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AHHOI’I’ZCZI/;M}L I[JI?I YTWIM3allUu yBCIIMYUBAIOMIHUXCA 00BEMOB OTXOA0B KOMITO3HIIMOHHBIX
MarepuajioB, B YAaCTHOCTHU YIJICTIJIACTHKOB, HeO6XOI[I/IMO pa3BUTHUC TEXHOJIOTUM M3BIICUCHUS H
HCIOJIb30BAHUS BTOPHUYHOI'O YITICPOAHOI'O BOJIOKHA. HpI/I 9TOM BO3HHUKACT HAyUHass W IPHUKIIaAHAA
3aga4da HOIIO6paTI) TAaKHUC YCJIOBHUA HU3BJICUYCHUA BOJIOKHA, KOTOPBLIC IIO3BOJAT MAKCHUMAJIBHO
COXpaHUTh JKCIACMBIC 3HA4YCHUA CIo (I)I/ISI/IKO—XI/IMI/I‘-IGCKI/IX XapaKTCPUCTUK, CPaBHUMBIC C
IICPBUYHBIM BOJIOKHOM. B nannoi pa60Te MNpCACTAaBJICH aHAJIN3 (I)aKTOpOB, BIMAOIIHUX Ha CBOMCTBa
BTOPHUYHOI'O YITICPOAHOI'0 BOJIOKHA W MAaTCpUaJiOB, IIOJYYCHHBIX C €ro IMpUMCHCHHUEM, HAa BCCM
MPOTAXKCHUU €T0 JKU3HCHHOI'O IHKJIA.

Abstract. For recycling of increasing volumes of waste of composites, in particular carbon
plastics, it is necessary to develop technologies for the extraction and application of recycled carbon
fiber. At the same time there is a scientific and practical task to choose a such conditions of fiber
extraction which will allow to keep desirable values of its physical and chemical characteristics as
high as possible and comparable with primary fiber. This paper presents an analysis of the factors
affecting the properties of secondary carbon fiber and materials obtained with its use throughout its
life cycle.

Knroueswvie crosa: HOJII/IMepHLIP’I KOMITO3UITMOHHBIN Marepuajl, BTOPHUYHOC YITICPOAHOC
BOJIOKHO, YIJICTUIACTHK, YTUJIN3allUA, BIUAIOIINC q)aKTopBI, JKU3HEHHBIN ITUKII.

Keywords: polymer composite material, recycled carbon fiber, recycling, factors, life cycle.

Beseoenue
VYrirepoHoe BOJIOKHO U TOJMMEPHBIC KOMITO3UTHBIC MaTepHallbl Ha €r0 OCHOBE 3aCITy)KEHHO
CYHTAIOTCS MaTepuanaMu OyayIiero, OTKPHIBAIOIIUMH BO3MOXXHOCTH CO3JaHHS TEXHOJOTHMYHOIO
3P PEKTUBHOTO 000PYIOBaHHMS TSI MHOTUX HYX/I. YHHKAJILHOE COUETaHUE HU3KOTO BeCca U BBICOKOM
MPOYHOCTH — BOCTPEOOBaHHAsl XapaKTCPUCTHUKA JIJIsl aBUAIMOHHBIX CYIOB WU aBTOMOOWJICH,
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BETPOIHEPreTUKHU, CHOPTUBHOTO U TYPUCTHUECKOTO oOopynoBaHus. [Ipobrnema yTuian3anuu Takux
U3JIENUA MOXKET OBITh pelieHa C pa3BUTHEM MPOMBINIICHHO PEalM3yeMbIX TEXHOJOTHH 110
W3BJICYEHUIO U MIOBTOPHOMY IMTPUMEHEHHUIO YIIIEPOJHOTO BOJOKHA [1-2].

[lepcriekTBHOE HampaBieHHE YTUIU3ALUUU PACTYIIMX OOBEMOB OTXOJIOB IOJIUMEPHBIX
KOMIIO3ULIMOHHBIX MaT€pHaJIOB, B YAaCTHOCTH YMIEIUIACTUKOB, C IOJYYEHHEM BTOPUYHOIO
YIJIEPOAHOIO BOJIOKHA CBA3aHO, B IEPBYIO OYEpPEIb C pa3padOTKOM TEXHOJIOTUH OCBOOOXKICHMS
BOJIOKHA OT MOJIMMEPHON MaTpHIlbl C MAaKCUMAaJIbHbIM COXPAaHEHHEM CBOMCTB BOJIOKHA. MIMEeHHO
xopoure (pU3NKO—MEeXaHUYEeCKUEe CBOICTBA BTOPUYHOTO YITIEPOJHOTO BOJOKHA OyIyT ONpEeAemsiTh
€ro BOCTpeOOBAaHHOCTh Ha PhIHKE KOHCTPYKIIMOHHBIX MaTE€pPHUAaIIOB.

KauecTBO BTOPHMYHOrO YIVIEPOJHOTO BOJOKHA M €ro MOTPEOUTEIBCKUE CBOMCTBA
ONPENEISIOTCS, IIPEXKIE BCETO, TPEMs IPYIIIIAMHU [1apaMETPOB:

—(U3UKO—MEXaHUYECKUMHU CBOMCTBAMHU OT/IEILHOTO BOJIOKHA,

—pa3MepaMu JUCKPETHBIX BOJIOKOH U UX OPUEHTAIUEH;

—COCTOSIHMEM IIOBEPXHOCTH BOJIOKOH.

