIE pacnpeaenieHuns, onucaHHble AnddepeHUnanbHbIM 1 UHTErpanbHbIM 3aKOHaMU, MOXXHO PackKpblBaTb Npu
nomoLu dyHKuun Jannaca. MocpeacTBOM TpaHcdopmaL NOrHOPManbHOMO 3aK0Ha MOXHO ONMCaTb NPAKTUYECKN NH60e IMNUPUYECKOe
pacnpefenexne BepOATHOCTENA, a 3aTeM, NPUMeHss TabynnpoBaHHyo yHKLMIO Jlannaca, BbIBOAUTb M UCMOMb30BaTh DOPMYJibl TEOPUM pUCKa ANs
KOMMO3MLMM aCUMMETPUYHbIX pacnpeaeneHnid. Takoi noaxon onpasaaH noTomy, YTO MHOTME aCUMMETPUYHbIE U MeHstoLe hopMy pacnpeaeneHus
MOXHO WHTErPUPOBATb TOMbKO YUCEHHLIMW AN UTEPALIMOHHBIMW METOAAMU.

Kniouesble ¢noBa: 10rHopManbHoe pacnpesieneHue, NNoTHOCTb PacnpeaeneHus, KpUTUYeckoe 3HaqeHne, MaTemMaTiyeckoe oxugaHue,
CpeaHeKBaAPaTMYecKoe OTKIOHEHNE, TEOPUs PUCKa, JOPOXKHOE X03ANCTBO, aBTOMOBUIbHAS JOPOra, FeOMETPUYECKNEe U MPOYHOCTHbIE NapameTpbl, PUCK
pasbesfia, MOfeNb, TUCTOrpamMma pacnpeaeneHns, dyHkuus Nannaca.

Ins uutuposanus: Ctonspos B.B., Leronesa H.B., Koyetkos A.B., 3agBopHoB B.H). OCHOBHbIe (hopMyIibl TEOPWK PUCKA NPU CYMMUPOBAHIK NOTHOP-
MarnbHbIX 3aKOHOB pacnpepfenenus // CtpoutenbHble matepuansl. 2018. No 1-2. C. 73-80.

V.V. STOLYAROV', Doctor of Sciences (Engineering), N.V. SHCHEGOLEVA', Candidate of Sciences (Engineering), (Shegolevai23@mail.ru);
A.V. KOCHETKOV?, Doctor of Sciences (Engineering), Professor, V.Yu. ZADVORNOV?, Engineer

" Yuri Gagarin State Technical University of Saratov (77, Politekhnicheskaya Street, 410054, Saratov, Russian Federation)

2 Perm National Research Polytechnic University (29, Komsomolsky Avenue, 614990, Perm, Russian Federation)

Basic Formulas of the Risk Theory When Summating Lognormal Distribution Laws

International agreements of the Russian Federation provide for a risk assessment as a service rendered according to the enforcement of the Federal Law “About Accreditation in
National Accreditation System”. Of particular relevance is the public discussion of a draft national standard GOST R “Public Roadways. The risk assessment guidance during the
life cycle”, developed by the State Company “Russian Highways” with participation of specialists of the Yuri Gagarin State Technical University of Saratov in 2017. It can be useful
as a guide for the designers, assessing risks throughout the life cycle of the road. Also, the material may be useful when implementing the Federal Target Program “Improving
Road Safety in 2013-2020". Untransformed and transformed lognormal distributions described by differential and integral laws both can be opened using the Laplace’s function.
By transforming the lognormal law can describe almost any empirical probability distribution, and then, using the tabulated Laplace’s function, deduce and use formulas of the
risk theory to compose asymmetric distributions. This approach is justified because many asymmetric and changing the shape distributions can be integrated only by numerical
or iterative methods.

Keywords: lognormal distribution, density of distribution, critical value, mathematical expectation, standard deviation, risk theory, road sector, road geometric and strength parameters,
risk of passing, model, distribution histogram, Laplace’s function.

For citation: Stolyarov V.V., Shchegoleva N.V., Kochetkov A.V., Zadvornov V.Yu. Basic formulas of the risk theory when summating lognormal distribution laws. StroiteI'nye Materialy
[Construction Materials]. 2018. No. 1-2, pp. 73-80. (In Russian).

[IyonuuHoe oOcyXAaeHHEe IIpOeKTa HalMOHAJIbHOIO
crangaptra OCT P «Jloporu aBTOMOOWJIbHBIE OOILETO
MMOJIb30BaHMST MPUOOpETaeT 0coOyl aKTyaJlbHOCTh. Pyko-
BOJICTBO T10 OLIEHKE PUCKA B TEUCHNE KM3HEHHOTO IIUKJIa»,
pa3paboraHo ['ocymapcTBeHHOII KomItaHueil «Poccuiickue
aBTOMOOWJIBHBIE JOPOTH» MPU YYACTUU CHELUUATNUCTOB
CapaToBCKOro rocylapCTBEHHOIO TeXHMYECKOIo YHUBEp-
curera uM. FO.A. Tarapuna B 2017 r. OHO MOXeT OBITh
IOJIE3HO B KAYeCTBE MOCOOMSI /IJIsl MPOEKTUPOBIINUKA, OLie-
HUBAMOIIETO PUCKM Ha BCEM XM3HEHHOM IIMKJIE aBTOMO-
OounpHOI moporu. Takxke maTepuan MOXET ObITh MOJie3eH
npu peanu3auuu ¢GeaepalbHON 1IeJAE€BOM MPOrpaMMbI
«[ToBbllIeHME 0€30MaCHOCTU JOPOXHOTO JBUXEHUS B
2013—-2020 rr.» [1—10].

MexayHapoaHbie cornameHust Poccniickoit enepanyu
MpeayCMaTpUBAIOT OLIEHKY pHUCKa KaK YCIYTY, BBIXOJSIIYIO

(TP OVIENIBTIBIE

u3 npaponpuMeHeHus: PepepanbHoro 3akoHa «O06 akkpe-
NATALMYA B HAIMOHAJIIBHOW CUCTEME aKKPEIUTALIUW».

CormnacHo pemeHuto Komuccuu TamoxkeHHOro corosa
ot 7 anpenist 2011 1. Ne 621 «O TTonoxkeHUM 0 TTOpsIIKe MPH-
MEHEHUST TUTIOBBIX CXEM OLEHKM (ITOATBEPXKIEHUSI) COOT-
BETCTBUSI TPEOOBAHUSM TEXHUYECKUX PErIaMeHTOB
TamoxeHHOro coro3a» MpoBepKa COOTBETCTBUS MTPOLIECCOB
U OOBEKTOB TEXHUYECKOTO PETryJIUPOBAHUS TPOBOIUTCH B
BUJE JOOPOBOJILHOM cepTUdUKALUM U AeKIapaluu COOT-
BercTBus. [IpuBenem BbIIepKKy u3 perieHus: Komuccuu
TamoxxeHHOTO coro03a.

«3. 1151 mpoayKUMu, MOoAjIeXalleil rocyIapCTBeHHOM pe-
TUCTpaLUK, MPEeUMYIIECTBEHHOI (hOPMOM TMOATBEPKACHMS
COOTBETCTBUS SIBJISIETCS IEKJIAPUPOBAHNE COOTBETCTBUSI».

«5. Bei6op hopM U cxeM OLEHKU COOTBETCTBUS JOJKEH
OCYIIECTBJISITHCSI C YYETOM CYMMAapHOTO PUCKA OT HEIOCTO-
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‘ Marepuaabl H TEXHOJIOTHH

BEpHOUM OLIEHKM COOTBETCTBUSI U Bpeda OT MPUMEHEHUS
MPOAYKUMU, TIPOLIEIIe OLleHKY cOOTBeTCTBUS. [1pu BbI-
O6ope (opM M cxeM HEOOXOAUMMO YYMTHIBAThH CIEAYIOLIME
OCHOBHbBIE (DAKTOPHI: CTeTNIEHb MOTEHIIMAJIBHON OMAaCHOCTH
MPOAYKIMU; YYBCTBUTEJIBHOCTh 3aJaHHBIX TMOKa3areieil K
M3MEHEHUIO TTPOU3BOACTBEHHBIX U (MJIM) DKCIUIyaTallMOH-
HbBIX (DAKTOPOB; CTATyC 3asiBUTEJIsI (M3TOTOBUTENb, YIIOJHO-
MOYEHHOE M3TOTOBUTENIEM JIMIIO, MPOJABELl, MOCTABIIUK);
aJIeKBAaTHOCTb CTEIMEHU 10KAa3aTeJIbCTB COOTBETCTBUS U 3a-
TpaT Ha MPOBEJeHNE OLIEHKU COOTBETCTBHUSI LIEJISIM TeXHUYE-
CKOTO perjiamMeHTa».

C yyeToM BaxKHOCTU TeMbI B CTaThe MTPOpabOTaHbI TE€O-
peTUYeCcCKrue OCHOBBI MaTeMaTUYeCKOTO MOJIETUPOBAHUS
TeXHUYECKON COCTaBJISIONIEH OLIEHKU pUCKa ST OOIIero
ciiyyasi IpeICTaBIeHUS 3aKOHOB pacIpeesieHus .

Kak HetpaHchopMupoBaHHbIE, TaK U TpaHCHOPMUPO-
BaHHbIC JIOTHOPMAaJbHBIC paclpeie/icHUsI, OMNUCaHHbIe
nuddepeHIMaTbHbIM U UHTETPaIbHBIM 3aKOHAMU, MOXHO
packpeiBaTh npu oMoy ¢yHkuun Jlamnaca. Tpancgop-
Malysi JOTHOPMaJIbHOTO 3aKOHA MO3BOJISIET OMUCATh MpaK-
TUYECKHU JII0O0€ IMIMUPUYECKOE paclipe/ie/IeHUe BEpPOSITHO-
cTeil, a 3areM, MpPUMEHsd TaOyJIMPOBaHHYIO (GYHKIUIO
Jlantaca, BEIBOIUTH M UCMOJb30BaTh (DOPMYJIBI TEOPUU PU-
cKa JUISl KOMITO3UIIMM aCMMMETPUYHBIX pacrpeaeaeHUu.
Takoii moaxoa ompasaaH MOTOMY, YTO MHOTME acUMMe-
TPpUUYHBIE U MeHsoue GopMy pacrpeesieHUuss UHTerpu-
PYIOTCSI TOJIBKO YUCJIEHHBIMU WJIM UTEPALIMOHHBIMUA METO-
namu [11-20].

[110THOCTB JIOTHOPMAJIBHOTO pacnpeneseHus pu > 1
OTUCHIBaeTCs (hopMyIioii:

1 2 2
J(h)=—=——=——exp{-(Igh;—Ighyy)7/[2-1g°myl}, (1
V2w lgm, i~ 8l ol (D
rae m;, — MapameTp pacrpeieiaeHus; h — ciyvaiiHas Beau-

YMHA KPUTUYECKOTO 3Ha4eHUs, a mpu m;,<1 ¢opmyna mior-
HOCTH JIOTHOPMAJIBHOTO pacrpeaeaeHnsl UMeeT BUIL:

1
Nm—— . —(leh— 21.(1+1gm;, )?
1 rATE— exp{—(lgh; lghey)712-(1+1gmy) 1) (2)

IIpeoOpasyem miIoTHOCTH pacupeneneHus (2) K ya1o0HOI
3aMuCH IS MHTerpupoBaHus. JIj1st 9Toro BBeneM B JaHHYIO
MJIOTHOCTh pacrpeieieHus YIpollaloliee BbIpaxkeHue Wiu
00o3HauMM lIg #; — Ig i, = 187, M BOCTIONb3yeMCS 9TOM 3aTTUCHIO
pU BeIBOJE (hOPMYJI TEOPUM PUCKA TS Ciydast, Koraa m,<l.

ITycTh TIOTHOCTH pacIpeneieHns BHOBb BBEIEHHOM Be-
JIMYUHBI ¢ CBsI3aHA ¢ (PU3NUECKU U3MEPSIeMOI BEIMIMHON A
10 TIPECTABIECHHOM BbILIE 3aBUCUMOCTH (lg7 = Igh; — Igh,)
U B CylIeCTBYIOIUX ((haKTUUECKUX) YCTOBUSIX MOAUUHSIETCS
JIOTHOPMAJIbHOMY 3aKOHY:

A NN S S N RES
O Femvaa P 20+ gmp)

Iae ¢ — TeKylllee 3HaueHue BBEJACHHON MepeMeHHOM, CBsI-
3aHHOE C TEKYLIMM 3HAYeHUSIMU (PaKTHUECKOM BETMUUHBI U
CpPeIHUM 3HAue€HHMEM M3MepSIeMbIX WU BBIYMCIISIEMbBIX Be-
JIMYWH BbIpaxeHueM Ig7 = Igh; — Igh ,; m;, — mapamerp pac-
npeneseHus: (3) QYHKIMOHAIBHO 3aBUCSIIUKA OT CpeaHe-
KBapaTUYECKOTO OTKJIOHEHUSI M3MepsieMOoii (BbIUMCIIsIe-
MOI1) BEeJIMYUHBI My, = f(0),), TI€ 0;, — CPEIHEKBAIPATUIECKOE
OTKJIOHEHUE napamerpa /.

ITycTb Takke B pe3ysbrare JOCTHXKEHUS CyYaliHOM Be-
JIMYMHOI A KPUTHYECKUX 3HAueHWi (mpu h = A*) ruiot-
HOCTb pacIipefesieHusI BepOsSITHOCTell mapaMmeTpa t? Oymet
COOTBETCTBOBATH JIOTHOPMATLHOMY 3aKOHY:

£ (t77)= 1 exp{ lg2tkp } 4)
2 (+lgmy, )2 = 2(1+1gmy,,)?

e t” — Tekyllee 3HaUCHUE BHOBb BBEICHHO KPUTHUECKOI
MepeMeHHOM, A5 Joraprudma KOTOpOro CrpaBeiuBO Bbi-
paxenue Ig*? = 1gh* — 1ghy,; lgh*? — norapudm Tekyiero
3HaueHUs] KPMTUUECKOII epeMeHHoit h%; Ig hy,, — norapum
CpeIHEeTO 3HAYCHUS TOW Xe KPUTHUYCCKOW TepeMEeHHOM;
Mp,, — TIApaMeTpP pacIpeesIeHUs] BEPOSITHOCTEN KPUTHYE-
CKMX BEJIMYMH, (PYHKUMOHAIBHO 3aBUCAIINIA OT O g p.

Bocnoap3oBaBIIMCh BHYTPEHHUM MHTErpajioM (hopmy-
JIbI CBEPTKMU:

[ @)= [ £ 1) ) dt, ae fa-1)=100y

[Monxyyaem: , »
_ 1 7 (z-1gt*) g7t ko
exp|— - -dlgt™=
SO T Tgmp(i +lemag) | p[ 2i+lgmy’ 20 +lgm, )2 | F
— 1 £ o kp
- 2-n(1+lgmh)(1+lgmhKP)_JeXp_(2)dlgr ) ©)

II€ 7 — HEU3BECTHBIN CIIydailHbIM apryMeHT, TOra:

_ kp)2 2 kp
qoElet™)” g’ 1

(1+ lg my)? (1+lgmhkp)2 B (1+1gm;,)2(1+lgmhKP

2 2
(20 Tgmy P =221+ lgmy )l 1+ (g ) g P (1 igmy) 17

)2 (=22 lgr*2+1g°7) (1+1g my )2+ (1 lg my) 1% 7] =

(+lgmp)> (1+1gmy,_)?

_ 1
(+lgmp)> (1+1gmy,_)*

U211+ g my )2+ (1 igmp?] - 22(1+ Igmy, )2 1g 147+

2
+ 221+ lgmy, )2+ [+ lgmy ) o 1= a1+ lgmy, ) Yo 1),

rIe oy =1tlgm =/ (I+1gmy )2+ (1+1gmy,)? . (6)

BoinosmHUB HeC10XHbBIE ITPpeo0pa30BaHMsI, HAXOIUM:
1

o= 3
(1+lgmhcp) +(1+1gm

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

ki 2
v [0z 1et™ - z(1+1gmy ) /5 1+ 2%
hip ’
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IToncranoBkoit
1
u=
(1+1g mhc,,)+ (I+1gmy, )

[0 11"~z (1+1gm;, ) Yo ]

= Oz
(I+lgmy )+ (1+1gmy, )

du d lgt*?

nosyyaeM o = u? + /02, 1, Cle10BaTeNbHO, BbIpaxeHue (5)
MIPUHUMAET BULI;

fo=— <] [ ”2}1
= eXp|— . EXp|——~—|au.
¢ o2 P 2'03 A/2-m :L P2

Tak kak

NMEEM:

I z?
7)= exp |- : (7)
/@) o p[ > ng
BBenennas B Hauasie BbiBofa (hopMyJisl (7) mepeMeHHast
Ig? B pe3ybTaTe CyMMHUPOBAHUSI UCXOIHBIX 3aKOHOB pac-
npeaeneHus [cm. popmysisl (4) u (5)] npeodbpa3zoBaHa B Bbl-
paxenue lgt = z=1gh — a, rne a = Igh,, — lghy,,
C yuertoM TorO, 4TO O, = 1 + lgm, [cM. dopmyny (6)],

I1oJiygyacm: 2
_ I [ (gh-a)
/@ (I+1gmy)\/2 n exp{ 2(1+lgmz)2} ®

(DYHKHI/IH JIOTHOPMAJIbHOTI'O paCrpeaci€Hus UMECT BUI:

| lgh  (gh-a)’
g=— 1 | 20tEm)’ gigh (9
SO S empNr jl )

Mpu a=1gh ,-lgh,=lg(h-p/hy,)=0 3ameHoii nepe-
MeHHOW u =lgh/(1+1gm,) n d lgh= (1+1gm,)du nonydaem
BEPOSITHOCTB TOTO, YTO 2<0:

u 2
P(Z<0):ﬁ J e gy = D, (u),

rae @, (u) — pyHKIMS HOPMATBHOTO paclpeneeHusI.
YuutsiBast, uto puck r =P(z>0) = 1—P (z<0), noay4aem:

(10)

r=Pz>0)=1-®(u).

ITo 3aBucumoctn @, (u) = 0,5 + P(u) nepexonum ot
GYyHKUMKM HOPMajJbHOrO pacmopeaejeHus K OyHKIuu
Jlannaca:

r=20,5— ®(u). (11)
Ipu u = 1gh/(1+lgm,) popmyna (11) npuHumaeT BuA:
_ Igh
r=0,5- CD[(H‘Ing)}

[TepemenHast Igh B MoJiydeHHOM BBIPAKEHUU MOXKET
MPUHUMATh pa3Hble 3HAYCHUSI U B YACTHOM CJIydyae MOXKET
OBITh paBHAa MHTEPBATY MEXIYy MaTeMaTUYECKUMU OXUIa-
HUSIMM HOPMAaJIBHO pacripeie/IeHHbIX JorapudMOB cliarae-
MbIX BeJIMUWH Igh = a = Igh, — lghy,,

[Toatomy IS KICKOMOTO pHCKa OKOHYATEJbHO MOJTY-

qacm:
lg hep—lg hyp
=0,5- | =P STKP\_
T {<1+1ng>

lg (hep/ hgp)

.2
VU lgmy )+ (14 lgmy )

=0,5-0

(TP OVIENIBTIBIE

e hcp — cpelHee 3Haue€HWe rapameTpa B CyLIECTBYIOIIEH
CUTYyalluu, JJIs1 KOTOPOil preMiaemMoe OYHKIIMOHUPOBAHUE
CUCTEMBI OIpeNessieTCsl YCAOBUEM Acp >> hyp; hyxp — KPUTH-
YecKoe 3HavYeHMe MapameTpa, MpU KOTOPOM PUCK (BepOsSIT-
HOCTbB) OTKa3a cuctembl gocturaet 50% (r=0,5). Bennuuny
KPUTUYIECKOTO TapamMeTpa OIPENesISTioT MO BCIIOMOTATe b~
HbIM (OpPMYJIaM TEOPUN PUCKA; M j -, — TApaMeTp pacripe/e-
JIEHUSI BEpOSITHOCTE, OMpeaesieMblii 1100011 3aBUCMMOCTbIO
BULA Mp ., = /(0,), ycTaHOBJIEHHOIA MO YCIOBHIO COTIacOBa-
HUSI TEOPETUIECKOTO JIOTHOPMAIBHOTO pacIpene/icHHs Be-
POSITHOCTE C SMITUPUUYECKHUM pacTipeieJieHueM (TUCTorpam-
MOI1), TIe C;, — CpeaHeKBaApaTUUECKOe OTKIIOHEHUE UCXOI-
HOTO JIOTHOPMAJIBHOTO pachpene/eHrsl mepeMeHHol /4 B
CYLLECTBYIOIIE CUTyALH; M py , — TTAPAMETP KPUTUYECKOTO
pacnipenenenust; O(u) — dynxkuus Jlammaca (cM. mpuioxe-
Hue 1), yctaHaBIMBaeMast 1o 3HAYEHUIO:

u= Ig (hcp/ hyp)
VA lgme, (1 lgmy,)?

VcnoBuio hcp >> hygp OTBEYAIOT TaKue ONacHble mapa-
METpbI, pacrpejiejieHHble MO JOTHOPMalbHOMY 3aKOHY,
KaK WHTEPBAJIBI BO BPEMEHU MEXKIy IBIKYIITUMUCS aBTO-
MOOMJISIMU (TaK KaK KpPUTUYECKWI BpEeMEHHOU WHTEpBas
MeXX1y 3alHUM U MIepeTHUM OaMIepaMu BeyIIero U Bel1o-
MOTO aBTOMOOMJIEl MeHbIlle TPUeMJIeMbIX BPeMEHHBIX
WHTEPBAJIOB).

Dopmyitsl, Togo6HBIE (12), MOKXHO TIOJYYUTH U 1O 00-
et dhopmysie Teopuu pucka. [lokaxem 3To isi ciydas,
KOTZa CpeIHUEe 3HAYEHUSI B pacipelesieHUsIX yA00HO 3aMe-
HSTh Ha MOJAJIbHBIE 3HAUEHMUsI, a TUIOTHOCTH pacIipe/esie-
HUSI BEPOSITHOCTEI B CYIICCTBYIOIIMX yCJIOBUSIX f(h) U B
KpUTHUecKoii cutyauuu f(A) yno6HO MpeacTaBuTh B BUIE
(opmysbl (1). HanomHuM, uto npuMmeHeHue GopmyJb (1)
JOTyCTHMO IPU YCTIOBUH, KOTIA TAPAMETPbI M\ = S (O h eym)
u Mo, = f(S44,) CyMMUpYEMBIX pacrlpeneieHuit Gosblie
EOVHMLBL (M gy > 1 11 My, >1).

B atom ciyuae:

¢ 1
f(h y”l):—.
A2 ‘lngCym
cexp{— (I h " = Ig hyeyu) /1218 Mo ell; (13)
1

=

1/2-7t-1gm0kp
-exp{-(Igh,"~1ghy,) /1218 mo, 1}, (14)

cymx kp PR o
tne i m h;’ — 3HauCHMS i-i TEPEeMEHHOM B (haKTUYECKOM
U KPUTHYECKOM PACMPEENCHUSIX BEPOSTHOCTEH; Agcyy U
hox, — 3HAYEHMs] MOJAIBHBIX MEPEMEHHBIX, KOTOPbIE, Ha-
MpUMEp, B ClIydyae pacrpelnesieHUs] BbICOT (aMILIUTYMI) He-
poBHOCTell ac(aabTOOETOHHOTO WJIM LIEMEHTOOETOHHOTO
MOKPBITUSL UMEIOT BU/L:

Clels
By ey =107, (15)

=10 o), (16)
e hep 1 hyp — CpeHue 3HAYEHUS IEPEMEHHBIX B CyMMUDY-
eMBIX pacIpele/ieHusIX (HalpuMep, BBICOT HEPOBHOCTEM
B (baKTMYECKOM W KPUTHYECKOM paCIIpele/IeHUsIX); Oh U
Ohy, — CPEMHEKBAIPATUUECKUE OTKIOHEHUSI CyMMUPYEMbIX
1o ¢hopMyJIe CBEPTKM BEJIMUMH (HAIIPUMED, CPEIHEKBaapa-
TUYECKHUE OTKJIOHEHUS (PAKTUYECKUX U KPUTUIECKUX BBICOT
HEPOBHOCTEI).

Pemast BHYTpeHHUI MHTErpal IPU CyMMUPOBAHUH JIO-
rapuMHUUYECKM HOPMAJIBHBIX PaclpeieIeHuii BEPOSTHO-
cTeit o opmysie CBEpPTKHU, MOTyYaeM:

hO kp
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| (et ﬂ

ng\/2 m J 2-1g’m

rne a=Ighg,,, —1g hOkp“— MHTEpBa] MeX1y Jorapudmamu
MOJAIbHBIX 3HAYEHUI CYMMMPYEMBIX BEJITUYUH; V — CKO-
pocth aBuxeHus. @opmyna (17) mokaspiBaeT, YTO Jiora-
pubMbI UCCENYEMbIX BEJUUYUH OMMCHIBAIOTCS HOPMaJlb-
HBIM pacrpeneneHuem; Igmy=-/lg’my +lg’m,, — cpen-
HEKBaJIpaTMYECKOE OTKJIOHECHWEC CYMMAapHOTO pacIpeie-
JIEHUS.

3ameHoil mepeMeHHoi u=(lgh-a)/lgm, npu a=0 u
dlgh=1lgm, du na ocHoBe QyHKUMM (5) TOJIy4aeM PUCK
WY BEPOSTHOCTDb HEXEIATeTbHOTO COOBITHS B BUIE:

1 Y
r=1-P(Z<0)=1-—— (e ~du=1-D,u). (1
(z<0=1-— | W), (18)
Ucnons3ys 3aBucumocts @ (u) = 0,5 + ®(u), nepexo-

IuM oT (YHKIMM HOopMasbHOTO pacnpeneneHus @, (u)
dyukuuu Jlannaca O(u):

F=1-P(z<0)=1- ———— (17)

r=1—-®,(u=1-10,5+dw)] =0,5— D(u),

T. €. mojiyyaeM (popmysty Teopun pucka B Buze (11).
Tpu u=1g h /1g my, ycraHaBBaem:

Igh Igh

1 2
gmo \/1g2m00ym+lg mOkp

B wactHoM cnywae mipu Igh = a = Ighgcyy — 18k,
OKOHYATEJbHO IMoTydaeM (popMyITy TeOpUH PUCKA IS CITy-
yasi, KOraa B KaUeCTBE U3BECTHBIX (OMpeleIeHHbIX) BeIM-
YUH BBICTYNAIOT HEe cpefiHue 3HaYeHusT (Acp U hygp) Uccreny-
eMbIX nepeMeHHBIX (4™ u h*), a ux MojmanbHble 3Haye-
HUSE (R ey VR gp):

=0,5-O =0,5-D

Igh —lgh

0 cymr

| (19)

r=05-® > >
\/lg Mo ey + 18" M g,

rie /1 ¢y — MOZATEHOE 3HAYEHKE NTapaMeTpa B CYLIECTBYIO-
el CUTYyalnu, JJisT KOTOpO HOpMalbHOE (hYHKIIMOHUPO-
BAHUE CHCTEMBI OIPENENIAETCA YCIOBUEM ey >> Mgy
h o — KPUTMYECKOE 3HaUEHNE MOJAJILHOTO TTapaMeTpa, NPy
JOCTHXKEHUN KOTOPOTO (/1 ¢y = Mx,) PUCK (BEPOSATHOCTD)
oTKaza cuctembl paBeH 50% (r = 0,5); Mocyu — TApamMeTp
pacnpeneeHust BEpOSITHOCTEH, OrpeesisieMblil BBIpaXKEHU -
eM My, =/f(0,), KoTopoe NoyyaloT 1Mo yCIOBUIO COIIACo-
BaHUSI TEOPETUYECKOTO JIOTHOPMAJIBHOTO pacrpeaeeHUs
BEPOSITHOCTEM C SMIUPUYECKUM pacrpeaesieHrueM (TUCTo-
rpaMMoIii), Tae O, — CpeaHEeKBaApaTUYecKoe OTKJIOHEHHUE
HMCXOJHOTO JIOTHOPMAJbHOTO paclpeneyieHus: MepeMeH-
HOW 4 B CYIIECTBYIOLIEH CUTYaLlUM; M, — MapaMeTp KpH-
THYeCKOro pacrpeneieHus; d(u) — (ﬁyHKL{I/IH Jlamaca,
yCTaHaBJIMBaeMasi 1o 3HaYeHUIO:

Ig (h0cym/h0kp)

'\/lg mOcyLu lg mOkp

Kaxk yxe ormeuanoch, hopmynoii (19) MOXHO BOCITOIb-
30BaThCs TOJIBKO B TOM cliydae, Koraa coOIoaaroTcs yeio-
Bust My, >1mMp >1.

ITogo6Hoe pelleHre MOXHO MOJIYYUTh U Yepe3 CpeaHue
3HAUYEHUS MEPEMEHHBIX B CYMMUPYEMbIX TUIOTHOCTSIX pac-
rpeseeHus BEPOSITHOCTE!, a pe3y/IbTaThl pacyeTa prucka 1o
HUM OyIyT TAaKUMH 3Ke, Kak no ¢dopmyse (18).

Ha puc. 1 (I, I1) mokazaHO 0JHO 13 BO3MOXHBIX ITOJIO-
SKEHU I (haKTUIeCKOTO JIOTHOPMaILHOTO 3aKOHA pacIipesie-
JeHust BeposiTHocTein f(A®™) OTHOCUTENIBHO CTalMOHap-
HOTO TIOJIOXKEHUSI KPUTUUYECKOTO JIOTHOPMAJIbHOIO pac-
npeaeseHust BepositHocteir f(AP) (II) m moxkazaHo kak
JIOTHOpMaJIbHBIE pacrpe/e/ieHUsl BEPOSITHOCTEN CyMMUPY-

eMBIX IapaMeTpoB omuckiBaloTca (I) cymMmapHBIM HOp-
MaJIbHBIM pacripeneiecHueM jorapudmon f(Igh) stux ke
rapaMeTpoB.

Kak yxxe ormeuanocs, ¢hopmyJsl (13) u (19) onucsiBaiotT
PUCK BO3HUKHOBEHUS HEXENATEIbHOTO COOBITUSI (BEPOSIT-
HOCTh OTKa3a) IJIsI CUCTEM, XOpOouIo (hyHKIMOHUPYIOIINX
npu hAcp >> hygp win gy >> oy, HO TAHHBIE PELICHUST
MPYMEHUMBI [UISl CKOILIEHHOTO paclpeieieHrs BEPOSTHO-
CcTeil ¢ moyioxXuTeabHOU acummeTrpueil. [lpu aToM nmpume-
HUMOCTb hopmyJsl (19) orpaHudeHa ycinoBueM my>1, nis
(hakTHyeckoro M I KPUTUUYECKOTO pacnpeeeHui.
®opmynel (13) u (19) naroT onMHAKOBBIE Pe3yJIbTaThl pac-
4eTa, ecJIM MPU MOJOOPaHHBIX 3HAUCHUSIX M U M TEOPETH -
yecKue pacripeaesieHus] BEPOSITHOCTE XOPOIIIO COTIAacyioT-
Csl ¢ SMITIUPUYECKUM pacIipeneieHUueM.

Ananus dopmyn (13) u (19) mokasbiBaeT, 4To MNpu
YMEHBILEHUH OMACHOTO TapaMerpa Acp WK hocyy (Hampu-
Mep, IPY YMEHbBIIIEHNW MHTepBajia BO BpeMEHM MEXKITy TBU-
SKYITUMUCS IPYT 3a APYTOM aBTOMOOWJISIMU) PUCK BO3HUK-
HOBEHUSI HeXeIaTeJIbHOIO COOBITUS (HalpuMep, pUCK Ha-
€3[a Ha BIEpeAM UAYLIMI aBTOMOOWJb) YBEIMYMBAETCS.
Eciv mapameTp Agp WIH g oy YMEHBIIASTCS IO PABEHCTBA C
napameTpoMm Ay p witkt fo g, (Aep = hyp Win Ay ey = Ho g5), TO TIO
dopmynam (13) u (19) ycranasnusator, yto r = 0,5

Ilpn panbHeileM yMeHBIIEHMM NApaMeTpPoOB Acp WIN
hg ey BOSHUKAET CUTYALMsT, KOTAA Acp < Ayp W Mg ey < Mo gy,
a yuuTbiBas, yTo dhyHkuus Jlamnaca @(—u) = —D(u) HeyeT-
Has, 1o opmynam (13) u (19) yctaHaBIMBAIOT, YTO PUCK Ha-
xoaurcs B nipeaenax 0,5<r<1. B ciyuae, korna hcp << hyp i
ho ey << hop, PUCK 1, OTIpenessieMblit o dopmytam (13) u
(19), cTpeMuUTCS K €IUHULIE.

Kak yxe oTMeuanoch, B IOPOKHOM Jiejie, Kak U B Ipy-
rMxX 00JaCTsAX 3HAHMI, BCTPEYAIOTCS CUCTEMBI, KOTOPbIE
Xopowo GYHKIIMOHUPYIOT U Acp << hyp. B Takux cucre-
Max C YBEJIMYEHUEM IapaMeTpa Acp yBEIUUYMBAETCS PUCK
(BEepOSITHOCTH) OTKa3a cucTeMmbl. Hampumep, yBenndyeHue
pHcKa MOJOMKHU XOIOBBIX YacTeii aBTOMOOWJISI BO3HUKAET
MPpU YBEJWYEHUU BBICOT HEPOBHOCTE Ha MOKPBITUM JIO-
poru. B aTOM ciayyae Kputuueckasi BeJIMUYMHA HEPOBHO-
creil OoJjibllie TpUeMJIEMbIX BeJMYUH. BwiBom (opmyi,
MPUTOJIHBIX JIJIs1 OLIEHKM OMACHOCTU CUTYallUil B CUCTEMAX,
TpeOyIoIMX BBITOJHEHUS yCI0BUS Acp << hygp, TAKOHN XKe,
kak BbiBoJ (hopmyat (13) u (19), a KoHeuHbI# BUI opmy
ciaenytomuii (puc. 1).

