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Amnotauisi. [Ipobnemu ontumizanii npouecy BH-
TaryBaHHs 0a3aJbTOBHX BOJIOKOH 3 (hiJib’€pH 3 Me-
TOIO MJBHINEHHS iX MIITHOCTI JJOCHTHh aKTyaJlbHA
TeMa Ha ChOTOJHINIHNA AeHb. i 3’scyBaHHS
3B’SI3Ky MiXK MEXaHIYHHUMHU TTOKa3HUKaMH BOJIOKOH 1
TEPMITHIMH XapaKTPUCTUKAMH PO3ILIABY 0a3aIbTy
B IIPOLIECY BUTATYBaHHsI IPOBEIEHO KOMIUIEKC EKC-
MEPUMEHTAIBHUX Ta TEOPETHUYHUX JOCIiKEHb.
OIiHKY IIBUAKOCTI OXOJIOKEHHS CTPYMEHS PO3II-
JIaBy Ha CTaJil CKIyBaHHS MPOBEACHO i3 3aCTOCY-
BaHH;IM MaTEeMaTHIHOI MOJIEINI, SIKa aJIcKBATHO OTIH-
Cy€ YMOBHU TEIUIOOOMIHY B IpOLECi BUTITYBaHHS
BosiokHa. Iloka3aHo, 10 MIITHICTh BOJIOKHA ITPOTIO-
piiliHa IMBHUKOCTI OXOJIO/DKEHHS PO3ILIABY, sIKa 3a-
JICKUTH BiJl TOYATKOBUX YMOB BUTSTYBaHHS.

PesynbTaTu qociimpKeHHs] MOYXKHA PO3TIISAIATH SIK
TEOpPETHYHI OCHOBH JJIsl BUOOPY 1 KepyBaHHS TeX-
HOJIOTIYHHMH TIapaMeTpaM¥ BUPOOHHIITBA CKIISTHUX
Ta 0a3aTbTOBUX BOJIOKOH. BOJIOKHUCTI MaTepiaiu
Pi3HOTO HUTFOBOTO IPU3HAYEHHS, OTPUMaHi 3 0a3a-
JBTOBUX HEMEPEPBHUX BOJIOKOH, BOJIOJIIOTH BHCO-
KUMH  (QI3UKO-XIMIYHHMH XapaKTEepPUCTHKaMH, 3a
SKHUMU TIOCTYIAIOTHCS JIUIIE JJOPOBAPTICHUM KOM-
MO3UTaM Ha OCHOBI BYTJICIICBHX 1 KapOiAKpeMHie-
BHX BOJIOKOH. ba3aJibTOBI HemlepepBHi BOJOKHA Xa-
PaKTEepHU3YIOTHCS i IBUIEHIMH TOKa3HUKAMH Mill-
HOCTI 1 MOJTYJISI IPYXKHOCTI. 32 MIITHICHIMH BJIaCTH-
BOCTIMH HeTlepepBHi 6a3a1bTOB1 BOJIOKHA OPIBHIO-
FOTBCS 3 CKIISTHUMH BOJIOKHAMH, a 32 MOJTyJIEM
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OtpumaHHs 0a3albTOBHX BOJOKOH 3 BHCOKHUMH
3HACHHSMHU MIITHOCTI 1 MOIYJSl TPY>KHOCTI MOTpe
Oye po3yMiHHS OCHOBHUX (JaKTOPIB, SIKi BIUTHBAIOTh



Oye po3yMiHHs OCHOBHHX (DaKTOPIB, SIKi BIUTHBAIOTh
Ha IIi TapaMeTpu. B nepury gepry xiMiuaui 1 MiHe-
paJIOTiUHU CKJa] BUXiAHOI CHPOBHHHU.

Kuarwuogi cioBa. bazansToBuit po3sias, MBU/-
KICTh OXOJIOKEHHS, HETIEPEBHI BOJIOKHA, MIITHICTh,
napameTpu npotecy GopMyBaHHS.

ITOCTAHOBKA ITPOBJIEMU

CyudacHi TexHOJIOTii BUpOOHUIITBA CHUIIIKAT-
HUX Oe3lepepBHUX BOJOKOH BUKOPHCTOBYIOTh
¢binbepHHil cmoci®d X OTpUMAaHHSA, OCKUIBKU
pu (HopMyBaHHI BOJIOKOH 3 (QIIbED, K MOKa-
3y€ MPAKTUKA, YTBOPIOETHCS 3HAUHO MEHIIIE T10-
BEPXHEBUX JIS(HEKTIB 1 TPUIIUH, 1110, SIK PE3yJIb-
TaT, 3a0e3Meuye X BUCOKY MIIHICTb.

CkJ1sH1 BOJIOKHA, B TOMY YHCIII 1 6a3a1bTOBI,
BOJIOZIIFOTH CYTTE€BO BUCOKOIO MIIIHICTIO B TIOPi-
BHSIHHI 3 MacUBHUMH cTekjamu. Lle mosicHio-
€TbCS €(DKTOM «3aMOPOKYBAHHS» 130TPOMHOT
CTPYKTYpU BHCOKOTEMIIEPATypHOTO PO3ILIaBY
CKJIa B Tporieci popMyBaHHS BOJIOKHA, IO 00Y-
MOBJTHEHO PI3KUM IEPEX0I0M Bijl pIBHOBAKHOI
JI0 HEPIBHOBXKHOI CTPYKTYPH TPU HMIBUAKOMY
OXOJIOIKEHH] 1 OJTHOYACHO CUJIBHOK JIUHAMIY-
HOIO B3a€MOJIIEI0 B MPOLIEC] BUTSHKKH BOJIOKHA
[1].

Ha crazii yrBopeHHs CKIOBUAHOI (a3 po3-
IJ1aBy, KoM amopdHa pevyoBHHA B iHTEpBai
temrepatyp 20-30°C 1uiaBHO MepexoauTh i3
pIAKOTO CTaHy B TBEpAHH, XapaKTEpHHI dac
3MIHHM TEMIEpaTypy 1 MEXaHIYHUX HaIPY>KEHb
CTa€ MEHIIEe Yacy peliakcaiii MOJICKYJISIPHUX
MPOIIECIB B PIMHI Yepe3 CyTTEBE 301TbIIICHHS
B’SI3KOCTI B mporieci oxomo pkenns [1-3]. [locs-
THEHHsI B IIpolieci (hopMyBaHHS BOJIOKHA 10CTa-
THBO BUCOKOI IIBHJKOCTI OXOJIOJKEHHS CTPYi
PO3ILIaBy, M0 NEPEBUIIYE MBUIKICTH pelaKca-
IMHUX MPOIIECIB, CIPUSE 3HWKEHHIO 1HTEHCH-
BHOCTI YTBOPEHHS 1 pOCTY KPHCTAIIYHIX HOBO-
yrBOpens [1, 2].

