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Casuyk B.JO. IpyHnToBMicHI Matepiann, MoanGiKoBaHi BigxoaaMu BUPOOHUIITB, 3
MIIBUIICHUM €JICKTPUYHUM OIOpPOM I 3alli3HUYHUX crnopyd. — Kaamidikariiina
HAyKOBa Ipallsd Ha paBaxX PYKOIUCY.

Hucepraiiiss Ha 3100yTTS HAyKOBOTO CTYIEHS KaHAMJATa TEXHIYHMX HayK 3a
cremianpHicTIO 05.23.05 «byniBensHi MaTepianu Ta BUpoOu» (19 — ApxiTtekTypa Ta
OyIIBHUITBO). — YKpaiHCHKUU JACpXKaBHUN YHIBEPCUTET 3aJi3HUYHOTO TPAHCIIOPTY
MOH VYkpaian, Xapkis, 2018.

Hucepraiiisi mpucBsiueHa po3poOlll IPYHTOBMICHOTO OyAiBEIBHOTO MaTepiany,
AKUM Ma€ TMIJBUILICHUA eJNIEKTPUYHUN Omip 3a JOCTaTHIX (PI3UKO-MEXaHHMYHUX
XapaKTEPUCTUK, HA OCHOBI I'PYHTIB, METAIyPriHHOTO NUIAKY Ta aKTUBHOTO MYIy Jis
yJalTyBaHHS OCHOB 3aJII3HMYHHMX CHOPYJ 3 METOI0 3amo0iraHHs PO3MOBCIOIHKEHHS
CTPyMIB BHUTOKY Ta OJyKalOuux CTPyMiB, $SIKI BHKJIHMKAIOTh €JIIEKTPOKOPO3IiHE
pyWHYBaHHS KOHCTPYKIIIH.

BukoHaHo aHamITUYHUIA OIJISIA 1ICHYIOUOTO JOCBIy BUKOPUCTAHHS TPYHTIB JJIS
BUTOTOBJICHHS OyAiBEIbHUX MaTepialliB, OTPUMAHHS Ha X OCHOBI HOBUX OYJIIBEIIbHUX
MaTepiaiiB 3 BIACTUBOCTSMH, MPUAATHUMHU JUIsl iX BUKOPUCTAHHS B YMOBax BIUTUBY
OJIyKalouux CTPyMiB Ta CTPyMIB BUTOKY. BUKIIaJieHO aHAITUYHHUI OTJIs[ MaTepialiB
JUTSE 3ar00IraHHsl TOPYIICHHS CTIMKOCTI 3€MIITHUX CIIOPYJ Ta IPYHTOBHUX MAacCHBIB 3a
KpUTEPIEM KOPO3IECTIMKOCTI. YKpIIUIEHUH TIPYHT € CUCTEMOIO, B SIKiM 11 CKJIamoBI
YaCTUHU — IPYHTOBI YAaCTUHKU 1 B'SDKy4l PEUOBHMHU — 30€piraroTh CBOIO XIMIYHY
1HUBITyJIbHICTD, a MPOIecH (HI3UKO-XIMIYHOT B3a€EMO/I1i MIPOTIKAIOTh TOJIOBHUM YHHOM
Ha MeXax po3auty (a3, ToMy OiIbII y3arajibHIOIOUHMM TEPMIHOM € «KOMITO3UIIIHHI
Marepiajay Ha OCHOBI IPYHTIBY». {151 momambIioro MOCTIIKEHHs MaTepiall, M0 MICTUTh
IPYHTH SIK OCHOBHHMI KOMIIOHEHT, Yy pPOOOTI HA3BaHO IPYHTOBMICHUM MaTepiajioMm.
BUCYHYTO po0OOYy TiINOTE3y MpPO 3aXUCT KOHCTPYKUIA BIJ CTPYMIB BHTOKY, Kl
BUKJIMKAIOTh 1X €JIEKTPOKOPO3it0, MUISIXOM IiJIBUIIEHHS €JIEKTPUYHOTO OTIOPY IPYHTIB.
[Ipu ubOMy OPUMHATO TPUHHATO MOXKJIMBICTH BUKOPUCTAHHSI aKTUBHOTO MYJy CTaHLIN
010JI0T1YHOT OYMCTKM JUTsl aKTHBAllli NUIAKIB y TPYHTOBMICHUX Marepiajax 1, TaKUM

YIHOM, OTPUMATH MaTepiall Ha OCHOBI IPYHTIB 3 O1IbIII BUCOKUMU OKa3HUKAMU



CJIEKTPUYHOTO OIMOpPYy 3 JOCTAaTHIMU (PI3UKO-MEXaHIYHUMHU  XapaKTEPUCTHUKAMHU.
[TinBuIIeHHS MMOKa3HUKIB 3a0€3MeUy€EThCS 3a PaXYHOK 3HHMIKEHHsI 10HHOI MPOBIIHOCTI B
MIOPOBOMY TIPOCTOPi Ta YTBOPEHHS €JIEKTPOTETEPOTeHHUX KOHTAKTIB MK YaCTUHKAMU
KOMITO3HUIIIMHOTO MaTepiamy.

HapnuimkoBuil akTUBHUM MyJI 1€ TPOTYKT O10JI0TTYHOT OYMCTKH MICHKHX CTIUHUX
BOA. AKTHUBHUH MyJl € KOMIUIEKCOM MIKPOOPTaHi3MiB KOJIOIAHOTO THIY 3
a7copOOBaHUMH 1 YaCTKOBO OKMCJICHMMH 3a0py/IHIOBauYaMH, BUIYYEHHUMH 13 CTIYHHX
BOJ Y Ipoleci OloJOriYHOrO OuYMINeHHS. K CKiIajoBa 4YacTHHA IPYHTOBMICHHUX
MaTepiaimiB 'y poOOTI BHUKOPUCTOBYBABCS 3HEBOJHEHUN AaKTUBHUM My 13 TOJIB
¢iapTpamii. [ns mocmiikeHHs BHKOPUCTOBYBAaBCS OCHOBHUM 1 KUCIMM nutak. Jlis
IOPOBEACHHS JOCHIIKEHb BHUBUYAJIMCS IPYHTH, SIKI CKJIaJalOTh OCHOBY OyJIBEJILHOTO
MalJaHuMKa, JI€é  [JIaHyBaJOCs ~ BIPOBADKEHHS  Pe3yJbTaTiB  JIOCIIHKCHb.
JlocmipKyBaHUM TIPYHT BIJIHOCUTBHCSA JIO IICKIB CEPEAHbOI I'PyNu 3a TyCTHHOIO, A0
ApiOHOTO 3a 3€PHOBUM CKJIAJIOM, 3 HAJIBUCOKMM BMICTOM NHJIOBHUJHUX 1 TJIMHUCTUX
YaCTUHOK (#ami «IpyHT»). Di3uKO-MeXaHI4HI JOCTIIPKEHHS 3pa3KiB MPOBEICHO 3a
CTaHIAPTHUMM METOJAMKAMHU: BH3HAUYECHHS CTAHJAPTHUX MOKA3HUKIB KOHCHCTEHIII]
IPYHTY (BOJIOTOCTI Ha TPAHUIISIX PO3KOUYBAHHS 1 TEKYyYOCTl); ONTUMAIBHOI BOJIOTOCTI;
BU3HAYCHHS AePOpMaLIMHUX XapaKTEPUCTUK I'PYHTIB; BU3HAYEHHS TPaHUIl MILHOCTI
IpU CTUCKY; BU3HAYECHHS TPAHMII MIIIHOCTI MPU CTUCKY B HACHUYEHOMY BOJIOIO CTaHi.
[TuTomuii omip BU3Hayalu O€3MOCEPEIHHO PO3MIIIYIOYH BUMIPIOBAIBHI €JIEKTPOIU
Npuiagy B YapyHKY, 3alOBHEHY JOCHIJ)KYBaHUM TIPYHTOBMICHUM MaTeplajoM.
BuBomu enexkTpodiB MIAKIOYAId O BHMIPIOBAIBHOTO MPHUCTPOIO, SIKMH J1ae
MO>KJIUBICTh OTPUMYBATH 3HaUCHHS €NEKTPUYHOTO omnopy R, Om.

