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1. Inceprauifina po60Ta IPUCBAYEHA AOCTIIPKEHHIO (TATIOHITPUIBHAX MOHOMEPIB, MOIU(IKOBAaHUX 32 PaXyHOK
BBEJI€HHSI THYYKUX 3B'sI3yBaJIbHUX (PParMeHTIB. Y epIIOMY PO3Aiji JaHOi po6OTY BUKOHAHO BCEOIYHMI aHai3
JocinkeHb QTaJOHITPUIBHUX I10JIIMEPIB Ta HaBeleHi yMOBH I0J1iMepu3aliii, 10Ka3aHUi 3B'130K MK PEXXUMOM
3aTBEPAiHHS Ta CTPYKTYPOIO N0JliMepy. Y IpyroMy po3zii okazaHi MeTOAU OCTIiI)KeHb OCHOBHUX XapaKTePUCTUK
(TaNIOHITPUIBHUX 3B’13YI0YMX, 3pO6JIEHO OIJIsLA, iCHYyI0uMX (QTaZOHITPUIBHUX NOJIMEPIB Ta iX BUKOPUCTAHHS Y
pi3HOMaHITHUX 00JIaCTSX, HABEIeHi iCHYI04i MeToau CUHTe3iB (PTaJOHITPUIIBHUX MOHOMEPIB, MOXKJIMBI iHiLaTOpH
OTBEPIKEHHS. Y TPETbOMY PO3[Iijli IOUMHAETHCS IPAKTUYHA YacTuHA aucepTali. CuHTe30BaHi QTaloHITpUIIbHI
MOHOMEpPY 3 LUKJIOIMiIHMMU SIIpaMU Ha OCHOBI 4,4'-0KcU-6ic-TeTpakapbOHOBOTO aHTigpuay Ta 4,4'-KapooHin-6ic-
TEeTPakapOOHOBOIO aHTiApUAY 3 BUXOLOM 71% Ta 81% Ha BUXimHUU aHTinpuU, 3 TEXHOJIOTIYHUM BiKHOM I1I€pEepOOKY B

nosrimepu 220-290 °C Ta MaKCUMaJIbHO OCSDKHOIO KOHBEPCi€I0 HITPUIIBHUX IPYI Ipy nosimepusanii 91 Ta 94%



