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AHOTANIA
€dimenxo Apmem  Cepeitiosuy  IligBuUIlIEHHS  BOAOCTIMKOCTI  TINCY

noyipakiiHuMu MiHepalbHUMHU noOaBkamu. — KBamidikaiiiiHa HaykoBa mpaus
Ha TIpaBax PyKOIHCY.

JucepTarrist Ha 3100yTTS HAYKOBOTO CTYIEHs KaHAUAAaTa TEXHIYHUX HayK 3a
cnemianbHicTio 05.23.05 ByniBensHi matepianu ta Bupobu (19 Apxitextypa Ta
OYyIIBHUIITBO). — YKpaiHCbKUH JAep>KaBHUM YHIBEPCUTET 3aJ113HUYHOTO TPAHCIIOPTY
MOH VYkpainu, Xapkis, 2021.

JlucepTrarisi MpUCBSYEHA pPO3pPOOI TEOPETHUHUX Ta EKCHEPUMEHTAIBHUX
OCHOB IIJIBUILIEHHA BOJIOCTIMKOCTI TiNcy NoNdiQpakiifHUMU MiHEpaTbHUMU
no0aBKaMu.

VY nepmioMy po3auai aucepTaiii BUKOHAHOKPUTHYHUN OTJISI JITEPATypHUX
JDKepeNl 3 TINCOBOT TEeMAaTHKH, y SKUX JOBEJCHO, IO BIIACTUBOCTI TillCOBUX
MaTepialliB BU3HAYAIOTHCA iX CKJIAJOM, TEXHOJOTIEI0 OTPUMAaHHS, MpOlecaMu
TBEPJIHHS, CTPYKTyporo. IIpoaykToM rimpaTailii rirncy € aBoriapaTr cyibdary
KaJIbI1}0, 2 OCHOBHUM HEIOJIIKOM — HEJIOCTATHSI BOJOCTIHKICTh, 110 0OMEKYy€E HOTO
3aCTOCYBaHHSI KOHCTPYKI[ISIMH, €KCIUTyaTOBaHMMHM B CyXuUX yMoBax. [loka3Huk
BOJIOCTIMKOCTI — KOeQIUIEHT po3M’siKiIeHHs K, HeMOAM(]IKOBAHOrO TINCy HE
nepesuiye 0,4. Hu3pKy BOJOCTIMKICTB TINCY TPATUIIMHO TMOSCHIOIOTH BHCOKOIO
PO3YMHHICTIO JBOTiApaTy CyibdaTy Kajbllilo, a TaKO0X PO3KIMHIOBAILHUMH
CWJIaMH, CTBOPIOBAHUMH B KOHTAKTaX MK HOTO OKPEMHUMH KPUCTaJIaMU BOJIOIO, IO
BCOUYEThCA B TMopH. [IpoaHanizoBaHO poOOTH, TIPUCBSYCHI ITIJIBUIICHHIO
BOJIOCTIHKOCT1 TINCy, SIK€ JOCATAETHCS CIIOCOOAMHU: 3HIIKCHHS BOJOTIIICOBOTO
BIJTHOIICHHSI, CIOJIYYCHHS 3 TIAPaBIIYHUMH B’SOKYYUMHU, YBEJICHHS AKTUBHHUX
MiHEpaJbHUX J100aBOK, IO HAJAIOTh TiAPABIIYHI BJIACTUBOCTI Ta YTBOPIOIOTH
HEPO3YMHHI CIOJIYKH, TPOCOYEHHS Ta TimpodoOizallisi MOBEPXOHb BUPOOIB,
YBEJICHHSI TOJIMEpPHUX A00aBOK, (iOpu, HJ00aBOK-MIKPOHAMIOBHIOBAYIB, IO
VIIUTBHIOIOTh CTPYKTYPY TIICOBOr0 KaMeHto. bUIbIIICTh IIUX croco0iB 3a0e3neuye
niasumenHs Kyno 0,6-0,8.

3a3Haquo J01(0) BJ'IaCTI/IBOCTi TBEPIAHYUUX MiHe ATBHUX B’ SDKVUUX K
, y4 y4
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BOJHO-UCTIEPCHUX CHCTEM BHU3HAYAIOTHCS CICKTPOMOBEPXHEBUMH BIACTHBOCTSIMH
aucriepcHoi Ga3u Ta eNeKTPONOBEPXHEBUMM B3aEMOMAISIMU MK i1 YaCTMHKAMH.
3riiHO 3 TAKUMHU YSBICHHSIMHU HEJOCTATHS BOJAOCTIMKICTD TIICY MOSCHIOETHCS TUM,
10 y WOro CTPYKTYpl MK KpHUCTaJlaMU YTBOPIOIOTHCS TUIBKU €JIIEKTPOTOMOT€HHI
KOHTakTHU. [lifBHUILEHHA BOJOCTIMKOCTI MOXE OYyTH JOCSTHYTO YBEIECHHAM
MiHEpaJbHUX J100aBOK-HANIOBHIOBAYIB, III0 YTBOPIOIOTH 3 KpHUCTAJIaMH TIMCY-
JBOT1JIpaTy EJICKTPOTCTEPOTCHHI KOHTAKTH. BHCYHYTO TpHITYIIEHHS, IO T'paHi
KPUCTAIIB TINCY MOXYThb MaTH PI3HOMMEHH1 €JeKTPUYHI IMOBEPXHEBI 3apsiu.
3’COBaHO TaKOX, IO BOAOCTIMKICTh TINCY 3 MIHEPAIbHUMHU J100aBKaMHU-
HAMlOBHIOBaYaMH 3JICKUTh BiJl TOBIIMHU Ta IWIUIBHOCTI MPOIIAPKIB TINCY-
JBOTiJIpaTy MiXK 1X YaCTMHKaMH, Ta TIOKa3aHo, M0 (DaKTUYHA TOBIIMHA MPOIIAPKIB
NOB’s3aHa 31 CTPYKTYPHOIO XapaKTEPUCTHUKOI TIiNCOBOTO  KOMIIO3UTY —
Koe(iIieHTOM PO3CYHEHHS YaCTHHOK HAIIOBHIOBAya TilICOM-/IBOT1PATOM 7).

VY apyromy po3aiaiHaBeeHI XapaKTePUCTUKHA OCHOBHUX MaTepialliB 1 METOIIB
JIOCHiKeHb. I eKkcrlepuMEeHTalbHUX  JIOCHIKEHb 3aCTOCOBYBAJIM  TiIlC
OyniBenbHUM, IIJIAK JOMEHHUNM TPaHYJIbOBAaHUN MEJIEHUN, MIKPOKpPEMHE3eM 3
BMICTOM 4acTHHOK po3mipom meHire 5000 um 21 %, HaHOAMCTIEPCHUIA TTIMHO3EM 3
po3mipoM dyactuHOK 50-80 ©M, mracTudikyoui ag00aBKM Ha  OCHOBI
JirHocynb(oHaTy HaTpiro 1 cynbdoHadTamiHGOPMATBACTINY.

