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Hayionanvnuti mexniunuii ynisepcumem Yxpainu “KIII im. 1. Cikopcvrozo”, m. Kuig

CTPYKTYPHI 3MIHH TA BJIACTUBOCTI MATMATHYHUX IMOPILJ 3AXITHOI
YKPATHUA

Haseoeni pezynemamu oocniodcenv enacmugocmeit nopio 8YaKAHIYHO20 NOXOONCEHHS —
bazanemy ma anoezumy (pooosuwy 3axionoi YVkpainu) sax nomeHyitiHOi cupo8uHu OJisl
cunikamuux eupoonuyms. Ilokazani ocobausocmi ix UXiOH020 XIMIKO-MIHEPANO2IUHO20 CKAADY,
Wo noe’s3amHi 3 GIOMIHHOCMAMU 2€HE3UCY, MA 3ANeHCHICMb QI3UKO-MEeXAHIUHUX B1ACMUBOCMEl

8I0 CMyneHs CRiKaHHa Mma CMPYKMYPHUX NePemeopens npu GUNAJL.

Ilpusedenvr  pesyromamel  UCCIEO08AHULL  CEOUCME  NOPOO  BYIKAHUYECKO20
npoucxoxcoeHusi - Oaszarbma u awdesuma (Mecmopodcoenull 3anaduou YkpauHwvl) Kax
HOMEHYUATLHO2O CbIPbsL I CUTUKAMHBIX NPOou3600cme. Tlokazanvl 0ocobenHocmu ux ucxooHo2o
XUMUKO-MUHEPANIOSUYECKO20 COCMABA, CEA3AHHbIE C PA3IUYUAMU 2eHe3ucd, U 3a8UCUMOCTb
PuU3UKO-MEeXAHUUEeCKUX CBOLUCME OM CMeNneHu CReKaHusl U CMPYKMYPHuIX Npeobpazosanuil npu

oborcuze.

Results over of researches of properties materials of volcanic origin - basalt and andesite
of deposits of Western Ukraine as potential raw material for silicate productions are presented.
The features of their weekend of chemical and mineralogical composition, related to the
differences of genesis, and dependence of physical and mechanical properties, from the degree

of cnikanns and structural transformations at burning are shown.

Beryn

Posmupensst 1 eexkTHBHE BUKOPHCTAHHS CHPOBHHHOI 0a3u € MEpPeayMOBOIO PO3BHUTKY
BUPOOHHMIITBA CHITIKATHUX MaTepialliB pizHoro mpusHaueHHs [1, 2]. [Ipu mpomy 3Ha4yHa yBara
MPUAUIAETHCA MarMaTUYHUM TOPOJaM, K1 CKJIaIaloTh MPEBATIOI0YY YacTKy JIITOCHEpH, B TOMY
yrcai B Ykpaini [3-6]. [y BU3HAYSHHS HAMPSIMKIB 3aCTOCYBAHHS 1 ONTHMi3allii TEXHOJIOTTYHUX
napaMeTpiB CHJIIKATHHUX BHPOOHMIITB TPU 3aCTOCYBaHHI MarMaTHYHUX TOPIA SK BUXIIHOT
CHUPOBHHH .CJIi/I BpaXxOBYBaTH OCOOJIMBOCTI IX CKJIaJy Ta BJIACTUBOCTEH, IO CYTTEBO 3aJICKATh
BiJl TE€HE3UCy, crnocoOy MiArOTOBKM Ta (OpPMYBaHHS, CTYNEHsS TEpMiuyHOI OOpoOKM, IO €
IpeIMETOM YHUCICHHUX TOCIIKeHb [7-11], 30kpeMa B mojgaHii poOOTI 11010 pOAOBHIL 3aX1IHOI

