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Anomauia. ExcnepumenmansHo 008e0eH0, Wo MoOUPikayis 0opoxcHix 6imymis 3
00NOMO2010  enoKcudy COHAWHUKOBOI onii 6ede 00 3MiHU  I3UKO-MEXAHIUHUX
enacmusocmeti MOOUPIKO6AHO20 OIMyMy, MaKux AK: NeHempayis, memnepamypa
PO3MAKUIEHHS, OYKMUNbHICMb, MeMNePamypa KPUXKoCmi.

Summary. Development of the national economy and raising the level of economy
of our country is impossible without the development of a modern road network. Roads
are constantly under load and are exposed to atmospheric phenomena, they wear out. To
a large extent, the quality of the roads depends on the roadwear and the materials it
consists of. Therefore, in many countries of the world, considerable attention is paid to
the proper selection of materials for structural layers of road clothing. Particular
attention should be paid to bitumen, which is part of asphalt concrete. Today, the
problem of improving the quality of road bitumen, which solution will allow to extend the
life of road asphalt pavements and to increase the efficiency of works on their
construction and repair, is especially urgent.

It is possible to solve the problem of improving the quality of bitumen by the use of
various additives for its modification. An effective way to improve the quality of
pavements is to use bitumen modified with epoxy compounds, especially on the basis of
reducing raw materials, such as vegetable oils.

For the experimental part of the work used road oil bitumen brand BND 90/130
and BND 60/90, as well as sunflower oil epoxide obtained by epoxidizing it in a medium
of hydrogen peroxide.

As a result of the study of road bitumen modified with sunflower oil epoxy, the
influence of this additive in different percentages on the structure and properties of
bitumen was established. In particular, it has been studied that increasing the content of
sunflower oil epoxide in bitumen by more than 7% is impractical, since virtually no
changes such as penetration, softening temperature, ductility and brittleness are
observed.
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The results obtained prove that the introduction of sunflower oil epoxide into the
bitumen, regardless of its brand, allows to increase the softening temperature by 3-5 °C.
The ductility and brittleness are practically equal to the ductility and brittleness of
unmodified bitumen. Penetration of modified bitumen is significantly reduced.

Based on the above, it can be argued that the modification of road bitumen with
sunflower oil epoxy makes it possible to improve the road performance regardless of the
brand of bitumen.

Knwwuosi cnosa: 6imym, moougikayis, enoxcud, neHempayis, memnepamypa
PO3M'AKUIEHHS, OYKMUTLHICIb, MeMnepamypa KpUXKoCmi.

Keywords: bitumen, modification, epoxide, penetration, softening temperature,
ductility, brittleness.

IHocranoBka mnpodaemu. PoO3BUTOK HapoJHOrOo ToOCIOAApPCTBA Ta
MiABUINCHAS PIBHA CKOHOMIKHM HAIIOi JepKaBH HEMOXJIHBI 0€3 PO3BHHYTOI
Cy4JacHOI MepeKi aBTOMOOITBHUX JIOPIT.

B 3HauHIN Mipi SKICTH aBTOMOOUIFHUX IOPIT 3aJEKHUTH BiJ TOPOKHBOTO
OJITy Ta MaTepialiB, 3 IKUX BiH CKJIafaeThCst. KOHCTPYKIis JOPOKHBOTO OAATY
€ OIHMM i3 HAMBIATIOBINAIBHININX E€IEMEHTIB aBTOMOOUIBRHOI AOPOTH, IO A€
MOXKJIBICTh BUKOHYBaTH ii OCHOBHI (QyHKILIi i3 3a0e3meueHHs Ge3nepepBHOro,
0e3reyHoro Ta 3pYYHOr0 pyXy TPAHCIOPTHUX 3ac00iB IpHU MepeBe3eHHI
BaHTaXiB Ta macaxxupiB. Tomy B 0araTbox KpaiHax CBITY HPUIUIAEThCS 3HAYHA
yBara HaJIe)KHOMY BHOOpY MaTtepialliB st KOHCTPYKTHBHHX IIApiB JTOPOKHBOTO
onIATy.