3HaK ENEKTPUYHOTO IOBEPXHEBOTO 3apsiay KPHUCTAIIB TINCYy Ta YaCTUHOK
MiHEpAIbHUX J00ABOK BH3HAYAIW PO3PAXyYHKOM aOCOTIOTHUX 1 PIBHOBAXKHUX
CJIEKTPOMOBEPXHEBUX TMOTEHIIaMiB. MOXIMBICTh XIMIYHOT B3a€EMOJIl Tincy 3
MiHEpAIBHUMHU J100aBKaMH OIIHIOBAIA TEPMOJIWHAMIYHUM aHami3oM.ligpaTarrito
rincy AOCTiHKYBaId y BOJHOMY Tpemnapari,MiHepaibHi J00aBKU — B IMEPCIHHOMY
mpenapari 3a JOMOMOTOI0 CBITIIOBOTO MIKPOCKOTIA Ta0e3MOCePETHBO 3a JJOTIOMOT OO
CKAHYIO4Or0 €JIeKTPOHHOTO Mikpockona. CTpyKTypy IITYYHOTO TIIICOBOIO0 KAMEHIO
3 MiHEpaTbHUMHU J00aBKAMH JOCTIIDKEHO HA BIIKOJAX TaKOX 3a JOMOMOTOIO
CKAHYIOYOr0 €JIEKTPOHHOTO Mikpockona. @i3uko-mMexaHlyHl Ta TiApodi3uyHi
BJIACTUBOCTI IITYYHOTO T1IIICOBOI'0 KAMEHIO 3 MIHEpaJIbHUMU J00aBKaMH BU3HAYAIIH

BUNPOOYBAHHSM 3pa3KiB-pu3M. BomoCTiHKICTh OLIHIOBAIM KOE(DILIEHTOM
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po3M’siKIIeHHA K}, BOJIOTICHY Jedopmaliito (HaOyXaHHsS) — BIAHOCHOIO JIIHIMHOIO
nedopmMaliiero 3pasKiB Mij 4ac BOJIO HACUUCHHS &w.

v TPETbOMY PO3ALTI3IIMCHEHO €KCIIEPUMEHTAJIbHO-TEOPETUUHE
OOTpYHTYBaHHSI CTPYKTYPU BOJIOCTIMKOTO TIIICOBOI'O0 KaMEHIO 3 MoJippakiiiftHuMu
MiHEepaJbHUMU JT00aBKaMu. Bu3HaueHi 3a CTEXIOMETPUUHHUM CKJIAJ0M CIIOJYK 1 3a
pH=7 piBHOBaXXHiI €IIEKTPONOBEPXHEBI TNOTeHIiamu ckianu: 1oiaky— (—0,3
B),mikpokpemuesemy— (—0,96) B, nanomucnepcHoro rimuosemy — 0,36 B. s
rifncy-aBoriipaTy eJeKTPONOBEPXHEBl MOTEHIIATM BU3HAYEHO OKPEMO IS
NOJIOBXHIX 1 TOPUEBUX IpaHel. [3 cxemu KpucraniyHoi OyI0BH TilCy-ABOTiIpaTy
BUJTHO, [0 aTOMH CIPKH MICTAThCS BcepeauHi terpaeapiB SOs Ta eKpaHYHOThCA
aToOMaM¥ KUCHI0. Ha MOBEpXHIO MOJOBXKHIX IpaHeii BUXOIATh CKIIAA0BI TPATKH, 110
MICTSITh TIJIbKA aTOMH KaJIbIIiF0 Ta KUCHIO, HAWTIPOCTIIIIUM €JIEMEHTOM SIKHUX MOJKHA
BBakatn O—-Ca,—O. AHaIOriYHO Ha TMOBEPXHIO TOPLEBUX TIpaHEN BUXOIATH
CKJIQZIOB1 T'PAaTKH, IO MICTATh TUIbKM aTOMH KaJbIIIO0 Ta KUCHIO, HAUMPOCTIIINM
eleMeHTOM sikux MokHa BBakaTu O,—Ca—0,. PiBHOBaXXHUH €IEKTPONIOBEPXHEBUM
noreHiian Oiunaux rpaneii mopisuioe 0,98 B, aropueBux rpaneit — (-0,72) B,
BimoBimHO. OTXKe, y TMOPOBIM BOJO31 3 pH = 7 3HAK TOBEPXHEBOTO 3apsay
OJTOBXKHIX rpaHei KpHUCTAIIiB rifncy-aBoriapary bopmyeThCS
noTeHianBu3HayanbHuMK ioHamu 1Bl Ca?* i € mo3uTHBHUM, TOPIEBUX TpaHeil —
IIBI SO4>TaOH~ i € HeraTuBHMM. 3HaK I[OBEPXHEBOrO 3apsy NUIAKYy Ta
mikpokpemuesemy popmyernest [IBISiOs* 1aOH™ i € meratusruM, a Al,O3 — TIBI
AR i € mo3uTUBHMM.

Buxonsiuu 3 mporo y CTpyKTypi IITyYHOTO KAMEHIO KOHTAaKTH M1 OKPEMUMU
KpUCTaJIaMH TITNCY, M0 OPIEHTOBAHI MapajeibHO, € EICKTOPOTOMOTCHHUMH. B 111
KOHTaKTH dYepe3 BOJHI TPOIIApKH BOYJOBYIOTHCS MPOTHUIOHU TOJBIMHOTO
enexkTpuuHoro mapy SO427, ski uepe3 i1OH-IMIONBHI B3a€MOjii 3a0€3MEUYIOTH
BHCOKY MIITHICTh ITMX KOHTAaKTIB 1 TIlICOBOIO KaMEHIO B cyxomy cTaHi. Ilpote
BHACJIIIOK BOJIOHACUYEHHS 32 PaXyHOK pO30aBJICHHSI MPOTUIOHIB OCMOTUYHUM
THCKOM BOJM BIIOYBA€THCS PO3YIIUIBHEHHSI €IEKTPOrOMOT€HHUX KOHTAKTIB, IO 1

BHU3HAYA€ HU3bKY BOAOCTIMKICTH rincy. KoHTakTH MiX TOPUEBOIO 1 MOJIOBKHBOIO
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IpPaHAMHM KPHUCTAJIB TINCY-ABOTIAPATY € EJIEKTPOreTeporeHHUMu. BoHu €
BOJICOTIMKMMU HaBITh 32 HASIBHOCTI BOJAHUX MPOLIAPKIB MK KpUCTaslaMU. JlOBUIbHE
YTBOPEHHS TAKUX KOHTAKTIB MITBEPKY€ETHCS BIIOMOIO CXUIBHICTIO TIIICY MIJ Yac
rizpaTanii 10 YTBOPEHHs JEHIPUTIB, B IKUX 1 peali3yeTbCsl €JIeKTPOreTeporeHHuM
KOHTaKT MK IO3J0BXXHIMU 1 MOMIEPEYHUMHU TPAHsIMU KpUCTaliB ABoriapaty. [Ipote
y 3BUYaifHOMY T'iIICOBOMY KaM€H1 TaKUX KOHTaKTiB HEOArato 1 BOHU HE BILUIMBAIOTh
Ha BOJCTIMKICTH T1IICOBOI0 KAMEHIO B IIOMy. EjekTporeTeporeHHi KOHTaKTH MIXK
YaCTUHKaMU JIOMEHHOTO TPaHyJhOBAaHOTO NUIAKY (MIKpOKpPEMHE3eMYy) Ta TillCOM-
JIBOT1JIpaTOM YTBOPIOIOTHCSI 4€pe3 IMOAOBKHI TIpaHl KpHUCTAIIB Tilcy, a MiX
YaCTUHKaMU HAHOJMCIIEPCHOTO TIIMHO3EMY Ta TiICOM-IBOTIpaTOM— Yepe3 TOpIEeBi
rpani kpucrtaniB rincy. OcTaHHI XapakTepHl s CPEepodiTiB, MIAKIAAKOIO IS
YTBOPCHHS SIKUX € YaCTUHKHU 3 MMO3UTUBHUM MOBEPXHEBUM 3apsiioM. Taki KOHTaKTH
€ BOJOCTIMKMMH HaBiTh 3a HASBHOCTI BOJHUX MPOIIAPKIB y HUX. YacTUHKH
HaHOJUCIIEPCHOTO TJIMHO3EMY € MIJIKJIAJKOK AJIsi 3pOCTaHHS Bl HUX KPHUCTAIIB
TICy-ABOT1IpaTy Ta YTBOPEHHIO MIIIBHUX C(HEPOITITIB.