BiANOBiIHO. Bu3HaueHi MeTonu i Marepiay, IKi BUKOPUCTOBYBAJIACS B IIPOLECi BUKOHAHHS IMCEPTALifHOI pOOOTH.
HaBepeHi BinnoBifHi crieKTpu peyoBuH. B ueTBepTOMy pO31isi JocimKeHni1 mponec MoaudikyBaHHS
(TaNOHITPUIIBHUX MOHOMEPIB HAHOJUCIIEPCHUMHU YaCTUHKaMU 60PY LIJISIXOM BBEJI€HHSI CII0JIyKU 60pYy 3 MacOBOIO
noJieto 12% 3 nopasnbioo 06po6Koko cymilti mpu TucKax B fgianasoni 0,5-1,6 I'Tla, Ta BUSIBIEHO, 0 MiHIMaIbHUN
PO3Mip HAHOYACTHHOK, SIKi yTBOPIOIOTHCS MPY MOaJbIIiN ToJTiMepu3allii, CTaHOBUTh 5,2-5,5 HM [J151 060X BUTiB
MOHOMEpY IIPU TUCKY O6POOKHY, 110 cTaHOBUTH 1,25 I'Tla, Ta 3anunaeTbest CTabiIbHUM IIPY IOJAJIbIIOMY 30iIblIeHH]
THCKY; BusHaueHe criBBifHOLIEHHS (TanoLiaHiHOBUX Ta TPMA3UHOBUX LMKIIIB y CKJIafi PTaTOHITPUIIBHUX
[I0JTIMEPiB, IOMOBaHUX HAHOYACTUHKAMU OOPY,Ta [10Ka3aHO,10 HAN6ibIni BMICT (TasIONiaHiHOBUX LIMKJIIB, SIKi
320€31e4yI0Th BUCOKHMI pPiBeHb MILIHOCTI Ta TEIJIOCTIMKOCTI rosimMepy, a came — 1,2:1, nocsiraeTbCst IpU TUCKY
nonepeHboi 06podku MOHOMepHOI cyMmii 1,25 T'Tla, 110 y3rofKyeTbcst 3 yMoBaMu (POpMYyBaHHSI HAallMEHIINX 32
PO3MipOM HaHOYACTUHOK OOPY, Ta 3HAYHO [IEPEBUILYE MAaKCMMAJIBHO BilOMUIL 3 JOCTYIIHUX Iy6Jlikauii piseHs 0,7:1.
B m’ssitomy po3zisi Brepiue 3ailicHeHe MoAn(iKyBaHHS IOBEPXHi ByIJylelleBUX MaTepiaiB (KapOOHOBUX BOJIOKOH)
IIJISIXOM FeHepYBaHHsI [IapaMarHiTHUX LIeHTPiB, TOOTO HeCllapeHUX eJIeKTPOHIB, 3B’13aHUX 3 IOBEPXHEBUMU
aToMamy KapOOHy, Ha BiJMiHY Bifi TpaAULiliHOrO NPHUIIEIJIEHHS MOJIEKYJISIPHUX (ParMeHTIB pi3HOI NpUpoIy.
[TokasaHo, 0 HOBUM MeTO MOAU(IKyBaHHS 3a0e3edye MigBUIEHHS MOAYJISI IPY>KHOCTI KOMIIO3UTIB Ha
dTanoHITPUIBHUX 3B'13yI04MX B 1,3 pa3u MOPiBHSAHO 3 BUKOPUCTAaHHSIM HeMOoAM(piKOBaHOrO HAallOBHIOBAYA, Ta
301/1bLIIEHHS KOKCOBOI'O 3a1uuIKy B 1,15-1,25 pa3u opiBHSHO 3 BUKOPUCTAaHHSIM KapOOHOBOI'O BOJIOKHA,
MoI1(}piKOBaHOrO aMiHOCUJIAHOM; BUBU€HI MexaHiuHi BJIaCTUBOCTI KOMIIO3ULIIIHUX MaTepialiB Ha CUHTE30BaHUX
(pTaJIOHITPUJIBHUX 3B’13yI0UMX, HAIOBHEHUX KAPOOHOBUMU BOJIOKHAMMU, 3 METOI0 BUTOTOBJIEHHS KOPITYCiB
abpa3vBHUX iIHCTPYMEHTIB, SIKi IO€IHYIOTh Majly nuTomy Bary (1,75-1,85 r/cm3), BUCOKUM MOYJIb IPY>KHOCTI (0 6,5
I'Tla) Ta BUCOKy XiMi4HY CTilKiCTb B PiIKUX TEXHOJIOIIYHUX CEPELOBUILAX, L]0 3aCTOCOBYIOThCS HA CyYaCHUX
mtidyBanbHUX 00po6III0I0YNX HeHTpax 3 UITY; ocmimkeHa MikpoMexaHiyHa ITOBejiHKa KOMIIO3ULiIHHUX MaTepiaiB
Ha QTaJIOHITPUIbHUX 3B'SI3YIOUMX, SIKi MMigAaBaju rnomnepesHboMy BIUIUBY THCKIB 0,5 Ta 1,25 I'Tla, MmogudikoBaHuX
HAaHOYAaCTUHKaMU O0PY, y NOPiBHSIHHI 3 HATPil-O0POCUIIIKATHUM CKJIOM, 110 IIHMPOKO 3aCTOCOBYETHCS, SIK KEpaMiuHe
3B'S13yI04€, 8 TAaKOX 3 TPAOULIMHUMU 3B'I3yI04MMH T0J1iMep-abpa3uBHUX KOMIIO3UTIB, a came, PeHOJI0-
(dopmanbIerifHuM MoJiMepPOM Ta MoJliaMifoimMiznom. BusiBjieHa IpakTU4HA TOTOKHICTb MPY>KHO-TJIACTUYHOI Ta
IVICUNIATUBHOI IOBEIiHKY T0J1iMepy 3 PTaJIOHITPUIIBHOTO 3B's13yI0UOT0, IIOIIEepeHbO MigfaHoro tucky 1,25 I'Tla ta
CKJIa Ha IPOTUBAry TpaguuUilHUM MOJIMEPHUM 3B’93KaM; B mocToMy po3fini BianpalboBaHi TEXHOJIOTIUHI
IapameTpy BUTOTOBJIEHHS 1UTi(pyBalbHUX iHCTPYMeHTIB ¢popm 1A1 Ta 12A2-45 3 Ky6iyHOrO HiTpUAY 60PY Ha
dTaNOHITPUIIBHUX 3B13YI0UMX 3 TeMIIEpaTypoio oTBepmKkeHHs 1o 300-3500C y craneBux npecopmax npu 3ycusi
nputucky 50 MIla 3 yacoM BUTpUMKH 1 rofyHa, 1110 AO3BOJIWJIO BIEpIle B IPaKTUlli abpa3uBHOIO
MaTepiaso3HaBCTBA OTPUMATHU NOJIMEPHI KOMIIO3UTH, IPUAATHI AJ1s1 IPEeUU3iiHOro GOpMOYTBOPEHHS MPOQIiIo 3
BMKOPHMCTaHHSIM aJIMa3HOrO IIPaBJISIY0rO iHCTPYMEHTY, 32 HU3bKOTEMIIEPATYPHOIO TEXHOJIOTIEI0, BIACTUBOIO
noslimep-abpa3vBHUM KOMIIO3WUTaM, Ha IpOTUBAry crikanHio npu 1100-1250 oC, HeobxigHOTro 1J1s1 KepaMidyHUX
3B'SI30K, SIKi OCi HE MaJIu aJlbTePHAaTUBY B IIpoliecax MidyBaHHS, 10 IOTPeOYIOTh 6e3epePBHOI YU LIUKIIIYHO]
paBkY; BurotosseHi midyBanbHi iHCTPYyMEHTHU 3 KYGi4HOTO HITpULy 60py Ha (PTaJIOHITPUIIBHUX 3B'SI3YI0UUX, 110
TTIO3BOJIMJIO BIIEPIIE B MPAKTUIli aBpa3MBHOrO MaTePialo3HABCTBA OTPUMATH MOJiIMEPHi KOMIIO3UTU, TPUIATHI [IJ1s1
npeLusiiiHoro opMoyTBOPEHHs NPOPiio 3 BUKOPHUCTAHHIM aJIMa3HOTOIIPaBJISTYOro iHCTpyMeHTy; OTpuMaHi B
pe3ysbTaTi po60TU MOHOMEPU Ta 3B'SI3yI04i MOXKYTbh OYTH BUKOPUCTAaHI [JIs1 CTBOPEHHS KOHCTPYKLii 3 [TKM,

