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AHOTALISA

bopsax O. C. PeryntoBaHHS KOHTAaKTHUX B3a€MOJI1M JIJIsl MIABUIIICHHS CTIMKOCTI B
yMOBax eKCIUTyaTaiii MaTepiajiiB Ha OCHOBI MIHEpPaJIbHUX B SDKYYUX. —
KranidikamiitHa HayKkoBa mparis Ha IpaBax PyKOMUCY.

Hucepraiiis Ha 3100yTTS HAYKOBOTO CTYNEHS JOKTOpa TEXHIYHUX HAyK 3a
cuemianeHicTio 05.23.05 ByxaisenbHi martepianim ta Bupobdu (19 Apxitektypa Ta
OYyIIBHUIITBO). — YKpPATHCHKUN JEepKABHUU YHIBEPCUTET 3aJII3HUYHOI'O TPAHCIOPTY
MinicTepcTBa OCBITH Ta HAyKu YKpaiHu, Xapkis, 2021.

HuceprariitHa po0oTa NMPUCBSIYEHA PO3BUTKY HAYKOBHX OCHOB YIIPABIIiHHS
npolecaMi  CTPYKTYpOYTBOPEHHS ~ KOMIIO3WMIIIMHUX  MaTepiajiB Ha  OCHOBI
MIHEPAJIBHUX B’ SDKYYHMX 3a PaXYHOK PEry/IOBaHHS KOHTAKTHHX B3a€MOJIN B HHX 3
ypaxyBaHHSIM €JICKTPOIIOBEPXHEBUX BJIACTUBOCTEH KOMITOHEHTIB ISl 3a0€3ITeUCHHS
iXHBOT CTIMKOCTI B yYMOBaXx OOBOJHEHHS, BIUIMBY EJIEKTPUYHHX CTPYMIB BHUTOKY,
arpeCcMBHUX CEPEIOBHIII.

Jlist oOTpyHTYBaHHSI aKTyaJbHOCTI MPOOJEeMU TPOBEAEHO aHaji3 AaHUX PO
CydacHi eKCIUTyaTalliiHi BIUIMBH, SKHX 3a3HAIOTh OY/iBENbHI KOHCTPYKIIi Ta
1HXKEHEpH1 CIOPY/H, 110 BUTOTOBJICHI Ta 3BEJICHI 3 KOMIIO3UIIMHUX MaTepialliB Ha
OCHOBI MIHEPAJIbHHUX B’ SDKYYHX, @ TAKOXK aHAJI13 ICHYIOUHX JaHUX 11010 (haKTOPIB, M0
BU3HAYAIOTh KOPO3iMHY CTIWKICTh KOMIIO3UIIIMHMX MarepiajiB Ha OCHOBI
MIHEpAIBHUX B’ SOKYYHUX, y T. Y. BOJOHENPOHUKHICTh, TPINUHOCTINKICTD.
BceranoBneHo, 110 BayKJIMBE 3HAYCHHS JIJIs1 aHAJI3Y CTIMKOCTI B yMOBaX €KCILTyaTallii
KOMITO3UIIIMHUX MartepiajiB Ha OCHOBI MIHEPAIbHUX B SDKYYMX Ma€ MOJEIHb
JTUCTIEPCHOI CHCTEMH, BJIACTHBOCTI $KOi BH3HAYAIOTh IOBEPXHEBI SBUINA Ta
EJIEKTPOMOBEPXHEBI BIACTUBOCTI YACTHHOK ii AUCTIEpCHOI (a3u Ta KOHTAKTU MIXK
Humu. Jisg 3a0e3nedeHHsT JTOCTOBIPHOCTI JTAHMX CJICKTPOIIOBEPXHEBI IMOTCHITIAIH
JTUCTIEPCHUX MaTepialliB Mal0Th BU3HAYATHCH OJHOYACHO JCKITbKOMa HE3aJeKHUMU
MerogaMu. OTpUMaHO EMIIPUYHY 3aJIEKHICTh MIK BEJIMYMHOI a0COIIOTHOTO
eJIeKTPOIIOBEPXHEBOro MoTeHuiany @° MiHepaniB, XapakTepHHMX I MiHepaabHHUX

B’SDKYUYHUX, Ta iX MOJIBINHUM KyTOM BiIOMBaHHSI PEHTTE€HIBCHKOTO BUIIPOMIHIOBAHHS



20, srigo 3 sxoro 3i 36impmennam 20 00 3pocTac 3a KBaAPATMYHOKI 3ANEKHICTIO i
MEePEXOUTH BiJl HEraTUBHUX JI0 TO3UTUBHUX 3HauYeHb 3a 2[2 6nu3bko 35°. 3anekHICTh
3aMpOTIOHOBAHO BUKOPUCTOBYBATH SIK TOJAATKOBHI HE3aJC)KHHA METOJ BU3HAUCHHS
2° minepanis.

Ha ocHoB1 aHani3y ckiany Ta KpUCTaal4HOi OyJJOBH BCTAHOBIICHO, 1110 MPOAYKTH
rizpaTanii MiHEpaJIbHUX B’ SKYYUX — KPUCTANOTIAPATH aHI30METPUUYHOI MOp(dOIorii
MOXKYTh XapaKTepHU3yBaTUCh PI3HOMMEHHUMH €JICKTPOIIOBEPXHEBUM ITOTCHITIATIOM i
3HAKOM ITOBEPXHEBOT'O 3apsay TOJOBXKHIX 1 TOPIIEBUX T'PAaHEH y 3B’S3KY 3 iXHIM
PI3HMM aTOMapHHM CKJIaJIOM, BHACIIIJJOK YOTO OJTHAKOBI KPHUCTAJOTIAPATH MOXYTh
YTBOPIOBATH €JIEKTPOTeTEPOTreHHI KOHTAKTH MiX TOPIICBUMHU 1 ITOOBKHIMH TPaHSIMH.
Po3kputo poib BIUIMBY pH B CyMapHOMY arpeCMBHOMY BIUIMBI KHUCIHX CEPEIOBHIIL
Ha IIEMEHTHHUH KaMiHb 1 JIOBEJICHO, 110, KPIM XIMIYHOT HEHTpasTi3alii KaabliiMICTKUX
CIIOJIYK Ta BILTUBY pH Ha iXHIO TEPMOJUHAMIYHY CTIHKICTh, TOJaTKOBHM (DaKTOpOM
arpeCUBHOTO  BIUIMBY 31 3HWXEHHAM pH € 30UIbIIIEHHS PIBHOBAXKHOTO
€JIEKTPOIIOBEPXHEBOTO MOTeHIiany AP croiyk, 1o MaroTh HETATUBHUH TTOBEPXHEBUI
3apsl, 10 TO3UTUBHUX BEJIMYMH, BHACIIJOK YOT0 XHI €JEeKTPOTreTEPOreHH1 KOHTAKTH
3 MO3UTUBHO 3aps)KEHUMH YaCTUHKAMHU TEPETBOPIOIOTHCS HA €JIEKTPOTrOMOTEHHI,
MIIIHICTh SKHX B yMOBax OOBOJHEHHS CYTTEBO 3HUXKYETHCS; 31 3HIKCHHAM pH
3HaueHHs [P rigpocuiiikaTiB KalblliF0 HAOYBarOTh MO3UTUBHHUX 3HAUYCHb: it CSH —
npu pH menme 6-5, CoSH — menme 10-8. BeraHoBIIEHO, 10 €EKTPONIOBEPXHEBI
BJIACTUBOCTI KapOOHATHUX MaTepialiB 3a1€KaTh BiJ IXHbOT'O TEHE3UCY — OPTaHOTCHHI
KapOOHATH, 30KpeMa Kpeia, MaloTh HETaTUBHUI MOBEPXHEBUI 3apsll 32 paxyHOK
HAsBHOCTI Ha TOBEPXHI KPEMHEKHCIOTH, Ha BIAMIHY Bil XEMOTE€HHUX MOPiA —
BAaITHAKIB, TOBEPXHS SKUX XapaKTEPU3YETHCS MO3UTUBHUM TIOTCHITIAIOM.

3 mo3unid (PI3UKO-XIMIYHOT MEXaHIKM MIHEpaJbHUX B’ SDKYYMX PEUOBUH 1
KOMITO3UIIIMHIX MaTepianiB Ha iXHI OCHOBI pO3BHHYTO Kiacudikailii CTpyKTyp i
KOHTAaKTIB y HUX, PO3PAXOBAHO EHEPTiI0 B3a€EMOJIIi B KOHTAKTaX, sIka 3pOCTA€E Bij
KOAryJsaIifHUX 10 KOHJCHCAIIMHUX KOHTAKTIB 31 3pOCTaHHAM BHECKY 10H-
JTUTIONBHUX 1, OCOONMBO, 10H-IOHHUX B3aemofid. IluTtoma eHepris B3aemMomii

BU3HAYAETHCSA MTOBEPXHEBOIO T'YCTHHONO 1HAUBIYaTIbHUX KOHTAKTIB MIXK



MOTEHIl1aJIBU3HAYAIbHUMHU 10HAMU JHCIEPCHUX YACTUHOK Ta y MIICYMKY e i
YaCTKOIO IIONII KOHTAKTIB Y 3araJiIbHOMY Iepepi3i MaTepiany.