AKTUBHUN MyJI OYUCHUX CHOPYJ CTIYHUX BOJ MICTHUTH TPU CKJIAJIOBi: 010J0TIYHY
(MiKpoOpraHizMu, HaWIpOCTIilIl, BOJOPOCTI, TpuUOM); OpraHiyHy (HYKJIEIHOBI Ta
aMIHOKHCIIOTH, O1JIKH, MOJIIcCaXapuau, TYMyCOBI KUCJIOTH Ta 1H.); HEOpraHiuyHy (OKCUIH,
docdaru, kapboHaTH, CUITIKATH 1 T.J.), KOXKHA 3 SIKUX 37]aTHA 3B'SI3yBaTU 10HU METATIB
JOMEHHOTO INUIAKy 1 IPYHTIB. BUBUEHHS XIMIYHOIO CKJaay MYJIB I[OKa3auo, L0
OCHOBHUMH KOMIIOHEHTaMH MYJIIB € TMOJIi- 1 MOHOcaxapuan — 26%; aMiHOKUCIOTH U

OinkoBomO10H1 peuoBuHU — 28%, mimian — 17%, Heopraniuni cionyku — 28%. Ha-



SIBHICTh B OKCUKHCJIOTaX 1 aMiHOKUCIIOTAX BOX 1 Oibie GpyHKIioHampHuX Tpyn (—OH i
—COOH, —NH; 1 —COOH 1 T.0.) cOpus€e 3pOCTAaHHIO iX KOMJIEKCOYTBOPIOIOYHX

BJIACTUBOCTEHN 1 B3a€MOJIIi 3 TJPOKCHIBHUMH IpylaMu, pO3TalllOBAHUMHU HA MOBEPXHI
YaCTUHOK TPYHTY 3 YTBOPEHHSM TIPOCTOpOBOi cucteMu. binku € amdorepHuMu
noBepxHeBo-akTUBHUMH pedoBuHamMu (ITAP) 3a paxyHOK 3MaTHOCTI (PyHKITIOHATBHUX
rpyn -COOH, -NH3OH B 3anexHocTti Biig pH 1o pi3sHOMY JUCOIIIOBaTH 1 YTBOPIOBATH
3a Hu3bkux pH opraniunmii kation (R—-COOH — R—CO* + OH; R-NH30H — R—-NH 3*
+ OH"), a 3a Bucokux pH — anion (R—-COOH — R—COO™ + H*; R-NH3;0H — R—NH30~
+ H¥). ¥V npucyTHOCTI nuiaky, 3 SIKOTO B Pe3yJbTaTi TiJipaTallii BUIUISIETHCS BaIHO,
OlKM Ta, BIAMOBIJHO, AKTUBHUN MyJ HaOyBalOTh BJIAcCTUBOCTI aHiOHHMX I[IAP i
3IaTHOCTI a7cOpOyBaTUCh Ha TO3UTHUBHO 3apS/HKECHUX TIIOBEPXHSAX YACTOK BarHa,
KapOOHAaTHUX CKJIaAoBUX IpyHTY. lle 103BoJise 3acTOoCyBaTH AaKTHUBHUM MyJ SIK
10HOTEHHY TIOBEPXHEBO-aKTUBHY PEUOBMHY 3 METOI YTBOPEHHS ONTHUMAJIbHOI
CTPYKTYpH I'PyHTOBUX MaTepiamiB. [IiABUIIEHHS MIITHOCTI Ta BOJOCTIMKOCTI, 3HHKCHHS
neopMaTUBHOCTI 1 HaOyXaHHS TPYHTIB 3a0e3MEYeHO 3a PaXyHOK BUKOPUCTAHHS
PEYOBUH 3 TPOTUIICKHUMHU 32 3HAKOM EJIEKTPOMOBEPXHEBUMH TIOTEHIIATaMHU 1
YTBOPEHHS €JICKTPOTeTEPOreHHUX (MDK PI3HOMMEHHO 3apsi>KeHUMU TMOBEPXHIMU
YaCTUHOK TIPYHTYy, IMIJaKy, aKTUBHOTO MYyJy) KOHTaKTiB. MIIHICTh KOHTAaKTIB
3a0€3IMeuyeThCs 10H-IOHHUMH Ta 10H-TUIOJBHUMH B3a€EMOJIISIMH MiXK ITOTEHIIIaJIBU3HA-
JaJIbHUMH 10HAMU YaCTHHOK TPYHTY, IUIAKy, aKTUBHOTO MYJy 1 MOJIEKYJIaMH aacopo-
IIHHUX [IapiB BOJAW MK HUMH. Taki KOHTaKTH 3a0€3MeUyI0Th HAHOIbIIE M ABUIICHHS
MIIHOCTI 1 BOAOCTIMKOCTI, 3HM)KEHHS 1e)OPMATUBHOCTI 1 HAOyXaHHS IPYHTY. Y 3BUYAIA-
HOMY CTaHI YaCTHHKH TPYHTY yTPUMYIOThCS B arperarax, a arperatd Mik co0o0ro
KaMUISIPHUMH Ta MOJICKYJISIpHUMH cujiamu. [licns yBeneHHs IUTaKy Ta aKTUBHOTO MYJTY
B pe3yJbTaTl Tifparailii MIIJaKy Ta HEOPTraHIYHOi CKJIAJOBOi aKTUBHOTO MYIy YTBO-
PIOETHCA JiesiKa KUTBKICTh T1APOKCUTY KaNbIIiIO0, SIKU YyTBOPIOE 3 arperaTaMyd YaCTHHOK
IPYHTY 1 YaCTUHKaMHM aKTHUBHOTO MYJy MEBHY KUIbKICTh €JIEKTPOreTepOreHHUX KOH-
TakTiB. YBeAeHHs aHioHakTMBHOI [IAP cnpuse Takox nenTuzaiii — pyHHYBaHHIO
arperarTiB I'PYHTY 1 YTBOPEHHIO KOHTAKTIB MI?)K OKPEMUMHU YaCTUHKAMHU.

[IpoBeneHo HaTypHI 0OCTEXKEHHS MACAKUPCHKUX TIaTHOPM Ha 5 CTaHIIISAX HA



eNEeKTpU(IKOBAHUX TMOCTIMHUM Ta TMepeMiHHUM CcTpyMoM JinsHkax [liBaeHHOT
sami3Humi. Ilicna 15 pokiB ekcruryaTalili B KOHCTPYKIISIX IaTGOopM BIAMIYAIMCh TaKi
AepeKTH: MOIIKOHKEHHS 3aXUCHOTO Iapy OE€TOHY IUIUT Ta OMOpP; BEPTUKAIBHI TPIILIMHU
Ta CYTT€BI pyHHYBaHHSA OCTOHY Ha TOPLSAX OINOP; CYTTEBI pyHHYBaHHS PUTENiB; O3HAKU
BUJIYTOBYBaHHA O€TOHY omop. SIK 3BOPOTHUM MPOBII Ul 3aJI3HUYHOTO TPAHCIIOPTY
BUKOPHCTOBYIOTBCS PEHKOBI Kojii. OCKITBKM HEMOXJIMBO 3a0€3MEeYUTH aOCONIOTHY
130JI511[110, TO 1I€ CTBOPIOE MEPEIYMOBHU JUIsl CTIKAHHS CTPYMIB B 3€MJII0. Y BOJIOTHX
YMOBax CTPyM BHUTOKY 3 PEHOK MPOXOJAUTH Yepe3 KOHCTPYKIII BEPXHBOI OyIOBH KOl
(ckpiruieHHs, 3ami300€TOHHI IImanu, OanacT), a TMOTIM 4Yepe3 TUIO HACHILY
PO3MOBCIO/IKYEThCA Jlall MO IPYHTY 0 cnopyld. CTpyMH NpOTIKarOTh HAHKOPOTILIUM
IUISIXOM 3 HallMEHIIMM OMOpOM — BiJ MIJAOLIBA PEHOK 4Yepe3 BOJOHACHYEHI Mif 4Yac
JIOITY 1 CHITOTaHEHHS 3a0pyJHEHI 0ajacT 1 IPyHT OCHOBHOI'O MaMJIaHUYMKaA 3€MJISTHOTO
MOJIOTHA Ta MOTIM 4Yepe3 HalOIMK4y O pEerKOBOI KOJIi TOPUEBY I'paHb KOHCTPYKIIII,
ab0 MeTaneBl TPyOM I1H)KEHEPHUX Mepex. Y pe3ylbTaTi Ha eJNEeKTPHU(PIKOBAHUX
NOCTIMHUM CTPYMOM 3alI3HUIIX HaWOUIBIIMM BIUIMBAM B PE3YJbTaTi €IEKTPUYHOI
KOpo3ii migaaroThess (GYyHIAMEHTH 1 ONOPHM KOHTAKTHOI Mepexi, 3alli300€TOHHI
MiPEKOBI OCHOBH, MOCTOBI KOHCTPYKIlli, TPyOONpOBOAM 1HXXEHEPHUX MEPEK.
Pesynbrar BrummBy OJyKarOuux CTPYyMiB Ha 3a1i300€TOH — KOPO3is METAJIEBOI apMaTypH
1 0ETOHY, 1110 BUKJIMKAE YTBOPEHHS TPILLIMH 1 HaJall pyiHYBaHHS BC1€i KOHCTPYKIIII.