3HayHy yBary Ciil NOpUAUTHTH OiTyMy, SKHH BXOIUTH 1O CKJIaTy
acdampTobeToHy. ChOTOIHI OCOONHMBO aKTYaJBLHOK € MpoOiieMa IiIBUIICHHS
SIKOCTI TOPOXHIX OITYMiB, BHpIIIEHHS SKOI JacTh 3MOTY IPOJOBXKHUTH TEPMiH
CITy’)XO0U TOPOXHIX ac(haabTOOCTOHHUX TOKPHUTTIB 1 MiIBUIIUTH e(EKTUBHICTH
poOiT 3 iXHBOTO OYIIBHUIITBA i PEMOHTY.

3a CBOIMM IPHUPOJHHMH BJIACTUBOCTSIMH OITyM HE MOXE MOBHICTIO
3aJI0BOJIBHUTH BHMOTH, IO BUCYBAa€ JI0 HHOrO pOOOTAa MOKPUTTIB MiJ Ji€0
Cy4acHMX TPAHCIIOPTHUX HABaHTaXEHb B CYKYIHOCTI 3 HECHPHSTINBUMHU
MOTOJIHUMHU YMOBaMH.

B Vkpaini roctpo CTOiTh MUTaHHS MIOJO TMiABHINEHHS SKOCTI OITyMiB,
OCKUTBKM BOHHM 3a CBOIMH BIIACTHBOCTSIMH HE BiANOBiZalOTh HOPMATHBHHUM
JOKyMEHTaM Ta craHzaptam. lle chopuduHEHO BIACYTHICTIO OIHOPITHOI
CHUPOBHMHM ISl 1X BHPOOHHMITBA, 3acTapijioro OOJNAQJAHAHHS, MOCTIHHUX
MOPYIIEHb HOPM TEXHOJOTIYHOTO IPOLIECy.

Bupimmri mpoOneMy IOKpaIleHHs SIKOCTI OITyMiB MOXXJIHMBO 3aBISIKH
3aCTOCYBaHHIO PI3HOMaHITHHX 100aBOK aist Woro moamdikamii. EQekruBHrM
CHOCOOOM Mi/IBUILIEHHS SKOCTI JIOPO’KHIX MOKPHUTTIB BBaXKAETHCS 3aCTOCYBAHHS
6iTyMiB, MOAM(}IKOBAaHMX ENOKCHIHHMH CIOJIyKamH, OCOOJIMBO HA OCHOBI
BiIHOBJTIOBAIBHOT CUPOBUHU, HAIIPUKJIIA, POCIMHAMX OJiit [1,2].
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Moaudikariss JOPOKHIX OITyMiB €OKCHIOM COHSITHUKOBOI OJIi1 103BOJISIE
MOKPALIUTH EKCIUTyaTaliifHi XapaKTePUCTHKU JOPOXKHIX MOKPUTTIB, MPUIOMY
3aJIe)KHO BiJl BMICTY 00aBKH 1 criocoOy ii BBeJIGHHSI MOJKHA OTPUMATH OiTyMU 3
PI3HMMH BIAacTHBOCTAMH. Ac(allbTOOETOH, BUTOTOBJICHHH Ha OCHOBI OITYMiB,
MO (IKOBAaHUX ETIOKCHIHOIO COHSIIHUKOBOIO OJI€I0, Ma€ BUII IOKa3HUKU
MIIHOCTI, BOJJOCTIHKOCTI, OPIiBHSHO 3 IHIIMMHU acdaiprodeToHamMu. B 1pomy
BUNAJKy B3HWKYIOTbCS JUHaMIuHI Jil Ha HIDKHI LIapu 1 3MEHIIYEThCS
MOXUIMBICTh  KOIIIFOBaHHS TPIIIMH Ta IHMUX JAeeKkTiB ImapiB, IO
MIEPEKPUBAIOTHCSL.

Anajis BimoMux MOCJIiIKeHb. MoXInBICTE BUKOPUCTAHHS
Mon(piKOBaHUX OITyMiB PI3HUMH CIIONYKAMH, B TOMY YHCII, CTIOKCUIHUMH, B
JOPOXHBOMY OyIIBHHUIITBI BUBYAIHM HAYKOBIII SK B YKpaiHi, TaK i 32 KOPIOHOM
[1,2,3]. TIpoTte muraHHsAM j00aBKH 10 OITYyMy €MOKCHAY COHSIIHUKOBOI OJii B
SIKOCTI MO/IM(iKaTopa JOCIIAHUKY yBard He NPUIISIIH.