I1pu 3HaUYEHMSIX MApaMeTPOB thP>0,1 u mhKP>0,1:

F=05-® lghgp—lghce|_
(1+1gmy)

Ig (hyp/hcp)
U+ lgmy Y+ (1 g my )

rae hcp — CpefiHee 3HaueHUe MapameTpa B CyLIECTBYIOLLEH
CUTYallUH, I KOTOPO HOpMasibHOE (hYHKIIMOHUPOBaHUE
CUCTEMBI OINpeNeNseTcs yeaoBueM Acp << hygp; hyxp — Kpu-
TUYECKOe 3HAUeHUe TapameTpa, Mpyu KOTOPOM PUCK (Bepo-
SITHOCTh) OTKa3a cucteMbl mocturaetr 50% (r = 0.5);
Mp ., — TAPAMETP PACHpPENENICHNsI, ONPEAETAEMbIN 060
3aBUCUMOCTBIO BUIA My, = f(0,), nIpu KOTOpO¥i TeopeTu-
YeCKOe JIOTHOPMAaJIbHOE pacipeesieHre COTJIacyeTcsl C OM-
NUPUYECKUM pacmpeneneHueM (rucrorpammoii). Ilpu
5TOM O;, — CPEIHEKBAIPATUYECKOE OTKIOHEHUE UCXOTHO-
IO JJOTHOPMAJILHOTO pacrpeleieHus IepeMeHHOo / B cy-
IIECTBYIOIINX YCIOBUSAX (MM B CYIIECTBYIOIIEH CUTya-

=0,5-® , (20)

aun); My, napameTp KpUTUUYECKOTO pacripejelie-
HUS; q)(u) (I)YHKHI/IH Jlartaca, yctaHaBirBaeMasi 1o 3Ha-
YEHUIO:

_ lghyp—lghcp
VU +lgmy ) (1 lgmy,,)?
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f(lg h) f(ig h)
(1 (1)
f(h*P) fh™™)
r<0,5
| Igh h
hO Kp
a=1g heyu — 19 hp hOCyu.l
1
Puck
0,5
MakCUMAanbHbIN PUCK —— =" |
0 & ——
OxunpaemMblii puck | h

Puc. 1. O6nactb pycka no CyMMapHOMy HOpMasibHOMY 3aKOHY pacrnpeneneHvsi BEpPOSTHOCTEN A1 1orapndmMoB CyMMUPYEMbIX BEIMYMH (1) Npy BO3MOX-

HOM MONOXEHNN NCXOAHbIX NOrHOPMasbHbIX 3aKOHOB pacnpeneneHns BepoaTHOCTEN GakTUYEeCKON 1 KpuTnyeckon sennyuH (11):

— obnacTb pacnpe-

nenexHns GakTnyeckoro napaMmeTpa n GakTuyeckoro pucka

[Tpu 3HaUEeHUSIX TapaMeTPOB mOcym>1 um, kp>1:

Igh,, —lgh

0kp

0 eyt

HbIX. 17151 TTOATBEPKACHUS YHUKAIBHOCTA 3TUX (DOPMYII,
MOJIOKEHHBIX B OCHOBY BbIBOIa (OpMyJl TEOPUU pUCKA
(19) — (21), mokaxeM mpUMep MCIOIb30BaHUS (PYHKIIUU

r=05-®

BaHUE CHUCTEMBI OIpeaessaeTcss ycjo-
BUEM A oy << hg s B 4y — KpUTHUECKOE
3HaueHHWe MOJAJIbHOrO IapameTpa,
MPU YBEJIMYCHUU O KOTOPOTO MOJIbI
(bakTHueckoro pacrnpenesneHust gy
(T. e. iput Ay ey = hoky) pUCK (BEPOSIT-
HOCTb) OTKa3za cucrteMbl paseH 50%
(r=20,5);m 0cyu — TTAPAMETP pacrpene-
JIEHUSI BEPOSITHOCTEM, ompenesieMblit
BBIpaXeHUEM m, .. = f(0;), KOTOpOE
MOJIy4aloT MO YCJIOBUIO COIIACOBAHUS
TEOPETUYECKOTO  JIOTHOPMAaJIbHOTO
pacripeie/ieH’s BEPOSITHOCTEN C 3M-
MUPUYECKUM pacnpeaeeHrueM (TUCTo-
rpammoii). Ilpuyem o, — cpenHekBa-
JIpaTUYeCcKOe OTKJIOHEHUE MCXOIHOIO
JIOTHOPMAJILHOTO paclpeie/ieHus1 me-
pEeMEeHHON A B CYILIECTBYIOIIEH cUTya-
uuu; My, — napameTp KpUTUYECKOTO
pacnpenenenus; O(u) — PyHKLUS
Jlannaca, ycraHaBiauBaeMasi 1o 3Haye-

HUIO:
g (B /g ey

_ 0 cymr
u=— .
2 2

\/lg Mo gy + 18 Mg ey

®opmynbl, TogoOHbIe (hopMyaaM
(1), (2), MOXHO MOJYYUTH JJIs JTIOOBIX
JjjorapuMoOB, HaNpuMep HaTypalib-

(TP OVIENIBTIBIE

2
\/1g2m0kp+ lg My

e f oy — MOZATIBHOE 3HAUEHHUE MTapaMeTpa B CYIIECTBYIO-
et CUTYalnu, IJIsi KOTOPOil HopMaJibHOe (DYHKIIMOHUPO-

, (21)  Jlamnaca mis norapuMUYECKM HOPMAJbHOTO paclpeme-
JIEHUS.

OueHka prcka CTOJKHOBEHMSI aBTOMOOUJIEH Mpu pac-
MpeeIeHN UHTEPBAJIOB BO BPEMEHU T10 JIOTHOPMAaJIbHOMY

3daKOHY C UCITOJIb30BAHUEM (I)YHKL[I/II/I Jlamaca.

f(t)

3 [G:=0,52¢ 1 my=Gy/(1,7085-y/2.T0)]

2 [6:=0,52c 1 m;=Gy/2-T)]

0,1

0,05

3 [G:=0,52¢ 1 my=Gy/(1,7085.y/2.T0)]

N AN WE NN TN A
12 34567 8910 12 14 16 18 22 24 26 t

Puc. 2. N'ictorpamma amMnmpryeckoro pacnpenenenns (1) HTepBasoB BO BPEMEHU MeXIy aBTOMO-
6UnNaMN B OTAENbHBIX NMavykax napameTpamu tx=251c, 070,52¢ v onucanue ee HeTpaHCHOPMUPOBAH-
HbIM (2) 1 TpaHCHOPMUPOBAHHBIM (3) TOrHOPMaNbHLIMW pacnpeneneHsaIMmn ¢ TeMU Xe napameTpamMmu

20
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BbimosHMM cpaBHeHWE pPe3yJIbTaTOB pacyeTa BEPOSTHO-
CTell, yCTaHOBJIEHHBIX TIO MHTErpaTbHON (DYHKIIMK JOTHOP-
MaJIbHOTO pacrpeneeHus :

lgt
F(t ~(g 1= lg tcp)*/[2(1+1g m)?] dlet
(= m(l+lgm) e &l (22

u o hopmyJsie, OCHOBaHHOI Ha ¢yHKIMM Jlamiaca:

lgt,-lg tcp}_q) {lg f - lgtcp} 23)
1+1gm 1+1lgm

P(t,<T<12)=(D{

IIpu 3TOM 3aMeTUM, YTO MHTEerpajbHas (PyHKIIUS JIOT-
HOPMaJIbHOTO pacrpeneaeHus (22) ocHoBaHa Ha INIOTHOCTU
(12), xoTOpast OTIMYAETCs OT KJIACCUYECKOTO BUAA MJIOTHO-
CTU Jorapu(pMUUEeCKU HOPMaJIbHOTO pacripeaeeHUs:

1 ~(Ig 1—M)*/[26]
H=—"_r—¢€ .
/(1) o-1A/2m

CpaBHUTENIbHBIC pacyeThl 110 popmyiam (22) u (23) Bbl-
MOJHUM MPU CIEAYIOIIMX UCXOMHBIX JaHHbBIX, MPeACTaBIsI-
JOIIUX OO0 WHTEPBATIBI BO BPEMEHU MEXKILY JIBIKYILIMH -
cs1 aBToMobmIAMI: f, = 2,51¢; 0,= 0,52; g 1, = 1g 2,51 =
0,39967. ®opma ﬂorHOpMaﬂbHoro 3aKOHa (5) B TTAHHOM
nprMepe He TpaHc(OPMHMpPOBaHA TIOJ TMCTOIpaMMYy pac-
MpeiesieHrs] THTEPBaJOB BO BPEMEHU MEXY 3aJHUM U T1e-
penHuM OaMrepaMu aBTOMOOWJeR (cM. rucTorpamMmy u
KpUBYIO 2 Ha puc. 2), T. e. napameTp m =o,/(2m)/? = 0,52/
(2:3,14)/2 = 0,2075 npumeHsieM 6e3 ONPABOYHOTO KO-
(bI/IHI/IeHTa (1, 7085)

ITocnenoBaTenbHOCTH pacyeTa o popmyiaam (22) u (23):

1. IlpencraBisgeM HMHTerpajbHy0 GyHKIMIO (22) aBe-
HaJAThIO pa3psiiaMu U Ha3HayaeM Mo MsTh TeKYIIHUX 3Ha-

(24)

2. 1o dopmyne (22) onpenesieM IsITh 3HAYSHUI OpAM-
HaT y; IS IepBOro paspsina (Ha uHrepsaje ot 4, = 0,04 1o
4, =0,4):

A —
" N2+ 1gm)
_ 1 o~ le =l 251/12(1 102075 _
/23,14 (1 + 1g0,2075)
b gi—03996740.20100_
0,79444 -
Monyyunu: npu 7, = 0,04 y, =1,31-10'7§'
h=01 y =7.36107;
H=02 y,=0.0031;
=03 »;=0,0182
=04 y,=0,0531.

3. Ilo popmyne CumiicoHa ompenesieM BEpOSITHOCTh
JIOTHOPMAaJIbHOTO pacmpeaeneHus (22) Ha uHTepBaae 71 OT
ty=0,04 no t, = 0,4:

gty —1gt

P=="
_ ~0,39794 - (~1,39794)
12

(Yo ty) T2y, t4-(y+y))]=

[1,31-107+0,0531+2-0,031+

+4(7,36 - 1075+0,0182)] =0,08333-0,1879=0,016.

4. ITo popmyie (23), ocHoBaHHOI Ha yHKIIMK Jlamaca,
onpe/esieM 3Ha4YeHNe TOM Xe BEPOSITHOCTHU

qem/m MePEMEHHOM 7 B npeuenax KaxI0ro paspsijia: P(1,<T<1) = {lg - 1lg tcp} B {lg - lg tcP} _
=0,04;4,=0,1; ,=0,2; ,=0,3; t,=0,4. 0 4 I+lgm I+lgm
tO 0,4; 1,=0,5; ,=0,6; t3 0,7; #,=0,8.
1,=08;, 1=09; ,=1; =1,1, t,=12. lg0,4-1g2,51| | 1g0,4-1g2,51|_
h=12; =13 =14 ts= 1,5, 1= 1,6. 1+ 1g 0,2075 1+ 1g 0,2075
t0= 1,6, t1=1,7, t2= 1,8, = 1,9 t4=2
Ih= %4 L= %, 15; h= 22’26; = % 37 L= 22,‘;; [ -0,39794 - 0,39967 } [ -0,39794-0,39967 }
t0= ,4; f1= ,;l2= ’; = t4= ,8. = _ —
=28 4=32 6L=36 Hh=4 1,=44 0,31702 0,31702
=44 1=5 5=506 =632 1,=68. = M (-2,52) + D (5,67) = —0,4941+0,5=0,006
1,=06,8; =76 ,=8,4; 5b=92; 1,=10. 2,52) (5,67) A ’ T
th=10; #=12; ,=14; K=16; 1,=18. CrenoBaTebHO, BEPOSTHOCTU UCIIONb30BAHMUS BOIUTESI-
=18 #=19; ,=20; H=21; 1,=22 MU MHTepBasia Mex 1y aBToMoomisiMu ot 4, = 0,04 o #, = 0,4c,
3HayeHne BEPOSTHOCTM Mo Gpopmyne:
Paspan, ty ty PacxoxpeHune
(22) (23)
1 0,04 0,4 0,016 0,006 0,01
2 0,4 0,8 0,058 0,052 0,006
3 0,8 1,2 0,1 0,098 0,002
4 1,2 1,6 0,114 0,112 0,002
5 1,6 2 0,11 0,107 0,003
6 2 2,4 0,098 0,098 0
7 2,4 2,8 0,084 0,085 0,001
8 2,8 4,4 0,213 0,223 0,01
9 4,4 6,8 0,13 0,136 0,006
10 6,8 10 0,051 0,056 0,005
11 10 14 0,016 0,02 0,004
12 14 18 0,01 0,007 0,003
2P=1 2P =1
HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA ./6']‘ EOVIIEYIDHIDIE
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yCTaHOBJIEHHEIE 110 (popmyiie (22) u dyHkunm Jlariaca, nme-
10T pacxoxaenue, pasaoe 0,01 (0,016 — 0,006).

AHaJIOTUYHBIMU pacyeTaMU ObUIO YCTAHOBJIEHO, UYTO
BEPOSITHOCTU MCITOJIb30BaHUSI BOJUTEISIMU BCEX MHTEpBa-
Ji0B 0T 0,4 10 1,6¢ HEe paBHBI HYJIIO M OTPAXKAIOT IJIOTHOCTh
pacrpeseieHus, KOTopasi He OIMCHIBaeT THCTOIPaMMY.
OnycTuM 3TU pacueThl Kak Majio MHQOpMALIMOHHBIE, a pe-
3yJIbTaThl BBIUMCACHUI BEPOSITHOCTE Ha MaJibIX MHTepBa-
Jlax TIoKaxeM B TabJuLIe.

5. BoinosHsieM pacyeTbl BEpOSITHOCTEH B MSITOM paspsiie
WHTEPBAJIOB:

h=16t,=176,=181=19;1=2.

ITo dpopmyae (22) monydaem:

1 (4-0,3996741/0,20100
0,79444
Momyunm: ipu 7, = 1,6y, = 1,04067;
L=17 y, =1,0916;
nh=18 y,=1,13471;

t3 = 1,9 V3 = ],]7043,
=2 y,=1,19926.
ITo dpopmyne CumricoHa ornpeensieM BepOSTHOCTb JIOT-
HOpPMaJIbHOTO pacmpeaencHus (22) Ha uHTepBaie 1 oT
tO = 1,6 10 t4 =2:

_lgn-lgh
P 12

_ 0,30103 - 0,20412
12

[Pty ) T2y, +4-(y Tyl =

-[1,04067 +1,19926 +2-1,13471 +

+4(1,0916 + 1,17043)]=0,0081 - 13,55747 = 0,11.

ITo dopmysne (23) HaxoaUM TO XK€ 3HAUEHUE BEPOSITHO-
CTW Ha MHTepBaJie OT #, = 1,6 1o 1, = 2:
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lgt,-lgt lg t,— 1gt,
reresy-of[iiia) ol o]

1+1gm 1+1gm
_op| je2-12251 ] lg1,6-1g2,51]
1+1g0,2075 | | 1+1g0,2075

I
S

-0,30103-0,39967 | -0,20412-0,39967 _
0,31702 0,31702

= ®(-0,31)+ D (0,62) = —0,122+0,229=0,107.

PacxoxneHue BepOsSITHOCTEIl B MSTOM paspsine (Ha WH-

TepBasie ot ) = 1,6 no #, = 2) cocrasuio 0,003 (0,11 — 0,107).

Pe3ynbraThl pacyeta BepOSTHOCTEM 11O BCEM paspsiaaM M

paccuuTaHHbIX o popmyiam (22) u (23) cBeeHbI B TAOIUILY.

1.

2.

BoiBobI.

HerpanchopMupoBaHHBIe JIOTHOPMAaJIbHBIE pacIpesie-
JIeHMSI, ONKMCaHHbIe AuddepeHInalIbHbBIM (2) U UHTe-
rpajibHbIM (22) 3aKOHaAMM, MOXKHO PacKpbIBaTh IPU I10-
Moiu ¢yHkuuu Jlammaca, mpeacTaBieHHON B BUIE
opmybl (23).

JlaHHBII BUI GOPMYJT IOTHOPMAJIBHOTO pacipene/IeHUs
obJamaeT 3aMevaTeTbHBIM ITPEUMYIIIECTBOM MepeT Kiac-
CUYECKUM BHUIIOM 3TOTO paclipeneieHus (24), Tak Kak
MO3BOJISIET OCYIIECTBIISATH CBEPTKY MCXOMHBIX JIorapud-
MMYECKU HOPMAJIbHBIX 3aKOHOB MPU BbIBOAE (hOpMYJT
TEOpUU PUCKA C UCIOJb30BAHUEM TaOYyJIMPOBAHHOM
¢yukumu Jlannaca.

[lnotHOCTL pacmpenesieHusi BeposiTHOCTel (24) u ee
¢yHkuuioo F(f) HEBO3MOXHO PaCKpbITh MPU MOMOIIN
dopmyinl (23). Hanuuue AByX repeMeHHbIX B (hopMyIie
(24) He mo3BoJsIeT TaOYIMPOBaTh JAHHYIO (DYHKLIMIO U
3aTPYIHSIET CyMMMpOBaHME (MHTETPUpPOBAHUE) TaKUX
dyukumii o gopmyne ceptku. [lostomy Kiaccuue-
CKUI1 BUJ JIOTHOPMAJIBHOTO pacIipe/ie/ieHusI aBTOpaMU
HE MCITOJIb3YeTCs.

References

. Chelpanov I.B., Evteeva S.M., Talalay V.V., Kochet-

kov A.V., Yushkov B.S. Standardization of test construc-
tion, road materials and products. Transport. Transportnye
sooruzheniya. Ekologiya. 2011. No. 2, pp. 57-68.
(In Russian).

Kochetkov V.A., Vasiliev Y.E., Kamenev V.V., Shlya-
fer V.L. Statistical methods for organization of quality
control in the production of road construction materials.
Kachestvo. Innovatsii. Obrazovanie. 2011. No. 5(72),
pp. 46—51. (In Russian).

Arzhanuhin S.P., Sukhov A.A., Kochetkov A.V.,
Yankovsky L.V. Organizational-economic mechanism of
innovative activity of road management. Innovatsionnyi
Vestnik Region. 2012. No. 4, pp. 40—45. (In Russian).
Kochetkov A.V., Yankovsky L.V. Prospects of develop-
ment of innovative activity in the road sector.
Innovatsionnyi transport. 2014. No. 1 (11), pp. 42—45.
(In Russian).

. Arzhanuhin S. P., Kochetkov A. V., Kozin S. A., Soviet

physics D. A. Regulatory and technological innovative
development of road management. Internet Journal
Naukovedenie. 2012. No. 4 (13), p. 69. (In Russian).
Kochetkov A.V., Yankovsky L.V., Kolodeeva N.E.
Valiev Sh.N. Design of lightweight mounds on weak bases
with the use of geo-composite materials for construction
of transport structures. Stroitel’nye Materialy
[Construction Materials]. 2015. No. 11, pp. 33-37.
(In Russian).

Valiyev Sh.N., Kokodeeva N.E., Karpeev S.V.,
Kochetkov A.V. Main directions of improvement of tech-

(3 IHOYTEsrl)E  HayuHO-mexHuMecKuil u npoU3800CMEeHHbLIl JICYypHAA

WIEEVIAYIDTE aneapy/espars 2018

79



Marepuaabl H TEXHOJIOTHH

. Bamume 1I.H., Kokomeesa H.E., Kapmeer C.B.,
KouetkoB A.B. OcHOBHBIE HaIlpaBJIeHUsS COBEPIICH-
CTBOBAaHUSI TEXHMUYECKOIO perjaMeHTa TaMOXEHHOTO
coto3a «be3zomacHOCTb aBTOMOOWIBHBIX J0pOr» //
Cmpoumenvnbie mamepuanst. 2016. Ne 3. C. 56—60.

. BammeB II.H., Kokomeea H.E., KouetkoB A.B.,
Ankosckuii JI.B. MonenupoBaHue pucka BO3HUKHOBE-
HUST JOPOXKHO-TPAHCIIOPTHBIX MPOUCIIECTBUI C YIETOM
BapUaTUBHOCTY MaKpOIIIEPOXOBATOCTH MOKPHITHI MPO-
e3Kel 4acTh Ha aBTOMOOMJIBHBIX TOPOTaX U MOCTOBBIX
coopykeHUstx // Cmpoumenvhbie mamepuanvl. 2016. Ne 5.
C. 22-26.

. KouerkoB A.B., I'magkoB B.lIO., Hemuunon /.M.
[TpoexkTupoBaHue CTPYKTYpbl MH(POPMALIMOHHOTO 0bec-
MeYeHUsI CUCTEMbl MEHEIKMEHTa KauyecTBa JOPOKHOTO
xo3siictea // Humepnem-ucypnan Hayxosedenue. 2013.
Ne 3 (16). C. 72.

10. Kokoneesa H.E., Tananaii B.B., KouetkoB A.B.,

Apxanyxuna C.I1., fdukosckuii JI.B. Mertononorunye-

CKH€ OCHOBBI OLIEHKM TeXHUUECKUX PUCKOB // Becmuuk

Boaeoepadckoeo eocydapcmeennoeo apxumeKmypHo-cmpo-

umenvHoeo ynueepcumema. Cepus: Cmpoumenbcmeo u

apxumexmypa. 2012. Ne 28. C. 126—134.

11. Cronsipo B.B., Hemuunos JI.M., I'yceB B.A., Illerosne-

Ba H.B. Matemarnyeckast MOJe/ib TPAHCITIOPTHOTO TTOTO-

Ka, OCHOBaHHasi HA MUKPOCKOITMYECKOI TeOpUH «CIIe0-

BaHUs 3a uuepom» // Jopoeu u mocmer. 2016. Ne 34. C. 20.

12. CronsipoB B.B., Illeronesa H.B.Hekoropsie nctopuue-

cKue pyoexXu pa3BUTHUSI TEOPUU pUcKa (OT 3apOKIACHUS

0 Hamux aHeit) // Tpauncnopmmuvie coopyxcenus. 2016.

T.3.Ne 3.C. 4.

13. Cronsipo B.B., Illeronesa H.B. O rpanumiax mpumMeHu-

MOCTH HOPMaJIbHOTO 3aKOHAa pPacrpeesieHUus] BMECTO

OMHOMMHAJIBHOTO pacIpee/IeHUsI PYU CTaTUCTUISCKOM

00paboTKe JUCKPETHbIX LEJIOYUCICHHBIX BEJIWYUH //

Tpancnopmusie coopyacenus. 2016. T. 3. Ne 3. C. 5.

14. MypasbeBa H.A., CronsipoB B.B. Ouenka BiusiHus 10-

POXHBIX YCJIOBUII Ha MEXaHU3M JOPOXKHO-TPAHCIIOPT-

HBIX TMPOUCLUECTBUN // ArvmepnamueHbvie ucmouHuKu

oHepeuu 6 MpAaHCNOPMHO-MEXHOA0UMECKOM KOMHAeKce:

npobaemvl U nepcneKmuesbl PAUUOHAALHOO UCNOAb308AHUSL.

2016. T. 3. Ne 3 (6). C. 330—334.

15. Cronspos B.B., llleronesa H.B. IIpumeps! pacyeTa Be-

pOSITHOCTE! TIpU 06pabOTKe AUCKPETHBIX MAHHBIX TI0

HOpMaJIbHOMY U OMHOMUHAJILHOMY pacrpeie/ieHno //

Tpancnopmusie coopyscenus. 2016. T. 3. Ne 3. C. 6.

16. Crongpos B.B., baxano A.Il. CoBepilleHCTBOBaHUE

METOJOB TPUMEHEHMS TIPUHITUIIOB TEXHUIECKOTO Pery-

JIMPOBAHMS B JTOPOKHOM AesTebHOCTH: MoHorpabus.

Ilenza: [ITACY, 2014. 211 c.

17. KaraconoB M.B., Jleckun A.U., KouetkoB A.B., Cripo-

exxknuHa M.A., Illeronesa H.B., 3agBopHos B.FO. Mare-

MaTu4eckass MOJIeTb TMPOTHO3WPOBAHUS aBapUHHOCTU

JIOPOKHOTO IBVXKEHMST HA CETU aBTOMOOWJIBHBIX TOPOT U

B MECTaX KOHIEHTPALIMU TOPOXKHO-TPAHCTIOPTHBIX MPO-

uciiecTBuii // Unmeprnem-xucypnan Hayxosedenue. 2017.

T.9. Ne 1 (38). C. 33.

18. BacunweB 10.9., Baymes LI.H., Illeronesa H.B. u np.
OlLeHKa TeXHUYECKUX PUCKOB B TEXHUUYECKOM DEryJiv-
pOBaHUU JIOPOXHOTO Xxo3siicTBa. M.: M3maTenbcTBO
MAJU, 2017. 295 c.

19. Cronapos B.B., Illeronea H.B., KouetkoB A.B.
OrnpenesieHre BXOAHBIX MapaMeTpoB ISl MaTeMaThye-
CKMX MOJeJIeii OLIEHKU pucKa Iotepu uHdopmanuu //
Ipy3oeuk. 2016. Ne 11. C. 40—44.

20. CronsipoB B.B., Illeronesa H.B., Banues III.H.,

KouetkoB A.B. Meroauueckue MOaX0Abl COBEPIIECH-

CTBOBAaHMSI HOPMATHUBHOIO 00OeCIeYeH s TEXHUIECKOTO

PEeryIMpOBaHUs TOPOKHOTO XO3SICTBA C YIETOM TEOPUM

pucka // Ipysosux. 2016. No 7. C. 45—48.

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Stolyarov V.V., Nemchinov

nical regulations of the customs union «Safety of
Highways». Stroitel’nye Materialy |[Construction
Materials]. 2016. No. 3, pp. 56—60. (In Russian).
Valiyev Sh.N., Kokodeeva N.E., Kochetkov A.V.,
Yankovsky L.V. Simulation of risk of traffic accidents oc-
currence with due regard for variability of macro-rough-
ness of pavements of traffic way on highways and bridge
constructions. Stroitel’'nye Materialy [Construction
Materialy]. 2016. No. 5, pp. 22—26. (In Russian).
Kochetkov A.V., Gladkov V.U., Nemchinov D.M.
Designing the structure of information support for the
quality management system of road facilities. Internet
Journal Naukovedenie. 2013. No. 3 (16), p. 72.
(In Russian).

Kolodeeva N.E. Talalay V.V., Kochetkov A.V.,
Arzhanuhin S.P., Yankovskiy L.V. Methodological bases
of assessment of technical risks. Vestnik Volgogradskogo
gosudarstvennogo arkhitekturno-stroitel 'nogo universiteta.
Seriya: Stroitel’stvo i arkhitektura. 2012. No. 28, pp. 126—
134. (In Russian).

D.M., Gusev V.A,,
Shchegoleva N.V. Mathematical model of traffic flow
based on a microscopic theory of «follow the leader».
Dorogi i mosty. 2016. No. 34, p. 20. (In Russian).
Stolyarov V.V., Shchegoleva N.V. Some historical mile-
stones in the development of the theory of risk (from in-
ception to present day). Transportnye sooruzheniya. 2016.
Vol. 3. No. 3, p. 4. (In Russian).

Stolyarov V.V., Shchegoleva N.V. Of the limits of appli-
cability of the normal distribution instead of the binomial
distribution in the statistical treatment of discrete integer
values. Transportnye sooruzheniya. 2016. Vol. 3. No. 3,
pp. 5. (In Russian).

Muraviev N.A. Stolyarov V.V. Assessment of influence of
road conditions on the mechanism of road accidents.
Al’ternativnye istochniki energii v transportno-tekhno-
logicheskom  komplekse: problemy i perspektivy
ratsional’nogo ispol’zovaniya. 2016. Vol. 3. No. 3 (6),
pp. 330—334. (In Russian).

Stolyarov V.V., Shchegoleva N.V. Examples of calcula-
tion of the probabilities in the processing of discrete data
on the normal and binomial distribution. Transportnye
sooruzheniya. 2016. Vol. 3. No. 3, p. 6.

Stolyarov V.V., Bazhanov A.P. Sovershenstvovanie
metodov primeneniya printsipov tekhnicheskogo regu-
lirovaniya v dorozhnoi deyatel’nosti. Monografiya.
[Improvement of the methods of applying the principles
of technical regulation in road activities. Monograph].
Penza: Scientific. 2014. 211 p.

Katasonov M.V., Lesquin A.l., Kochetkov A.V.,
Sysoikina M.A., Shchegoleva N.V., Zadvornov V.Y.
Mathematical model for predicting road traffic accidents
on the roads and in places of concentration of road acci-
dents. [Internet Journal Naukovedenie. 2017. Vol. 9.
No. 1 (38), pp. 33. (In Russian).

Vasil’ev Yu.E., Valiev Sh.N., Shchegoleva N.V. and
all. Otsenka tekhnicheskikh riskov v tekhnicheskom
regulirovanii dorozhnogo khozyaistva [Assessment of
technical risks in the technical regulation of road fa-
cilities]. Moscow: Publishing house of the MADI.
2017. 295 p.

Stolyarov V.V., Shchegoleva N.V. Kochetkov A.V.
Determination of input parameters for mathematical
models to evaluate the risk of information loss. Gruzovik.
2016. No. 11, pp. 40—44. (In Russian).

Stolyarov V.V., Shchegoleva N.V. Valiev Sh.N.,
Kochetkov A.V. Methodical approaches to the improve-
ment of the regulatory framework for technical regulation
of the road sector, taking into account the theory of risk.
Gruzovik. 2016. No. 7, pp. 45—48. (In Russian).

(PO ENIBTIDIE

80

Aneaps/peepans 2018 VIAVERVIRVIBIE



Materials and technologies
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TexHonorusa obecneyeHus yCTONYMBOCTH
orpaxjaeHus KOoTnoBaHa

Mpn CTPOMTENbLCTBE 3AAHNIA U COOPYXEHUI Ha HEYCTONYMBBIX CKITOHAX BO3HWUKAET HE06XOANMOCTb Pa3padoTKL re0TEXHUYECKIX TEXHOMOT A,
06€eCcneymBatoLLnX UX yCTONYMBOCTb. Kpome TOro, foMmMKHbI 6bITb paspaboTaHbl Fe0TEXHUYECKIE NpremMbl 06ecnedeHns 6e30nacHO aKcnyaTaumm
CYLLIECTBYHOLLMX 06BEKTOB, BO3BEEHHbIX Ha HUX. Kak npaBuno, ycTPONCTBO Nt06Oro KOTNOBaHA BNeYeT BO3HUKHOBEHWE AONONHUTENbHbIX YCUIUA,
YMEHbLLAKLLNX YCTONYNBOCTb CKMOHOB. 3afada 06ecneveHns yCTONYMBOCTI CTEHOK KOT/IOBaHA COBMECTHO C HAarpy3kamu Ha ero 6poBKax, a Takxe
06LLei YCTORYMBOCTI CKMOHA B LIEIOM SIBMISIETCA aKTyanbHOIA 3afia4eil COBPEMEHHOTO re0TEXHNYECKOro CTPONTENbCTBA. MpuBeaeHa TeXHONOrnyeckas
NOCnef0BaTe/IbHOCTb M3rOTOB/IEHNA TPYHTOBbIX aHKEPOB 3/1EKTPOPa3pAAHOi TexHoNorun (3PT) 1 LieMEHTaLMU CKBXKWUHbI TPYHTOBOIO aHKepa;
nporpamma anekTpopa3psaHon 06paboTKM CKBaXKMHbI, 3aN0IHEHHON LIEeMEHTHbIM PacTBOPOM; NPOM3BOACTBA BETOHHbIX PabOT NpK OTPULATENbHOIA
Temneparype.

KnioyeBble cnoBa: rpyHTOBbIA aHkep AP T; LeMEHTUPYIOLLWIA pacTBOP; NeKTPopa3paLHas TexHonorus (3PT TexHoNorus); ropusoHTanbHbIe
nepemMeLLieHns, reHepaTop UMNYbCHbIX TOKOB (TUT), HXeHepHO-reonoruyeckuii anement (Ar3).

Ins uutupoBanus: Cokonos H.C. TexHonorus o6ecneqeHns ycTon4MBOCTU OrpaXKaeHus kotnosaHa // CtpouTenbHblie matepuansl. 2017. Ne 12. C. 81-90.
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Technology for Ensuring the Stability of Excavation Shoring

When constructing buildings and structures on unstable slopes, it becomes necessary to develop geotechnical technologies that ensure their stability. In addition, geotechnical methods
should be developed to ensure the safe operation of existing facilities built on them. As a rule, the opening of any excavation pit entails the emergence of additional efforts that reduce
the stability of slopes. The task of ensuring the stability of the pit walls together with the loads on its edges, as well as the general stability of the slope as a whole is a relevant task of

modern geotechnical construction. The technological sequence of making the ground anchorage of electric-discharge technology (EDT) and cementation of the borehole of ground
anchorage; the program of electric-discharge treatment of the borehole filled with cement solution; execution of concrete works at negative temperature are presented.

Keywords: ground anchorage-EDT; cementing solution; electric-discharge technology (EDT technology); horizontal displacements, generator of pulse current (GPC), engineering-geolog-

ical element (EGE).

For citation: Sokolov N.S. Technology for ensuring the stability of excavation shoring. Stroite’nye Materialy [Construction Materials]. 2017. No. 12, pp. 81-90. (In Russian).

OcBoeHrEe ITOA3eMHOT0 IIPOCTpPaHCTBA TPeOyeT paspa-
OOTKU TE€OTeXHUYECKHX MEPONPUSITUH, TMperycMaTpuBalo-
mux 0e3aBapuiiHOCTb IKCILUIyaTalluu 3AaHUN U COOpYXe-
HUIi, AUCIOILMPOBAHHBIX B 30HE T€OTEXHUUYECKOIO BIIUSI-
Hus [1—8]. C yyeToMm 3TOro B aOCOTIOTHOM OOJIBIIMHCTBE
cJIyyaeB BO3HMKAET HEOOXOIUMOCTh CO3TaHUST U OCBOCHUSI
CIeIIMAJIbHBIX TEOTEXHUYECKUX TeXHOJOTHI, pacyeT U Mpo-
eKTUPOBAaHUE KOTOPHIX OCHOBAaHbI Ha MCIOJb30BAHUU CO-
BPEMEHHBIX KOMITbIOTEPHBIX MIPOTPaAMM.

Huxe B ctaThe paccMaTpuBaeTcs ciydail U3 reoTeXHU-
YeCKOI MPaKTUKU CTPOUTEIHCTBA OOBEKTA HAa OIOJI3ZHEBOM
CKJIOHE. B aiMUHUCTPAaTMBHOM OTHOIIEHUU Y4aCTOK CTPO-
WUTEJILCTBA PACIIOJIOKEH B LICHTPAJIbHOM YacTU T. YeOoKcaphl.
B reomopdosiornueckom OTHOIIEHUU 3TO ITOJOTUIA IeHyaa-
LIMOHHO-aKKyMYJISITUBHBIN CKJIOH noauHbl p. Kaiibyika,
OCJIOXKHEHHBII TOrpeOeHHBIMU OajJKaMU M CUJIbHOBETBSI-
1Ieiicst OBpakKHO-0aJIOUHOI CUCTEMOI C MOCTOSTHHBIMU Oe-
3BIMSTHHBIMU BOJIOTOKaMU. AGCOTIOTHBIE OTMETKH TTOBEPX-
HOCTH 3eMJIM B Mpejeiax yyacTka usmMeHstores ot 129,1 no
137,5 M (puc. 1).

l'eosoro-nuTosornyeckoe CTpOeHUE yyacTKa XapakTe-
pu3yeTcsl MHXEHEPHO-TeOJIOTHYECKUMU KOJIOHKAMU CKBa-
kuH Ne 1—4; 9—11; 15; 17 (puc. 1).