3 ypaxyBaHHSIM LIbOTO 3alPONOHOBAHO HOBI MPUHLMIIOBI CXEMH KOHCTPYKTHBHO-
TEXHOJIOTTYHOTO PIIIEHHS 3aXUCTY CTOSIKIB Ta OMOP BUCOKUX MACAXKUPCHKUX MIATHOPM,
METaJeBUX TPYO IHXKEHEPHUX MEpEXK, 10 3a3HAIOTh EJIEKTPOKOPO3ii, yJallTyBaHHSIM
CBOEPIJIHUX €KpaHiB 13 I'PYHTOBMICHMX MaTepiasliB MiJBUILIEHHOTO enekTpornopy. s
cxema TmpuAaTHa TpU OyMIBHUITBI Ta PEKOHCTPYKINi 3aTi3HUYHUX CIOPYH, SKi
EKCIUTYyaTYIOThCSl Ha €IEKTPU(PIKOBAHUX AUISTHKAX 3aJT13HUIIb.

BusHaueHo onTuManbHy KUIBKICTh aKTUBHOTO MYJY, SIKY MOXKHA JIOJaTH B IPYHT
JUIs Moro ctabumi3anii 1 MiJBUIIEHHS MIITHOCHUX XapaKTepUCTHK. BcTaHOBiIEHO, 110
Halibinpmy BenuuuHy SK migbHOCTi (2,2 r/cm®) Tak i minmocti (3,45 MIla) marotsh
3pa3kd 13 BMICTOM akTuBHOro wmyiy 50%. BcraHoBieHo, 110 CHiBITHOLIEHHS

KOMITOHEHTIB IpyHT:aKTUBHUN My:nuiak 1:1:0,35 € onTumanbHUM 17151 JOCSITHEHHS



HanoOumpmIoi  MimHOCTI  Kommo3uiii. Ile o0oO0yMoBiIeHO 3O01IBIIEHHSM  KUIBKOCTI
KOaryJsI{iiHUX KOHTAKTIB B OJIMHUII 00’ €MY IPYHTY 1 3017bIIIEHHSIM HOTO MIUIBHOCTI 32
paxyHOK OLIbIIOTO 30JIMKEHHS BHCOKOAMCIIEPCHUX YACTUHOK. J[07aBaHHS aKTHBHOTO
Myiy y KUTbKOCTl 50% 3MeHIye KoedilieHT CTUCIMBOCTI 3pa3KiB y 2,4 pa3u MOPIBHSIHO
3 IpyHTOM 0O€3 HANOBHIOBAYiB. Y MOPIBHAHHI 13 3pa3kaMmH, siKi MIiCTATh 50% aKTUBHOIO
Myqy, 3pasku 13 gomaBaHHsM 50% ImIaKky, 3MEHINYIOTH CTUCIUBICTH y 1,7 pa3za.
JlonaBaHHS B IPYHT AaKTHUBHOTO MYJy JAO3BOJWIO 30UIBIIMTH MOAYJb Aedopmariii
3 7,8 MlIla mo 20,3 Mlla, nmmak migBuirye 10 BenuuuHy g0 52,7 Mlla. binpmmii
MOAYJb AedopMalii CBIIYUTH MPO MEHIIY BEJIUYHMHY OCIIaHHSA OCHOBHU OyAiBenb abo
CHOpPYJ TiCJIA iX 3BE/ICHHS.

JUist BUSIBJIEHHSI 3arajbHUX 3aKOHOMIPHOCTEW 3MIHU EJIEKTPUYHUX BIACTHUBOCTEU
0araTOKOMIIOHEHTHUX CHCTEM, J0 SIKUX BIJIHOCSTBHCS IPYHTH, OyJIO TOCIHIIKEHO BILIUB
BHJly LIUTAKy HA MUTOMY €JIEKTPOIPOBIIHICTh IPYHTOBMICHUX MartepiajiB. SK Mmoka3anu
pe3yabTaTH BUMIPIOBaHb 3pa3KiB IPYHTY 3 LUIAKOM, 3aJI€KHOCTI MUTOMOIO ONOPY IS
KHACJIOTO 1 OCHOBHOTO MUIAKy JeIl0 BIAPI3HAKOTHCA. Jlis Kucioro mmaky 31
30UTBLIEHHSIM MOT0 KUIBKOCTI BETMYMHA MUTOMOIO OMOPY I'PYHTY 3pOCTAa€ MOBUIbHIIIE
HIK /1711 OCHOBHOTO. YTBOPEHHSI TOHKOJUCIIEPCHUX LIEMEHTYIOUUX HOBOYTBOPEHB, IO
OiABUILYIOTh 34YEIJICHHS B TBEPAHYIOUId CHCTEMI, MPU3BOAMTH JO 3MEHILEHHS
KOHLIEHTpAalli €JEeKTPOJITYy B MOpax 1, AK pe3yjbTaT, — A0 3HMKEHHS €JIEKTPOMPOBII-
HOCTI. 3JaTHICTh OPraHivyHOI CKJIAJOBOi aKTUBHOT'O MYJY JO KOMIUIEKCOYTBOPEHHS 3
KaTiOHAaMU METaliB 3HUXYE 10HHY MPOBOJUMICTh IOPOBOTO PO3YMHY Ta CIpUSIE
MIJBUILEHHIO €JIEKTPOOIIOPY I'PYHTOBMICHOT'O MaTepiajay B LIJIOMY.

JIist miATBEp/KEHHS MeXaHI3My B3aeMOAll (DYHKITIOHAJIBHUX TPYN AaKTUBHOTO
MyJly 3 TOBEPXHEBUMHU 10HAMHU MLUIAKy 1 IPYHTY Oyl0 JOCIIKEHO 1H(padyepBOHI
CHEKTPU 3pa3KiB KOMIO3MUIIMHUX MaTepiaiiB. Bua cMyr MmorjiuHaHHS B OCHOBHOMY
OJIHAKOBHH, MPOTE BOHHU BIAPI3HAIOTHCA IHTCHCHUBHICTIO, IO O3HAYa€ BUHUKHEHHS
noA10HUX MPOAYKTIB B3a€EMOJIIi IPYHTY, LIJAKy Ta aKTUBHOIO MYJy, XO4a 1 B PI3HHX
criBBigHOIEHHSX. HasBricTs cMyr 469 1 470 cM L, mo BizHOCATECS 10 AeopMaLiiHUX
konuBaHb Al-O, CBIIUUTH TPO JY>KHY AaKTUBAIIO IUIAKIB, OUIbII BHUPAXKEHY IS