3 ypaxyBaHHSM IIOBEpXHEBHMX 3apsliB KpUCTAJIIB TilCy-IBOriipaTy Ta
YaCTUHOK MIHEpPAJbHUX JI00aBOK pPO3POOJICHO CXEMH CTPYKTYpH IITYYHOTO
KaMEHIO, sIKi MaloTh 3a0€3MeUnuTH HaMKpalll MMOKa3HUKH HOro BOJOCTIHKOCTI.
[ToOGynoBy 1mux cxeM 3IIMCHIOBaJIM B MpOIECi aHali3y pe3yJbTaTiB OITHKO-
MIKPOCKOITIYHUX Ta EJIEeKTPOHHO-MIKPOCKOMIYHUX JOCTIKEHb. 3T1IHO 3 IUMH
CXeMaMH KpPHUCTAJU TINCY-IBOTiApaTy TNPUISATAIOTh JO TOBEPXHI YACTUHOK
HAIlOBHIOBaYa 3 HEraTHBHHUM IOBEPXHEBHUM 3apsIOM MMO3UTHUBHO 3apsIKEHUMHU
MOJIOBXKHIMH T'PaHSIMHU, YTBOPIOIOUM 3 HUMHU €JIEKTPOTreTEPOTeHHI KOHTAKTH, a BXKE
BiJl HUX 3POCTAIOTh KPUCTAIH, OPIEHTOBAHI HOPMAIHHO /IO MOBEPXHi. Y BHIAIKY
3aCTOCYBaHHS TUTbKH OJHIET pakilii HAMOBHIOBAaYa B IIEHTP1 MIKX3EPHOBUX MyCTOT
MDK YaCTHMHKaMH LUIaKy 3aJHIIAIOThCS MOPH, JOCTYIHI JIJs PO3UMHEHHS TOPIIIB
KPHUCTATIB, @ TAKOXK MOPHU y Mapax MK KPUCTaJaMU TilCY-IBOTiApaTy, HAHOLIBII
JOCTYTHI JJI1 PO3KJIMHIOBAIIBHOI 11 BOAM. 3TIAHO 3 PO3POOJICHUMHU CXEMaMH
YBEJICHHS] MIHEpAJIbHOTO HAMOBHIOBaYa TUIBKU OAHIET (pakiiii 3 HEraTUBHUM

MMOBEPXHEBUM 3apsIoM 3a0€31eYnTh MOMIpHE MABUILIEHHS
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BOAOCTINKOCTI.Jl01aTKOBE yBeI€HHS 1€ OJHI€T OUThII IPiOHOT (hpakiiii MiHEpaTbHOL

n00aBKu TIpW3BEIE 10 3alOBHEHHS IMX TOp Ta JO0 3HIKCHHS TIOPUCTOCTI,
MIJBUIIEHHS BOAOCTIMKOCTI. OTXKe, sl MABUIIEHHS BOJOCTIMKOCTI OYy11BEIHHOTO
rincy JOLUIBHO YBEJAEHHS B HBHOI'O MIHEPAJIbHUX J100AaBOK-HAIIOBHIOBAYiB JBOX
(dpaxuiif —HamoOBHIOBaYa, 10 MAa€ HEraTUBHUN MOBEPXHEBUI 3apsijl, Y CIOIYYEHHI 3
MIKpO(HaHO)HAIIOBHIOBAYEM, II0 MAa€ HEraTWBHHUM a00 MO3UTHUBHUN MOBEPXHEBUUN
3apsa. HamoBHIOBAY SIK CTPYKTYpPOYTBOPIOOYI YaCTHHKH 3a0e3reuye hopMyBaHHS
CTPYKTYPH TIIICOBOT'0 KAMEHIO SIK KOMITO3UIIIHHOTO MaTepially, a MiIKpOHATIOBHIOBAY
3a0e3mnedye 3amoBHEHHS MDK3EPHOBHUX ITYCTOT MDK CTPYKTYPOYTBOPIOIOUHNMU
YacTMHKaMH, y T.4. UIUIBHUMH arperatamu-cepoiiiTaMyd 13 KpPUCTaIIB TINCy-
aBorigpary. Taka CTpyKTypa XapaKTepH3YEThCS MaKCUMAJIBbHO MOMIJIMBOIO
KUTBKICTIO CIICKTPOTCTEPOT CHHUX KOHTaKTIB, a HAIIOBHIOBAY Ta
MiKpOo(HaHO)HATIOBHIOBAY Pa30M 3a0e3Meuyr0Th MAaKCUMAIBHHUNA 3aXUCT KPUCTAIIIB
TIICYy-ABOT1IPaTyBIl PO3YMHEHHS Ta PO3KINHIOBAJILHOT 111 BOJIH.

BukonaHo TepMogMHAMIUYHHM aHAII3 CUCTEMU TIIC-TTIBriapaT — KpEMHE3eM Ta
TINC-MIBriipaT — TJWHO3eM. Y pa3i HasBHOCTI B CHUCTEMI TINCY-MIBriApaTy Ta
MIKPOKPEMHE3eMYy MOJKJIMBHM MOJKE 37aBaTHUCS BHACIIOK BUBLIBHEHHS 13 TINCY
BallHa YTBOPEHHS TIAPOCUIIIKATIB Kajbllil0, HAMPHUKIIAT, TOOEPMOPUTY. Y LBOMY
BUIIAJIKy MAaIOTh BHBLIBLHIOBATHUCH 1 Ccyib(iT-ioHH. [IpoTe BimbHa eHepris ['106ca
AGriei peakiiii Mmae mo3uTuBHE 3HaYeHHs 161,14 kkan/Monb, K€ CBIIYUTH MPO il
MaJOMMOBIpHICTh. MaIOMMOBIPDHIMH € TaKOX peakilii YTBOPEHHS 13 Tilcy-
MIBripaTy Ta HAHOAWCIEPCHOTO TJIHWHO3EMY TiIpOANIOMIHATIB  KaJbIlifo
CAH10(40,14 xxan/monb), C3AHs(116,22 kkan/monb), TiapocyibdoarroMiHaTIB
kanbiit0C34SH1o (110,67 xkan/mons), C34S3Hsz, (90,42 Kkan/Monb). MOXIHBEM €
y pa3i HasIBHOCTI y JOMEHHOMY I'PaHyIb0BAHOMY IIIJIAKY BIJILHOTO BaltHa YTBOPECHHS
rinpocynsgoamominary MonocymbhatHoi dopmu C34SH19(-52,43 Kkan/Mos).
[IpoTte, OCKiITBKHM WOTO KUIBKICTHh HE OYIKYETHCS 3HAYHOIO, a Mop(dooris momaioHa
rifcy, ICTOTHOrO BIUIMBY Ha NPOLIECH CTPYKTYPOYTBOPEHHS Ta (POpMyBaHHS
BJIACTUBOCTEH TIlICOBOrO KaMEHIO Y MOPIBHSHHI 3 BIUIMBOM YacCTHHOK CaMOTI0

[JIMHO3EMY OUYIKYyBaTH HE BapToO.
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VY derBepTOoMy pO3AUII OyJlIM BHKOHAHI EKCIIEPUMEHTAIBHI JOCIHIIKEHHS

3aJIEKHOCTEH (PI3MKO-MEXaHIYHUX Ta TIAPO(I3UYHUX BIACTUBOCTEM IITYYHOTO
TIICOBOTO KAaMEHIO BiJ BMICTY MiHEpajJbHUX J00aBOK. 3TiIHO 3 OTPUMAHUMHU
3aJICKHOCTSIMH MIIHICTB TIICOIIJIAKOBOIO KAMEHIO Y CyXOMYy CTaHi f 3ajexuTh Bif
BiHOCHOTO BMicTy 1waky HI/(I'+1) maiixe 3B0OpOTHO MpOMOPLiHHO. 3aIeKHOCTI
MIITHOCTI Yy BojoHacuueHoMy cTaHi fy Ta koedimieHTYy po3M’SIKIICHHS
(BomoctiiikocTi) K}, Bin HI/(I'+1) € xBriienoJioHUMU3 MaKCUMyMaMU, MOJOXKEHHS
SKUX 3ajexaTh Biag BojxoTBepaoro BigHomeHHs B/(T'+II). [ns mocmimxeHUx

matepiaiB MakcumanbHl K, no 0,6 Oynu 3abe3neueni 3a LI/(I'+I1) 0,4 1 0,6.
Bonoricha pgedopmartiisi  &rilcONIAKOBOTO KaMEHIO Yy pa3l  BOJOHACHUYEHHS
sanexuts Bin II/(T+II). MakcumanbHa &monan 1,2x107° m/m Big3HaueHa y

rincoBoro  kameHroo  06e3  mwiaky. 31 30umemenHam  I/(T+II) &
3HIKYEThCIXBUJICTIONIOHO aHAJIOTIYHO 3aJIeKHOCTI BOJOCTIHKOCTI. MiHIMalbHI
&0,5%107% M/M Ta Menme BinzHaveni 3a II/(I'+1) = 0,05-0,1 ta nonax 0,27.11e
y3TOJIKYETHCS 3 YSIBICHHSMH IIPO Te, 110 HAMKpaIli riapodi3udHi BIaCTUBOCTI TIIICY
3 MiHEepaJbHUMH JOOaBKaMH 3a0€3MeUyOThCS Y pa3i YTBOPEHHS HAUOUTBII IIUTBHUX
YMaKOBOK KPHUCTAIIB TINCY-ABOTIApATY y TMpoIIapkax MDK iX YacTHHKaAaMH Ta