BceranoBneHo, 1m0 cTiiika B yMOBax 30BHIIIHIX BIUIMBIB CTPYKTypa IITYYHOTO
KamMeHI0 (OpPMYEThCS Y pa3l MOEIHAHHS MIIHOCTI, XIMIYHOI 1 TEPMOJUHAMIYHOT
CTIAKOCTI1 IUCTIEPCHOI (ha3u 3 MAKCUMaIbHO MOKJIMBOIO KUTBKICTIO MIIIHUX KOHTAKTIB
MDK YaCTHHKaMH JUCIIEPCHOI a3y, CTaOLIbHUX 3a BIUIMBIB, XapaKTEPHUX JJIST YMOB
EKCILTyaTallii, a TaKOX 3a PaXyHOK OajlaHCy aKTUBHOT TUIOIIIi ITOBEPXOHb JUCTIEPCHUX
YAaCTHHOK, 110 MAlOTh HETATHBHUM S 1 MO3UTUBHUM S* MOBEPXHEBI 3apsiIu.

JloBeIeHO JTOIIIBHICTh PEryJIFOBaHHS KOHTAKTHUX B3a€MOJIIN JJIS TiIBUIIICHHS
CTIKOCTI B yMOBaxX OOBOJIHCHHSI, BIUTUBY €JICKTPUYHUX CTPYMiB BUTOKY, arPECHUBHHX
CEpellOBUII] MaTepiajiB Ha OCHOBI MIHEpAJIbHUX B SIKYUHMX MUISXOM YBEACHHS
anionHux [IAP, enekTponiTiB 3 0OaraTroBaJICHTHUMHU KaTiOHAaMH, J00aBOK, IO
OOYMOBJIIOIOTh YTBOPCHHS JIOJATKOBUX KPHCTAJIOTIPaTiB, BHUCOKOJAMCIICPCHHUX
MiHEpaJIbHUX J00aBOK, ITIBHUIIEHHS KOHIIGHTpallii abo 3MmiHu pH MOpPOBOTO
€JICKTPOJIITY.

[IpoBeneno TepMOAMHAMIYHI PO3PAXyHKH 3 METOIO AOCHIIHKEHHS CHUHTE3Y
JOJIATKOBUX KPHUCTAJNOTIAPATIB, IO 3B’SA3YIOTh COMI-€NEKTPOIITH KOMIUIEKCHOT
XIMIYHOT J0OABKH y CTaOUIbHI MPOYKTH TiJipaTallii, a TAKOK BIPOT1THOCTI B3a€MO/Ii1
MIHEPATbHUX B’ SDKYYHMX 13 MiHEpalIbHUMHU Jo0aBkaMu. OOIPYHTOBAHO MiJBUIIECHHS
¢bi3uKo-MeXaHIYHUX 1 TIAPOPIZMYHMX XapaKTEPUCTHK KOMIIO3HUIIM Yy pe3ysbTaTi
BBEJICHHS MIHEPAJbHUX Ta OPTraHIYHUX BOJOKOH 1 MiHEpATbHUX MIKPOHAIIOBHIOBAYIB
3 ypaxyBaHHSM iXHBOTO MIOBEPXHEBOTO 3apsiay. BcraHoBIeHO, 110 MOBEPXHI BOJOKOH
1 YaCTUHOK MIKPOHANOBHIOBAYIB € MITKJIAJKaMHU IS 3pOCTaHHS KPHCTAIOTIAPATIB 1
MK HHMH YTBOPIOIOTHCS €IIEKTPOTETEPOTCHHI KOHTaKTH. JlOCHiTXKEeHO BIUIUB
CTPYKTYPH Ha €JleKTpO(i3UYHI BIACTHBOCTI, 30KpeMa, MUTOMUN EIEKTPUIHHM OITip
CWIIKAaTHUX  KoMmoswiiii. Po3pobieHo  anropuT™  BU3HAYEHHS  MHUTOMOTO
CJIEKTPUYHOTO OIMOPY KOMIIO3HIIIHHOTO MaTepially 3a JaHUMH TPO TMHTOMUN
€JIEKTPUYHUIN OMIp HAMTOBHIOBAYa T4 MATPUIII 1 CKJIAJOM KOMITO3HIIII.

Po3BHHYTO  HAYKOBO-KOHIIETITYaJbHI  3acaad  yNpaBIiHHA  MPOIECAMHU

CTPYKTYPOYTBOPEHHS KOMIO3HUIIIHHUX MaTepiaiaiB Ha OCHOBI MIHEpAJIbHUX B’ SHKYUHX



32 paxyHOK pETYJIOBaHHS KOHTAKTHHUX B3a€EMOJIH B HUX 3 YpaxXyBaHHIM
CIICKTPOMOBEPXHEBUX  BIIACTUBOCTEH  KOMIIOHEHTIB, 3alpOIMOHOBAHO  IUISXH
yIpaBiaiHHS (PI3UKO-MEXaHIYHUMHU Ta T1IPO(I3UYHUMH BIIACTUBOCTSIMU KOMIIO3UTIB,
o 3a0e3MedyloTh iXHIO CTIMKICTh B yMOBaX OOBOJHEHHS, BIUIMBY €JIEKTPUYHHX
CTPYMIB BHUTOKY, arpeCHUBHUX CEpEJOBHUIIl, 30KpeMa: IIABUIICHHS BOJOCTIHKOCTI
TINCOBUX B’ SDKYUYUX Ta €JIEKTPOMPOBIIHUX CHIIIKATHUX KOMITO3MIIHN JIJIsl 3aXUCTY BiJl
€JIEKTPOKOPO31i; MOKpaleHHs (Pi3uKo-MeXaHIYHUX Ta T1IpoQI3UYHUX BIACTUBOCTEN
1 3a0€3MeUeHHsI eJEKTPONPOBITIHOCTI T1APOIZOJSIIMHUX KOMITO3UIIINA MPOHUKHOT Mii
Ha OCHOBI TIOPTIAHJAIEMEHTY IS 3aXUCTy BiJl EJICKTPOKOPO3ii; IiJBUIIECHHS
KOpO31MHOI CTIMKOCTI OETOHY OpraHo-MiHEpaJIbHOK J00aBKOK Ha OCHOBI
BHUCOKOJIUCTIEPCHOT KPeWIn; TBUILCHHS PAHHBbOI MIITHOCT1 OETOHY 3a11300€TOHHUX
HiIPEHKOBUX OCHOB 3aJ1i3HHMIIb.

Po3po0neno MeTonoNoriyHl OCHOBM: BHU3HAYEHHSI PYHHIBHUX (PAKTOPIB yMOB
eKCILTyaTallii KOHCTPYKIIIH Ta CIOPY/ 3aJ1i3HUIIb; BU3HAYEHHS pallioHATBHUX CKIIAJIIB
KOMITO3HUITIMHUX MaTepialiB Ha OCHOBI MIHEPAJbHHX B’ SKYyUYHX 13 3aJaHUMH
BJIACTHUBOCTSIMH, Y T.4. BUCOKUMHU BOJOCTIMKICTIO, BOJAOHEIPOHUKHICTIO, KOPO31HHOIO
CTIHKICTIO Ta pO3pOOKHU HA IXH1M OCHOBI KOHCTPYKTUBHO-TEXHOJOTTYHUX PIllICHb JJIs
BITHOBJICHHS HECy4Yoi 3JIaTHOCTI, 3aXWCTy Ta IIABUIICHHS JOBTOBIYHOCTI
KOHCTPYKIIIH 1 CIOpY/I 3aJ1i3HUII.

