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AnHoTaumsi: Ha cerogHsAIIHWI J€Hb aKTyaJbHBIM BOIIPOCOM OCTa€TCs IOJy4YECHHUE
BBICOKOIIPOYHBIX TEPMOCTOMKHUX MHHEPATHHOBOJOKHUCTBIX KOMIIO3UTOB C HCIIOJIb30BAHUEM
PAaCTUTENIBHBIX BOJIOKOH. VCIIONB30BaHME BOJIOKHUCTBIX CBA3YIOLIMX Pa3JIMYHBIX BHUJIOB
YCIIOXKHSIET MEXaHH3M CBA3€00pa3oBaHMsl M TPeOyeT CHEIUATbHOTO H3YyUEHHUS, PE3YJIbTAThI
KOTOPOTO JOJKHBI JIEYb B OCHOBY TEXHOJOTHMH KOMITIO3UTOB MOBBIIIEHHON MPOYHOCTH HA OCHOBE
MUHEPAIbHBIX BOJIOKOH.
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Abstract: Today, the production of high-strength, heat-resistant mineral fiber composites
using plant fibers remains a pressing issue. The use of fibrous binders of various types complicates
the mechanism of bond formation and requires special study, the results of which should form the
basis of the technology of composites of increased strength based on mineral fibers.
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Annotatsiya: Bugungi kunda o‘simlik tolalaridan foydalanib, mustahkamligi yuqori
bo‘lgan issiqlikka chidamli mineral tolali kompozitlarni olish dolzarb masala bo‘lib qolmoqda.
Har xil turdagi tolali bog‘lovchilardan foydalanish bog‘lanishning hosil bo‘lish mexanizmini
murakkablashtiradi va maxsus o‘rganishni talab giladi, uning natijalari mineral tolalar asosida
yuqgori mustahkamlikdagi kompozitlar texnologiyasi uchun asos bo‘lishi kerak.

Tayanch iboralar: kompozit, issiqlikka chidamli, chidamli, spektr, paxta tolasi, bog

‘lovchi moddalar, texnologiya, mineral tolalar.

BBEJIEHUE

B ciyuae momyyeHnss MUHEPaIbHO-BOJIOKHUCTHIX KOMIIO3UTOB MOBBIIIEHHON MPOYHOCTH
1esecoo0pa3Ho  MCIONB30BAHUE PACTHUTENFHBIX BOJIOKOH pasziIMYHOrO Buaa. [lpm 3TOM
TEPMOCTOMKOCTh TMOJYYEHHBIX MaTe€pHajoB CHUXKAETCS, HO B psle ciaydaeB TpeOyroTcs
KOMIIO3UTHI, oOyajaromue Ooee BBICOKOM MPOYHOCTHIO M MEHBIIEH TEPMOCTOWKOCTHIO.
Hcnonb3oBaHue sl 3TOM LIEJIN PACTUTENIBHBIX BOJIOKOH 11€7€c000pa3Ho, TaK Kak 3TOT MpoLecc
MOXXHO OCYILIECTBHTh B paMKaX MOCTOMKHX €IMHOTO TEXHOJOTMYECKOro IMKJIA, CO3]aB
KOMIIO3MIIMIO BOJIOKOH M OCYIIECTBUB MX (OpMOBaHHME Ha OymarojenaTesIbHON MaiinHe 0e3
JIOTIOJIHUTENBHBIX nepesienioB. CyliecTBEeHHOE 3HAUYCHHE UMEeT YKOHOMMYECKasl COCTABIIAIONIAs,
MIOCKOJIBKY PacTUTENIbHBIE BOJIOKHA 3aBEIOMO JICLIeBIIE KaK MMUHEPAJIbHbIX, TaK U MOJIUMEPHBIX
cBs3yrommx [1].

IlpeacraBisier wuHTepec Uil LeJded  YNpOUYeHHs  HUCIOJIb30BaThb  MOJMMEPHbIE
TEPMOIIJIACTUYHBIE BOJOKHA, CHOCOOHBIE K OOpa30BaHMIO JIOTIOJIHUTEIBHBIX MEXBOJOKOHHBIX

CBA3EH B KOMIIO3UTAX.

METOJ0JIOTUA
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Hcnonb3oBaHue BOJOKHHCTBIX CBSI3YIONIMX Pa3H4YHBIX BHUJOB YCIOKHSET MEXaHU3M
CBs3e00pa3oBaHus U TpeOyeT CHEIHATIbHOTO H3y4YeHHsI, Pe3ybTaThl KOTOPOTO JOJDKHBI Jieub B
OCHOBY TE€XHOJIOTUU KOMITO3UTOB MOBBIILIEHHON TPOYHOCTH Ha OCHOBE MUHEPAJIbHBIX BOJIOKOH.