OCHOBHOTO 1UIaKy. [TOpiBHSHHS M€30- Ta MIKPOCTPYKTYpPH 3pa3KiB I'PYHTOBMICHHUX



MaTepialiiB METOJaMH ONTHYHOI Ta EJEKTPOHHOI MIKPOCKOMIl  MiATBEPAMIN
(dbopMyBaHHS OUTBII HIUIBHOI CTPYKTYPU Y BUMAIKY 3aCTOCYBaHHS aKTHBHOTO MYIy Ta
[IJIAKIB SIK MOJIM(DIKYI0UO01 T00aBKH.
Ha 3miniaeHy rpyHTOBY KOMIIO3UIIII0 OTpUMaHO nmaTeHT Ha BuHaxig Ne 115843 UA.
Po3po0iieHy KOMITO3HIIIF0 OyJI0 BUKOPUCTAHO JJIsl 3a0€3IIeUeHHS eJIEKTPOKOPO31HHOT
CTIMKOCT1 OCHOBM MacaXUPChKoi 11aTopMu Ha CTaHIlT 30JI0491B HATIPSMKY
XapkiB-1'OTHS, 3aCUMKH 30BHIMIHIX 1HKEHEPHUX MEPEXK 3aTi3HUYHOTO TPAHCIIOPTY Ha
cT. XapkiB-Ilacaxxupchkuii Mpu peKOHCTPYKIIli BAHTAKHOTO CKJIaay Mia My3ei icTopil
Ta 3aTi3HMYHOI TexHiku [TiBIeHHOI 3aTi3HuUII, JJIs 3a0€3MeUeHHS eJIEKTPOKOPO31HHOT
CTIMKOCTI OyaiBeNb mpu peKoHCTpyKIi [TAT «XapKiBChbKHii INTHTKOBHUI 3aBOI» 3
PO3LIMPEHHSIM BUPOOHUYMX Oy11BEJb IM1]1 BAPOOHUIITBO KEPAMIYHOI IUTUTKU. 3arajibHa
IIOILA 3aKPIIJIEHOTO IPYHTY CTAaHOBUTH 675 M2, ByIlo BIPOBAKEHO TaKM KOMILIEKC
po0iIT 13 MoMDiKaIlli IPYHTY: MIATOTOBKA MOJOCH I'PYHTY; PO3MYIIEHHS 1 TOAPIOHEHHS;
nepeMilryBaHHs NOJIPIOHEHOrO IPYHTY 3 AKTUBHUM MYJIOM Ta HUIAKOM; YIIIJIbHEHHS
CMYTHU CTa011130BaHOTO IPYHTY. JlaHa TeXHOJOoT1sS MpuaaTHa JJisi BAKOPUCTAHHS, BOHA
HE 3aTpuMy€ TIpolleCy BUKOHAHHA poOIT. J[ns OliHIOBaHHS PIBHS 3HUKEHHS
€JICKTPOKOPO31HOI HeOe3neku Oyyio 3A1MCHEHO BUMIPIOBaHHS TMOTEHIIATIB 110
BIJIHOIICHHIO JIO KOHTPOJILHOTO €JIEKTPOTy J0 MOYaTKy poOiT 1 micis. Bennunnu
PI3HUIII MOTEHL1AIIB CTAHOBIIATH, BiANMOBIIHO, 0,3 B 1 0,05 B, 110 cBiAYUTH PO
e(eKTUBHICTh JaHOTO 3ax0/1y. OCHOBHHI €KOHOMIUHUN e(DEKT BiJ BIPOBA>KCHHS
HOBUX MaTepialiiB 1 TEXHOJIOT1i MOJSATA€E B MOJOBKEHHI MIKPEMOHTHUX TEPMiHIB
OyniBedb Ta CHOPYA 1 BUKOPUCTaHHS HEKOHIAUIIMHUX MaTepianiB. Po3paxoBanuit
3arajibHA eKOHOMIYHHN e(PeKT Ha BCiX 00’ €KTaxX BIPOBAPKEHHS CTAHOBUTH 295, 7 THC. TPH.
Kuro4oBi cjioBa: rpyHTOBMICHI MaTepiaiy, akTUBHUNA MYJI, IUIaK, CTPYM BUTOKY,

CIICKTPUYHUN OTIIp, ENEKTPOKOPO3isl.

ABSTRACT
Savchuk V.Yu. Soil-containing materials modified with industrial waste of a higher
electric resistance for railway facilities. Qualifying scientific work as a manuscript.

A thesis for Candidate Degree in Engineering Science in speciality 05.23.05



“Building Materials and Products” (19 — Architecture and Construction). — Ukrainian
State University of Railway Transport under Ministry of Education and Science of
Ukraine, Kharkiv, 2018.

The thesis deals with development of a soil-containing building material of a
higher electric resistance and good physical-mechanical properties, based on soils,
metallurgical waste and activated sludge for foundations of rail facilities to prevent
leakage and stray currents causing electrocorrosion damages in the structures.

The authors conducted an analytical survey of the existing experience in the use of
soils for building materials and production of new soil-based building materials with
properties suitable for preventing damages from stray and leakage currents. The work
presents the analytical survey of materials intended to maintain stability of earthwork
structures and soil bodies by the corrosion stability criterion. The stabilized soil is a
system, the components of which, soil particles and binding materials, maintain their
chemical identity, and the physicochemical interaction runs mainly along the interface
of phases, therefore, the soil-based composite material is a more generic term.
Afterwards, in the work, the material with soil as the basic component will be called a
soil-containing material. The authors put forward a working hypothesis on protection of
structures from leakage currents causing electrocorrosion by increasing the electric
resistance of soils. Besides, the authors assumed that it was possible to use the active
sludge from biological treatment stations in order to activate slags of soil-containing
materials and, thus, to obtain a soil-based material of a higher electric resistance and
good physical and mechanical characteristics. Better characteristics were provided due
to a lower ionic conduction in the pore space and creation of electro-heterogeneous
contacts among particles of the composite material.

Surplus activated sludge was the product of biological treatment of local sewage
waters. The activated sludge is a complex of colloid microorganisms with adsorbed and
partially oxidized pollutants extracted from sewage waters under biological treatment.
The work used a dry-out activated sludge from filtration fields as a component of soil-
containing materials; the basic and acid slag was also used in the research. In the

framework of the research the authors studied soils predominantly presented on the



building site chosen for implementation of the results. The soil under investigation was
of the middle-density and fine-grain sands by composition, with a large amount of
powdered and clay particles (hereinafter referred to as “soil”). The physical and
mechanical study into the samples was conducted by standard methods: measurement of
soil consistency (moisture along limits of plasticity and liquidity), optimal moisture,
deformation characteristics of soils, stability limits under pressure, and stability limits
under pressure in a saturated state. Specific resistance was directly determined by
locating measuring electrodes of the device in the cell filled with a soil-containing
material. The electrodes’ outputs were connected to the measuring device which made it
possible to obtain values of electric resistance R, Ohm.

The activated sludge from sewage waters at treatment stations had three
components: biological (microorganisms, protozoa, aglae, fungi), organic (nucleic and
amino acids, proteins, polysaccharides, humus acids, etc) and inorganic (oxides,
phosphates, carbonates, silicates, etc.); each could bind metal ions of blast-furnace slag
and soils. The chemical composition of sludges showed that their basic components
were poly- and mono saccharides — 26%, amino acids and albuminoid substances —
28%, lipids — 17%, and inorganic compounds — 28%. Presence of two and more
functional groups (-OH and —COOH, —NH, and —COOH, etc.) in oxyacids and amino
acids promoted an increase in their complexing properties, interaction with hydroxyl
groups on the surface of soil particles, and creation of a space system. Proteins are
amphoteric surface-active agents (surfactants) and due to the functional groups -COOH,
-NH3;OH and subject to pH they enable to differently dissociate and form at low pH the
organic cation (R—-COOH — R—CO™" + OH~; R-NH30H — R—NH3;* + OH"), and at high
pH — the anion (R—-COOH — R—-COO™ + H*; R-NH30H — R-NH30~ + H*). With slag,
from which lime was hydrated, proteins and, accordingly, activated sludge acquired
properties of anionic surfactants and ability to be adsorbed on the positively-charged
surfaces of the lime and the soil carbonate components. It allowed applying activated
sludge as an ionogenic surface-active material in order to create the optimal structure
for soil materials. Better stability, water resistance, stress-strain behavior and soil

swelling were provided due to application of materials with oppositely-charged electro-



surface potentials and creation of electro-heterogeneous contacts (between oppositely-
charged surfaces of soil particles, slag and activated sludge). The contact strength was
provided by ion-ionic and ion-dipole interactions between potential-determining ions of
particles of soil, slag, activated sludge and molecules of adsorptive layers of water
between them. Such contacts guaranteed a further increase in strength and water
resistance, better stress-strain behavior and soil swelling. In ordinary state soil particles
were kept in aggregates, and aggregates were kept by capillary and molecular forces.
After withdrawal of slag and the inorganic component from activated sludge by
hydrating it, a certain amount of calcium hydroxide was formed; it generated a certain
amount of electro-heterogeneous contacts with aggregates of soil particles and activated
sludge particles. Withdrawal of anionic surfactants also stimulated peptization, i.e.
disintegration of soil aggregates and creation of contacts between certain particles.

The authors conducted full-scale surveys of passenger platforms at five stations
along DC and AC electrified sections of the Southern Railway. A fifteen-year operation
life caused the following damages in the platform structure: decay of the protective
concrete layer in slabs and supports, vertical cracks and considerable destruction of
support sides, considerable damages of beams, and leaching signs in the concrete of
supports. The rail tracks were used as the return conductor for rail transport. Since it
was impossible to provide the absolute isolation, the current could run to the earth.
Under humid conditions the leakage current from rails went through the permanent
track structure (fastenings, reinforced ties, ballast) and then through the back of ballast
bed across the soil to buildings. The currents run the shortest way with the least
resistance from rail foundation through water-saturated dirt (due to rains and snow
melting) ballast and soil of the basic site of the railway bed, and then, through the
building sides or metal pipes of engineering networks closest to the rail track.
Therefore, foundations and supports of contact networks, reinforced under-rail bases,
bridge structures, and pipelines of engineering networks of DC electrified railways were
badly suffered from electric corrosion. Consequences of an impact from stray currents
on reinforced concrete are corrosion of metal armature and concrete resulting in

development of cracks and further damages in the whole structure.