Ykpainu.
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XapakTepucTHKA 00’ €KTIiB T0CTiIKEHHS
O0’ekTamu  AOCHIDKEHHST cTamu 0a3anbT bepectoBenbkoro pojoBuina PiBHEHCHKOL
obnacTi Ta aHAe3uT 3akapnaTchbkoi oomacti [12-14].
BcraHoBieHO, MO JOCTIIKyBaHI MarMaTHYHI TOPOAM XapaKTEPU3YIOTHCS CYTTEBHMHU
BIIMIHHOCTSIMH XIMIKO-MIHEPaJOTIYHOTO CKIIaIy.
3a XiMiYHUM CKJIa oM (Tabi. 1) mpoba Ga3aibTy Bigpi3HIETHCS BiJl aHAC3UTY OLIBIINM
BmictoM TiO», CaO, MgO, nassaictio 0,42 mac. % P>Os. B cBoro yepry aHae3uT MiCTUTh
Ounbry Kinbkicts AL Os - 17,81 mac. %.
3rigHO 3 TPHHHATOI Kiacudikamiero, 0azanbT 1 aHAE3UT IO BIAHOCHIA TIIMOMHI
KpHCTati3amii BIAHOCATHCSA 10 €KCTPY3MBHUX BYJIKAaHIYHUX TOPIJ, IO 3aCTHIJIM HA MOBEPXHI
(BynkaniTi) abo moOnu3y Hei (CyOBYJIKaHITH), MPU LIBOMY 3a BMICTOM KpeMHe3eMy Mpoda
6a3anbpTy BXOIUTH Yy Ipymy 0asuroBux (45-55 mac. %), npoba aHae3utry — y rpyny cepeinHix
(55-60 mac. %).
Tabmuus 1.

XiMiuyHUH CKJIaa MPoO0 MarMaTUYHUX TOPiJT

Bwmicr okcuaiB, mac. %

IIpoGa | SiO, | ALOs |FexO3 | FeO | TiOa | CaO | MgO [MnO| SO; [P20s| NaxO | K2O | B.m.m.
bazaneT |50,40(12,88| 3,97 | 10,17 | 3,12 | 9,24 | 5,51 |0,20]0,15]0,42| 2,60 | 0,80 | 2,50
Awnpesur | 57,7 | 17,81 | 4,65 | 4,36 | 0,86 | 5,04 | 2,45 10,16]0,17|0,20| 2,48 | 1,78 | 2,54

bazanbT Ta aHAE3WTH XapaKTEPH3YIOTHCS 3HAYHUM PO3BUTKOM KpHcTalidHux (a3. 3a
JAHUMHU TIeTporpadivyHOro Ta PeHTreHo(a3z0BOro aHami3iB mpoda 0a3albTy MICTHTH MIPOKCEH
(aBrir), mariokia3s (Jabpaaop), pyaHUN MiHepan (MarHeTuT), 10 PO3MOUICHI y ckinodasi (puc.
1). AHIe3uT Big3HAYAETHCS HASBHICTIO MIPOKCEHY (aBTiTy), IUIariokiasy (aHAe3WHY), XJIOPHUTY,
pyAaHOro MiHepany (MarHeTHTy), po3moauleHux y ckiaodasi (puc. 2). Ilpm npomy OazaimbT

MICTUTh CYTTEBO OLIbIIIE MATHETUTY Ta MIPOKCEHY (aBTiTY), HIXK aH/IE3HT.
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Puc. 1. ludpakrorpama npodu 6a3ansty

[Mo3navenns: V miariokias — nabpaaop, ® mipokceH — aBrit, (1 marxerur.
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Puc. 2. ludpaxrorpama npoOu aHIe3UTy

[To3HaueHHs: A TUIArioksas — aHIE3HH, ® MIPOKCEH — aBriT, L] MarHeTur, * Xj10pwur.
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AHami3 TONKOCTi, NMPOBEICHHUU 3a JOMOMOTrOI HarpiBalibHOro Mikpockony MHO-2,
nmokaszaB, mo obnacti po3m'sikmieHHs (1142-1184°C) i tomnenns (1184-1258°C) 6azanbty
3HAaXOMAThCA Y MEXKax CYTTEBO MEHIIUX TEMIIEpaTyp BHIIANy, HK aHIE3UTY, BIAMOBITHO 10
1183-127911279-1316°C.

BaacTtuBocti nopia npu BunaJi

Bkazani 0coOIMBOCTI XiIMIKO-MIHEPAJOTIYHOTO CKJIAAy OCHTIKYBAaHUX MarMaTHUYHHX
NOPi/l BU3HAYAIOTH BIIMIHHOCTI CTPYKTYPHHUX MEPETBOPEHB MPH IX BUMAII B MIPOIIEC] CHITIKATHUX
BUPOOHUIITB Ta BIATOBIIHO /IO BIIACTUBOCTEN MaTepiaiy.