B kauecTBe OCHOBHOTO METONIa WCCIENOBaHUsA ObUTa TpemiokeHa WHGpakpacHas
CHEKTPOCKONMS C pAa3loXEHHEM CIEeKTPOB Ha TayCCOBBl KOHTYPbl M  OMpeesieHUEM
IHEPreTHYECKUX XapaKTEPUCTHK CBSI3€00pa30BAHMS.

N3mepeHne CHeKTpoB MPOIMYCKAaHUS MHUHEPATBHBIX BOJIOKOH, a TaKKe€ MHHEPATbHBIX
BOJIOKOH C J00aBKO# Cyib(aTa allOMHHUS M XJIOMKOBOTO BOJIOKHA, Pa3MOJIOTOTO B MEIbHUIIE
I[IPA mo 70° LLIP, mpousBoamiock ¢ nmomoimipio MK-ciekrpomerpa Specord B auamna3oHe 4acTOT
2700...3800 cM!, xapakTepHBIX IS KONeOaTeNbHbIX YACTOT MHAPOKCHIBLHBIX TPYII, OXBAYEHHBIX
BOJIOPOIAHON CBSI3pIO. AHaNMM3 (POPMBI TOJOCH TOTJONMIEHUS THUIPOKCUIBHBIMU TpYyHNIaMu
MCITIOJIB30BAJIH JIJISl OIIEHKU XapaKTEPHBIX JJIMH BOJOPOJIHON CBSI3U B MUHEPAIbHBIX BOJOKHAX. B
OCHOBY aHaJIM3a MOJIOKEHO MCIOJIb30BAHHOE paHee [2-3] COOTHOIIEHHWE IJIMHBI BOAOPOIHOMN
CBSI3H d C YAaCTOTOM MOTJTIONIECHUS V THAPOKCUIBLHOU IPYIION, OXBaYeHHON BOJOPOIHOMN CBSA3BIO.
B nacrosimieit paboTe 3TOT MOAXO UCTIONB3YETCs 71l UCCIISOBAHUS BIMSIHUS BOJIOPOTHOM CBSI3H
Ha  (OpPMUPOBAHHE  MHUKPO-KOMIIO3UTOB HAa  OCHOBE  MHUHEpPAIbHBIX  BOJOKOH U

TUAPOKCHUIICOACPIKAIIUX KOMIIOHCHTOB.

PE3VJIbTATBI

@®opMa TUAPOKCWIBHOM  MOJOCHI  MOTJIOIIEHUS  aHAIU3UPYETCS C  MOMOIIbIO
SMITUPUIECKOTO COOTHOIICHHSI YaCTOTHl KOJIEOAHW MPOTOHA V B THAPOKCHIBHOW TpyIIe U
paccrostaus d (A) 10 Gramkaiiniero atoMa KMCI0poa:

v=A - Bexp (-d/C), (1)

rae A, B u C — ancnennsie K03 OUIMEHTHI, ONIpeeIsieMble Ha OCHOBAaHUH

aHaNM3a TUTePaTypHBIX JaHHBIX: A = 3590 cm™';

B=3,041011cm'; C=0,13 A.

Ha puc. 1 npuBenenst dparmentsl UK-ciekTpoB mpomyckaHusi Jyisi CTEKJIOBOJIOKHA B
obmact 2800...3600 cm! ¢ XapakTepHBIMH TOJOCAMM TMOTJIOMIEHHS ; CTEKIOBOJOKHA CO
CBA3YIOLIMM Ha OCHOBE Cylb(aTa aqlOMUHHS; XJOMNKOBOTO BOJOKHA; KOMIIO3UTa Ha OCHOBE
ctekioBosiokHa ¢ BBeaeHueM 30 % cynbdarta amromunus u 10 % XJI0MKOBOTO BOJOKHA.

