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WATERPROOFING AND PROTECTING MORTARS BASED ON THE
CEMENTS MODIFIED BY CARBON NANOADDITIONS

Investigated the physicomechanical and hydrophysical properties of waterproofing coatings
on the basis of slag-containing cement modified with the addition complex additive consisting
of carbon nanotubes in a water polyurethane dispersion, which are applied to wet concrete
and increase its durability, frost resistance and watertight impermeability and waterproofness
and impermeability, and waterproofness and frost resistance and water resistance are studied
several times.

VK 621.9.048

MOJIEJTMPOBAHUE TEXHOJIOI'MYECKHX
MAPAMETPOB ®OPMUPOBAHUS
KOMBHUHUPOBAHHBIX JIEKTPOUCKPOBBIX
MNOKPBITUN

Tapeabnuk B.b., 1.T.H., npog.,

Konomasinuenko E.B., k.T.H., 1ou., Tapeasnux H.B., k.3.H., 1011.
CyMcKUl HallMOHAJIBHBINA arpapHblii yHUBepCHUTET, T. CyMbl
Ko3ayenko a.T.H., npod.

XapbKOBCKMI HAIIMOHAJIBHBIM TEXHUYECKUH YHUBEPCUTET CEJIbCKOTO XO35MCTBA UMEHU
Ilerpa Bacuienka, r. XappkoB

BBenenne. Pemienue npoOiieMbl, CBSI3aHHOW C MOBBIICHUEM HAICKHOCTH U
JIOJITOBEYHOCTH  OOJNBIIMHCTBA  OTBETCTBCHHBIX  JICTAJCH  MPOMBIIUICHHOTO
000pyI0BaHUS obecneyuBaeTcs, Kak [IpaBuIIo, MIPUMEHEHUEM
TPYAHOOOpaOaThIBAEMBIX ~KOPPO3HMOHHO-CTOMKHX CTajleil ¥  CIUIaBOB, YTO
00yCTIOBIMBAET MX OOJBIION pacxo.

B cBs3M ¢ 3TUM aKkTyalnbHOW 3ajauedl sBJIAETCS CO3JaHUE NPUHIUIHAILHO
HOBBIX MaTE€PHAaJIOB, THIIA «OCHOBA — TOKPBITHE) KOTOPBIE 00JIAAaf0T MOBBIIEHHOM
ITOBEPXHOCTHOW HM3HOCOCTOMKOCTHIO W OTHOCHUTEIHLHO BBICOKOW MPOYHOCTHIO U
BA3KOCTBIO.
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IHocTanoBKka npod/eMbl. AHAJIN3 OCHOBHBIX A0CTHKEHMI U My0JJIMKaLUiA.

OnekTpouckpoBoe JserupoBanue (OWMJI), kak cmoco0 HaHeceHUs Ha
METAUIMYECKUE TTOBEPXHOCTH 3aIUTHBIX IOKPBITHHA, HAaXOAUT Bce Ooubliiee
NpUMeHeHne Kak B YkpauHe [1], Tak 1 B OJIMKHEM U JajbHEM 3apy0exbe [2].

HecMoTpst Ha HEOCIOPUMBIE IOCTOMHCTBA, OCHOBHBIMH U3 KOTOPBIX SIBIISIOTCS:
BBICOKas IPOYHOCTH CLIETUICHHS] HAHECEHHOTO MaTepuaja C OCHOBOM; BOBMOYXKHOCTh
MPOBECHUs Ipoliecca B JIOKAILHOM MECTE; TIOBBIIIEHHE TBEPOCTH, KOPPO3HOHHOMH
CTOMKOCTH, HM3HOCO - M JKapOCTOHKOCTH TpPYIIMXCS TIOBEPXHOCTEH, TaKue
HEJIOCTATKH, KaK yBEJIWYECHHE IIEPOXOBATOCTH IIOBEPXHOCTH W CHIDKCHHE
YCTaJIOCTHOHM MPOYHOCTH, CYIIECTBEHHO CHIDKAIOT 00JIaCTh €ro IMPUMEHEHUS [3].