T'eooro-mMTONOTMYECKMIA pa3pe3 ydacTKa CTPOUTEINb-
cTBa (puC. 2) IpeACTaBIeH CEMbIO MHXEHEPHO-Te0JI0TIe-
ckuMu 21eMeHTamu (UI'D):

C MOBEPXHOCTU 3aJIeTaloT COBPEMEHHBIE TEXHOTEHHbIE
omnoxeHust (tQIV): UT'D Ne 1 — TexHOTreHHBI TPYHT,
HEOIHOPOJHBIN T10 COCTaBYy, IpPEICTaBJIeH CYIJIMHKOM OT

(TP OVIENIBTIBIE

Tyro- [0 MSTKOIIacTUYHON KoHcucTeHuun (tQIV);
HUI'D Ne 2 — cymmmHok tyromiactuyHbiid (dIII-IV, pdIl);
HUI'D Ne 3a — mimMHa Jerkasi, IpeMMyIleCTBeHHO TYroIuia-
cTU4yHOi KoHcucteHMu e(P,t); UI'D Ne 3 — rimHa serkas,
aJleBpUTUCTass M Meprejucrasi, TBEpAOW KOHCUCTEH-
uuu (P5t); UTD Ne 4 — aneBpUT MecYaHUCThIN Y IIIMHUACTBIHA
TBepnoit koHcucteHumu (Pst); MUTD Ne 5 — mepresnb rinHu-
CTBI1 U3BECTKOBbIN, c1a6000BoAHEHHDIN (Pyt); UTD No 6 —
MeCOK TbLIeBaTbIi, CpeNHeil TUIOTHOCTU, C TOHKUMM TPO-
cJIoiiKaMU TJIMHBI, aJIeBpUTa, MeCYaHWKa, MaJIOBIAXKHBIA U
HachIIEHHBII Bomoi (Pst).

I'moporeosornyecke yciaoBUsS ydacTKa OO TIIyOMHBI
23 M Ha MOMEHT IIPOBEASHUS U3bICKAHUI XapaKTEePU3YIOT-
Csl HaJIMYMeM HECKOJbKUX BOJIOHOCHBIX Topu3oHTOB (BI')
non3emMHbIX Boa. Ilepsbiii BI' 6e3HamopHbIil, TpUypoYeH K
TeXHOTCHHBIM 00pa30BaHUSIM, BCKPHIT BCEMU CKBaXKMHa-
Mu. BTopoii BOMOHOCHBIN TOPU3OHT MPUYPOUECH K KOPEH-
HBIM BepXHETIepMCKUM oOpa3oBaHUsIM. [Ton3eMHBIe BOIBI
pacrpocTpaHeHbl B 0CAIOYHOM TOJIIIE TMepecianBaloIIX-
Csl TJIMH, TPEIIMHOBATBIX MEpresieil U aJleBpUTOB C MPOCIIO-
SIMU TIeCUaHMKa, 3ajieraloliux ¢ YKIOHOM B I0T0-BOCTOY-
HOM U 103KHOM HaIlpaBJeHUSIX U OTJIMYAIOIIMXCSI HEBBIAEP-
>)KaHHOCTBIO MOIIHOCTU M CTPOEHUSI BOJIOHOCHBIX TOpH-
30HTOB, HEOJHOPOAHOCTBHIO (PUIBTPALIMOHHBIX CBOWCTB
BomoBMeIIaomuX mnopona. OOmuid YKJIOH ITOA3€MHOTO
GUIBTPAlIMOHHOIO TTOTOKA HAOII0AAeTCs K CeBepY U CeBe-
po-3anany B HampaBiaeHuu p. Kaiibynka. B ta6ia. 1 mpuBo-
IISITCSI HOpMaTHUBHbIC (PU3UKO-MEXaHUYECKHUE XapaKTepH-
cruku UTD.
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‘ Marepuaabl H TEXHOJIOTHH

KoHCTpyKTUBHBIE pellleHUsT 3arTy0JIeHHBIX KOHCTPYK-
uuii (puc. 3) npeacTaBIIsIiOT COOOIA:

— cneyuanbHoe 6cnomozamensHoe yaepKruBaoliee coopy-
JKEHHME — TIOAIMOPHAs CTEHKA, COCTOSIIAST U3 KOHCTPYKIIUIA
OrpaxaeHUst U aHKEPHBIX KOHCTPYKIINIA;

— KOHCMpYKUUU 02pajicoenus KOTIOBaHA Ha pacCMaTpuBa-
€MOM Y4YacCTKe IPEICTABISTIOT «MUKPOCBan» — OYPOMHBEK-
LIMOHHBIE cBau @350, U3roraBIMBaeMble 10 SJICKTPOPA3PSII-
Hoit TexHosoruu (cBau OPT) [9—14]. OHu 3aKperuieHbl OT
TOPU3OHTAJILHOTO CMEIEHUsI TPYHTOBBIMU aHKepamu DPT
nuHoi 18 m 17 M B nBa ypoBHs 110 DPT-TexHo0rum o

AV
£

® ckB3

YcnoeHble 0603Ha4YeHus:

I—I

yrioM 30°. IIIar rpyHTOBBIX aHKEPOB, 8 TAKXKE PACCTOSIHUE OT
JTHAa KOTJIOBaHA /10 COOTBETCTBYIOIIETO SIpyca aHKEPOB IMPH-
HSTBI COIJTACHO pa3paboTaHHBIM TUIaHAM;

— epyHmosvle ankepsl (ankepvt IPT) ycTpanBaloTcs
rnocJjie MepBoro sTana pa3paboTKu KOTJIO0BaHA U Mpe.-
CTaBJISTIOT COOOI TIpeTHATIPSKeHHBIE 3aTTy0JIeHHbIe KOH-
CTPYKIIMU C MOHOJMTHBIM XeJIe300eTOHHBIM KOpPHEM,
MOoJy4aeMbIM IIyTeM DJIEKTPOpa3psiiHON 00paboTKU ero
CTEeHOK (puc. 4—06).

PacyeTbl 1O MPOYHOCTH 3JIEMEHTOB MOIMOPHBIX CTEH
BBITOJIHEHBI B MporpaMmMHoM Komruiekce GeoWalL, ocHo-
BaHHOM Ha MeToze bitoma — Jlameiiepa
(crmoco0 «ympyroit JTUHUWY ).

TexHomoOrMsT BO3BENEHUSI U KCILTY-
aTallMy KOHCTPYKIIMI TPYHTOBBIX aHKe-
poB OPT mpexacrasisier cleayrolnit
anroput™ (puc. 4, 5). IlepBblii aTan pas-
pabOTKY TpyHTa TIpeaycMaTpuBaeT yia-
JIEHVWEe TPYHTA JI0 OTMETOK, YKa3aHHBIX
Ha COOTBETCTBYIOIIMX MHXKEHEPHO-TEO-
JIOTUYECKUX pa3pe3ax; rPyHTOBbIEe aHKe-
PBI TICPBOTO SIpyca BHITIOJTHSIFOTCS TIOCITE
MepBoro sramna pa3paboTKu IpyHTa Ha
orMmetke +132,35 M (puc. 5). Bropoit
3Tan pa3paboTKM MPpeIycMaTprBaeT Bbl-
€MKY TPyHTa 10 aOCOJIOTHON OTMETKH
(+130,85 m) (puc. 5). Tperwmii 3Tan Bbi-
€MKU IPYHTA MTPOU3BOIUTCS J0 TTPOESKT-
paspesa Hoii otMeTku +129,15 M (puc. 5). K pa3-

HOMED CKEaXWH padoTKe TpyHTa CJienyeT MPUCTYIUTh

— JINHNSA NHXEHEePHO-
reosiorn4yeckoro

137,4

Puc. 1. BbikonMpoBKa M3 reHniaHa cTpoutenbcTea 06bekTa

; — TOYKa CTaT. 30HOAMPOBaHUA

|:| - NpoeKTMpyemoe 3aaHne

= a6C.oTM.yCTbA, M TOJIbKO TPU COOTBETCTBUM MPOYHOCTU
MEJIKO3EPHUCTOr0 OEeTOHAa TPYHTOBOIO
aHKepa TpeOOBAHUSIM IIPOEKTA; BO Bpe-
Msl MPOU3BOJCTBA Pa0dOT MO yCTPOUCTBY
OTpaXJI€HUS BIUIOTH JO 3aCHINKU Ma3yx
(byHnaMeHTOB TPYHTOB MPOM3BOIUTCS
TeOTEXHUYECKUIT MOHUTOPUHI TEXHU-

orm POTICMILIT rApaA :gm::uue oio:u:«:)q%um:. 4YeCKOTO COCTOSHUS U LLC(I)OpMaLlI/Il?'I
- v, 0.000-135.60u TBEPTMTHLIE OTIOXEHN: OKpY:KAIOLLIeil 3aCTPOIKOIl; B mpouecce
J T tvPICH - Hacinksie rpywTe 9KCILUIYATAIMH TPYHTOBBIX AHKEPOB He
1% 505 JIOTYCKAIOTCSl TWHAMUYECKue, BUOpa-
. 039 pdii-V[7 /] - cyrnmmox LIMOHHBIE BO3IEWCTBMA HAa HUX 10 3a-
m] ; e(Pst) R —— CBHITIKM TTa3yX KOTJIOBaHA; He JOIyCKa-
.6 — = rAMHO/anespuT I0OTCA ITPECBBIIICHUS paBHOMepHé) pac-
%0 MpeneeHHbIX Harpy3ok Ha OpoBKe
m] — ?;T’;é”;gfg“;‘;%z_°T”°)"e”""‘ 0oJiee yKa3aHHOI'O B ITPOEKTE.
e P YCTpOMCTBO TPYHTOBBIX aHKEPOB
126 = —— = 1 -ruha OPT npencrasiseT coO00 CIIEAYIONTYIO
m] > — IIOCJIEI0BATEIbHOCTb.
s - anesput
e 72— - weprens 1. KoHcTpynpoBaHHe aHKEPHOTO
120 T Pt < KpeIuieHusl.
e h__'__f“, ] - nsBeCTHSIK OtHocutenbHoit otMmeTke 0,00 co-
J T - ; ——— _ necuanux OTBETCTBYET aOCOJIIOTHAs OTMETKa
11é T — : +138,55. Koncmpykuyuu aHKEPHOTO
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Puc. 2. IHxXeHepHO-reonormyeckumii paspes ydyacTtka CTpouTenbCcTea

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

17 m, uinHa KopHs 10 m). Byposoii dua-
Memp JUISl TPYHTOBBIX aHKepoB 150 MM,
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Materials and technologies

Ta6nuua 1
HopmaTtueHble pusnko-mexaHn4eckme xapakTepucTUKn rpyHToB
nra Tun rpyHTa Y vokHM | cpkNa | @prpan |k kH/M® A E,MMa v
1 CyrnvHoK MArkonnacTUyHbli 8,6 19,6 16 11 2000 0,6 13 0,36
2 CyranMHOK TyronnacTuyHbIN 4 19,6 11 12 4000 0,57 15 0,36
3 [nuHa TyronnacTuyHas 2,2 19,9 29 20 4000 0,4 18 0,25
4 ['nuHa TBepaas 1,3 20,1 25 23 6000 0,52 22 0,34
3 [nvHa TyronnactuyHas 2,5 19,9 29 20 4000 0,4 18 0,25
5 [nvHa nonyTeepaas 20 21,3 26 24 6000 0,34 27 0,25
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Puc. 4. Cxema ycTpoicTBa rpyHTOBbIX aHKEPOB 1-ro 1 2-ro apycos

BBITIOJTHEHbI 11071 yriioM 30° K ropu3oHTy. Kopens ankepa 3a-
deaan B IT'D Ne 3 (TimHa TBepaast M TYrOIIaCTUIHAST).

2. KOHCTPYKIIMY AHKEPHOTO KPeIJIeHHUs.

s epynmogbix aHKEPOB MPUMEHSIIOTCS 1IEMEHTHbIe
pacTBOPBHI C BOJOLIEMEHTHBIM OTHOIIEHUEM (IO Macce)
B:11=0,5:1. /ln1s yemenmmoix paCTBOPOB UCITOJB30BaH ITOPT-
JIaHIIEMEHT 6e3 MUHEPaIbHBIX T00aBOK MapKH IO TPOY-
Hoctu He Huxke M500. He donyckaemcs mpuMeHEHUs Tyll-
1I0JTAHOBBIX, TIMHO3EMMCTBIX M IUIAKOBBIX MOPTJIAaH/IIIe-
MEHTOB. Boda 045 IeMEHTHBIX PaCTBOPOB BOIOMIPOBOAHAS U
TEeXHUYECKasl, He cojepxalllas caxapoB U (eHosioB Oosee
10 Mr/n, HeTENPOAYKTOB U XKUPOB; BOAOPOAHBIN MoKa3a-

(TP OVIENIBTIBIE

tenab (pH) ot 4 1o 12,5. B kauecTBe aHKEpHOI TSITU UCTIONb-
3yeTcsl cTepkKHeBas apMmaTypa auamerpoM 40 MM Kiacca
A500C (B macTMaccoBoii 000JI0UKE AMAMETPOM HEe MeHee
63 MM) ¥ HeMellKash BbICOKOIIPOYHAasi BUHTOBasl apMaTypa
nuameTpoM 26,5 MM kiacca St950/1050. s uenmpuposa-
HUA B CKBAXWHE 10 BCEHl IJTMHE aHKEPHOI TITU MPEIyCMO-
TpeHbI pUKCcATOPHI (1Iar He 0oJjiee 2 M) U3 OTPE3KOB IJIACTH -
KOBBIX TPYO C TTPOIOJbHBIMU pa3pe3aMu 1o epumMeTpy. s
u3eomogaeHuss COOPHBIX KapKacoB MCITOIb30BaTh apMaTypy
u3 cranu Mapku 35I'C 3anpeinaercs. Pyunas snekmpooyeo-
6as cOopka 37IeMEHTOB aHKEPHOT'O KapKaca OCYIIeCTBISIETCS
snekTpogamu Trmna D42A, D46A, D50A. Pacnpedesumenvhbiil
nosc penycMOTPpeH 13 ABYX IBeiiepoB Ne 24. Jlemanu ons
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Puc. 5. YCTpoNCTBO OrpaxaeHns KOTnoBaHa C NPUMEHEHNEM MPYHTOBbLIX aHKEPOB
Ta6nuua 2
Mopapok HaTAXXeHUs rPYHTOBbIX aHKepoB 1-ro spyca
MapkunpoBka Homepa, konn4ecTBo, 4n1cno Harpyaka, kH P, P, P 3 3 P, 3 P, P, Py
aHKepoB MCNbITaTENbHbIX aHKEPOB
1-h apyc
AT 18/11 8-30 (23 wr.) KoHTponbHble ncnbITaHus 350 87 | 151 | 215 | 279 | 327 | 375 | 423 | 439 | 10
(ceyenmne 1-1) VcnbiTbiBaTh 3 aHkepa MPYeMOYHbIE UCTIbITaHMS 87 439
AT 17/10 KOHTpOnbHbIE NCNbITaHWS 103 | 135 | 183 | 231 | 279 | 327 | 375 | 487 10
) 38-40 (3 wr.) 407
(ceverine 2-2) MprYeMOoYHbIE UCTIbITAHMS 103 487
AT 17/10 1-7, 31-37 (14 wr.) KOHTpOnbHbIE NCMbITaHUS 350 87 | 151 | 215 | 279 | 327 | 375 | 423 | 439 | 10
(ceyeHue 3-3) MenbiTeiBaTh 1 aHkep MpYeMOYHbIE UCTIbITaHMS 87 439

Kpenjenusi OTIOPbl TPYHTOBOTO aHKepa 3a OTMOPHYIO TUIACTU-
Hy (TuuTy): cdepuueckas, KOHUUYeCKasi U Kocasl IIaiObl
(Cr45), raiika cronopHas (Ct3).

3. M3roToBJjieHue rpyHTOBOTO aHKepA.

TexHonornyeckast MmocjaeaoBaTeIbHOCTh U3TOTOBICHUS
rPYHTOBBIX aHKepoB D PT BKiII0UaeT cienytolne ornepanmm.
Dopmuposarue CKBaXKMHbBI TPeOYeMON IIyOUMHBI M AMaMeTpa
IIHEKOBbIM OypeHUeM. 3anoanenue 00 ycmbs CKBAXKUHbI
LIEMEHTHBIM PAcCTBOPOM. JaekmpopaspsdHas obpabomka
CTEHOK I'PYHTa CKBaXXWHBI BIOJIb KOPHS. Yemanoska ankep-
Hoeo Kapkaca B IPOeKTHOe TosioxkeHue. Hecywas cnoco6-
HOCMb KaKJI0TO aHKepa MpoBepsieTcs 10 BKJIIOUEHMS ero B
paboTy COBMECTHO C 3aKPEIIsieMOi KOHCTPYKIMEH MyTeM
MPOBEIEHUST KOHTPOJIbHBIX WM MPUEMOUYHBIX MCITBITAHUI
Ha MakCUMAaJbHYIO UCIbITATEIbHYIO Harpysky. o nauasa

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

pabom OOKHBI ObITh 0003HAYEHBI OXPaHHbIE 30HBI CYILE-
CTBYIOLIMX TOA3E€MHBIX M BO3AYLIHBIX KOMMYHUKALIWK, a
TaKXKE TMOA3EMHBIX COOPYXEHUI C YKa3aHUEM OXPaHHOW
30HBI, YCTaHaBJIMBAaeMOW B COOTBETCTBUM C 1. 3.22
CHulIl 3.02.01—87 «3emesibHbIe COOPYKEHUsI, OCHOBAHUS U
dyHIaMeHTbl». B cayuae o6HapysceHus TIOA3EMHBIX COOPY-
KEHUI, KOMMYHUKAIIMI UM 0003HAYAIOIIMX UX 3HAKOB, HE
YKa3aHHBIX B MPOEKTE, F€OTeXHUYECKHE PabOThl JOJIKHBI
MPUOCTaHABIMBAThCS. BhI3bIBAIOTCS MpeACTAaBUTEIN 3aKa3-
yyKa M OpraHu3alvii, SKCIUIyaTUPYIOIINX OOHApYKeHHbIE
KOMMYHUKAIIMKA, U TIPUHUMAIOTCSI MEpbI 110 TIpeioXpaHe-
HUIO OOHAPYXEHHbIX MOJ3EMHbBIX YCTPOMCTB OT MOBpEXK/Ie-
Hus. [lomyckaeTrcsi BBIHOC 3aKa3uYMKOM CYUIECTBYIOLIUX
KOMMYHUKAIMIA U3 30HBI MPOU3BOJACTBA PA0OT MPU HAU-
YUU MUCBMEHHOTO pa3pelleHus] dKCILUTyaTUPYIOUIMX Oopra-
HU3ALUA.
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Materials and technologies

Ta6nuua 3
MopsapoK HaTXKEHUS FPYHTOBbIX aHKEPOB 2-ro sipyca
Mzailgpowa Homepa, Konm4yecTBo, Yncno Harpyaka, kH P, 3 P, 3 P, P, P, P, P, Py
poB UCMbITATENbHbIX aHKEPOB
2-n apyc
AT 18/11 12-34 (23 wr.) KOHTpOnbHbIE NCnbITaHs 439 87 | 1561 | 215 | 279 | 343 | 407 | 471 | 530 | 20
(ceyenwne 1-1) VcnbiThiBaTh 3 aHKepa MpUeMOUHbIE MCTIbITAHNS 87 530
KOHTpOnbHbIE MCMbITaHWS 87 135 | 183 | 231 | 279 | 327 | 375 | 423 | 20
Ar17/10
2-2) 44-48 (5wr.) 343
(Ceerme Mp1EMOYHbIE UCTbITAHNS 87 423
AT 17/10 1-11, 35-43 (20 wr.) KOHTpOnbHbIE NCNbITaHMS 279 71 119 | 167 | 215 | 263 | 311 | 327 | 343 | 20
(ceyeHme 3-3) McnbiTbiBaTh 2 aHkepa MPUEMOHbIE CTIBITAHMS 71 343

4. @opmMupoBaHHe CKBAXKHHbI OypeHHEM.

bypenue wHnekogoe, BBHIMOJHSIETCS B COOTBETCTBUU C
MPOEKTOM TMPOU3BOJACTBA PAabOT C MOMOIIbIO OypoBOit
yctaHoBKU YBI'-CI' «<BEPKYT» wnu ananora. Bypeuue
CK6adcuH BBITIOJHSETCS ¢ pabOYMX OTMETOK, YKa3aHHBIX B
npoekTe. s pazeopoma 6ypOBBIX MAIIMH U BO3MOXHOCTH
YCTaHOBKM aHKEPHBIX KapKacoB IIMPUHA I'PYHTOBOM Oep-
MbI IOJIKHA COCTaBJISITh He MeHee 18 M. B npouecce 6ypenus
KOHTPOJIUPYIOTCSI TapaMeTphbl IPYHTA IO TJIyOMHe: a) ycra-
HaBJIMBAIOTCSI XapaKTEPUCTUKU TPYHTA OCHOBAHUS IO
ocTaTKaM TpyHTa Ha 3JieMeHTaxX 6ypoOBOTO MHCTPYMEHTa 1
dukcupyercss 3TOT (aKT COOTBETCTBYIOIICH 3aIlMChi0 B
XKypHaJjie CBaiiHbIX paboT. YcTaHaBIMBAETCSI COOTBETCTBUE
I'pyHTa, OOHAPY>XEHHOTO B 3a00€ CKBaXXUHBI, TPOEKTHBIM
3HAUEHUSIM Ha YPOBHE KOPHS aHKepa; 0) Mpu HECOOTBET-
CTBUU TJIYOMHBI 3alieJKU OypOBOTO MHCTPYMEHTa B 3TOT
HNTI'D, a takxe Mpu HaIWYAM TIO IJMHE CKBAXWHBI HEy-
CTOMYMBBIX TPYHTOB ITPUOCTAHABINBAIOTCS PAOOTHI U TIPH-
[JIAlaloTCs MPeACTaBUTENN MPOEKTHON OpraHu3aluu st
MPUHATUS pellleHUsT (KOPPEKTUPOBKA JJIMHBI, U3BMEHEHUE
KOJINYECTBA aHKepoB U T. J.). PaboThl cieayeT mpoaoi-
KUTh TOJIBKO TIOCJIE TTOJYYeHUs pa3pellieHUs] TpeIcTaBU-
TeJiss aBTOPCKOTO Haa30pa, TOATBEPXKIEHHOE B BHUIE
oopmieHUs B XKypHaJie aBTOPCKOTro Hanazopa. [lodsem 6y-
D06020 MHCTPYMEHTA MPOBOIUTCS TOJBKO MOCJ]E YCTAaHOB-
JleHus akTa, 4To B 3a00€ CKBaXKMHBI HE OYIET CO3/1aBaTh-
Csl TIOHMKEHHOTO JaBJIeHUS B CPaBHEHUM C MPUPOIHBIM
NaBjieHueM rpyHta. [lemenmauyus cxeasycur NPOU3BOJAUTCS
¢ MOMEHTa OKOHYaHUsI OypeHus.

5. IleMeHTanus1 CKBa:KMHbI TPYHTOBOrO aHKepa.

3anoanenue ckeadycuHvl IPOU3BOAUTCS JO €0 YCThs Ye-
pe3 OETOHOIMTHYIO KOJIOHHY AMaMeTpoM He MeHee 40 MM,
oryckaemyto 1o 3a6ost merogom BIIT (BBepx momHumaro-
muecs Tpyosn). [Tocne noctrkeHust 3206051 CKBaXKMHA 10K~
Ha OBITh MPOMBITA IIEMEHTHBIM PAcTBOPOM 0 MpeKpaiiie-
HUSI BCIUIBITMSI BBITIABIIETO B OCANOK YacTHUI[ TIPyHTA.
Ilpueomoenenue yemenmnoeo pacmeopa TPOU3BOAMUTCS Ha
CTPOUTEJIbHOM TUIOIIAAKE HEIOCPEACTBEHHO TIepej1 ero Ha-
THETaHUEM B CKBaXXWHYy. 11 MPUTOTOBJIIEHUS] M MOJa4Yu
pacTBopa TMpPUMEHSIETCS MHEBMOPACcTBOPOHArHeTaTe b
ITPH-500 (ITPH-300). Konmpoaupyemcs o6sem 3aKaunBae-
MOTO B CKBaXKMHY IIEMEHTHOTO PacTBOpa, COMOCTABJISISI €r0
C MPOEKTHBIM 3HaYEHUEM U 00bEMOM BHIOYPEHHOTO TPYHTA,
puyeM 00beM 3aKa4YaHHOTO B CKBaXKMHY pacTBOpa JOJKEH
MPEeBbIIIATh 00beM BbIOYPEHHOT'O TPYHTA.

6. IIporpaMma 3/1eKTpOpa3psAAHOil 00PA0OOTKH CKBAXKHHBI,
3aM0/JJHEHHO# IEMEHTHBIM PACTBOPOM.

Heobxodumas mowHocms HakaruiiBaeMoii sHepruu [T
nojkHa ObITh He MeHee S50 KIIX. Jiuna koakcuanvhoeo kabe-
a5 0T TUT 1o ai1eKTpoaHo CUCTEMBI COCTAaBIISIET He OoJiee

(TP OVIENIBTIBIE

80 M, BkJIIOYas JUIMHY aHKepa (BbICOKOBOJIBTHBINM Kabesb
THII-2 — 50 M; Kabeab BBICOKOBOJIBTHBIN MMITYJIbCUBHBII
ManonHnykKTuBHbIN (KBUM) — 30 M). O6pabomka ebicoko-
604bMHBIMU IIEKTPUUECKUMU Pa3psilaMy MPOU3BOIUTCS TI0
JUTMHE KOPHSI TPYHTOBOTO aHKepa cepusiMy He MeHee 15 pa3-
psimoB Ha KaxkmoM ypoBHe. Illar ypoBHeit cocTaBisieT oT 1 M.
Pacuemnoe yseauuenue 6ypoBoro auamerpa (150 Mmm) KopHs
aHkepa HeoOxonumMo AoBecTr 10 200 MM, [IJIs1 3TOTO KOHTPO-
JINPYETCSl YPOBEHb 1IEMEHTHOTO pacTBOpa B CKBaXKMHE 10
Hayajia 00pabOTKM OJHOTO YPOBHSI M TOCJE 3aBepUICHUS
obpabotku. [Ipn 3TOM ypoBeHb IIEMEHTHOTO pacTBOpa B
CKBaxXHE MpU 00pabOTKe OIHOTO YPOBHS MOJKEH IMOHM-
XKaTbhCs Ha BeIMYMHY He MeHee 15 cMm. [1pu ycioBuu, eciu 3a
MOCJeHUE MATh ANEKTPUUECKUX PA3PSII0B YPOBEHb PACTBO-
pa nmoHu3utcs 6osiee yeM Ha | cM, IEKTPOrUIPABINYECKYIO
00pabOTKY CTEHOK KOPHSI aHKepa HE0OXO0IUMO MPOIOJIKUTh
IO TOCTUXKEHUS TTOJTHOTO «OTKa3a». 3a «0TKa3» MPUHUMAET-
¢S TIOHMKEHME YPOBHST pacTBOpA B CKBaXKMHE 3a TIOCIETHUE
ISITh pa3psiaoB He 6osee 10 mm. s ycTaHOBIeHUs hakTa
«OTKa3a» OCYUIECTBJISIETCS KOHTPOJIb WU3MEHEHUS] YPOBHS
pacTBopa B CKBaXXMHE TOCJIe KaXJI0ro paspsiia WM Cepuu
U3 MSITU paspsiioB. Ocyuecmensiemcss KOHmMpoab 3a NOCTUXKE-
HHMeM 0011ero oobemMa IMOJaHHOTO B CKBaXXKMHY PacTBOpa,
BKJTIOYAsl TOJIUBKY YPOBHS, TIPEBBILIAIONIETO 00BEM TPOTi-
JIEHHOI CKBaXXMHBI (00BEM I'PYHTA, U3BJICYEHHOIO U3 JaH-
HOI cKBaxuHbl). [lo pe3ysbmamam KOHTPOJS TaaeHUs
YPOBHSI LIEMEHTHOI'O pacTBOpa B ONBITHON CKBaXXMHE WJIU
oObema 100aBIISIEMOrO pacTBOpa M CEMCMMYECKMX BO3MY-
IIEHU B 30He (DOPMUPOBAHUS TEOTEXHUUECKOTO dJIeMEHTA
KOPPEKTUPYETCs IIporpaMma OO0pabOTKM KOpPHsI aHKEPOB
BJIEKTPUUYECKUMU pas3psiiaMu.

7. MoHTaX aHKePHOTO KapKaca.

AmnkepHnuliil Kapkac OIYyCKaeTcsl IMJaBHO, 0e3 PbIBKOB.
Konmpoaupyemcs noaojcenue apMaTypHOTO Kapkaca Iocjie
YCTaHOBKHU €ro B MPOeKTHoe MoJjioxeHue. Kapkac 3akpern-
JISIETCSL OT CJIYYalHOTO MOTrPY>XEeHUsI U CMEILeHUs B IJIaHe.
Kaprkac neped ycmanoekoit ounIiaeTcsl OT CIy4aliHO HAJIUII-
IIIErO Ha HEeTo TPYyHTA.

8. IIpom3BoncTBO OETOHHBIX PAOOT MPH OTPULATEHHOI
TemInepartype BO3ayxa.

3a mpu OHs do npouzsodcmea GETOHHBIX pabOT, Koraa
OXMIAETCsl CPeJHECYTOUHasl TeMmreparypa BO3dyxa HUXe
+5°C wnam MUHUMalbHAs CyTOYHas TeMIlepaTypa HUXe
0°C, nmpeaycMaTpuBarOTCSl BKJIIOUYEHUS! B LIEMEHTHbBIC pac-
TBOPBI TPOTUBOMOPO3HBIX T00aBOK. [lemenmubiili pacmeop ¢
MMPOTMBOMOPO3HBIMM J100ABKaMU TMPU YKJIaaAKe TOJKEeH
uMeTh Temreparypy He Huke +10°C. [lpu memnepamype
2pyHma HUKe TeMIlepaTyphbl BO3AyXa KOJIMYECTBO MPOTHUBO-
MOPO3HBIX T00ABOK IMTPOU3BOAMTCS U3 pacyeTa MUHUMAITb-
HOU MPOTHO3UPYEMOI TeMITepaTyphl BO3MyXa WU TPYHTa

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA
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‘ Marepuaabl H TEXHOJIOTHH

CoeauHuTenbHas MydTa

[ 5
P I' CaoGoaHas 4acTb aHkepa* CXEMA AHKEPHOTO KAPKACA _ Kopers akkepa® 1.3 ]'—
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Puc. 6. Cxema aHkepHOro kapkaca

K MOMEHTY JIOCTMXKEHHUSI paCTBOPOM HEOOXOAMMOM TpoY-
HOCTU. /Jlnsi cHudiceHus menaonomeps B MPoOIECCe ero TBep-
JIEHUS TTOCTIe TIOTPYKEHUST B CKBaXKMHY BBIXOMISINAST Ha TT0-
BEPXHOCTb 4YacThb apMaTypHOTo Kapkaca yreruisiercs. He
donyckaemcs TieperpeB LIeMEHTHOrO pacTBopa (Harpes 00-
nee 70°C). Jonyckaemcs He TPUMEHSTh IIPOTUBOMOPO3HbBIC
NI00ABKU B 1IEMEHTHBIX PacTBOpax, 3aloJHsSIEMbIX B CKBa-
SKMHBI HUXKE TJIYOMHBI CE30HHOTO TPOMEp3aHusl TPYHTA.
Tlocae okonuanus paboT U TIpM TIepepbIBax B paboTe Oojee
50 MUH LITaHTH U1 TIOAaYM PacTBOpPA MPOMBITH TOpsUeii
BOJIOi, MPOIYTh CXKaTbIM BO3AYXOM U yOpaTh B TEIUIOE MO-
MeleHue. Jlo Hayansa MPOM3BOACTBA PabOT LUIAHTU pa3-
BEPHYTb, MPOJYTh CXKATbIM BO3IYXOM UM MPOMBITh ropsiycit
Bofoi. Jlia uckarouenus NPOMOPAXMBAHUS TPYHTOB TpPU
repepbiBax B paboTe OTKPHIThIE CKBAXKUHBI TOJIKHBI OBITH
M30JIMPOBaHBI OT aTMocdepHOro Bo3ayxa. I[lpu memnepa-
mype Hxe -20°C paboOThI 1O M3rOTOBJICHUIO T'PYHTOBBIX
AHKEPOB HE JOMYCKAIOTC.