Po3po6iieHo: eneKkTponpoBiHI KOMITO3HUIIT MPOHUKHOT i Ta KOHCTPYKTHBHO-
TEXHOJIOTIYHE PIIMICHHS I BiTHOBJICHHS HECY4Oi 37aTHOCTI, 3aXHCTy BIJ
EJIEKTPOKOPO3ii Ta MIABUIIICHHS TOBIOBIYHOCTI BUCOKHX MACAXKUPCHKUX TUIaT(hopm
3a3eMJICHUMU €KpaHaMHM 13 KOMIO3UIlii, BipoBakeHe Ha 3.11. KomapiBka IliBnennoi
3aJIi3HUIN; OCTOH 3a/11300€TOHHUX IITIAJ MiABUIIEHOI TOBFOBIYHOCTI, KM HaOyBae
nepemaroynoi wminmHOCcTi 3a 8-48 rom 3a mpupogHOro TBEpAiHHSA abo 3a
MaJIOTIPOTPIBHUM  PEXHMOM,  BIPOBa/PKCHWH Ha [ HIBaHCBKOMY  3aBOjI
crierzanizooeTony Ta KopocTeHchbKOMYy 3aBOji 3aidi300€TOHHUX IImaji; OeToH i
KOHCTPYKIIIT MIAPEHKOBUX OCHOB 13 HBOTO, IO 3a0e3MeUyloTh 3HM)KEHHS BIOpaIlii,
€JIEKTPUYHUX BIUIMBIB 1 TPIIIMHOYTBOPEHHS TMOPIBHSHO 3 TPAAUIIHHUMHU

KOHCTPYKIIISIMU, BIIPOBAJIXKEH1 M1J] YaC PEKOHCTPYKIli TpaMBalHUX KOJINA MICT



XapkoBa, Jluinpa, KwueBa; OeToH 3  OpraHo-MIHEpPaJIbHOI  J100ABKOIO
BUCOKOJIUCIIEPCHOT KpeWau IS MOHOJITHMX JIUISHOK 301pHO-MOHOJITHUX
3aJ11300€TOHHUX KOHCTPYKIIM, BIOPOBAIKEHUN MiJ 4Yac 3BEACHHS OYAIBIl MO Ip.
OnekcanapiBcbkoMmy, 67 y M. XapKiB; TIIICOBE B’sKyde MiABUIIEHOT BOJAOCTINKOCTI,
10 3aCTOCOBAHE IMiJi YaC PEKOHCTPYKIlIi MUBUIBHUX OYydiBENb y MICTax Y KTrOpo/,
XMenbHUIbKUH, KpamaTopchk.

Po3paxoBaHO eKOHOMiYHY €QEKTUBHICTh BHKOPUCTAHHS  PO3POOJICHUX
KOMIO3UIIMHUX MaTepialliB, 1110 00YMOBJIEHA 3HUKEHHSIM €HEPropecypcoBUTPAT Ha
BUPOOHUIITBO 3a/11300€TOHHUX KOHCTPYKIIiH, 30UIbIIEHHSIM JOBrOBIYHOCT1 BUPOOIB 1
KOHCTPYKIIiH, MDKPEMOHTHUX TEPMIHIB €KCILTyaTallii OyAiBeiab Ta CIOPY/I.

PesynpraTé mociikeHb BUKOPHUCTaHO mia 4vac pospodbnenns JIBH B.2.3-
19:2018 «Cnopyau tpancnopty. 3anizuui komi 1520 mMm. Hopmu npoexkTyBaHHS»,
HOPMATHBHHX Ta IHCTPYKTUBHUX JOKYMEHTIB AT «YKp3ali3HHIS», Y HABYATLHOMY
IPOIIEC i1 Yac yAOCKOHAIICHHS KypCiB JIEKI[IH, MPaKTUIHUX 1 JJaOOpaTOpHUX poOiT
JUIs 3100yBadiB BHINOI OCBITH, MAariCTpaHTIB, acCMipaHTIB CIEMiaIbHOCTEH
«ByiBHUIITBO Ta ITUBUIbHA THXXEHEPis» Ta «3aTI3HUIHUN TPAHCIIOPTY.

Kaw4oBi caoBa: wmiHepanbHI  B’SDKyYi, KOMIIO3UIIMHUK  MaTepiad,
€JICKTPOTIOBEPXHEBUM  TOTEHITIa], KOHTAKTHI B3a€EMOJIil, EJIEKTPOTreTepOreHHi

KOHTaKTH, KPUCTAJIOT1IpaTH, MIKpOHAIIOBHIOBAY1

ABSTRACT

Borziak O. S. Regulation of contact interactions to increase the resistance under
operating conditions of materials based on mineral binders. — Qualifying scientific
work on the rights of the manuscript

Thesis for the doctor of technical sciences in specialty 05.23.05 — Building
materials and products. — Ukrainian State University of Railway Transport, Kharkiv,
2021.

Dissertation work is devoted to the development of scientifically proven controls

on structure formation in composite materials based on mineral binders. Control of



contact interactions in the materials is achieved by change of surface electrical
properties of the material components to increase their stability and durability under
extreme conditions e.g. water damage, aggressive environments and influence of
electric leakage currents.

To justify the need for this study, an extensive data analysis has been conducted,
focusing on modern challenges in exploitation of building and engineering structures
made of composite materials with mineral binders, as well as analysis of existing data
on factors determining the material qualities such as resistance to corrosion, water
damage and cracking.

It has been established that a dispersed system model plays an important role in
analysis of durability of composite materials based on mineral binders. The model
defines surface qualities and electric surface properties of the material particles during
dispersed phase and interactions between them. To ensure the reliability of the data,
the electric surface potentials of dispersed materials should be registered by several
independent methods simultaneously. An empirical relationship has been obtained
between the value of the absolute electric surface potential 2° of minerals (typically
mineral binders) and their double angle of reflection of X-rays 2P, according to which
incrementing of 2@ causes @° to increase in quadratic relationship travelling from
negative to positive values of 22 and reaching about 35°. This dependence has been
proposed to be used as an additional independent method for determining @°of
minerals.

Based on the analysis of crystal composition and structure, it has been found that
the products of mineral binders’ hydration aka crystal hydrates of anisometric
morphology can have quite different values for electric surface potential and the
surface charge at longitudinal and end crystal faces due to their different atomic
orientation. This may cause same crystal hydrates to form electro heterogeneous
contacts between end and longitudinal faces of crystals. The role of influence of pH
in combined destructive effect of acidic substances on cement stone has been revealed:
in addition to chemical neutralization of calcium-containing compounds and pH-

related changes to their thermodynamic stability, an additional aggressive factor has



been found: decrease in pH causes increase of distributed surface charge @9 from
usually negative to positive values. As a result, the compounds’ electro heterogeneous
contacts with positively charged particles become electro homogeneous. This affects
the compound strength, which, under extremely wet conditions, reduces significantly.
With decreasing pH, @9 in calcium hydrosilicates acquire positive values, for
example, in CSH it happens at pH values less than 6-5, in C,SH — at pH less than 10—
8.

It has been found that electro surface properties of carbonate materials depend
on their origin: for example, organogenic carbonates (chalk in particular) have a
negative surface charge due to the presence of silicic acid on the surface, in contrast
to chemogenic rocks (limestones), whose surface is characterized by a positive
potential.

Classifications of structures and contacts in mineral binders for composite
materials have been developed using the laws of physicochemical mechanics. The
energy of inter-contact interaction has been calculated. With an increase in the
contribution of ion-dipole and ion-ion interactions, the energy increases from
coagulation to condensation contacts. The specific interaction energy is determined
by the surface density of individual contacts between potential ions of dispersed
particles. As a result, the specific energy is determined by the part of the contact area
in the general section of the material.

It has been established that a structure of an artificial stone that is stable under
external influences is formed with a combination of strength, chemical and
thermodynamic stability of the dispersed phase and the maximum possible number of
contacts between the particles of the dispersed phase that remain strong under
operating conditions. The structure should have a balance of the active area of the
surfaces of dispersed particles with negative S and positive S* surface charges.

The expediency of regulating contact interactions for increasing the stability of
materials made with mineral binders under exposure to water damage, electric leakage
currents, and aggressive environment has been proved. Regulation of contact

interactions can be carried out by introducing anionic surfactants, electrolytes with



multivalent cations and additives that cause the formation of additional crystalline
hydrates, as well as use of highly dispersed additives and changes in the concentration
or pH of the pore electrolyte.

Thermodynamic calculations have been done to investigate the following: the
possibility of synthesizing additional crystalline hydrates that bind salts-electrolytes
of a complex chemical additive to stable hydration products; the likelihood of the
interaction of mineral binders with mineral additives.

An enhancement of the physicomechanical and hydrophysical characteristics of
the compositions have been acknowledged with introduction of mineral and organic
fibers and mineral microfillers after careful consideration of their surface charge. It
has been found that the surfaces of fibers and particles of microfillers serve as
substrates for the growth of crystal hydrates, which helps to form electro
heterogeneous contacts between them. The effect of the structure-dependent electrical
properties, in particular, the electrical resistivity of silicate compositions, has been
investigated. An algorithm has been developed for determining the specific electrical
resistance of a composite material based on data on the specific electrical resistance
of the filler, the matrix and contents of the composition.

The scientific and conceptual foundations for controlling the processes of
structure formation of composite materials based on mineral binders by regulating
contact interactions in them have been developed, based on the electro surface
properties of the components.

The following ways of controlling the physicomechanical and hydrophysical
properties of composites, ensuring their stability under exposure to electric leakage
currents, corrosive environments and possible water damage, have been proposed:
increasing the water resistance of gypsum binders and electrically conductive silicate
compositions for better protection against electro corrosion; improving the physical,
mechanical and hydrophysical properties and ensuring the electrical conductivity of
waterproofing compositions of permeable action based on Portland cement for better

protection against electro corrosion; increasing the corrosion proof of concrete by



addition of an organic-mineral additive based on refined chalk; increasing the early
strength concrete property of reinforced concrete sub-rail foundations.

Methodological foundations have also been developed: determination of
destructive factors of operating conditions of building and railway structures;
determination of optimal ingredients of composite materials based on mineral binders
with specified properties, including high water resistance and corrosion resistance;
development of structural and technological design solutions for restoring the bearing
capacity, better protection and increasing the durability of building and railway
structures.

