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1. Incepraniiiny po60Ty IIPUCBSIYE€HO BUPIIEHHIO aKTyabHOI IPO6JIEMU — OZlep>KaHHIO BUCOKOSIKICHUX JOPOXKHIX
6iTyMiB, CTIIKUX JIO TEXHOJIOTIYHOI'O CTapiHHA. BUKOpUCTaHHS 3alIpONIOHOBAaHMX MOAN(IKOBaHUX HAPTOBUX OITYMIB,
110 AEMOHCTPYIOTh ITIOKPAIEHy OIipHICTh [0 NPOLECIB CTAPiHHS, 4Ki IPOTIKaIOTh HA TEXHOJIONTYHOMY €Talli € OGHUM
31 IISIXIB, $IKi JOTIOMArarTb MPOJOBXKUATH TEPMiH 6€3PEMOHTHOI eKCILIyaTallii JOpO>XKHbOTO M0JI0THA. BpaxoBytouuy,
110 6iNbIIICTb YKpaiHChKUX 6iTyMiB BUTOTOBJISIIOTHCS 3 TapadiHuCTUX Ta BUcoKonapadiHucTux HadT, sKi 32 CBOIMU
BJIACTMBOCTSIMU BiJIpi3HSIOTHCS BiJl HAPT BUCOKOAPOMATHUYHUX, 10 CJIYTYIOTh CUPOBUHOIO 1711 BUPOOHULITBA OiTYyMiB
y CBiTi, OTPUMAaHHSI CTilIKOTO O CTapiHHS BSDKYYOro 17151 yKpaiHChbKUX JOPIT € 0CO6IMBO aKTyalbHUM 3aBIaHHSIM. B
IpoLeci IucepTaliiiH1X JOCiIP)KeHb Ha OCHOBI HasIBHOTO BiTYM3HSHOTO Ta 3aKOPAOHHOIO AOCBiNy 6yJI0 BUBYEHO
OCHOBHi 3aKOHOMIPHOCTI, 1110 CIIOCTEPIralThCs IPU NPOXOIKEHHI IPOLECiB TEXHOJIOTIYHOTO CTapiHH 6iTyMHUX
B'SDKY4HUX, BCTAHOBJIEHO NIPIOPUTETHI HANPSIMKU AOCJIIPKEHD TA 3alIPONIOHOBAHO LIJIIXM BUPILIEHHS iCHYI0YOi
npo6seMu. 3 OTJIsy Ha BiloMi 1a60paTOPHI METOY MOZEIOBAHHS ITPOLECiB TEXHOJIOTTYHOTO CTAPiHHS B'SIKY40r0o