Baxneiimme (Qu3nko-MeXxaHUIECKHUE CBOWCTBA YIICPOAHBIX BOJOKOH 3TO JHUAMETpP, MOIYJIh
YIOPYrOCTH MpPH PACTSDKEHUU, paspyllalollee HaNpsyKeHUE IPU PacTSHKEHUH, OTHOCUTENbHOE
YIJIMHEHUE TpH pacTsokeHUU. OT 3TUX CBOMCTB HANPSMYIO 3aBUCAT IPOYHOCTHBIE CBOMCTBA
MIPOU3BOAMMBIX KOMIIO3UIIMOHHBIX MAaTE€pPHAJIOB.

Pa3mepnl TUCKPETHBIX BOJIOKOH M MX OPUEHTAIMs ONPEIEISIIOT B IIEPBYIO OYEpEh YI0OCTBO
paboOTBl C BTOPUYHBIM YIVIEPOAHBIM BOJIOKHOM, a TakXke OOBEMHYIO IUIOTHOCTh BOJIOKHA B
KOMIIO3UTE U €r0 aHU30TPOIHBIE CBOMCTBA, UTO KOCBEHHO TAKXKE CKA3bIBAETCS HA MEXAHUYECKHX
CBOICTBaX KOMIIO3HTA.

CocTosiHME OBEPXHOCTH BOJIOKHA, B TOM YMCJI€ HAJIMYME HA ITOBEPXHOCTH OCTATKOB CMOJIBI,
MUPOYIIIEPO/Ia, a TAKXKE PANUYHBIX (DYHKIMOHAIBHBIX TPYIII, ONMpPEeseT NaTbHEHIIYIO a/Ire3HI0
MEXIy BOJIOKHOM M CMOJIOH. B pesynprare mioxod aare3uu BO3MOXKHO «BBICKAJIb3bIBAHUE»
BOJIOKHA U3 MaTPUIIbl U Pa3pyllIeHne KOMIO3UTA MPU OTHOCUTENHLHO HEOOIBbIINX HArpy3Kax.

KauecTBO BTOPHYHOTO YIJIEPOAHOTO BOJOKHA OOYCIOBJIEHO KAaK CBOWCTBAMH NEPBUYHBIX
MaTepuasioB, UCIOJIb30BAHHBIX JJISI MPOM3BOJACTBA MOJIMMEPHBIX KOMITO3MIIMOHHBIX MaTepHaioB,
TaKk U MOCJIEAYIONIIUM UX >KU3HEHHBIM IHKJIOM. YCIOBHO Bc€ (DaKTOpHI, BIUSIONIME Ha Ka4eCTBO
BTOPUYHOTO YITIEPOAHOTO BOJIOKHA MOKHO MOJEIUTh Ha CIEAYIOIIHNE TPYIIIIbI:

—COCTaB U CBOMCTBA OTXOJI0B MOJMMEPHBIX KOMIIO3UITMOHHBIX MaTepHasoB;

—TEXHOJIOTUHU U yCIIOBUS U3BJIEUYEHUS BTOPUYHOIO YITIEPOAHOTO BOJIOKHA;

—TEXHOJIOTUHU MOJITOTOBKU U YKJIaJKH BTOPUYHOTO YITIEPOJAHOIO BOJIOKHA;

—TEXHOJIOTUM HW3TOTOBJIEHUS TMOJMMEPHBIX KOMIIO3MIIMOHHBIX MAarepuajoB Ha OCHOBE
BTOPUYHOTO YITIEPOAHOTO BOJIOKHA.

BuyTtpu kaxaoit rpymnmsl (pakTopoB B CBOIO 04YEPElb MOKHO BBIJICIUTH OTICIbHBIC BIUSIOIINE
baxTopsbI.

Bausnue cocmasa u ceoticme omxo006 noaumepHbix KOMRO3ZUYUOHHBIX MAMEPUANO8 HA YCLOBUS
U3BNeYeHUs U COUCMBA BMOPUUHO20 Y2llePOOHO20 BONOKHA
B Tabnuue mnpencraBieH aHalW3 BIUSHUS COCTaBa U CBOWCTBA OTXOAOB IOJTMMEPHBIX
KOMITO3UIIMOHHBIX MaTepHaioB Ha KAYECTBO BTOPUUYHOIO YITIEPOAHOIO BOJIOKHA.
Kaxk cnemgyer u3 Tabmuiibl yCIIOBHsI Pa3ioKEHUS MOTUMEPHBIX KOMITO3UITMOHHBIX MaTepUasioB
W3 Pa3HbIX MAPOK MEPBUYHBIX YIIEPOAHBIX BOJIOKOH M Pa3HBIX CMOJI 3HAYUTEIBHO OTJIMYAKOTCH,
OJTHAKO HA MPAKTHKE MOTOK YTHIIM3UPYEMBIX OTXOIOB Oy/IeT CMEIIaHHBIM, MOATOMY MOJOUPAIOTCS
YCPEIHEHHBIE YCIIOBUS PA3JIOKEHUs TOJUMEPHON MaTpUIIBI U BBICBOOOXKICHHS YIIIEPOAHOTO
BOJIOKHA.
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Tabmnuma.
BJIMSIHUE COCTABA U CBOVICTBA OTXOA0B INOJIMMEPHBIX KOMITO3UILIMOHHBIX
MATEPHAJIOB HA KAYECTBO BTOPMYHOI'O YI'JIEPOAHOI'O BOJIOKHA

Daxmop Peszynomamer uccredosanuil u 661600061

BeposiTHO, uTO pa3HbIe BOJOKHA UMEIOT PA3JIUYHYIO YyBCTBUTEIBHOCTh K YCIIOBUSM
MUPOJIH3a B 3aBUCUMOCTH OT UX Tumna. Hampumep, yrinepoansie Bonokna Hexcel AS4
MOKa3ajy CHIbHOE OKHCIIeHre Tipu Temmeparype 550°C B kuciopoze, Toraa Kak