The following have been designed: electrically conductive compositions of
permeable action; constructive and technological solutions for restoration of the
bearing strength, protection against electro corrosion and increasing the durability of
railway high passenger platforms by application of electrically conductive
compositions (introduced at Komarovka YuZhD station); a concrete material for
reinforced concrete sleepers of increased durability, which acquires transfer strength
in 8-48 hours with natural hardening or under low-temperature conditions (introduced
at the Gnivansky plant of special reinforced concrete and the Korosten plant of
reinforced concrete sleepers); a concrete material and under-rail base structures that,
in comparison with traditionally used structures, reduce vibration, electrical impacts
and increase resistance to cracking (introduced during the reconstruction of tramways
in the cities of Kharkov, Dnipro, Kiev); a concrete material with an organic-mineral
additive of finely dispersed chalk for monolithic sections of precast-monolithic
reinforced concrete structures (introduced during the construction of a building at 67
Aleksandrovsky Avenue in Kharkov); a gypsum binder of increased water resistance
(used in the reconstruction of civil buildings in Uzhgorod, Khmelnytsky,
Kramatorsk).

The economic efficiency of using the developed composite materials has been
calculated. Higher efficiency is achieved through decrease in energy consumption
during the production of reinforced concrete structures, as well as due to an increase

in the durability of structures and servicing periods.



The research results were used in the development of DBN V.2.3-19: 2018
“Transport structures. 1520 mm gauge railways. Design standards ”, regulatory and
instructive documents of JSC “Ukrzaliznytsia”, in the educational process in
improving lecture courses, practical and laboratory work for students, undergraduates,
graduate students of the specialties “Construction and civil engineering” and
“Railway transport”.
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BCTYII

AKTyaJIbHiCTh TeMH. B yMoBax cyyacHOro piBHS OOCSTIB MPOMHUCIOBOIO
BUPOOHHUIITBA 00’€MHM arpecUBHUX Ta30MOMI0OHUX, PIAKUX 1 TBEPAUX PEUYOBHH,
€JIEKTPUYHUX CTPYMIB BUTOKY, OJyKalOUMX CTPYMIB 1 BIANOBIAHUX MOTEHIIIAIB, K1
BIUIMBAIOTh Ha OYJIBENbHI KOHCTPYKUII Ta CIOPYIH, 3aJHILAIOTHCS CYTTEBHUMHU.
HeoOxinHicTh omupaTHCh UM BIUIMBaM 1 BHU3HAYa€ HANPsSMU BIOCKOHAJICHHS
OyZIiBEJIbHUX MaTepiaiB.

[lepeBaxkHa KUIbKICTh CydyacHUX OyAIBEIbHUX MaTepialiB — L€ MaTepiajiu, 110
BUTOTOBIISIFOTHCSI HA OCHOBI MIHEPAJIBHUX B SDKYYHMX — CHJIIKATHHUX, aJIOMiHATHHX,
Cynb(}aTHUX CIMOJIYK, OETOHH Ta KOHCTPYKUII 3 HUX, CUJIIKaTHI BUPOOH, OyaiBENIbHI
PO3YMHHU, CyXl1 CyMIlli, MTyKaTypku Tomio. L{i Marepiaiu 4acto € HEIOCTaTHHO
CTIIKMMU B PI3HUX YMOBax ekciulyatailii. Tak, marepiaiy Ha OCHOBI CHJIIKATIB
KaJIbII1t0 (TOPTIAH/IIEMEHT 1 HOro pi3HOBHU/IH, BAITHIHO-KPEMHE3EMHI B’ XKyl TOIIO)
€ BOJOCTIMKMMH, CTIMKMMH B JY>KHUX CEPEJOBUINAX, MPOTE HECTIMKHUMH B YMOBaxX
BIUTMBY KHCIIUX CEPEIOBUII, €JIEKTPUUYHUX CTPYMIB. PO3MOBCIO/IKEH1 aHTUKOPO3iiiH1
MarepiaJd Ha OCHOBI CHJIIKATiB HATPIlO 1 KaJdil0 € KUCIOTOCTIMKUMH, TPOTE
HEBOJOCTIMKMMHU 1 HEIYrocTIMKMMH. Marepiaiii Ha OCHOB1 Cynb(}aTiB KaJbIIilo
(rimcoBi) HE € BOMOCTIMKMMH. I[lIABUIMTH KHCIOTOCTIAKICTh, JIYTOCTIMKICTB,
BOJOCTIMKICTB ITUX MaTepiaiaiB 3BUUAiHO HAMATrarThC EMIIPUIHUM HUISIXOM, IPOTE
TaKUH TIAX1T € TyKe TPYAOMICTKUM 1 TPUBAIKMM 1 9acTO Ma€e OOMEKEHUH yCIIiX.

binbm  edexTBHE yAOCKOHAJNEHHS KOMIIO3UTIB Ha OCHOBI MiHEpPATbHUX
B SDKYYHX 3 METOI0 3a0e3ledYeHHS HOBHX BIIACTUBOCTEH, BIATIOBIAHUX CKJIATHUM
yMOBaM €KCILTyaTallli, MOXJIMBE Ha OCHOBI PO3BHUTKY Ta MOTIUOJICHHS TEOPETUIHUX
Ta EKCHEPUMEHTAJIbHUX OCHOB IXHBOTO CTPYKTYpOYTBOpPEHHS, (hopmMyBaHHS
BJIACTUBOCTEH 1 CTIMKOCTI B IIMX YMOBAaX €KCILTyaTallii.

OTxe, ICHye Haykoea npobdiema PO3BUTKY TIOJIOXKEHb (HI3UKO-XIMIYHOT
MEXaHIKU JUCIIEPCHUX CUCTEM 1 MaTepialliB, sIKi CTOCYIOThCS BIUIMBY CTPYKTYpHU Ta
SBUI HA TPAHUIX po3noauty ¢a3 Ha (i3uko-MexaHiuHi, rigpodi3uydHi, KOpo3iiHi

BJIACTUBOCTI KOMIO3UIIITHUX MaTepiaiiB Ha OCHOBI MIHEPAJIbHUX B’ SHKYUUX.



Bupimenns 1iei npoOjaeMu 1acTh MOXKJIUBICTb BUPILIUTH AKMYAlbHe RPAKMUYHE
3060aHHA — BU3HAYUTU NUIAXU OUTBII €PEKTUBHOTO KEPYyBaHHS CTPYKTYpOIO Ta
BJIACTUBOCTSIMHU, MIJBUILEHHS KOPO31MHOI CTIHKOCTI, BOJOCTIMKOCTI, HETPOHUKHOCT1
Ta THIIUX NOKA3HUKIB €KCIUTyaTal[IiHUX BJIACTUBOCTEH KOMIO3UIIMHUX MaTepialiB.

3B'AA30K Po0OTH 3 HAYKOBMMM NPOrpaMaMu, IJIAHAMHU, TeMaMu. Jl1ceprarito
BUKOHAaHO Ha Kkadenpi OyAiBeIbHUX MaTepiaiiB, KOHCTPYKIIA Ta CHOPYI
YKpaiHCHKOTO JEp)KABHOTO YHIBEPCUTETY 3aTi3HUYHOTO TPAHCIOPTY B paMKax
JEpKOIOJIKETHUX 1 TOCMJIOrOBIpHUX HaykoBo-mociainuux pobit (HAP), ski
OPOBOASTHCSA 3TIHO 3 Trajgy3eBUMHU MporpamamMu MiHICTEpCTBA OCBITH 1 HayKd
VYkpaiau, AT «YKp3ani3HUlsg», a TAKOXK MJIaHaAMU 3aJII3HUIb Y KpaiHU:

- HAP, mo d¢inancyBanucs 3a KOIWITH JAepKaBHOTO OromxeTy «Po3BUTOK
TCOPETHYHUX  Ta  EKCIICPUMEHTAIbHUX  OCHOB  BU3HAYCHHS CKJIaJliB
BOJOHETIPOHUKHOTO TPIIIUHOCTIMKOTO OCTOHY JJIsl KOHCTPYKIIIN 1 CIOPY/I 3aTI3HUITb)»
(Ne JIP 0113U001030); «TeoperuuHi Ta eKCIEpUMEHTAIBHI JOCITIKEHHS BIUIUBY
€JICKTPOKOPO3IMHOTO 1 HAMpyKeHO-AehOPMOBAHOTO CTaHY 3ali3HUYHUX CHOPYH 1
Koyl Ha iX HamidHicTh 1 Oesmeky pyxy» (Ne JIP 0113U001031); «Po3Butok
TEOPETUYHUX OCHOB BUHUKHEHHS Ta 3amo0IraHHs MOPYIIEHb CTIMKOCTI 3eMJITHUX Ta
iHmux coopym» (Ne JIP 0115U000276); «Po3pobka ckiamiB HEOPraHIYHHX
MaTepiaiiB OyaiBeIbHOrO MPU3HAYCHHS Ha OCHOBI Kommo3uiliii cucremu CaO — SiO;
— H,0 ta CaO — SiO; — Al,O3 — H2O» (Ne TP 0115U000277); «TeopeTruHi OCHOBH
OTPUMAHHS HOBUX KOPO3IMHOCTIMKMX KOMITO3UIIIMHUX CHJIIKATHUX MarepiaiiB 3
BUCOKUMH TiAPOGIBUYHUMH XapakTepucTHKaMu. DI3UKO-XIMIYHI Ta KOJOiTHO-
XiMIYH1 OCHOBH BOJOCTIMKOCTI Ta KOPO31iHOI CTINKOCTI KOMIO3UIIIMHUX CHUITIKATHUX
matepianiy (Ne JIP 0115U000279); «Teoperndni Ta eKCIEpUMEHTAIbHI OCHOBU
BU3HAYCHHS, MPOTHO3YBaHHS Ta 3a0€3MeUYeHHs] HeCy4yoi 3/[aTHOCTI Ta JJOBrOBIYHOCTI
TPAaHCIIOPTHUX CIOPYA B yMoBax arpecuBHHX BIDuBiB» (Ne JIP 0119U100295);
«PO3BUTOK TEOPETUYHUX OCHOB 1 €KCIIEPUMEHTaIbHA MepeBipka HOBUX €()EKTUBHUX

croco01B MABUIIEHHS HECYUO1 3JJaTHOCTI Ta BOJIOHEIPOHUKHOCT1 IPYHTIB 3€MJISTHOTO

noJioTHa 3aii3uuiby (Ne JIP 0120U102065);



- rocnporosipHi HJIP «IIpoBenenns pocnigxenb 1 po3poOKka peKoMeHAalii i3
3aXUCTy Ta  MIACHIEHHS  KOHCTPYKLIM  MACA)KUPCBKUX  IUIaTopM  Ha
eNeKTpU(PIKOBaHUX  AUISIHKAX  3ali3HMLbY;  «Po3poOka  KOHCTPYKTHBHO-
TEXHOJOTIYHUX PIlIeHb 3 YCYHEHHS TPILIMH Yy CTiHaX OyJiBeab CTaHLIMHUX
KOMIUIEKCIB Ta pPEKOMEHJAAllil 3 11X BOPOBA/DKEHHS TMpPU  EKCIUTyaTaiii»
(Ne JIP 0112U006827); «IIpoBeacHHsS IOCTIIKEHb 3 BHKOPHUCTAHHS XIMIYHHX
n00aBOK JJIsi 3HIKCHHS EHEProEMHOCTI BUPOOHMIITBA 3a711300€TOHHUX IIMAN 1
po3pobka JICTY Ha mmanu 3a1i300€TOHHI MOMEPEAHBO HANPYXKEH1 JIJIS 3aTi3HULD
komii 1520 1 1435 mm»; «JlocaiakeHHs BIUTUBY KOHCTPYKTHBHO-TEXHOJIOTTYHUX Ta
eKCILTyaTaliiHuX (pakTopiB Ha YTBOPEHHsI TpinuH y mmaiax tumy Cb3» Tormro.

ABTOp OyJia BUKOHABIIEM 1 BiJITTOBIIAJIbHUM BHUKOHABIIEM 3a3HAY€HUX POOIT.

Meta pobdOTH — pO3BUTOK HAyKOBHUX OCHOB VIPABIiHHS MpolecaMu
CTPYKTYPOYTBOPEHHSI KOMIO3UIIIMHUX MaTepiaiiB HA OCHOBI MIHEPAIBHUX B’ SDKYUUX
32 paxyHOK pETyJIIOBaHHS KOHTAKTHUX B3a€EMOJIIA B HUX 3 YpaxXyBaHHAM
EJIEKTPOMOBEPXHEBUX BIACTUBOCTEH KOMIIOHEHTIB [Isi 3a0e3MedyeHHs I1XHbOi
CTIKOCTI B yMOBaxX 0OBOJIHEHHS, BILUTUBY €JIEKTPUYHUX CTPYMIB BUTOKY, arPECUBHHUX
CEpEeIOBUIII.

3aBaaHHA J0CJTITKEHD.

- BUKOHATH aHaJjli3 JaHUX PO Cy4YacH1 eKCIUTyaTalliiiHi BIUIMBH, IKUX 3a3HAIOTh
OyaiBeJIbHI KOHCTPYKIII Ta I1HXKEHEpPHI CIOpPYIH, IO BUTOTOBJIEHI Ta 3BEICHI 3
KOMITO3UIIIMHUX MarepiajiiB Ha OCHOBI MIHEpPATBHUX B’SIKYUMX, a TAKOXK aHaIi3
ICHyIOUMX JaHuX [0A0 (akTopiB, IO BH3HAYAIOTH KOPO3IMHY CTIMKICTh
KOMITO3UIIIMHMX MartepiajiB Ha OCHOBI MIHEpPAJIbHUX B SDKyYHX, y T. H.
BOJIOHETIPOHUKHICTb, TPIIIMHOCTIAKICTH;

- YTOUYHUTH YSBIEHHS 110,10 GOPMYBaHHS CTIMKOT B yMOBaX 30BHIIIHIX BILUIUBIB
CTPYKTYpH INTY4YHOTO KaMEHIO, SIKMM yTBOPIOETHCS BHACIIIOK TiapaTariii
MIHEPATBHUX B SDKYYHX 3 YpaxyBaHHSIM €JCKTPOIIOBEPXHEBUX BIACTHBOCTEU
KOMIIOHEHTIB KOMIO3UIIIMHUX MaTepiaiiB;

- TEOPETUYHO Ta €KCIEPUMEHTATBHO OOIPYHTYBATH MOXJIUBICTH MIJBUILCHHS

1H()OPMATHBHOCTI PEHTTEHIBCHKUX METOIB JOCIIKEHb 32 PaXyHOK JOCIIIKCHHS



3aKOHOMIPHOCTEH B3a€MOJii pOOOYOro BUIPOMIHIOBAHHS 3 KpHCTaJlaMU 3 NIEBHUMU
€JIEKTPOIIOBEPXHEBUMU BJIACTUBOCTSIMU, 30KpemMa TUTST BU3HAYCHHS
€JIEKTPONOBEPXHEBOIO MOTEHI1ATy MIHEpaJliB;

- IOCHIIUTH 1 BCTAHOBUTH 3aKOHOMIPHOCTI BIUIMBY KPUCTAJIIYHOI CTPYKTYpH 1
YMOB YTBOPEHHSI Ha €JIEKTPOIIOBEPXHEB1 BIIACTUBOCTI MaTepIaiiB;

- YTOUHUTHU Ha OCHOBI MOJIOKEHB KOJOINHOI XiMIi Ta (PI3UKO-XIMIYHOT MEXAHIKU
3aKOHOMIPHOCTI Ta po3po0UTH (Hi3UUHI 1 MAaTEMaTHYH1 MOJIEN1 CTPYKTYP 1 KOHTAKTIB,
0 BU3HAYAIOTH PEOJIOTIYHI, (I3UKO-MEXaHIYH1 Ta T1APOQI3HUYHI BIACTUBOCTI
MaTepialiiB Ha OCHOBI MIHEpAJIbHUX B’ SXKYUYHX PEUOBUH;

- TEOPETUYHO Ta EKCHEPUMEHTAJIbHO OOIPYHTYBATH MIABHUILEHHS (I3UKO-
MEXaHIYHUX 1 TIAPOPI3BUUHUX XAPAKTEPUCTUK KOMIIO3UTIB HA OCHOBI MIHEpAJIbHHUX
B’SDKYYHX 32 PaxXyHOK PETYJIOBaHHS KOHTAKTHHX B3a€MOJII KOMIIOHEHTIB MUISIXOM
CHPSIMOBAHOT'O CTPYKTYPOYTBOPEHHS BBEACHHSIM XIMIYHHUX 1 MiIHEpAIbHUX JI00aBOK;

- pO3pOOUTH Ha OCHOBI MTPOBECHUX JOCIIPKCHh HOB1 KOMITO3HUITIMHI MaTepiaau
Ta KOHCTPYKTHBHO-TEXHOJIOT1YHI PIMIEHHS 3 PEMOHTY KOHCTPYKIIH 1 cropyxd i
3aXHCTY iX B yMOBaX eKCIUTyaTallii;

- TPOBECTH EKCIUTyaTalliiiHi BUIIPOOYBaHHS Ta BIPOBAIUTH pPE3YJbTaTH
JOCJJPKEHb MPU HOBOMY OYJIIBHHUIITBI 1 BITHOBJICHHI KOHCTPYKIIIH 1 CIOPYT 00’ EKTIB
1H(paCTPYKTYpH.

O0G’exkT JOCHiTKEHHSI — KOMIIO3WIIMHI MaTepian 3 IOKpalleHUMHU
EKCIUTyaTallfHIMU BJIACTHBOCTSIMU Ha OCHOB1 MiHEPAJIbHUX B’ SIKYUHX.