B cBsI3M ¢ OTHOCHTENFHO HEOOBIION TOMIMHON ci0eB, (popMUpPYEeMbIX NpU
OWJI, mocnenmyromias OUIM(GOBKA HX C LEIbI0 CHIKEHHUS IIEPOXOBATOCTH
MOBEPXHOCTH 3aTpyIHEeHa WiIH BooOIle HenpuemiemMa. CHU3HTH IIEPOXOBATOCTh
MOBEPXHOCTH, CHATh OCTATOYHbBIE PACTATHBAIOIINE HANIPSHKEHHS ITO3BOJISIET 00KATKa
mapukoM [4]. Oganm u3 3¢ GEeKTUBHBIX METOOB (PUHUIIHON 00paboTKu neraneit
SIBJISIETCS AJIMa3HOE BBITTIQ)KUBAHUE, KOTOPOE, B OTIMYHE OT OOKaTKH IIAPUKOM,
MI03BOJIsIET 00pabaThIBaTh JETAIN ¢ BeCbMa BEICOKOM TBEpAOCTHIO [5].

Pe3epBoM MoBHIIIEHNS KauecTBa MOKPHITHH, CHOPMHUPOBAHHBIX MeTogoM DMJI,
MOTYT OBITH KOMOMHUPOBaHHBIE AIEKTPOHCcKpoBbIe MOKphITHsA (KOII), coueraromntue
B cebe TBepHAble M3HOCOCTONKHE M MATKHE aHTH(QPUKIMOHHBIE METaubl. B [6]
npensioxeH crnocod popmuposanus KT, korma, Ha «MATKHAX» PEKUMaX HAHOCHTCS
CJIOW TIOKPBITUS U3 JIETKOIUIABKOTO aHTU(PPUKIMOHHOTO METaJlla, BEIOMPaeMoro 13
TPYINBL: WHAWH, OJ0BO, KagMWH, CBHHEI, MeIOb. 3aTeM Ha «TpyOoOM» peKHMe
HAHOCHUTCSL CJIOM HM3HOCOCTOMKOTO, BBICOKOTBEPAOTO METala MM €ro kapowaa,
BBIOMPAaEMOro M3 IPYNIIBL: THTaH, BaHAIUH, BOJIb(paM.

B pesynbrarte mepoxoBaTocTh OBEPXHOCTH CHIDKaeTcst 0 3HadeHuit Ra = 0,6
- 0,8 MKM MO0 CpaBHEHHIO C OJHOCJIOWHBIMH IOKPBITHSMH W3 HW3HOCOCTOMKHX
BBICOKOTBEPIBIX META/UIOB, IIIEPOXOBATOCTh KOTOPHIX cocraBister Ra = 2,8 - 3,5
MKM. OZTHOBPEMEHHO HOBBIIMIAETCSI H3HOCOCTOWKOCTH TOBEPXHOCTH.

YunThiBass HEPCHEKTHBHOCTh MPEATIOKEHHOTO CIoco0a, MpeACTaBIsIeT
Hay4YHbIA U MPaKTUYECKUH MHTEpeC CO3/laHhe MaTeMaTHYEeCKOM MOJIeNu pacuera
OCHOBHBIX mapameTpoB OWJI, HeoOxommmbix mist  ¢opmupoBanus KOIII u
MO3BOJISIIOIIKMX MPOrHO3UpOoBaTh npuBec (AP,) u npupoct (4h.) katoaa (aeTann).

Hawnbonee Onu3koll K pelICHHIO JaHHOHM mpoOnemsl siBisiercst pabora [7],
MOCBSIIICHHAs] METOMUKE ONpPEACTICHUs] MpHUBEca M INPHPOCTa Karoga MpHU
(hopMHpOBaHNH OJHOCIOWHBIX 3JIEKTPOHCKPOBBIX MOKPBITHH.

Taxkum o0pazoM, neabIo paboTH siBIsieTcsl NoBbIIeHHe kayecTBa KOII myrem
pa3paboTKM MaTeMaTHYECKOH MOJENM ONpeNesieHHs] IPUBEca U MPUPOCTa KaToja
npu popmupoBanuu KOTI.