9. ITopsinoK HATSKEHUSI TPYHTOBBIX AHKEPOB.

/o nauana pabom yCTaHABIUBAIOTCS BCE 3JIEMEHTHI aH-
KEPHOTO KpeIUIeHWsI Ha IJIAaHUPYeMOU TSl HaTSDKeHUST 3a-
xBaTke. Kocble uiaiibbl IpUBapUBaIOTCS K OIIOPHBIM ILIACTH -
HaMm (TJIMTaM) CTaJbHOTO paclpeneuTeIbHOrO Iosica.
[Ipounocms yemenmHo2o KaMHsI KOPHST aHKepa 10JIKHA ObITh
He meHee 20 MITa. [ns koHTposisi Habopa MPOYHOCTU B
MPOIIECCe M3TOTOBICHUST aHKEPOB OTOMPAIOTCS IEBATH Ky-
6ukoB 10x10x10 cM, KOTOpBIE UCTIBITBIBAIOTCS B Bo3pacte 3,7
(m1s1 BHyTpeHHero moJjb3oBaHus) u 10 cyT (s oryeta).
Hcnoimamenvnas  Haepy3ka Ha3HayaeTCs  COTJIACHO
BCH 506—88 «I1poekTripoBaHUe U YCTPOMCTBO TPYHTOBBIX
aHkepoB» paBHOIl P,=1,2-P,. KOHTpOJbHbIE HUCIBITAHUS
MPOBOISITCS HA KAXKIOM JIECSITOM aHKepe (Tabs1. 2) HaunHast
¢ Harpysku P,=0,2-P,. AHKep Harpyxaercs CTYHEHSIMU.
Ilopsimok HarpykeHus: 1-s ctynenb — P1; 2-g ctynenb — P2;
3-g cryneHb — P3; 4-g crynenb — P4; 5-g ctynenn — P5;
6-s1 cryrieHb — P6; 7-s1 cTynieHb — UCTIbITaTeNIbHASI HAaTpy3Ka P,
Kaxayto cTyneHb BblIEpXKMBaIOT HE MeHee 15 MUH 10 Ha-
CTyIUIeHUs1 cTtabunuzauuu aedopmaiuii ankepos OPT.
Jayiee mpousBOAAT Pa3rpy3Ky NO BEJWYUHBI Py, IPU KOTO-
poii M3MEPSIIOT YIpPYrue M OCTaTOUYHbIE TEepeMEIIeHMSI.
Dukcalmio BeJMUYMH MepeMenIeHn TPOU3BOIAT Ha Kax-
JIOM CTYNeHU Yyepe3 Kaxble 3 MUH. 3a KpUTEpUid YCIOBHOM
crabwiuzauuu aedopmaluii pyu MCIbITAHUM aHKEPOB

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

MPUHUMAETCSI CKOPOCTb MEpeMeIeHUsT Ha JaHHOM CcTyIie-
HU TIOTpyKeHMsI, He TpeBbimatomas 0,1 MM 3a TmocieaHue
15 muH. TTocnenH010 CTYTIEHb HATPY3KH BBIICPXKUBAIOT 10
HACTYIUIEHMsI CTa0WIM3aluu aHKepoB B TeueHue 30 MuUH,
3aTeM CHUXAIOT A0 BEJIUYUHBI P, 3aMepsioT ympyrue u
OCTaTOUYHbIE MepeMeIleHUsT aHKEPOB U TOBOMASIT HArpy3Ky
110 3HayeHus P; (610KMpOBOYHAs HArpy3Ka), TOTOM 3aKpe-
TUISIIOT aHKep Ha OMOPHOM KOHCTpyKuuu (T1adi. 3). B cay-
yae Hedocmuiicenuss UICTIBITATEILHOM HAarpy3KH B Ipoliecce
MPOBEACHNUSI KOHTPOJIbHBIX WMCIBITAHWI 3a MUCIBITAaTe]b-
HYIO Harpy3Kky NpuHHUMaeTcsl Harpy3ka rnocjenHeil cradu-
JIM3UPOBABIIEICS CTyneHU (Hecylas crocoOHOCTb IPyH-
TOBOTO aHKepa) C MOCJCAYIOIINM BBIYUCICHUEM pacyeT-
HOM Harpy3KM Ha aHKepbl ¢ y4eToM KoadduimeHTa
HaJexXHOCTH, paBHBIM 1,2. C ygeToM 3TOro aBTOPOM IIPO-
eKTa KOPPEKTUPYETCsl OJOKMPOBOYHAs HAarpy3ka M KOp-
PEKTUPYETCSl IPOEKTHOE peleHue. IIpu masvix 3HaueHusx
a0COJIIOTHBIX TepeMelleHUld TPYHTOBOro aHkepa (Mme-
Hee 20 MM) TocJie JOCTUXKEHUS cTabuau3anuu aepopma-
LM TIPU KOHTPOJIBHBIX MCIBITAHUSX MPOU3BOIMTCS JIO-
IpyXeHUe aHKepa CTyNneHamu, paBHbiMu P =0,2-P,, ¢ BbI-
JNIEpXKMBAHUEM Ha KaXJIOW HOBOW CTYNEHMU YCJIOBHOW
crabunuzauuu nedopmauuii. [Ipu 3ToM mojkHa obecrie-
YUBAThCSl TPOYHOCTb MaTepuasia u y3J0B aHKEPHOTO Kpe-
TUIEHUSI HAa CBEPXIPOCKTHbIE HArpy3Ku. [lpuemounvim uc-
neimanuAM MOJBEPraeTcsl Kax/blii pabounii aHkep, 3a uc-
KJTIOUeHWEeM aHKepOB, TOABEPTHYTBIX KOHTPOJIbHBIM
ucnbiTaHusIM. [IpreMouHble WCTIBITAHUS HAYMHAIOTCS C
Harpy3ku P,, mpu KOTOpoii GUKCUPYIOTCS HayalbHBIE OT-
YEThl IEPEMELLEHUS aHKEPa U TOBOASATCS 10 BEJIUYUHBI P,
KOTOpas BbIZiep>KUBaeTCs B TeueHue 15 MuH. [TepeMelenmne
aHkepa 3amMmepsieTcd 4yepe3 1; 3; 5; 7; 10 m 15 muH, nmanee
YMEHBIIAIOT HATrPy3Ky N0 BEINIMHBI P,, 3amMepsieTcs ypy-
roe TiepeMellleHre aHKepOB, YBEJIMYMBAIOT HArpy3ky 10
GJIOKMPOBOYHON Pj; U 3aKpEIUISIIOT aHKEP KOHCTPYKLIMM.
Hecywas cnocobrHocms 1 MCTIbITATEIbHbIE HATPY3KU TMpue-
MOYHBIX aHKEPOB OMPEICIIIOTCS KaK MUHUMAaJIbHOE 3Ha-
YeHUE pe3yJbTaTOB WUCIBITAHWN W3 HE MeHee 4eM IBYX
OIKANIITNX KOHTPOJIBHBIX aHKEPOB.

10. O0OecneyeHne KayecTBa M3rOTOBJIEHHSI TPYHTOBBIX
aHKepOB.

H3zeomosnenue epyHmogvix aHKepoB (TabJ1. 4, 5) TOJKHBI
MPOBOANTh OPTaHW3alMU, MMEIOIINE ONbIT TeOTeXHUYe-
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CKHUX paboT He MeHee ISITH JIET, B KOTOPBIX OpraHn30BaHa
cucteMa obecrieueHust kadectBa (MCO 9001-2001
«CucremMa MeHEIXMEHTa KadyecTBa. TpebOoBaHMSI»), 4YTO
JIOJIKHO OBITh TTOATBEPXKIEHO CEpPTU(GUKATOM COOTBET-
ctBusl. Ilpu useomoenenuu caedyem 0ceudemenbcmeo8ams:
a) IMJIAaHOBO-BBICOTHYIO TIPUBSI3KY CBaif; 0) uaMeTp U TITy-
OMHY CKBaXXMH Ha COOTBETCTBUE MPOEKTY; B) BUI I'PYHTA B
OCHOBaHUM aHKepa M €ro COOTBETCTBUE YUYTEHHOMY IpPO-
eKTy (110 ocTaTKaM Ha 3JieMeHTax OypOBOro MHCTPYMEHTA B
OCHOBaHUW); T) YIJIOTHEHUWE TPyHTa B OCHOBAaHUMU CBaW,
pa3pylIeHHOTro OypOBbIM MHCTPYMEHTOM; J1) COOTBETCTBUE
aHKepPHOTO KapKaca MpoeKTy (IJIMHa, IMaMeTp M KJlacc ap-
MaTyphbl padOUMX CTePXKHE, Y3/Ibl COSAUHEHUS CTEPXKHEI)
1 TIyOUHY MOTPYKeHHUs KapKaca B CKBaXUHY; €) KaueCTBO
MPUTOTOBJISIEMOrO LIEMEHTHOTO pacTBOpa (pacxoa MaTepu-
aJioB); X) 3aTPYIHEHMUSI TIPU TOTPYKEHUM aHKEPHOTO Kap-
Kaca Toj COOCTBEHHBIM BECOM B CKBaXHHY (CBOOOAHOE
MOTrpy>KeHNe apMaTypHOTO KapKaca 10 TPOeKTHOI OTMETKH
CBUJIETEJILCTBYET 00 OTCYTCTBUM B CKBaXXHWHE TMEPEXKUMOB
TPYHTa U TapaHTUPYET CIUIOLIHOCTh CTBOJIA KOPHSI); 3) MO-
I'Py>X€HUe DJIEKTPOJHON CUCTEMBI; PAacXol LEMEHTHOTO
pacTBOpa, HCIIOJb3yeMOro IpHU IPOU3BOACTBE aHKEPOB
OPT: 1) npu 3anojHeHUM CKBaXXUHbI; 2) NMpU 00paboTke
KOPHST Ha KaXXIOM TOPHM30HTE; 3) CyMMAapHBI pacxon lie-
MEHTHOTO pacTBOpa Ha KaXIyl CKBaXWHY. KoHmpoab
npouHocmy UEMEHTHOTO pPacTBOpa OCYIIECTBISIETCS IO
T'OCT 18105—2012 «beToHbl, TpaBuia KOHTPOJISI U OLICHKU
npoyHocTu» U TOCT 10180—90 «beToHbI, METOIBI OMpee-
JIEHUST TIPOYHOCTH IO KOHTPOJIbHBIM 00pa3iamM» MyTeM OT-
6opa mpob 1IeMEeHTHOTO pacTBOpa Ha MeCTe U3TOTOBJICHUS
U TIOCTENYIONIeTO TBEPJACHUSI B HOPMAJbHBIX YCIOBUSX,
oTBevaromux TpedboBaHusm 1. 2.3.2 TOCT 10180—90.
Axmut oceudemenbcmeosansi CKPbITBIX pabOT 0(hOPMIISTIOT-
¢ 1o (dopMe, OTOBOPEHHOI B aKTyaJlM3MPOBAaHHOM
CHull 12-01-2004 «Opranuzauus CTPOUTEIbCTBA.
AKTyalM3UpOBaHHasI pPeAaKIUsI», MOJDKHBI COCTaBISATHCS
Ha 3aBepIIeHHBIN ITpolecc (aHKep), BHIITOJHEHHBINA CaMO-
CTOSATENbHBIM TIOAPA3JeIeHUEM UCIOJHUTENEN (KOM-
MJIEKCHON Opuranoii) B TeueHue cMeHbl. He donyckaemcs
BBITIOJIHEHUSI TIOCJIEAYIONIMX paboT TIpU OTCYTCTBUU
0o(pOopMIIEHHBIX aKTOB Ha CKpPBITbIe pabOTHI HAa 3aBEpIIEH-
HBIE TEXHOJIOTMUECKHUE TTPOIECCH IO U3TOTOBJICHUIO aHKe-
poB DPT, He ocBUIETEILCTBOBAHHBLIE TEXHUYECKUM HAa-
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7. CoxoioB H.C., Cokonos C.H., CokosoB A.H. Menko-
3epHUCTBIN OETOH KaK KOHCTPYKIIMOHHBIA CTPOUTETh-

(TP OVIENIBTIBIE

30pOM 3aKaszumka. Pabomobl npouseodamces B COOTBETCTBUU
co CHull 3.02.01—87 «3emiisiHbie COOPYKEHUSI, OCHOBa-
Hus u pyHgamenTol»; CHull 3.04.03—85 «3amura crpou-
TEJbHBIX KOHCTPYKLUMI M COOPYXEHUI OT KOPPO3UU»;
CHulIT 3.03.01—87 «Hecyiiue u orpaxaatoiive KOHCTPYK-
mun»; CHull 12-01-2004 «OpraHu3amnust CTpOUTEILCTBAY;
CHull 12-03—2001 «be3omacHOCTh Tpyda B CTPOUTEIb-
ctBe. Yactb 1»; CHull 12-04—2002 «be3omnacHocTh Tpyaa B
crpoutenbcTBe. Yacth 2»; TP 50-180—06 «TexHuuyeckue
PEKOMEHAAIUHU 10 TTPOEKTUPOBAHUIO U YCTPOMCTBY CBaii-
HBIX (YHIAMEHTOB, BBIMIOJHSIEMBIX C UCITOTb30BAHUEM pa3-
PSITHO-MMITYJIbCHOM TEXHOJOTUW U 3MAHUIN TTOBBIIIEH-
Hoii ataxxHoctu (cBan-PUT)», mpoekTa mpon3BoacTBa pa-
oot (I1I1P). Kauecmeo ochosnbix MaTepHUaIOB OMPENEISIeTCS
TpeboBaHUsIMU ['pagoCcTpOUTENILHOTO KoaeKca U 3aKoHa O
TEXHUYECKOM PEryJIupOBaHUMU, UYTO IOJKHO OBITh TOMI-
TBEPXKIEHO cepTU(dUKATAMKU COOTBETCTBUS, TOCYIapCTBEH-
HBIM cTaHmapToM P®. Ha pacxoaHble U BcrioMorateIbHbIe
Marepuaibl (Bs3ajabHas MPOBOJIOKA, OJIOTA, ITHEKH, Ta-
KJIsI, DJIEKTPOIbI, MOHTAXKHbIE IeTalu, (PUKCATOPhI) CEPTU-
(bukaThl MM MacmopTa KauecTBa He MPenCTaBsIOTCS.

11. Meponpusitusi 1o 00ecneYeHn0 HOPMAIbHOI IKCILTY-
aTanuyd KOHCTPYKUMiA, (DYHKIMOHUPOBAHMS OKpYXKalouei
cperpl U 6€30MACHOCTH HA MEPHOJI MPOU3BOICTBA PadoT.

Pabomor npouszeodsmcs C BbIIOJIHEHUEM TpeOOBaHUI
TEeXHUKU 0€30MacHOCTH, MOXapHOii 6€30MacHOCTU U OXpa-
HbI OKpyXamwlieit cpeasl. Ha nepuod npouzsodcmea paboT
3arpeniaeTcsl TOCTYIT MOCTOPOHHUX JIUIL K CTPOUTETHHBIM
MaIIrHaM, MeXaHU3MaM, 000PYIOBAHUIO U KOHCTPYKITUSIM.

3akmouyenue.

1. CTtpouTeibHOEe OCBOEHUE TEPPUTOPUIL CO CAOKHBIMU
WHXXEHEPHO-T€OJIOTUYECKUMU YCJIOBUSIMU TpeOyeT paspa-
OOTKM CIeIIMaIbHBIX TEOTEXHUUECKUX TEXHOJOTUM U BHE-
NIPEHUSI UX B pEaIbHYIO MPAKTUKY.

2. PaccMOTpeHHBIH cTy4yaii 13 KOHKPETHOI re0TeXHUYe-
CKOI TIPAKTUKW C MCIOJb30BAHUEM OTPAXIAIOIINX KOH-
CTPYKLMIT U3 OYpPOUHBEKIIMOHHBIX cBaii DPT u rpyHTOBBIX
ankepoB DPT nmonreepknaer, 4To aJist oOecreuyeHust yCTom-
YUBOCTU OIOJI3HEBOTO CKJIOHA CO37laHa BO3MOXHOCTh 0e3-
aBapMIHOTO MPOMU3BOJCTBA CTPOUTEIBHO-MOHTAXHBIX pa-
00T 10 BO3BEIEHNIO O0bEKTA.
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AHTUCENTUK ANA AepPEeBAHHbIX CTPOUTENIbHbIX KOHCTPYKLMiA
W U3[eN1il Ha 0CHOBE BOJIOPACTBOPUMbIX NONUTYaHUUHOB"

PaccmoTpena BO3MOXHOCTb NpuMeHeHns nonuryasungndos (MMMITX) 1 cononnmepos Ha UX OCHOBE B Ka4eCTBe 3(P(EKTUBHBIX U HETOKCUYHbIX
AHTWNCENTNKOB /191 AEPEBAHHbBIX KOHCTPYKLMIA 1 n3aenuii. [laHa oueHKa aHTU6aKTepuanbHON akTUBHOCTI BOAOPACTBOPUMbIX COMONNMEPOB Ha OCHOBE
ryaHuanHa OTHOCUTENbHO YCNOBHO-MNATOreHHbIX MInKpoopraHnamoBs Escherichia coli, Basillus cereus u apoxoxenogo6Hsix rpu6os Candida albicans
METOLOM CepUiHbIX pa3BefieHni. V13y4eHo yBenuyenne 6MOLMAHON akTUBHOCTI NOIMMEPOB C POCTOM rMAPOO6HOCTI MaKpOMOJIeKYNbl. YCTaHOBIEH
YPOBEHb OCTPOIA TOKCUYHOCTI NCCNeayeMbIx 06pa3LoB nonnmepoB. MokasaHo, YTO COrnacHo Tpe6oBaHWAM TabynAauumM KNaccoB TOKCUYHOCTM BCE
CCNELO0BaHHbIE NPenapartbl NPW BHYTPUXKENYLO4YHOM NYTI BBELEHUA OTHOCATCA K YeTBEPTOMY Knaccy TokcuyHocTi (LD50 >300<2000 mr/kr).
CoyeTaHune CBOICTB MOJy4eHHbIX (CO)NOMMEPOB C rMAPOOOHLIMU (hparMeHTamMu NPeAnonaraeT ux UCnosb30BaHNe B Ka4eCTBE NEPCMEKTUBHBIX

AHTUCENTUYECKNX MaTepranoB Ans 06paboTku APeBECUHbI.

KntoyeBble cnoBa: nofMkoHAEHCALMS, NONUIYaHUANHbI, QHTUCENTUYECKNE CBOINCTBA, aHTMOAKTepUanbHble CBOMCTBA, TOKCUYHOCTD.
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Antiseptic for Wooden Building Structures and Products on the Basis of Water Soluble Polyguanidines*

The possibility of application of polyguanidines (PGMGgh) and co-polymers on their basis as efficient and non-toxic antiseptics for wooden structures and products is considered. The
estimation of antibacterial activity of water-soluble co-polymers on the basis of guanidine concerning conditional-pathogenic microorganisms Escherichia coli, Basillus cereus and yeast-
fungi Candida albicans is made by the method of serial delution. The increase in the biocidal activity of polymers with increasing hydrophobicity of the macromolecule was studied. The
level of acute toxicity of studied samples of polymers has been established. It is shown that according to the requirements of the tabulation of toxicity classes all the studied prepara-
tions, when introducing intragastrically belong to the forth class of toxicity (LD50>300<2000 mg/kg). The combination of properties of obtained (co)polymers with hydrophobic frag-

ments suggests their use as prospective antiseptic materials for wood treatment.

Keywords: polycondensation, polyguanidines, antiseptic properties, anti-bacterial properties, toxicity.

For citation: Mognonov D.M., Ste'makh S.A., Ayurova 0.Zh., Grigor’eva M.N., Ochirov 0.S., Bueantuev S.L., Lebedeva S.N., Zhamsaranova S.D. Antiseptic for wooden building structures
and products on the basis of water soluble polyguanidines. Stroitel'nye Materialy [Construction Materials]. 2018. No. 1-2, pp. 91-94. (In Russian).

JpeBecuHa — ApeBHEHIINI CTPOUTEIbHBIN MaTepual,
KOTOPBIM IIMPOKO MPUMEHSIETCSI U B HACTOSIIEE BPEMSI.
JlocToMHCTBAMU APEBECUHBI SIBJISIOTCS: OTHOCUTEJIHHO
BbICOKAsl MPOYHOCTb; Masiasi 00beMHasl Macca U, cliejoBa-
TEJIbHO, BBICOKAS YAEJIbHAs IMPOYHOCTh; XOPOILlee COMpo-
TUBJICHUE YIApHBIM U BUOPALIMOHHBIM Harpy3kam; Majas
TETJIOMPOBOJHOCTh U TETUJIOU30JISIIIMOHHBIE CBOMCTBA; XU-
MUYecKasi CTOHKOCTb; XOpolliasi TeXHOJIOTUYHOCTh (Jer-
KOCTb 00pabOTKM 1 M3roToBiaeHue usneanii). K negocrar-
KaM JIPEBECUHBI CJIEAYET OTHECTU TUTPOCKONIUYHOCTD, HE-
OTHECTOMKOCTb, CKJIOHHOCTb K THUEHUIO B PE3YJbTaTe
KUBHENEATETBHOCTU PA3JIUYHBIX MUKPOOPTaHU3MOB, 4YTO
3HAYUTEJIbHO YXYAIIAET €€ 3KCIUTyaTallMOHHBIE XapakKTe-
PUCTUKM U COKpAILlAaeT CPOK CIIYXKObI 1epEeBSIHHBIX CTPOU-
TeJIbHBIX KOHCTpYKUMi. JlpeBecHble MaTepuasbl JIeTKO

MOJAAI0TCS TOPaXXEHUIO AEPEBOOKPALIUBAIOIINX U TLIEC-
HEBBIX I'PUOOB, a TakXke 0akTepuit, 0COOEHHO B YCIOBUSIX
BBICOKOU BJIa’)KHOCTHU, KOTOPbIE Pa3BUBAIOTCS Ha JIPEBECU-
He Bcex nopoj. B pesynbrare nx Bo3neicTBUS Ha IpeBecu-
HY BBIIEJSIOTCS MUTMEHTBI, 2 HA IOBEPXHOCTU MOSIBISIETCS
TEMHBIId HaJIeT, COCTOSIIIMU M3 criop W Muueauid. I[lpu
9TOM IOpaXXeHHas ApeBECUHA HE TepseT CBOEU MPOYHO-
CTH, HO B MECTE UX PACIIPOCTPAHEHUS TTOBBIIIAETCS BOIO-
MPOHUIIAEMOCTh M T€M CaMbIM CO3[AOTCSl OJIATONpPUSIT-
HbIE YCJIOBUSI JIJIs1 pa3BUTHUS 00JIee OMAaCHbBIX JepeBOpa3py-
LIAIMKUX MUKPOOPTAaHU3MOB, pasjiaraloliuX JUTHUH U
LIEJUTIONIO3Y.

InecHeBble rpubObI U OAKTEPUU, HAXOASIIMECS B IpeBe-
CHHE, OTIACHBI 151 YEJI0BEKA BBUAY BO3MOXHOCTH MOMana-
HUSI UX CIIOP B JbIXaTeJIbHbIC MTyTU U BOSHUKHOBEHUS pa3-
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‘ Marepuaabl H TEXHOJIOTHH

JIMYHBIX 3a0ojieBaHuMll (OpoHXMaIbHAsI acTMa, ajulepruye-
CKMe peakluy U 1Ip.).

JI71s1 IpenoTBpallleHus] HeraTUBHOTO NENCTBUSI MUKPO-
OpPraHM3MOB JPEBECUHY 00padaThIBAIOT Pa3TUYHBIMU AHTHU-
CEeINTUKAMU, KOTOPbIE TOJKHBI OTBEUYaTh CJIEIYIOIIUM TpeOo-
BaHUSIM: BBICOKAs TOKCUMYHOCTh MO OTHOIIEHUIO K MUKPO-
opraHu3Mam, 0e3BpPeTHOCThb JII YeJIoBeKa M KUBOTHBIX,
OTCYTCTBME HETTPUSITHOTO 3aIaxa, CTOMKOCTh, XOpOoIlee Mpo-
HUKHOBEHUE B TJ1yOb APEBECUHBI, OTCYTCTBUE KOPPO3UOH-
Horo 3ddeKTa Mo OTHOIIEHUIO K METAJUIMYECKUM COeIMHe-
HUSAM U KperuileHusM. Ha mpakTtuke mpermyIiecTBEHHO
MPUMEHSIIOT BbICOKOTOKCHUYHBIE COCAMHEHUs: TEeHTaxJIop-
deHonaT HaTpus, mpernapat XM-5, PTOPXpPOMMBIIIBSIKOBBIE
npemnapatbl (OXH), xpomxiopun tmHka (XXLI), Meabxpom-
xyopua nuHka (MXXII), nmoauxjaopupoBaHHbIE OpraHUYe-
ckue coeiMHeHus, hbropucThlii Hatpuit [1]. KoHTakT ¢ npe-
BECHUHOI, MPOMUTAHHOMN TAKUMU MperapaTaMu, a B 0COOEH-
HOCTH ee 00paboTKa, CTAHOBUTCS YPE3BBIYATHO OIMACHBIM
DI JelioBeKa M TpedyeT 00s3aTeIbHOTO MCITOIb30BaHUS
CPEeICTB MHAMBUAYAJIbHOM 3allMThI, YeM 3a4acTylo TpeHe-
OperaioT B peaJibHOM CTPOMTEIbCTBE.

B cBsI3M ¢ yKa3aHHBIM aKTyaJIbHbIM CTAHOBUTCS TTOMCK
HOBBIX BBICOKO3(D(EKTUBHBIX aHTUCENTUYECKUX Tpernapa-
TOB, OTBEYAIOIINX KaK TpeOOBaHUSIM O€30MacHOCTH, TaK U
KOMMEPUYECKOM TOCTYITHOCTH.

Bricokas OuonmaHast akTUBHOCTb, HU3Kasl TOKCMYHOCTh
(3-if — 4-if KJTacchl omacHoOCTH) [2], AemeBU3Ha MOHOME-
pOB, MPOCTOTa CUHTE3a, HMU3Kasi KOPPO3MOHHAsl aKTUB-
HOCTb, CIIOCOOHOCTb JITUTEIbHOE BPEMSI COXPAaHSATh aHTU-
CETNTUYEeCKKe CBOMCTBA JIEIal0T BOJIOPACTBOPUMEIE TTOJTUTY-
AHUIIMHBI TMePCIIEKTUBHBIMUA aHTUCETITUKAMM JIJIST 3allMThI
JIPEBECUHBI OT OMOJIOTMUECKUX TTOBPEXKIEHUA.

Lenb mpoBeaeHHBIX UCCAENOBAHUI — CUHTE3 COMOJIN-
MEpOB THIPOXJIOPUIOB TOJUTYaHUIMHOB M M3yYEHUE MX
AHTUMUKPOOHBIX, (DYHTUIIMIHBIX U TOKCUKOJOTMYECKUX
CBOWCTB /111 pa3pabOTKM Tpernapara uisi aHTUCETTTUIECKOM
00paboOTKM KaK CTPOUTEIbHBIX MaTepraIoB U3 IPEBECUHBI,
TaK M ye FTOTOBBIX KOHCTPYKIIWIA 13 Hee.

Hcxoonvie sewjecmea. T'yanunun ruapoxiopuga (I'TX)
HCMOJb30BaIM 0e3 MpenBapuTeIbHON OUYMCTKU (YMCTOTA
99%, T,,=185—189°C). T'excamerunennuamuun (IMIA)
ouninanu Teperonkoit mpu 205°C, dpakuus 202—205°C.
N-oktunamuH (uucrtota 99%) npumeHsin Ge3 mpenBapu-
TEJIbHOW OYUCTKU.

Cunmes noaumepog. TlonurekcaMeTUIeHTyaHUAWH TUJI-
poxsiopuna (II'MTI'Tx) mosyvyanyu METOIOM MOJUKOHAEHCA-
1IMM B pacruiaBe 3KBUMOJISIPHBIX KOJIMYECTB MOHOMEPOB B
IBe cTaauu B TeueHue 6 4. [epsriit atamn npu 165°C nposo-
oIy 2,5 4, 3ateM TeMrmepaTypy MnoBbimanun go 185°C.
CUHTE3 N-OKTWJI-3aMEeIIEHHBIX MOJIUMEPOB BBITTOJHSIMN in
situ jo6aBieHueM n-oktuiaamuHa K ITMJA u I'T'X.

Memoobl uccaedoganus. VK-cnekTpbl MOJydyeHbl Ha
HMK-cniekrpomerpe ALPHA (Bruker, I'epmanusi) Ha nipu-
craBke HITBO ¢ kpucramiom ZnSe B 1ruana3oHe BOJTHOBbIX
uncen 4000—600 cm™'. Mnrepnperaunyu MK-crieKTpoB BbI-
MOJIHSUIM ¢ moMollblo Iporpammbl Bio-Rad Laboratories
IRMaster™6.5.

Ouyenky mokcuyHocmu POBOJIUIN B COOTBETCTBUM C [3],
T'OCT 32644—2014 «MeToabl UCIIBITAHUS 10 BO3AEWCTBUAIO
XUMHMUYECKOM TIPOAYKIIMM Ha OpraHu3M 4YeJioBeKa» U
PyxoBonctBom 1.2.3156-13 «O1eHKa TOKCUYHOCTH U OITac-
HOCTH XMMMUECKUX BELIECTB M WX CMecCei IS 3M0POBbS
yesioBeka». Bee uccienoBarenbckue paboOThl BHITIOIHSIIA B
COOTBETCTBUU C OOLICTIPUHSATHIMUA 3TUYECKMMU HOPMaMu

oOpalleHUsI ¢ JKUBOTHBIMM Ha OCHOBE CTaHIAPTHBIX OTlepa-
LIMOHHBIX MPOLENYP, MPUHATHIX B OPraHU3aLMU, BHITTOTHSI-
IOllIe} MCcCcleq0BaHusl, KOTOPbIE COOTBETCTBYIOT MTPaBUIIaM,
NpuHATBIM EBpornelickoii KOHBEHIMEH 1o 3aluTe M03BO-
HOYHBIX XMBOTHBIX, MCIIOJIB3YEMbIX JUISI MCCIIeI0BATE/Ib-
CKMX U MHBIX HayuHbIX 1eseit (European Convention for the
Protection of vertebrate Animals Used for Experimental and
other Scientific Purposes (ETS 123), Strasbourg. 1986).

[lepen OMBITOM KUBOTHBIX B TeUCHHUE 6 U BBIIEPKUBAIN
Ha ToJIOJHON IKeTe, Mocjie Yero B3BelIMBald U pacripeie-
JISUTM TIO TpynnaM. B Kaxayro aKcrepuMeHTaIbHYIO TPYIITY
BXOAWJIM IIECTh ocobeil. McmbiTyeMble MO3bI TperapaTtoB
pacCYMTHIBAIM B MTI/KI Ha KI MacChl TeJla KMBOTHOTO.
Hccnenyemble npenaparbl pacTBOPSIIM B BOAE U BBOAWIN B
o6beMe 0,2 MJI Ha OJHO XXKMBOTHOE HATOIIAK C IMOMOIIbIO
BHYTPUKEJIYIOYHOTO MeTaJuIMueckoro 3oHaa. Ilperaparb
BBOJIWJIM B BO3pacTarouux ao3ax. KOHTPOJIbHBIM MbIIIaM
BBOJIWJIA BOMY B TOM Xe o0beme. [1uliy SKUBOTHBIM JaBaiu
yepe3 1—2 4 mocie BBeAeHUs Ipenapata. [IpomoinkuTennb-
HOCTb HAOJIONEHMSI 32 COCTOSIHUEM 3I0POBbSI KUBOTHBIX
cocTaBisiia 14 qHeli, mpyyeM B MEPBLIA AeHb MOC/e BBeIe-
HUS XMBOTHBIC HAXOAWIUCH MO/ HENPEPBIBHBIM HAOII0/1e-
HueM. PeryisipHo ¢UMKCHpOBaAIOCh OOIEe COCTOSHUE KM-
BOTHBIX, 0COOCHHOCTH WX MTOBEICHUS, OTMEYAINCh KIIMHU-
YECKUEe CUMITOMBI MHTOKCHUKAILIMU, KOJIUYECTBO 3a00JIeB-
IIMX ¥ MaBIIMX KMBOTHBIX, CDOKY HACTYIIJIEHUS] MX TMOEH.
IMpoBonuaM MaTOJIOrOAaHATOMUYECKUE HCCAeNOBAaHUS TMO-
rubmmx ocobeii [3].

Ha ocHOBaHMM MOJIyYEHHBIX JAHHBIX METOJAMU
bepenca, Kepbepa u IlepuiHa paccuuThiBaiM 3HAUYEHUSI
OCTPOI TOKCUYHOCTHU Tipemnapara [4].

CuHTE3 MOJUTyaHUIMHA OCYLIECTBIISIN peakiuei mo-
mukoHaeHcauuu I'TX u TM/IA, npoTekalolieil Mo MexaHu3-
My HYKJIeO(hUJIBbHOTO 3aMellieH s 5] coracHo cxeme 1.

3aMeTHOE yBEJIMYEHUE MOJIEKYJISIpHON Macchl (BsI3-
KOCTb pacTBopa) HabiiomaeTcss B TepBble 4 4 CUHTE3a.
3aMeieHre pocTa MOJIEKYJIIPHOM MacChl IMoJMMepa rmocie
4 4 cuHTE3a 1151 9KBUMOJISIPHOTO COOTHOIIEHMUSI, BEPOSITHO,
CBSI3aHO C MOTepelt MOABUXKHOCTH MAaKPOMOJIEKYJI MOJMMe-
pa, TTOCKOJIbKY IS TIOJMKOHICHCAIIMU B paciulaBe JTMMM-
TUPYIOLIMM 3TarnoM siBisieTcst 1uddy3ust Apyr K Apyry pe-
aKIIMOHHBIX LIEHTPOB, 00pa3yIOIIMXCS MaKPOMOJIEKYJIsIp-
HBIX LieTiei [6].

CorlacHO MeXaHM3MYy peaklii JMaMUHOB U COJIel Tya-
HuauHoB [7], B3aumoneiictBue I'MJIA u I'T'X npuBoaut K
(GopMUPOBAHUIO TIOJIMMEPHOM 1IETTH, a TPEThS aMUHOTPYII-
rna ryaHWJIMHA TIO3BOJISIET I10JIydyaTh aJKWJIMPOBAHHbBIN
CTPYKTYPHBIN (hparMeHT peakiyeil ¢ N-OKTUJIAMUHOM IO
cxeme 2.

TToaydyeHHBII MaTepuall COACPKUT Pa3TMIHOE KOIr4de-
CTBO N-OKTWJI3aMEIIEHHbBIX TYaHUIMHOBBIX IPYIIM, TO3TOMY
MX MOXHO paccMaTpuBaTh Kak cornosumepsl rmaa/I'TX/n-
okTuizamenieHHbIt ['TX. D10 moaTBepxXaaeTcsi JTaHHBIMU
HMK-criektpockonuu. st coronamMepa HaOJIOIaeTcs OT-
YeTIMBOE IUIeUo mpH 2967 cM™!, COOTBETCTRYIONIEE BATIEHT-
HbIM KonebanusMm rpynn CH; [7]. PacueruieHue ryaHunm-
HOBOI TIOJIOCHI CBSI3aHO C HAJIMYMEM B CTPYKTYpE MOJIUMeEpP-
HOI1 11eTM KaK N-OKTUJI3aMEeIIEHHBIX, TaK U He3aMeIIeHHbIX
10 TPEThE it aMUHOTPYIITE TyaHUIMHOBBIX 3BeHbeB. Paciuer-
JIEHWEe MOXeT OBITh BBI3BAHO (hOPMHPOBAHUEM MOHO- M
JMUOKTHJI3aMEIIeHHBIX KOHIEBBIX T'YaHUIMHOBBIX (DparMeH-
toB. CienyeT oTMeTuTh, uTo MK-crekTpsl Bcex MorydyeH-
HBIX N-OKTUJI3aMEIEHHBIX TOJMMEPOB HMMEIOT CXOAHBII
xapakTep. OTauuMe 3aKI04aeTcss B MHTEHCUBHOCTH Ijieya

(PO ENIBTIDIE

c® e
H,N NH, HN_ S NH—(CHy)s

x N XHN—(CHYg—NH— > | @

| - XNH3 ,
NH

Cxema 1 2 NH,
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C]
H,N Gl NH, S S
& nCH;3(CH,)7-NH. Cl
mHoN—(CHy)g—NH, . m C nCH(CHy)-NH, (CH2)6—HN\C1/NH (CHa)g—HN g NH
| -(2m+n)NH; C C
NH, [ [
NH, .5 NH n
Cxema 2 CH3_(CH2)7
Mpenapat LD50 no MepwunHy LD50 no BepeHcy LD50 no Kepbepy
rMrrx (1) 850+£112,02 850+£112,02 850+112,02
N-okTundameLleHHbl MEMIrx (1) 1150+£137,4 1166,6+137,4 1150+£137,4

npu 2967 cm™' u mukos mpu 1050 1 880 cM™!, mpuyem mx
MHTEHCUBHOCTb BO3PAcTaeT C yBEJWYEHUEM COIepKaHUS
aJIKUJIMPOBAHHOTO (DparMeHTa.