Taking into account all the above-said, the authors proposed new basic design and
technology solutions to protect posts and supports of high passenger platforms, metal
pipes of engineering networks suffering from electro corrosion; the essence of which is
laying down unique screens of soil-containing materials of a higher electric resistance.
The approach can be applied in construction and refurbishment of rail structures on
electrified rail sections.

The optimal amount of activated sludge which can be added to stabilize the soil
and improve the strength properties was also determined. And it was established that
samples with 50 % of activated sludge had the highest value of both density (2.2 g/sm?)
and strength (3.45 MPa). The authors established that such a ratio of components as
1:1:0.35 (soil:activated sludge:slag) was optimal to obtain the best composition
stability. It was conditioned by a greater number of coagulation contacts in a unit of soil
volume and its higher density due to closeness of fine fraction particles. Activated
sludge added in an amount of 50% reduced the coefficient of compressibility of the
samples by 2.4 times in comparison with the soil without fillers. The samples with 50%
of activated sludge reduced the compressibility by 1.7 times in comparison with the
samples with 50% of slag. The soil with activated sludge added increased the
deformation module from 7.8 MPa to 20.3 MPa, and slag increased the value up to
52.7 MPa. A higher deformation module testified to a lower subsidence of building and
structure foundations.

For revealing the general patterns of changes in electric properties for multicompo-
nent systems such as soils, the authors studied the influence of slag on the specific
electrical conductivity of soil-containing materials. Measurement results of the samples
with slag showed that the specific resistance slightly depended upon the slag type (ba-
sic or acid). By adding slag the specific resistance increased more slowly for acid slag
than for basic slag. Fine-dispersed cementing newgrowths, which increased adhesion in
a solidifying system, led to a lower electrolyte concentration in pores, and, as a result, to
a lower electric conductivity. The ability of the organic component of activated sludge
to form complexes with metal cations decreased the ionic conductivity of a pore

solution and increased the electric resistance of a soil-containing material as awhole.



To confirm the mechanism of interaction between functional groups of activated
sludge and surface ions of slag and soil, the authors studied infrared spectra of the
composite material samples. The absorption bands were mainly similar, though differed
in intensity, that meant formation of similar products of interaction with soil, slag and
activated sludge in various ratios. Presence of the 469 and 470 cm™ bands, considered
as the Al-O deformation vibrations, testified to the alkaline activation of slags, most
evident for the basic slag. Comparison of the meso- and microstructure of soil-
containing samples by using optical and electronic microscopy methods testified to the
formation of a denser structure when activated sludge and slag were used as modified
additives.

The authors got a patent for invention #115843 UA on the solidified soil
composition. The composition developed was used for the following: to provide
electrocorrosion stability of the passenger platform foundation at the Zolochiv station
on the Kharkiv-Hotnia line; to fill exterior rail engineering networks at the Kharkiv
passenger station under modification of a freight depot into the Museum of History and
Rail Machinery on the Southern railway; to provide electrocorrosion stability of
buildings under extension of Kharkiv Tile Plant PJSC. The total solidified soil area was
675 m?2. The following work package on soil modification was conducted: preparation
of soil belts; breaking down and grinding; blending the ground soil with activated
sludge and slag; compaction of the solidified soil belts. The technology is ready for
implementation and will not hamper the operation process. In order to estimate an
electrical corrosion level the potentials of electrodes were measured before and after the
work. The potential difference value was 0.3V and 0.05V, respectively, which proved
the efficiency of the method. The major economic effect from the introduction of new
materials and technologies is prolongation of interrepair periods for buildings and
structures, and application of substandard materials. The calculated cumulative
economic effect at all objects of implementation was 295,700 hryvnas.

Keywords: soil-containing materials, activated sludge, slag, leakage current,

electric resistance, electric corrosion.
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BCTYII

AKTyaJbHicTh po6oTu. KoMIo3uIliiiHi Marepiaji Ha OCHOBI IPYHTIB MOXYTh
3aCTOCOBYBAaTUCSA B YCIX Tamy3sXx OymiBHUIITBA. HaiOimbIl TEPCIEKTUBHUM € iX
BUKOPUCTAHHS [JIsl yJAIITYBaHHS OCHOB MiJ JOPOXKHI MOKPUTTS, TEIJIO130JII0I0YHX,
MOPO303aXHUCHUX, KaIUIAPONEPEPUBHUX IIapiB, JJIA YKPIIJIEHHS BEpPXHIX IIIapiB
3eMJITHOTO TIOJIOTHA 3alli3HMIb, BUPOOHMYMX MalgaH4uKkiB Tomo. Ilpu 1pomy,
BUKOPHUCTaHHS TIPYHTIB, OOpOOJICHMX PI3HUMHU B SDKYUYHMH, € TUIBKM OJIHHM 13
MOXJIMBUX TEXHIYHUX pPIIIEHb 1HKEHEpHUX 3anad. Hemomikom MaHWX KOMIO3MIIHN €
BHCOKA BapTiCTh, BUKJIMKaHA BUCOKOIO BUTPATOIO B'SHKYUHX — MOPTIAHIIIEMEHTY, BalTHA
Ta 1HIUX — JUIS 3a0e3ledeHHs HeOoOX1THOi MIITHOCTI MaTepiaay, a TaKo)K BHCOKa
noTpeda B KOHAMIINHUX MIHEpPAIbHUX I'PYHTAaX. BUXOAsSYM 3 €KOHOMIYHUX MIPKYyBaHb
HaNOUIbIIIEe 3aCTOCYBaHHS B OYJIBHUIITBI OyayTh MaTH KOMIIO3UIIIMHI MaTepiaiu Ha
OCHOBI TPYHTIB, B SIKUX OCHOBHY YaCTHHY CKJIQJIal0Th BIJIXOJM, IO MalOTh HaBITh
c1abKO BHUpa)K€Hl B’SKydl BJIACTHBOCTI. Y TENEPIIIHUA Yac y CBITOBIM MpPaKTHI
HAKOIMMYEHO TEBHUI JOCBIJl TOJIMIIEHHS BJIACTUBOCTEN TPYHTIB JUIS iX MOAAJIBIIOTO
BUKOPUCTAHHS LUISIXOM YBEJIEHHS HEOPraHiyHuX abo0 OpraHIYHUX 3aKpIILTIOIYHX
KOMITOHEHTIB. AJie HaWOUIBIINK 1HTEpEeC BUKIMUKAIOTH KOMIIO3UIIIMHI Marepiaid Ha
OCHOBI TPYHTIB, y SKUX Je(IIUTHI 1 BIHOCHO JOPOTi B'SXKydl Ta JOOABKH 0 HUX
BUKOPUCTOBYIOTHCA B MIHIMQJIBHUX 00CSiTax, @ OCHOBHY YaCTHHY CKJIaJar0Th T1 YW 1HIII
BIIXOAW 1 TMOOIYHI TPOIYKTH IPOMHUCIOBHX TMIANPpUEMCTB. Bimxomu Ta mo0biuHi
MPOJIYKTH 3aiMalOTh BEJIMKI TEPUTOPIi 3€MJll, BHUKIIOYAIOYM iX 3 KOPHUCHOIO
BUKOPHUCTaHHS, BUKJIIMKAIOTh 3a0pyJHCHHS TOBITPS, BOJIOIM, IIIKiJTMBO BIUIMBAIOTh Ha
POCIIMHHUN 1 TBapUHHUU CBiT. OJHUM 3 TaKMX BIIXOMIB € AKTUBHUW MYJ CTaHIIN
010JIOTIYHOTO OYHIIEHHS, MNpo0jeMa YTWii3alli SKOro € JOCUTh aKTyaJdbHOI s
BEJIMKUX MICT.