Bunno, uto BBemenme 30 % AlO3 B CTEKIOBOJOKHO MHAYLUPYET LIUPOKYIO

ACHMMCTPHYHYI) TIOJOCY TIOTJIOLICHHA. B nemsx awnamusa fl')OpMBI MOJIOCEI TIOTTOIICHHA
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NPOM3BOMIIA €€ PA3JI0KEHHWE HAa raycCoBbl KOHTYPBI, IPUMEP KOTOPOro [Uisl [BYX KOHTYPOB
npenctaBieH Ha puc. 2. Takoe pasnokeHue BIOJHE YAOBIETBOPUTEIHHO OMHCHIBAET
HKCIEPUMEHTAIIBHYIO TI0JIOCY MOTJIOIMIEHH Uil 0a3aIbTOBOTO BOJOKHA. KOHTYp ¢ MakcCUMymMoM
Ha yactoTe 2950 cM-1 cooTBeTcTBYET Oosiee CHIBHOW (MEHBIIEEe pacCTOSHUE 10 ONMKaliero
atoma kucnopozaa d = 2,65 A), KOHTYp ¢ MakcUMyMoM Ha dacToTe 3320 cm™' — Gosee crnaboii (d =
2,77 A) BonopoaHo# cBsi3u. TOUHOCTB pa3ioKEHUs 110 IUIOLIAIM KOHTYpa cOCTaBIsieT okoio 1 %.
B nccnenoBanHoii 061acTy yacTOT HabM01aMach 3aBUCUMOCTD (POPMBI TOJIOCHI MOTJIOMIEHUS OT
COCTaBa MHHEPAJIbHBIX BOJIOKOH U TMPOLEHTHOTO cojaepxkaHus BBeAeHHOTo Al,O3, uyTO
MHTEPIIPETUPYETCS KaK N3MEHEHUE CUJIbI BOJOPOAHOM CBS3U. [[J1s1 OLIEHKM BEJIMYMH CUJI CUIIBHOM
u cnaboii BOJOPOMHBIX CBSI3€H OIpPEAENICHbl COOTHOIIEHHUS IUIOMAeH COOTBETCTBYIOIINUX
rayccoBbIX KOHTYPOB. 3aBHCHMOCTb CHJIbI BOJOPOJIHOM CBSI3U OT IPOLIEHTHOTO COJAEP KAHUSA
Al>;03 B MUHEpaIbHBIX BOJIOKHAX WLTIOCTPUPYETCS AMArpaMMoit (puc. 3), U3 KOTOpOW BUAHO, YTO
Haubosiee CuiIbHas BOJAOPOAHAS CBS3b MPOSIBIIAETCS B KaonuHuTe, conepkaiieM 80 % Al»Os.

Takum oOpa3om, anamu3 ¢parmeHToB MK-ciekTpoB TOKa3bIBae€T, YTO BBEICHUE
HOJIUTUIPOKCOKOMIUIEKCOB AJIFOMUHUSI OpraHU3yeT MEXBOJOKOHHOE CBS3€00pa3oBaHUE MEXIY
MUHEPaJIbHBIMU BOJIOKHAMH, KOTOPOE MOKHO KBAJIU(UIIMPOBATH KaK BOJOPOIHYIO CBSI3b.

C ucnonp30BaHUEM BBIIIEU3IOKEHHBIX METOJIOB M3MEPEHUS CIIEKTPOB MPOIYCKaHUS U
aHaM3a (POpM MOJIOCHI NOTJIOMIEHNS THIPOKCUIBHBIMY IPYIIIAMH, B OCHOBY KOTOPOT'O ITOJIOKEHO
COOTHOIIIEHHE JITMHBI BOJIOPOIHOM CBSI3U d C YaCTOTOM MOTJIOIIEHHS] V TUAPOKCUIIBHOM TPYyNION,
OXBaUY€HHON BOJIOPOJHONM CBsI3bIO, HCCIENOBaHbI O00pPa3lbl CTEKJIOBOJIOKHA C J00aBKON
XJIONTKOBOH 1IEJUTIONI03bI, pazmosiotoi 1o 70° IIIP B menbaume [IPA B mpucyrctBun 30 % cynbdara
aTrOMUHUSA (CM. puc. 1).

[Tpu ananuze pparmenta UK-criekTpa XJI0MKOBOH IEIUTION036I OOHAPY>KUBAIOTCS TTOJIOCHI
TOIJIoNIeHus, Haubonee BbIpaxkeHHbIe mpu yactorax 3100 u 3280 cM™' u xapakrepHbie s
THJIPOKCHIIBHBIX TPYIII, CBSI3aHHBIX CUIIBHON BOJAOPOIHOM CBS3bI0. 3/1eCh K€ pUBEIeH (hparMeHT
HK-criextpa cTekinoBosokHa ¢ 1ob6aBkoit 30 % cynbdara amromunus u 10 % XI0MKOBOTO BOJIOKHA,
Ha KOTOPOM BH/IHO CMEIIEHHE B BEICOKOYACTOTHYIO 061acTh (3300...3500 cm™), uto xapakTepHO
JUIsl c1a0bIX BOJOPOIHBIX CBSI3€H, a TaK)Ke MEHee BhIpakeHHbIe mojiockl 3100 u 3250 em™t s