OmnpeneneHrue aHTUMUKPOOHON aKTUBHOCTU (CO)TOJIH-
MEPOB ITPOBOIMIN Ha TPAMITOJIOXKUTEbHBIX ¥ TPaMOTpHIIA-
TenbHBIX OakTepusax (B.cereus m E.coli cooTBeTCTBEHHO),
npoxckenonooHsix rpubax (Candida albicans), B kayecTBe
MOJMMEPHOTO TEeCT-00pasiia BLICTYMAJ MOJIUTeKCaMeTUIEH-
ryanunuHa ruapoxiaopun (ITI'MITx), yto oGycaoBiaeHO ero
IIUPOKHUM MPUMEHEHHUEM B KaueCTBE JeHCTBYIOIIETO Bellle-
CTBa MHOTHX COBPEMEHHBIX /1€3MH(MEKIIMOHHBIX CPE/CTB.
OlLleHKY aHTMOAKTepHATbHBIX CBOMCTB MPOBOAIIM Ha OC-
HOBE METOJIa CEpUIMHBIX pa3BEACHUIA B arape.

YcraHoBiaeHO, yTo MuKpoopranusmsl E.coli obianaioT
HauOoJIbIIEN YYBCTBUTEIBHOCTBIO K MPOMYKTaM C BbICOKH-
MM CTEIMEeHSIMU 3aMeleHUsI TUAPOGhOOHBIMU (hparMeHTaMU;
st B.cereus takke HaOstomaeTcsl IMHAMUKA YBEJIWUYEHUS
ouonuaHoro 3ddekTa ¢ pocToM ruaAPoHOOHOCTH MAKPOMO-
JIEKYJIBI, HO ¢ MeHee BbIpakeHHbIM aeiicTBueM. IIpu Bo3-
NIeCTBUM Ha TPUObI HAOMIONAETCS MOJHOE MX YTHETeHUE,
MpUYeM 3TOT MPOLECC XapaKTepeH Il BCeX UCCelyeMbIX
MOJIMTYaHUIWHOB [8].

M3 nanHbBIX B pabote [9] M3BECTHO, YTO CIIOCOOHOCTH
MOJIMMEPOB CBSI3BIBATHCS C KJIETOYHOM MeMOpaHoOil OaKTe-
pUATbHOM KJIETKM B OCHOBHOM OIpeNessieTCsl HAIMUMEM B
MaKpOMOJIeKyJie MOJTOXKUTEIbHO 3apsiKeHHbIX TPy U Ha-
JIMUMEM Ha TTIOBEPXHOCTU KJIETKU OTPUIIATEIILHOTO 3apsiia,
obOycioByieHHOTrO (hocaTHbIMU rpynriamu jgunuaos. [Tpu
KOHTAKTe ¢ KJIETKOU CHavajia MPOUCXOIUT JIEKTPOCTaTHIE-
CKO€ B3aMMOJIEHICTBIE, KOTOPOE MPUBOJIUT K BBEIECHUIO TTO-
JIOXKHUTELHO 3apsKeHHBIX (parMeHTOB MaKpOMOJIEKYJIbI B
JIMMTUAHBIA MOHOCJION MEMOpPaHbI; B pe3ybTaTe MEHSIIOTCS
CHavaJjia MPOHUIIAEMOCTb, a 3aTeM U 1IeJIOCTHOCTb MeMOpa-
HbI, YTO MPUBOAUT K Pa3pyLUICHUIO KJIETKU.

BBeneHune B MaKpoMOJIEKYJISIpHYIO LIeTTb TUAPO(POOHOTO
¢parmenTa (OKTUJIBHBINA 3aMECTUTE/Ib) ITO3BOJISIET ITOBBI-
CUTh COpOLIMIO TaKUX MAKpPOMOJEKYJI Ha OaKTepHaIbHYIO
KJIETOUHYIO CTeHKY B pesyJjibTare ruapoOOHBIX B3aUMO-
NEACTBUIA, UYTO M MPUBOJUT K YBEIMUEHUIO aHTUMUKPOOHOI
AKTUBHOCTU. DTO OOBSCHSIET 3aBUCMMOCTb OMOLIMIHOTO
JIEACTBUS MOJUTYaHUIUHOB OT UX CTPOEHUSI.

B pa6orte [10] moxa3aHo, YTO MOSIBIEHHE MHOXKECTBEH-
HOI «JIeKapCTBEHHOI» YCTOMYMBOCTU y TpUOOB, KaK IIpa-
BWJIO, CBSI3aHO CO CBEpXakTHUBAlLMedl TaK Ha3blBaeMbIX
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ABC-niepeHOCUMKOB — MeMOpaHHBIX (hepMEHTOB, BbIKAUl-
BAIOLLMX HEXeJaTeJbHbIE BELIECTBA U3 KJIETKU, TEM CaMbIM
MPENSTCTBYIOIIMX AOCTaBKE aHTUTPUOKOBBIX MperapaToB
BHYTpb. Mcronb3oBaHue BBICOKOTUAPO(POOHBIX COeNUHE-
HUI aJIKWJIPOAAMUHOB MO3BOJISIET «0OMaHyTh» ABC-1iepe-
HOCYUKU, KOTOPbIE OYIYT aKTUBHO 3aHSITHI pabOTO 10 BbI-
KauMBaHMIO OTMACHBIX BEIIECTB, HO MOCKOJbKY 3TU COEIM-
HEHMSI COAepKaT MHOTO TMAPOdOOHBIX (parMeHTOB (ay-
KUJIbHBIE), TO OHU Cpa3y Xe MOocjie dTOr0 3aXBaThIBAIOTCS
KJIETKO OOpaTHO, TeM CaMbIM CHUXasl 3(PHEKTUBHOCTH
paboThl 3alIUTHBIX MeXaHU3MOB IpuboB. Takum obpazom,
TTOSTBUTCST BO3MOXKHOCTb IS TIOAABJICHUST YCTOMUMBOCTUA 1
3¢ deKTUBHOI OOPHOLI ¢ rprOKaMM. A TaK KaK yYBeJIMYeHUE
AHTUMUKPOOHOI U aHTUTPUOKOBOI aKTUBHOCTU MOAYMHSI -
eTCsl CXOXKMM TpuHUMIIaM [11] MOXHO mpesroaraThb, 4To
HCIOJIb30BaHKE AJIKMJIMPOBAHHBIX MOJUTYAaHUJIUHOB OyIeT
HaunboJjee PEeaOYTUTEILHO 10 CPABHEHUIO C IITUPOKOMC-
MmoJyib3yeMbIM B Ae3nH@exkuu [IT'MITx.

OHUM U3 OCHOBHBIX KPUTEPUEB MPUMEHEHUST OO~
HBIX MPerapaToB SIBJASETCS X TOKCMYHOCTh. Tak Kak Mmpo-
1ecc o0pabOTKM APEBECUHBI TIPOUCXOAUT B KOHTAKTE C Ye-
JIOBEKOM, BO3MOXHOCTb NMPUMEHEHUS] aHTUCENTUYECKUX
rpenaparoB 06e3 onpeaeaeHUsI X TOKCUYHOCTU HEeIOTyCTH-
Ma. UccnenoBaHue TOKCUYHOCTHY MOJIMMEPOB, 00JIaJal0IINX
0osiee BbIpaxk€HHBIM aHTUMUKPOOHBIM 3(h(HEKTOM, ITPOBO-
WM Ha J1abOPaTOPHBIX KMBOTHBIX TOKCUKOMETPUUYECKOM
OLIEHKOW W M3YyYeHUEM CHMIMTOMOKOMILIEKCA UHTOKCHUKA-
IIUM TIpU OJIHOKPATHOM TOCTYIUICHUM TIperapaTa B opra-
HU3M TIEpOpaJibHbIM BBeZieHUEeM. B Tabnuiie mpuBeaeHbI
CpaBHUTEIbHBIE JaHHbIE 110 omnpeneaeHno LD50 III'MITx
1 €0 MPOM3BOIHBIX PA3TUYHBIMU METOIAMM (MT/KT).

PesynabTaThl MpOBEAEHHBIX MCCIEIOBAHUI TMOKa3aIH,
YTO COIJIACHO TPeOOBAHUIM TaOYJISIUM KJIACCOB TOKCUY-
HOCTU BCE M3YYEHHBIC Tperaparbl MpU BHYTPUXKETYI0U-
HOM TMYTH BBEJIEHUSI OTHOCSTCS K 4-My KJ1acCy TOKCUYHO-
ctu (LD5,>300<2000 mr/xr. PykoBoactso P 1.2.3156-13).

3akimo4yeHue.

CoyeTaHne HU3KOM TOKCUYHOCTU C BBICOKMMU TTOKa3a-
TeJISIMU aHTUOAKTEPUAIbLHOM aKTUBHOCTH TIPEICTABIEHHBIX
BEILIECTB IPEANoJiaraeT BO3MOXHOCTh X MCIOJb30BaHUS B
KayecTBe 3(PPEKTUBHBIX AHTUCENITUYECKUX CPEICTB, HE
OKAa3bIBAIOIIMX HETATUBHOTO BIMSHKS HA YEJIOBEKA U OKPY-
JKAIOIIYIO €ro cpeny.
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Poccuickas runcosasi accoumauums
MocKoBCKMIA rocyaapCTBEHHbIW CTPOMTENbHbIN YHUBEPCUTET
Hay4Ho-uccnepgoBatenbCKuii UHCTUTYT CTPOUTENLHOWU CHU3UKU

lleBaTan MempayHapoHas KoHthepeHUus
«floBbiwenne dihenTHBHOCTH NPOW3BOACTBA
W APMMEHEHHA TUNCOBbIN MaTepuanos 1 H3JeNui»

Tematuka KoHthepeHuuu:

= TEXHUYecKuii nporpecc B 06nacTv runcoBbix MaTEPUanNoB U N3AENuii (MccnepoBaHus,

NpoU3BOACTBO U NPUMEHEHMUE)

aHrMAPUTOBBIE BAXYLIME

rUNCOBbIE MaTepuanbl B Mano3TaXHOM CTPOUTENbCTBE

NPUBNEKATENbHOCTb U MEXaHU3Mbl WHHOBALMIA B rUNCOBOW OTPAc/u

COBPEMEHHOE 060py0BaHNE ANS NPOM3BOACTBA MMNCOBbIX BSXKYLUNX, MaTEPUANOB MU

U3[ENNiA Ha UX 0CHOBE

= Nla6opaTopuu, MEHEKMEHT Ka4ecTBa, IKOJIOrMYECcKUiA MEHEKMEHT U UX ponb B
o6ecnevyeHny Ka4yecTBa u JONTOBEYHOCTH TMNCOBbIX MaTEpUanoB

= HOPMaTMBHO-TEXHWYECKAs [JOKYMEHTaLUs B COOTBETCTBUU C COBPEMEHHBIMM
Tpe6oBaHuAMU

= 06y4YeHue U NepenoaroToBKa cneunanucToB B 06M1acT NPOM3BOACTBA M NPUMEHEHNS
rUNCOBLIX MaTepuanos U U3fenuii
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licnonb30BaHne BTOPUYHbIX NONMMEPOB
B NPOM3BOJCTBE KOMNO3NLMOHHBIX MIUTHbIX MaTepHanos
CTPOMTEJNIbHOI0 Ha3HAYeHHs

PaccMoTpeH BOMpoc nepepaGoTkn 0TXOf0B NONMaTUNeHTepeddTanara, nonuaTuAeHa u HeBO3BPATHbIX OTXOZ0B NPON3BOACTBA NILHAHOMO U XNIONKOBOM0
BOJIOKOH B KOMMO3WLMOHHbIE NAUTHbIE MaTepuansl CTPOUTENbHOrO HasHaveHus. MpoGnema cTpyKTypoo6pa3oBaHus JaHHbIX KOMMNO3UTOB 3aK0YaeTCs
B 06€CMeYeHNN aareaun Mexay pacTuTenbHbIM HanoMHUTENEM U ABYMS MOMMEPHBIMI KOMMOHEHTaM) — BTOPUYHbIM TEPMOMNIACTOM
TEPMOPEaKTUBHbIM CBA3YIOLLMM. LieNb paGoTkl — CO3/aHNe TPEXKOMMOHEHTHOr0 KOMMO31UTa MyTemM COBMECTHOTO UCMONb30BaHIS XUMUYECKOI aareaun
11 MEXaHM4YeCKOro CLENNeHns Mexay KOMMIOHEHTaMu, NS aTOr0 Heo6X0AMMO YMEHbLUMTL CTeneHb NonuMepnu3aLmmu TepmMonnacTa. B akcnepumeHTe
NPUMEHEeHbl HECKONbKO CMOCOGOB: M3MeNbYeHNs TepMONIacTOB MEXaHUYeCKUM CNOCO6OM B APOBUIKE U CMELLMBAHNS X C TeTparuapodypaHom.
JKCMepUMEHTbI N0 ONPeAeneHNI0 NPOYHOCTHBIX XapakTepUCTUK 1 BOJOMOTMOLLIEHUS MANT NOATBEPAUNIA BO3MOXHOCTb CTONb30BaHUS BbIOPAHHbIX
0TXO/I0B 151 NPOU3BO/ICTBA NIUTHOLIENTIONO3HO-NONNMEPHBIX KOMMO3NTOB.

KntoyeBble cnoBa: N1rHOLENt0M03HbIe YacTMLbl, XIOMNOK, APEBECHAs CTPYXKKaA, CBA3YIOLLEE, MONUATUNIEHTepedITanaT, NOAM3TNIEH, NPECCOBaHNE,
MPOYHOCTb, pasbyxaHne, KO3PMULMEHT TENNONPOBOJHOCTH.

Ina uutuposanus: Vi6parumos A.M., BaxHuHa T.H., Cycoesa 11.B. licnonb3oBaHue BTOPUYHbIX NOANMEPOB B MPOM3BOACTBE KOMMO3ULMOHHBIX MIUTHBIX
MaTepuanos CTPOUTENbHOrO HasHaveHus // CtpoutenbHble matepuansl. 2018. Ne 1-2. C. 95-98.
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The Use of Secondary Polymers in Production of Composite Slab Materials of Construction Appointment

The issue of processing of waste of polyethyleneterephthalate, polyethylene and irretrievable production wastes of linen and cotton fibers in composite slab materials of construction

appointment is considered. The problem of structure formation of these composites is in providing the adhesion between the vegetable filler and two polymeric components — the sec-
ondary thermoplastic and thermo-reactive binder. The aim of this work is the creation of a three-component composite by means of the joint use of chemical adhesion and mechanical
bond between components, for this purpose it is necessary to reduce the degree of polymerization of thermoplastics. During the experiment several ways are applied: crushing of ther-
moplastics mechanically in the crusher and mixing them with tetrahydrofuran. Experiments on the definition of strength characteristics and water absorption of slabs confirm the possi-

bility to use of selected wastes for production of lignocellulosic-polymeric composites.

Keywords: lignocellulosic particles, cotton, wood shaving, binder, polyethyleneterephthalate, polyethylene, pressing, strength, swelling, heat conductivity coefficient.

For citation: Ibragimov A.M., Vakhnina T.N., Susoeva I.V. The use of secondary polymers in production of composite slab materials of construction appointment. Stroitel’nye Materialy

[Construction Materials]. 2018. No. 1-2, pp. 95-98. (In Russian).

JpeBecHO-MoJIMMepHble KOMITO3UIIMOHHbIE MaTepua-
Jibl KaK B Poccuu, Tak M BO BCeM MMpE Havyaju aKTUBHO
pa3pabatbeiBaTbesl B XX B. Haunmnas ¢ XXI B. moiumepHas
MPOAYKIIMS CTajla 3aBOEBbIBATb HEOOBATHBINA CTPOUTEIb-
HbI peIHOK Poccuu, a monmmepsl — OypHO BTOpraThes B
OTJIEJIKY, TUAPO- U OCOOEHHO B TEIJIOMU3OJISIIIMIO 3AaHUI U
coopyxeHuit [1].MupoBasg TeHASHIUSI OIlePEKAIOLINX
NpyrMe MaTepuayibl TEMIIOB MPUMEHEHUS TOJMMEPOB B
CTPOUTEJICTBE COXpaHsieTcs u ceiuac [2]. st aToro ectb
MHOTO NpUYUH. TpagullMOHHbIE CTPOUTENIbHbIE MaTepUa-
JIbl, TaKWe Kak OeTOH, KepamMuKa, o0JiafaloT BBICOKUMU
KOHCTPYKIIMOHHBIMU TIOKa3aTeasIMU, HO, MO MHEHUIO
B.I'. Xo3uHa, «M30JLMOHHO-3aIIUTHbIC (DYHKIIMU Y HUX,
HEYIOBJIETBOPUTEIbHbBI — OHU XPYIKU (KpOME CTaJIn), He-
TPEIIMHOCTONKW» [1]. YHUBEpCaJIbHBIX MaTepuaioB HET
10 NMPUYMHE TOTO, YTO HEKOTOPBIE CBOMCTBA SBJSIOTCS
B3aMMO3aBUCUMBIMU. Tak, BbICOKasi TPOYHOCTh TPeOyeT
MOBBIIEHHOW MJIOTHOCTU, @ HU3KAasl TETJIONPOBOAHOCTb —
MOPUCTOCTH U T. 1. ECTh, OIHAKO, UCKITIOUEHUS: «/IPEBECU-
Ha — aHU30TPOIHBIN MPUPOJHBINA KOMITO3UT, B CPABHEHUU
C IpyrumMu O6J1M3Ka K ONTUMYMY apXUTEKTYPHO-CTPOUTEIb-
HBIX CBOMCTB» [1].

(TP OVIENIBTIBIE

CoeanHeHNe B IPeBECHO-TTOJIMMEPHBIX KOMITO3UIIMOH-
HBIX CTPOUTEJbHBIX MaTepuaiax TOCTOMHCTB IPEBECUHBI U
MOJMMEPOB YaCTUYHO HMBEIUPYET MX TMPUHIMMUATbHbBIC
KOHCTPYKIIMOHHbBIC HEJIOCTATKHA — TTOBBIIIEHHYIO COPOLIMIO
BOJIbI U BJIaTW JIPEBECUHON, MaJIbIii MOLYJIb YIIPYTOCTH U MO~
BBIIIEHHYIO TIOJI3y4eCTh (BBIHYXKIEHHO-3JIACTUUECKON U
BSI3KOILIACTUYECKOM Mpupoabl) IojaumepoB. Crenudpuka
IMPOU3BOACTBA APEBECHO-TTOIUMEPHBIX KOMITO3UTOB (JIITK)
3aKJII0YAETCsl B UCIOJb30BAHUM B KayecTBE MOJUMEPHOIL
MaTpUIlbl TTOJUBUHWIXJIOPUAA U TIOJNOJe(PUHOB — MOJU-
srwieHa (I19) u monunponuinena. Ilomasnasitoiiee 60Jib-
mmHCTBO JAITK B Mupe nmpon3BoauTcst Ha OCHOBE ITOJIMATH -
neHa (83%), OrpaHUYEHHO UCITOJIB3YIOTCS ITOJMBUHMI-
XJIOpU Y mounponuieH [3]. Lo ucrnosb3oBaHus OJUI-
tuieHTepedranata (I19T) B mpousBoACTBE KOMITO3UTOB
CTPOUTEJILHOTO Ha3HAUYeHUsI HEBeJIMKa, OCHOBHOE TMpUMe-
HEHHUE ero — W3TOTOBJIeHUE OBITOBOM Tapbl IS MUIIEBOI
TTPOMBIIIJIEHHOCTH, TMIPOU3BOJICTBA OBITOBOM XUMUU U KOC-
MeTukH [3]. OqHuM U3 HarnpaBjieHUi ucnojb3oBanust [1DT
SIBJISIETCS] TPOU3BOICTBO MoauMepoeToHa [4].

AKTYaJJbHOCTb MepepaboTKUM BTOPUYHBIX ITOJMMEPOB
Bce OoJiee BO3pACTaeT B CBI3U C yBEJIMUYEHUEM J0JIU TOJH-
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MEpPHBIX MaTepuajoB B mpombilnuieHHOCcTH [3]. Dene-
panbHbIi 3akoH No 89-D3 «O6 oTxX0Aax MPOM3BOACTBA U
MOTpeOIeHUs» PEerJIAMEHTUPYET B LIEJSIX MPEeaOTBPaIEHUS
BPEIHOTO BO3JAEHCTBUS Ha 3[0POBbE JIIOACH M OKpYyxXKalo-
1IIYO Cpely BOITPOCHI BOBJICUCHUS B XO3SIICTBEHHBIN 000POT
OTXOJIOB TIPOM3BONCTBA U ToOTpebaeHust. Kpome peteHust
JIAHHOM 3aau¥ BOBJICUCHHE TTOJIMMEPHBIX U JIMTHOIIEIITIO-
JIO3HBIX OTXOMOB B MPOM3BOJCTBO MO3BOJISIET UCITONIB30BaTh
NOTIOTHUTEbHbIE MCTOYHUKU CBIPbSl NJIsSI MU3TOTOBJICHUS
MPOMYKIIUH.

B Poccuu ncrionbayercst 00J1bI10i 00beM TaKuX IpeBec-
HO-TIOJIMMEPHBIX MaTtepuanoB, Kak nekuHr [3]. Konc-
TPYKIIMOHHBIE TPEeBECHO-TTOJIMMEPHBIC TUTUTHI C H00aBie-
Huem [19T (u3roraBiavBaeMbie IO TEXHOJOIUMU IPEBECHO-
CTPYX€UHBIX MIUT) B PO 1 B MuUpe He MPOU3BOASTCS, HC-
CJIe/IOBaHUIT B JAHHOM HarmpaBJIeHUU B pe3yJibTaTe MaTeHT-
HOTO MoKcKa He HaiiIeHO. JIMTHOLIe/UTI0JI03HO-TIOJIMMEPHbIE
KOMITO3UTHI Ha OCHOBE HEBO3BPATHBIX OTXO/IOB ITepepaboT-
KM JIbHA U XJIOIKA TaKXKe He IIpou3BomsTes [5].

Takum o6paszoM, LieJib pa3pabOTKU COCTaBa U TE€XHOJIO-
TMU TPOU3BOJACTBA HOBBIX KOMITO3UILIMOHHBIX TUIMTHBIX
MaTepuasioB C 100aBJIeHUEM JIUTHOLELTIONO3HBIX TUCKPET-
HBIX YACTHUI] U BTOPUYHBIX ITOJIMMEPOB — pPelIeHUe BOIIpoca
repepaboTKM 3TUX OTXOJ0B ¢ 0OecIeueHueM HeOOXOTUMBIX
(pU3UKO-MEXaHNYECKUX TOKasarejeil Marepuana [6—8].
IMocraBaeHHas 3agaya SIBSIETCS CIOXKHOM, KaK ¢ XUMUYe-
CKOM, TaK M ¢ TEXHOJIOTMYECKOIl Touku 3peHust. Ee peiiie-
HUE — MPOU3BOJICTBO TAKUX IPEBECHO-TTOJIMMEPHBIX KOM-
nosutoB (JAITK), kak caitnuHr, teppacHasi mocka u Jp.,
METOIOM DBKCTPY3WM, OTHAKO BBICOKAST 3HEPTrOeMKOCTHb
rpoliecca TUIaBJAeHUS TOJUMepa JejJaeT 3Ty MPOLYKIIMIO
JIOPOTOCTOSILIEHA.

Cy1iecTByeT BO3MOXKHOCTh TTPOU3BOJICTBA KOMITO3UTOB
U3 JAUCKPETHBIX JIMTHOLE/TIONO3HBIX U MOJMMEPHBIX Ya-
crutl (ITD u I19T) 1o TexHOJIOTUU IPEeBECHO-CTPYKEUHBIX

wmt (JCtIl). CylmecTtBeHHOe BIMSHME Ha IIapaMeTpbl
rpoliecca MpeccoBaHUsl OKa3bIBaeT TeMIlepaTypa IjiaBiie-
Hus noaumepoB. Ecau 1D nmeeT teMneparypy pasmsirdye-
Hust 65—100°C, a Temnieparypy rutaBineHust 105—135°C, to
MOT mnasutcs nmpu 250—265°C. B npoliecce mpeccoBaHus
o texHosornu JCTII Temmneparypa Bo BHYTpEHHEM CIIO€
IUIUTBI HaxoauTcs Ha ypoBHe 100—105°C. Dro genaer He-
BO3MOXHBIM ucnoyb3oBaHue [1DT Bo BHyTpeHHEM CJloe
npeccyembIx uT. Hauano texyuyectu [19T npu 200—-210°C
COBITAaZiaeT ¢ MHTEPBAJIOM JICCTPYKLIUK KOMITOHEHTOB Ipe-
BECHBIX 4acTull. JIJis yMEHBIIEHWS] BpEMEHM TEIIOBOTO
BO3mecTBMS Ha KoMITo3uT ¢ [1DT 1enecoodbpa3Ho MCIoIb-
30BaTh CHUHTETUYECKOE CBs3ylollee — (eHompopMaIbie-
ruaHyio cmony. K mpobiemam co3naHusi reTeporeHHON cH-
CTeMbl U3 IPEBECHBIX YaCTHUIl ¢ 10OaBIEHUEM PE30JbHOTO
eHoNpOpMaATBAECTUIHOTO CBSI3YIOIIETO0 U M3MEJIbYEeHHBIX
nojuMepHbIX [13T-0TX010B OTHOCSTCS TPYJAHOCTU COEIU-
HEHUS B YCTOMYMBYIO CTPYKTYPY C BHICOKUMHM (DU3UKO-Me-
XaHUIEeCKMMMU TI0KAa3aTeIsIMUA IMPUPOTHOTO TToJiuMepa (Ipe-
BECHHBI), CHHTETUYECKOTO TTOJIMKOHIEHCAIIMOHHOTO TIOJIN -
Mepa — peHonopManbaeruaHoro casizytoiiero COXK-3014
U MTOJIMMEPU3ALMOHHOTO MOJIMATUIeHTepedTaIaTa.
AIre3us MOCPEICTBOM 00pa30BaHUs XUMUYECKHUX CBSI-
3¢l MeXIy ApPeBeCHBIMU dacTHMLaMKM U dJactuuamu [1DT
HEeBO3MOXXHA BBUJLY OTCYTCTBUS Yy IMOJUMEpa, CHHTE3UpYe-
MOTO TI0 peakiMyu MOoJUMepPU3aliiKi, aKTUBHBIX (DYHKIIMO-
HaJIbHBIX Tpynm [9], HO CylIECTBYET BO3ZMOXHOCTh CO3/1a-
HUST TPEXKOMITOHEHTHOTO KOMITO3UTa MyTeM COBMECTHOTO
HCTOJb30BaHUS XMMUYECKOW anre3ud U MeXaHUYeCKOTo
CIICTUTEHUST MEXKITy KOMITOHEHTaMU.
Iomustunenrepedramar (CioHsO4)n — CIOXKHBIN T0-
ausdup, nMeronumii miotHocts 1,3—1,4 r/cM’, Temmnepary-
PY DPa3MSATUCHUS fpasy=245°C, mnaBieHus #,;,=260°C, pa3s-
JIOKEHHUS a3 =350°C [9].[Tonmmmep mMeeT cTerneHb MOIU-
mepusanuu 190—1700, monexynsipayio maccy 15000—30000.

Ta6nuua 1
Hanonnutens / BUA, BO34ENCTBUS MpoyYHOCTb NpK PasbyxaHue no MnoTHOCTb, KoadduumeHt
Ha nonvmep cTaTuyeckom narnbe, MMa | TonwmHe 3a 24 4, % kr/m® TennonposogHocTu, BT/(m-K)
21,01; 16,88; 18,2; 18,55; 14,86; 15,4; 14,64; | 781;767;779;
MexaHunyeckoe apobneHue NAT 18,58 13.74: 14,76 754: 762 0,137
22,33; 19,3; 18,82; 17,28; 11,75; 10,66; 14,9; 789; 781; 773;
O6paboTka TeTparnapodypaHom MAT 19,41 13.76: 12.63 747: 779 0,139
KoHTponbHbIe 06pasLsl U3 APeBeCHO 14,11; 18,77; 16,44; 21,36; 19,63;10,3; 15,96; 785; 762; 746; 0146
cTpyxKku / 6e3 M3T 17,56 14,19; 14,96 758; 769 ’
. . . . 10,74; 8,95; 11,56; | 842; 865; 834;
Xnonok/M3 ¢ pasamepom yactul, 300 MM 6; 5,46; 6,14; 5,79; 6,32 10.98: 10,33 849: 835 0,159
. . . . 11,88; 12,25; 11,59; | 784; 776; 792;
Xnonok/MN3 ¢ paamepom yactul, 4 MM 2,7;3,42; 2,81; 3,25; 3,14 11,78: 12,01 785: 788 0,129
Ta6nuua 2
MpoyHOCTb ngm Cl\;%TquCKOM Paaﬁyxamaze4 no ;OJ'ILLI,VIHG MNGTHOCTS, Kr/M®
Hanonnutens / BUp, BO3OEcTBUS n3rnoe, Mila 3a 44, 70
Ha noumep cpeaHee cpeaHee cpeaHee cpeaHee cpeaHee cpeaHee
apudmeTmyeckoe | oTkNoHeHUe | apudmeTmyieckoe | OTKNOHEHMEe | apudmeTnyeckoe | OTKNOHEHMEe
[lpeBecHas CTpyxKa/MexaHn4eckoe 18,7 172 14,7 184 769 14
npobnenve MaT
[peBecHas cTpyxka/obpaboTka 19,4 212 12,7 1,66 774 16
TeTparugpodyparom MIAT
KoHTposnbHbIE 06pasLsl U3 IPEBECHO 17,6 3,11 15 3,36 764 14.4
CcTpyXKku / 6e3 MNAT
Xnonok/MN3 ¢ paamepom yactuw, 300 Mkm 5,9 0,33 10,51 0,98 845 12,7
Xnonok/MN3 ¢ paamepom yactuy, 4 MM 3,1 0,3 12,1 0,56 785 5,9
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Materials and technologies

CH,

N
o

Puc. 1. Crpyktypa

TeTparngpodypaHa

CH, st Toro 4toObl MHULIMMPOBATH
cozganue B [1DT akTUBHBIX TPYMIT AJISI
yyacTusl B Mpolecce 00pa3oBaHus Xu-
MHUYECKUX CBA3€ C APYrMMHU KOMIIO-
HEHTaMU KOMIIO3UTa, HEOOXOAUMO
YMEHBIIIUTD pa3Mep MaKpOMOJIEKYJT TTO-
qumepa. CyllecTBYIOIINE METOAbI CO-
KpalleHus] MOJIEKYJIIpHOi Macchl (U
crerneHy noaumepusauuu) I[MOT mox-
HO pa3fejUTh Ha IBA OCHOBHBIX: MEXaHUYECKUN U XUMU-
YEeCKUil.

OCHOBHBIM MeXaHUYECKMM CITOCOOOM, JieXKallluM B OC-
HOBe nepepadboTku oTxonoB [1DT, saBisercs usmeabueHue.
Takas nepepaboTKa MO3BOJISIET MOJYYUTh MOPOIIKOOOpa3-
Hble MaTepuaibl U KPOIIKY, MPUYEeM MpU U3METbUEHUU
(busuKo-xumMmyeckue cBOMCTBA MoJUMepa MPaKTUYECKU He
U3MEHSIIOTCS.

XUMUYECKHUI CITOCOO OCTOXHSIETCS BBICOKOM XUMMU-
yeckoit croiikoctbio [IOT Kk OeH3uHy, MaciaM, Xupam,
cnupraMm, 3¢upy, pa3daBleHHbBIM KUCJIOTaM U IIEI0YaM.
IMonustuneHTepedTasaT HEPACTBOPUM B BOAE U MHOTUX
OpPraHUYEeCKMX PacCTBOPUTEJSIX, PACTBOPUM JHILb TMPU
40—150°C B (peHONAX U UX AJKUI- U XJIOP3aMEIIEHHbIX:
AHWINHE, OEH3UIIOBOM CITUPTE, XJI0podopmMe, TUXIOPYK-
CyCHOM U XJopcyib(poHoBoM KucaoTax. [19T necTtpykTu-
pYyeT B CMJIbHBIX KUCJIOTaX.

[TepeuncieHHbIe paCTBOPUTENH, paOOTAIOLIUE TTPU TEM-
nepartype cBbilie 40°C, UMEIOT CJIeIYIOIINEe HETOCTATKM: UX
TEXHOJIOTMYECKU CJIOKHO BCTPOUTH B MPOLIECC U3TOTOBJIE-
HUSI KOMITO3UTA, ITPOU3BOJMMOTO TI0 TEXHOJOTUU ApeBec-
HO-CTPYXXEUHBIX IIJTUT; OHX HETATUBHO BJIUSIOT HA CBOMCTBA
JIPeBECHOr0 HarmoJHuTes. ISl MCIoib30BaHUsI (DU3UKO-
XMMUYECKOTo crocoba CHMXEHMSI CTeNeHM ToJuMepu3a-
1 [19T ObL1 BEIOpaH B KauecTBe aIbTePHATUBHOIO Bapy-
aHta rterparuapodypat, xumudeckas (opmyna C4HgO
(puc. 1). TerparuapodypaH — UMKINYECKUN TPOCTOI
3¢up, MMUPOKO MPUMEHSIETCS B OPraHMYECKOM CHUHTE3e,
SIBJISIETCS] PACTBOPUTEIEM MOJMBUHWIXIOPUIA, TEMITepaTy-
pa BocraMeHeHwust 3¢upa 250°C. I19T B Terparuapodypa-
He HaOyxaeT. Ddup umeeT (PypaHOBBIN UK, OH MOXET
MTOJTMMEPHU30BAThCS U 00Pa30BBIBATH CBSA3M KaK C IEJITI0J0-
3011, TaK 1 ¢ (heHOIDOPMATHLACTUIHBIM CBI3YIOIINM.

ABTOpBI B UCCIENOBAaHUM MCIIOIb30BaId 00a BapraHTa
cokpauleHus1 paszmepa Makpomosiekysn IIOT — mexaHuue-
CKUIi M XUMUYECKHUiA. BblIM M3roToBIeHBI 0OPA31IbI IJIUT U3
npeBecHOU cTpyxkH (75 mMac. %), cssyromero COXK-3014
(12 mac. %) u Bropuanoro I1DT (13 mac. %) o BapuaHTam:
1 — u3MmenabueHNE B ApOOUIIKE; 2 — CMEIlIMBaHUE C TeTpa-
ruapodypaHoOM.