JUis OLIHKM TAaKMX BIJIMIHHOCTEH LUIIXOM TOHKOTO Homeny (3aiaumok 4 - 6 % Ha cuTi
10000 oTB./cM?) TOCTIIKYBAaHHUX TIOpi i IpecyBaHHs (muTOMMIA THCK 24 MITa) roTyBamm 3pasku
po3mipoM 80x40x6 MM, sIKi BUNTATFOBAIH B iHTEpBaJli MakcuMaibHuX Temrieparyp 1000-1150°C
3 BUTpUMKOIO | roguna. 3pa3ku, MOKa3HUKU SIKMX MOPIBHIOBAIKMCH, BUNATIOBAIN CHUIBHO, a0u
YHEMOJKJIMBUTHU PI3HULIO Y CTYIEHI TEPMIYHOI 0OPOOKH.

Sx cBiguath pe3yabTaTH TecTyBaHb (Tabim. 1), MOCTIKyBaHI TIOPOIH CYTTEBO
BiJIPI3HSAIOTHCS 10 3aJICKHOCTI (Pi3UKO-MEXaHIYHUX IMOKA3HHKIB BiJl CTYIIEHS TEPMIYHOT OOPOOKH.
3pa3ku 6a3anbTy 1 aHJAE3UTY MPAKTUYHO HE 3MIHIOIOTH MOKAa3HUKHU B 1IHTEPBAJIl MaKCUMAIbHHUX
temneparyp Bunany Big 1000 go 1050°C. ITpu nopansiiomy 30UIbIIEHH] CTYINEHIO TEPMIYHOI
00poOKH Mae Miciie iHTeHCU(IKAIlisl CITIKaHHS 3 BiIMTOBITHOIO 3MIHOIO TTOKa3HUKIB BJIACTHUBOCTEH
Mmatepiany. [Ipu 1mboMy crocTepiraeTbCsi BITHOCHO OUIbIIA IHTEHCUBHICTH CITIKAHHS 3pa3KiB
0a3anbpTy y MOpPIBHSHHI 3 aHJE3UTOM. B iHTepBani MakcuManbHUX Temmneparyp Bunairy 1050-
1150°C ue mposiBisieThesi y 30UTbIICHH] 3CiaHHs y BUmnaiaky 6azanety — Big 0,4 mo 10,9 %

npotu Bix 0,3 10 7,2 % Ta ryctuam Bia 1,79 1o 2,55 r/em® npot Bix 1,87 1o 2,38 r/em’ (puc. 3).

in

T 1000 1290 1300 11350 T

1 2

Puc. 3. 3anexnicts 3cimanns (1) Ta ryctunu (2) B MAaKCUMaIBHOI TEMIIEPATYpPH BUTIATY

6azanbTy (a) 1 anae3uty (b)
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3anexHICTh BOJOIOTTMHAHHS Ta MIITHOCTI Ha 3TMH 3pa3KiB BiJl MAKCUMAJILHOI TeMIIEpaTypH
BUNANTy A7 000X TOpPiA aHAJOriuHA 3CiJaHHIO Ta TYCTHHI: NMPAKTUYHA BiJICYTHICTH 3MiH B
iarepBasi 1000-1050°C 1 moctynoBe 3MEHIICHHsSI BOAOMOTJIMHAHHS Ta 3pOCTaHHS MILHOCTI B
iaTepBaii 1050-1150°C (puc. 4). [Ipu oMy IHTEHCHUBHICTH IMX 3MIH TaKOXX CYTTEBO BHILA Y
Bumnaaky 6azansty — Bix 20,1 1o 0,0 % npotu Bix 15,7 no 3,2 % nns anae3uty Ta Big 6,5 mo 57,1
MlIla (y 10 pa3) npotu Big 7,3 no 22,1 MIla (y 3 pasn).
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Puc. 4. 3anexuicte BomonoriauHaHHs (1) 1 MimHOCTI Ha 3ruH (2) Bil MaKCUMAaIbHOI

TeMIlepaTypu Bumany 6a3anbTy (a) 1 anae3uty (b)

KpiM BomonoriimHaHHS Ta MIIHOCTI SIK EKCIUTyaTallifHUX XapaKTePUCTUK, CIiJ
BIJI3HAYUTH BIJIMIHHOCTI y XIMIYHIM CTIHKOCTI HOCHipkyBaHuX mopin. Tak, aHai3 3pa3KiB
nokasas (Tabi1. 2), mio i3 30UIbLIIEHHSIM MaKCUMaJIbHOI Temnepatypu Bunaiy 3 1050 no 1150°C

KHCJIOTOCTIHKICTh Oa3anbTy 3poctae 3 90,98 1o 99,13%, a anaesury - 3 95,96 no 98,35%.
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Puc. 5. KucnorocriiikicTs 3pa3KiB MOpPijA Micis BUNATy
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Oco0.1MBOCTI CTPYKTYPOYTBOPEHHS MOPiJ NIPH BUIIAJII