BIZIMOBIAHOCT1 KOE(IIEHTY PO3CYHEHHS YACTUHOK MIHEPaTbHOITO0ABKH TIIICOM 7]

HOro onTuMaibHIA BETUYHHI Homr-

VY rimnconuiakoBoro KaMEHIO 3 HaHOJIWCIIEPCHOI MIHEPAIbHOIO JT00aBKOIO
nigBuieHHs ii BigHocHoro Bmicty MH/(I'+1) Bix 0 go 0,03—0,06 He mpu3Beno 10
migBuieHHs f Ta HaBiTH OOYMOBHWIJIO Ti IEBHE 3HHIKCHHS, MPOTE 3a0E3MEUniI0
niasuienHs K, no 0,81 (HaHoaucnepcHuii rimmHo3eM) 1 10 1 (mikpokpemuesem). Lle
MIATBEPAWIIO TEOPETHUYHI YSABICHHS TMPO T€, M0 YBEICHHS HAHOIMUCIEPCHHUX
HAMOBHIOBAYIB TMPU3BOAUTH JI0 30UIBIICHHS KIUTHKOCTI EJIEKTPOTETePOTCHHUX
KOHTaKTIB Yy CTPYKTypl INTY4YHOTO KaMEHIO 3a paxyHOK 3alOBHEHHS
MDKKPUCTTIYHUX MOPOKHUH X YaCTHHKAMMU.

3aneXHICTh CITIBBIHOIICHHS MK MIIHICTIO HA PO3TAT Ta MIIIHICTIO HAa CTHUCK
f/f rincomurakoBoro kameHro Big BimHOCHOro BMmicTy mnoraky I/(THI) i

HaHogucrepcHoro riauHozemy MH/I' Mae xBunenomiOHui xapaxkrtep 3
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MaKCUMyMaMH, TTOJIOKEHHS SKHX 3aJI€KHUTh BiJl BMICTy IUIAKy Ta BOJOTBEPIOTO
BiHOIIEHHS. L]e maTBepaKye ySABIECHHS PO Te, M0 (PI3UKO-MEXaH1YH1 BIaCTHBOCTI
TINCOILIAKOBOTO KaMEHIO 3ajiekaTh Bil XapakTepy YHNAKOBKU KpPHUCTaIIB TINCY-
JIBOTIApATY MDK YacTMHKAM IIUIAKy Ta HAHOJUCIEPCHUX YACTUHOK — MIXK
KpHUCTaJIaMHU TiICy-ABOTiapary.

VY m’saromMy po3NUTIHABEIEHO PE3YNbTaTH PO3POOKHM 1 BIPOBAIHKEHHS CKIIALY
TIICOBOTO B’SKYYOTO IMIJBUINEHOI BOJOCTIMKOCTI, KOE(DIIIEHT pPO3M SIKIICHHS
akoro mnepesuinye 0,8. B’spkydye MICTUTH TiNC-MIBripar, LUIAK JOMEHHHM
I'PaHyJIbOBaHUHM MEJICHUI, HAHOIUCIIEPCHY MIHEpaIbHy J00aBKY HAHOIUCIIEPCHOTO
[JIMHO3EMY 200 MIKPOKPEMHE3EMY 3 BMICTOM YaCTHHOK PO3MIPOM MEHIIIE HIXK D MKM
He MeHIie Hixk 20 %, nnactudikyrouy nqo0aBky. Ha ckian momaHo 3asBy Ha BUIady
NaTCHTY Ha BUHAXIJ 1 3asBy Ha BHJIaUy MAaTCHTY HAa KOPUCHY MOJeib. Po3pobieHo
TEXHOJIOTIYHUH perIaMeHT BHUPOOHHUIITBA TIICOBOIO B’SDKYYOTO ITiIBHUIICHOT
BOJOCTIMKOCTI, SKHH BKIIOYAE€ TEXHOJIOTIYHY CXEMY, TOCIIIOBHICTh 1 OIKC
TEXHOJIOTIYHUX ONEpaIliii, BAMOTH 10 KOHTPOJIIO SKOCTI.

['incoBe B’spKyde MiABUIEHOT BOJOCTIMKOCTI pEKOMEHIOBAHO 3aCTOCOBYBATU
JUIsE BUTOTOBJICHHS CyXHMX CyMIIIed i 3acCTOCYBaHHS Yy TNPUMIMICHHAX 3
MiBUIICHOI BOJIOTICTIO, MPU3HAYEHUX JUISA: INTYKAaTypKH MEXaH130BaHOTO
HAHECCHHS; IIIMAKIiBKH; MOHTXHOTO Kjes [ TiICOKapTOHHUX JIMCTIB;
BUPIBHIOBaHHS MiAJIOTH [mapoM ToBmUHOK 10 50 mMM. BukoHano mochigHO-
MIPOMHUCIIOBE BIPOBAKEHHS PE3YNbTATIB JOCHIHKEHb IUIIXOM BKIIOYEHHS Y
MIPOEKTHO-KOIITOPUCHY JOKYMEHTAIlill0, 30Kpema, y crnernudikaiii maTepialis,
KOIITOPUCHY TIOKYMEHTAIMIO, TPhOX O0'€KTIB PEKOHCTPYKIli, CYyXUX CyMIIIeH s
MTYKaTYpPKH, MITAKIiBKHA, MOHTQKHOTO KJIes, BHPIBHIOBaHHS minior. [IpoexTHo-
KOITOpUCHA JokyMeHTalis po3poosena TOB HBII «Axkanemis». Po3paxyHkoBuii
E€KOHOMIYHMM e(deKT Bij] BIPOBaHKeHHS ckiiaB 1796 rpH. 3a 1 T cyxoi OyaiBenbHOT
cymimi.Pe3ynbratn  AMCEpTAIMHOTO  MOCHIIKEHHS  BUKOPUCTOBYIOTHCS Yy
HaBYaJILHOMY IPOIIECI.

KuarwuoBi cjoBa: rinc, BOJOCTIHKICTb, MiHEpajibHa J00aBKa, JOMEHHUH

rpaHyJIbOBAaHUM LJIAK, HAHOJAUCTIIEPCHPUI TIIMHO3EM



ABSTRACT

Yefimenko, Artem S.Increasing the water resistance of gypsum with
polyfractional mineral additives. — Manuscript copyright.
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— Ukrainian State University of Railway Transport, Kharkiv, 2021. The dissertation
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The dissertation is devoted to development of theoretical and experimental
bases of increase of water resistance of plaster by polyfractional mineral additives.

The first section of the dissertation provides a critical review of literature
sources on gypsum, which proves that the properties of gypsum materials are
determined by their composition, production technology, curing processes,
structure. The product of gypsum hydration is calcium sulfate dehydrate, and the

main disadvantage is insufficient water resistance, which limits its use by structures
operated in dry conditions. Water resistance index - the softening coefficient Kp of
unmodified gypsum does not exceed 0.4. The low water resistance of gypsum is
traditionally explained by the high solubility of calcium sulfate dehydrate, as well
as the proppant forces created in the contacts between its individual crystals by water
absorbed into the pores. The works devoted to the increase of water resistance of
gypsum, which is achieved by the following methods: reduction of water-gypsum
ratio, combination with hydraulic binders, introduction of active mineral additives
that provide hydraulic properties and form insoluble compounds, impregnation and
hydrophobization of product surfaces, addition of polymers -micron fillers that seal
the structure of gypsum stone. These methods provide an increase in Kp to 0.6-0.8.