Ilpeamer pgociaigKeHHssT — KOHTAKTHI B3a€MOJIi Ta 3aKOHOMIPHOCTI
dbopMyBaHHS CTPYKTYPH, IO 3a0€3MEUyI0Th BUCOKI (Pi3MKO-MEXaHI4Hi, T1Ipodi3ndH1
BJIACTUBOCTI, KOPO3iiiHY CTIHKICTh KOMIIO3MIIIMHUX MaTepiajiB Ha OCHOBI
MiHEpATBHUX B’ SDKYYHX, IO MICTATH XIMIUHI Ta MiHEpaIbHI JOOABKH.

Metoau gocaigkensb. J[Jis BUpilIEHHS 3aBAaHb pOOOTH BUKOHAHO aHAJITUYHUM
OTJISAJ JITEPAaTypHUX JaHUX, PO3POOJICHO HAYKOBI TIiMMOTE3W IIOAO0 MEXaHI3MiB
dbopMyBaHHS BIACTHBOCTEM KOMIO3MIIIMHUX MaTepiajiB Ha OCHOBI MIHEpPaJIbHUX
B’s0KyunX. JIOBEEHHS TilOTe3 BHUKOHAHO HUISXOM TEOPETHYHUX JOCHIHKCHb Ha

OCHOBI1 (DYH/IaMEHTAJIbHUX MOJIOKEHBb KOJIOIMHOT XIMii Ta (DI3UKO-XIMIYHOT MEXaHIKH



JUCHEPCHUX cHUCTeM 1 MatepiamiB. Po3po0ieHO METOOuKH Ta MPOBEIEHO
eKCIEepPUMEHTAIbHI JOCHIXKEHHSI 3 JOBEJCHHS C()OPMYIbOBAHUX TIMOTE3. 3HAK
€JIEKTPUYHOTO TOBEPXHEBOIO 3apsAly NPOAYKTIB TiipaTanii MiHepalbHUX B’ SDKYUYHUX 1
YaCTMHOK MIHEpaJbHUX J00ABOK BHU3HAUYAJIM pO3PaXyHKOM aOCOJIOTHHUX 1
PIBHOBaXHUX €JIEKTPOINOBEPXHEBUX MOTEHLIaNIB. MOXIUBICTh XIMIYHOI B3a€MOIIi
MIHEpAIbHUX B SDKYYMX 3 MIHEpAJIbHUMU JI0OABKaMHM OLIHIOBAIM IIISIXOM
TEpMOJMHAMIYHOTO aHanizy. ®di3uko-mMexaHiyHi Ta TiIpo@i3UYHI BIACTUBOCTI
MITYYHOI'0 KAMEHIO BU3HAYAJIM BUITPOOYBAHHSIM 3pa3KiB-TNIPU3M 1 KyOiB BIIIOBIIHO J10
CTaHJAPTHUX METOAMK 1 YUHHUX HOPMATHUBHUX JOKYMEHTIB. Enekrpodiznuni
BJIIACTMBOCTI BU3HAYalld 3a OpPUTIHAIBHUMH METOJIMKAMH Ha 3pa3Kax-Tpu3Max i3
KOMIIO3UIIii a00 B MOKPUTTSAX 13 HET HA TPaHAX 3pa3KiB-MPU3M 13 IEMEHTHO-MIIIIAHOTO
po3uuny. Ckiaj mpoayKTiB rigpaTallii i xapakrep iXHbOI B3a€MO/I11 3 MiHEpaTbHUMHU
nobaBkaMu  JOCIIDKYBald  3a  JOIMOMOTOI0  PEHTreHo(a3oBOTO  aHAI3y,
1H(pauepBOHOI CIEKTPOCKOMIi, CBITIIOBOI MIKPOCKOII Ta CKaHYIOUOi €JIEeKTPOHHOI
MIKPOCKOITii 3 €IEKTPOHHO-30HI0BUM MIKPOAHAIII30M.

HaykoBa HOBU3HA oJlep:KaHUX pe3yJIbTATIB

- PO3BUHYTO YSBIEHHSA IIOJAO MOXIMBOCTI YIOPABIIHHSA  TpolecaMu
CTPYKTYpOYTBOpPeHHsI Ta (opMyBaHHS OyIiBEIBHO-TEXHIYHUX BJIACTUBOCTEH
MIHEpaJIbHUX B SDKYYUX 1 KOMIIO3MIIIMHMX MaTepiaixiB Ha iXHIM OCHOBI, SKi
3a0€3MeuyoTh X CTIAKICTh 1 JOBrOBIYHICTH ITiI Yac eKCIUTyaTalii B yMOBax
OOBOJIHEHHS, BIUIMBY €JEKTPUYHUX CTPYMIB BHUTOKY, arpecHUBHUX CEpEIOBUIIL,
NUISXOM  3a0e3NedYeHHsT TO€JHAHHSA  XIMIYHOi, TEpMOJIWHAMIYHOI  CTIMKOCTI
JUCIIEpCHOI a3y 3 MaKCMMaIbHO MOKIIMBOIO KUIBKICTIO KOHTAKTIB MK YaCTHHKAMH
aucnepcHoi ¢as3u, CTabUTbHUX 3a BIUIMBIB, XapaKTEPHUX [IJIs 3a3HAYEHUX YMOB
eKCILTyaTallii;

- BCTAHOBJICHO 3aKOHOMIPHOCTI BIUIUBY €JIEKTPUYHOT MPUPOIU KOHTAKTIB Ta 10H-
10HHHX, 10H-TUTIOJIBHUX 1 TUTIOTb-TUTIOJIBHUX B3a€EMO/Ii B HUX Ha (I3MKO-MEXaHIuH1
Ta riapo¢i3uyHi (BOAOCTINKICTh) BIACTUBOCTI IITYYHOIO KAMEHIO Ta KOMITO3UIIIHHUX

MaTepiaiaiB; MOKa3aHo, IO iX MaKCHUMaJbH1 MTOKa3HUKH JOCSATAIOTHCS Y BUITAJIKY



OanmaHCy aKTUBHOI IJIOIII TOBEPXOHB AUCIIEPCHUX YaCTUHOK, 1[0 MaIOTh HETaTUBHUIN
S" i mo3uTHBHUY S’ MOBEPXHEBI 3apsi/IH;

- BCTaHOBJICHO, IO NPOAYKTU TiApartauii MIHEPAIbHUX B SDKYUYUX —
KPUCTAJOTIAPATH  aHI30METPUYHOiI MOpP(ONOrii  MOXYTh XapaKTepU3yBATHUCH
PI3HOMMEHHUMH €JIEKTPOIIOBEPXHEBUM MOTEHI[IATIOM 1 3HAKOM MTOBEPXHEBOI'O 3apsly
MOJIOBXKHIX 1 TOPLEBUX IpaHEl y 3B 43Ky 3 IXHIM PI3HHUM aTOMapHUM CKJIAJ0M,
BHACIIIOK  YOTO OJTHAKOBI  KPHUCTAJOTiApaTH MOXKYTh YTBOPIOBATH
EJIEKTPOTreTePOreHH1 KOHTAKTH MIX TOPLEBUMH 1 MOJAOBXKHIMU I'PaHSIMU;

- PO3KpUTO pPOJb BIUIMBY pH B CyMapHOMY arpeCMBHOMY BIUIMBI KHCIUX
CepeZIOBUII] HA IIEMEHTHUM KaMiHb 1 JIOBEJICHO, 1110, KpIM XIMIYHOI HeWTpamizarlii
KaJdbIIUMICTKUX CIIOJIYK Ta BIUIMBY pH Ha iXHIO TEpPMOJMHAMIUHY CTIMKICTB,
JIOJATKOBUM (DaKTOPOM arpecMBHOTO BIUTUBY 31 3HIDKEHHSIM pH € 30UTbIICHHS
PIBHOB)XXHOTO E€NEKTPOIOBEPXHEBOTO ToTeHIiany [P cmomyk, 1o MaroTh
HEraTUBHUI MOBEPXHEBHUM 3apsij, 1O MO3UTUBHUX BEIWYMH, BHACIIAOK YOro iXHi
CJIEKTPOTeTEPOreHHI ~ KOHTAKTH 3  TMO3UTHUBHO  3apS/DKEHUMU  YaCTHHKaAMU
NEPETBOPIOIOTHCS HAa ENEKTPOrOMOTEHHI, MIIHICTh SKMX B YMOBaX OOBOIHEHHS
CYTTEBO 3HWKYETHCS; 31 3HIKCHHAM pH 3HaueHHs [P rigpocuirikaTiB KaJbIIiiO
HAaOyBalOTh IO3UTHBHUX 3HadeHb: i1 CSH — npu  pH  MeHme 6—
5, CoSH — menre 10-8;