Mikpokpuctaiau B aMOpPHOMY CKJIIi pO3TJIsi-
JAIOTHCS SIK MMOTEHITIHHI IIEHTPH MIKPO 1 MaKpoO-
TPILIMH 1 IK OCHOBHA MPUYNHA BUHUKHEHHS JIe-
¢ekriB. KpucranizariiiHa 34aTHICT CTEKOIN €
HETaTHBHOIO BJIACTUBICTIO, TaK K NPU3BOJIUTH
70 pyWHYBaHHS TOMOTE€HHOI aMOp(HOI CTPYyK-
TYpH, 1110, B KIHIIEBOMY BapiaHTl 3HUXKY€E MeXa-
HIYHY MIIHICTh CKJISHHUX 1 0a3aJbTOBUX BOJO-
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KOH. BIZIMIY€HO, 1[0 TPUCYTHICTh MIKPOKpPHCTa-
JiB y pO3IIJIaBi, OJHAKOBOTO JiaMeTpy 3 Jliame-
TPOM BOJIOKHA, BUKJIMKA€E 3HMKEHHsI HOTro Mill-
Hocti 10 40% [2].

Bigomo, 1110 31 3HIKEHHSIM JllaMeTpy 1 31 30i-
JBIICHHSIM JOBXHHHU 0a31 CKISHUX 1 0a3anbTo-
BHUX BOJIOKOH iX MIIHICTh CYTT€BO IIiJABHUIILY-
€ThCsl. MOXKJIMBI MPUYHMHA BHUCOKOI MIITHOCTI
BOJIOKOH MaJIOro J{ilaMeTpy IIHUPOKO 0OrOBOPIO-
I0ThCS B JIiTeparypi Ha piBHi rinotes [1, 4], on-
Hak MpUpoa 1 Ppi3udHiI MEXaHI3MU LIbOTO B3a€-
MO3B’S3KY 10 TENEPILIHHOIO Yacy HEe BCTAaHOB-
JIEHO.

JlocaimKeHHsT MIIHOCTI 1 1HIIUX MeXaHid-
HUX BJIACTUBOCTEH CHJIIKaTHHX BOJIOKOH B 3a-
JIKHOCTI BiJl yMOB (pOpMyBaHHs 1 BUOOpPY oOII-
TUMAJIHOTO PEXUMY (OPMYBaHHS € JOCHTH
BXXJIMBOIO MPHUKJIATHOIO 3a7auyero. B Toil xe
yac 1151 mpo0siemMa sBJisie cO0010 3aIliKaBICHICTh
3 HAYKOBOI TOYKH 30Dy, OCKUIBKH J1a€ MOXKJIH-
BICTh OTPUMATH HOBY iH(pOpMallito 1po hi3uKky
CKJIa 1 PO KIHETHKY MPOLIECY YTBOPEHHS CKJIIO-
BUJHOI a3y amoppHUX peuoBuH. [lopsin 3 exc-
HepeMEeHTaIbHUMHU METOJIaMH JIOCIIKEHb He-
OOX1IHUM 1HCTPYMEHTOM JIJIsl BUBUEHHS CKJIa/l-
HUX TEIUIO(I3UYHUX 1 PEOJIOTIUHUX SBHI] B
npoueci (opMyBaHHS €IEMEHTapHOIO 0a3alib-
TOBOTO BOJIOKHAa € METOJU MaTeMaTH4-HOIr'o
MOJICITIOBAHHS 3 BHKOPHCTAHHSIM CYYacHOTO
nporpaMHoOro 3abe3mneveHHs [6-8].

Po3pobiieni pi3HUMEU aBTOpaMH MaTeMaTH-
4Hi MoieJli JOpMyBaHHS BOJIOKOH 1 OTPUMAaHHS
Ha iX OCHOBI JOCUTh KOpUCHA 1HpOpMaIlis Bij-
HOCHO Te€OMeTpii CTpyMeHs, TeMIIepaTypHOIro
1oJis B CTPyMEH1 1 YMOB TEIJIOOOMiHY JIOBO-
JSTh €(EeKTUBHICTD 1 EPCHEKTUBHICTh YHUCEH-
HUX METOIB MPH BHUPILIEHHI TAKOTO POAY 3a-
Jau.

Pa3om 3 ThM, Ha CHOTOIHIIIHIN JIEHb HE PO-
3IIIAJIAEThCS SIBUIE YTBOPEHHS MIKPOKPHUCTa-
JiB B PO3IUIaBI 1 BIACYTHIM 4YMCIOBHM aHami3
BIUIMBY IIBUIKOCTI OXOJIOJKEHHS PO3IUIAaBy Ha
KIHETHUKY MPOIIECiB KpUCTali3allii 1 Ha 3aKOHO-
MIpPHOCTI MPOTIKaHHS CTaJlli YTBOPEHHS CKJIO-
BUJTHOT (ha3m.

Liy1:0 1aHOTO JOCHIIKEHHS € BU3HAUYCHHS
ONTUMAJIBHUX PEXHMIB OXOJIOJUKEHHS CTpY-
MEeHsI po3IUIaBy B Iporieci popmyBaHHs 0azaib-
TOBOT'O BOJIOKHA 1 BU3HAUYEHHS OCHOBHMX (DaK-



TOPIB, sKI 3a0€3MEYYyIOTh IMiIBUIICHHS MIIIHO-
CT1 BOJIOKHA TPU BHCOKIN IMIBHIKOCTI OXOJIO-
JOKEHHS.

AHAJII3 ITOITEPEJHIX JOCJIIKEHD

3TiJIHO TOCTIKEHb [6] TOKa3aHo, 110 Mill-
HICTH 0a3aJILTOBHUX BOJIOKOH 3JIEKHUTH BIJ IX
XIMIYHOTO CKJIaJly 1 YMOB 0OpOOKH, a TAKOX PO-
34KHIB KUCHOT. [ligBUIIIEHHS TeMIepaTypH po-
34MHY KHCJIOTH MPHUIIBHIIIYE TPOIEC BUITYTO-
BYBaHHSI, 110 CYTIPOBOKYETHCS T1IpOTEPMAIIb-
HUM CTapiHHSAM CKEJIETy BOJIOKHA, IO aHAJIOTii
3 TiApoTepMaibHUM CTAPIHHAM CHITIKAaremiB.
36utbmicHHs BMicTy — okcuay SiO2 3aBxan
CIpHUs€ MiABUIICHHIO CTIHKOCTI BOJIOKOH 10 il
JIYTiB 1 KUCIIOT, THM CAMHM ITIIBUIIYIOUN MIII-
HICTh CAaMOT'0 BOJIOKHA 1 MiIBUIIyBaTH HOTO Te-
XHOJIOT1YH1 XapaKTePUCTUKU.