It is noted that the properties of hardening mineral binders as water-
dispersed systems are determined by the electrosurface properties of the dispersed
phase and electrosurface interactions between its particles. According to such ideas,
the insufficient water resistance of gypsum is explained by the fact that in its

structure only electrogomogeneous contacts are formed between the crystals.
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Increasing water resistance can be achieved by introducing mineral filler additives

that form electroheterogeneous contacts with gypsum dihydrate crystals. It has been
suggested that the faces of gypsum crystals may have different electric surface
charges.

It was also found that the water resistance of gypsum with mineral filler additives
depends on the thickness and density of gypsum dihydrate layers between their

particles, and it is shown that the actual thickness of the layers is related to the

structural characteristic of gypsum composite 7.

The second section presents the characteristics of the main materials and
research methods. For experimental studies, gypsum, ground granulated slag,
microsilica with a particle size of less than 5000 nm 21%, nanodisperse alumina with
a particle size of 50-80 nm, plasticizing additives based on sodium lignosulfonate
and sulfonaphthalene formaldehyde were used.

The sign of the electric surface charge of gypsum crystals and particles of
mineral additives was determined by calculating the absolute and equilibrium
electrosurface potentials. The possibility of chemical interaction of gypsum with
mineral additives was evaluated by thermodynamic analysis. Hydration of gypsum
was studied in an aqueous preparation, mineral supplements - in an immersion
preparation using a light microscope and directly using a scanning electron
microscope. The structure of artificial gypsum stone with mineral additives was
studied on the chips also using a scanning electron microscope.Physico-mechanical
and hydrophysical properties of artificial gypsum stone with mineral additives were
determined by testing prism samples. Water resistance was evaluated by the

softening coefficient Kp, moisture deformation (swelling) - the relative linear

deformation of the samples during water saturation &w.

In the third section, it was experimentally-theoretical that the structure of the
water-resistant gypsum stone with polyfractional mineral additives was rimmed. The
values for the stoichiometric warehouse with a half of and for pH = 7 were equally
important for the electrical top potentials: slag - (-0.3 B), microsilica - (-0.96) B,

for nanodispersed alumina - 0.36 B. okremo for sub-and-end faces. It can be seen
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from the diagram of crystalline budov and gypsum-two-sided, that the atoms of the

water are located in the middle of the tetrahedrons of SO4 and are shielded by the
atoms of acid. On the surface of the sub-edges, there are warehouses of beads, so
that only atoms of calcium and sour oil can be covered, the simplest element of
which can be O — Ca2 — O. Similarly, on the surface of the end faces, there are
warehouses of beads, where only atoms of calcium and acid can be covered, with
the simplest element of which it is possible to use O2 — Ca — O2. Equally important
electrical surface potential of the side edges of the road is 0.98 V, and of the end
faces - (-0.72) B, for example. At the same time, in porous hairs with pH = 7, the
sign of the surface charge of the sub-faces of the crystals in hypsu-two-hydrate is
formed by the potential initial ions PIl Ca?* i positive, end faces - PI1 SO4>and OH"
and negative. The sign of the surface charge of the slag and microsilica forms PVI
SiO4* and OH- i negative, and Al,O3 - PVI AI**i positive.

Based on this, in the structure of artificial stone contacts between individual
gypsum crystals, oriented in parallel, are electrohomogeneous. Counterions of the
SO4> double electric layer are embedded in these contacts through the water layers,
which, through ion-dipole interactions, provide high strength of these contacts and
gypsum stone in the dry state. However, due to water saturation due to dilution of
counterions by osmotic pressure of water there is a dissolution of
electrogomogeneous contacts, which determines the low water resistance of
gypsum. Contacts between the end and longitudinal faces of gypsum dihydrate
crystals are electroheterogeneous. They are water-resistant even in the presence of
water layers between the crystals. Arbitrary formation of such contacts is confirmed
by the known tendency of gypsum during hydration to the formation of dendrites, in
which the electroheterogeneous contact between the longitudinal and transverse
faces of the dihydrate crystals is realized. However, in ordinary gypsum stone such
contacts are few and they do not affect the water resistance of gypsum in general.
Electroheterogeneous contacts between the particles of blast furnace granulated slag
(microsilica) and gypsum dihydrate are formed through the longitudinal faces of

gypsum crystals, and between the particles of nanodisperse alumina and gypsum
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dihydrate - through the end faces of gypsum crystals. The latter are characteristic of

spherulites, the substrate for the formation of which are particles with a positive
surface charge. Such contacts are waterproof even in the presence of water layers in
them. Nanodisperse alumina particles are the substrate for the growth of gypsum
dihydrate crystals from them and the formation of dense spherulites.

Taking into account the surface charges of gypsum-dihydrate crystals and
particles of mineral additives, schemes of artificial stone structure have been
developed, which should provide the best indicators of its water resistance. The
construction of these schemes was carried out in the process of analyzing the results
of optical-microscopic and electron-microscopic studies. According to these
schemes, gypsum dihydrate crystals adhere to the surface of the filler particles with
a negative surface charge with positively charged longitudinal faces, forming
electroheterogeneous contacts with them, and crystals oriented normally to the
surface grow from them. In the case of using only one fraction of filler in the center
of the intergranular cavities between the slag particles remain pores available for
dissolving the ends of the crystals, as well as pores in the layers between gypsum-
dihydrate crystals, most accessible to the wedging action of water. According to the
developed schemes of introduction of a mineral filler of only one fraction with a
negative surface charge will provide moderate increase in water resistance.
Additional introduction of another smaller fraction of mineral additive will lead to
the filling of these pores and to a decrease in porosity, increase water resistance.
Therefore, to increase the water resistance of gypsum, it is advisable to introduce
mineral filler additives of two fractions - filler with a negative surface charge, in
combination with a micro (nano) filler with a negative or positive surface charge.
The filler as a structure-forming particles provides the formation of the structure of
gypsum stone as a composite material, and the microfiller provides the filling of
intergranular voids between the structure-forming particles, including dense
aggregates-spherulites from gypsum-dihydrate crystals. This structure is

characterized by the maximum possible number of electroheterogeneous contacts,
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and the filler and micro (nano) filler together provide maximum protection of

gypsum-dihydrate crystals from dissolution and wedging action of water.

Thermodynamic analysis of the gypsum hemihydrate - silica and gypsum
hemihydrate - alumina system was performed. If gypsum hemihydrate and
microsilica are present in the system, the formation of calcium hydrosilicates, such
as tobermorite, may appear due to the release of lime from the gypsum. In this case,
sulfite ions must also be released. However, the free Gibbs energy G of this
reaction has a positive value of 161.14 kcal / mol, which indicates its improbability.
Reactions from the formation of calcium hydroaluminates CAN1o (40.14 kcal / mol),
C3AHs (116.22 kcal / mol), and calcium hydrosulfoaluminates Cz4SHio (110.67
kcal3A, mol) are also unlikely?CsASsH32 (90,42 kcal / mol). It is possible in the
presence of free lime slag in the blast furnace granulated slag to form
hydrosulfoaluminate of the monosulfate form C3ASHi, (-52.43 kcal / mol).
However, since its quantity is not expected to be significant, and the morphology is
similar to gypsum, a significant impact on the processes of structure formation and
formation of properties of gypsum stone in comparison with the influence of alumina
particles should not be expected.

In the fourth section, experimental studies of the dependences of the physical-
mechanical and hydrophysical properties of artificial gypsum stone on the content
of mineral additives were performed. According to the obtained dependences, the
strength of gypsum slag stone in the dry state f depends on the relative slag content
S/ (G + S) almost inversely proportional. The dependences of the strength in the
water-saturated state f, and the softening coefficient (water resistance) Kpon S/ (G
+ S) are wavy with maxima, the positions of which depend on the water-solid ratio
S/ (G +S). For the studied materials, the maximum Kp up to 0.6 were provided for

S/ (G +5S)0.4and 0.6. Wet deformation &w of gypsum slag stone in case of water
saturation depends on S / (G + S). The maximum &yover 1,2x10° m / m was
observed in gypsum stone without slag. With increasing W/ (G + W) w decreases
wavy similarly to the dependence of water resistance. Minimum &,0,5x10° m/ m
and less are marked for S/ (G + S) = 0.05-0.1 and over 0.27. This is consistent with
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the notion that the best hydrophysical properties of gypsum with mineral additives

are provided in the case of the formation of the densest packages of gypsum
dihydrate crystals in the layers between their particles and compliance with the
coefficient of spread of gypsum mineral additive particles 7 its optimal value 7.