CgoiicTBa yIIIepOAHbIC BOJIOKHA BBICOKOHM npoyHOcTH Toho-Tenax He OKHCISITUCH IPU
[IEPBUYHOTO temneparype 600 °C na Boznyxe. [IpobGiema B TOM, 4TO Ha MPAKTUKE MPH YTUIH3ALUH
YIJIEPOIHOTO otx0a0B [IKM 00BIYHO UMEIOT AETIO CO CMECHIO Pa3HBIX MaTEPHAIOB U BOJIOKOH,
BOJIOKHA [I03TOMY IOA00paTh UAEANBHBIE YCIOBHUS MOKET OBITH CI0XKHO. I103TOMY, YTOOBI

CTaOMIM3UPOBATH KAYECTBO MOJIy4aeMOT0 BTOPUYHOTO BOJIOKHA CIICIIUAIEHO
CMEIIUBAIOT Pa3HbIC MAPTUU OTXOJIOB [3]

Tepmuueckoe 0cBOOOXKICHUE YTIIEPOIHBIX BOJIOKOH MPOBOAST MpH TeMmepaTtype oT 450
10 700 °C B 3aBUCUMOCTH OT BH/Ia IPUMEHsAEeMOM cMOJIbL. J{J1s1 pa3zpyiieHus
CaoiicTBa NOIMI(PUPHBIX CMOJI HCIIONB3YIOTCS O0JIee HU3KUE TEMIIEPATYPHL, a IS pa3pyIIeHAs
MaTpHUIIBI STOKCHIHBIX CMOJI MM TEPMOILIACTOB, TAKUX KaK, HAIPHMED, MOIHMIPUPIGUPKETOHEI,
TpeOyroTcs OoJiee BHICOKHE TeMITEpaTypshl [3]

C ucnonp30BaHUEM MTUPOIIA3a MOKET OBITh 3aTPYTHUTEIHHO yIAIUTH CMOMY, B
Hanmume w BHAO 49acTHOCTH, MEXIY IBYMS IEPECEKAOIIMMHUCS )KT'yTaMH BOJIOKOH TIPH TUIOTHOM
TUICTEHUS IJICTCHUH [3]

[Ipu yTunmzanuu 0TX0A0B MPENPEroB BOZMOXKHO U3BJICUEHUE AJIMHHOTO BOJIOKHA WU
JlaXKe TKAHU C COXPAaHUBIIUMCS IJIETEHUEM, KOTOPYIO TEOPETHUECKU MOKHO IIOBTOPHO
HCIIOJIB30BaTh sl opmoBanus [4]. McciieqoBanus OATBEPKAAIOT TOTECPIO
poYHOCTHBIX cBOMCTB [IKM B ycnoBusIX, IMUTHPYIOLINX cTapeHue [S], HO
OTCYTCTBYIOT JAHHBIC CPABHUTEIBHON XapaKTEPUCTUKH BOJIOKHA, U3BJICUEHHOIO
OJUHAKOBBIM CIIOCOOOM M3 TOJIBKO 4TO m3rorosiieHHoro ITIKM u ITKM mocite
JKCIUTyaTaIiu

OKCIuTyaTauus
[TIKM

Brusanue mexnono2uu u ycnosuti u3eneueHus Ha c6OUCMEa 6MOPUIHO20 Y21epPOOHO20 BOJIOKHA

Crnenyromieit 3HaunMoOi rpymnmoil  (akTopoB, BIMAIOLIEH Ha CBOHCTBA BTOPHUYHOIO
YIJIEPOAHOTO BOJIOKHA, SIBISIIOTCA TEXHOJOIMM TOATOTOBKU ITOJIMMEPHBIX KOMIO3UIIMOHHBIX
MaTepuaoB, TEXHOJOTUU U3BJICUEHUS U OUUCTKU YIIIEPOJAHOIO BOJIOKHA.

IIpu Ttepmuueckom wu3BieueHuH BojokHa u3 [IKM HaOmiomaercs MeHblee CHHKEHUE
IIPOYHOCTU Ha PacTsDKEHHE, YeM MPH HAarpeBaHUM Ha BO3JYyX€ YHMCTBHIX YIIIEPOJHBIX BOJIOKOH (0e3
marpunbl) [3]. Iluponus BeneT k 0Opa3oBaHMIO MUPOYINIEPOJa Ha MOBEPXHOCTH BOJIOKOH, YTO
YXyIIIaeT JadbHEHIyI0 aare3uto ¢ HoBo Marpuileit [6]. [luponus yriepomHOro BOJIOKHA TPH
temneparype Bbimie 1300°C mo3BONSIET MONHOCTBIO YOAIUTh IHUPOYIIIEPOA C IMOBEPXHOCTH,
MIOJIyYUTh UJEAIIBHO YMCTHIE BOJIOKHA C BHICOKOAKTUBUPOBAHHOM IIOBEPXHOCTBIO, HO UX IIPOYHOCTh
3HAUUTENIFHO CHU)XEHA 10 CPAaBHEHHUIO C MPOYHOCTHIO IMEPBHUYHOIO BOJOKHA. TakuM o0pa3zoM,
HEOOXOIUM KOMIIPOMHUCC MEXJy YHCTOTOW BOJOKHA M €ro IMPOYHOCTHIO, U, COOTBETCTBEHHO,
000CHOBaHHBIN BBIOOP TeMIieparyphsl. Temmeparypa nupoiu3a B auamazone or 500 go 550 °C, mo-
BUJUMOMY, SIBIIIETCS ONTHUMAJIbHOM, UYTOOBI COXpaHATh MNPUEMIIEMYIO INPOYHOCTH YIIIEPOIHBIX
BOJIOKOH (JUIsl CpaBHEHMS, CTEKJIOBOJIOKHO coxpaHseT MeHee 50% CBOMX MEXaHHYECKHX CBOWCTB
npu temmeparype 400°C) [3].