MeTto10 po6oTn OyJ0 IOCIIKEHHS BILIMBY €IIOKCUAY COHSLIHUKOBOT OJii
Ha CTPYKTYpPY 1 BIACTHBOCTI OIiTyMiB, SIKUil 3a0€3MEUUTh MOKPAIICHHS (i3UKO-
MEXaHIYHUX XapaKTePUCTUK LIUX MaTepiaiB IUISIXOM MoaudiKaii.

PesyabTaTH Aocaimkenb. /71 NpoBeeHHs eKCIIePUMEHTAIBHOI YaCTHHU
po0OTH BHKOPHUCTOBYBalM JOpoxHii HadroBuit 6itym mapku BHJL 90/130 Ta
BH/ 60/90, a TakoXX EMOKCHI COHSIITHHKOBOI OIii, OJEpKaHWH ILIIXOM
eTIOKCUAYBaHHS ii B CEPEIOBHILI IIEPOKCHIY BOTHIO.

Jlo TOKa3HHKIB, SKi XapaKTepU3YIOTh BIACTHBOCTI TBEPIUX OITYyMIiB,
BITHOCAThCS TAMOWHA TPOHWKHEHHS CTAaHIAPTHOI TONKK (TICHeTparis),
TEeMIIepaTypa pO3M'SKIICHHS, PO3TSDKHICTh (JIYKTWIIBHICTB), TeMIepaTypa
KPHUXKOCTI.

[TeneTpanisi - MOKA3HHUK, IO XapaKTepU3ye TIIMOWHY NPOHUKHEHHS Tina
cTaHaaptHOi (GOpMH B HamiBpigKi 1 HamiBTBEpII NPOAYKTH IPH MHEBHOMY
pexuMi, 10 OOYMOBIIOE 3JaTHICTh I[BOTO Tija MPOHUKATH B MPOAYKT, a
MPOJXYKTY - YMHHUTU OMip LIbOMY IPOHHKHEHHO. [leHeTpallilo BU3HAYaIOTH 3a
METOJMKOI0, TMOJaHOK B [4]; 3a oauHMIO TNeHeTpalii npuiiHATa TIMOMHA
IIPOHUKHEHHS roiaku Ha 0,1 MM.

Temmeparypa po3M'sSKIICHHS OITyMiB - IIe TeMIepaTypa, MpH AKid OiTyMu
3 BITHOCHO TBEPJOr0 CTaHy HEpPeXOAiTh B DiAKuiA. MeToanka BHU3HaYEHHS
TEMIIEpaTypy PO3M'SIKIICHHS YMOBHA 1 HAYKOBO HEe OOIPYHTOBaHa, ajie IINPOKO
3aCTOCOBYETHCSI Ha INpaKTUIl. BHUnpoOyBaHHS NMPOBOAMIM 32 METOIUKOIO [5]
METOJIOM «KIJIBIIE 1 KYJIs».

PO3TsOKHICTE (IyKTHIBHICTE) OITYyMy XapakTepU3yeThCs BiACTAHHIO, Ha
AKy MOTO MOYXHA BHUTATHYTH B HHUTKY 10 po3puBy. Lleii mokazHuk mo6igHO
XapaKTepU3y€e TAKOXK TMPIIUIAEMICTh OITYyMy 1 HOB'S3aHUIl 3 MPHUPOIOI0 HOTO
KOMIOHEHTIB. JlopokHi HaTOBI OITyMH MalOTh BUCOKY PO3TSDKHICTB - OiibIie
40 cwm. ITimBumeHHs pO3TSHKHOCTI OiTyMiB HE 3aBXKIH BiAMOBITAE MOJIMIICHHIO
ix BactuBocTed. Po3TspkHicTs OiTyMmiB mpu 25 °C Mae MakCHUMalbHe 3HaYEeHHS,
sSKe BIANOBiJa€ IiX TMepexoly BiA CTaHy HBIOTOHIBCHKOI pIIMHH 11O
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cTpykTypoBaHoi. UuM Oijblre 6iTyM BiIXHIISETHCS Bill HBIOTOHIBCHKOTO Tedili,
TUM MEHILe Horo po3TsokHicTb npu 25 °C, ane nocuth Bucoka mpu 0 °C. bitym
MIOBUHEH MaTH MiJBHIIEHY PO3THKHICTD ITPU HU3BbKKX TemrepaTtypax (01 15 °C)
i nomipHy — ripu 25 °C. BunpoOyBaHHs MPOBOANIN 32 METOIUKOIO [6].