IIpeccoBaHue mpu U3roTOBAEHUM 00Pa3II0B KOMITO3UTA
¢ [19T BeimonHsu npu 210°C; pe3yabTaThbl UCIIBITAHUI 1O~
Kazajiu, 4To MpPU JaHHOW TeMmIeparype HauMHaeT MpOosiB-
JISIThCSL TeKydecTb uaMmesibueHHoro [19T. Temnepatypy He
MOBBIIATY 10 Havyana rasiaeHus [19T u3-3a omacHocTH
BOCIIaMeHeHMsT TeTparuapodypana. OOpa3ibl KOMIIO3M-
toB ¢ [1D nipeccoBanu npu 170°C, beHonbopMabaeruiHoe
CBsI3ylolllee He 100aBasiv. PesynbTarhl onpenenaeHus ¢bu-
3UKO-MEXaHUYeCKUX TMokazarejeit u koabduimeHTa
TerUIoNpoBoAHOCTU KOMMo3uToB ¢ [1OT u [1D npuBeneHbI
B Tab. 1.

PesynbpraThl cTaTHCcTMYECKOl 00pabOTKM IOKaszaTeseil
KOMIIO3UTOB MPUBEIEHBI B Ta0JI. 2.

KoMmno3uTbl, U3roTOBAEHHbBIE U3 APEBECHON CTPYXKKU C
nobasiaeHrem otxonoB [IOT, Kak MexaHUYECKU pa3apob-
JIEHHBIX, TaK 1 00pabOTaHHBIX TETPAruaApodypaHOM, UMEIOT
MIPOYHOCTH IIPpU CTaTUUecKoM n3rude (6oiee 18 MIla), mpe-
BBIIIAIOINIYIO TTOKa3aTelb MIIsI KOHTPOJbHBIX 00pa3ioB 0e3
nobasnenust I1DT. CrnemoBaTenbHO, JTaHHbIE KOMIIO3UTHI
oTtBeyaloT TpeboBaHusaM EN-312, mpenbsaBisieMbIM K 0C000
MPOYHBIM TUIMTaM Mapku P6. ITokasatenb «pa3dyxaHue Mo
TOJILIMHE 32 24 4Y» Jydllue pe3ysibTaTbl UMEIOT IUIUThI C

Puc. 2. CtpykTypa komno3auTa c gobasneHvem N3T, namenb4yeHHOro Apo6-
neHvem: 1 — gpeBecHas cTpyxka; 2 — N3T

Puc. 3. Ctpyktypa komnoauta ¢ pobasneHvem 3T, ob6paboTaHHOro
TeTparnapodypaHom: 1 — apesecHas cTpyxka; 2 — N3T

3 A & i

Puc. 4. CtpykTypa KOMMNo3uTa U3 XJ0MKOBOW Mbinv ¢ fgobasneHvem N3 ¢
Yyactmuamu paamepom 300 MKM: 1 — yacTULbl XNONKOBOW Nbinu; 2 — M3

- - . - Rl b \
Puc. 5. CTpykTypa KOMno3uta 13 xa0onkoBor nbiiv ¢ gobasneHnem M3 c
pas3mepom Yactuy, 4 Mm: 1 — 4acTuupbl XJI0NKOBOM Nblnu; 2 — yacTuubl M9
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I[I19T, obpabGotanubie TeTparuapodypaHom. IlpuumHoi
paznuuuii B TMOKaszaTessaX SIBISeTCSl TO, 4TO ISl YacTHIl
19T, obpabotaHHOro mpobieHueM, Temmeparypa 210°C
HeJlocTaTOuHa JUIsl 00ecrnedyeHUsl MeXaHUYeCKOro Clieruie-
HUs ¢ IpeBeCHBIM HaroHuTesieM. [Toinmep He rIaBUTCS U
He TIPOHUKAET B TIPOMEXKYTKHA MEXKIY TPEBECHBIMU CTPYXK-
KaMM, YTO He TTO3BOJIAET CO3[daTh MPOYHYIO CTPYKTYDY,
YCTOMYMBYIO K BO3AEUCTBUIO Bjlard. DTO MOATBEPAUIO UC-
cjeoBaHUEe CTPYKTYPbl 0OPa3ll0oB KOMIO3UTA, BBIMOJIHEH-
Hoe ¢ TToMolbio Mukpockorna MBC-10.

dororpaduu 00pasLIOB KOMITO3UTA, CAEIAaHHBIE IPU
yBenuueHuun 10X, mpencrtaBiaeHbl Ha puc. 2, 3. KpymnHbie
yactuupl [19T mocie MexaHnUeCcKOoro Apo0IeHHUsI OCTAINCHh
HepacIUlaBJIeHHbIMU (puUC. 2), B TO BpeMsl KakK IIOJUMED,
00paboTaHHbIN TeTparuapodypaHoM, 3aroJHUI MpoMe-
SKYTKM MEXKJy CTpykKKamu (puc. 3).

O0Opabotka TeTparuapodypaHoM ITOBIMsIa Ha QU3U-
KO-MexXaHWJecKHe MoKa3aTeJ KOMITO3UTa TakKKe 1 OJiaro-
napsl Hammuuio GypaHOBOro nukia (puc. 1), crmocooHoro
C03/1aBaTh BOJIOPOJHbBIE CBSA3U C APEBECHOM COCTABILIOIIECH
KOMIIO3UTa M OTBEPXKIAeMbIM MOJUKOHAEHCAIIMOHHBIM
cBsI3yoIMM. TeTparuapodypaH uMeeT BO3MOXHOCTD 0=
JIMMEpU3alMK TakKXe MPU BO3ACHCTBUU KUCIOT U JAPYTUX
KaTanmn3aTopoB. KucioTer 06pa3yroTcs B Ipoliecce Topsiae-
ro MpeccoBaHUS U3 JAPEBECHOM COCTABJSIOLIECH KOMITO3U-
Ta [8], T. €. B JaHHOM CJlydyae BO3MOXHAa M peaklus COIOo-
JMMepu3alvu TeTparuapodypana u peHonabopMaibIeru -
HOTO CBSI3YIOIIIETO.
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10. Svensk standard SS-EN 312:2010 https://www.sis.se/api/
document/preview/75400/ (naTa oopaienusi 14.07.2017).

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

CTpyKTypa ILTUTHBIX MaTepPUAIOB 13 MTOJIMITUIIEHA U OT-
XOJ0B IepepaboTKU XJIONKa MpeacTaBiecHa Ha puc. 4, 5.

JlaHHbIe KOMITO3UIIMOHHbIE MaTepUaIbl UMEIOT HEBBICO-
KYI0 TIPOYHOCTb MIPU CTATUYECKOM MU3rube, 4YTo 00ycIoBIIe-
HO MOBBIIIEHHOI TeKy4YeCThIO MOJUMepHOI MaTpulibl. [Tpu
9TOM MaTepHal UMeeT XOPOIINii GajaHc ImoKa3aTeseil Ter-
JIOITPOBOIHOCTH M BOJIOCTOMKOCTU M MOXKET MCTIOJb30BaTh-
Cs B Ka4eCTBe 2JIeMEHTa TeTUIOM3OJISILIMU CTEHOBBIX TMaHe-
JIEW U OrpaXkAarolnX KOHCTPYKIIMMA.

BolinosiHeHHbIE aBTOpaMU 9KCIIEPUMEHTAIbHbIE HCClie-
JIOBAHMSI JOKA3aJld BOZMOXHOCTb MUCIOJIb30BAHUSI BTOPUY-
HBIX OTXOJOB MOJUATUIEHTEpedTaIaTa MOCIe MeXaHu4ue-
CKOTO M3METbYEHUS WIIK XUMHUUECKOI 00pabOTKM IS TIPO-
M3BOJICTBA 0COOO TPOYHBIX JPEBECHO-MOJUMEPHBIX KOM-
MMO3UTOB, OTBevalomux TpeboBanusm EN 312-6 [10].

Takum o06pa3oMm, MNPOU3BOACTBO KOMITO3UIIMOHHBIX
IJIMTHBIX MATE€PUAIIOB MMO3BOJISIET YTUIM3UPOBATH HEBO3-
BpaTHbIE OTXOBI TIepepabOTKU XJIOTKa, UCTIOJIb30BaTh IS
BBITTyCKa TMPOMYKIIUKM BTOPUYHBIE OTXOABI TEPMOILIACTOB,
pacuIMpuTh aCCOPTUMEHT MaTepUasoB I CTPOUTEIbHBIX
KOHCTPYKUMiA. JIOMOJHUTENBHBIM MPEUMYLLECTBOM IUIUT-
HbIX MATEPUAJIOB U3 JINTHOLEJITIOJIO3HBIX YaCTULL U BTOPUY-
HbIX TepmoriacToB (I13 u [19T) sBasiercst To, YTO UX MOX-
HO M3TOTaBJIMBATh IO TEXHOJOTMH JPEBECHO-CTPYKEUHBIX
ITAT. DTO TTO3BOJISIET UCITOJIB30BATD TSI MX BBITTyCKa UMEIO-
1yecs B CTpaHe JUHUU Ha 0a3e MPOXOJHBIX MPECCOB, YTO
CYILLIECTBEHHO CHMXKAET 3aTpaThl Ha MPOU3BOJACTBO KOMIO-
3UTOB.
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Materials and technologies
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A.A. ACKAOCKUIN?, g-p xum. Hayk (andrey@ineos.ac.ru)

" HaumoHanbHbI rccnenoBatensCkuii MOCKOBCKUIA FOCYAaPCTBEHHbIN CTPOUTENbHLIV YHUBEpCUTeT (129337, r. Mocksa, Apocnasckoe L., 26)
2 VIHCTUTYT 3NeMEeHTOOPraHnIeckmnx coeamHennii um. A.H. HecmesHosa PAH (119991, r. Mocksa, yn. Basunosa, 28)

TeppacHbie [OCKKW: COCTaB, U3roTOBJIEHWE, CBONCTBA.
Yactb 1. MexaHuyeckue cBOMCTBA

113n0XeHbI UTEPATYPHbIE AAHHBIE W Pe3yNbTaTbl CO6CTBEHHBIX NCCMEL0BAHMIA MO MEXaHNYeCKUM CBOICTBAM TePPACHbIX AOCOK U3 APEBECHO-
NOANMEPHbIX KOMMNO3NUTOB. OCHOBHLIMY MATPUYHBIMU NOSIMMEPAMU ABAAIOTCA NOAUBUHUNXIOPUA, NONNITUNEH U NOAMNPONUNEH. B kavecTse
HaNONMHNTENA NPUMEHSETCS LPEBECHAA MyKa NI JPEBECHbIE BOJIOKHA PasnnyHbIX NOPOA Aepesa. MccnefoBaHbl NPOYHOCTHBIE 1 AeDOPMaLNOHHbIE
CBOIICTBA NP PACTSHKEHUMN 11 CXKATUN, PEnakcaLns HanpsXXeHus, yaapHas nNpo4HOCTb, NPefenibHOe HanpshkeHne npu u3rnbe. ConpoTueieHne yaapHom
Harpy3ke onpenensnn no 06pa3oBaHNio TPELLMH Npy cBO6OJHOM NafeHnn 60iKa Ha (hparMeHT TeppacHon JOCKM C ONpeneneHHON BbICOTbI. Takxe
ONnpeaensnu yaenbHyt YAapHYH BA3KOCTb Ha Npuoope «JuHctar». [N u3MepeHus Npo4HOCTW NpU PACcTSXEHUN 1 U3rnbe Ucnonb3osanu npuoéop
LLOYD Instruments LR5K Plus. [poBefeHbl U3MepeHus yaensHo yaapHoi BA3KOCTY NPY 0TpULATENBHONA TEMNEPaType, YT0 BXHO ANS KNUMATUYECKNX
ycnosuit Poccuu. B peaynbrare uccnesoBaHuii yCTaHOBNEHO, YTO JTy4LWIUM MATPUYHBIM NOSIMMEPOM ABASETCA NOANBUHUNXIOPUA. TeppacHble JOCKK Ha
€ro 0CHOBe 06/1273a10T, KaK NPaBuio0, NOBbILUEHHbIMU MEXaHUYECKUMI XapakTepuCTUKaMu. YaenbHas yaapHas BA3KOCTb NPW NONOXUTENbHOI 1
OTpULATENLHON TeMNEpaType NPUMEPHO OANHAKOBA U focTUAraeT 8,9 K[k/m2.

KntoyeBble coBa: TeppacHble OCKN, APEBECHO-NONMMEPHbIE KOMMO3UTbI, yAesbHash yaapHas BA3KOCTb, MPOYHOCTb NPU PACTSKEHNM, MPOYHOCTL NpH
CXKaTuK, NPOYHOCTb MPY U3rnbe, Moaymb YNPYrocTy, penakcauus HanpskeHns, NONUBUHUNXNOPW, NONNITUNEH, NONUNPONUNEH.

Ins uyutuposanus: Maueesny T.A., Ackaackuin A.A. TeppacHble JOCKM: COCTaB, M3rOTOBNEHNE, CBOMCTBA. YacTb 1. MexaHuyeckue cBoncTea //
CtpontensHbie matepunansl. 2018. No 1-2. C. 101-105.

T.A. MATSEEVICH', Doctor of Sciences (physics and mathematics) (MatseevichTA@mgsu.ru); A.A. ASKADSKIY?, Doctor of Sciences (chemistry) (andrey@ineos.ac.ru)
" National Research Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, Moscow, 129337, Russian Federation)
2 ANN. Nesmeyanov Institute of Organoelement Compounds of Russian Academy of Sciences (INEOS RAS) (28, Vavilova Street, Moscow, 119991, Russian Federetion)

Decking boards: structure, manufacturing, properties. Part 1. Mechanical properties

The results of our own and literature data on mechanical properties of decking boards have been described. These products are manufactured from wood-polymer composites. The
major matrix polymers are polyvinyl chloride, polyethylene and polypropylene. The filler used wood flour or wood fibers different types of wood. It was investigated the strength and
deformation properties in tension and compression, stress relaxation, impact strength, ultimate bending stress. Impact resistance was determined by cracking of the free fall of the firing
pin on the piece of decking from a certain height. The specific impact strength was measured on the device “Dinstat”. Measurement the tensile strength and bending carried out on
instrument LLOYD Instruments LR5K Plus. The specific impact strength at negative temperatures was measured. It is very important for the climatic conditions of Russia. As a result, all
studies found that the best matrix polymer is polyvinylchloride. Decking boards based on it have generally improved mechanical characteristics. Specific impact strength at positive and
negative temperatures is approximately the same and reaches 8.9 kJ/m?.

Keywords: decking boards, wood-polymer composites, tension strength, compression strength, bending strength, modulus of elasticity, stress relaxation, polyvinylchloride, polyethyl-
ene, polypropylene.

For citation: Matseevich T.A., Askadskiy A.A. Decking boards: structure, manufacturing, properties. Part 1. Mechanical properties. Stroitel’nye Materialy [Construction Materials]. 2018.
No. 1-2, pp. 101-105. (In Russian).

B HacTos1ee BpeMsi Bce OOJIbIITYI0 MOMYISIPHOCTD TTPU- Jsi mpou3BOACTBAa TePpPacHOW MTOCKM MCHOJb3YIOT
00peTaloT MoJIMMepPHBIe KOMITO3UTHI, HAllOJIHEHHbIE ApeBe-  noguBuHmIXIopun (I1BX), momunponunen (I111) u mo-
cuHoi (tak HasbiBaemble JTTK). Mx ucnons3yior mist mpo-  austwieH (I19). EctecTBeHHO, 4TO 1Jjisg MPOM3BOACTBA
M3BOJICTBA TeppacHoii nocku. B yactHoctu, u3 AIIK m3ro-  Takoii 1OCKM MCMOJb3YIOT BTOPUUYHbIE MOJUMEPbI, MOJY-
TaBJMBAIOT TMOJIbI TEPPacHbIX TMOMEIIEeHUI, caiIuHr, YaeMble MyTeM pelukauHra. st aToro orpaboTraHHbIe
JIEKOpPaTUBHbBIC Orpak/eHNsI, 3a00pHbIE CUCTEMBI, CTYIIEHU,  TTOJMMEpPHbIC U3/IC/IUS SKCTPYAUPYIOT, Hape3aloT U3 3KC-
yHUBeEpcadbHble TPOGMWIM, pa3dHble akceccyapbl M KOM-  TpynaTa TpaHyJbl, a 3aTeéM WX rnepepadaThiBalOT B HYX-
wiexrytommue (puc. 1). HBle M3neiaus. B kKauyecTBe HAmOJHUTENS IIPUMEHSIETCS

/. VRS fi

Puc. 1. BapuaHTbl ucnonb3aosanus AMNK: a — Teppaca otkpbiTo 6ecenku; 6 — 3a60p Ha TeppUTOPUM TOProBOro LEHTPA; B — CANANHT B UHTEPbepe pecTopaHa
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Puc. 2. Kpusas penakcaumm HanpsxeHns: Oy — Ha4anbHOe HanpsxeHune,
KOTOpOE Pa3BMBAETCS B MOMEHT OKOHYaHWs 3aaaHns aedopmaummn; Ay —
pPasHOCTb MeXAy HavasibHbIM HanpskeHnem O, W KBa3MPaBHOBECHbLIM
HanpsbkeHveMm O,; O; — penakcvpylollee HanpsbkeHve; A, — pasHOCTb
MeXAy PenakCupyoLWMM HanpskeHnem O, U KBa3MpPaBHOBECHbLIM Hanpsxe-
HUeM O,; € — nocTosiHHas aedopmaums; t — Bpems; 0 —HanpsikeHue

Tabumua 1

opMeHTMDOBO'-IHaSI NMPOYHOCTb TeppacCHbIX A0COK
B 3aBUCUMOCTU OT 6a30BOro nonumMmepa

BasoBbIi nonume
CBoICTBO Eautuua .
N3MEepeHVst na MBX mn

Mpegen npo4yHOCTU MMa 5-16 | 20-30 | 17-40
npuv pacTsXXeHnn
Mogayns ynpyroctu Ma 2.5 5-7 4-8
npu pacTsXeHnn
lMpepen npo4HoCTM MnMa 10-28 | 40-47 | 30-52
npu nsrnbe
MNpenen npo4HoCcTH Mra 12_27 60 _
npu cxatum

NpeBecHass MykKa WJIM IpPEeBECHbIe BOJOKHA Pa3IUYHbBIX
MOpoJ1 1epeBa.

CBolicTBa TeppacHbIX IOCOK M3y4yeHbl B paborax [1, 2].
Yro kacaetcst Boobmie m3nenuit u3 JAI1K, To nmerorcsa mo-
BOJILHO OTpaHMYEHHbBIE CBEACHUS 00 WX TPOU3BOJCTBE U
3aBUCUMOCTH (DU3UKO-XMMHUUYECKUX CBOMCTB OT COCTaBa
nojuMepHoi Matpuiibl [3—8]. PaccmaTpuBaloTCcsl B OCHOB-
HOM TIpelesIbHble MeXxaHuJecKue cBoiicTBa. K HMM OTHO-
CATCSI MOIYJTb YIIPYTOCTH, MPeAes MTPOYHOCTHU TIPU CXKATHH,
pacTSKeHUM M U3THOe, yaeabHas yaapHast BI3KOCTh, CTOM-
KOCTb K PaCTPECKUBAHMIO, TBEPAOCTD.

Wccnenopanue AI1K Ha ocHoBe [1BX npoBeneHo B psiae
pa6ot [7—11]. Cnoco6sl usroropieHus AITK uznoxeHsl B
pa6otax [12—14]. MaTepuansl Ha ocHoBe I T1K 1mmpoko uc-
MOJIb3yIoTcs B cTpouTesbeTBe [15—16]. TTocKoabKy oHM
O0OBIYHO PabOTAIOT B YCJAOBUSX BO3ICUCTBMS BJIard, Tepe-

24
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E— ‘—"“-—A.—-.__{?_‘
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6 2
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60 120 180

Bpewms, MuH

Puc. 3. KpuBble penakcaumm HanpsxXeHns NepBUYHOro (4—6) n BTOPUYHOIro
(1-3) N3BA, nony4eHHble npu Temneparype 20°C n aedopmaunm 2% (1, 4);
3% (2, 5) 4% (3, 6)

MEHHOI TeMneparypbl, Y®-uzjiyueHus:, a TakKXKe MOJ Ieii-
CTBHEM MEXaHWYeCKON Harpy3ku pa3HbIX BHUIOB, OIlEHKa
KayecTBa MPOAYKIIMU U CPAaBHEHUE Pa3HBIX TUIIOB Teppac-
HBIX JIOCOK JOJIKHBI ITPOBOJUTHCS C YUETOM BCEX MEpeUrc-
JieHHbIX (pakTopoB. [TpouHocTHbie cBoiicTBa IITK omnuca-
HbI, HAaTIpUMep, B padoTax [17—20].

CpoiictBa JII1K OTKpBIBAIOT IIMPOKKE MEPCHEKTUBBI
MPUMEHEHUsT MaTepruaJoB Ha UX OCHOBE MPAKTUYECKU BO
Bcex permoHax Poccuu, pacrnojararonigxcsi B apKThye-
CKOM U cyOapKTUUYECKOM Mosicax, YMEPEHHOM KJIMMaThye-
CKOM TMosice U B cyoTponukax. C 11eJiblo BHEIPEHUST MaTe-
puanoB Ha ocHoBe JITTK poccuiickast komnanust Savewood
COBMECTHO C BeIyIIUMU HAyYHBIMU MHCTUTYTaMM, TAKUMU
Kak MHCTUTYT 37€MEHTOOPraHMYECKUX COeAMHEHUI
uMm. A.H. HecmesitHoBa PAH, MHCTUTYT XUMUYeCcKOi pu-
3uku uM. H.H. CemeHoBa PAH, npoBoauT nerajibHbIe UC-
cienoBaHus MexaHudyeckux cpoiictB IITK npu 3HaKore-
peMeHHOIi TeMIiepaTtype.

JI1s1 OJTMMEPHBIX MaTepyuaoB MOMUMO TepeuncieH-
HBIX CBOMCTB BaXKHO U3MEPSATH peJakcalliio HAMPSDKEHUS U
nosi3yvyecTb. B ciyyae moaMMepHbIX MaTepualoB IMpU MO-
CTOSTHHOM JeopMalii HaTpsKeHWe He OCTaeTCsl MOCTO-
SIHHBIM, a MHTEHCUBHO peyakcupyeT. [1pu aeiictBum 1o-
CTOSIHHOTO HATIPSDKEHUST pa3BUBAETCS TOJI3Yy4eCTh. DTO
CIIpaBeJIMBO U TIPY TIePEMEHHBIX HAIMPSKEHUSIX U aedop-
MalMsIX, a TakXKe MTPU UBMEHEHUU TeMIIepaTyphbl.

DKCMepruMEeHTaIbHO KPUBbIE pejlakcalliy HaMpseKeHUsT
PETUCTPUPYIOT MIPU UCIIBITAHUSX HA PACTSIKEHUE WU CXKa-
THE TIPY TTOCTOSTHHO fepopmanium € oopasiia. CxeMaTUIHO
KpHMBasl pejlakcaiuy rpeacTaBieHa Ha puc. 2.

Puc. 4. BHelwHWii BUA, TeppacHbIX AOCOK A0 U MOCe UCMbITaHWIA Ha yAapONpPOYHOCTb: & — YaCTHbI CErMEHT; 6 — KOMMEPYECKUIA CErMEHT; B — NPEMUYM
CErMeHT [0 yAapa; I — YaCTHbI CEerMeHT; [ — KOMMEPYECKUIA CErMEHT; € — MPEMUYM CErMeHT nocne yaapa

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

102

%J"PUH‘J‘EJI':;H':;JE

aneapv/peepanv 2018 STEH2ATR)



Materials and technologies

Tabauma 2

OAHeprus yaapa matepuasoB TePPaCHbIX JOCOK
pasHbIX NpousBoauTenen

Savewood | Terradeck | Dortmax
MaTtpuyHbI nonnmep MNBX na na
HanbBonbluas aHeprvs yoapa, [ 9,8 7 6
Ta6auna 3
Pe3ynbTaTbl UCNbITAHWUI Ha pacTaXeHne
O6pasupl Ha ocHoBe MOH/,
No Mpo4yHocTb Npun | YanuHeHne ynpyrcc))%iﬂbnpm
UCTIbITaHWIA pa(():mﬁenzmm npmgas;/r:blse pacTsxeHun
p P E, MMNa
1 13,4 0,62 4980
2 16,9 0,85 4730
3 13,1 0,66 4720
4 12,7 0,86 4230
Spennee 14 0,75 4660
O6pasupl Ha ocHoBe MBX
1 28,6 2,05 3250
2 24,8 1,84 3670
3 16,1 1,72 3650
4 29,3 1,66 3860
5 15,9 1,73 2940
Speanee 22,9 18 3480

B xauectBe mpumMepa Ha puc. 3 mokazaHbl KPpUBBIE pe-
JIaKCAlIMU HaMPSIKEHUS U181 TOJIMATUIIEHA BBICOKOTO JaByie-
nust (IMTOBIO) [1].

B Ta6u. 1 [1] moka3aHbl pe3yjibTaThl UCTIBITAHUI 00pa3-
1IOB TeppacHOU JOCKM Ha OCHOBE IOJMATUJIEHA HU3KOTO
nmasiaenus (IIDHJ/), mommBuamwaxiopuna (I1BX) u momu-
nponuieHa (I1I1). MccaenoBaHbl ciaeayroniye MaTepyabl:
Martepual 1 ¢ ToHkuM pudieHuem Ha ocHoBe [TOH/I; mate-
puai 2 ¢ peakum puduienuem Ha ocHose [TBX.

JaHHbie Tabj. 1 moka3bIBaloOT, YTO TEPPACHBIE TOCKU HA
ocHoBe [1BX, kak mpaBuio, o6iagaroT 6ojiee BHICOKUMU
MEXaHUYECKUMU CBOMCTBAMM 1O CPaBHEHUIO C aHAJIOTUY-
HbIMU usaeausamu u3 [19 u II1.

B maHHOM ucciieqoBaHUY YAAPONPOYHOCTh UCTIBITHIBA-
Jym nByms cniocobamu. [lo mepBoMy crnocoOy McTbITaHUE
COOTBEeTCTBYeT eBporeiickomy ctanaapty DIN EN 477 u
poccuiickomy 'OCT 19111-2001 «M3nenusi moroHaxHbie
MpodubHbIEe MOJUBUHWIXJIOPUAHBIE 11 BHYTPEHHEN OT-
nenku. TexHuueckue ycaoBusi». MI3roToBieHO yCTPOICTBO,
KOTOPOE MO3BOJISIET CIEAUTD 32 00pa30BaHUEM TPELUH MPU
CBOOOJHOM MajieHUH 00iiKa Ha U3/eue, HalpuMep Teppac-
HYIO JIOCKY, C OIpe/IeJIeHHO! BbICOTHI. B HallleM ycTpoiicTBe
panguyc chepudyeckoil TOBEpPXHOCTH OoifKa COCTaBJIsLI
25+0,5 mMm; Macca maparomiero 6oiika — 1000%5 r; BeicoTa
naneHus1 6oiika — 1000£2 mM. [Tocre ynapa 6oexk mogHuMa-
JIW, BBIHUMAaJIU o0pa3el] U OCMaTpUBaJIH €To.

HcnbIThIBaIM CErMEHTHI PA3JIMYHOIO TUIA TEPPACHBIX
JIOCOK, KOTOPbI€ OTJUYAIMCH TOJUIMHON CTEHOK U KOJIUYe-
CTBOM pebep KecTKOCTU. ToJllMHA BHEIIHUX CTEHOK Y
TEePPaCHBIX JOCOK #aCmMHO20 CETMEHTA COCTaBIsIeT 4 MM, U
OHU UMEIOT TpU pedpa KeCcTKOCTU. ToJIIMHA BHEIITHUX CTe-
HOK JTOCOK KOMMep4ecKko20 CETMEHTa COCTaBJISIET 5 MM, KO-
JINYECTBO pedep KEeCTKOCTU — 4veTbipe. JlocKu npemuym
CerMeHTa UMEIOT TOJIIIMHY BHEIIHUX CTEHOK 7 MM M TakKXXe

(TP OVIENIBTIBIE

Tabauna 4
PesynbTaThbl UCNbITaHWUA HA N3rMd
Mopaynb MakcumanbHoe

Ne XKecTkocCTb, ynpyrocTu HanpsxeHne

VICMbITaHVs! H/m npu narnbe, narnba npm
MMa paspywenmn, MMa
O6pa3seL, Ha ocHoBe M3H/,

1 35408 7082 33,6

2 31183 6237 31,1

3 18603 3721 24,8

4 30158 6032 30,1

5 32405 6481 32,4

6 29560 5912 30,3
Speanee | 29536 5910 30,4

O6paseL, Ha ocHoBe MNMBX

1 18491 3698 441

2 19502 3900 49,6

3 22891 5631 54,3

4 30668 5054 48,2

5 24479 3955 39,8

6 23579 4715 46,3
Speanee | 23268 4492 47

001a1a10T YeThIpbMsI peOpaMu KeCTKOCTU. BHelHuir BuI
TeppacHbBIX JOCOK J0 M IOCJIe UCIbITAHUI Ha YAaporpoy-
HOCTb MpUBEIIeH Ha puC. 4.

HcnbiTaHWe CUMTAIOT YCIEHTHBIM, €CIU TIPU OCMOTPE
MOBEPXHOCTU 00pa3l0B He OOHAPYKEHBI TPELIMHBI U pa3-
pYLIEHUSI MUMHUMYM BOCbMU 00paslioB u3 aecdaTu. Ilocie
yaapa 0oiika 1o TeppacHbIM JockaM KoMmmaHuu Savewood
pa3pylIeHUsi OTCYTCTBYIOT JIJIsI BCEX CETMEHTOB TEPPACHbBIX
JTIOCOK.

HayuyHO-MHHOBalIMOHHBIM  IIEHTpOM  «JIpeBecHO-
MOJIMMEPHBIE KOMIO3UTBI» TIPOBEJICH CPaBHUTEJIbHbBII aHa-
JIM3 pEe3YJIbTATOB UCIIBITAHUI Ha CTOMKOCTD K yaapy Teppac-
HBIX JJOCOK Psiia BEAYLIMX MPOU3BOIUTENECIH, KOTOPbIE B3sI-
ThI U3 OTKPBITBIX UCTOUHUKOB (TabJ1. 2).

OKcrepuMeHTalbHbIe JaHHbIE 10 TTPOYHOCTU MPU pac-
TSDKEHWH, TIpeebHOI nehopMaliii 1 MOIYJIIO YIIPYTOCTH
JTITK Ha ocHOBe pa3IMYHBIX BMELIAIOIINX OJIMMEPOB MPH-
BeZICHBI B Ta0. 3.

JaHHble TabJ. 3 MOKa3bIBAIOT, YTO MPOYHOCTh MPU pac-
TSDKeHUM Y YIJTMHEHUE TIPY pa3pbiBe BhIIE JJISI MAaTEpUaioB
Ha ocHoBe [1BX, a Moaysib yIpyrocTu HeCKOJIbKO HUXeE.

UcnpiTanusgs Ha wu3rub mIpoBOOMINCHL Ha IIpubope
LLOYD Instruments LR5K Plus (USA) ¢ 3ameHoI1 Harpy-
JKAIOILEro YCTPOMCTBA AJISI OCYILECTBICHUST TPEXTOUEUHOTO
n3ruba (cormacHo F'OCT 4648—2014 «[Tmactmaccel. Meton
HUCTIBITAHUS Ha CTaTUYEeCKUiT n3ruod»). PesyabraThl namepe-
HUIi IpuBeaeHbI B Ta0J. 4. VI3MepeHust TTpoBE/IeHBI Ha 111e-
CTH 0Opa3lax OJHOTO M TOTO K¢ Marepuaia. BumHo, 4ro
MaKCHUMaJIbHOE HaIpsDKeHWe M3ruda Tpyu pas3pylieHuu JIst
o0pasioB Ha ocHoBe [1BX Bhille, yeM Ha ocHoBe [TOH]I.

ITpoBeneHbl PKCEPUMEHTBI MO U3MEPEHUIO YIETbHOM
YIAPHOM BA3KOCTH MPU MOJOXUTEIbHONW U OTPULIATEIIbHOM
temrnepatype (Tab. 5). Takke mosydeHbl KpUBbIE pacTske-
HUs OoJpioro KojmdecrBa obOpasmoB JIIK Ha ocHoBe
[1BX, oTimyaromuxcsl pelienTypoil 1 LieJeBbIMU J00aBKa-
MM, KOTOPBIE BCEra MPUCYTCTBYIOT B IaHHBIX KOMITO3UTAX.

ITpu nonoxuTenbHOI TeMrepaType MakcuMasbHasl Be-
JIMYMHA YIETbHO# YIapHOIA BSI3KOCTH cocTaBseT 8,9 K/ M2,
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Ta6auua 5
YpenbHaa ynapHas BaskocTb [NK Ha ocHoBe MNMBX
ToC Ne YpoenbHasa yoapHas CpepHee 3HaveHne ToC Ne YpenbHas yoapHasa CpepHee 3Ha4eHne
obpasua | BaAskocTb A, KIX/M? A, KOX/M? obpasLa BSI3KOCTb A, KK/M? Ay, kOx/M?
1 6,9 51 6 0 1 4,6 6,9 7,7 6,4
2 8,9 5,7* 8,9 -21 2 4,3 4 - 4,2
18 3 4 5,4 4,7 -21 3 6,3 5,7 - 6
4 5,1 4.6 4.8 0 4 4 4,6 46 4.4
5 4,6 4,6 4,6 -21 5 4 5,4 - 4,7
6 4,3 6,3 5,3 -21 6 4,9 4,9 - 4,9
* Mo Wapnu ¢ Hagpesom.
Ta6aumna 6 0, Mlla
MpouHocTk npu usrube 0,,,. AMNK Ha ocHoee MBX 40
Ne o MM CpenHee 3HayeHne 35 -
obpasua war) a O,3,CP, MlMa 30 -
1 64,7 72 70,1 68,9 o5 |
2 54,9 57,6 62,4 58,3 o0 L
3 72 67,2 67,2 68,8 15
4 63,7 54 54,7 57,5
10 -
5 57,8 67,2 67,2 64,1
6 62,7 | 672 | 67,2 65,7 D | | | | | | |
0 0,5 1 1,5 2 25 3 35 &%
IIpu oTpunaTeIbHOI TeMmepaType MaKCHUMajbHasl yaelb- Puc. 5. YcpenHerHas kpueast pacTsikeHus oopasuia 2; 0, =38,5 MrMa, €,=2,88%
Hasl yiapHas BSI3KOCTb JocTUraeT 6,4 kJIx /M2, B 1enom npu Ta6mua 7
MOJIOXXUTEILHOU U OTPpULIATEIbHOU TeMIepaType pa3pyliie- o
HUE IIPY yIape He ABJIAETCs XPYIKUM ¥ COOTBETCTBYET 3Ha- MpouocTe AMNK Ha ocHose MBX npu pacTskennn npu 18°C
pel o YA yaap p obpasua | 3HaueHue 3HaveHue 3HaveHue
pl/ILlaTeJleOI/lCl/l TIOJIOXKMTEILHON TEMIEPaType NMPUMEPHO FPOUHOCTH Maayns npenensHoi
ONMHAKOBBL. ClIe/lyeT OTMETUTD, YTO JaHHBIE MO YCTbHOM npm yrpyrocTy npu | nedopmaim npu
yIapHOU BSI3KOCTM TNPU OTPULIATEIbHON TeMIlepaType OT- PACTSIXEHNN PACTSKEHMI PACTSIXEHMN
CYTCTBYIOT B JIUTEPATYPE, XOTSI OHU OUYE€Hb BaXKHBI JJI5T OOJIb- Gopy M2 Eep, Ma Eops %
IIMHCTBA pernoHoB Poccum.