36epiraloTh MillHICTb [IPX BUCOKUX TEMIIEPATYPAX.

2. The dissertation is devoted to the study of phthalonitrile monomers modified with the introduction of flexible
binding fragments. The first section of this work provides a comprehensive analysis of research on phthalonitrile
polymers and presents polymerization conditions, shows the relationship between the curing mode and the
polymer structure. The second section shows methods for studying the main characteristics of phthalonitrile
binders, reviews existing phthalonitrile polymers and their use in various fields, presents existing methods for
synthesizing phthalonitrile monomers, and presents possible curing initiators. The third section begins the
practical part of the dissertation. Synthesized phthalonitrile monomers with cycloimide cores based on 4,4’-oxy-
bis-tetracarboxylic anhydride and 4,4’-carbonyl-bis-tetracarboxylic anhydride with a yield of 71% and 81% on the



starting anhydride, with a technological window for processing into polymers of 220-290 oC and a maximum
achievable conversion of nitrile groups during polymerization of 91 and 94%, respectively; In the fourth section the
process of modifying phthalonitrile monomers with nanodispersed boron particles with introducing a boron
compound with a mass fraction of 12% with subsequent treatment of the mixture at pressures in the range of 0.5-
1.6 GPa was investigated, and it was found that the minimum size of nanoparticles formed during subsequent
polymerization is 5.2-5.5 nm for both types of monomer at a treatment pressure of 1.25 GPa, and remains stable
with further increase in pressure; The ratio of phthalocyanine and triazine cycles in the composition of
phthalonitrile polymers doped with boron nanoparticles was determined, and it was shown that the highest
content of phthalocyanine cycles, which provide a high level of strength and heat resistance of the polymer,
namely 1.2:1, is achieved at a pretreatment pressure of the monomer mixture of 1.25 GPa, which is consistent with
the conditions for the formation of the smallest boron nanoparticles, and significantly exceeds the maximum
known level of 0.7:1 from available publications. In the fifth section for the first time, the surface of carbon
materials (carbon fibers) was modified by generating paramagnetic centers, i.e. unpaired electrons bound to
surface carbon atoms, in contrast to the traditional grafting of molecular fragments of various nature. It is shown
that the new modification method provides an increase in the elastic modulus of composites on phthalonitrile
binders by 1.3 times compared to the use of unmodified filler, and an increase in coke residue by 1.15-1.25 times
compared to the use of carbon fiber modified with aminosilane; The mechanical properties of composite materials
on synthesized phthalonitrile binders filled with carbon fibers were studied in order to manufacture abrasive tool
bodies that combine low specific gravity (1.75-1.85 g /cm3), high elastic modulus (up to 6.5 GPa) and high chemical
resistance in liquid technological media used on modern CNC grinding machining centers; The micromechanical
behavior of composite materials on phthalonitrile binders, which were previously exposed to pressures of 0.5 and
1.25 GPa, modified with boron nanoparticles, was investigated in comparison with sodium borosilicate glass, which
is widely used as a ceramic binder, as well as with traditional binders of polymer-abrasive composites, namely,
phenol-formaldehyde polymer and polyamideimide. Practical identity of the elastic-plastic and dissipative
behavior of the polymer from phthalonitrile binder, previously exposed to a pressure of 1.25 GPa and glass in
contrast to traditional polymer bonds was revealed; In the sixth section technological parameters for the
manufacture of grinding tools of shapes 1Al and 12A2-45 from cubic boron nitride on phthalonitrile binders with a
curing temperature of up to 300-3500C in steel molds at a clamping force of 50 MPa with a holding time of 1 hour
have been worked out, which allowed, for the first time in the practice of abrasive materials science, to obtain
polymer composites suitable for precision profile shaping using a diamond dressing tool, using low-temperature
technology inherent in polymer-abrasive composites, as opposed to sintering at 1100-1250 oC, necessary for
ceramic bonds, which had no alternative in grinding processes requiring continuous or cyclic dressing until now;
Grinding tools made of cubic boron nitride on phthalonitrile binders were produced, which allowed, for the first
time in the practice of abrasive materials science, to obtain polymer composites suitable for precision profile
shaping using a diamond-sharpening tool; The monomers and binders obtained as a result of the work can be used
to create structures from PCM that retain strength at high temperatures.
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