VYriepoaHble BOJIOKHA, W3BJIEUEHHBIE MPU MOMOLIM OOpaOOTKH B ICEBIOOKHKEHHOM CIIOE,
00OBIYHO OO0Jiee MOBPEXKJEHBI, YEM MpPH MUPOJIM3E, OJHAKO 3TO BO MHOIOM 3aBHUCHUT OT YCIIOBUM
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npouecca. B nomnonHeHne Kk BBICOKOW TeMIEpaType MOBPEAUTh BOJOKHA MOXET TAaK)Ke HCTUPaHHE
neckoM [3]. Bo3zaeiictBue ropsyeil OKUCIHUTENBHOW armocdepsl Ha YIIEPOAHOE BOJOKHO
IIpeBpalacT HEKOTOPbIE TOBEPXHOCTHBIE THApOoKcuiIbHBIE Irpyninbsl B CO 1 COOH npu coxpaneHuu
coorHoumienust O/C. M3BrnedyeHue  yIIepOJHOTO  BOJOKHA  IOCPEICTBOM  TEPMHUUYECKOTO
OKHCIUTENHHOTO PA3IOKEHHUS IMOJTMMEPHON MaTPHIIbI He ocinabiseT Mexda3HbIX CBs3ei [7].

[lo HEKOTOpHIM AAHHBIM BIUSHUE HU3KOTEMIIEPATYpPHOI'O COJbBOJIM3Aa Ha CBOMCTBA BOJOKHA
CPaBHMMO C BJIUSHHEM BBICOKOTEMIIEPATYpHOI'O COJIBBOJIM3A M IHPOJIM3a U3-3a HCIIOJIb30BaHUS
CWJIBHBIX KHUCJIOT W/WIKM oKuciautened. Hamuume Mojexkyn pacTBOpUTENs M Karajauzartopa Ha
MOBEPXHOCTU BOJIOKHA MOYKET MPUBOJUTH K TUIOXOU aJre3uH CMOJIbI K BOJIOKHY U, CJIEZIOBAaTENbHO, K
TJTIOXUM MeXaHU4YeCKUM cBoiicTBaM HoBoro I1KM [3].

Bausnue mexnonozuu no02omosKku 6mMmopuyHo20 y2iepooH020 80JI0KHA

Jlisa ynaneHus: MUpPOYINIepoa, OCTaBIIErocs Ha MOBEPXHOCTH BOJIOKHA IOCHE MHPOJIU3a,
UCTIONB3YeTCsl TepMHueckass oOpaboTka B Ta3oBoil (aze, comepxamieil Kucaopoa (4ro, OFHAKO,
MOKET MpPHUBOAMTH K IMOTEpE MPOYHOCTH Ha pacTskeHue). B kauecTBe anbTepHATHUBBI MHOTZAA
paccMarpuBaeTCsl BO3MOXKHOCTh HCHOJb30BaHMSI JUOKCHJA YIVIEpOJa M MapoB BOABI BMECTO
KHCJIOpOJa It 00pabOTKH BOJIOKOH [6].

Bonokno, obpaboranHoe npu Beicokor Temmneparype (600 °C) 3HaUMTeTbHO MOBPEXKACHO U
HenpuroaHo i npoussozactsa [IKM, B To BpeMst Kak TepMHuuecKas 00padboTka npu 0ojee HU3KUX
temrneparypax (450 °C) npuBOIUT K HE3HAYUTEIHHBIM TMOBPEKICHUSIM BOJIOKHA 0€3 OUEBHIHBIX
XUMHUYECKHX M3MEHEHHMH TIOBEPXHOCTH BOJIOKHA, T[OITOMY CBsi3aHa C HE3HAYUTEIbHBIM
YBEJIMYEHHEM aJre3uu K HOBOHM 3MOKcUIHON Marpuue [8]. Bonokna, uzsneuennsie mpu 550 °C B
a3oTe B TEYCHHWE 2 9 W TEpMUYEeCKH oOpaboTaHHble BO BTOpoi cramguu npu 550 °C B
OKHCIIUTEIBHBIX YCIOBHX, COXpaHWIM Ooinee 95% WX MPOYHOCTH HA paCTHKEHHE Oe3 OocTarka
CMOJIbI Ha TOBEPXHOCTH [3].

Eme onHo HampaBnenue 0oOpabOTKM H3BICUEHHOTO BOJOKHA — BO3JEHCTBUE IUIa3Mbl. B
uccienoBaHuu [9] Tepmuuecku oOpaOOTaHHBIE IEPBUYHBIE YIIEPOAHBIE BOJIOKHA, a TaKkKe
BTOPUYHBIE YIJIEPOJAHBIE BOJIOKHA, TIOJIYYCHHBIE B TMPOIECCEe TEPMUYECKO 00paboTKH,
NoJiBeprajuch o0paboTKe Iu1a3Moil. BinsHue AByX pasnuyHBIX TEXHOJIOTMYECKHMX ra3oB (a3ora U
MOHOOKCHJA a30Ta) M PACCTOSIHUA MEXIY HCTOYHMKOM IUIa3Mbl M TOBEPXHOCTHIO BOJIOKHA
M3y4ajoch C II€JIbI0 YBEJIWYEHMs] KOHLUEHTPALUK KHUCIOpOJa M a30Ta Ha MOBEPXHOCTU BOJIOKHA.
bonee BbicOKOE cojepkaHUE KUCIOPOA- U a30TcoAepKalmMX (YHKIMOHAIBHBIX TpYyNI Ha
MIOBEPXHOCTH BOJIOKHA BEET K JyYIlEed aare3sud MeEXJy YIIEpOJHBIM BOJOKHOM M MaTpuuen
(2MOKCUAHON CMOJION).