XJIOIIKOBOI'O BOJIOKHA.
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Puc.1. ®parments UK-criekTpoB 00pa3iioB B 0671aCcTH KOJIeOaTEBHBIX YACTOT THIPOKCH/T
HMOHOB: / — CTEKJIOBOJIOKHO; 2 — cTeKI0BOIOKHO + 30 % Alx(SO4)3; 3 — cTeximoBosiokHo + 10 %

xyonka + 30 % Alx(SO4)3; 4 — XJI0MOK.
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Puc.2. Pa3noxxeHue noiocsl NoriouieHus 06a3aabToBOro BOJOKHA HAa TaAyCCOBBI KOHTYpPBI: [/ —

0JIOCA TOTJIONIEHUsT; 2 — raycCOB KOHTYp cuibHOM H-cBsizu; 3 —cnaboit H-cBsi3u

Pa3znoxeHue Ha rayccoBbl KOHTYpbl (puc. 4) MOATBEPAWIO PaCHpElEICHHE CBA3EH,
XapaKTepHOE JJIsi CMECH BOJIOKOH, HO IIPU 3TOM 00pa30BaHUE HOBBIX ITMKOB HE OOHAPYKEHO, YTO
03HA4YaeT OTCYTCTBHUE KAKOT0-ITM00 XMMHUYECKOI0 B3aUMOAECHCTBUS COCTABIISIFOIMX KOMIIO3UTOB.

OnHaKo Npy CpaBHEHUU MHTEHCHUBHOCTH CBA3€00pa30BaHuUs B KOMIIO3UTAX CO CBSA3YIOLUM

Ha OCHOBE cynbcba'ra AJIFOMHHHS H pa3sMOJIOTOro XJIONMKOBOTO BOJOKHA 3aMEYCHO 3HAYHTEIIbHOEC
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YBEJIMYEHHE [10JIM CUIIBHBIX BOJIOPOHBIX CBSI3€i 32 CUET CBSI3ei B XJIONKOBBIX BOJOKHAX (UK ITPH
2900 cm!, cooTBeTCTBYIOIMiI CHIBHOH BOJOPOMHOH cBs3M). CBsA3M, 0Opa3oBaHHBIE MyTEM
B3aUMOJICCTBUSI MUHEPAIBbHBIX BOJIOKOH C TMOJUTHAPOKCOKOMIUIEKCAMH AFOMHHMS, MEHee
SHEPTHYHBI, TaK KaK UX JJIMHA BhIIIE. XOPOIIO Pa3MOJIOTHIE XJIOMKOBBIE BOJOKHA, €CTECTBEHHO,
Oosnee CWIBHBIM aKTUBATOpP KaK TOMOTEHHBIX (MEXIy OJHOPOJHBIMH BOJIOKHAMH), TaK U

TETEPOreHHBIX (MEX/1y XJIONKOBBIMU U MUHEPAJIbHBIMU BOJIOKHAMM) CBA3EH [4].

OBCYXIEHUE

Cnenyer OTMETUTH, UYTO B OyMaromoJ00HBIX KOMIIO3UTaX HAa OCHOBE MUHEPAJIbHBIX
BOJIOKOH B TIPUCYTCTBUU CBSA3YIOIIUX, KaK U B OyMaXkKHBIX MaTepHajiax Ha OCHOBE PaCTUTEIbHBIX
BOJIOKOH, 10 KpaiHEel Mepe, CYIIECTBYIOT CIEAYIOIINE BUABI CBS3€i: 00YCIOBICHHbBIE CHUIIAMU
TPEHUSI W 3aBUCSIIME TJIABHBIM O00pa3oM OT XapakTepa MOBEPXHOCTH BOJIOKOH M TIOTHOCTH
CTPYKTYPBI; MEXMOJEKYISIPHOIO B3aUMOJEUCTBHS, WM cuibl Ban-nep-Baanbca; BomopoaHas

CBsI3b KaK YaCTHBIN CIIy4ail KOOPAUHALMOHHOM.
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Puc. 3. BiusiHue konuuecTBa CBS3YIOLIUX HA CUIIBI BOJOPOIHOM CBsI3U B 00pa3ax:
1 — CTEKIIOBOJIOKHO, 2 — KAQOJIMHUT, 3 — 0a3allbT.
CyuiecTBeHHasi pa3HHIIA B CBSI3IX MUHEPAIBbHBIX U PACTUTEIIbHBIX BOJOKOH 3aKIH0YAETCs
B ciienytonieM. B Oymare u kapToHe U3 pacTUTEIBHBIX BOJIOKOH CHJIBI TpeHUs U BaH-nep-Baansca
BHOCSIT HE3HAYUTEIbHBIN BKJIAJl B IPOYHOCTH MO cpaBHEHMIO ¢ BogopoausiMu. C.H. VBaHoB [5]
CIIpaBEUTMBO OTMEYAET, YTO YE€M MEHbIIIE NMPOYHOCTh OyMaru (Hampumep, U3 HEPa3MOJIOTHIX U
c1ab0 pa3MoOJIOTHIX BOJOKOH), TeM OOJIbIasi 4acTh OOIICH MPOYHOCTH BO3HHMKAET 3a CUET CHII