- BCTAHOBJICHO EMITIpUYHY 3aJCKHICTh MDK BEJIUYHMHOI aOCOJIOTHOTO
eJIeKTPOIIOBEPXHEBOro MoTeHLiany Minepanis B° i moasiiiHUM KyToM BinOHBaHHS
PEHTTEHIBCHKOTO BUTIPOMiHIOBaHHS 20, sIKWi BIAMOBIAA€E 1X HAMOUIBII IHTEHCUBHOMY
TuGpakiifHOMY MaKCUMyMYy; 3aJeXKHICTh € KBaJPaTUYHOIO 3 KOE]IIli€EHTOM
xopensuii 0,95 — 3i 36inbmennsm 2@ 3Hauenns B° 3poctae i mepexoauTh Hi
HETaTUBHUX JI0 MO3UTHBHHUX 3HA4YeHb 3a 2 61m3bK0 35°; 11e BU3HAYa€ MOKIMBICTh
3aCTOCYBaHHSI PEHTreHO(a30BOr0 aHali3y AK HE3aJeKHOTO METOAY OI[IHIOBAaHHS
a0COIOTHOTO €JIEKTPOIIOBEPXHEBOTO TOTECHITIATY MIHEPAITIB;

- IOBEJICHO JOILIBHICTh PEryIIOBaHHS KOHTAKTHUX B3a€EMOIN IS MABUILICHHS
CTIMKOCT1 B yMOBaxX OOBOJIHEHHSI, BIUTUBY €JIEKTPUUYHUX CTPYMiB BUTOKY, arPECUBHUX

CepelOBUI] MaTepiaiiB HA OCHOBI MIHEPAJIbHUX B’SDKYUYHX IUISIXOM YBEJICHHS



anioHHux IIAP, enekTponiTiB 3 OaraTroBaJICHTHUMHU KaTiOHAMH, J00aBOK, MIO
O0OyMOBTIOIOTH yTBOPEHHS JOJATKOBUX KPHUCTAJIOTIAPATIB, BHUCOKOIUCIEPCHHUX
MiHEpaJbHUX J00aBOK, MIJABUIIEHHS KOHIIEHTpalii abo 3MiHM pH mOpoBOro
€JIEKTPOJIITY;

- MOIATBIINIA PO3BUTOK OTPUMAIN HAYKOBO-KOHIIETITYaJIbHI 3acaiy yIIpaBIiHHS
mporiecaMd  CTPYKTYPOYTBOPEHHS ~ KOMITO3MIIIMHUX  MarepiajiiB  Ha  OCHOBI
MIHEPAJIBHUX B’ SDKYYHX 3a PaXYHOK PEryJIIOBaHHS KOHTAaKTHHX B3a€MOJIN B HHX 3
ypaxyBaHHSIM EJIEKTPOTIOBEPXHEBUX BIACTHBOCTEH KOMIIOHEHTIB; 3alpOIIOHOBAHO
HUIAXU YOpaBiIiHHA (I3UKO-MEXAHIYHMMHU Ta TAPOPI3UYHUMH BIACTUBOCTIMU
KOMITO3UTIB, 110 3a0€3MeuyloTh IXHIO CTIMKICTh B YMOBax OOBOJHEHHS, BIUIUBY
CIICKTPUYHUX CTPYMIB BHUTOKY, arpeCHBHHMX CEPEIOBHII, 30Kpema: IiABUIICHHS
BOJIOCTIMKOCTI TIMCOBHUX B’SKYUHX Ta €JIEKTPOIMPOBIAHUX CHUIIKATHUX KOMIIO3MIIIN
JUISL  3aXHCTY Bl  €JIEKTPOKOpO3ii; TMOKpameHHs  (PI3UKO-MEeXaHIYHUX Ta
riapodi3uuHuX BJIACTUBOCTEH 1 3a0e3IeueHHsI €JICKTPOIPOBITHOCTI
TAPOI3ONIAIIRHUX KOMITO3UIIIN TPOHUKHOI Jii Ha OCHOBI MOPTIAHAILEMEHTY IS
3aXUCTY BiJl €JIEKTPOKOPO3ii; MIABUIIEHHS KOPO31MHOI CTIHKOCTI OETOHY OpraHo-
MIHEPAJIbHOIO TOOABKOIO HA OCHOBI BHCOKOJMCIIEPCHOI KpeWIu; TMiJBUIEHHS
PaHHBOI MIITHOCT1 OETOHY 3aTI300€TOHHUX MIIPEHKOBUX OCHOB 3JII3HUIIb.

IIpakTuyHe 3HAYEHHSI OJE€pP:KAHUX Pe3yJbTATIB POOOTH TOIIUPIOETHCA HA
IIPOMHCIIOBE Ta IMMBLIbHE OYMIBHUITBO 1 3QII3HHYHHUN TPAHCIOPT 1 TOJIATAE Yy
CTBOPEHHI HOBHUX MOMIMBOCTEH JUIsl PO3B’SI3aHHA TMPUKIATHUX  3aBIaHb
OyIiBETLHOTO MaTepialoO3HABCTBA 1 TEXHOJOTiH OETOHY, OyMIBENIbHHX CYMIIICH,
AHTUKOPO3IMHOTO 3aXUCTy Ta PEMOHTY KOHCTPYKIIM 1 CHOPYyId Ha OCHOBI
PO3pOOJICHIX HAYKOBO-KOHIIENTYalIbHUX 3acajl 1 OTPUMAHUX 3aKOHOMIPHOCTEH.

3anmponoHOBAaHO Ta BIPOBAKEHO METOIUKHU: BU3HAYCHHS PYWHIBHUX (hAaKTOPiB
YMOB eKCIuTyaTarlii KOHCTPYKIIIA Ta CIOpY.l 3aTi3HUIb; BU3HAYCHHS palliOHATBHUX
CKJIaJIiB KOMITO3HIIIHHUX MaTepialliB HA OCHOBI MIHEPAIbHHUX B SDKYUHX 13 3aJaHUMU
BJIACTUBOCTSIMU, Y T.4. BACOKMMHU BOJIOCTINKICTIO, BOJOHEIIPOHUKHICTIO, KOPO31MHOIO

CTIMKICTIO Ta pO3pOOKHU Ha iXH1A OCHOB1 KOHCTPYKTUBHO-TEXHOJIOTTYHUX PIIICHB JJISI



BIIHOBJICHHS HECY4YOi 3JaTHOCTI, 3aXWUCTy Ta MiABUIIEHHS JOBIOBIYHOCTI
KOHCTPYKIII} 1 CHOpY/ 3aJI13HULLb,

Po3pobneno: enekTporpoBigHi kommnosumii nponukHoi il [34, 35] Ta
KOHCTPYKTHBHO-TEXHOJIOTIYHE PIIIEHHS JUIsl BIJHOBJIEHHS HECYy4oi 3IaTHOCTI,
3aXUCTY BiJ] €EKTPOKOPO3il Ta MIABUIIEHHS JOBIOBIYHOCTI BUCOKUX MACAKUPCHKUX
m1aTdhopM 3a3eMJICHUMU €KpaHaMU 13 KOMITIO3UIIiil, BIpOBa>keHe Ha 3.1. KoMapiBka
ITiBnenHo1 3a113HMII1;, OSTOH 3a)11300€TOHHUX IIITIaJ1 HIIBHUIICHOT JOBIOBIYHOCTI, IKHI
HaOyBae MepenaToyHoi MIIHOCTI 3a 8—48 roj 3a mMpUpPOAHOTO TBEPAIHHS abo 3a
MaJONpPOTPIBHUM  PEKUMOM,  BIPOBa/DKCHHMH  Ha  ['HIBaHCBKOMY  3aBOJIi
crierzanizooeTony Ta KopocTeHchkoMy 3aBoji 3a1i300€TOHHUX IMImMaji; OETOH 1
KOHCTPYKIIIT MAPEHKOBUX OCHOB 13 HBOTO, IO 3a0€3MeUyr0Th 3HMKEHHs BIOparlii,
CJEKTPUYHUX BIUIMBIB 1 TPIIMHOYTBOPEHHS TMOPIBHSHO 3 TPAIUIIHHUMU
KOHCTPYKI[ISIMH, BIPOBAXKEHI1 TMiJ 4Yac PEKOHCTPYKIli TpaMBalHMX KOJIA MiCT
XapkoBa, Jluimpa, Kwuea; ©OetoH 3  OpraHo-MiHEpaJbHOK  J00ABKOIO
BHUCOKOJIUCIIEPCHOT ~ KpeWau IS  MOHOJITHHUX  JUISHOK  301pHO-MOHOJITHUX
3113006 TOHHUX KOHCTPYKIIIH, BIPOBAKEHUHN TIiJ Yac 3BEICHHS OYIIBII MO TIp.
OnekcanapiBcbkoMy, 67 y M. XapkiB; TIIICOBE B’sDKyde MiABUIIEHOT BOJAOCTINKOCTI,
[0 3aCTOCOBAHE ITiJl Yac PEKOHCTPYKIlIi MUBLUIBHUX OYyMiBEIb y MiCTax Y>KTOpoj,
XwmenbHULIbKUK, Kpamatopcebk.