O6paboTka BTOPUYHOTO YIVIEPOAHOTO BOJIOKHA KHCJIOPOJAOM TIO3BOJIIET  TOJYYHUTh
OOOTraIeHHyl0 KHCIOPOJOM TOBEPXHOCTh, KOTOpas JIydllleé B3aUMOAEHCTBYET C SMOKCHIHOMN
CMOJIOH, CIOCOOCTBYSI TE€M caMbIM ajre3uu 0e3 HEeoOXOJUMOCTH JONOJIHMUTENBbHOM 00paboTKH
BOJIOKHA KJesinuMu BeniectBamu [ 10].

Xumuueckass o0paboOTKa a30THOM KHCJIOTOW BBI3BIBAET HE3HAYUTENIHHBIC TOBPEXKICHUS
BOJIOKHA, HO MPHUBOAMT K CYIIECTBEHHON MOAM(HUKAIMU €ro MOBEPXHOCTH, YTO B CBOIO OYepe]lb B
JAJIbHENIIIEM YBEIMUNBAET air€31I0 BOJIOKHO-MaTpuia [§].

Bnusanue mexnonoauu yKaaoku 6mopuiHo2o yenepooHo20 6010KHA
BropuuHoe yriepogHoe BOJOKHO HCIONIB3YeTCsl i OOBEMHOTO0 apMHUpPOBAaHUS HOBBIX
MOJIMMEPHBIX KOMITO3UIIMOHHBIX MaTE€pHaJioB, MOJYYEHHUS W MPUMEHEHHs HETKAaHBIX MarepuasoB
(MaTOB U3 XaOTUYHO PACIIOJIOKEHHBIX BOJIOKOH), OPUEHTUPOBAHHBIX JICHT.
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Jl1ss 00bEMHOIO apMUPOBaHMSI OOBIYHO MCIIOJIB3YETCS] BOJIOKHO pa3MepaMu 0 1 MM, BOJIOKHO
pasmepamu 10 10 MM — 17151 MOKpOTO crioco0a MpOU3BOICTBA HETKAHBIX MaTOB, a OoJiee JUIMHHOE
BOJIOKHO — JIJIsl TPOU3BOJICTBA HETKAHBIX MAaroB CyXuUM criocooom [11].

Cyxoil cnoco6 npou3BOACTBa MaToOB U3 Xa0TUYHO OPHUEHTUPOBAHHBIX BOJIOKOH B CPAaBHEHUU C
MOKpBIM CIOCOOOM, B KOTOPOM JOIOJHHUTEIBHO HCIOJIb30BaNaCh KapOOKCHMETUIILIEIUII0I03a,
MO3BOJISIET AOOUTHCS OoJee BHICOKOH 00beMHOM TIoTHOCTH BosiokHa B [IKM mnpu ucnons3oBaHuu
OZMHAKOBOTO JIaBJICHUS, YTO MOXKET OBITh OOBSICHEHO MCIOJIH30BAHUEM KapOOKCHMETHIIIICIUTIONO03HI
IIPU UCIEPIUPOBAHUM BOJOKHA B BoJe. KapOOKCHMETUIIIEIUII0I03a YBEIIMYMBAET KECTKOCTh Mara
3a CUET CIICTJICHUS BOJIOKOH APYT C IPYTOM, YTO MPEMATCTBYET AajdbHEeWIeMy yroTHeHuto [ 11].

Crioco6 cyxoro BhIpaBHHUBAHMS JWCKPETHBIX YINIEPOAHBIX BOJIOKOH OBLI pa3paboTaH MyTeM
MoAu(UKALUK Tpolecca MpOou3BOACTBA Mpspku [12]. B kauecTBe cycneHIupyome u Hecylei
cpeabl Ui TNPEPHIBUCTBIX YIIEPOJHBIX BOJOKOH MCIIOJIB30BAINCh IYIIUCTHIE CHUHTETUYECKHE
BOJIOKHa BMECTO OOBIYHO HCHOJb3YyeMOM O KMIAKOM cpeabl. Mcnonb3ys MexaHMYECKoe
B3alMOJIECHCTBUE B METOZE CYyXOr'O BBIDABHUBAHUS, IYTEM BBITATMBAHUS CMECh U3 IPEPBIBUCTBIX
YIJIEPOAHBIX BOJOKOH JUIMHOM 200 MM UM MyMIMCTHIX [OJMIIPOINUICHOBBIX BOJIOKOH Oblia
U3rOTOBJIEHA JIEHTA. 3aTeéM JIEHTY CKPYYMBAJIM B MPSKY U IOJIy4ajdd BBIPOBHEHHYIO 3arOTOBKY
HpsDKU, B KOTOpOil npubnusutensHo 70% yriiepoiHbIX BOJIOKOH ObLIM BBIPOBHEHHBIX IOJ] YIJIOM =+
14° OTHOCHTENBHO HaNpaBlieHHUs BBITATUBAaHUA. Moayiab YHOPYrocTd MpHU  pacTSKEHUU
KOMIIO3UTHOTO 00paslia BJI0Jb BEIPOBHEHHOTO HampasieHus: Obl1 mpuMepHo B 10 pa3 Oombiue, yem
B IIOTIEPEYHOM HAlpaBJICHUH, U MPUMEPHO B 3,5 pasza Ooiblie, yeM y o0pasIoB, MOJYYECHHBIX U3
TOM K€ MPSKU CO CIy4alHOW OpHEeHTAaIUEH.