Tpenus u Bau-gep-Baansca. B cnyyae matepuanoB U3 MUHEPAJIbHBIX BOJOKOH POJib CHJI TPEHUS
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u Ban-nep-Baanbca moxer ObITh elle Oonbllle M Ja)ke MPEeBbIIIATh TAKOBYIO UISl BOJOPOAHON
cBsa3u. Korma B CTpyKType KOMMO3MTa Ha OCHOBE MMHEPAJIBbHBIX BOJIOKOH TPUCYTCTBYIOT
pacTHTENbHBIE BOJIOKHA, OTMEUEHO TMpeolianaHue OoJee MPOYHBIX BOIAOPOTHBIX CBS3CH,

YBCINYHUBAOMINUX MIPOYHOCTHBIC XapPaKTCPUCTUKU MaTCpHraia B HEJIOM.
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Puc. 4. Paznoxenue nonocs! nornomienus (/) crexnoBonokHa + 10 % xmnonka + 30 % Alx(SO4)3
(pH 7,68) Ha rayccoBbl KOHTYPBI: 2 — MAaKCHMyM TIOrIomenus npu v = 2775 em™ (2 %); 3 — 2990
(17 %); 4 —3042 cm™! (6 %); 5 — 3125 em™ (5 %);

6 —3300 cm! (62 %); 7 —3525 em! (8 %)

OTcyTCTBHE XMMHUYECKOIO B3aUMOEHCTBUS U OYEBUHAS HEBO3ZMOXKHOCTh 00pa30BaHUS
BOJIOPOAHBIX CBSA3€M HEMOCPENCTBEHHO MEXIYy MUHEPAJIbHBIMU U PACTUTEIBHBIMM BOJIOKHAMU
npeanosaraeT [6] HajiuyMe CaMOCTOSITENBHBIX CTPYKTYp MHMHEPAJIbHBIX BOJIOKOH, CBSI3aHHBIX
MOJINTUAPOKCOKOMIUIEKCAMH, W PACTUTEIBHBIX BOJIOKOH, CBSI3aHHBIX BOJOPOJHBIMU CBS3SMH.
ITockoabKYy KOMIIO3UTHI MPOM3BOAATCA II0 TPAaJULMOHHON TEXHOJOTWH, T.€. U3 COBMECTHOU
BOJIOKHUCTOM CYCHEH3UM M IPU JOCTATOYHO HU3KUX KOHILIEHTPALMAX, YTO OOECHEeuMBaECT
PaBHOMEPHOE pACIpPECIICHHE BOJOKOH B CYCIEH3UH, CYIIECTBYET BBICOKAs BEPOSTHOCTH
B3aMMHOTO TPOHMKHOBEHHUS CaMOCTOSITEIbHBIX CETYATBIX CTPYKTYp, WX YIUIOTHEHMS U

06paSOBaHI/IH A0CTAaTOYHO MPOYHOI'0 KOMIIO3HUTA.

3AKJIIOYEHHE
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MeKBOJIOKOHHBIE CBSI3M B OymarornogoOHBIX KOMIIO3UTaX HA OCHOBE MHHEPAIbHbBIX
BOJIOKOH B TPUCYTCTBUHM XJIOMKOBBIX BOJIOKOH HMHTEHCU(MUIUPYIOTCS Onarogaps JIydlIdM
OymarooOpa3syromuM CcBoiicTBaM. MUHEpalbHbIE U PACTUTENbHBIE BOJOKHA HE O00pas3yloT
HEINOCPE/JICTBEHHO MEXIy cOo0OoH cBsizell (PU3MKO-XMMHUYECKOro XapakTepa. YMpoueHue
KOMIIO3UTOB Ha OCHOBE MHHEPAJIbHBIX BOJIOKOH CBSI3aHO C 00pa30BaHHEM B3aUMHOIPOHUKAIOIINX
CEeTYaThIX CTPYKTYP MUHEPATIBHBIX H PACTUTEILHBIX BOJIOKOH.
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