IpouHocTs mpu u3rube omnpeneisiach npu 18°C Ha 1 25 1820 2,67
rpubope «InHcTaT» KOHCOJNIBHOM MeTonoM. Pazmepsl 06- 2 38,5 2100 288
pasuoB 10x15x3,5 mM. Pe3ynbTaThl U3MepeHMT MOKAa3aHbI B
TG 6. 3 34 2050 2,15

He6onbmoit pa3dpoc maHHBIX CBUIETEIBCTBYET 00 OfI- 4 27,4 2050 2,5
HOPOJHOCTH MaTepHUasoB.

W3mepeHuss pouyHOCTH mpu pacTsokeHuun mpu 18°C 5 32 2880 2,57
obpasoB Ha ocHoBe IIBX (mpou3BoacTBO KOMIaHMU 6 26 2680 2,07

Savewood) nMpoBOAWIM HA YHUBEPCATbHOM UCTIBITATEbHOM
mammHe LLOYD Instruments LR5SK Plus. CkopocTh pac-
TsKeHUst coctapisuia 50 mm/MuH. KpuBast pacTsokeHUst 1St
obOpa3iia 2 B KauecTBe IprUMepa ImoKa3aHa Ha puc. 4. Tam xe
yKazaHa npejesabHas aepopmanus pu pa3phbiBe.

JlaHHbIE MO MTPOYHOCTU NP PACTSKEHUU MTPEICTaBIEHbI
B Taou1. 7.

JletanbHbll aHanu3 MexaHudeckux coiictB JAITK, oc-
HOBAHHBIN KaK Ha JIUTEPaTYPHbIX JaHHBIX, TaK U HA PE3YJib-
TaTtax COOCTBEHHbBIX MccenoBaHuii, mokasai, uro AI1K Ha
ocHOBe MaTpuuHoro noiaumepa [1BX cyiecTBeHHO nIpeBoc-
xonat cBoricTBa JITK Ha ocHOBe TakKMX MaTPUUYHBIX MOJIM-
MepoB, Kak [1D u III1. OcobeHHO MPAKTUYECKU LIEHHBIM
apisieTcs, yto AI1K Ha ocHoBe [1BX oGnamatoT mpuMepHO

Cnmcok JuTepaTypbl

1. Mopo3 I1.A., Ackanckuit An.A., Maueesuu T.A.,
ConoBbeBa E.B., Ackanckuii A.A. I[lpumeHeHue BTO-
PUYHBIX TMOJMMEPOB JUIsl TTIPOM3BOJCTBA JPEBECHO-TIO-

JIMMEPHBIX KOMIIO3UTOB // [lnacmuueckue maccor. 2017.
Ne 9—10. C. 56—61.

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

TaKUM Xe COTIPOTUBJIEHUEM YIapHOM Harpy3Ke Mpu TeMIie-
patype -21°C, kak u npu temnepatype 18°C. Ilpu craru-
YeCKOM HarpykKeHWM TMPOYHOCTh MPU U3TUOE W pacTske-
HUM MaTtepuaiioB Ha ocHoBe IIBX B cpemnem Ha 25—32%
u 19—64% Bbillie, 4eM MaTepUaIOB Ha OCHOBE MOJIMOIe(hu-
HoB — [1D u I1IT.

Takum 06pa3oM, aHAIU3 MEXaHMYECKUX CBOMCTB TMOKa-
3aJ1, YTO MaTepUasibl TEPPACHBIX JIOCOK Ha OCHOBE MaTPUYHO-
TO TTOJIMMepa TOTUBUHIIXJIOPUIA 00 IaqaroT JTYYIIMMU CBOM-
CTBaMM, YeM aHAJIOTUYHbIE MaTepHaIbl HA OCHOBE ITOJIMATH-
JieHa W mojunponwieHa. OHU MOTYT 3KCIUTyaTMPOBAThCS
NPy TOJIOKUTEJILHOM W OTPULIATEJILHOU TemIiepaType IJiv-
TeJIbHOE BpeMsl 0e3 CHUXKEHMSI MeXaHUYEeCKUX CBOMCTB.

CnMcok uTepaTypbl

1. Moroz P.A., Askadskiy Al.A., Matseyevich T.A.,
Solovyova E.V., Askadskiy A.A. Use of secondary
polymers for production of wood and polymeric
composites. Plasticheskie massy. 2017. No. 9-10,
pp. 56—61. (In Russian).
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Mp1YMHbI U3MEHEHUS LBETA KPOBENbHbIX rpaHyn,
OKpaLLEHHbIX KEpaMUYecKUM cnoco6om

Ha tepputopun ctpa CHI okono 80% nnockux kposenb 1 20% CKaTHbIX MOKPbITbI MOAMMEPHO-OUTYMHbIMI MaTepuanamn. HeoTbemnembim
9/1EMEHTOM BEPXHEr0 3aLMUTHOrO CNos 3TUX KPOBEMb ABASETCA KPYMHO3EPHUCTAs NOCLINKA UAN KPOBEMbHbIE rpaHynbl. Mpu Npon3BoACTBE NOCHINOYHbIX
MaTepuanos Ha Kaxayto 4acTuly MUHepanbHON 0CHOBbI, COCTOALLYIO U3 CreunanbHo 0TO6PaHHON, pasapobneHHon 1 0TPAKLNOHNPOBAHHON FOPHON
MOPOAbI, HAHOCUTCS KepaMnU4ecKuii crnoi. Hactuupl nopofsl BennyinHomn 0,5-2 MM NofBepraloTCca BO3AENCTBUI0 SKCTPEMANbHO BbICOKO TeMMepaTypbl
Mnpu NPOU3BOACTBE W Pa3NNYHbIM MOTOAHbLIM BO3AEACTBUAM B TE4EHWE BCEro CPOKa CIyX0bl KpoBau. Ecnu nopofa Bbi6paHa HenpasuibHoO, T0
3aLUMTHbIA CNOV He paboTaeT 1 KpOBeNbHbIA MaTepuan paspyLuaetcs. Ocobble HapekaHus NOTPedUTeNel BbI3bIBAKOT CyYan U3MEHEHUS LiBeTa KPOBAN
32 CYeT BbIAENEHNS HA NOBEPXHOCTY FPaHYN OKCUrNAPOKCUAOB XKenesa. [JaHHble HEraTMBHbIE ABMEHNS UMEKOT MECTO Kak Ha CTagun NpoU3BOACTBA, TaK
11 B NPOLIECCE 3KCMyaTaumm KpoBn. PacCMOTPEHbI NPUYMHbLI USMEHEHIA LBETA U METOAbI BbI6OPA rOPHOI NOPOAbI.

KntoyeBble C0Ba: NOSMMEPHO-OUTYMHbIE MaTepuarbl, TMoKas Yepenuua, OKCUrMAPOKCU XXenesa, NPT, MUPPOTUH, Cynbdua.

Ins yutupoBanus: Anmartos A.C., Cokos B.H., Kannctpatosa E.Q. Mpu4unHbl MI3MEHEHNS LiBeTa KPOBEJIbHbIX IPaHys, OKPALLEHHbIX KEpaMU4YECKMM CMo-
cobom // CtpouTenbHbie matepuansl. 2018. Ne 1-2. C. 106-110.

A.S. ALMATOV', Engineer-Economist (almatov@tn.ru), V.N. SOKOV', Doctor of Sciences (Engineering), Professor (kaz@mgsu.ru); E.O. KALISTRATOVA?, Master
" National Research Moscow State University of Civil Engineering (26, Yaroslavskoye Highway, 129337, Moscow, Russian Federation)
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Reasons for Color Change in Roofing Granules Colored by Ceramic Method

0On the territory of CIS, about 80% of flat roofs and 20% of pitched roofs are covered with polymer-bitumen materials. An integral element of the upper protective layer of these roofs is
coarse-grained covering or roofing granules. When producing spreading materials, each particle of the mineral base consisting of specially selected, crushed, and fractioned rock is cov-
ered with a ceramic layer. The particles of the rock of 0.5-2 mm are subjecited to the impact of extremely high temperature when producing and various weather effects during the
whole operation period of the roof. If the rock is wrongly selected, then the protective layer doesn’t work and the roofing material is destructed. Specific complaints of consumers are
the cases of changing the color of the roof due to separation of the granules of iron oxyhydroxides on the surface. These negative phenomena occur both at the stage of production and

during the roof operation. Reasons for changing the color and methods for selecting the rock are considered.

Keywords: polymer-bitumen materials, flexible tile, iron oxyhydroxide, pyrite, pyrrhotine, sulfide.
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KpoBenbHble TpaHy/Ibl 3alIUIIAIOT TTOJIMMEPHO-OUTYM-
HOE CBsI3ylollee OT YIbTpadUOIETOBOTO U3IYyYEHUsI, KOTO-
poe SIBJISIETCSI OCHOBHOW TMPUYMHON OBICTPOrO CTapeHMUSI
OMTYMHOI OCHOBBI OT TeMITepaTypPHBIX CKAYKOB U Meperpe-
BOB, aTMOC(EPHBIX OCATKOB, MEXaHNYECKUX MTOBPEXKICHUIA,
pacrpoCTpaHeHUsI OTKPBITOTO TIJITAMEHM, a TakKe HecyT
9CTETUYECKYIO COCTABIISIIONLYIO B IM3aliHe KpoBiu [1, 2].

st obecnieyeHUsT ATUX (GYHKIIUIA KPOBEJIbHBIE TPaHy-
JIbl TOJKHBI (hOPMUPOBATH MJIOTHOE 6e3 MpoOJIeCKOB MOo-
KpbITHE MaTepuaja, MPOYHO YAEPXMBAaThCsl Ha OUTYMeE,
00y1a1aTh BOJMOOTTAJIKUBAIOIIMMU CBOWCTBAMM, COOTBET-
CTBOBaTh ONpENeJeHHBIM HOpMaM IO TpaHyJoMeTpHuye-
CKOMY COCTaBy Y LIBETOCTOMKOCTH, YPOBHIO PaanOaKTUB-
HOCTHU, XMMUYECKOMY U MUHEpaJibHOMY cocTaBy [1, 3].

B pesynbrare mpuMeHEHUsI KPOBEJIbHBIX IPAHY MSIT-
KHe KpPOBEJIbHbIC MaTepuasbl 3aHSIN BeAYILIUE TO3UIINHU,
0COOEHHO B CETMEHTE MaJI03TaXXHOTO cTpouTesbeTBa. [1pu
pacxone 1—1,2 xr Ha 1 M? rutockux Kposesb u 2,3—2,8 Kr
Ha | M? CKaTHBIX KPOBEJIb eXerofHasi MOTPeGHOCTh B 3TOM
BBICOKOTEXHOJIOTMYHOM MpoayKTe B cTpaHax CHI cocrtas-
sisiet 6osiee 200 ThIC. T ¢ 000pOTOM 2 MIIPA P.

Paznuyaior Tpu TUIIa TOCHITOYHBIX MaTePUAJIOB: CAAH-
yeeas nocbinkKa U3 1po0JIeHBIX KPOBEJIbHBIX CJIAHIEB, MUHE-
panvible epanyavl, KOTOpbIE MPEICTABISIOT COO0i HeoKpa-
IIEHHBIE YACTULIbI U3 OTCEBOB TOPHBIX MOPOJ, U Kepamu3u-
posaHHble (KepaMUYECKUE) epanyasl, TPEICTaBISIONINE
€000i1 yacTuIlbl TOPHBIX MOPOJL C OKPAIIEHHOI KepaMuye-
CKOIi1 00010UKOI [2].

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

KpoBenbHble rpaHyabl ¢ KepaMHYECKOH 000JI0YKOM
SIBJISTIOTCSI CAMBIM CJIOXHBIM U IOPOTUM TTPOJIYKTOM Cpeau
IMOCBHITTOYHBIX MaTepuasioB. UMEHHO 3T TpaHyJIbl IpUMe-
HSIFOTCSI TIPU TTIPOU3BOJICTBE T’MOKOM YepenuIibl U TTOJIMMEep-
HO-OUTYMHBIX MEMOpPaH cerMeHTa nipeMuyM. ['apaHTUitHbIIT
CPOK IJIs TaKUX KPOBeJIb cocTaBiisieT 6osee 30 Jer.

OaHuM 13 HanboJiee BaXKHbIX 2JIEMEHTOB KEpaMUYECKU
OKpAIlIEHHBIX KPOBEJIbHBIX IPAHYJ U TJIaBHBIM ChIPbEBBIM
KOMIIOHEHTOM B MX IPOMU3BOACTBE ABJIAETCA U3METbYEH-
Hag TopHag mopona [1].

ITpu nmpousBoOACTBE KPOBEIbHBIX TPAHYJ C KepaMuye-
CKOI 000JIOUKOI Ha MpeIBapUTEeIbHO pa3apoOJeHHYI0 U
OT(PaKIIMOHUPOBAHHYIO TIOPOIY HAHOCHUTCS OTAEJbHO
MPUTOTOBJAEHHBIM KpacsIluii cOCTaB, KOTOPbIM OOBIYHO
COMECPXUT XKUIKOE CTEKJIO, KAOJWH, MUTMEHTHI U CTabu-
suzatopsl. [lepen HaHeceHUEM cocTaBa TpaHYJbl TO0-
rpeBaloT, Ul TOTO YTOOBI MTPU KOHTAKTE 3aKPETUTh OCHO-
By Oymylieii kepaMuueckoit obosouku. [Tocie HaHeceHUsT
Kpacku B 0apabaHHOM CMECHUTEJIe TPaHyJIbl OTIIPABIISIOTCS
BO Bpallawllylocs IMeyb [Jsg CIleKaHus OO0OJIOUKH.
Temnepatypa cpenbl B rieun pocturaet 1000°C, rpaHy/ibl
MPY 3TOM HArpeBaroTCs J0 MaKCUMaJIbHOM TeMIiepaTypbl
600°C. [4]

ONBIT MPOU3BOJACTBA M IKCIUTyaTallMM KepaMH3MPO-
BaHHBIX KPOBEJbHBIX I'PaHYJI MMOKA3bIBAET, UTO C MTOPOIOI-
HOCUTEJIEM MOTYT OBbITh CBSI3aHbI TAKME HETAaTUBHbIE SIBJIE-
HUSI, KaK UI3BMEHEHME 1IBeTa TpaHyJ U UX pa3pylieHue. Bee
9TO TPU AaJbHEHIIe KCITyaTalldi KPOBJIW MPUBOIUT K
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Ta6amnua 1
Xumuyeckuii coctaB MMHepPasoB No AaHHbBIM MUKPO30OHAOBOIO aHanu3a:
XJIOPUTOB, MMPOKCEHOB U aM$PNGONOB NOPOA MECTOPOXAEHUI 06cnepoBaHns
O6pasup Cocras, %

C MeCTOpOXAeHWH Muanepan SiO, Al,Oq CaO MgO FeO MnO
Kananckoe xnoput 1* 31,82 22,16 0,2 32,37 12,89 0,29
Kanapgckoe Xn0puT 2* 29,51 19,88 0,11 31,81 17,65 0,48
KpyTOpoXmHcKoe xnopur 1 27,73 16 - 14,06 26,67 0,49
KpyTopoxunHckoe X0opuT 2 34,61 18,22 1,23 12,71 20,4 -
l'ynpoHoBckoe xnopuT 1 27,45 16,55 0,26 14,62 24,67 0,7
'yapoHoBCKOE XxnopuT 2 24,16 20,37 - 7,65 34,53 0,64
AbB3akoBCcKoe xnopur 1 32,94 19,66 0,44 17,66 28,61 0,69
AbG3aKkoBCKoe XxnopuT 2 34,01 19,68 - 20,35 25,96 -
CaHranblkckoe xnopur 1 29,65 21,32 - 15,34 21,01 0,4
'yapoHoBCKoe MUPOKCEH 51,36 2,55 19,64 14,75 9,44 0,24
KaHapnckoe MUPOKCEH 50,5 3,6 19 14,23 10,3 0,2
CaHrasbIkckoe amounbon 53,78 3,11 11,95 14,66 14,53 0,39
AbG3akoBCcKoe NMUPOKCEH 52,2 3,59 19,57 14,45 10,19 -
AbB3akoBCcKoe MUPOKCEH 51,97 2,45 9,31 15,03 19,75 0,48
KpyTOpoXmHcKoe MUPOKCEH 50,4 3,46 18,96 14,23 10,47 0,23
Mpumeuanue. * Xnoput 1, Xn10puUT 2 — MUHEPANOrMYecKe Pa3HOBUAHOCTU XJIOPUTOB.

OKHUCJICHUIO IPaHyJI, TTOSBJICHUIO TATEH U TTOATEKOB OKCH-
TUAPOKCUIOB Kejie3a Ha MX TMOBEPXHOCTHU, Pa3pyLICHUIO
OMTYMHOTO CBSI3YIOILIETO Ha Y4acTKax C TOBPEXIACHHBIM
3alIUTHBIM CJIOEM, YTO HETAaTUBHO CKa3bIBAETCS Ha J0JITO-
BEYHOCTHU W BHEIIIHEM BUIE KPOBIHU [5].

OTpacieBble CTaHIAPThl KayecTBa KPOBEIbHBIX I'PaHyJ
MpeayCMaTPUBAIOT MPOBEACHUE CIEIIMATbHBIX TECTOB C 1ie-
JIBIO OIPENICJIEHUS MOTEHIMaIa TOW WU WHOU IMOPOMAbI K
pxasneHuto. OTHUM U3 U3BECTHBIX TECTOB siBJIsieTcs Barrett
Rust, pa3zpaborannsiii opranusanueii Barrett Ltd. B 19591. 1
BKJIIOUEHHBIN B CTaHAAPT MCHBITAHUS KPOBEJIbHBIX TPaHYJI
opranuzauuu ARMA Accouuanueilt npousBoautesneit ou-
TYMHBIX KPOBEJbHBIX MaTepuanoB. ONUH U3 KPYMHEHIIUX
MPOU3BOAUTENIC KPOBEIBHBIX IPaHyl — KoMIaHus 3M —
WCTIONIB3YET JIJISI 3TUX 1ieJIeil COOCTBEHHYIO METOIMKY.

3anaueit HACTOSIIIIETO UCCIIEOBAHUS SIBJISIETCSI U3yUYEHUE
MeXaHW3Ma BO3HUKHOBEHUS MPOOJIEMbI, YTO MO3BOJIUT Lie-
JIEHATPaBJIE€HHO BbIOMPATh MOPO/IbI 111 MPOU3BOJACTBA KPO-
BEJIBHBIX TPaHyJ, HE MPEIpacIioOoXeHHbIE K MOSIBIECHUIO
pXKaBYMHBI U pa3pylIeHUO.

[MocTaBneHHbIe 11eU AOCTUTHYTHI TYTEM COIOCTaBIIC-
HUSI JAHHBIX TI0 XUMUYECKOMY U MUHEPAJIOTMYECKOMY CO-
CTaBY TOPHbIX MOPOJ C JAaHHBIMU MO M3MEHEHMUIO LIBETa U
MMHEPAJIOTUYECKOT0 COCTaBa FOPHbBIX MOPOJ B pe3yjbTare
Mporpesa J0 TeXHoJornueckoir temmeparypol 550°C, npu
KOTOPOI TPOUCXOAUT CIIeKaHNEe KepaMU4eCKOI 000JI0UKM B
MPOU3BOACTBEHHOM TTIPOIIECCE.

Mzyyanuch aTaJloHHBIe 00pa3Lbl TPAHY/I U3 TOPHBIX I10-
PO/, UCIOJb3YEMBbIX OJIHUM U3 BEAYIIMX MPOU3BOIUTENENH
KpOBeIbHBIX MaTepuanioB — Kommnanueit TexatoHUKOJIb, a
Takke 00paslibl rPaHyJ/l U3 TOPHBIX TTOPOJ, ¢ IKCIUTyaTUpye-
MBIX MECTOPOXIIEHUI CTPOUTEbHOTO KaMHSI YpPaJlbCKOTrO
peruoHa. B KauecTBe KOHTPOJBHBIX 00Pa3110B BIOPaHbI HE-
OKpallleHHbIe TpaHyJibl U3 Topoabl KaHanckoro MecTopox-
JIEHUST, KOTOPbIe UCIOJIb3yeT KoMmmnaHus 3M.

OO6pasibl TOPHBIX MOPOJ OTOOPaHbI HEMOCPEACTBEHHO
Ha o0bekTax ucciaenoBaHuii. OTOMpaInCh Pa3HOCTH, HAM-
0oJiee IMPOKO PacIpoOCTPaHEHHbIE HA MECTOPOKICHUSIX.

(TP OVIENIBTIBIE

XUMUYECKMI aHalu3 TOPHBIX TMOPOI TPOU3BENEH B
LleHTpasbHON HccieA0BaTeNIbCKON JlabopaTopun 3aBoja
TEXHO meTomom peHTreHOMIIyopeCLieHTHOM CIIEKTPOCKO-
nuu (POC) Bruker S4 Explorer (ananutuk E.A. flnbimMoBa).

MuHepaToruyecKuil CocTaB IpaHysl HU3YyYeH METOIOM
ONTUYECKON MUKPOCKOTUHU HUIMGOB U3 MopoJ (rmeTporpa-
¢uyeckuii aHaau3) B 1a6OpPATOPUN BEIIECTBEHHOTO COCTaBa
MuHepaabHOTo chipbst OO0 «YpasibcKoe TOpHO-TeoJIornye-
ckoe areHTcTBO» (Ya) Ha mukpockone CARL ZEISS
JENA Amplival (metporpad E.O. Kamuctparosa). C 1ienbio
dukcany M3MEHEHMI 11BeTa U MUHEPAJIbHOTO COCTaBa B
pe3yJibTaTe MporpeBa u3yJyaauch HUTUGbI U3 TOPOJ, OABEP-
THYTBIX U HE TOIBEPTHYTHIX MporpeBy. ONTUYECKue uccie-
JIOBaHUsI JIOTIOJHSIJIUCH TAaHHBIMU PACTPOBOI 3JIEKTPOHHOM
MUKPOCKOIUHN C SHEPTroANCIIEPCUMOHHBIMU aHAJIM3aTOpaMu
B MHcTuTyre MunHepanoruu Ypaiabckoro otmeineHuss PAH
(mpubopsr POMMA-202M, Tescan VEGA-3, aHaauTtuk
H.A. BiiuHOB). DTUM METOAOM HCCAeI0BAIMCH OCOOEHHO-
CTU XMMUUYECKOIo cOocTaBa (3KeJe3UCTOCTb, COJEpXKaHue
KajbpLus U MarHust). O6111ast HanpaBJIeHHOCTb MUHEPAJIOT U -
YeCKUX MCCIeTOBAaHWI OTHOCUTCS K HOBOMY HaITpaBJIeHUIO
HayKM — TEXHOJIOTMUYECKO MIUHEPAIOTuu [6].

YcToMUMBOCTh 000X KEHHBIX TPaHyJI K BBIIEISHUIO IPO-
IYKTOB pXaBJIeHUs (OKCUTMAPOKCHUIOB XeJie3a) Ha MoBepX-
HOCTH KpacsIlEro KepaMuyeckoro cjios rpaHyJ/l OleHUBa-
Jlach Ha ocHoBe Tecta Barrett Rust, KOTOpbIi UCTIOB3YETCS
JUTSI 9THX LIeJIeil B MHIYCTPUHW KPOBEJbHBIX TPAHYII.

YucnoBble XapaKTePUCTUKU U3MEHEHMS 1IBETA B PE3YJIb-
TaTe MporpeBa MOJYYEeHBbI MyTeM M3MEpPEeHUs] KOOpAWHAT
1IBeTa TpaHyJ 10 U TocJie nmporpesa. MamepeHus: mpomsBo-
nuuck Ha cnekrpodoTtomerpe ColorFlex EZ reometpueii
45°/0°. OnTryeckre CBOMCTBa MUHEPAIbHBIX YACTUILL XapaK-
Tepu3yloTcsl KoopauHatamu L*a*b*. Oty koopauHaThl BbI-
YUCISIOT U3 U3MEPEHHBIX 3HAaUeHUI KO3 GUIIMEHTa OTpa-
JKEHMSI B IuarnaszoHe aauH BosH 400—700 Hwm.

XUMHUUYECKMM U TieTporpaduyeckum aHaJIu3aMM ycTa-
HOBJICHO, YTO YaCTUIIbI UCCIEAYEMBIX TOPHBIX TTIOPOJ OTHO-
CATCS K TUMWYHBIM MarMaTU4eCKMM M BYJKaHUYECKUM
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Puc. 1. TunoBbie 0COBEHHOCTN PA3BUTUS OKCUMMAPOKCUO0B Xenesa B rpaHy/ax rnocsie TeXHON0rM4eCcKoro Harpesa rpaHyJsi U3 ropHbIX MOPo MECTOPOXAE-
HWii: a, 6 — KaHapckoe; B — AB3akoBckoe; r, 4 — CaHranbikckoe; e — KpyTopoxuHckoe. YcnoBHble 0603HaveHnst muHepasnos: Chl — xnopuTt; Otz — kBapu;
Mgt — marteTut; Amf — amdunbon; Ct — retut; Chalc — kanbunt

MOpoJiaM OCHOBHOTO M CPEIHETO COCTaBa, MPEeTePIIeBIINM
MmeTaMopdu3M (mpeodpa3oBaHMsI) 3eJeHOCIAHLIEBOM a-
uuu [7, 8].

DTaJoOHHBII obpaszell rpaHyJ U3 ropHoi nopoanl Ka-
HaJICKOTO MecTopoxkaeHus: 3M xapakrepusyercst HauboJiee
BBICOKMM COZIepXKaHUEM OOIIEeTo Kejie3a U TIPU 9TOM Hau-
JIYYIITMMU TI0Ka3aTeIsIMK 110 M3MEHEHUIO 1IBeTa B pe3yJIbTa-
Te TEXHOJIOTMYECKOTo HarpeBa M TecTa Barrett Ha pxkaBie-
Hue (1a6a. 2 u 3). [To XuMruYecKoOMy U MUHEPaJIOTMYeCKOMY
cocTaBy chipbe KaHaackoro MecTopoXXaeHus COOTBETCTBYET
noneputy (Merabaszanbry). OCHOBHasi Macca IMOpOJbI CJIO-
>KeHa TOHKUMH JielicTaMU TJIarMOKJIa3a U 3epHaMU MTHPOK-
ceHa pazmepHocThio okoio 70—100, penko mo 500 mMKM.
B mpomexyTkax Mexxay 3epHaMy 1 MUKPOJIUTAMU B 0a3ajib-
T€ Pa3BUTHI XJIOPUT M aKTUHOJIUT, UMeIoIIne (GOpMy TOHKHX
BBITSIHYTBIX 4Yelllyil; PeliKO COXpaHsSIeTCs BYJKaHUYECKOe
CTEKJIO 3eJ€HOBAaTOro 1BeTa — IMajaroHUT. YCTAHOBJEHO
MPUCYTCTBUE B TIOPOAE JABYX PAa3HOBUIHOCTEH XJIOpHUTA:
MarHe3naJbHOTo (IradaHTuTa) 1 00JIee 3KeJIe3UCTOro (KITH-
HoXJI0pa). B 11eJ10M XJI0pUTHI 3TaTOHHOTO 00pasiia XxapakTe-
PU3YIOTCSI OTHOCUTEJIbHO HU3KOM KeJIe3UCTOCThIO U BBICO-
KO MarHe3uajabHOCThIO (Tabu. 1). ITpoxunku, cexkyiiue
MMOPOAY, CIOKEHBI KBapLIEM C STTUIOTOM U KIIMHOLIOU3UTOM,
B €IMHUYHBIX CJyYasX KaJIbIIUTOM M IJIarMoKya3oM. B He-
3HAYUTETLHBIX 00beMax BCTpevaeTcs MpeHuT. PyaHas Mu-
HepaJM3alis BeCbMa IIMPOKO PaclpocTpaHeHa B MOPOJIE.
Ee comepxanue B noJje nninda Moxer gocturath 18%. Ona
MpeacTaBieHa UCKIIOUNUTENbHO MAaTHETUTOM B BUIE 3epeH
poMmbuyeckoro raburyca. Cyiab(uabl He YCTaAaHOBJICHBI.
IMocne mpokanuBaHUs 3epHA IUIarMokKjiasa W IHUPOKCEHA
OCTaloTCSI HEM3MEHHBIMU, a PbIKUI LIBET (DUKCHUPYETCSI B
LIEMEHTHUPYIOIIIEM arperate XJOpUT-aKTUHOJIUTA. Phikue u
Oypble OKCUTHMAPOKCHUIBI XkKeje3a 00pa3yloT y3KOMPU3MaTH-
yecKue, BBITSHYTbIE WJIM WTOJbYaTbie 30HbI (AaKTUHOJMT),
accoLMUpYyIolIre ¢ TMabaHTUTOM, PeXe OHU Pa3BUBAIOTCS
M0 KJIMHOXJIOPY. 3epHa MarHeTUTa Mocje MPOKATVUBaHUS
OCTalOTCSl HEU3MEHHBIMMU (puc. 1, 6).

Hanxymmmvu rmokasateisiMu B OTHOIIEHUN M3MEHEHMST
1BeTa 1 Tecta Barrett Rust Ha pxkaBieHue xapaKTepu3yroTCs
rpaHyJibl U3 rabopo-auopuToB CaHTaIbIKCKOIO MECTOPOXK-
nenwust (tabdy. 2 1 3, puc. 2). [Topoaa cocTOUT 13 BKparJIeHHU -
KOB ¥ OCHOBHOI Macchl. COOTHOIIEHUE BKPAIIEHHUKOB K

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

OoCcHOBHOII Macce mpumepHo 40:60. BxkparuileHHUKY TIpes-
CTaBJICHbI Y3KOITPU3MaTUUECKUMU KPUCTA/UIaMU TJIarnoKJIa-
3a CPEIHETO COCTaBa, Pa3MEPHOCTHIO repBbie MM (60—70%),
pexxe poroBoil ooMaHku (5—10%), 4acTUYHO YpaIUTU3M-
POBaHHOI 3epHamMu KBapua. B 1ieMeHTe pa3BUTBI: XJIOPUT
(7—12%), ximuaonom3ut (5—7%). HeGompImmMu yqacTKaMu
COXPaHSIeTCS BYJTKAHUYECKOE CTEKIIO — TAJIaTOHUT. XJIOPUT
MPENCTABICH YellyiyaThIMU arperatamu, a akKTUHOJUT —
KPYMHBIMU BBITSIHYTBIMU KpUCTaUIaMU. B oTauuume oT Ka-
HaJICKOTO J0JIepUTa PyIHbIE MUHEPAJIbl B TaOOpO-IMOpUTaX
CaHTaJIBIKCKOTO MECTOPOXACHUS MPENCTABICHbI TTOUTH KC-
KJTIOYUTETTbHO CYIb(UIaAMUA: TUPPOTUHOM, TTUPUTOM (pa3-
mep Boiaenenuit 0,1—0,3 mm). Takke npucyrcTByeT cheH u
eIMHUYHbBIE KPUCTAITUKA TUTAHOMArHETUTA.

Tect Barrett Rust moka3piBaeT nosiBaeHUEe KpaiiHe MHO-
TOYMCJIEHHBIX TOUEK B Pe3yJbTaTe OKUCICHUS CYTbMOUIHBIX
MmuHepaioB (puc. 2). Kak u B o6pasue Kanamckoro mecro-
POXIEeHWs, U3BMEHEHHNE LIBETa MOCje MPOKAIMBAHUS CBSI3a-
HO C LIEMEHTOM, BEpOSITHEE BCETO C XJIOPUTOM, HO €CTh
(bparMeHTBI, B KOTOPBIX BUIHO, KaK OKCUTUIPOKCHUIBI XKe-
Jie3a Pa3BUBAIOTCS U IO YPAJIUTY (Pa3HOBUIHOCTH POTOBOIM
obMaHKU Tpymnbl amdubosos). 1o cynbpumsam Habmona-
eTcsl HanboJiee MHTEHCUBHOE Pa3BUTHE TUAPOKCUIOB XKeJle-
3a. B numudax (puc. 1, 0, e) KpucTaibl U arperaTbl MupuTa
Y TUPPOTUHA TIOYTH B TIOJTHOM 00beMe 3aMYTHEHBI, ITOKPBI-
ThI TOHKOJUCIIEPCHBIM OYPBIM BEIIIECTBOM.

O6pa3upl rpaHya u3 nopon Ab3akoBckoro, Kpyropo-
)kuHckoro, ['yaipoHoBckoro, KypaMrUHCKOTO MECTOPOXIE-
HUM TMoKa3aJlu TPOMEXYTOUHbIE pe3yabTaTbl. MuHe-
paNbHBINA cocTaB aHAe3uToB ['yapoHOBCKOTro, AO3aKOB-
ckoro, KypamumHckoro, momeputoB KpyTOpoXKMHCKOTO
MECTOPOXICHUI OJIM3KKA. DTO B TOM WJIM MHOU Mepe Iop-
(upoBbie TIOPOABLI, OCHOBHAs Macca KOTODPBIX CJIOXEHa
snuaoT-aM@puodon-xiopuT-KBapueboit (I'yapoHOBcKoe,
Ab3akoBckoe, KypammnHckoe) u xioputoBoii (Kpyropo-
JKMHCKOE) Maccoii, BKJIIOUYAIOIIEi y3KONpu3MaTUyecKue
BKpaIUICHHUKHM IUIarMOKJIa3a, pexe MIpoKkceHa u am(puodo-
Jla, C TIpUMeChIO TpeHUTa, KapOOHATOB W MaJlaTOHUTA.
Paznuyus 3akioualoTcs B pacrpeeeHud MUHEPaJIOB, UX
JKEJIE3UCTOCTH, B COCTaBE PYIHBIX MUHEPAIOB.