ABTopamu [5] mokasas, 10 TEPMOOOPOOKa
0a3aJIbTOBOTO  BOJIOKHA TMPU  TEeMIIepaTypi
800°C, pi3ko MiABHUIIYE HOTO KUCIOTOCTIN-
KICTBh 1 MIIHICTE. [liABHIIIEHHS CTIMKOCTI MiHe-
paNbHUX BOJIOKOH JI0 il HEOPTaHIYHUX KUCITIOT
1] BIUIUBOM TEPMOOOPOOKH  TOSICHIOETHCS
BIJMIOBITHUMH CTPYKTYPHUMHU 3MiHAMH MaTe-
piany 6a3aJbTOBOrO BOJOKHA.

Hocnigauku [7] Ans MUPKOHIEBOBMIIIYIO-
YUX CTEKOJ JIOIYCKAIOTh, 1[0 TIPH B3AEMOJTI1 JTy-
riB He po3unHHUH y Boai H2ZrOs ancopOyeTbes
Ha oBepxHi ZrO2 i yTpuMy€eThCs Ha Hill, TAKUM
YUHOM MiJBUIIYIOYU iX CTIHKICTB.

Jlns migBHIIEHHS CTIMKOCTI 0a3albTOBUX
BOJIOKOH J10 J1ii JTyTiB OyJ10 3a1IpONOHOBAHO 30i-
JBIIUTH 1X aiametp [12].

OpHak jmocnipkeHHs TpyOux 0a3zanbTOBHX
BOJIOKOH giamerpom 150-250 MM mokasaino,
10 TI0 pe3yJbTaTaM JOCTiIKEHb Pi3HUX aBTO-
piB MaroTh cynepewinBuii xapakrep [13,14] 1
M1JISATal0Th IOJAIBIINM JOCIIIHKEHHIM 13 3Ha-
YSHHSIMH BTPAT JUIS MITAICIHUX 0a3aTbTOBHX
BOJIOKOH J1aMeTpoM 8-29 MKM.

B po6otax [9] nHaBoguThCs OaraTodakTopHe
piBHsHHS perpecii [10], mo 1o3Bossie po3paxy-
BaTH B’A3KICTh PO3IUIABY, BUXOSUH 3 HOTO Xi-
MIYHOTO CKIIaAy.

®di3uKOo-MEeXaHIvHI, XIMi4HI, CTPYKTYypHI
BJIACTUBOCTI 0a3aIbTOBOTO PO3ILIaBY, PO3paxy-
HKOBHH PEXKUM OXOJOJKEHHS, SKI 3amobira-
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I0Th CTBOPEHHIO HEOAKaHUX TPAJIIEHTIB TEMIIS-
paTtyp MiX MOBEpXHEIO 1 IEHTPOM B 0a3anbTo-
BOMY BOJIOKHI. [{i 0cOOMIMBOCTI BUMararoTh He-
00XiTHOCTI KOPUTYBaHHS MiHEpPaJIOTiYHOTO
CKJIaxy BHUXIJHOI 0a3aJbTOBOI CHUPOBUHHM, 3
OTJIATy Ha BMICT 3aJ1i30BMiCHUX MiHepaiiB. Sk
pe3yJIbTaT NOPYLIEHHS PEXUMY OXOJIOIKEHHS
MOYKJIMBE YTBOPEHHS KpUCTali3aliifHuX ¢a3 B
0a3aJIpTOBOMY BOJIOKHI

Crin 3a3Ha4yuTH, 10 B HABEACHUX POOOTax
IPU AOCTIIKEHHAX OYJIM BUKOPUCTaH1 OKCUIH1
dbopMu pedyoOBUH a HE MiHEpaH, IO HE 103BO-
JSIFOTh BPAaxOBYBaTH BIUIMB PEAIbHUX THIIIB
CTPYKTYp, AKI (paKTMYHO 1 BU3HAYaIOTh B fI3-
KICTh PO3ILIABY.

OCHOBHE JOCJIKEHHS

Jlns mpoBeneHHS JIOCHIIKEHHsSI 1 BU3HA-
4yeHHs (paKkTopiB, sIKi BIUIMBAIOTh HA MILHICTh
0a3a1bTOBUX BOJIOKOH, PO3IISIHYTI OCHOBHI 3a-
KOHOMIPHOCTI 1 peXuMH iX (GopMyBaHHS Ha
npUKIaal 6a3aibTy, KUl OyB BUKOPUCTAHUH B
SKOCTI CUPOBUHM JJIs1 OTPUMAHHS HENEepepB-
HUX BOJIOKOH. BHBUeHa 3aeXHICTh CepeIHbOI
MIITHOCT1 OTPUMaHMUX BOJIOKOH BiJ] Pi3HU Mapa-
METpIB: 1X giameTpy, Temmepatrypu ¢Gopmy-
BaHHS 1 B SI3KOCTI.

3TiIHO pe3yJbTaTiB JOCIHIKEHb MO BHMi-
PIOBaHHIO MIITHOCT1 0a3a1bTOBUX BOJIOKOH B 3a-
JIKHOCTI BiJ PI3HUX HapaMeTpiB (opMyBaHHS
MOKa3yIOTh, 110 MPH 33aHOMY JiaMeTpi BOJIO-
KHa MIIHICTh HOro 3pocTae 1o JiHiiHOMY 3a-
KOHY 31 30UIBbLIICHHAM TEMIIEpaTypu pO3ILIaBy
B JKUBWJIBHUKY 1 3 MIJABUIIEHHAM PIBHS PO3II-
JaBy.

[Tpu mocTiHHUX 3HAYCHHSX TTapaMeTpPiB Mill-
HICTh BOJIOKHA TUM BHILE, YUM MEHILIE JiaMeTp
BOJIOKHA. BpaxoByrouu, 110 B CTalliOHapHOMY
pexxumi popMyBaHHS JiaMeTp BOJOKHA obep-
HEHO MPOTOPUIMHUN MIBUIKOCTI BUTSATYBAHHS,
MIIHICTh BOJIOKHA TP MOCTIHUX MapameTpax
MOBUHHA TMIJABUIIYBAaTUCh 31 30UIbIIEHHSIM
IIBUJIKOCTI BUTSTYBaHHS.