0yJ10 3aIIPOIIOHOBAHO 151 TIOPiBHSHHS BUL03MIHEHM METOJ, IIPOTPITTS B CTAlliOHAPHOMY IIApi, [0 TIOXOUTH 3i



CTaHJAPTHOI METOOVKY BU3HAYEHHS ONOPY A0 TBEPIiHHS Mill BIIJIMBOM TEIIOTH, a TaKOXK MeTon RTFOT - 3ans
BM3HAYEHHS OIIOPY [0 TBEPZiHHS B IruHaMiyHOMY pexxumi. [1if yac aHammisy oTpruMaHuX pesyJibTaTiB 6ysio
BCTaHOBJIEHO, 1110 BUKOpUcTaHHs MeTony RTFOT cripusie cTBOpeHH!IO 6i/1blil HAGIM)KEHUX YMOB [I0 TUX, SIKi
BiIOyBalOTLCA IIPU NTPUTOTYBAHHI Ta YKJIaJaHHi achasbTO6ETOHHOI CyMili. BogHOYac MporpiTTs TOHKMX GiTyMHUX
IUTiBOK y CTal[iOHapHOMY MIapi, sIKe IPOBOAMJIOCH 3 BIPOJOBXK 5-TU Ta 10-TH roMH 103BOJIUJIO YiTKO PO3IiNUTA
CTaflii, Ha IKUX MPOTIKaIOTh HAMAKTHBHIIlli IEPETBOPEHHS KOMITIOHEHTIB CyMillli. 3 BUKOPUCTAHHSAM 3a3HaYEHUX
METOJIMK 0YyJI0 IPOBEAEHO NOCTiIKEHHS] OKUCHEHOIO Ta 3a/IMIIKOBOTO (IUCTUALIMHOrO) 3pasKiB 6iTymy Ta
OIMCaHO OCHOBHI BiIMiHHOCTI, 110 IIPY LIbOMY CIIOCTEPIraroThcs. OKpiM 3MiHM OCHOBHUX IIOKa3HUKIB, OJep>KaHi
pe3yJbTaTy OyJI0 MiATBEPAKEHO 3a AOIIOMOrolo iHppadyepBOHOi CIIEKTPOCKOIIii, AepuBaTorpadiyHuX AOCHIIKEeHb Ta
3MiHM rpynosoro ckiany. [Topanbiii AucepTaniiibi JocuinKeHHs 6y CIIPsIMOBaHi Ha BUBUEHHS BIIUBY
MoaupikaTopiB Pi3HUX KJIACIB 32 iX 34ATHICTIO CIIOBIJIBHIOBATH NIPOLECU TEXHOJIOTIYHOTO CTAPiHHS 6iTYMHUX
BSDKY4YMX. 30KpeMa Y SIKOCTi iHTri6iTOpiB CTapiHHS BUBYAIMCh: IPOAYKTHU MipOJIi3y ByrJ€BOHIB (Ha(pTOMomiMepHi
cMonu 3 QYHKUIMHMMY IpyNiamMu Ta BaXkKa CMoJIa TipoJlidy); CMOJIY, OAEepKaHi 3 piiKMX NPOJYKTiB IepepodKU
BYTIJIJIS; TEXHIUHA CipKa; 'yMOBa KpUXTa Ta COJli TYMiHOBUX KUCJIOT. BCcTaHOBIIEHO, 110 MOAU(IKyBaHHSI OKUCHEHOTO
6iTymy HaTOMONIMEPHUMHU CMOJIAMU 3 TiIPOKCUTIBHUMU I'PYNIaMU Y KiJIBKOCTI 5 % Mac. cripusie 3HID>KEHHIO
TeMIIepaTypH pPO3M'SIKIIEHOCTi 3pa3Ka IicJisl [IPOrPiTTs, HE3HAYHOIO € i BTpaTa JIeTKUX KOMIIOHeHTiB. Henmosikom
npu BukopuctanHi HIIC(T') e 3HauHe 3poCTaHHs TBEPAOCTI 3pa3kiB. 3aCTOCYBaHHS HaTONOJIMEPHUX CMOJI i3
KapOOKCUJIbHUMU IPyNaMy IPU3BOAUTD [0 3HAYHOT'O 3pOCTAaHHS TBEPIOCTi OTPMMAHOr0 3pa3ka Ta 6ibIoro
BUIIaPOBYBAHH$ JIETKMX KOMITIOHEHTIB. To6T0 3acTocyBanHs HIIC sk iHri6iTOpy OKMCHEHUX GITYyMiB € HEeLOLIIbHUM.
[Hma cutyalis crioctepiraeTbCs IPU 3aCTOCYBAaHHI BKa3aHMX CMOJI SIK iHTi6iTOpiB nuctusiitHoro 6itymy. Ilomipna
3MiHa BJIaCTUBOCTEHN y IIpoLeCi IPOrpiTTs AuCTUiIsLiiHOro 6iTymy npu nogasanHi HITC(I') no3Bossie
PEKOMEHYBATH JaHy CIIOJYKY [Ji CIIOBUILHEHHS IIPOLIECIB CTAPiHHA. 3aCTOCYBaHHS BasKKOi CMOJIX IipOJIi3y B
KiJIBKOCTi 5-T % Mac. JeMOHCTPYE OMipHICTh 10 ii OCHOBI He 03BOJIsIE OTPUMATH B'SKyde, JOCTAaTHBO CTiliKe 1o
TEXHOJIOTIYHOro CTapiHHA. He3amoBiIbHUMU € TaKOX Pe3yJIbTaTH, OJlep>KaHi [IpY 3aCTOCYBaHHI TEXHIYHOI CipKU.
MopudikyBaHHSI TYMOBOI KPUXTOIO IIPOBOAWIIY MIPOTITOM 2-0X FOJMH 3a Temnepatypu 160 °C 3 meToro
3anobiraHHIO gerpajanii B'sokydoro. OTpuMaHuil 3pa3oK OKUCHEHOTo 6iTyMy 3 BMiCTOM I'yMOBOi KpUXTU 8 % Mac.
[IPOJIEMOHCTPYBAaB HE3HAYHY BTPATY BJIACTUBOCTEN Y NPOLEC] TPOrPiTTs, BOJHOYAC NOAABAHHS I'YMOBOI KPUXTH JI0
IVCTUJISLIIAHOrO 6iTyMy BUSIBUJIO HEJJOCTATHE CIIOBLIbHEHHS BiAIIOBIHUX MIPOLIECIB, O TOTO X IIOKPaLE€HHS
noTpebyBaB BUXIIHUN CKIa[ cyMimi. Hallkpamuyii BIJIMB HA CIIOBUILHEHHS IIPOLIECIB CTapiHHS 3-TIOMIiX yCix
MoaudiKaTopiB IPOJIEMOHCTPYBAJIO BBEAEHHS rymMaTy KaJio. JJo TOro >k, Hai6isiblll ONTUMaJIbHAMHU BapTO BBAKATU
HACTYIIHI KOHLEHTpaLjii: 5 % mMac. rymaTy KaJilo 3 BMiCTOM T'yMiHOBUX KUCJIOT 80 % Ta 3 % mac. rymaTy Kajiio 3
BMiCTOM I'yMiHOBUX KUCJIOT 85 % — 17151 OKUCHEHOTrO GiTyMy, a TaKoX 1-3 % Mac. cojieil rymary 3 BMiCTOM I'yMiHOBUX
KUCIOT 85 % Mac. — Ij1s 3aJIMIKOBOro 6iTymy. [lepeBaroio rmpy BUKOPUCTAHHI 1aHOI CIIOJIYKH € TaKOX i Te, 0
nepeminlyBaHHs r'ymaTy Kajlilo 3 6iTyMOM JOCTaTHbO IIPOBOJUTH 3a TeMIlepaTypu He Buiie 130 °C, 110, B CBOIO

