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1. InceprauiiiHa po60Ta NpUCBSIY€HA BUPIIEHHIO aKTyaJIbHOTO 3aBJAHHS 00 TPOEKTYBAHHS Ta JOCIiIKEHHS
HA/ICTIMKMAX KaTIOHHMX GiTYMHMX €MYJIbCill, 1[0 XapaKTE€PU3YIOThCSI BUHATKOBUMU XapaKTEPUCTUKAMU PO3IIAJy Ta
CTiMKOCTI 3a 36epiranHs. [IpoBeieHUI OIJIA, JIITEPATyPHUX JIKEPEJ], 3aCBiIYMB, 1[0 BUKOPUCTAHHS HAJCTINKUX
KaTiOHHUX GITYMHUX €MYJIbCiil y 6iTyMHO-€MYJIbCIHUX TEXHOJIOTISIX € HeIOCTAaTHbO JOCTIIKEHUM Y CBITi.
BusHaueHo BjaCTUBOCTI 6iTyMiB, eMyJIbraTOpiB, KAM'STHOTO MaTtepiainy, ppe3epoBaHoro acasbTo6eTOHHOTO
IIOKPHUBY, I'PYHTY Ta 3alIpPOEKTOBAHO HAJICTIiMKi €MYJIbCii 717151 KOXKHOI 6iTYMHO-€MYJIbCiiHOI TeXHOoIorii. BubpaHi 1Ba
6iTymuU, 10 BiIPI3HAIOTLCS 32 IIOXOAKEHHSM Bi/INOBIIAI0Th BUMOraM HOPMAaTHMBHUX JIOKYMEHTIB Ta MOXYTb OyTH
BUKOPUCTAHI [ BATOTOBJIEHHS 6iTYMHUX €MYJIbCill. Bys10 moCiiKeHo Ta BUKOPUCTAHO /1J1 IPUTOTyBaHHS
€MyJIbCill YOTUPHU eMyJIbraTopa, OCHOBOIO SIKUX € aMiHU. 3allpOeKTOBAHO GiTyMHi emMyJbCii i3 MiHIMasIbHUM,
cepeJHiM Ta MaKCMMaJIbHUM BMiCTOM €MYJIbraTopiB. YCi BUTOTOBJIEHI 6iTyMHi eMyJIbCii 6y1 CTabiIbHUMU Ta
BiANoOBizamm BUMOram 14 ix nofanbioro BUKOPUCTaHHS y 6iTyMHO-€MYJIbCITHMX TEXHOJIOTisIX. BcTaHOBIEHO, 110

cepe 3aIIpOEKTOBaHUX GITYMHUX €MYJIbCiil BiIMiHHY CTIMIKiCTb O po3najy Ta CTilKiCTb 3a 30epiraHHs BCTAaHOBJIEHY



3a Pi3HMMU XapaKTepUCTUKAMU PO3Maly Ta 36epiraHHs eMyJibCii IEMOHCTPYe eMyJibcCis i3 emysnbraropom Redicote
4875 NPF. BcTaHOBJIEHO, 10 PO3IIall eMYJIbCii B TEXHOJIOTISIX, 1€ BUKOPUCTOBYETHCS IOPTIIAHTLIEMEHT 3aJIEXXUTD Bi]
TUIly BAKOPUCTAHOI KMCJIOTU Ta TUITY i KiJIBKOCTi OJAHOTO €MyJibraTopa. BcTaHOB/IEHO, 1O Yac po3nafay JIUTHX
eMyJIbCiliHO-MiHepa/IbHU CyMilllell 3a7IeXKUTh Bif CKJIa[ly BAKOPUCTAHOI eMyJIbCii Ta peaKTUBHOCTI KaM'sTHOTO
Marepiasny 3a IOKa3HMKOM METUJIEHY CUHbOTO. UMM BUIIE MIOKA3HUK METUJIEHY CUHBOTO, TUM Oi/IbIIy KiIbKiCTb
peryssitopa posmnany norpebye JuTa eMyJbCiiHO-MiHepasbHa CyMilll 17151 JOCSITHEHHST HeoOXilHO po3naay cymilii.