IIpu Mokpom crnoco0e NpOM3BOACTBA MAaTroOB BOJIOKHA IPEBAPUTENIBHO AUCHEPrHPYIOT B
BA3KOM >KMJIKOCTH, Il YEro HCIOJB3YIOTCSI PAacTBOPbI KapOOKCHMETWIILEIUII0NI03a, NIMLEPUH U
npyrue BeniectBa. Ilo pesynasratam [11] MaTbl, MOJyYyeHHBIE C HCIIOIB30BAHUEM «MOKPOIO»
cnocoba M pacTBOpa KapOOKCUMETWIILEIUIION03bl 00safaoT 0ojiee HU3KMMU MPOYHOCTHBIMU
CBOMCTBAMH, YTO OOYCIIOBJIEHO HEOIHOPOAHOM IPONUTKOM HOBOH CMOJOH, IOCKOJIBKY
KapOOKCHMETHIILIEIUII0N03a JEHCTBYET Kak 0apbep, KOTOPBIN MPENSTCTBYET TEUEHUIO MATPULIbI IPU
MIPOIUTKE.

Bbicokast BSI3KOCTh DNMILEPUHA TaK)Xe II03BOJIAET JUCIEPrHMpOBaTh IIy4KH BOJOKHA 10
OTAENbHBIX BOJIOKOH [13]. [y uccnenoBanuit npumepHo 500 Mr BOJIOKOH OBUIM JUCTIEPTUPOBAHbI B
200400 mn pactBopa muuepuH/Boga. OceBas KpbUIbHaTKa IepeMeluBarens paboTana co
ckopocTbio 1100 06/MHH 5 MUHYT, TIOCIIE YEro BCE OCTABIIMECS MyYKHU BOJOKOH ObUIM YJAJEHbI U3
pacTBopa, U JUCHEPrUpOBaHHAasl CYCHEH3MsI BOJOKOH ObUIa paBHOMEPHO BBUIUTA Ha HEHJIOHOBYIO
CETKY, 3aKpBIBAIOIYI0 CUTO U3 HEpXKaBerolleld ctanu TonmuHord 10 cM. Bakyym nmpumensim s
yAaJIeHus DIHMIEpUHAa U YIJIOTHEHUS BOJOKOHHOrO Mara. [ISTMMHMHYTHOE Bpems nepeMellrBaHus
ObLI0 pa3paboTaHo /IS MPEAOTBPAILEHUs YPE3MEPHOTO MOBPEXKACHHSI BOJIOKOH. Beero Ha mar Obu10
HaHeceHO OKoJio 10 T BOJOKOH. 3aTéM Mar TIIATENbHO MPOMBIBAIN TEIUION JEMOHU3UPOBAHHON
BOJIOM s ynaneHus muuepuHa u cymmiau npu 180°C B TeueHne nByx vacoB. OnHAKO 10 KOHIA
UCKJIIOYUTh BIIMSHUE MIMLEPUHA HA MOCIEAYIOUIYIO aJre3vi0 BOJOKHA W MaTpHIbl HE YIAJloCh.
BricymmBaHue MaroB, TOJYYEHHBIX MPH JUCIEPTUPOBAaHUU BOJIOKHA B DJHIEPUHE, TPU
temmeparype 300 °C mpuMeHSIOCh i OOECHeueHUs] HCIApeHHs] OCTaBIIEroCs TIUIEPHUHA,
KOTOpbIH ucnapsiercs npu ~ 290 °C.

IIpu «Mokpom» crmocobe yKJIagKd BOJOKHA HaONIOfaeTcss HEraTUBHOE  BIUSHUE
JUCTEPrUPYIOIIET0 areHTa, Mo3ToMy HEOOXOAMMBI JajbHEHIIne MCCle0BaHusl 3TOTO BIUSHUS, a
TaK)K€ TIOUCK MOIXOAAIIMX aJlbTEPHATUB IPUMEHSAEMBIM JUIsl 9TUX Lienel BemecTBam. Kpome Toro,
HEOOXOIMMO HCCIIEOBaTh BO3MOXHOCTH JIOTIOJIHUTENILHONH OOpaOOTKM BOJIOKHA C  IIEJNBIO
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U3MEHEHHUs TIOBEPXHOCTH BOJOKHAa W BO3MOXHOCTh NPUMEHEHHUS MOAXOISIIUX aare3uBHBIX
arenrtos [11].