In gypsum slag stone with nanodisperse mineral additive, increasing its relative
MN / (G + S) content from 0 to 0.03-0.06 did not lead to an increase in f and even
caused a certain decrease, but provided an increase in Kp to 0.81 (nanodisperse
alumina) and up to 1 (microsilica). This confirmed the theoretical notion that the
introduction of nanodisperse fillers leads to an increase in the number of
electroheterogeneous contacts in the structure of artificial stone due to the filling of
intercrystalline cavities with their particles.

The dependence of the ratio between tensile strength and compressive strength
f/f of gypsum slag stone on the relative slag content S / (G + S) and nanodisperse
alumina MN / G has a wavy character with maxima, the position of which depends
on the slag content and water-solid ratio. This confirms the idea that the physical
and mechanical properties of gypsum slag stone depend on the nature of the
packaging of gypsum dihydrate crystals between the slag particles and nanodisperse
particles - between gypsum dihydrate crystals.

The fifth section presents the results of the development and implementation of
a gypsum binder of high water resistance, the softening coefficient of which exceeds
The binder contains gypsum hemihydrate, granulated blast furnace slag,
nanodisperse mineral additive of nanodisperse alumina or microsilica with a particle
content of less than 5 mkm and not less than 20%, a plasticizing additive. An
application for a patent for an invention and an application for a patent for a utility
model have been filed with the warehouse. Technological regulations for the
production of gypsum binder of high water resistance have been developed, which
includes the technological scheme, sequence and description of technological
operations, quality control requirements.
It is recommended to use gypsum binder of the increased water resistance for

production of dry mixes for application in rooms with the increased humidity
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intended for: plasters of the mechanized drawing; putties; mounting glue for drywall;

leveling the floor with a layer up to 50 mm thick. Research and industrial
implementation of research results by including in the design and estimate
documentation, in particular, in the specification of materials, estimate
documentation, three objects of reconstruction, dry mixes for plaster, putty,
mounting glue, floor leveling. Design and estimate documentation was developed
by LLC SPE "Academy". The estimated economic effect of the implementation
amounted to UAH 1,796. for 1 ton of dry construction mix. The results of the
dissertation research are used in the educational process.

Keywords: gypsum, waterresistance, mineraladditive, blast furnace granulated

slag, nanodispersed alumina
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BCTYII

AKTyaJbHicTh TeMH. OCHOBOIO Cy4aCHOTO OY/IIBHUIITBA € B SKYUl pEYOBUHH,
OJIHUMH 3 SIKMX € TIICOBI B’sKy4l. Ha X OCHOB1 BUTOTOBJIAIIOTH BUCOKOE(PEKTHUBHI1
€KOJIOT14H1 MaTepialid, sIKi XapaKTepU3yIOThCS JOCTATHHOIO MIIHICTIO, HEBETUKUMU
IYCTMHOIO, TEMIO- TA 3BYKONPOBIAHICTIO, BUCOKOK JOBrOBIUHICTIO. IM IIerko
HaJiaBaTu OyAb-sIKi apXITEKTYpHY (opmy Ta Kojip. ['incoBi Marepiain HecnaauMmi,
COPUSIIOTH MIITPUMAHHIO KOM(OPTHOrO MIKPOKIIMATy B NPUMIIMICHHIX Yepes3
XOpOIIll MOKAa3HUKH Mapo- Ta MOBITPOMPOHUKHOCTI, 3/IaTHOCTI BOMPATH HAJIUIIOK
BOJIOTM 3 TIOBITPS Ta BigAaBaTH ii y pa3i 3HMKEHHS BOJIOTOCTi. 3aBISKH UM
nepeBaram rifncoBi MaTepiajld HIMPOKO BUKOPUCTOBYIOTHCS B OYAIBHUIITBI, MPOTE
NEBHI1 HEJIOJIKU CTPUMYIOTh 1X OUTBII IUPOKE 3acTOCYBaHHS. OCHOBHUM HEOJIKOM
rifnCcOBUX MaTepialliB € HEAOCTATHSI BOJAOCTIMKICTD, sIKA TOJISATAE Y CYTTEBINA BTpaTi
MIITHOCT1 Yy pa3l 3BOJOKEHHS. TOMy Traiay3b 3acTOCYBAaHHsS Tilcy oOMe)KeHa
BY3bKHUMU IPaHUISIMU YMOB €KCIUTyaTallii — IPUMIIIEHHIMH 3 CYXUM 1 HOpMaJbHUM
pexuMoM. IligBUIIEHHS BOJOCTIMKOCTI TIMCOBUX MaTepialiB J03BOJISIE 3HAYHO
PO3IIMPIOBATH Tally3b iX 3aCTOCYBaHHS.

Huspky BOJOCTIHKICTH TINCOBHUX MaTepiajiB B OCHOBHOMY TIOSICHIOIOTH
PO3YMHHICTIO ABOTiApaTy CyibdaTy Kajbllilo, a TaKO0X PO3KINHIOBATILHUMH
CWJIaMH, CTBOPIOBAaHHMH BOJIOIO, 1[0 BCOYYEThCs B mopu. Ha choromni Bimomo
Oarato cmoco0iB IMABUIIEHHS BOJOCTIMKOCTI TINCy, HANPHUKIAJ, J0JIaBaHHSIM
TiIpaBIIYHUX B’ SOKYYUX Ta/ab0 OLIBIN AEIIeBUX MIHEpaJbHUX J00ABOK, MPOTE
BOHHU, SIK MPaBUJIO, HE 3a0€3MeUyI0Th IMiIBUIIECHHS BOJOCTIMKOCTI OLTBINE, HIK J0
0,8. KpiMm TOro, BiOMi TOSICHEHHS MEXaHI3My TMiABUIICHHS BOJOCTIHKOCTI HE
BpPaxoOBYIOTh €JIEKTPOIIOBEPXHEBUX B3a€MOJIM B TBEPAHYYOMY TilcCi SK BOJHO-
JUCTIEPCHIN CHCTEMI a, OT)KE, 32 TYMKOIO aBTOPa, HE € BUUEPITHUMH.

Buxonsuu 3 BHKIaACHOTO, IMIJIBUIICHHS BOJAOCTIMKOCTI TIlICY MiHEPAITBHUMU
n00aBKaMHU € aKTyaJbHUM MPAKTHUYHUM, @ PO3BUTOK YSBICHb PO MEXaHI3M I[bOTO
MIJBUILECHHS 3 YpaxXyBaHHSM €JEKTPOMOBEPXHEBUX BIACTUBOCTEH 1 B3aEMOIIN —

AKTyaJIbHUM HAaYKOBHM 3aBAdHHAM..
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3B's130k  po0OTM 3 HAYKOBHUMHM MpPOrpaMamMi, IUIAHAMH, TEMaMHU.
JocnimkeHHs: BUKOHAaHI Ha Kadenpi OyniBelnbHUX MaTepialliB, KOHCTPYKLIM Ta
cropyl YKpaiHCBKOTO ACpKABHOTO YHIBEPCUTETY 3ali3HHYHOTO TPAHCIOPTY Yy
CKJIal 1epKOIOIKETHUX HAYKOBO-AOCIIAHUX poOIT MiHICTepCTBa OCBITU 1 HAYKU
Vkpainn  [IPNe0115U000279  «TeopetnuHi OCHOBM  OTPUMAaHHS  HOBHUX
KOPO3IMHOCTIMKUX  KOMIIO3MI[IHHUX CHJIIKATHUX MarepiaiiB 3  BHUCOKHUMHU
riIpop3MYHUMH XapakTepucTUKaMu. D13UKO-XIMIYHI Ta KOJOIAHO-XIMIYHI OCHOBH
BOJOCTIMKOCTI Ta KOPO31MHOT CTINKOCTI KOMIIO3UIIIMHUX CUJIIKATHUX MaTepialiBy 1
JIPNe 0119U100295 «TeopeTnuHi Ta €KCIIEPUMEHTAJIbHI OCHOBU BH3HAUYCHHS,
NPOTHO3YBaHHS Ta 3a0e3MeueHHsT HeCcydoi 3JaTHOCTI Ta JIOBFOBIYHOCTI
TPAHCIIOPTHHUX CIIOPYJ B YMOBaX arpeCHBHUX BIUIUBIBY.