BuxnaneHi Buiie 3MiHM MTOKa3HUKIB BIACTUBOCTEH MOCIIHKYBaHUX MarMaTHYHUX MOPiL
OB SI3YIOTHCS 3 OCOOIMBOCTSIMU iX CTPYKTYpOYTBOPEHHSI IpH Bumnaii. Tak, Bia3HaueH1 Oiibiua
TONKICTh 0a3ayibTy THOpsSA 3 IHTEHCH(IKAli€lo CIIKaHHS CYINPOBOKYIOThCS 3MEHIICHHSM
BIJIKPUTOI MOPUCTOCTI MPOAYKTY BUNAIY Y MOPIBHSAHHI 3 aHne3utoMm (tadin. 2). [licns Bunamy
npu MakcumaibHid Temmeparypi 1150°C 3pasku 0a3zainbTy XapaKTepU3yHOThCS BiJICYTHICTIO
BIJIKPHUTOI MOPUCTOCTI MpoTu 7,6 % ii y BUNAIKy aHJE3UTY.

Bkazani BiAMIHHOCTI B TIOPHCTOCTI BHIAJIEHUX 3pa3KiB JOCITIDKYBAaHUX IOPiX
KOPEJIOIOThCS 3 pe3yibTaTaMH ix merporpadiuHoro aHamizy. BcranoBieHo, 10 iI€HTUYHHUMU
O3HaKaM{ BHUIAJICHHUX 3pa3KiB Oa3aibTy 1 aHAE3UTy € HasABHICTh 3aJHMIIKOBUX YaCTUHOK
OCHOBHHUX TIOPOJIOYTBOPIOIOYMX MIHEpaTiB - TUIAriokja3y, MpoKCEeHy, MarHETUTY, KOPOJIOBAHHUX,
amopdi3zoBaHUX 1 po3noaiieHux y ckiodasi. [Ipy 1poMy Bi3HAYAETHCS, IO CTPYKTYypa 3pa3KiB
0a3anbTy BIIPI3HSAETHCS B aHJAE3UTY 3HAYHO OLIBIIMM CTYNEHEM pPIBHOMIPHOCTI PO3MOILTY
YaCTMHOK KpHUCTamiuHuX (a3 y crekiaodaszi, a TaKoX OUIBIIOI KUIBKICTIO TeMaTUTy, IO

YTBOPHUBCS 32 PaXyHOK MIPOKCEHY T4 MarHETUTY.

Tabmuis 2.
[TopucricTh 3pa3KiB NOPiA Mics BUNATY
Topoza Temmeparypa PisnoBuz ropucrocri, % ITuToma yacTka
Bumany, °C BiIKpUTa 3arajgbHa 3aKPUTHX 10D, Yo

1000 39,0 40,0 2,5

1050 38,0 40,0 5,0
bazanpt

1100 28,2 29,0 2,8

1150 0,0 7,0 100,0

1000 30,8 34,4 10,5

1050 29,4 32,4 9,3
Anpesur

1100 22,6 24,1 6,2

1150 7,6 9,8 22,4

PentrenodaszoBuii aHami3 J03BOJIMB BCTAHOBUTH JIesKi  0COOIMBOCTI  (ha30BUX
MEePETBOPEHb MPHU BUTIAMI JOCIIIHKYBaHUX MarMaTHYHUX Topif (puc. 6).

s GazanbTy 13 30UIBIIEHHSIM CTYNEHIO TEPMIYHOI OOpOOKHM XapaKTepH1 HasBHICTH 1
3pOCTaHHs IHTEHCUBHOCTI peduiekciB rematuty o-Fe;O3 3a paxyHOK MarHeTuTy i HIpPOKCEHY
(aBriTy), IHTCHCHUBHICTh PEe(IIECKCIB SIKUX BIAMOBIAHO 3MEHIIYETHCS. 3MiHA CITiBBIIHOIICHHS
IHTEHCHBHOCTI XapakTepHUX pedekciB HyIbOBOro mmary (1adpamopy) BKa3ye Ha HOro
CTPYKTYpHY 1epeOyI0BY IIPH BHUIIAJII.