H3nosxkennme OCHOBHOTO MaTepuajia mHcciaegoBanmii. VccnenoBauus
Mmaccornepenoca npu ¢popmupoanun KOI1 npousBoaminch Ha o0paslax U3 crajiu
45 pasmepom 10x10x8 mMM. B kadecTBe MATKOTO aHTH()PUKIIMOHHOTO MeETaylia
UCTIONB30BAIM HMHAWHM, OJOBO M MeEIb, KOTOPBIE, HAHOCHIM MO PEXUMaM,
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peKoMeHAyeMbIM B [7], a TOKpbITHE U3 BoJb(ppama u TBepaoro ciuiaBa BKS Ha
Pa3IHYHBIX PEKUMAX.

ITpuBec 00Opa3soB CKJIAABIBACTCS W3 MOCTOSHHOTO Beca IEPEHECEHHOTO
MSTKOTO aHTH()PUKLIMOHHOTO METajula U W3MEHSIOIIErocs, B 3aBUCHMOCTH OT
pexuMa, Beca TBEpAOro H3HOCOCTOHKOT0 MaTepHana, T.€.

AP, = APy, + APy,
rne AP, - obuwmii npusec karoma, AP,,, u AP, ; - cOOTBETCTBEHHO MpHBEC

katoga mpu OWJI MArkuM aHTHQPHUKIMOHHBIM M TBEPABIM H3HOCOCTOMKHM
MaTepuaaoM.

W3BecTHO, YTO C POCTOM MOIIHOCTH pa3psiia TPHBEC KaToda pacTeT TeM
CHIIbHEE, YeM OOJIbIIIe MOIITHOCTh aKTHBAIIMH Macconepenoca E.

Vcxons u3 skcnepumentanbHoii sasucnvoctn AP, . ot (N,)? (yOmiBaromas

9KCIIOHEHTa), MOKHO CJENaTh BBIBOI, 4TO |N APK s TPOIOPLHOHAIBHO (-N)* u
BEJMYMHE MONIHOCTH aKTHBAIMK MacconepeHoca E, T.e. INAPs~(-Ny)L, E
-E

N
Tepexo/is OT MPUOIMIKEHHOTO PABEHCTBA K TouHOMY, nmeem: AP, . =C-e *

, tie C = AP5, (AP«x, - IpUBEC HACKILICHUS).
Torma
-E

AP s :APKZHc.e'T". (1)

3aBucumocTs (1) HazoBeM ypaBHeHHEM MaccorepeHoca KOII.
IMpuaumast B (1) E = N, , umeem:

APKE -1
— =€ .
APy 5,
Otcrona E - 3To ¢u3ndeckas BeIMYMHA, paBHAS TAKOW MOIIHOCTHU pa3psiia, Ipu
KOTOpOM APK s B € pa3 MeHbIIe APK sy - Hasosem ee koHctanrtoii SWJI npu

dbopmupoBannu KOI1. Pazmeprocts [E] = BT.
Jns Toro, 4roOBl MEpedTH OT MpHBeca KaToja K IMPHUPOCTY, HEOOXOAMMO
ypaBHeHHE Macconeperoca (1) 3anucaTth B BUIC
-E
N
.g. = .g. .er —
Ahy s Ty =Ah STy -€°° e Ah., = Ahg,, + Ah.,,
rae Ahg,, 1 AN, cOOTBETCTBEHHO - MPUPOCTHI KATO/IA TIPH HAHECEHUH MSTKOTO
aHTH()PUKIIHOHHOTO U TBEPAOTO U3HOCOCTOMKOTO MaTepUaNoB;S - miomans DI,

rcE, cmH - COOTBETCTBEHHO INNIOTHOCTH JICTUPOBAHHOT'O CJIOA W CJIOSA HACBIIICHUA

AthH (T.e. CJIOA, MaKCHMaJIbHO JOCTHIacMOro IO TOJIIMHE 1A JTaHHOM

KOM6I/IHaHI/II/I MaTepuaIioB JICKTPOJAOB - aHOJa U KaTOL[a).
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ITocne HE0OXOAUMBIX TIPeOOpPaA3OBAHUI HMEEM