MeTta po6oTM — TMIABUINEHHS BOJOCTIAKOCTI TINCY NOJIPpaKIIHHUMU
MiHEpaJIbBHUMHU JJ00aBKamMu 10 BeauduH rmoHax 0,8.

3aBaaHHA JOCTIKEHb:
- BUKOHATH aHali3 eJEKTPOIOBEPXHEBUX BIIACTUBOCTEH TINCYy Ta MIHEpaTbHUX
n00aBOK, TMpOaHAIi3yBaTH  MOMJIHUBICTb  YTBOPEHHS  EJIEKTPOTeTePOreHHHUX
KOHTAaKTIB MIX KpHCTaJIaMH TilCY 1 YaCTUHKaMU MiHEpaJbHUX T00aBOK, 3IMCHUTH
MOJICTIIOBAaHHS CTPYKTYpU INTYYHOTO TIlICOBOTO KaMEHIO 3 MiHEepaJIbHUMU
nobaBkamu, sKa 3a0€3MeUnuTh HMOr0 MaKCHUMaldbHY BOJOCTIHKICTh, PO3KPUTH
MEXaHi3M iX BIUIMBY Ha CTPYKTYPOYTBOPEHHS 1 BOAOCTIMKICTB;
- BHUKOHATH E€JEKTPOHHO-MIKPOCKOITIYHI JOCTIDKEHHS IITYYHOTO TilICOBOTO
KaMEHIO 3 MIHEpaJIbHUMHU J00aBKaMHU 1 MOPIBHATH iX PE3YNbTAaTH 3 MOJIEISIMU
CTPYKTYpH,
- eKCIEPHMEHTAJIBHO JIOCTIAUTH 3aJIeKHICTh BOJOCTIMKOCTI Ta BOJIOTICHHUX
nedopMaliii MTYy4YHOrO TIlICOBOrO KaMEHIO BiJ MiHEpajabHOI JOO0AaBKH OJHI€T
dpaxkmii (maky);
- eKCIIEpUMEHTAJIbHO JOCTIIUTH 3aJ€KHICTh BOJOCTIMKOCTI Ta CHIBBITHOIICHHS
MDK MILHICTIO HA PO3TST Ta MILHICTIO HA CTUCK IITYYHOTO TIICOBOTO KAMEHIO BiJ

MiIHEpaJbHO1 JOOABKH ABOX P13HUX (Dpakiiii (IJIaKy 1 HAHOAUCIIEPCHOT MIHEPAIBHOT
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00aBKH);

- pO3poOUTH CKJIaJ T1IICOBOTO B’SXKYYOro MiJBUILEHOT BOJIOCTIMKOCTI Ta MaTepiajiB
Ha HWOro OCHOBI Ta TEXHOJOIIIO IX BHUIOTOBJIEHHS, BHKOHATH iX JOCJIIIHO-
MIPOMHMCITOBE BITPOBA/KCHHS 1 BIPOBAKEHHS Y HABYAJIBHUN TTPOIIEC.

O0'exT aOCHiTKEHHS] — BOJOCTIMKICTH 1 (PI3MKO-MEXaHIYHI BIIACTHBOCTI
IITYYHOT'O TIMCOBOTO KaMEHIO 3 MiHEpaJbHUMH JO0OABKAMU Ta iX 3aJIEKHOCTI Bijl
CKJIaay

IIpeameT gociigzkens — TiNC 3 MiHEpaIbHUMHU J00aBKaMH: HAIOBHIOBaYa —
IIJIaKy IOMEHHOTO TPaHyJIbOBAaHOTO MEJICHOTO Ta HAHOMCTIICPCHUX HAITOBHIOBAUIB
— HAHOAWCIIEPHOTO TIMHO3EMY Ta MIKPOKPEMHE3EeMY .

HaykoBa rinmore3a: BogocTiiikicTh Tincy Moke OyTH MiIBHILEHA ILISIXOM
yBeACHHS JIBOX (pakiiii MiHepadbHUX J00AaBOK-HAMOBHIOBAYIB PI3HUX 34
JUCTIEPCHICTIO 1 3HAKOM TIOBEPXHEBOTO 3apsay. B CTpyKTypi IITY4HOTO KaMEHIO
YAaCTHMHKM HANOBHIOBAYiB MAalOTh YTBOPIOBATH 3 KpPHUCTAJlaMH TiNCY-IBOTiIpaTy
€JIEKTPOTreTepOreHH1 KOHTAKTH: YACTUHKHU 3 HETAaTUBHUM 3apsJIOM — 3 TIOJIOBXKHIMU
IpaHSAMH KPUCTAJIIB, & YACTHHKH 3 MTO3UTUBHUM 3aPS0M — 3 TOPIEBUMHU TPAHIMHU.

MeToan aociizkeHb. 3HAK €IEKTPUYHOTO MOBEPXHEBOTO 3apsiAy KPHCTAIIB
rifncy Ta YaCTUHOK MiHEpaJbHUX J00ABOK BH3HAYAIN PO3PAXYHKOM aOCOIIOTHUX i
PIBHOB)XHUX €JICKTPOMOBEPXHEBUX MOTEHINIATIB. MOXIMBICTh XIMIYHOT B3a€EMO/Tii
rincy 3 MiHEpAIbHUMHU J100aBKaMH OIIHIOBAIM MUISIXOM TEPMOJIHMHAMIYHOTO
aHamizy. di3uko-MexaHIYHI Ta TiAPOQI3UYHI BIACTHBOCTI IITYYHOTO TIIICOBOTO
KaMEHIO 3 MiHEpaJIbHUMHU J00aBKaMU BU3HAYaJIM BUIPOOYBAHHSIM 3pa3KiB-TIPU3M.
BogocTiiikicTh omiHIOBaIN KOe(DIieHTOM pO3M’SIKIIIEHHS, BOJIOTICHY AedopMaIlio
— BITHOCHOIO JIIHIAHOIO e opMaIri€ro 3pa3Kis Mmij 9ac BogoHacHdeHHA. CTPYKTYpy
MITYYHOTO TINCOBOTO KaMEHIO 3 MiHEpAIbHUMH J00aBKaMW BHU3HAYaIU 34
JIOTIOMOT OO TTPOCBIYYBAJIbHOI CBITJIOBOT Ta CKAHYIOUO1 €IEKTPOHHOT MIKPOCKOTII].

HaykoBa HOBH3HA OTPUMAHMX pe3yabTATIiB
- - BIEpIIE€ BCTAHOBJIEHO, II0 y IITYYHOMY TINCOBOMY KaMEHIO BOJOCTINKI

eHeKTpOFCTCPOFeHHi KOHTAKTH YTBOPIOIOTBLCA: MDK MO3UTHBHO 3apPAKCHUMU
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MOJIOBXHIMH Ta HETaTUBHO 3apsSKEHUMHU TOPLIEBHMH TpaHSIMHU KPUCTAJIB TilCy-
JBOT1JIpaTy; MUK IMOJOBXKHIMHM TpaHsMU KPUCTAIIB 1 YaCTUHKaAMHU MIHEpAJIbHHUX
N00aBOK-HAllOBHIOBAYIB 3 HETaTUBHUM [OBEPXHEBUM  3apsAoM  (LLIaKy,
MIKPOKPEMHE3EMY); MUK TOPLIEBUMHU TpaHSIMHM KpHUCTaJdlB Ta YacCTUHKaAMHU
HAHOJUCIIEPCHUX MIHEpATbHUX J00ABOK 3 IMO3UTHBHUM IIOBEPXHEBHM 3apsIOM
(HAaHOAMCTIEPCHOTO TJIMHO3EMY );

- HaOyNM MOAANBIIOTO PO3BUTKY YSBICHHS MPO €IEKTPOIIOBEPXHEBI BIACTUBOCTI
rincy Ta MIHEpaJIbHUX J100aBOK, 30KpeMa, BCTAHOBJEHI MOTEHIIaIBU3HAYAIbHI
10HH, SIK1 00YMOBITIOIOTh TOBEPXHEBI 3apsi Iy T'PaHEl KPUCTAIB TINCY-ABOT1ApaTY;

- HaOyJIM TIOJJANTBIIIOTO PO3BUTKY YSIBJICHHS IIPO CTPYKTYPY 1 BIACTUBOCTI MITYYHOTO
rifncoBOro KameHI0 3 NOMiQpakiiHUMUA MiHEpaIbHUMHU J100aBKaMH: Tilc 3
MiHEpaTbHOI J100aBKOIO-HAMIOBHIOBAaYeM HAaOyBa€ CTPYKTYypy KOMIIO3HIIIHOTO
MaTepialy, B SKOMY MaTpHIICI0 € Tilc-ABOTIApAT, CTPYKTYPOBaHU MiKpo- abo
HAaHOYACTUHKAMH, 3 MAaKCUMAJIbHOIO KUIBKICTIO €JIEKTPOreTepPOreHHUX KOHTAKTIB,
K1 320€31MeUyI0Th BOJOCTIMKICTh ITYYHOT'O KAMEHIO.