VY BUMAAKy aHAE3UTY YTBOPEHHS IPH BUIATI IE€MAaTUTY IO MAarHeTHTY 1 MiPOKCEHY

BiJJ3HAYAETHCSI B CYTTEBO MEHUIOMY CTyIEHi, HDK s Oa3anbTy. AHanoriuHo 0azanbTy



TexHoAOrMU

HayKa U XXU3Hb

KEPAMUKA

CIIOCTEPIraeThCsl CTPYKTYpHA Nepedy10Ba MOIbOBOrO HINAaTy (aHAE3HHY), KPIM TOT0, XapaKTepHe

pYUHYBaHHS TPaTKU XJIOPUTY.
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BucHoBknu

KommuiekcHuil  aHamiz  ckjany, CTPYKTYpd Ta  BJIACTMBOCTEM  JTOCIIAKYBAaHUX
MarMaTHYHUX MOPiJ JO3BOJIUB BUIUIUTH PsiJl 3aKOHOMIPHOCTEH

binbmia iHTEHCHBHICTH CITiKaHHS 0a3ajabTy, y TOPIBHAHHI 3 aHJIE3UTOM B iHTEpBaJi
MakcuManbHuX Temnepatyp Bunainy 1050- 1150°C, nos's3yeTbes 3 CYyTTEBO MEHIIUM BMICTOM
ADbOs Ta xkaTanmiTiuHUM BIIMBOM P>Os Ha MIBUAKICTH YTBOpPEeHHs piakoi ¢azu. B cBoro uepry,
OUTbIIA CTYIIHb YTBOPEHHS T€MATHUTy MO MAarHETHTY Ta MIPOKCEHY MOSICHIOETHCS HE JIMIIE iX
OUTBIII BUCOKHMM, HIX Y aHJE3UTy, BMICTOM Yy BHUXIJIHOMY XiMIKO-MiHEpaJOTI4YHOMY CKJIaJi
0azaypTy, ajle ¥ TUM, IO IIEW MPOIeC MPOTIKAE B MPUCYTHOCTI BITHOCHO OUIBIIOT KUTBKOCTI
piakoi ¢a3u. Takum ymHOM, mpu BuUMaiai 0azanbTy (OPMYETbCS BIJHOCHO OUIBII JTOCKOHAJA
CTPYKTYpa, IO BIAPI3HSETHCS OUIBIIOK KUTBKICTIO KPUCTAIYHUX HOBOYTBOPEHB, MOPIBHSHO
PIBHOMIPHO PO3MOAUIEHUX Y CKiI0(a3i, Ta BUCOKOIO TYCTHHOIO.

Bka3zaHi 03HAaKM JOCKOHAJIOCTI CTPYKTYPH BHUIIAJICHHX 3pa3KiB 0a3aJibTy BU3HAYAIOTH iX
BHUCOKI (D13MKO-MEXaHI4HI MOKa3HUKU. Pe3ynbTaToM po3Moaily OKCHUIIB 3aii3a, B TOM YHCI Y
BUTJISIII TEMaTHUTY, B CKiIodasi € pi3ke 3pOCTaHHS KHUCIOTOCTIHKOCTI 0a3ainbTy Hpu 301bIICHI
temneparypu Bumnany Bim 1000 mo 1150°C. 3aramom, KHCIOTOCTIHKOCTI BHITAJIEHUX 3pa3KiB
JOCTIPKYBAaHUX TTOPOJI PSIMHUM YHHOM 3QJICKUTh BiJl 1X TTOPUCTOCTI. SIK BiJIOMO, i3 3pOCTaHHSAM
MOPUCTOCTI 301IBIIYETHCS TOBEPXHS KOHTAKTy MaTepially 3 arpeCHBHUM CEPEIOBHIIEM, IO
cnpusie  Horo  po3unHHOCTI. OcoONIMBOCTI  CTPYKTYpPOYTBOPEHHS Ta  BIACTHBOCTEH
JOCTIDKYBAaHUX TIOPiJl BYJKAHIYHOTO IMOXODKCHHS HEOOXIJIHO BpaxOBYBATH NPHU BU3HAYEHHI

TEXHOJIOTIYHHUX TapaMeTPiB CHIIIKATHUX BUPOOHUIITB 3 IX BUKOPUCTAHHSIM.