Jo cux mip mnepeBakHa dYacTHHA OCAAiB CTIYHUX BOJ MICT, BHPOOHUYUX
MIATPUEMCTB 1 arpOIPOMHUCIOBUX KOMILUICKCIB BUAAISIETHCS B IINIAMOHAKONIUYYBayi, Ha
MYJIOBI Mail/TaHYMKH, BUKUJAETHCS B MOPE, 3aPUBAETHCS B 3EMITIO, CIIATIIOETHCS B TIEYaX,

BIUTMBAIOYM HA MPHUPOAY 1 toauHy. Takuil cTan 6arato B YoMy MOSICHIOETCSI TUM, 1110



O1IBIIICTh MOOYAOBAaHUX BOJOOXOPOHHUX 00'€KTIB, BEIbMHU JIOPOTUX 3a KamiTaIbHUMH
BKJIAJICHHSMHU 1 (DIHAHCOBUMH E€KCIUTyaTallliHUMU BUTpAaTaMH, MO CYTI BUPILIIYIOThH
JUIIEe YacTUHY 3aBJaHHS - OYMINEHHS CTIYHUX BOJ, 3AJMINAIOYM HEBUPIIICHUMU
NUTaHHS OOpPOOKM Ta BUKOPHCTAHHS PEIITH KOHLEHTPOBAaHUX OCaaiB. TUM Hacom,
TIIBKM TPU KOMIUIEKCHOMY TMIAXOJI O BUPIIIEHHS 3arajbHOTO 3aBJaHHS MOXKHA IO
CIIPaBXHHOMY 3aM00IrTH HETaTUBHOMY BIUIMBY CTIYHHUX BOJ| 1 OCaJIB HA HABKOJIUIIHE
CepeIOBUIIE 1 MEPETBOPUTH BIAXOAM CTIYHMX BOJI Y BTOPUHHI CHUPOBHHHI PECYpCH,
BUKOPHUCTAHHA AKHX MA€ BaXKJIUBE HAPOJAHOTOCIIOIaPChKE 3HAUCHHS.

Takoro X akTyalbHOIO € mpoOiemMa yTuii3alii NIJIAaKOBUX BiJBalliB HABKOJIO
METATYpPriiHUX MIANPUEMCTB. AHami3 JaHUX Tpo  OyIiBeNbHI  BIACTUBOCTI
METaJypriiHuX NIUIaKIB YKpaiHW W JOCBIJy BUKOPUCTaHHSA iX B HPOMHUCIOBHX,
JOPOXKHIX Ta IHIIUX OyAiBEJIbHUX 00'€KTaxX MOKa3aB IIUPOKUHN Jiara3oH MOXKJIUBOCTEH
3aCTOCYBaHHA 1X 3aMICTh NPUPOJHHMX KaM'SsHUX 1 TPYHTOBUX MarepiajiiB, a TaKOX
OETOHHUX €JIEMEHTIB KOHCTPYKU1MA. MeTanypriiiHi IIJJaku € NPOJIYKTOM TEXHOJIOTTYHHUX
IPOLIECiB, MEPEPOOKH, a TAKOK PO3MaAy CTAJCIUIABUIBHUX 1 JOMeHHUX nuiakiB. [lmaku
aKTUBHO pPEaryroTh 3 BOJOI 1 PO3UMHEHUMHU B HIA KOMIIOHEHTAMHU 3 IiJIBUIICHHSIM
BEJIMUMHU MOKa3HUKa pH 1 BUX0OJOM B pO3YHH JESKUX [MUIAKOYTBOPIOIOUUX €IIEMEHTIB.
[Iporuiec riaponizy ¥ae A0 YTBOPEHHS HAa TOBEPXHI NIJAKOBHUX 3€PEH TUTIBKM BTOPUHHHUX
MIHEpaiB, HAMBAXIIMBIIIUMH CEpell SIKMX € KapOOHaTH 1 TIAPOCUIIIKATH KalbIlilo. 3
(GbopMyBaHHSIM OCTAHHIX TMIOB'sI3aHA MPUTAMaHHA [UIAKaM, MEPEBAXKHO JIOMEHHOTO
BUPOOHHUIITBA, 3AATHICTH JI0 cCaMOIleMeHTaIlii (TiipaBIiyHa aKTUBHICTb IIIJIAKIB).

[Ipn po3poOi HOBHUX KOMIO3MI[IMHUX MaTepiaigiB HEOOXiHO BpaxOBYBaTH
YMOBH, B SIKHX BOHHM OyAyTh 3acTOCOByBarucs. Hampukian, yMOBH eKCIUTyaTarlii
CHopyJ eNeKTpU(pIKOBAHUX 3ali3HULb MalOTh BIAMIHHY PHUCY: HMOBIPHICTH BIUTUBY
J0JIATKOBO JI0 1HIIKX (DAKTOPIB — MPUPOJIHUX 1 TEXHIYHUX — €JIEKTpUYHOro crpymy. Ha
CIICKTPUYHOMY PEHKOBOMY TPAHCIIOPTI OJHHUM 3 TIPOBOJIIB € petikoBa Komis. HeoOximHo
BpPaxoBYBaTH, 110 PEHKOBA JIiHis BUKOPUCTOBYETHCS TAKOXK SIK MPOBITHUK CUTHAIBLHOTO
CTPyMy Ha JUISHKAaX 3 aBTOOJOKyBaHHSM. KpiM TOTO peWKH € XOpOIIUM MPUPOTHUM
3a3eMJIIOBaYe€M, B CHJIy 4YOTO Ha HHUX 3a3eMJIIOIOTh Pi3HI CHOPYAM 1 KOHCTPYKIIIi,

pO3TaIoBaHi o003y KOHTAKTHOI Mepeski. ToMy 3ai3HUYHA KOJIisl BUKOHYE (yHKIIIT



HE TUIbKU CHUJIOBOI KOHCTPYKIIii, ajne W QyHKIIi CKIagHO1 eleKTpuYHOi Mepexi. Peitku
gyepe3 mmaid 1 0anacT y Ay’Ke BEIHKINA KITBKOCTI TOYOK 3'€THaHI 3 3eMJicio. kO BOHH
OyJM TOBHICTIO 130J1bOBAaHI BiJ] 3€MJIi, TO BECh CTPYM IOBHICTIO MPOTiKaB Ou peikamu i
B Oyap-SKOMY Iepepi3i MDK IMIJICTaHIIIEI0 1 PYXOMOIO OJMHHUIICIO JOPIBHIOBAB OU
CTpyMy HaBaHTakeHHS. OJHaK B yMOBaxX JWHAMIYHAX BIUIMBIB B TOI3MIB,
NePIOAUYHOTO 3BOJIOKEHHS, 3a0py/IHEHHS €JIEMEHTIB BEpXHbOI OYyJI0BH KOJIIi 17€abHO
130JTI0BaTH PEUKH BiJl 3eMJII MPAKTUYHO HEMOXJIMBO. TOMY MpH MPOXOKEHHI CTPYyMY
peiikaMu yacTHHA HOTo BIATaly>KyeThCA B 36MIIIO (CTPYMH BUTOKY, OJyKarodi CTpyMHu),
BUKOPHUCTOBYIOUH ii SIK MapajelbHUM iM MPOBITHUK. i [UX CTpyMiB MPU3BOAUTH J10
KOpo3ii apMatypu 1 O€TOHy, L0 B KIHIEBOMY paxyHKY BHKJIMKA€ pyHHYBaHHS
KOHCTPYKIIK. L{imKkoM NpuponHO, IO 3HMXKEHHS OINOpPY PEHKOBOro Kojia TITHE 3a
co00I0 1 BIANOBIIHE 30UIbIIEHHA OMykatouux CcTpymiB. Takum YHUHOM, JJIs
3aJ11300€TOHHUX KOHCTPYKIIM CHopyl eneKTpu(IKOBAHUX 3aJII3HUIL 3aBXKIAU 1CHYE
HeOe3MeKa BIUIMBY TaKOTO arpeCUBHOTO (pakTopa sIK eIeKTpUYHUN cTpyM. OTKe, TOLIyK
INUISIXIB TIABULIEHHS €JIEKTPUYHOrO OINOpPY IPYHTOBMICHUX MaTepialiB, MNOpSA 13
3a0e3ne4eHHsIM X (PI3MKO-MEXaHIYHUX XapaKTEPUCTUK Ta YTHIII3AIIE€I0 BIIXOMIIB, €
aKTyaJIbHOK HAYKOBO-TEXHIYHOIO 33]1a4€IO.

3B’A30K po0OTH 3 HAYKOBMMH IMporpamMamMu, mjiaHamu i temamm. PoGoty
BUKOHAHO B YKpPaiHCBKOMY JE€p’KaBHOMY YHIBEPCUTETI 3aJII3HUYHOIO TPAHCIIOPTY Ha
kadenpi OyaiBeNbHUX MaTepiajiB, KOHCTPYKIM Ta CHOPYI Y CKIal Iep KOOI KEeTHOT
HAyKOBO-JIOCIHOI poOoTH MiHicTepcTBa OCBITH 1 Hayku Ykpainu: «Po3BUTOK
TEOPETUYHUX OCHOB BMHUKHEHHS Ta 3amOOIraHHs MOPYILIEHb CTIMKOCTI 3€MJITHUX Ta
iHmmx copy» (2015-2017 pp., Homep aepxpeectparii 01 15U000276).