JlocToBipHicTh OTpUMaHHUX pe3yabTaTiB 3a0e3nedyeHa  OOpaHHIM
anpoOOBaHUX HE3aNeKHUX TEOPETUYHUX Ta EKCIEPUMEHTAIbHUX METO/IB
JOCIIJDKEHb: PO3PaxXyHKy aOCONIOTHUX 1 PIBHOBAKHHUX EJIEKTPOIOBEPXHEBHUX
MOTEHITIATIB, TEPMOIUHAMIYHOTO aHAII3Y, (PI3UKO-MEXaHIYHUX BUIIPOOYBaHb, Y T.4.
3 BU3HAYCHHSAM BOJIOCTIMKOCTI, BUMIPIOBaHHS BOJOTICHUX Jedopmaliiii, CBITIOBOT
MPOCBIYYBaJbHOI Ta CKAHYIOYOi EJEKTPOHHOI MIKPOCKOMIi, iX JOCTaTHHOIO
CTATUCTUYHOIO 3a0€3IMEeUEHICTIO, a TAKOXK y3TOKEHICTIO PE3yIbTaTiB MK COOO00 Ta
3 pe3yJbTaTaMHi TEOPETUUHUX JOCITIIKEHb.

OO0rpyHTOBaHICTH pe3yJbTaTIiB J0CJIIKeHb 3a0e3Me4eHa 3aCTOCYBaHHSIM B
TEOPETUUHUX AOCHIIKEHHSAX (YyHAAMEHTAJbHUX TOJOXKEHb 1 3aKOHOMIPHOCTEH
¢i3nuHOT Ta KOMOiMHOT XiMii, (I3MKO-XIMIYHOI MEXaHIKM NHUCIIEPCHUX CHUCTEM 1
MarepialiB, eIEKTPOXIMIi.

IIpakTHyHa 3HAYYIIICTHL OTPUMAHHMX Pe3yJbTATIB TOJATAE Y CTBOPEHHI
TEOPETUYHHUX Ta €KCIIEPUMEHTAIIBHUX OCHOB IMTIIBUILECHHS BOJOCTIMKOCTI TIIICOBUX

MarepialliB Ta MiITBEPJKYETHCA: PO3POOKOI0 CKIaAIB TIIICOBOTO B’ SXKY4Oro
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MIABUALIEHOT BOJOCTIMKOCTI JJI1 BHUIOTOBJICHHS CYXHMX CYMIIIEH IITyKaTypKH,
IIMAKJIIBKK, MOHT@XHOTO KJICIO, BUPIBHIOBaHHS MIJJIOTH JJIsi OPUMIIIEHb 3
MIJBUIIICHOI BOJIOTICTIO; TOJIauel0 3asBOK HA BUJlauy MATEHTIB HAa BHHAaXiJ Ta
KOPHUCH1 MOJIEJI1; pO3PaXyHKOBUM €KOHOMIYHUM €(EKTOM BiJl BIpOBaKeHHs 1796
IpH. 32 1 T cyxoi OyiBeJIbHOI CyMIllll; BAKOPUCTAHHIM PE3YJIbTATIB JOCIIIKEHD Y
HaBpuaiibHOMY Tiporieci Ykp[AVY3T mig wac migroroBku OakajaBpiB 1 JIOKTOPIB
¢dinocodii 3a cnenianbHOCTAMH 192 ByniBHUITBO Ta HMBLIbHA 1HXeHepis 1 273
3ami3HUYHUN TPAHCTIOPT.

Oco0ucTuii BHECOK 3100yBaya:

OCHOBHI TEOpeTHYHI Ta EKCIEPUMEHTaJIbHI Pe3ydbTaTH OTPHUMAaHi aBTOPOM
0co0MCTO, 30KpeMa, CaMOCTIHHO BHKOHAHO AaHANITUYHHUA OTJISA JITEpaTypu 3
TEMAaTUKH JOCIIKEHb, OUTBIIICTh (PI3MKO-MEXaHIYHUX BUIPOOYyBaHb Ta (Hi3UKO-
XIMIYHUX JTOCHIJIKE€Hb, 00pOOKa Ta OTPUMAHHS €KCIIEPUMEHTATBHUX 3aJI€KHOCTEH,
po3paxyHku. llocTaHOBIEHHS 3aBAaHb MOCHTIKEHb, (OPMYIIOBAaHHA HAyKOBOI
rinore3d Ta HOBUX HAayKOBHX TIIOJIO)KEHb BHKOHAHI CHUIBHO 3 HAyKOBUM
KEepIBHUKOM, BIPOBAXKEHHS PE3yJIbTaTIB JHOCTIIKEHb — CIUIBLHO 13 CITIBABTOpaMU
myOJTiKaIlii.

Amnpobanisi  pe3yabTaTiB  JA0cdizkeHb. PesynmbTaTH  AmcepTariiiHOTO
JOOCTIKEHHS JONOBimannuch Ha: 3-i rimcosii koudepenmii «3 Weimarer
Gipstagung», 2017, m. Beiimap, Himeuuuna; 20-ii MixxHapoHiii KoHpEpeHIIii 3
OyniBenpHUX MatepiamiB  «20’Ibausily, 2017, m. Beiimap, Himeuunna; VI
MixHapoaHii HayKoOBO-TeXHIUHIM KoH(epeniii «IIpobmemMun HamiifHOCTI Ta
JIOBTOBIYHOCT1 1H)KEHEPHUX CHOPYA Ta OyAiBeNIb Ha 3aJII3HUYHOMY TPAHCIIOPTI»,
2017, m. XapkiB; MixHapoaHIli HAYKOBO-TEXHIYHINA KOHGEpEeHIIi
«EneproedekTuBHICTH Ha TpaHCTIOPTi», M. Xapkis, 2020. Y moBHOMY 00cs131 poboTa
JI0TIOBiIajack Ha MbKBY3iBchkoMy ceminapi B YrpJlY3T 04.02.2021.

Hy6aikamii. OcHOBHI HAyKOBI pe3yibTaTH JAUCEPTAllIiHOI  poOOTU

ony0nikoBaHO y 11 HaykoBuUX mpausx, 3 skux 1 ctaTtd y BUJiaHHi, 0 1HIEKCYETHCS
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HMB/JI Scopus, 3 ctarTi y BUJAHHSX, [0 BXOJASThH J0 MEpeiky (paxoBUX BHUJIAHb

VYkpainu, 4 npaiii anpoOaniiHoro xapakTepy, 3 A0/1aTKOBI MyOJIiKallii.

Ctpykrypa T2 00’eM podoTu. Juceprailis CKJIaIaeThbes 13 BCTYMY, S PO3ALIIB,
OCHOBHUX BHCHOBKIB, CIIMCKY BUKOPUCTaHUX Jkepen 13 134 naiimenyBaHb Ha 14
CTOpIHKaX, MICTUTH 102 CTOPIHKM OCHOBHOT'O TEKCTY, 38 PUCYHKIB, 14 TaOnuib, 5

JIOJIATKIB.
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