31 30UIbLIIEHHSIM TEMIIEpPAaTypH 1 PiBHS pO3II-
JaBy B JKUBWJIBHUKY 3pPOCTa€ MacoBa BHTpaTa
posmaBy 3 (iibepa i, IK HACTIOK, TABUIILY-
€ThCS JIiHIMHA IIBUAKICTh CTPYMEHS, a 3HAYUTh
1 MIBUJKICTh PO3IUIaBY B 30HI1 CKJIyBaHHs. To-



YHO TaK IBHUAKICTh PO3IUIABY 3POCTAE 31 301Tb- HSIM IIBHJIKOCTI PyXy CTPyMEHsS B JaHOMY Iie-
IICHHSAM MIBUAKOCTI BUTSDKKU. TakuM YMHOM, pepisi, He 3aJeKHO BiJ IPUYHH, sIKi 3a0e3mneuy-
eKCIIepUMEHTAJIbHI J1aH1,CBiAYaTh MpO TeE, IO IOTh MIABUIIICHHS IBUAKOCTI (puc 1).

600

MIIIHICTh BOJIOKHA 301TBIIY€EThCS 31 30UTBIICH-
400
" -0
0
100

135 145 150 165 180
Jlimetp mop, MkM

a

—_
[
(=1
(=]

800

TeprmivyHe HABRAHTAKeHHHA, “C/XB

O 1600
1500
1400
1300
1200
11100
1000

arypa po3Iux

Temmnep
\Va)
o
=)

0 5 10 15 20
Hac oxX0/I0KeHHA, XB
e={==CKOPHIOBAHHH CKIIax === cKJsIHE BOJIOKHO
“rnoHelbKe yCa4KIBCbKe
=%¢=s1HOBA NOJTHHA

o
Puc.1. BB TexHonoridvaux (akTopiB Ha 0a3aIbTOBE BOJIOKHO:
a — BIUTMB TEPMIYHOTO HABAaHTAKEHHS Ha JiaMeTp 1mop Moan(iKoBaHOTO 0a3aIbTOBOTO BOJIOKHA,
6 — BIUTUB TEMIIEPATYPH PO3ILIaBY HA POOOUTY B’ SI3KICTh.
Fig.1. Influence of technological factors on basalt fiber.
a — Influence of thermal load on the diameter of the pores modified basalt fiber;
b — Impact of melt temperature on working viscosity.
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[Ipu 3MiHI MIBUIKOCTI OXOJIOIHKCHHS PO3II-
JaBy B 3aJIGKHOCTI BiJ BiJCTaHi BiJ] BUXIHOTO
nepepizy GuUTbepH MU Pi3HUX 3HAYCHHSIX TT0Ya-
TKOBOI TeMnepaTypH po3iuiaBy To i piBHA po3-
IU1aBy y »KUBWIBHUKY H mpu nocriiiHoMy nia-
MeTpi BojiokHa 0=9 MkM. MoXHa 3a3HAYHTH,
110 pi3Ke 3HWKEHHS TeMIlepaTypu CTyMEHs IIi-
CJIsI BUXOJA PO3IUIaBy 3 (Qilbepu 0OYMOBICHO
nBoMa ¢aktopamu. Ilo-nepiue, crpyMiHb 0X0-
JOKY€EThCS. Uepe3 BUCOKY PI3HULIIO TeMIepa-
TYp MK PO3IUIABOM 1 HABKOJIMIIHIM XOJIOJHUM
noBitpsimM. pyrum ¢akropom, sikuil 3abesme-
qye€ MIBHUJKE MaJiHHS TEMIIEPaTypu CTYMEHS, €
pi3Ke 3MEHILEHHS AlaMeTpy CTPYMEHH 1, SIK CIi-
JIOK, 301IbIICHHS MUTOMOI MDK(}a3HOT moBep-
XHI TerooOoMiny. Ha po3nsHyTiit AisHIi cTy-
MEHS JOBXHHOIO 2 CM JliaMeTp CTPYEMHS 3HU-
xyeTbes Big 2200 mxm 10 9 Mkm. [lo 3aBep-
LIEHHIO CTaJil CKJIYBaHHS AlaMETp CTpPyMeEHs

300
290

3IMIIAETHCA TIOCTIMHUM 1 PIBHUM JlaMeTpy
OTPUMAHOTO BOJIOKHA.

Cawme 111 eKcTpeMaibHI 3HaYEHHS B JAHOMY
IOCIIIKEHH] BU3HAYAIOTh BEINYMHU IIBUIKO-
CT1 OXOJIOJIKEHHS, SIK1 PO3TIISAAIOTHCS i,

JlocmiKkeHHsT  eKCTpeMallbHUX — 3HA4eHb
IIBUKOCTI OXOJIOJKEHHS, SKI XapaKTeph3y-
I0Th 3aBEPIICHHS CTaJii CKIIyBaHHS, O3BOJIS-
IOTbBKA3yBaTH TOYHI 1 BU3HAYCHI JIaHI IIbOTO
napaMmeTpy. biibIIicTh AOCHIAHUKIB Bigmida-
I0Th BIUIMB MIiABHUILEHHS IMIBUIKOCTI OXOJIO-
JOKEHHS PO3IUIaBy B CTPYMEHI Ha MEXaH14Hi Xa-
PaKTEepUCTHKH BOJIOKHA, O€3 3a3HAueHHS B
SIKOMY TIepepi3i BU3HAUAEThCS LI MoKa3HUK. B
po6oTti [12-14] B siKOCTI IIBHAKOCTI OXOJIO-
JOKCHHS TPUIMAEThCS 3HAYCHHS MapaMerpy,
yCEepEeIHEHOr0 M0 TOBXHUHI CTpyMeHs (puc 2).
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Puc.2. BriuB mBHAKOCTI MPOTATYBaHHS pO3IUIaBy Ha Mil[HICTh 0a3aIbTOBOTO BOJIOKHA
Fig.2. Influence of melt stretch speed on basalt fiber strength:

Takok BCTaHOBIICHO, 1[0 IIBUAKICTH OXOJI0-
JOKEHHS, SIK 1 MIIHICTb, TT1JIBHIIYETHCS 31 301Tb-
meHHsIM TeMmrieparypu To, piBHS poO3IUIaBy 1
3HMXKY€EThCA 31 30UTbIIEHHSIM AlameTpy H. mBu-
JIKICTh OXOJIOJKEHHSI PO3ILIaBy B mporieci (hop-
MyBaHHS, K 1 MIIIHICTb, Oye 301JbIIyBaTUCh 3
MiBUIIICHHSM IIBUAKOCTI CTPyMEHS B 30H1 (o-
pMyBaHHs. MOXKHa 3a3Ha4YMTH, IO € B3a€E-
MO3B’SI30K MIIIHOCTI BOJIOKHA 31 IIBHUIKICTIO
OXOJIOJDKEHHSI pO3IIaBy B Tiporeci Ghopmy-
BaHHS.
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PesynpTaTii KOMIIEKCHOTO JOCTiIKEHHS
MOKa3yI0Th, 10 IPH BCiX yMOBax (hOpMyBaHHs
BOJIOKHA B IIMPOKHUX IHTEPBAIAX 3MIHH TEMIIE-
paTypH, MacoBOi BUTPATH PO3ILIABY 1 MBUIKO-
CTl BUTSTYBaHHS 30UIbIIEHHS IIBUIKOCTI 0XO-
JIOJPKEHHS TABHUIILY€ MIITHICTh OTPUMAHOTO BO-
nokHa. [Ipupona i Gpi3udHui MEXaHi3M TaKoro
B3a€EMO3B’ 3Ky MTOKHU IO HE 3HAXOMSTh YITKOTO
nosicieHHs. HeoOxinHo mpuiimatu 1o yBarw,
10 3POCTAaHHS MIITHOCTI 3 IMABUIICHHIM TEM-
nepatrypu  (GOpMyBaHHS TOSICHIOETHCS HE
TIIBKH BIAIIOBIAHUM 30UIBIIEHHAM IIBHIKOCT1