SIk HAyKOBY rimore3y MpPUHHATO MOXKIMBICTb BUKOPUCTAHHS aKTUBHOTO MYITY
CTaHIIM O10JIOTIYHOTO OYHMIIEHHS MICBKUX CTIYHHUX BOJ JJIS aKTHUBAIlli IUJIAKIB Y
I'PYHTOBMICHHX Martepiajax i, TaKUM YHHOM, OTPUMaHHS MaTepialy Ha OCHOBI IPYHTIB 3
BUCOKMMH TOKa3HUKaMU EJEKTPUYHOI0 OMNOopy 1 JAOCTAaTHIMU (PI3UKO-MEXaHIYHUMU
xapakTepucTukaMu. [linBUINIEHHS MOKA3HUKIB 3a0€3MEUyEThCS 32 PAXyHOK 3HUIKEHHS
10HHO1 TIPOBITHOCTI B TMOPOBOMY TIPOCTOpPI Ta YTBOPEHHS E€IEKTPOTETEPOTSHHUX

KOHTAKTIB MK YaCTUHKaMHU KOMIIO3HUIIIMHOTO MaTepiany.



Meta aociaigmxeHHs1 — pO3pOOJICHHS IPYHTOBMICHOTO OYiBEIBLHOTO Marepiany,
SKUW Ma€ TIJBHUINCHUNA eNEeKTPUYHUN omip 3a JOCTaTHIX (Pi3UKO-MEXaHWIHUX
XapaKTePUCTHK, Ha OCHOBI I'PYHTIB, METANypriiiHOrO HUIAKy Ta aKTHBHOTO MYIy IS
yJIAIITyBaHHS OCHOB 3a113HUYHUX CHOPY/I.

3aBaaHHA AOCTiIKEeHH:

— TEOPETUYHO OOTPYHTYBATH MOMIJIHMBICTH JOCATHEHHS HEOOXI1JHOTO €NEeKTPUYHOTO
OTIOpY 3a JOCTaTHIX (DI3UKO-MEXaHIYHUX XapaKTePUCTHK MaTepialiB Ha OCHOBI IPYHTIB,
METaNyprifHUX MUIaKiB, AKTUBHOTO MYIIY;

— eKCTICPUMEHTAIbHO TIATBEPAWTH TMIABUINCHHS EICKTPUYHOTO OIOpY TIPH
30epexeHHI HEeO0OXITHOT MIIHOCTI 3a PaxXyHOK (POpMyBaHHS ONTHUMAJIBHOI CTPYKTYpH
IPYHTOBOI KOMMO3HUIIIi, 3a0€3MeUYEHHs EJIEKTPOTETEPOreHHUX B3a€EMOJIINA aJCOPOIIIEI0
10HOTEHHUX MMOBEPXHEBO-aKTUBHUX PEUYOBHH, SIKi BXOJSATH IO CKJIaTy aKTUBHOTO MYJIY;

— PO3pOOMTH  CKJIaJM  KOMIIO3UI[IMHMUX  MarepiajiB Ha OCHOBI  IPYHTIB,
METATYprifHMX MUIaKiB 1 aKTUBHOTO MyJy Ta TpoBecTH (Pi3UKO-MeXaHIuHI
BUNPOOYBAaHHS ~ OTPUMAHOTO  KOMIIO3UIIIMHOTO  Martepiaqy 3  IOJIMNIICHUMHU
eNEeKTPO(PI3UYHUMU Ta JOCTATHIMU (PI3UKO-MEXAHIYHUMU XapAKTEPUCTUKAMU;

— mpoBeCTH (HI3UKO-XIMIYHI JOCHIKEHHSI CTPYKTYpU 1 B3a€MOJI KOMIIOHEHTIB
3aTBEPAIJI0T0 IPYHTOBMICHOTO MaTepiay;

— BHUKOHATH JOCTIJHO-IIPOMHCIIOBY TMEPEBIPKY pe3yJbTaTiB JIOCHIKEHb Ta
BIIPOBA/XKEHHSI PO3pOOJIEHUX CKJIAAIB MarepiaiaiB Ha OCHOBI I'PYHTIB, METAIypridiHUX
[UTaKiB T4 aKTUBHOTO MYITY.

06 ’exm docniodcenHs — 3aKOHOMIPHOCTI (POPMYBaHHS CTPYKTYpPU IPYHTOBMICHOTO
KOMITIO3UIIIITHOTO MaTepialy Ta WOro BJIACTUBOCTI Ha OCHOBI I'PYHTIB, METaIypridHUX
IIUTAKIB Ta aKTUBHOTO MYITY.

Ilpeomem  OocnidocenHss — TPYHTOBMICHUM KOMIO3MIIIMHUN  Marepian 3
BUKOPUCTAHHSM METATYPTIMHMX MUIAKIB Ta aKTUBHOTO MYJy JUIS BJIAIITYBAaHHS OCHOB
3aIII3HUYHUX CIIOPYA.

Metoau pociimxkenHsi. JlocmimpkeHHs — (I3UKO-MEXaHIYHHX  BJIACTHBOCTEH
matepiamiB  (pI13M4HI  BIACTUBOCTI  IPYHTIB,  XapaKTEPUCTUKH  MIIHOCTI 1

ne(OpPMOBAHOCTI PO3POOICHMX KOMITO3MIIII) MPOBOIUINCS BIMOBIIHO 0 CTAaHAAPTHUX



METOJMK 1 YMHHUX HOPMATUBHUX JOKYMEHTIB. ElekTpodi3nuHi XapaKTepUCTHKU
IPYHTOBMICHHX MaTepiajliB JOCIIPKyBajdl 3a JOMOMOIOI0 OPHUTiHAJIbHOI aBTOPCHKOT
METOJIMKA Ta JIabOpaTOpHOi ycTaHOBKUA. Meromamu 1H(pavepBOHOI CHEKTPOCKOMIi,
ONTHYHOI Ta €IEKTPOHHOI MIKPOCKOIIIi TOCTIIKYBAIUCH MPOIIECH CTPYKTYPOYTBOPEHHS
B PO3pOOJIECHNX MaTepiaax.

HaykoBa HOBH3HA O/IepKaHUX PE3YJIbTATIB MOJISITA€ B TAKOMY.

Yuepuue:

- BCTAHOBJICHO, 1[0 AaKTUBHUM MYJI CTAHIIH O10JIOTTYHOTO OYMIICHHS MOXE OyTH
aKTUBAaTOPOM TBEPHAIHHS SK KHUCJIOr0, TaK 1 OCHOBHOIO IINIAKIB 3a PaxyHOK
aMm(poTepHOCTI PYHKIIIOHATILHUX TPYH OPTaHIYHO1 CKIIAJ0BOI aKTUBHOTO MYIIY;

- PpO3pOo0JIEHO KOMIIO3MLIMHMA Marepial Ha OCHOBI IPYHTIB, METaIypriHHX
[UTaKIB Ta aKTUBHOTO MYJIy CTaHIIIM O10JIOTIYHOTO OYMILIEHHS 3 MiIBUIICHUM €JIEKTPUYHUM
OIIOPOM.

OTpuMau NOAAJbIINN PO3BUTOK:

- ysiBIIeHHS TIpO (OpPMYBaHHS CTPYKTYPH KOMIIO3UIIIHHOTO MaTepialy Ha OCHOBI
I'PYHTIB, METATYPriiHUX IUIAKIB Ta aKTUBHOTO MYJY CTaHI1{ O10J0TYHOTO OYMILEHHS,
SAKUW Ma€ BIJIACTUBOCTI 10HOT€HHOI ITOBEPXHEBO-aKTUBHOI PEYOBHMHU Ta YTBOPIOE
EJIEKTPOTeTEPOreHHl KOHTAaKTH 3 TNPOJAYKTAaMHU TiAparaiii HUIaKiB 1 TPYHTOBUMHU
JaCTUHKAMH,

- ySABIEHHA TIPO  3aKOHOMIPHOCTI 3MIHU  €JIEKTPUYHUX  BJIACTHBOCTEH
0araTOKOMIOHEHTHUX CHUCTEM, JIO SKUX HajekaTh TIPYHTOBMICHI MaTepiaiv, 3a
PaxyHOK B3aeMOJii (PYHKI[IOHAIBHUX TPYIl OPraHivyHOI CKIJIAJOBOI aKTMBHOTO MYIY 3
10HAMH TIOPOBOTO PO3YHHY, L0 3MEHIIYE iX PYXJMBICTh Ta MPU3BOAUTD 10 3MEHILIECHHS
10HHO1 MPOBIJHOCTI MaTepiany B LIJIOMY.