Mexanudeckue cBorictBa moimydeHHoro [TKM 3aBucsT, B ToM uucie, OT 00beMHOM MIIOTHOCTH
BOJIOKHA — Y€M BBIIIE IIOTHOCTh, TEM BbIIIE MPOYHOCTh. OO0beMHas mioTHocTh [IKM Ha ocHOBe
MIEPBUYHOTO BOJIOKHA 00bI4HO cocTaBisgeT 50—-63%, y MaTtepruaaoB Ha OCHOBE BTOPUYHOTO BOJIOKHA
3TOT I0KA3aTellb 3HAUUTEJIbHO HukKe. IIpu mpou3BOICTBE MaTOB C XAOTUYHBIM PaclOiIOKEHHEM
BOJIOKOH OOBEMHAsl IJIOTHOCTh MOXET cocTaBiiATh 10 40% (oO0praHO 30%) mpu MCHONB30BaHUU
nasnenust Goxee 100 Gap (107 Ila), OQHAKO IPH STOM BO3MOXKHBI IIOBPEXKICHHS BOJIOKHA, M3-3a
KOTOPBIX COKpAIIaeTCs €ro JJIMHA U TEPSIIOTCS MPOYHOCTHBIE CBOWCTBA [4] . B nccnenoBanuu [14]
3a CYeT OPUCHTHPOBAHMS BOJIOKHA yHaloch nooutbes 41-55% 00BEeMHON TUIOTHOCTH BOJIOKHA,
OJTHAKO 3TO HMJKE, YEM OXKMJIAJIOCh, TaK KaK OT/EIbHbIE HENPABUILHO OPUEHTHUPOBAHHBIE BOJOKHA
MPUBOAMIIN K 00pa30BaHMIO 00JIACTeH ¢ HU3KOM IJIOTHOCTHIO BOJIOKHA, 3aII0THEHHBIX Marpuliei. 1o
nauabiM S. J. Pickering, Z. Liu, T. A. Turner, K. H. Wong BeIpaBHUBaHHE (OpHEHTUPOBAHUE)
BOJIOKHA TO3BOJISIET A0CTHYh 60% 00BEMHON TUIOTHOCTH BOJIOKHA Tipu namieHuu 10 100 6ap c
MUHUMAJIBHBIMU TIOTEPSMH MPOYHOCTH BOJIOKHA [4]. 3a cyeT naBieHUs MPOUCXOAUT YBEIHMUYCHHE
00bEMHOW IIJIOTHOCTH BOJIOKHA, OT KOTOPOTO B CBOIO OUYEPEIbh 3aBUCSAT IPOYHOCTHBIE CBOWMCTBA
[TKM. IIpu ucronp30BaHUU CIUIIKOM BBICOKOTO JIaBJICHHS BO3MOXKHBI MOBPEKICHUS BOJIOKHA, W3-
3a KOTOPBIX COKPAIIAETCS €T JUIMHA, U TePSIOTCS MPOYHOCTHBIE CBOMCTBA.

[Tpu dhopmoBanum m3nemuit u3 [IKM ¢ mobaBieHueM yIIIepoIHOTO BOJIOKHA JUIsI OOBEMHOTO
apMUpPOBaHUs MpPU MPOXOXKIACHUM YEpe3 [I03bl IMPOUCXOJUT YaCTUYHAs OpPUEHTAIMsI BOJIOKHA
(TOSBISIIOTCS. AHU3OTPOMHBIE CBOMCTBA), OJHAKO MPHU ATOM MPAKTHUECKH HEBO3MOXXHO JOOUTHCS
BBICOKOM 00bEMHOI TNIOTHOCTH BOJIOKHA. [loaTOMY 11enecooOpa3Hee BBIMONHATH MPEABAPUTEIHHYIO
OpPUEHTAIMIO BOJIOKHA B HUAKOCTH, a 3aT€M YIAJSTh JKMJKOCTb U BBICYIIMBATh BOJIOKHO (B BUJE
JEHT) AJid nocieaymouero npuMmeHeHus. OpHako, JUIsi OpPUEHTAalUU YIVIEPOJHOTO BOJIOKHA
HEBO3MOYKHO TMPUMEHEHHE METOJOB, IIMPOKO HCIOJNb3YEMBIX IJI1 OPYTHX BOJIOKOH (Hampumep,
YyecaHHe XJIOMKOBBIX BOJIOKOH), BBUIY OOJBILION XPYIKOCTH BOJIOKHA [4].

I[IKM c ucnoip30BaHUEM XOPOIIO OPHUEHTHPOBAHHOTO BOJIOKHA mMeeT Ha 90 % Oonburyio
xecTkocTh U Ha 100% OosblIyto MPOYHOCTh Ha PAaCTSKEHHUE B HAIPaBICHUHM OPUEHTALIUN BOJIOKHA,
geM [IKM u3 XaoTHYHO OpHEHTUPOBAHHOTO BOJIOKHA [15].

Jlns co3maHMs OpUEHTHPOBAHHBIX JICHT HCIOJIb30Balach CYCIEH3HMs BOJIOKHA B pacTBOpE
[JIMIEpUHA, KOTOpas MpU IOMOIIM CHEUalbHOIO COIUla Io/aBajach BHYTPh BpPAallAIOLIErocs
cetyaroro Oapabana. CKOpPOCTh Ha BBIXOJE€ COIUIa OblJIa TaHTEHIMAJIHLHO BBIPOBHEHA TIO
OKpYXHOCTH OapabaHa. BolokHa CTaHOBATCS YaCTUYHO BBIPOBHEHHBIMHM B CXOMALIEMCS COIUIE U
JIOTIOJIHUTEIHHO BHIPOBHEHBI, KOTJIa OHU KOHTAaKTUPYIOT ¢ CeTKoi Ha O6apabane [11].