PyXy CTPYMEHS 1 MIBUIKOCTI OXOJIO/KCHHS. 3
MiBUIIICHHSIM TEMIIEPATypH PO3IUIABY B )KUBU-
JBHUKY CKOPOUYYETHCS IOYATKOBA KUIBKICTh
KpUCTaIIYHUX YTBOPEHbD, 110 3a0€31euye 3MEH-
MIEHHSI KUIBKOCTI MIKpOJEe(EKTIB Y BOJOKHI 1
CIpusi€e TiABHIIEHHIO Woro wminHocti. [linBu-
LIEHHS MIITHOCTI BOJIOKHA 31 3MEHILIEHHAM HOTO
JiamMeTpy, KpiM BIUTMBY BUKOT IIBUIKOCTI BUTSI-
TYBaHHS 1, BIAMOBITHO, 3017IBIIICHHSAM IIBUIKO-
CTl OXONOJKEHHS MOXKHA TIOB’S3aTH TaKOX 3
3MIITHCHHSIM TTOBEPXHEBOTO MIAPy B TOHKHUX BO-
JIOKHaX ab0 yTBOPEHHSIM B HUX MIIIHOT JIAHI[IO-
roBoi cTpykrypu[15].

BUCHOBKMU I ITEPCITEKTUBU
[MOAAJIBIINX JOCIIIIPKEHD

[IpoBeaeHi mocimpKeHHs TOKa3alu, o 301-
JBIIEHHS MIBUIKOCTI OXOJOKEHHS PO3ILIaBy
1pu (opMyBaHH1 BOJIOKHA Ha CTaJll yTBOPEHHS
CKJIOBUAHOT a3y crpuse MiABHILEHHIO HOro
MexaHiuyHO1 MminHocTi. Lle MoxHa TOSCHUTH
(OopMyBaHHSIM F'OMOTE€HHOI CTPYKTPH BOJIOKHA
1 3HMKEHHSAM KUIBKOCTI MIKPOJe(hEKTIB uepes
HAQ/TO LIBUJKOIO MEpPeXojly CTPYKTYPH PO3II-
JaBy 0a3alibTy 13 pIBHOBaKHOTO B HEPIBHOBAXK-
HUU CTaH.

BcranoBieno, 1o BojIOKHA, OTpUMaH1 MpU
BEpXHill Temreparypi iHTepBaity (HhopMyBaHHS
(1380°C-1450°C) i mpu BUCOKHX PIiBHSIX PO3II-
JaBy B KUBWJIBHUKY MAIOTh OLIBIIY MIIHICTb.
HemnepepBHI BOJIOKHA, OTPUMaHi NMPU MiHIMallb-
Hill TeMnepaTypi BKa3aHOro iHTepBaity hopmy-
BaHHA, MalOTh B cepenHbomy Ha 10-20% me-
HIITY MIIHICTb. 1€ MOSICHIOETHCS 301TBIICHHIM
nedeKTiB Ha TIOBEPXHI BOJIOKOH 1 HAasBHICTIO
MIKPOKPHUCTAJIB y X CKiIai. OLIbIIO0 MillHI-
CTIO BOJIOIIOTH BOJIOKHA, SIKi MarOTh HAaHMEH-
mMA JiaMeTp, TOOTO BHUTATHYTI 3 OLUIBIIOO
IIBUJKICTIO, III0 TAKOK IIOB’I3aHO 31 301JILIIICH-
HSIM IIBUAKOCTI X OXOJIOKEHHS.

TakuM YWHOM, ONTHMAIBHUMH TapameT-
pamMM OTPUMAaHHS BUCOKOMIITHUX 0a3albTOBHX
BOJIOKOH 3 JIAHOTO PO3IUIABY €: MaKCHMallbHa
HIBUJIKICTh BUTSTYBaHHS, BEPXHs, HailOiiblna
TeMriepatypa (opMyBaHHS 1 BUCOKI PiBHI pO3-
IUTaBY B )KUBUJIBHUKY.

Oco0MBOCTI TAJIBMYBaHHS MPOIECY Maco-
NepeHocy MpH [ii BOIU IMOJATAIOTh B 130JII0-
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BaHHI MMOBEPXHI BOTHE3aXMINECHOI TKAHUHHU HE-
PO3YMHHUMHU KOMIUIEKCAMHU 1HTYMECIIEHTHOTO
MOKpHUTTA. Tak, 3pa30Kk BOTHE3aXHUIICHOI TKa-
HUHHU IHTYMECIICHTHUM TIOKPUTTSIM 3 OOEpHe-
HOI CTOPOHM IICJII €KCIIO3MIIii BOJIU TOKa3aB
KUIBKICTh OrIMHYTO1 Boau He Oinbire 0,00011
KT, a 3pa30K TKAaHWHU 0€3 MOKPHUTTS MOTJIMHYB
0,01 kr BoaM.

TakuM YMHOM, OTPUMAaHI JIaHi 11010 BIUIUBY
IHTYMECIIEHTHOTO TOKPUTTS Ha MPOIEC Tallb-
MyBaHHS BOJIOTIOTJIMHAHHS JIO3BOJISIOTH CTBEP-
JOKYBaTH HACTYITHE:

— OCHOBHHUM DPETYJISITOPOM IIPOLIECY € HE CTi-
JbKU (OpMYyBaHHS 3HAYHOI KUIBKOCTI BO-
JIOHEPO3YMHHUX KOMIUIEKCIB, OCKLIBKH OK-
peMi BOrHE3aXUCHI OKPUTTS pyHHYIOTbCS
i BIUIMBOM il BOJIOTH;

— CYTTEBHH BIUIMB Ha MPOLIEC 3aXUCTy MpPHU-
POJHOTO roprOY0oro Marepiaiy MpH 3acTo-
CyBaHHI BOTHE3aXHCHOTO MTOKPHUTTS 3I1HC-
HIOETHCS Y HAIIPSMKY BO/I0130JIFOBaHHS I10-
BEPXHI TKAHUHU MOJTIMEPHOI0 000JIOHKOIO,
CTIMKOIO 10 pyHHYBaHHS HiJ J1€10 BOJIOTH.