Ilepenik nmocujianb
1. KommiekcHoe pa3BUTHE CBHIPbEBOM 0a3bl MPOMBIIIJICHHOCTH CTPOUTENBHBIX MaTepUaioB /
Yoaukun U.B., [lawenxo A.A., Yepnax JI.11., 3axapuenxo I1.B., Cemuouovko A.C.,
Mscnuxosa E.A. — K.: Bynisenbnuk, 1988. — 104 c.
2. CanvHux B.I. PacmmpeHue chIpbeBOW 0a3bl ISl TPOHM3BOJCTBA CAHUTAPHO-TEXHUYECKOMN
kepamuku / B.I". Canvnuk, B.A. Ceuodepcxuii, JLII. Yepnax / Ctexno u kepamuka. — 2009. - Ne 1.
—C.34-38.
3. Pellant Chris. Rocks and Minerals. Smithsonian Handbooks. - New York: Dorling Kindersley,
2002. - 256 p.
4. Mana ripunya enuukionenmis: y3 1./ 3a pen. B. C. bineyvkoco. — Jlonenpk: CximHuii
BugaBHuuni aiM, 2004—2013.
5. Ko3svipes B.B. Bynkanudyeckue MOPOIBI KaK CHIPhE JJISI KEPAMHUYECKOW TMPOMBIIIICHHOCTH /
B.B. Koswvipes, FO.C. Cnennes, JI.B. Epoxuna - M.: BHUMOCM, 1975.- 45 c.

6. MuHepanbHO-ChIpbeBasi 0a3a TOPHBIX MOPOJ YKpawHbl AJIs MPOU3BOJCTBA BOJIOKOH / B./.

11



KEPAMMKA: HayKa U XU3Hb TexHoAOruu

12

Tpegpunos, M.®. Maxosa, /. Hoxcueupuc, B.Il. Cepeees, E.C. Muwenxo u op. — M.: U3m.
BHUNDCM, 1992. - 90 c.

7. Mopo3 b.J. BnusHue 06a3anpTa Ha CHEKaeMOCTb IJIMH  Pa3IMYHOTO  XUMMKO-
MUHEpaoTuyeckoro coctasa / b.U.Mopo3s, JI.II. Yepusak, M. X. Jlyuxa // CTeklio U KepaMuKa. —
1976. - Ne 8. — C. 23-24.

8. I'ymenrox E.JI. Kepamuueckue KUCIOTOYMOPHBIE U3JIENHs U3 Macc ¢ 100aBKoil oOcuauaHa /
EJIL. T'ymentwox, JLII. Yepuax // BHUMUICM.Cep.Kepamuueckass mpOMBINUIEHHOCTh. — M.,
1976.-Bpmn. 6. — C. 14-15.

9. I'ymenrwx E.JI. CTpykTypooOpa3oBaHHE W CBOWCTBA HEKOTOPBIX MOPOJ BYJIKAaHUYECKOTO
npoucxoxaenuss / EJI. Tymenwok, P.M. 3ationy, JILII. Yepuax // Tpyapl WHCTHTYyTa
HUMUcrpotikepamuka. VccrnenoBanusi B 00JacTU  TEXHOJIOTHMM TPOU3BOJCTBA HOBBIX BHJIOB
Kepamuyeckux uzaenuit.. — M.: Crpoitnzaart,1980. - C. 109 — 117.

10. Abnecumos H. E. PenakcauuoHHble 3(QQEeKTbl B HEPABHOBECHBIX KOHJIEHCHUPOBAHHBIX
cuctemax. ba3anbThl: OT U3BEp)KEHUs 110 BOJIOKHA / H.B. Abnecumos, A.H. 3emyos // M.: UTul’
JABO PAH, 2010. - 400 c.

11. Palmieri A. Basalt fibres: Mechanical properties and applications for concrete structures / 4.
Palmieri, S. Matthys, M. Tierens // Taylor and Francis Group, 2009. EnextpoHHmii pecypc:
http://www.build-on-prince.com/basalt-fiber.html

12. Koowcenesckuii C.P. bazanbT — depHoe 3010TO YKpauHbl. EnekTpoHHMIl pecypc:

http://vodospad.com/articles/beautiful-places/bazalt zoloto.html

13. ITon C.C. TIlpupomni pecypcu 3akapmarTs: HABYAJbHHUH MOCIOHWK U CTY[A. BHUII. HAaBY.
3aknaniB i yuniB cepen, mkia / C.C. I[lon — Yxropona: Crekrpains, 2003. — 296 c.
14. Yepuax JI.II. Kpurepii BuOOpYy CHpPOBHHH Ui Cy4aCHOTO BHUPOOHHIITBA OY/iBENBbHOT

kepamiku // CtpoutenbHbie Mateprainbl u u3aenus.- 2003.- Nel — C. 2-4, Ne2. - C. 6 - 8.