Brusanue mexnonoauii u32omosieHus NOIUMepHbIX KOMNOZUYUOHHBIX MAMePUAios
HA 0CHOBE 8MOPUUHO20 Y2NIepOOHO20 BONOKHA

KauecTBO BTOPHYHOTO YIIIEPOJHOIO BOJIOKHA, KAaK YK€ ObUIO CKa3aHO BBIIIE, ONpeAesseTcs, B
TOM YHCIIE, M €0 aJare3uel K HoBoM mMarpuue. I[Ipu 3ToM B KauecTBe NEPCIEKTUBHBIX HAIIPABICHUN
HCIIONIb30BaHUIT MOXKHO paccMarpuBaTb NPUMEHEHHE B KayecTBE MaTpULbl HE  TOJIBKO
«KIJTaCCHMYECKUX» (EeHONPOPMAIBIETUIHBIX U SMOKCHUIAHBIX CMOJ, HO M JPYTHX IOJUMEPHBIX
MaTepHaJIoB ¢ XOpOIIEH aare3neil K BTOpUYHOMY BOJIOKHY.

I'mbpugHble  HeTKaHble  Marepuaibl M3  BTOPUYHOIO  YIIEPOJHOTO  BOJOKHA U
TEPMOIUIACTUYHBIX BOJOKOH MOTYT OBITh HEMOCPEACTBEHHO HCIIONb30BAHBI JUISl TPOU3BOJCTBA
I[IKM u He TpeOyloT IOMOJHUTEIBHOrO J00aBICHUS MATpPHUIlbl, 1 COOTBETCTBEHHO, HE TPEOYIOT
CTaZiui HpONUTKUA. B Xone wuccienoBaHUil TEPMOIUIACTUYHBIE KOMITO3UTBI, M3TOTOBJIEHHBIE W3
pyOJICHOTO YIIIEpOIHOTO BOJIOKHA/TOMUIIpoTiieHa B mponopuusx 1%, 5% u 7% mo mMacce BOJIOKHA,
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OBUIM TIOJNYYEHBI TYTEM JKCTPY3MH W WHXKEKIMU. TepMOIUIACTHYHOE BOJOKHO (ITOJHMITPOITHIICH)
JEUCTBYET IIPU 3TOM KaK MaTpUYHbIM KOMIIOHEHT. 110 pe3ynpraram MexaHM4EeCKUX, TEPMUYECKUX U
MOPGOJOTHUECKUX HUCIBITAHUNA TOJTYYCHHBIH KOMITO3UT IMPEICTABIACT COOOM CIOKHYIO (ha3oByro
CHCTEMY C HHU3KOW aJare3nell MexXIy yIJICpOJHBIMH BOJOKHAMHU M TIOJMITPOIMICHOBOW MaTpHIICH,
YTO TIO3BOJIIET CJENaTh BBIBOJ O HEOOXOJMMOCTH BBIOOpAa JPYIMX MAarepuajoB MaTpPUIBL.
ViydiieHue aare3uu MeXxay BOJOKHOM M TOJMIIPONMIICHOBOM MarpHiel ObUI0 JOCTUTHYTO MyTEM
N00ABJICHUS CBS3YIOIIETO areHTa ¢ MAJICMHOBBIM aHTUAPUAOM [16].

Bo3moxHO moyueHre THOpUIHBIX KOMIIO3UTOB Ha OCHOBE OPUEHTUPOBAHHOTO YIJIEPOIHOTO
BOJIOKHA M CTEKJIOBOJIOKHA Juts puaanusi [IKM HOBBIX CBOWCTB (Hampumep, NCeBIOMIACTUIESCKIX
nedopmaruii), omHako Oonee HeoOXxoAMMO Oojee JeTanbHBIE UCCienoBaHus. [ uOpuIHBIC
KOMIIO3UTHI U3 YITIEPOJAHOIO W HATYPaJIbHOTO BOJIOKHA (HAIpUMEp, JIbHA) C SMOKCHIHON MaTpullen
MOTYT OBITh TPHUMEHSTHCS B CIIydasX, KOTJa CHI)KEHHE OCHOBHBIX MEXaHWYECKHX CBOWCTB,
HaIpUMep JKECTKOCTH W TPOYHOCTH, SIBISETCS MPHEMJIEMBIM KOMIPOMHUCCOM JUISL YITYYIICHHUS
BTOPUYHBIX CBOMCTB, HAIlpUMEP LIYMOU3OJISIIMOHHBIX, U CHUKEHMSI IEHEXKHbIX 3arpar [ 17].

Bu16o0wbi
Kak cnenyer u3 pe3ynbTaroB BHIIIOJHEHHOTO aHajiN3a, KaueCTBOM BTOPUYHOTO YIIIEPOAHOTO
BOJIOKHA MOKHO YIIPaBIISATh, MOAOUpPAas T€ UM MHBIE METOIBI €r0 OCBOOOXKIECHUS U3 MOTHMMEPHOM
MaTpHIIbl, @ TAKXKE YCIOBHS 3TOTO Ipolecca (TeMieparypy, Haluuue OKUCIHUTeNen u T. 11.). Kpome
TOTO, KQY€CTBO MOJMMEPHBIX KOMIIO3UIIMOHHBIX MAaT€pUasIoB, MOJTYyYEHHBIX Ha OCHOBE BTOPUYHOTO
YIIIEPOAHOTO BOJIOKHA, TAKXKE MOYKHO U3MEHSTh, HAIPUMED, 32 CUET JOMOJIHUTEIHLHOU 00paboTKU U
MO (UKALIUY TOBEPXHOCTH BOJIOKHA, €TO OPUEHTHUPOBAHUS U MOI00p MaTPHIIBL.

Pezynemamol, npeocmaenennvie 6 cmamve, ObLIU NONYUEHLI 6 X00€ GbINOJHEHUS
2ocyoapcmeenHozo 3adanusi Munucmepcmea obpazosanus u Hayku P® 6 pamxax meponpusmus
«HMnuyuamusnvle Hayunvle npoekmsly, ko0 3aaexku 5.9729.2017/8.9.
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