[Tomanpmri  TOCHIPKEHHS MOXYTh OyTH

CHPSIMOBaHI Ha BCTAHOBJICHHS B3a€MO3B'S3KY
MIXK CKJIQJIOBUMH 1 BIIACTUBOCTSIMH BOTHE3a-XH-
CHMX MOKPHTTIB, a TAKOX X OMTHUMI3aLiIO.

JITEPATYPA

1. Wang Y. Effect of polydimethylsiloxane viscos-
ity on silica fume-based geopolymer hybrid
coating for flame-retarding plywood. /Zhao J.,
Chen J. //Construction and Building Materials.
2020. Vol. 239. 117814. 7 p.

2. Gots V.1, Lastivka O.V., Berdnyk O.Yu., Tomin
0.0,, Shilyuk P.S. Corrosion resistance of poly-
ester powder coatings using fillers of various
chemical nature. — Key Engineering Materials.—
Vol.864.115-121 (Scopus)

https://doi.org/10.4028/www.scien-
tific.net/ KEM.864.115

3. Berdnyk O Yu, Lastivka O V, Maystrenko A A,
Amelina N O. Processes of structure formation
and neoformation of basalt fiber in an alkaline
environment. — IOP Conf. Series: Materials Sci-
ence and Engineering. — Innovative Technology
in Architecture and Design (ITAD 020). — Vol.
907. — 012036. (Scopus)

https://iopscience.iop.org/article/10.1088/1757-
899X/907/1/012036/pdf



https://cwhib9vv.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.scopus.com%2Falert%2Fresults%2Frecord.uri%3FdiscoveryEventID=8646e067-b305-4ecb-81c8-72ab74061c41%26ATP=scopussearch%26eid=2-s2.0-85076669545%26origin=SingleRecordEmailAlert%26dgcid=raven_sc_search_ru_ru_email/1/0100016f8871888c-a6f4273f-72f1-47cc-952b-96037c24f71d-000000/qY9Xa5q14On2pNqp8y635vHEwhg=144
https://cwhib9vv.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.scopus.com%2Falert%2Fresults%2Frecord.uri%3FdiscoveryEventID=8646e067-b305-4ecb-81c8-72ab74061c41%26ATP=scopussearch%26eid=2-s2.0-85076669545%26origin=SingleRecordEmailAlert%26dgcid=raven_sc_search_ru_ru_email/1/0100016f8871888c-a6f4273f-72f1-47cc-952b-96037c24f71d-000000/qY9Xa5q14On2pNqp8y635vHEwhg=144
https://cwhib9vv.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.scopus.com%2Falert%2Fresults%2Frecord.uri%3FdiscoveryEventID=8646e067-b305-4ecb-81c8-72ab74061c41%26ATP=scopussearch%26eid=2-s2.0-85076669545%26origin=SingleRecordEmailAlert%26dgcid=raven_sc_search_ru_ru_email/1/0100016f8871888c-a6f4273f-72f1-47cc-952b-96037c24f71d-000000/qY9Xa5q14On2pNqp8y635vHEwhg=144
https://doi.org/10.4028/www.scientific.net/KEM.864.115
https://doi.org/10.4028/www.scientific.net/KEM.864.115
https://iopscience.iop.org/article/10.1088/1757-899X/907/1/012036/pdf
https://iopscience.iop.org/article/10.1088/1757-899X/907/1/012036/pdf

4. Lipatov Y. V., Gutnikov S. I., Manylov M. S.,
Zhukovskaya E. S., Lazoryak B. I. High alkali-
resistant basalt fiber for reinforcing concrete //
Materials & Design. — 2015. — V. 73. — P. 60-66

5. Jun Z. Application and research status of
concrete canvas and its application prospect in
emergency engineering. /Wei X., Xingzhong
W., Lihai S., Jiang W. //Journal of Engineered
Fibers and Fabrics. 2020. /5 p.

6. Xu J., Design of functional cotton fabric via
modified carbon nanotubes. /Zhang J.Y., Xu
J., Zhang Z., Zhang H. //Pigment and Resin
Technology. 2020. Vol. 49 (1). pp. 71-78.

7. Xu J. Synthesis and properties of cotton fabric
functionalized by dimethyl phosphite and
perfluorohexyl group grafted graphene oxide.
/Zhang J., Xu J., Zhang Z., Zhang H. //Pigment
and Resin Technology. 2020. Vol. 48 (6). pp.
515-522.

8. Shi F. Study on UV-protection and hydrophobic
properties of cotton fabric functionalized by
graphene oxide and silane coupling agent. /Xu
J., Zhang Z. //Pigment and Resin Technology.
2019. Vol. 48 (3). pp. 237-242.

9. Choi K. Fire protection behavior of layer-by-
layer assembled starch-clay multilayers on
cotton fabric. /Seo S., Kwon H., Kim D., Park
Y.T. /[Journal of Materials Science. 2018. Vol.
53 (16). pp. 11433-11443.

10. Dolez P.1. A quantitative method to compare the
effect of thermal aging on the mechanical
performance of fire protective fabrics. /Tomer
N.S., Malajati Y. //Journal of Applied Polymer
Science. 2019. Vol. 136 (6). 47045. 7 p.

11. Zhou S. Flame Retardancy and Mechanism of
Cotton Fabric Finished by Phosphorus
Containing SiO, Hybrid Sol. /Huangfu W., You
F., Li D., Fan D. //9th International Conference
on Fire Science and Fire Protection
Engineering. 2019. 9055847. 7 p.

12. Kundu C.K. Sol-gel coatings from DOPO-
alkoxysilanes: Efficacy in fire protection of
polyamide 66 textiles. /Song L., Hu Y.
//[European Polymer Journal. 2020. Vol. 125.
109483.

13. Malucelli G. Sol-Gel and layer-by-layer
coatings for flame-retardant cotton fabrics:
Recent advances. //Coatings. 2020. Vol. 10 (4).
pp. 333.

14. Vachnina T.N. Improvement of fire protection
of wood board and textile materials for premises
with a massive stay of people. /Susoeva
I.V., Titunin A.A. //IOP Conference Series:
Materials Science and Engineering. 2020. Vol.
962 (2). 022008.