[IpakTryHa 3HAYYIIICTh OJEPIKAHUX PE3YJbTATIB IMIIATBEPIIKYETHCI TaKOXK iX
BUKOpHCTaHHAM i yac po3podsienns JIbH B.2.3-19:2018 «Cnopynu TpaHCIOPTY.
3anizaui komii 1520 mm. HopMu mpoekTyBaHHS», HOPMAaTUBHUX Ta IHCTPYKTUBHHUX
nokyMeHTIB AT «Ykp3ani3HuIls», y HaBUAILHOMY TIPOIIEC MiJ] Yac yIOCKOHAJICHHS
KypCiB JIEKIIi, TPaKTUYHUX 1 JaOOpaTOpHUX POOIT M1 3700yBadiB BUIOT OCBITH,
MariCTpaHTIB, aCITIPaHTIB CTCIiaIbHOCTeH « By IIBHUIITBO Ta IUBLIbHA THXKEHEPIST» Ta
«3aNi3HUYHUN TPAHCTIOPT.

OcoOuctuii BHecok 3100yBaua. J[lucepramiiiHa poOoTa TIPYHTYEThCS Ha
pe3yibTaTax HayKOBO-JIOCIIAHUX POOIT, 110 BUKOHYBAJIUCH Ha Kadeapi OyiBeIbHUX
MarepiaiiB, KOHCTPYKIIA Ta cHopyl YKpaiHCBKOTO JI€pKABHOTO YHIBEPCUTETY

samizangHOro Tpancnopty y 2011-2020 pp., y skux aBTOp Oe3mocepeaHro Opaa



y4acTb. ABTOPOM OCOOHMCTO MPOBEJEHO aHalli3 CTaHy MpoOJieMu, OOIPYHTOBAHO Ta
chopMylnbOBaHO METy 1 3aBJaHHS JAuUCEpTallli, BUKOHAHO, BHBEICHO Ta
MPOAHANI30BAHO  TEOPETUYHI  3aJEXKHOCTI, MPOAHAII30BAHO Ta  MPOBEIAEHO
IHTEpIpEeTalil0 PE3YNbTATIB  EKCHEPUMEHTANbHUX JOCHIIKEHb, Yy3arajibHEHO
iHpopmarlito, chopmyaboBaHO BUCHOBKH. CdopmMynboBaHO HAyKOBI OCHOBH
YIPaBIIiHHS MPOLIECOM CTPYKTYPOYTBOPEHHSI KOMIO3MUI[ITHUX MaTepiaiaiB Ha OCHOBI
MIHEPAJIBHUX B SKYYMX 13 3aJaHUMU  (PI3UKO-MEXaHIYHUMHU, T1IPOPI3SUUHUMH,
CNEeKTPO(I3UYHUMH  BJIACTHBOCTSAMHM 32 PaxyHOK pETYJIOBAaHHS KOHTAaKTHHX
B3a€EMOJII IIIJITXOM BBEJICHHS 1O CKJIaQy KOMITO3UTY BHW3HAYCHUX XIMIYHUX 1
MiHEpaJIbHUX J00aBOK. 3100yBau Opana Oe3moCepepHI0 y4acTh y JOCHIIHUX Ta
JOCIIHO-TIPOMHUCIIOBUX ~ BHUIPOOYBAHHSX  PO3POOJICHHX  €JICKTPOIPOBITHUX
KOMITO3HITINA JIJII €KPAHHOTO 3aXUCTY BiJ €JEKTPOKOPO3ii; OETOHIB 3 XIMIYHUMH Ta
MiHEpAJIBHUMH J00aBKaMH, IO JO3BOJIMUIM 3 MIHIMAJIBbHUMH CHEPrOBHTpAaTaMU
OTPUMATH BUPOOH MiIPEUKOBUX OCHOB 3aJII3HUIIb 13 3aJaHUMU PAHHBOIO 1 MPOEKTHOIO
MIITHICTIO, MOPO30CTIHKICTIO, BOJOHEMPOHUKHICTIO, EJICKTPUYHUM  OIOPOM,
TPIIMHOCTINKICTIO; TIMCOBOTO B’SHKYYOrO TIABUINEHOI BOJOCTIMKOCTI. YUacTh
aBTOpA y CIUIBHUX ITyOJIIKAIlISAX BiIoOpakeHa B MepesiiKy OMmyOIiKOBaHUX POOIT.

HucepTartis 3100yBaya HE MICTHTh MaTepialiB KaHIWIATChKOI JHUCEpPTaIiiHOT
poboTw.

Anpobanisi  pesyabtaTriB  aucepranii. Pe3ympraTm  amceprarniiiHoro
JOCTI/DKCHHST JTOTIOBinanuch Ha MDKHApOIHIA HAyKOBO-TEXHIUHIN KoH(pepeHIii
«HoBi TexHomorii, 00aiHaHHs, MaTepianu B OyIiBHHUIITBI 1 HA TpaHCTIOPTI» (XapKiB,
2014); 76-it 1 78-ii MixkKHapOoJHUX HAayKOBO-TeXHIYHHX KOH(epeHIisx «Po3BuTox
HAyKOBOi Ta IHHOBAIlIMHOI AiSUTBHOCTI Ha TpaHcmopti» (Xapkis, 2014, 2016);
MixHapo HIl HAyKOBO-TIPAKTHUYHIA KOH(epeHInil « I)PeKTUBHBIC TEXHOIOTUIECKUE
pelIeHUs B CTPOUTENIBCTBE C UCMOIB30BaHUEM O€TOHOB HOBOT'O MOKOJIEHUs» (XapKiB,
2015); V-VIII MixHapogHHX HAyKOBO-TeXHIYHUX KoH(pepeHmisx «[Ipodmemu
HaJIMHOCTI Ta JOBTOBIYHOCTI 1HXEHEPHUX CHOPYI 1 OyIiBellb Ha 3aJII3HUYHOMY
tpancropti» (Xapki, 2015, 2017-2019); MixHapoaHOMY HAYKOBO-TEXHIYHOMY

ceminapi «MoJIeIIIOBaHHS Ta ONTUMIi3alist OymiBebHUX KoMIto3uTiBy (Omeca, 2016);



VIl MixunapoaHiii HayKoBO-TIpaKTH4YHIA KoH(pepeHuli «E(exkTuBHI TEeXHOJOTrii B
MiChbKOMY OyAIBHUIITBI Ta rocriogapcTBi» (Oneca, 2018); 73-it HAyKOBO-METOIUYHIM
KoH(pepeHli XapKiBCHbKOTO HAI[IOHAIBHOTO YHIBEPCUTETY OyaiBHUUTBA Ta
apxitektypu (Xapkis, 2018); 20-ii MixHapoaHiii koH(pepeHIii 3 OyIIBETbHUX
matepiaiiB «20’ Ibausil» (Himeuunna, Beitmap, 2018); VI MixuaapoaHiii KoH(pepeHIii
«AKTyanpHI mpoOsiemu imkeHepHOi MexaHikm» (Omeca, 2019); XVII International
Scientific Conference Current Issues of Civil and Environmental Engineering Lviv -
Kosice — Rzeszow (JIeBiB, 2019); MixxHapoHIil HAyKOBO-NPAKTHYHIN KOH(pEpEHIIiT
«TpeHau Ta TeHACHIIT pO3BUTKY OyaiBeNIbHOI Tamy3i» (Xapkis, 2020); MixuapoaHii
HAyKOBO-T€XHIYHINH KoH]epeHuii «EHeproedeKTUBHICT, HAa TpaHcmopTi» (Xapkis,
2020); VIII MixnapoaHiii HaykoBo-mipakTHuHili koH(pepeHuii «EdexTuBHi
OpraHi3aliifHO-TEXHOJIOTIYHI ~ pIIIEHHS Ta eHepro30epirarodi  TEXHOJOTil B
oyniBaunTBi» (Xapkis, 2020); International Scientific Conference EcoComfort and
Current Issues of Civil Engineering EcoComfort 2020 (JIesis, 2020).

Iy6aikamii. OcHOBHI HAyKOBI  pe3yibTaTH  JAHWCEPTALiiiHOI  poOOTH
omyOJikoBaHO B 69 HayKOBUX Mpalsix, 3 SkuxX 2 MoHorpadii, 23 crarrti y paxoBux
BUJIaHHIX, pekomeHaoBaHuXx MOH Vkpaiam, 8 mnyOmikamii y MDKHapOJTHUX
nepioMYHNX BUIAHHAX, 1m0 iHAeKkcyroThes HMBJL Web of Science Core Collection
Ta/abo Scopus, 2 mateHTH YKpaiHu, 22 myOmikaiii ampobaiiiiHoro xapakrepy, 12
JTOTATKOBUX ITyOJTIKAITIi.

CtpykTtypa Ta obcsr aucepramii. Jlucepraris BukiaaeHa Ha 415 cropiHkax i
CKIAJA€ThCcsl 13 BCTYMy, IIECTH PO3JLUTIB, 3arajJbHUX BHCHOBKIB, CIIHCKY
BUKOpHUCTaHUX jpkepen 13 370 HaiimeHnyBaHb, MicTuTh 90 pUCyHKiB, 29 Tabmuip, 8

J0JIaTKiB Ha 75 CTOpIHKAaX.
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