JlocToBipHicTh Ta OOIPYHTOBAaHICTH Ppe3yJabTaTIB JOCIIKeHb 3a0e3reueHa
BUKOPUCTAHHSM Yy TEOPETHYHUX JIOCHIDKEHHAX (YyHIAMEHTAIBHUX TIOJOXKEHb 1
3aKOHOMIPHOCTEH KOJOIAHOI XiMii, (PI3MKO-XIMIYHOI MEXaHIKU JUCIEPCHUX CUCTEM 1
MaTepiaiiB, 3aCTOCYBAHHSIM B EKCIIEPUMEHTAaX KOMIUIEKCY CTaHAApTHUX (i3UKoO-
MEeXaHIYHUX Ta (13UKO-XIMIYHUX METOJIIB TOCTIKEHb, METOJIIB CTATUCTHYHOI 00pOOKHU

pe3yJIbTaTiB JOCIIIKEHb, a TAKOX MIATBEPHKEHHAM TCOPETUUHUX 1



€KCIIEpUMEHTAIILHUX JIOCIIKEHb eKCIUTyaTallliHUMKU BUIIPOOYBAHHSIMH.

IIpakTU4He 3HAYEHHS] OTPUMAHUX Pe3yJIbTATIB MOJSITa€ B TAKOMY:

- pO3pO0JIEHO CKJIA]l IPYHTOBMICHOTO MaTepialy 3 BUKOPUCTAHHAM METaTypriiHUX
IUIAaKIB 1 AaKTUBHOTO MYJIy CTaHIi OIOJOTIYHOTO OYMINCHHS 3 IIJIBUIICHUM
CJIEKTPUYHUM OIIOPOM TPH 30epeKeHHI HE0OX1THOT MILHOCTI;

- KOMIIO3MIIIMHMM  Marepiall  OyJlo  BUKOPHUCTAHO  JJi1  3aroOiraHHs
PO3IOBCIOJDKEHHIO CTPYMIB BHUTOKY Ta OJyKalO4YUMX CTPYyMIB 1 3aXHUCTy BIJ
EJIEKTPOKOPO3ii CIIOpyA, a came: s yJIaIITyBaHHs OCHOBH MPU PEKOHCTPYKIIIT BUCOKOT
nacakupchkoi ImiaThopmMu Ha CT. 30JI04iB HampsMKy XapkiB—l'oTHs Ha 196 kM
[IK2+97M; npu ynamTyBaHHI 1HKEHEPHUX MeEpex Ha cT. XapkiB-Ilacaxxupchkuid mpu
PEKOHCTPYKI[lT BAHTAKHOTO CKJIAly MiJ My3€ed 1cTopii 1 3ami3HNYHOI TexHiKkHU [liB1eHHO1
3QNI3HUIN; JJIs  yJalTyBaHHS OCHOBM TIipu  pekoHcTpykiii I[IAT «XapkiBchbkuid
IUIMTKOBUM 3aBOA» 3 PO3IIMPEHHAM BUPOOHMYMX OyAiBedb TiJ BHUPOOHHIITBO
KepaMIiuHOT MIUTKH;

- JOCATHYTUM 3arajJbHUIl €KOHOMIYHUN €(eKT BiJ YHPOBAIKEHHS PO3pOOJIEHOTO
CKJIaly 3a pPaXyHOK BIJIMOBM BiJi BUKOPUCTAHHS KOHIUIIMHUX BUCOKOBUTPATHUX
B’sDKy4ux (IIEMEHTY, BallHa), 3HIDKCHHSI BUTPAT KOHIUIIWHOTO TPYHTY Ta BiAMOBIIHO
3HIDKEHHS BAPTOCTI OyNIBHUIITBA, PO3IIMPEHHS CUPOBUHHOT 0a3u JUIsi OTpUMAaHHS Mate-
pianmy ctaHoBuTh 295,7 tuc. rpH. [lpu nomanpmiiil excrityaTaiii 00’ €KTiB eKOHOMIYHUHN
edekT Oyne AocaraTtucs 3HWKEHHSM BHUTpAT Ha iX yTpPUMAaHHS Ta MPOJOBXKEHHSAM iX
CTPOKIB CITyOH.

Oco0ucruii BHecok 3100yBava. BuBueHHs mpoOsieMH 1 MOCTaHOBKA 3aBJaHHS 32
TEMAaTHUKOIO JOCIIKEHHS, yC1 (PI3UKO-MEXaHIuHI Ta €JIEKTPOMETPUYHI BHUIPOOYBaHHS,
00poOKka 11X pe3ydbTaTiB 1 OTPUMAHHS  EKCIIEPUMEHTAIBHUX  3aJIeKHOCTEH;
(OopMyITIOBaHHS HAYKOBOI T1IOTE3H 1 TEOPETUYHI OOIPYHTYBaHHS (CHUIBHO 3 HAYKOBUM
KEepIBHUKOM); (DI3UKO-XIMIYHI JOCIHIKEHHS, YIPOBA/DKEHHS PE3yJIbTaTiB JIOCHTIKEHb
(cninbHO 13 croiBaBTOpamMu myOdikarii). OcoOMCTUI BHECOK y CHUIbHI IyOJikarii
B1JOOpa)KEHO B MEPENIKY OMyOIIKOBAaHUX POOIT.

Anpobauis pe3yabTatiB aucepraumii. PesynpraTH aucepraniitHoi  poOOTH

JOTIOB1JIATMCS Ha MI>KHAPOIHUX HayKOBUX KOH(pepeHIisax: MikHapoaHa HayKOBO-



npakTuuHa KoHdepeHiis «EQexkTuBHI OpraHizamiiiHO-TEXHOJIOTTYHI pIIMICHHS Ta
eHepro3oepiraiodi TexHojorii B OyaiBHUUTBI» (M. XapkiB, 23—24 kBitHa 2014 p.);
Bceypaincbka iHTepHET-KOH(EpEeHIlisl MOJOIUX Y4eHuX 1 cTyAeHTiB «Kommo3uiiiiHi
OyniBedbHI MaTepiaiv 1 BUPOOM — MUISAXU MIJABUIIECHHS HAAIMHOCTI, JOBIMOBIYHOCTI,
Koposiectiikocti» (M. [lomraBa, 25 mucromama 2015 p.); 19 Internationale
Baustofftagung (m. Beiimap, Himeuunna, 16—18 Bepecus 2015 p.); 2-nd International
Conference on the Chemistry of Construction Materials (M. Mionxen, Himeuunna, 10—
12 xoBTHa 2016 p.); 5-ta (23-24 xBiTHA 2015 p.) Ta 6-Ta (19-21 KBiTHA 2017 P.)
MDKHAPOJIHI HAyKOBO-TeXHIuHI KoH(pepeHiii «[IpobreMu HaIiiHOCTI Ta TOBFOBIYHOCTI
IHKEHEPHUX cropya Ta OyAiBedb Ha 3ali3HUYHOMY TpaHCnopT» (M. Xapkis,
YxpAVY3T); 78-ma (2627 kBitHa 2016 p.) Ta 80-Ta (24-26 xBiTHs 2018 p.) Mi>KHApPOIHI
HAyKOBO-T€XHIYH1 KOH]epeHilii «PO3BUTOK HAYKOBOi Ta 1HHOBAIIWHOI JiSJIHOCTI Ha
TpaHcnopTi» (M. XapkiB, YkpAY3T).

Hyo6aikamnii. 3a pe3ynbTaTaMu AUCEPTAIIHHOT poOOTH OMyOJIIKOBaHO 16 HayKOBHUX
npailb, 3 HUX 5 crareil y (axoBux BHAAHHIX, pekoMeHjoBaHux MOH VYkpainu, ski
BXOJIATh JI0 MDKHApOJHUX HAYKOMETpUYHUX 0a3, 1 cTartds y 3aKOpJOHHOMY
NepioIMYHOMY BHJIaHHI, IO 1HAEKCYE€Tbcs B Scopus, 1 mareHT YkpaiHu Ha BUHaXig,
8 mpailb anpoOaIiitHoro Xxapakrepy, 1 — 10AaTKoBa My OTiKaIlis.

Crtpykrypa i o6car quceprauii. JlucepTalisi CkJiaaeTbes 31 BCTYMy, M'STU PO3/i-
7B, 3arajlbHUX BHCHOBKIB, CIHUCKYy BUKOPUCTaHUX JDKEpENl Ta II'STH JOJAaTKIB.
3aranpHuit 00csT podoTr — 186 CTOPIHOK, 3 AKX — 125 0oCcHOBHOrO TeKCTy. Jucepranis
MictuTh 50 pucyHkiB 1 12 Tabnuis. CiCOK BUKOPUCTAHUX JKEPEIT CKiaiaeThes 13 186

HaliMeHyBaHb Ha 24 cropiHkax. [I'sTe 1ogaTKiB po3mimieHo Ha 13 cTopiHkax.
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