92

15. Dietzel Y. Development of a environmentally
friendly, halogen-free flame-retardant coating on
the basis of high-performance submicron metal
hydroxides. //Gummi, Fasern, Kunststoffe. 2015.
Vol. 68 (7). pp. 490-496.

REFERENCES

1. Wang Y. Effect of polydimethylsiloxane viscos-
ity on silica fume-based geopolymer hybrid
coating for flame-retarding plywood. /Zhao J.,
Chen J. //Construction and Building Materials.
2020. Vol. 239. 117814. 7 p.

2. Gots V.1, Lastivka O.V., Berdnyk O.Yu., Tomin
0.0., Shilyuk P.S. Corrosion resistance of poly-
ester powder coatings using fillers of various
chemical nature. — Key Engineering Materials.—
Vol.864.115-121 (Scopus)

https://doi.org/10.4028/www.scien-
tific.net/KEM.864.115

https://www.scintific.net/KEM.864.115

3. Berdnyk O Yu, Lastivka O V, Maystrenko A A,
Amelina N O. Processes of structure formation
and neoformation of basalt fiber in an alkaline
environment. — I0P Conf. Series: Materials Sci-
ence and Engineering. — Innovative Technology
in Architecture and Design (ITAD 020). — Vol.
907. - 012036. (Scopus) https://iop-
science.iop.org/article/10.1088/1757-
899X/907/1/012036/pdf

4. Lipatov Y. V., Gutnikov S. I., Manylov M. S.,
Zhukovskaya E. S., Lazoryak B. I. High alkali-
resistant basalt fiber for reinforcing concrete //
Materials & Design. — 2015. - V. 73. — P. 60-66

5. Jun Z. Application and research status of
concrete canvas and its application prospect in
emergency engineering. /Wei X., Xingzhong
W., Lihai S., Jiang W. //Journal of Engineered
Fibers and Fabrics. 2020. 15 p.

6. Xu J., Design of functional cotton fabric via
modified carbon nanotubes. /Zhang J.Y., Xu
J., Zhang Z., Zhang H. //Pigment and Resin
Technology. 2020. Vol. 49 (1). pp. 71-78.

7. Xu J. Synthesis and properties of cotton fabric
functionalized by dimethyl phosphite and
perfluorohexyl group grafted graphene oxide.
/Zhang J., Xu J., Zhang Z., Zhang H. //Pigment
and Resin Technology. 2020. Vol. 48 (6). pp.
515-522.

8. Shi F. Study on UV-protection and hydrophobic
properties of cotton fabric functionalized by
graphene oxide and silane coupling agent. /Xu
J., Zhang Z. //Pigment and Resin Technology.
2019. Vol. 48 (3). pp. 237-242.



https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220069290&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096748259&origin=resultslist&sort=plf-f&src=s&sid=6f24540abed1284078cc60717e5d6706&sot=b&sdt=b&sl=48&s=TITLE-ABS-KEY%28protection+of+a+canvas+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096748259&origin=resultslist&sort=plf-f&src=s&sid=6f24540abed1284078cc60717e5d6706&sot=b&sdt=b&sl=48&s=TITLE-ABS-KEY%28protection+of+a+canvas+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096748259&origin=resultslist&sort=plf-f&src=s&sid=6f24540abed1284078cc60717e5d6706&sot=b&sdt=b&sl=48&s=TITLE-ABS-KEY%28protection+of+a+canvas+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220072786&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220077987&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220077987&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220073648&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220073379&zone=
https://www.scopus.com/sourceid/17500155115?origin=resultslist
https://www.scopus.com/sourceid/17500155115?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075432298&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075432298&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210954629&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210960228&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210960228&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208574125&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=52165062200&zone=
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072031013&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072031013&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072031013&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210954629&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210960228&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208574125&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=52165062200&zone=
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208586219&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208574125&zone=
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=35490317500&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047209846&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=57&citeCnt=19&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047209846&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=57&citeCnt=19&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047209846&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=57&citeCnt=19&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57188802364&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57202118207&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56109739900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57138949200&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57138949200&zone=
https://www.scopus.com/sourceid/21162?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6602527331&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506491137&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506491137&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36717974600&zone=
https://www.scopus.com/sourceid/13554?origin=resultslist
https://www.scopus.com/sourceid/13554?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57216461129&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083566153&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=27&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083566153&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=27&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083566153&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=27&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57201547615&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57200281086&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57200281086&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57197285870&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57201548932&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57192431110&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077950802&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=14&citeCnt=5&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077950802&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=14&citeCnt=5&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077950802&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=14&citeCnt=5&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55628586522&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57204056414&zone=
https://www.scopus.com/sourceid/25854?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003996171&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083831794&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=13&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083831794&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=13&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083831794&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=13&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/21100872725?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57215570084&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097111267&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097111267&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097111267&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16242836100&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16242836100&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57189524288&zone=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6508345987&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/18082?origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://cwhib9vv.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.scopus.com%2Falert%2Fresults%2Frecord.uri%3FdiscoveryEventID=8646e067-b305-4ecb-81c8-72ab74061c41%26ATP=scopussearch%26eid=2-s2.0-85076669545%26origin=SingleRecordEmailAlert%26dgcid=raven_sc_search_ru_ru_email/1/0100016f8871888c-a6f4273f-72f1-47cc-952b-96037c24f71d-000000/qY9Xa5q14On2pNqp8y635vHEwhg=144
https://cwhib9vv.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.scopus.com%2Falert%2Fresults%2Frecord.uri%3FdiscoveryEventID=8646e067-b305-4ecb-81c8-72ab74061c41%26ATP=scopussearch%26eid=2-s2.0-85076669545%26origin=SingleRecordEmailAlert%26dgcid=raven_sc_search_ru_ru_email/1/0100016f8871888c-a6f4273f-72f1-47cc-952b-96037c24f71d-000000/qY9Xa5q14On2pNqp8y635vHEwhg=144
https://cwhib9vv.r.us-east-1.awstrack.me/L0/https:%2F%2Fwww.scopus.com%2Falert%2Fresults%2Frecord.uri%3FdiscoveryEventID=8646e067-b305-4ecb-81c8-72ab74061c41%26ATP=scopussearch%26eid=2-s2.0-85076669545%26origin=SingleRecordEmailAlert%26dgcid=raven_sc_search_ru_ru_email/1/0100016f8871888c-a6f4273f-72f1-47cc-952b-96037c24f71d-000000/qY9Xa5q14On2pNqp8y635vHEwhg=144
https://doi.org/10.4028/www.scientific.net/KEM.864.115 
https://doi.org/10.4028/www.scientific.net/KEM.864.115 
https://www.scintific.net/KEM.864.115
https://iopscience.iop.org/article/10.1088/1757-899X/907/1/012036/pdf
https://iopscience.iop.org/article/10.1088/1757-899X/907/1/012036/pdf
https://iopscience.iop.org/article/10.1088/1757-899X/907/1/012036/pdf
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220069290&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096748259&origin=resultslist&sort=plf-f&src=s&sid=6f24540abed1284078cc60717e5d6706&sot=b&sdt=b&sl=48&s=TITLE-ABS-KEY%28protection+of+a+canvas+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096748259&origin=resultslist&sort=plf-f&src=s&sid=6f24540abed1284078cc60717e5d6706&sot=b&sdt=b&sl=48&s=TITLE-ABS-KEY%28protection+of+a+canvas+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096748259&origin=resultslist&sort=plf-f&src=s&sid=6f24540abed1284078cc60717e5d6706&sot=b&sdt=b&sl=48&s=TITLE-ABS-KEY%28protection+of+a+canvas+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220072786&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220077987&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220077987&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220073648&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57220073379&zone=
https://www.scopus.com/sourceid/17500155115?origin=resultslist
https://www.scopus.com/sourceid/17500155115?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075432298&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075432298&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210954629&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210960228&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210960228&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208574125&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=52165062200&zone=
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072031013&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072031013&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072031013&origin=resultslist&sort=plf-f&src=s&sid=ec08665658e49131207bb2ec371e088a&sot=b&sdt=b&sl=45&s=TITLE-ABS-KEY%28protection+of+tents+from+water%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210954629&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57210960228&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208574125&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=52165062200&zone=
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/sourceid/13251?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208586219&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57196734060&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57208574125&zone=
https://www.scopus.com/sourceid/13251?origin=resultslist