Temneparypa KpUXKOCTI - 1€ TeMIleparypa, IpH sKiH Marepial
pYHHY€ETbCS TiJ Ji€l0 KOPOTKOYAacHO NPHUKIAJAEHOTO HaBaHTaKEHHS. 3a
®paacom - me Ttemmeparypa, NpH SIKIH MOAYIb MPYXHOCTI OiTymMy NpH
TpHuBaJoCcTi HaBaHTakeHHS 11 ¢ mns Bcix OiTymiB omHakoBwii i piBHmi 1100
kr/em2 (1,0787-108 H/m?). Temmeparypa KpHXKOCTI XapaKTepH3ye TOBEIiHKY
06iTyMy B JOpPOXXHBOMY IIOKPHTTi: YMM BOHA HIDKYAa, THM BHINA SKICTH
JOPOXHBOTO OiTyMy. OKHCIIeHI OiTyMH MarOTh HIDKTY TEMIIEPATypy KPUXKOCTI,
HiXK iHIIL OiTyMH Ti€el X meHerpamii. BunmpoOyBaHHS MPOBOAWIN 32 METOIUKOIO
[71.

B pesymbrari JoCHipKeHHS  JOPOXHIX  OiTyMiB, MonudikoBaHHX
€IIOKCHJIOM COHSIITHUKOBOI OJIii, BCTAHOBJICHO BIUIMB JaHOi I00aBKH B Pi3HOMY
BIZICOTKOBOMY CITiBBiJHOILIEHHI Ha CTPYKTYpY 1 BJIacTHBOCTI OiTyMiB. 30Kpema
BUBYEHO, 1110 30UIBIIECHHS] BMICTY €OKCH/IY COHSIIHUKOBOI OJIii B OiTyMi MOHAL
7% € HeNOUUIPHUM, OCKUIbKM MPAKTHYHO HE 3MIHIOIOTHCS TaKi MOKA3HUKH, SK
NeHeTpallis, TeMIeparypa pO3M’sKIICHHsS, AyKTHIBHICTH 1 TemIepaTrypa
KPUXKOCTI.

Pesynbrat mocnimkeHb TOPOXHIX OiTyMiB, MOAN(IKOBAaHUX EMOKCHIOM
COHAITHUKOBOI OJ1ii, HaBeleHi B Tabnuisx 1 ta 2 Ta pucynkax 1, 2, 3,4, 5 ta 6.

Taomums 1
Pesynbratu BunpoOyBans 6itymy BHJI 90/130 3 qo6aBkaMu enoOKCUILY
COHSIIHUKOBOT 0111 2%, 3%, 5% Ta 7% Bin Macu OiTymy

BHJI BH/L BH/L BH/I BH/I
Haspa moKasHuKa 90/130 90/130 | 90/130 | 90/130 | 90/130
+2% +3% +5% +7%
ECO ECO ECO ECO
1. I'nubvHa NPOHUKHEHHS TOJIKU
(nmenerpauis), 0,1 MM
3a Temreparypu 25 °C 102 99 87 59 57
3a Temneparypu 0 °C 25 23 24 21 22
2: Temnepatypa po3OM SIKIICHHS 33 46 51 51 53 53
KiblieM Ta Kynero, °C
3. PO3TsKHICTD (XYKTHIBHICTB), CM:
3a temmepatypu 0 °C 5,0 5,0 51 53 5,0
3a Temreparypu 25 °C 91 88 87 83 85
6. Temneparypa kpuxkocrti, °C -27 -27 -28 -28 -26

PesynbraTi mpoBeNEeHUX AOCIIJUKEHb MOKA3aJld, 110 BBEJCHHS EMOKCHIY
COHSIIIHUKOBOI OJii B JOPOKHIH OiTyM 3MEHIIye MEHETpalilo Ta IIiJABUILYE
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TEMITepaTypy PO3M’SKIICHHS, a Ha PO3TSHKHICTD 1 TEMIEPATypy KPUXKOCTI Mae

HE3HAYHHUU BILJIUB.