4yepry, 3anobirae nepenyacHiil BTpari BSDKyUYMM CBOIX BJIaCTUBOCTEN.

2. The dissertation work is devoted to the decision of an actual problem - obtaining of the high-quality road
bitumens steady against technological aging. The use of the proposed modified petroleum bitumens, which
demonstrateimproved resistance to aging processes that take place at the technological stage, is one of the ways
to help extend the service life of the roadway. Given that most Ukrainian bitumens are made from paraffinic and
high-paraffinic oils, which differ in their properties from oils that serve as raw materials for the production of
bitumen in the world, obtaining an aging binder for Ukrainian roads is especially important. In the process of
dissertation research on the basis of existing domestic and foreign experience, the main patterns observed in the
aging process were studied, priority areas of research were identified and ways to solve the existing problem were
proposed. Given the known laboratory methods of modeling the aging process of the binder, it was proposed to
compare the modified method of heating in a stationary layer, derived from the standard method for determining
resistance to hardening under heat and RTFOT method to determine resistance to hardening in dynamic mode.
The analysis of the obtained results revealed that the use of the RTFOT method contributes to the creation of
conditions more closer to those that occur during the preparation and laying of the asphalt concrete mixture. At



the same time, the heating of thin bituminous films in the stationary layer, which was carried out for 5 and 10
hours, allowed to clearly separate the stages in which the most active transformations of the mixture components
take place. Using these techniques, the study of oxidized and distilled samples of bitumen were carried out and the
main differences observed are described. In addition to changes in the most important indicators, the results were
confirmed by infrared spectroscopy, derivatographic studies and changes in group composition. Further
dissertation research was aimed at studying the effect of modifiers of different classes on their ability to slow
down the aging process. In particular, the following were studied as inhibitors of aging: hydrocarbon pyrolysis
products (petroleum polymer resins with functional groups and heavy pyrolysis resin); resins obtained from liquid
products of coal processing; technical sulfur; crumb rubber and salts of humic acids. It was found that the
modification of oxidized bitumen petroleum resins with hydroxy groups in the amount of 5% wt. due to the
decrease of the softening temperature after heating and loss of volatile components is also insignificant. The
disadvantage of using PR (H) is a significant increase in the hardness of the samples. The use of petroleum resins
with carboxy groups leads to a significant increase in the hardness of the obtained sample and greater evaporation
of volatile components. That mean, that use of PR (oil petroleum resins) as an inhibitor of oxidized bitumen is
impractical. Another situation is observed with the use of these resins as inhibitors of distillated bitumen.
Moderate change of properties in the process of heating the distillated bitumen with the addition of PR (H) allows
to recommend this compound to slow down the aging process. The use of heavy pyrolysis resin in the amount of 5
% wt. demonstrates resistance to hardening of the modified sample for both oxidized bitumen and distilled. The
addition of phenol-cresol-formaldehyde resin obtained from liquid products of coal processing, as well as a
complex bitumen-polymer composition based on it, does not allow to obtain a binder sufficiently resistant to
technological aging. The results obtained with the use of technical sulfur are also unsatisfactory. Crumb rubber
modification was performed for 2 hours at 160 °C to prevent ] binder degradation. The obtained sample of oxidized
bitumen with a crumb rubber content of 8 % wt. demonstrated a slight loss of properties during heating, while the
addition of crumb rubber to the distilled bitumen revealed insufficient slowing down of the respective processes,
in addition, the initial composition of the mixture needed to be improved. Of all the modifiers, the introduction of
potassium humate demonstrate the best effect on deceleration the aging process. In addition, the most optimal
should be considered the following concentrations: 5 % wt. potassium humate with a humic acid content of 80 %
wt. and 3 % wt. potassium humate with a humic acid content of 85 % wt. - for oxidized bitumen, as well as 1-3 %
wt. potassium humate with a content of humic acids of 85 % wt. - for distilled bitumen. Another advantage of using
this compound is that the mixing of potassium humate with bitumen takes place at a temperature not exceeding
130 °C, which in turn prevents premature loss of binder properties.
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