B cocraBe aHne3utoB ['yIpoHOBCKOTO MeCTOPOXKICHUS
3HAYMTEIbHO Mpeobnanaer MarHeTuT. Cynbhuabl PUCYT-
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Puc. 2. Pesynbtathl TecTa Barrett Rust, rppaHynel 3 nopoa: a — KaHaackoro; 6 — N'yapoHOBCKOro; B — CaHrasbiIkCKoro MecTopoXAeHui

Tabauma 2
N3meHeHne KoopAMHaT LBeTa 06pa3L0B KPOBEJIbHO NOCLINKM C MECTOPOXAEHUIA
Koopauhars! useta V3meHeHne KoopavHaT LpeTa
OGpasul nockinky [0 NpoKanMBaHus rocre npokanMBaHus nocne npokaineaHmns
C MECTOPOXAEHWI
L* a* b* L* a* b* AL* Aa* Ab* AE

KaHapckoro 42,4 -1,5 2,6 40,5 1,3 7,6 -2 2,7 5 6
KpyTOpOXUMHCKOro 37,5 -2,4 1,2 34,1 2,5 10,5 -3,4 4.9 9,3 11,1
AB3aKOBCKOro 46,8 -2,5 3,5 39,5 3 12,3 -7,3 5,5 8,8 12,7
'yOpOHOBCKOrO 46,8 -2,8 2,7 39,4 3,5 10,6 -7,4 6,3 7,9 12,5
KypamunHckoro 51,7 -2,3 4.5 42,4 2,6 11,4 -9,3 4.9 6,9 12,9
CaHranbIKCKoro 49,7 -2,2 2,9 39 2,7 12,1 -10,8 4.9 9,2 15

KoopamHart b.

MokasaTenu naMeHeHns LBeTa: a* — koopauHaTta useTa a; b* — koopamHaTa useTa b; L* — cBeTtnota; AE — 0o6L1aa pasHuLla LBEeTOBbIX
XapakTepucTuk; AL* — pasHuLa B CBETNIOTE HemnpoKaNieHHbIX U NPOKaneHHbIX nopond; Aa* — pasHuua koopamHat a; Ab* — pasHuua

CTBYIOT B p€3KO MOJYMHEHHOM KOJIMYeCTBe. bosbluM pasz-
HOOOpa3ueM pyIHBIX CYIbMUIHBIX MUHEPAJIOB XapaKTepu-
3YIOTCSI aHAE3UTOBBIC MOPGUPUTHE AO3aKOBCKOIO MECTO-
poXaeHus. 31ech AMarHOCTUPOBAHBI HE TOJBKO MUPUT, HO
U1 OOpPHUT, U XaJbKonupuT. Hanbonrblee cogepxaHue mu-
puta Habogaercss B nopoaax KpyTopoxkMHCKOTo Mecto-
POXIEHUS.

H3meHeHue uBeTa nocije NpoKaIMBaHUS, KaK U B 9Ta-
JIOHHBIX TpaHyJjaX, HanboJiee TECHO CBSI3aHO C XJIOPUTOM
OCHOBHOI1 Macchl. OHO pa3BUBAeTCsl B OCHOBHOM IO Ipa-
HUIIAM MUHepaJia U BAOJb TPELIMHOK B OCHOBHOI Macce,
pexe C MUHIAJIMHAMU B MUHAAIEKAMEHHBIX PAa3HOCTSIX.
O6ubHOE 00pa3oBaHME OKCUTUAPOKCUIIOB Keje3a Ha-
0J101a€TCS U B BBIACJICHUSIX MAJIOTUTA.

BropuuHbIit XapakTep OKCUTUAPOKCHUIOB XKeje3a He
BbI3bIBaeT coMHeHuU. B muimdax yerko duxkcupyercs
KOPPO3MOHHBIM XapakTep pPa3BUTHUSI OXeJEe3HEeHMUsI.
ArperaTbl OKCUTUIPOKCUIOB XeJie3a ObICTpee BCEro pas-
BUBAIOTCS 10 IPAaHULIAM 3€PEH MUHEPAJIOB, MIPEX/E BCETO
XJIOpUTA, NUPUTA U NUPPOTUHA. OCOOEHHO UHTEHCUBHO
OXeJIe3HeHUTO MOBEePraloTcs KOHTAKTHBIC 30HBI ¢ Kapbo-
HATHBIMU MUHepasamu. Jlajee MUHepaau3alus pa3BuBa-
€TCsI OT KOHTPAKTOBOM 30HBI B INyOb MUHEpPaIa IO MUKPO-
TpemmHaM (puc. 1, a, 6, ¢, e). CyabduaHble MUHEPAIbI
pXaBeloT Haubosiee MHTeHCHBHO. Kak mpaBwiio, mocie

MpoTrpeBa OHU MTOKPHIBAIOTCS TOHKOJUCIIEPCHBIM TeTUTOM
U C TPYIOM OMArHOCTUPYIOTCS. B TO Xe BpemMsi OKCUIbI
Xeje3a (MarHeTUT, TeMATUT) HE MpeTepIieBal0OT HUKAKUX
U3MEHEHU.

Takum o6pazom, oblliee coaepKaHue XKeJe3a He SIBIsIeT-
Cs1 OTNPEACIIOIINM B UHTEHCUBHOCTY MTPOTEKAHUS MPOLIEC-
COB M3MEHEHMS 1IBeTa I'paHyJI B pe3yJibraTte (hOPMUPOBAHUS
TOHKOJMCIIEPCHBIX arperaroB OKCUTMIPOKCUIOB Keje3a.
DTaJOHHBII (MEHEe BCEro IIOABEPXKEHHBIM PXKABJICHUIO)
oOpa3zell KaHAACKUX TOJEPUTOB OTAMYAETCSI HauboJiee BbI-
COKHMM COfIep>KaHUEM OOI1IeTO XeJse3a.

Benyiee 3HaueHue uMmeeT MUHepajornyeckas dhopma
(ukcamuu xenesa.

[TepBoe MecTO 1O CKIIOHHOCTHU K PXKaBJIEHUIO 3aHUMAIOT
cynbhuael. OKucaeHue cyabOUaAoB TPOUCXOAUT B MpoLIeC-
Ce TeXHOJOTUYECKOIo HarpeBa U CBSI3aH C YACTUYHOU WM
MOJHON AECTPYKLMEH KPUCTAUUIMYECKOW PEIIETKU MPU
temriepatype 200—600°C.

Jpyrasi rpyrina pyJaHbIX MUHEPAJIOB — TpeAe/IbHbIC OK-
CHUJIbI — MAaTHETUTBI ¥ TEMATUThI — OCTAIOTCSI CTAOUIbHBIMU
B pe3yJibTare MOTrOJHOIO BO3/IEUCTBUS, B MPOLIECCEe TEXHO-
JIOTUYECKOT0 HarpeBa OHM He pxkaBeloT. MeHHo ¢ukcalu-
eii B MarHeTUTe OCHOBHO Macchl XkeJie3a KaHaACKUX TOPO/T
MpU KpaiiHe BBICOKOM COJEPXKaHWM B HUX OOIIETO XeJie3a
OOBSICHSIETCSI UX BBICOKOE KaueCTBO.

HAYYHO-MeXHU4eCcKUll U npoU3800CHEEHHbLIL JCYPHAA
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‘ Marepuaabl H TEXHOJIOTHH

Taoauna 3

ConocTtaBnieHne AaHHbIX neTtporpaduyeckoro, XMuMmM4eCckoro aHasim3oB 1 NoKka3arenen N3MeHeHus LBeTa

B 06pasuax KPpOBesbHbIX FPaHyJ TUMOBbLIX 0ObEKTOB

Copep>xaHne MUHePasnoB, CKIOHHbIX XAMUYECKIN COCTAR MODO MokazaTenn
OGpa3up! HOCmeVV' K N3MEHEHUIO LuBeTa npu % poa, M3MeHeHns
C MECTOPOXACHNN Mopoas! TEXHONIOrM4Yeckom nporpese, % ? useta AE

poxaeHunn

ChL* Palt | Akt | Sf | Mgt | Gt SiO, | FeOyg,, | MgO [ CaO | AE Brt | Vz
Kanagckoro 6azanbT 9(15,3) 1 11 | 0,1 12 48,6 14,5 6,6 | 10,1 6,1 1
AB63aKOBCKOro aHaesnTt 12 (27,3) | 0,2 0 108|055 46,8 10,5 6,8 8,9 | 12,7 4 3
"'yOpOHOBCKOro aHpesuT 12(29,6) | 0,5 4 1041 25 4 66,1 7,1 2,8 3,3 12,5 5
KypamuHckoro aHpe3nT 9(-) - 2 1,2 0 1,5 | 49,8 10,7 6,2 9,3 10,4 4
KpyTopoxunHckoro noneput 11(283,5) - 0 1,5 6 0 46,9 14,3 5,8 56 | 11,1 21 5
CaHranblkckoro rab6po-anoput | 17 (21,1) | 0,6 9 2 0 1 49,2 11,9 7,9 6,7 15 56 | 12
Mpumeuanus: ChL — xnoputel 6€3 pasneneHns Ha MMHeEpPabHbIE PA3HOBUAHOCTY (MEHHWUH, KIMHOX10P, AnabaHTuT); Akt — MOHOKNINH-
HbIh amdubon Tnna aktuHonuta; St — cynbduapl xxenesa; Mgt — okcunapl xenesa, MarHetTuT 1 remaTuT; Gt —rMAPOOKCUAbI Xeneaa;
Palt — nanaroHuT (M3MeHeHHOe ByJIkaHMYEeCKOe CTEKI10); noka3aTenn nameHeHus upeta; Brt — tect Barrett Ha pxxaBneHue (Konm4ecTso
pXaBblx NATEH); Vz — BU3yanbHOE BOCMPUSTME CTEMEHU PXaBMEHUs B YCIOBHbIX Oannax; * — cogepxaHue xnopuTtos, % (cpeaHee
cogepxaHnuve FeO B muHepane, %).

B cuiukaTHBIX MUHEpaiax U3MEHEHUE 1iBeTa Habona-
eTCs TOJIbKO B IIpPOLIECCe TEXHOJOTMYEeCKOro Harpena.
HauGonee moaBepxeHbl pxKaBAEHWUIO MUHEPAIbl T'PYIIbI
XJIOPUTA, U TIPEXKIE BCETO €ro XKeJe3UCThie pa3HOBUIHOCTHU.
Bropoe mecTo 1o BKJ1aay B p>KaBJieHUE 3aHUMAET MaJlarOHUT
(M3MEHEHHOEe BYJIKAHMYECKOE CTEKJIO, COMAepXKalllee CTPYK-
TypHYI1O Boay). IMEHHO ero mpucyTCTBUEM MOXHO OOBSIC-
HUTH ITOKa3aTeau obpasia aHae3uToB ['yapoHOBCKOro mMe-
CTOPOXIECHMUS, XapaKTepU3YIOIIETOCS HEBBICOKUM COfIepKa-
HUEM XJIOPUTOB U cyabdunoB. CKIOHHBI K PXKaBJICHUIO U

CnMcok JMTepaTypbl

1. Kogel J.E., Triverdi N.C., Barker J.M., Krukowski S.T.
Roofing materials // Industrial Minerals and Rocks. 2006.
7thed. Pp. 1174—1175.

2. Berger E.H. Ceramic Roofing Granules // Ceramic Age.
1935. No 2. Pp. 49-51.

3. Jewett C.L. Roofing Granules // Industrial minerals and
Rocks. 1983. 5th ed. Pp. 15—19.

4. Patent US 20060251807 Al. Roofing Granules With
Improved Surface Coating Coverage And Functionalities
And Method For Producing Same. Keith Hong, Ming
Shiao. Declared 21.04.2006. Published 09.11.2006.

5. Patent US 5516573 A. Roofing materials having a
thermoplastic adhesive intergace between coating asphalt
and roffing granules. Billy L. George, Stefan A. Babirad,
Vincent J. Laraia, Jr., Wilson S. Bigham. Declared
26.09.1994. Published 14.05.1996.

6. Oxoruna E.T'., Poroxuna A.A. TexHojiornyeckass Mu-
HepaJorus: ”THHOBAIIMOHHBIE MTOAXO/bI K OLIEHKEe MUHE-
panbHOTO ChIpbs // Coopruk cmameii no mamepuaram V.
DOCCULICK020 CEMUHAPA O MeXHOA02UYEeCKOU MUHepaioeuu
«MuHepanoeo-mexnonoeuueckas OUueHKa MecmoporicoeHui
NOAE3HbIX UCKONAeMbIX U NPoOaemMbl PaACKpbimus MuHepa-
a0e». [lerpozaBoack, 2011. C. 7—12.

7. AdanaceeBa M.A., bapmuna H.IO., boratukos O.A.
IMetporpacuss u TEeTPONIOTUS MarMaTUYeCKUX, MeTa-
MOPGUUECKUX U METACOMATUIECKHX TOPHBIX ITOPo. M.:
Jloroc, 2001. 768 c.

8. Emenpsnenko I1.0., dxosnesa E.b. [Tetporpadus mar-
MaTUYecKuXx M MeTtamopduueckux mopon. M.. MIY,
1985. 248 c.

9. Tommop H.®., Oropomosa JI.I1., MenbuakoBa JI.B.
TepMuvecknii aHaIU3 MUHEPATOB U HEOPTaHWYECKUX
coenquHenuit. M.: Hayka MI'Y, 1987. 190 c.

HAYYHO-MeXHU4eCKUll U npou3800CEEHHbLI HCYPHAA

HEKOTOpPBIe Pa3HOBUIHOCTU aM(pUOOJIOB TUIIA AKTUHOJINUTA,
OIHAKO 3TO MPOSIBJISIETCS] TOJIBKO Y XKeJIe3UCThIX ero pa3Ho-
BUJHOCTEN.

B omimune ot cynbhuI0B OKCUTUAPOKCHUIBI Xejie3a B
CUJIMKATaX OCTAITCS TECHO CBSI3aHHBIMUM C MUHEPAJIOM-XO-
3SIMHOM U HE MUTPUPYIOT HA TTOBEPXHOCTb IPaHYJI.

C 1eaplo co3maHMsI CTOMKUX TpaHyJl HEOOXOAMMO pas-
paboTaTth CXeMy OLIEHKH TePMOTPaBUMETPUUYECKOM aKTUB-
HOCTH ITOPOAbI HA OCHOBE 3TAJIOHOB C Pa3JIMYHBLIM COIepKa-
HUEM CYJIb(PUIOB U UX pa3HOBUAHOCTEI [9].
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Information

MexqyHapofhan Hay4Ho-NDAKTHYBCKAS KOHEEPBHLNA «HHHOBAUHOHHbIE TEXHONOTUH;
MYTH NOBbILLIGHAS MEMPEMOHTHbIX CHOKOB CNYMGbI ABTOMOGHABHDIX OpOr>»

1 dpeBpand 2017 r. Ha 6a3e MOCKOBCKOro aBTOMOOUIbHO-A0POXHOINO FOCYAAPCTBEHHOIO TEXHNYECKOrO YHN-
BepcuteTta (MAN) npyn noonep>xke GegepanbHOro OPOXKHOro areHTcTea, I K «Astogop», CPO «COKO310P-
CTPOW», OO0 «BupTren-VHTepHaumoHans-Cepsuc» coctosnachk |V MexayHapoaHas Hay4Ho-mpakTu4eckas
KOHdoepeHUmMs «/IHHOBALMOHHbBIE TEXHONMOTUM: MYTK MOBbILLEHNA MEXPEMOHTHbBIX CPOKOB CITy>KObl aBTOMOOWIb-
HbIX 4OPOr>. 10 AaHHbIM OPraHnM3aTopoB, B paboTe KOHAEPEHLMM MPUHANK y4acTne 6onee 400 cneunanmcToB
n3 pernoHoB Poccun, a takke npegctasutenu Lseunn, 'epmannm, CLUA. B pamkax KOHDepeHUmn aKCnepTol
o6Ccyanny BOMPOChI MNaHoBO-NpeaynpeanTenbHbIX paboT No Coaep»kaHuio Aopor, Beibopa 060pyaoBaHust, 3KO-
HOMUYECKME aCNeKTbl CTPOUTENBCTBA M HANPaBIEeHNs cTaHaapTM3aumnn.

a caite www.madi.ru

[To MHeHuto 3amecTuTens pykosoautens Pocastogopa .. Actaxosa,
B HACTOALLEE BPEMS KaK HUKOrOA BaXKHA CBSA3b HAYYHOr0 CO06LLECTBA
¢ npakTuyeckoi peanusaunen. OgHa U3 3aaay, NoCTaBneHHas nepen
cneumanucTaMmu JOPOXHON OTpac/n, — YBEJIMYEHNE MEXPEMOHTHbIX
CPOKOB € 6 10 12 neT no pemoHTy 1 ¢ 12 10 24 neT No KanuTanbHoOMy
PEMOHTY.

0 cocTosiHun gopor B Poccuu pacckasan A-p TexH. Hayk, npodiec-
cop MALI B.B. Ywakos. OH 0TMeTU, YTO eXXerofHo B Poccuu pactet
4UCNO MALLVH, HArpy3ka Ha JOpPorn NocTOAHHO yBenu4yueaetcs. U ne-
pen cneuuanuctamu 0Tpacnu CTOWT 3afiaqa No MOMCKY U BHEAPEHUO
3(PPEKTUBHBIX TEXHONOMA CTPOUTESIbCTBA U PEKOHCTPYKLIM aBTOMO-
6UIbHbLIX 0POT.

CTpouTensCTBO aBTOMOOUIbLHBIX JOPOr N3 LEMEHTHbIX 6ETOHOB
SBNAETCA OHWUM W3 BApMAHTOB YBENWYEHWS NPOACIKNTENbHOCTY
CPOKOB MX CITy6bl. OCHOBHbIM MPENATCTBUEM MPUMEHEHNS GETOHHbIX
MOKPbITUA ABMSAETCS OTCYTCTBME HOPMATMBHOI 6a3bl. OQHAKO yXe B
HacTosLlee BpeMa Accoumaumen 6eTOHHbIX JOPOr HaYaTa pa3paboTka
CTaHAApPTOB, BbIGOP ONTUMANbHbLIX TEXHOMOMMIA U MH(OPMALMOHHOE
OMOBELLEHNE CNELMAnnCTOB JOPOXHOI oTpacnu. B cBoux moknagax
9KCNepTbl OTMETUAN, YTO LEMEHTOBETOHHbIE JOPOrk [ONTOBEYHee ac-
(hanbTo6ETOHHLIX B 56 pas, a CpoK X CNyX6bl MOXET A0CTUraTb
50 nert. MPOYHOCTL N M3HOCOCTOMKOCTb TaKWUX MOKPLITUA MO3BONAT
nponyckarb aBTOMO6UNIN C 60MbLIMM 06bEMOM Fpy3a U CYLLECTBEHHO
3KOHOMWTb HA PEMOHTE U MOCNEAYIOLLEe KCnnyaraLmum.

Heckonbko [0KNagoB 6bIn0 NOCBALEHO 06PA30BaAHUI0 KOMEHO-
cteir. Mpeactasutens komnanun 000 «AsTogopuc» A.A. PoHoB pac-
cKasan 06 UCMonb30BaHUN «XOJIOAHBIX» TEXHONOTUIA Ans npodunak-
TUKN N NUKBUAALMN KONEIAHOCTEN.

WNuTepec npucyTcTBytowmx Bbi3gan foknag ®.C. Mokpbiwesa 0
NPUMEHEHU B CTPOUTENbCTBE M 3KCMIyaTaunui aBTOMOGUINbHBIX [0-

(TP OVIENIBTIBIE

por G6ETOHHOr0 MOMIOTHA — HAMOSHEHHOW CyXUM PacTBOPOM TKaHMW C
HENpPoOMOKaeMOl NoAKNaakoi. 3TOT maTepuan WHTEPECEH TeM, 4TO
npu 06YCTPOICTBE OH MATOK 1 NOABMXeEH. HO Npu NponuTbIBaHN ero
BOJO/1 NpeBpaLLlaeTcs B NPO4YHOE 6ETOHHOE MOKPbITUE 3aflaHHO (Hop-
Mbl. [TUNOTHBIMKU NPOEKTaMU N0 NPUMEHEHUID GETOHHOTO MONIOTHA B
Poccuu cranu aaponopt, 06CnyXuBaOLLNiA anMasHblil kapsbep «Mup»
B SIKyTMM, 11 6EPEroBoil KOMMNEKC NOArOTOBKM «YaitBo» Ha CaxanuHe.

06CyxaeHne NPeaCcTaBAEHHbIX JOKNAA0B NO3BONSET CAENaTh Bbl-
BOJ, 4T0 Poccus B HACTOALLEe BPeMS CYLLECTBEHHO YCTYNAeT Mo Kave-
CTBY fopor cTpaHam Esponbl u Amepuke. OgHaKo n3yyeHue yxe Ha-
KOMJIEHHOr0 OMbITa, COBPEMEHHbIE UCCNEA0BAHUS U NPUMEHEHNE WH-
HOBALMOHHbIX MaTepManoB MOryT NO3BONMTL Peann3oBaThb 3ajady B
4aCTN YBENMYEHUS MEXPEMOHTHbIX CPOKOB CIyX0bl, MOBBICUTbL Kaye-
CTBO aBTOMOOWIIbHBIX AOPOT, YBENNYUTb 6€30MaCHOCTL [BVKEHUS 1
clienarhb Hally XU3Hb Ka4ECTBEHHO JyyLUe.
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Hudopmanna

il Il[ll]fl]T[lBMTh K NYONMKALMH HAYYHO-TEXHHYECKYHD CTATbIO

ZKypHasibHasi HaydHO-TEXHMYECKasl CTaThsl — 3TO COUMHEHME HeOOMBILOro pa3Mepa, YTo camo Mo cebe
OTIpeIeIsieT TPAHMULIBI M3JI0KEHHUS TEMBI CTaThH.

Heo0xomuMbIMu 351eMeHTaMy HAyIHO-TeXHIIECKO CTaThH SIBJISTIOTCS:

—  TIOCTAHOBKa TPOOJIEMBI B 00IIIEM BUIC 1 €€ CBSA3b C BAXHBIMU HAYYHBIMU WU TTPAKTUYCCKUMU 3a1auaMu;

—  aHaIM3 MOCNEIHUX JOCTHKEHUI 1 IMyOIMKALINiA, B KOTOPBIX HAYATO pellieHe JaHHO Mpo0JIeMbl M Ha
KOTOpbIE OMUPAETCSl aBTOP, BbIAEJEHUE paHee HE PEIICHHBIX yacTeil o0mieil mpooieMbl, KOTOPbIM
MOCBSIIIEHA CTAThs;

— (opMmyaMpoBaHue 1ieNeit cTaTbk (TOCTAHOBKA 3a/aun);

—  V3JIOKEeHKe OCHOBHOTO MaTepraia NCCIIeNOBAHMS C TIOJTHBIM 000CHOBAHWEM TIOTyJeHHBIX PE3yJTbTaTOB;

—  BBIBOJIBI M3 IAHHOTO MCCIICIOBAHMS 1 TIEPCTIEKTUBBI JaTbHEIIIIEro MoMcKa B N30paHHOM HAIPABICHU.
HayuHble cTaTby pelieH3UpPYIOTCS CIIEIMATMCTAMI. YUUTBIBAst OTKPHITOCTD XKypHasa «CTpOUTeIbHbIE MaTe-

pmam;1»® JUTSL YYEHBIX M ICCIeIoBaTeIeii MHOTUX JIECTKOB HayuHbIX yupeskaeHuii u By3oB Poccun u CHI, peni-

CTABUTEJIM KOTOPBIX HE BCE MOTYT ObITh MPEICTABICHBI B PEAAKIIMOHHOM COBETE M3NAHMSI, XKeIaTe/IbHO Mpei-

CTaBJISITh OMHOBPEMEHHO CO CTaTheii OTHOIIEHHE YIEHOTO COBETA OPraHM3alliy, T1Ie MPOBeIeHa paboTa, K TIpell-

CTaBJTIEMOMY K TTYOJIMKAIIMI MaTePUAITY B BIIIE COTIPOBOIUTETHHOTO TTHChMA MM PEKOMEHIAITNN.
bubmmorpaduueckre CMCKY IUTAPYEMOIA, MCIOIB30BaHHOM JTUTEPATYphl JOJKHBI MOATBEPKIATh

ClIeIOBaHKE aBTOPA TPEOOBAHUSM K CONEPXAHUIO HAYYHOI CTAThH.

HE PEKOMEHIYETCA:

1. BxutouaTh cchlIKM Ha enepanbHble 3aKoHbI, nmoa3akoHHble akThl, [OCTbe, CHullel u mp.
HOPMATHBHYIO JIUTEPATypy. YIIOMMHAHIE HOPMATHBHBIX TOKYMEHTOB, Ha KOTOPhIE OMMPAETCS aBTOp B
UCTIBITAHWSIX, PACUeTax WK apTyMEHTAIUH, JIYIIIIe TeJaTh HETIOCPEACTBEHHO O TeKCTY CTAaThH.

2. CchlnaThes Ha yUeOHBIC M y9eOHO-METOINUYECKIE TOCOOKS; CTaTbi B MaTepraiaXx KOH(epeHIMiA 1
cOOpHHUKAX TPYIOB, KOTOpbIM He mpucBoeH ISBN 1 KoTopble He momamaioT B Beayline OMOIMOTEKH
CTpaHbl U He MHACKCUPYIOTCS B COOTBETCTBYIOIINX Oa3ax.

3. CcblaTbest Ha AMCCepTalMM (CChLIKK Ha aBTopedepathl IuccepTaluii He OMyCKaloTCs).

4, CaMOIMTHPOBaHE, T. €. CCBUTKU TOJIBKO Ha COOCTBEHHBIE TyOIMKAIMy aBTopa. Takast TpakThKa He
TOJIBKO HapyIaeT 3TUIeCKe HOPMBI, HO U TIPUBOIUT K CHIDKEHUIO KOJMUYECTBEHHBIX MyOIMKAIIMOHHBIX
ToKazareseii aBropa.

OBA3ATEJIBHO caenyer:

1. Ccbnatbest Ha CTaThu, ONMYOJMKOBAHHBIE 32 TOCAEAHME 2—5 JIeT B BEAYIUX OTPACIeBbIX HAYUHO-
TEXHUYECKMX M HAYYHbIX M3AAHMSX, HA KOTOPbIC OMUPAETCS aBTOP B MOCTPOCHUM apryMeHTalMK WK
TIOCTAaHOBKE 3a/1a91 UCCIICIOBAHNSI.

2. Cchlnatbesl Ha MOHOTrpauu, OMyOIMKOBaHHBIE 3a MOCIenHKE 5 JeT. bonee maBHME MCTOYHUKU
TaKXe HETATUBHO BIIMSIOT Ha [I0KA3aTe/ N IyOIMKALIMOHHON aKTHBHOCTH aBTOPA.

HecomHeHHO, YTO BO3MOXKHBI CChUIKM M Ha KJIacCMYECKKe paboThl, OMHAKO HE CIIeAYyeT 3a0bIBaTh, 4TO
Hayka BCeraa pa3BUBAETCS MOCTYMATeNbHO BMepel M He3HaHWE aBTOpPAaMH IMOCIEIHUX AOCTMXKEeHWil B
00J1aCT! MCCIIeIOBAHMIA MOXKET MPUBECTHU K TyOIMPOBAHMIO PE3YIBTATOB, OIMOKAM B TOCTAHOBKE 3a1a4i
WCCIIeIOBAHUS U MHTEPTIPETAIIMT TAHHBIX.

Crarby, HarpaBIsieMble 15 OTyOIMKOBAHNS , TOJKHBI 0DOPMIIATHCS B COOTBETCTBUY C TEXHUUECKM-
MU TpeOOBaHUSIMU U3IAHUIA:

— TEKCT CTaThy JOJXKEH ObITh HabpaH B penakTope Microsoft Word u coxpaneH B hopmare *.doc, *.docx
win *.rtf ¥ He JOJKeH coiepKaTh MILTIOCTPALIMIA;

— rpaduyeckuii Matepuan (rpaduku, cxeMmbl, YepPTEXU, TUArpaMMBbl, JOTOTHUIIbI U T. T.) AOJKEH ObITh
BBITOJIHEH B rpaduyeckux penakropax: CorelDraw, Adobe Illustrator u coxpaHeH B dopmarax *.cdr,
* ai, *.eps cooTBeTCTBeHHO. CKaHMPOBaHKE TPahiIecKOro MaTeprana 1 UMITIOPTUPOBAHME €T B ITepe-
YHCJICHHBIE BHIIIE PEIAKTOPHI HEMOMYCTHMO;

— WUTIOCTpaTUBHBIN Matepuan (doTorpaduu, KOJIaXu U T. I.) HEOOXOAUMO COXPaHSTh B (hopMmate
* tif, *.psd, *.jpg (KauecTBo «8 — MakcUManbHOE») WU *.eps ¢ pazpemieHrueM He MeHee 300 dpi, pa3-
MepoM He MeHee 115 MM mo mmpuHe, usetoas mouaeab CMYK mnu Grayscale.

Marepuai, nepenaBaeMblii B peIakIlnio B 3MEKTPOHHOM BUIE, TOJIKEH COMPOBOXKIATHCS: PEKOMEHIa-
TeJTbHBIM TTMCHMOM PYKOBOIUTETS TIPSATPUSTHUS (MHCTUTYTA); TUIIEH3MOHHBIM OTOBOPOM O Tiepesiaue TpaBa
Ha TTyOJIMKALIMIO; PACTIEYATKOl, ITYHO MOMMMCAHHOM aBTopamu; pechepatom obbeMoM He Meree 100 coB Ha
PYCCKOM M aHIJIMICKOM SI3bIKAX; MOATBEPKIEHUEM, UTO CTAThsI MpeIHA3HAYEHA LTS TTYOIMKALIMN B XKypHAIe
«CrpourtesibHble MaTepranbi»®, paHee HULIE He MyOIMKOBANACh U B HACTOSIIIEE BPeMsl He MepeiaHa B IpyrHie
U3MaHMS; CBEICHUSIMM 00 aBTOpax ¢ YKa3aHUEeM MOJHOCTbIO (haMUIMU, UMEHU, OTYECTBA, YUEHOM CTETEHH,
JIOJDKHOCTH, KOHTAKTHBIX TeJle(hOHOB, TIOYTOBOTO M 3JIEKTPOHHOTO alpecoB. MIUTIOCTpAaTHBHBI MaTeprat
JIOJDKEH OBITH TepefiaH B BUIE OpUTMHAIOB (hoTorpaduit, HEraTUBOB WM CIIAMIOB, pacrieyaTtku (paitios.

B 2006 r. B xypHane «CtpoutenbHble Marepraibi>® GbUI omybanKoBaH psj crateil «Haunnaomemy
aBTOPY», 03HAKOMUTBCS C KOTOPBIMKM MOXKHO Ha caiiTe xypHana www.rifsm.ru/files/avtoru.pdf

IToapoOnee MOKHO 03HAKOMHUTBCS ¢ TPeOOBAHMSMHU HA caiiTe u3nateabcTBa http://www.rifsm.ru/page/88

Moanucano B neyvatb 21.02.2018 OtneuataHo B OO0 «Monurpadpuyeckas komnaxwms JIEBKO» HabpaHo 1 ceepcTaHo
®dopmar 60x887/5 Mocksa, yn. ApyXunHHuKoBckas, a. 15 B PU®D «CTpoiimatepuansi»
Bymara «[ayap»

Meyatb odpceTHas B po3Huuy LieHa AoroBopHas Bepctka: Ai. Anekcees, H. MonokaHoBa

O6wwnin Tpax 4500 aka.
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Editorial office of scientific and technical magazines
KUNUILA «Housing construction» and «Construction materials»® CTP['WI‘EJ“)CTB']
VIl International scientific and practical conference

«InterGonPan: From Larye-Panel to Frame Panel Housing Gonstruction»

InterConPan—-2018

International Conference of Large-panel Construction
April 17-19, 2018 Voronezh

SCOPE OF CONFERENCE:
— Modernization of the efficiency enterprises
— Equipment and technologies
— Modern concrete, additives and pigments
— Architectural and planning decisions
— Quality and energy efficiency of prefabrication buildings
— Calculation and designing of knots of prefabricated elements
— New solutions of facades
— Experience of construction of large-panel housing
— BIM Technologies in Prefabrication Housing
Construction
PROGRAM OF CONFERENCE:
On April 17 1) plenary session
2) visiting session:
AO “DSK” OO0 “SovTehDom”
On April 18 sections:
«Architecture and features of design decisions
large-panel buildings» «Flexible technology DSK
and efficiency enterprises»
"On April 19 visiting session:
Housing estates (Voronezh)

General Sponsor:

KERAMA MARAZZIZ

Regular Sponsor:

daielelz{==1s] GROUP

. 'Regular business partner of conference

ALLBAU o5

software (04
Business Partners:

with assistance of
() ANTON OHLERT

With the support of Voronezh State —-“j_‘:—-
Technical University @

Thematic issues of magazines prepare for carrying out conference
«Housing construction» No. 3-2018 of and «Construction materials»® No. 3-2018., of,
in which the main plenary and section reports will be published. Submission of reports in the form of articles till 1.03.2018 r.

Organizing committee:
Phone/fax: +7 (499) 976-20-36, 976-22-08

kpd-conf@mail.ru; mail @rifsm.ru www.rifsm.ru

The address for correspondence: 127434, Moscow, Dmitrovskoye Highway, 9, p. 31 Editorial office of the Housing construction magazine
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ON MAY 30-31, 2018
TYJIA. POCCU4A TULA. RUSSIAN FEDERATION
FOCTUHULIA «SK-ROYAL» A Y . HOTEL «SK-ROYAL»
3AJ1 <MOCKBA » : HALL «MOSCOW»

THE SCIENTIFICALLY-PRACTICAL CONFERENCE
«DEVELOPMENT OF THE CERAMIC INDUSTRY OF FIIJSQ!\_A»

30-31 MA4A 2018
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MABHAS1 TEMA KOH®EPEHLNM / MAIN TOPIC OF THE CONFERENCE
«KUPMUYHOE AOMOCTPOEHME B POCCUN. COCTOAHME M NEPCMNEKTUBDbI>»
«BRICK HOUSE BUILDING IN RUSSIA. REALITY AND PROSPECTS»

MapTHepsi MUAN KERAMTEX /| KERAMTEX' partners

T ECNARGILLA Feramitec
-~

- o ——
NP NOAAEPXXKE KOMIMNAHUN «3CTE30-TPEUA» mE
WITH SUPPORT Consulting Trading International

MOCELLEHUE KUPMU4YHOIo 3ABOAA «BPAEP» - ¥ ===
VISIT TO «BRAER» BRICK-PLANT of

MNOCELLEHME TYJIbCKOIro KUPNMU4YHOro 3ABOoAgA ‘
VISIT TO TULA BRICK-PLANT -

NMOCELLEHME CTPOSILUNXCHA OBBEKTOB U3 KUPMU4YA U C UCNOJIb3OBAHUEM KUPIMU4A
VISITING BUILDING OBJECTS FROM BRICK AND USING BRICK

31.05.2018

FAJIA-Y)XXWUH C BPYYEHUEM NMPO®ECCUOHAJIbHbIX HATPALL
CERAMIC AWARDS DINNER

www.rifsm.ru mail@rifsm.ru