r
Ah, = 4h,, - e, @)
les
Orcrona
Ahcz . ler _el

AhCZH 0
CnenoBarenbHo, £ - 370 (u3nveckas BEIUYMHA, paBHAS TaKOW MOIIHOCTH
paspsna, npu kotopoit AN,y - Iey Bepasmenbme ANy, - Iy, (oTMeTHM, uTO
Ahe
Ang g,
Pexum DUJI, HeOOXOIUMEBIH TS OCYIISCTBICHHUS MAacCOIEPEeHOCca 3aJaHHOTO
KOJIMYECTBA BelecTBa AP,z WK MojydeHus Tpedyemoro npupocta Ah.x;, MOXKHO

omnpezenuth u3 ypasuenuii (1) u (2).
Torzaa, COOTBETCTBEHHO:

-1
npu Moy =Tes, =e ).

E E
N = u N -
P InAP”” P InAhCZH Tesy
APsz Ahczx Tox

3akiiouenue. B pesynbraTe NpOBENEHHBIX HCCIEIOBAHUM: MpeIokKeHa
MaTeMaTHUYeCKash MOJENb Mpolecca MaccomepeHoca mpu QopmupoBanuu KOII;
pa3paboTaHa METOIWKA ONpEACTCHUS KOHCTAHTHI JierupoBaHus E (MmomHOCTH
AKTUBAINN) JJIS PA3JIMYHBIX MATEPHAIIOB AJICKTPOIOB, a TAK)KE KOHCTAHT YPaBHEHHS
MaccomepeHoca (mpHBeca W TPHPOCTA HACHIIEHHS); COCTABICH aJTOPUTM,
MO3BOJIIOIINY TTPOTHO3UPOBATH dHEpreTHieckue mapamerpsl DUJI nis momydeHust
JIETUPOBAHHOTO CIOSI ¢ TpeOyeMbIMH TEXHOJOTHYECKHMH IapaMeTpaMu:
KOJINYECTBOM MEPEHECEHHOT'0 MaTepHaja U YBEIHICHUEM TONIIHHEI CIIOS.
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MODELING TECHNOLOGICAL PARAMETERS FOR PRODUCING
COMBINED ELECTROSPARK DEPOSITION COATINGS

The paper represents a formalized methodology for solving the problem of creating
fundamentally new materials, such as "base - coating” ones, which have increased surface
wear resistance and relatively high strength and viscosity. Electrospark alloying (ESA)
method is proposed as a process for depositing protective coatings on metal surfaces. There
are considered the issues of improving the quality of the coatings formed by the ESA method.
There is specified a feature of processing the surfaces having been treated with the use of the
ESA method, which feature being associated with a relatively small thickness of the layers
formed (tens of micrometers). Since to reduce the roughness of the surface, the process of
grinding is difficult or even unacceptable to perform, it has been suggested to use the method
of surface plastic deformation (SPD). One of the effective SPD methods for finishing the parts
is a diamond smoothing process, which, in contrast to running-in with a ball or roller, allows
processing the parts of very high hardness values. As a reserve to improve the quality of
coatings formed by the ESA method, there is considered a process for producing combined
electrospark deposition coatings (CEC) with hard wear-resistant and soft anti-friction metals
integrated therein. There are represented the results of mass transfer process investigation
performed at forming the CEC on the specimens of steel 45 with indium, tin and copper being
used as soft antifriction metals, and tungsten and hard alloy of VK8 grade applied as wear-
resistant materials. There is represented a mathematical model for calculating the main ESA
technological parameters being necessary for forming the CEC and allowing to predict the
weight gain (increase in weight) and size gain (increase in size) at the cathode (the part). It
allows predicting the CEC main technological parameters for any electrode pair materials
(substrate material and electrode materials making up the CEC).
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