9. Choi K. Fire protection behavior of layer-by-
layer assembled starch-clay multilayers on
cotton fabric. /Seo S., Kwon H., Kim D., Park
Y.T. /[Journal of Materials Science. 2018. Vol.
53 (16). pp. 11433-11443.

10. Dolez P.1. A quantitative method to compare the
effect of thermal aging on the mechanical
performance of fire protective fabrics. /Tomer
N.S., Malajati Y. //Journal of Applied Polymer
Science. 2019. Vol. 136 (6). 47045. 7 p.

11. Zhou S. Flame Retardancy and Mechanism of
Cotton Fabric Finished by Phosphorus
Containing SiO, Hybrid Sol. /Huangfu W., You
F., Li D., Fan D. //9th International Conference
on Fire Science and Fire Protection
Engineering. 2019. 9055847. 7 p.

12. Kundu C.K. Sol-gel coatings from DOPO-
alkoxysilanes: Efficacy in fire protection of
polyamide 66 textiles. /Song L., Hu Y.
//[European Polymer Journal. 2020. Vol. 125.
109483.

13. Malucelli G. Sol-Gel and layer-by-layer
coatings for flame-retardant cotton fabrics:
Recent advances. //Coatings. 2020. Vol. 10 (4).
pp. 333.

14. Vachnina T.N. Improvement of fire protection
of wood board and textile materials for premises
with a massive stay of people. /Susoeva
I.V., Titunin A.A. //IOP Conference Series:
Materials Science and Engineering. 2020. Vol.
962 (2). 022008.

15. Dietzel Y. Development of a environmentally
friendly, halogen-free flame-retardant coating on
the basis of high-performance submicron metal
hydroxides. //Gummi, Fasern, Kunststoffe. 2015.
Vol. 68 (7). pp. 490-496.

Cmamms naditiuina 0o pedakuii 12.11.2022 p.

93

EFFECT OF COOLING RATE OF
BASALT MELTS ON STRENGTH OF
CONTINUOUS FIBER IN THE
DRAWING PROCESS

Oksana BERDNYK,
Alla MAYSTRENKO,
Nataliya AMELINA

Summary. The questions of optimizing the op-
eration parameters of basalt fiber drawing with the
view to raising fiber strength are considered. To find
out the interdependency between mechanical prop-
erties of fibers and thermal characteristics of basalt
melt in the drawing process both mathematical
modeling and experimental investigations have
been undertaken in this study. The accurate numer-
ical model, which describe adequately heat transfer
in the drawing process of glass fiber has been used
to determine the cooling rate of a melt jet in the vit-
rification stage. The fiber strength is found to be
proportional to the melt cooling rate which is spec-
ified completely by the initial conditions of draw-
ing. The results provide the theoretical basis of
cnoosing and regulating technological parameters in
the production of basalt and glass fibers. Fiber
materials of various purpose, obtained from basalt
continuous fibers, have high physicochemical
characteristics, which are inferior only to expensive
composites based on carbon and carbidities. Basalt
continuous fibers are characterized by increased
strength and elastic module. By strength properties,
continuous basalt fibers are compared to glass
fibers, and by module

The elasticity exceeds them. The ability to
control the properties of fibers in the production of
basalt fibers is an important stage in the way of
improving and optimizing the technology of their
production. Obtaining basalt fibers with high
strength and elasticity = module requires
understanding of the basic factors that affect these
parameters. First of all, the chemical and
mineralogical composition of the raw material.

Keywords. Basalt melt; cooling rate; continuous
fiber; strength; molding parameters.


https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=35490317500&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047209846&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=57&citeCnt=19&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047209846&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=57&citeCnt=19&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047209846&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=57&citeCnt=19&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57188802364&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57202118207&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56109739900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57138949200&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57138949200&zone=
https://www.scopus.com/sourceid/21162?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6602527331&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506491137&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506491137&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=36717974600&zone=
https://www.scopus.com/sourceid/13554?origin=resultslist
https://www.scopus.com/sourceid/13554?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57216461129&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083566153&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=27&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083566153&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=27&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083566153&origin=resultslist&sort=plf-f&src=s&nlo=&nlr=&nls=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=27&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57201547615&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57200281086&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57200281086&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57197285870&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57201548932&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57192431110&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077950802&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=14&citeCnt=5&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077950802&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=14&citeCnt=5&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85077950802&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=14&citeCnt=5&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55628586522&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57204056414&zone=
https://www.scopus.com/sourceid/25854?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003996171&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083831794&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=13&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083831794&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=13&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85083831794&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=13&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/21100872725?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57215570084&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097111267&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097111267&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85097111267&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=e7facd7ca6192248ac5e216cec2a66e2&sot=b&sdt=b&sl=41&s=TITLE-ABS-KEY%28fire+protection+of+fabrics%29&relpos=7&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16242836100&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=16242836100&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57189524288&zone=
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/sourceid/19700200831?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6508345987&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/18082?origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948736126&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=a51f4b60f6dd70bceaaa35842fc9e3c6&sot=b&sdt=b&sl=40&s=TITLE-ABS-KEY%28tarpaulin+fire+protection%29&relpos=0&citeCnt=0&searchTerm=

