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AHHOTAUA
B pamkax jgaHHOM paOOThI ObLT Pa3pabOTaH COCTaB HU3KOBSI3KOI'O CBSI3YIOIIETO ISl MOJIMMEPHBIX KOMITIO3UTOB U
METOI0M BaKyyMHOU MH(]Y3UH MOyYIeH BHICOKOTIPOYHBIN YIIIEKOMITO3UT Ha €ro ocHOBE. CBS3YIOIIEe IPUTOTOB-
JIEHO Ha OCHOBE MHOTOKOMITOHEHTHOH KOMITO3HIINH STIOKCHIHOW CMOJIBI, (DTAJIOHUTPHIIBEHOTO BEICOKOTEMITEPATYP-
HOTO MOHOMEpA, HHU3KOBS3KOTO aKTHBHOTO pa3zdaBuTeNs (Tpuriwmmumuidocdara) U KHIKOTO apoMaTHIECKOTO
OTBEpAUTENS (IUATIITOMyONIraMiHa). C TOMOIIIBIO POTAIMOHHOTO JMHAMUYECKOTO PEOMETpPa MPOBEICHEI PE0JI0-
THYECKUE U3MEPEHUSI B PEKUME OCIIDISAIMN TP PA3IMYHBIX TEMIIEPaTyPHO-BPEMEHHBIX YCIOBHSIX, U TPadUecKy
oTpelieieHbl BpeMeHa reieo0pa3oBaHusl CBA3YIOIIETO TPH 3aJIAHHBIX TeMreparypax. ONTUMAIBHYIO TeMIIEpaTypy
MIPOTIUTKY YTJIETKAHW CBSAYIOIIMM BBIOWPATH C YYETOM IOMYYEHHBIX JTAHHBIX PEOJIOTHUECKUX M3MEPEHHH s
obecrnieyeH s TIOTHOW TPOMHUTKH apMHUPYIOIIEro HAOMHUTENS. TeXHOIOrHuecKuil mporece MPONUTKH YTIIETKaHH
CBSIBYIOIINM MOJEIHPOBAIN C UCTIOBF30BAaHUEM CIIEIHATM3UPOBAHHOTO TiporpaMMHoro odecriedernss PAM-RTM
IUTSL TTPOTHO3UPOBAHWS 3aIoTHEHHs (hOpMBI. Bpems poniTKY OIIeHUBAIH SKCIEPHMEHTAIFHO MTyTeM HeMpephbIB-
HOT'O MOHHUTOPHHTA B PEaTbHOM BPEMEHH JIFOMUHECIIHPYIOIIEH J00aBKH (HUTpaTa eBPOMHS) B COCTABE CBS3YIOIIECTO
BHYTpY 00BEMHO# 3aroToBKr. Ha ocHOBe pa3paboTaHHOTO CBS3YIOIIETO METOAOM BaKyyMHON HH(DY3WUH IOy YIEeHBI
nabopaTopHble 00pasIBl YTIEKOMIIO3UTa co cTeneHbto HanonHeHns 60 % 00. Kunetnka mpormecca oTBepKIeHHS
CBSIBYIOIIIEro M3y4eHa M ONTUMU3UPOBaHa Ha OCHOBaHUH m3Mepernii metonoM JICK B Hem3oTepMIUecKoM peknme
IIpY TPeX Pa3IMYHBIX CKOpPOCTSAX HarpeBa. llo pesynpTaraM KOMIUTIEKCHBIX (PH3UKO-MEXaHMUECKUX HWCIIBITAaHWH
MOKA3aHO, YTO TONyYeHHBIE YTIIEKOMITO3UTHI OONAJAI0T BBICOKUMH 3HAYSHHSMH MEXaHHMYEeCKOW MPOYHOCTH U
MOJyJISL yIIPyrocTd. MeTofoM MIHAMHYECKOTO MEXaHWIEeCKOTO aHallN3a MPOJAEMOHCTPHPOBAaHA BBICOKAs TEILIO-
CTOWKOCTB TTOYYEHHBIX KOMITO3UIIMOHHBIX TIOJIMMEPHBIX MaTepHaioB. JlOMOTHATENHHO ObLIa OIIEHEHA TOPIOYECTh
pa3paboOTaHHBIX MAaTEPUATIOB, TAKOKE MOKa3aHa X CIIOCOOHOCTH K CaMO3aTyXaHHIO ITOCIE Y IaIeHHsT ICTOYHNKA OTHSL
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Abstract

In this study, a low-viscosity binder composition for polymer composites was developed and used to produce a high-
strength carbon composite by vacuum infusion. The binder was prepared from a multicomponent mixture consisting
of epoxy resin, a high-temperature phthalonitrile monomer, a low-viscosity active diluent (triglycidyl phosphate),
and a liquid aromatic hardener (diethyltoluenediamine). Rheological measurements were performed using a
rotational dynamic rheometer in oscillation mode under various temperature-time conditions, and the binder gelation
times at given temperatures were graphically determined. The optimal impregnation temperature of the carbon fabric
with the binder was selected based on the obtained rheological data to ensure complete impregnation of the
reinforcing filler. The carbon fabric impregnation process was modeled using specialized PAM-RTM software to
predict mold filling. Impregnation time was assessed experimentally by monitoring the luminescent additive
(europium nitrate) in the binder in real time within a bulk sample. Laboratory carbon composite samples with a fiber
volume fraction of 60% were produced using the developed binder via vacuum infusion. The binder curing kinetics
were studied, and the curing regime was optimized using differential scanning calorimetry (DSC) measurements in
non-isothermal mode at three different heating rates. Comprehensive physical and mechanical testing demonstrated
that the resulting carbon composites possess high mechanical strength and elastic modulus. Dynamic mechanical
analysis demonstrated the high heat resistance of the resulting composites. The flammability of the developed
materials was also assessed, and their self-extinguishing properties after removal of the fire source were
demonstrated.
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