Tabnuws 2
Pesynbratu BunpoOyBans 6itymy BHJ[ 60/90 3 mobaBkamu emokcumy
COHAIIHUKOBOI 01i1 2%, 3%, 5% ta 7% Bin Macu GiTymy

BHJI BH BH BH BH
Hasga a a 60/90 60/90 | 60/90 | 60/90 | 60/90
3Ba MOKa3HUK: +2% +3% +5% +7%
ECO ECO ECO ECO
1. TimmbuHAa TPOHWKHEHHS TOJIKY]
(renerpaunis), 0,1 MM
3a Temmepatypu 25 °C 90 82 67 59 57
3a Temneparypu 0 °C 16 15 16 18 22
2: Temneparypa IZOSM SKIICHAS 33 ,q 50 50 48 44
KiJIbLIEM Ta KyJero, °C
3. PO3TSKHICTB (DyKTHIIBHICTB), CM:
3a temmepatypu 0 °C 5,0 4,9 5,0 4,3 47
3a Temmeparypu 25 °C 90 88 88 86 87
6. Temneparypa kpuxkocti, °C -25 -25 -26 -26 -26
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Puc. 1. Tlenerpauist pu 25°C Buxignoro 6irymy mapku BHJI 90/130 ta BH/I
60/90 Ta Tux xe OitymiB 3 nodaskamu ECO 2%, 3%, 5% ta 7% Bix Macu Gitymy
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Puc. 3. Temneparypa po3m’sikiieHHs1 BUxigHoro 6itymy mapku bH/I 90/130 ta
GiTymy

BH/ 60/90 Ta Tux ke 6itrymiB 3 mobaskamu ECO 2%, 3%, 5% Tta 7% Bix Macu
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Puc. 4. TykrunbHicTs npu 25°C Buxiasoro 6itymy mapku BHJT 90/130 Ta BH]T
60/90 Ta Tux xe OitymiB 3 nodaBkamu ECO 2%, 3%, 5% ta 7% Bin Macu Gitymy
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Puc. 5. Qykrunsnicts npu 0°C Buxinsoro 6irymy mapku BHJI 90/130 ta BH]T
60/90 Ta Tux xe OitymiB 3 nodaskamu ECO 2%, 3%, 5% ta 7% Bin Macu Gitymy
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Puc. 6. Temmepatypa kpuxkocTi BuxigHoro 6irymy mapku BHJI 90/130 ta BH/]
60/90 Ta Tux xe OitymiB 3 nodaBkamu ECO 2%, 3%, 5% ta 7% Bin Macu GiTymy

BucHoBku. Mojudikamiss D0poxHIX OiTyMiB 3 JONOMOIOK EHOKCHIY
COHSIIIHUKOBOI OJii Beie M0 3MiHM BJIAaCTHBOCTEH MoIu(DikoBaHOTO OiTyMYy,
TaKUX 5K TEHEeTpamis, TeMIepaTypa pO3M'SKIICHHS, JIYKTHJIbHICTb,
TeMIIepaTypa KpUXKOCTI.

OTpuMaHi pe3ynbTaTH JO3BOJISIOTH CTBEP/PKYBAaTH, IO BBEACHHS
€TIOKCH/Y COHSIIHUKOBOI OJIii B OiTyM, HE3aJ€KHO BiJ] HOTO MApKH, JIa€ 3MOTY
HiJBUIUTH TeMIeparypy po3m'sakiienHs Ha 3-5 °C. JlyKTWIbHICTH Ta
TeMIepaTypa KpPUXKOCTI NPAaKTHYHO € PIBHOIO JIYKTHJIBHOCTI Ta TeMIepaTypi
KPHUXKOCTI HEeMOIU(IKOBAHOTO OiTyMYy.

[lenerpamis mMomudikoBaHuX OITyMiB iCTOTHO 3HHMXKYEThCS. SIKIO I
6itymy mapku BHJI 60/90 med moka3HMK 3HMXKYETbCS Ha 33, MOPIBHSIHO 3
HeMou(iKoBaHUM 3pa3koM, To mis Oitymy mapku BHJI 90/130 3menmienHs
CTaHOBUTH 45. AHami3yr0uu 3MiHH (Pi3MKO-MEXaHIYHNX MTOKA3HHUKIB OITyMiB 10 i
micins moau(ikamii, MOXEMO CTBEpIXKYBaTH, IO BHACHINOK Mojudikamii
MOXJIMBA 3MiHa X MapKH.

Ha ocHOBiI BHIICBHKIIQJICHOTO MOXXHA CTBEPIKYBATH, IO MOIupikaiis
JOPOXHIX OITyMiB EMOKCHIIOM COHSIIHHKOBOI OJIii Ja€ 3MOTY MOKPAIUTH

eKCIITyaTaliifHi XapaKTepUCTUKHU JOPOXKHIX MOKPUTTIB, HE3AJIEKHO Bill MAPKH
OiTymy.
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