TakoxX HeoOXiiHa KiJIbKiCTh PEryJIsSTOpa PO3Iazy B IUTUX €EMYJIbCIHHO-MiHEPATIbHUX CyMilllaX 3aJIEXKUTh Bif] TUITY
€MYJIbraTopa B CKJIaAi eMysibcii. CriocTepiraeToCst I€BHA JIiHiMHA 3aJI€5KHICTh MIX KiJIBKICTIO PEryJIsiTOpa po3Mnany Ta
PO3II1aJiloM CYyMillli, TPOTe BIJIVB HaIIPSIMY 3aJIeKUTh Bifl eMyJibratopa y 6iTyMHil eMyJbcii i y KOKHOMY BUIIQAKY BiH
€ inpuBinyanbHUM. Pe3ynbTaty goCligpKeHb CBifyaTh po Te, o emybcii i3 1,2% BmicTom E4875 NPF niis
TEXHOJIOTII JINTUX €MYJIbCIMHO-MiHEPAJIbHUM CyMilllEN i3 METUJIEHOM CUHIM 18 MJI JOLiNIBHO 3aCTOCOBYBATHU 3a
temnepaTtypu goBkinms 30°C. Came 3a Takoi TeMIiepaTypu posmnaj, CyMilli CTAaHOBUTb 6s113bKo 180 ¢ 6e3
HeOOXiJIHOCTI BKJIIOUEHHSI peryJsiTopa posnany B cyMiml. Ha npoTtusary LibOMy B CKJIaJ, INTUX €MYJIbCiliHO-
MiHepasbHUM cymilneit Ha emyJibcii i3 Redicote E11-1,2 Mac.% Heo6xigHO BKiIoyaTu 1,7 % peryasaropa posnagy
cymimti. Ifogo KoresifiHOI MilIHOCTI JINTUX €MyJIbCIMHO-MiHEpaJIbHUM CyMilllell 061 Ba CKIAy [10Ka3auu
OJIHAaKOBUI 4ac 17151 BiTKPUTTS PyXy TPAHCIIOPTHHUX 3aCO6iB, ajie I0Ka3HUKU BTPATA MaTepiay 3a BOJIOTOTO 3HOCY y
6iTyMHUX eMyJbCill i3 emysbratropoM Redicote E4875 NPF e meHmumuy, HiX y 6iTymHUX eMyJbciil Redicote E11-1,2
Mac.% i 3HaXOJSAThCS B MEKax HOPMATUBHUX BUMOT. JIOCIIiIPKEHO, 10 A0aBaHH 1e6eHeBO-MIaHMX CyMilllel Ta
NOPTJaHALEMEHTY B CKJIa[, CyMilllell 17151 XOJIOAHOTO peCaiKIIiHTy IPULIBUIIIYE PO3Na/ 6iTYMHUX €MyJIbCill, aje
CBOEIO Yeproo GiTyMHA €MYJIbCisl CIIOBIJIBHIOE TY)KaBiHHS IOPTJIaHILEMEHTY, 10 IPU3BOAUTD JO Oi/IbIIOr0 Yyacy
TPaHCIIOPTYBaHHS CyMilllel 1J151 XOJIOAHOTO PEeCalKIiHTY 33 IOTPe6U y BUNAIKy XOJIOOHOTO PECAKIIHTY «Ha
3aBOJIi» Ta GI/ILIIOrO Yacy Ha TEXHOJIOTIUHI onepalii ykiazgaHHs, NpoQilloBaHHs Ta yiIbHEHHS mapy. Ls
0COOJIMBICTD BIJIMBA€E HA IPAHMIIIO MIiLIHOCTI Ha CTUCK B 4aci, aJpke KaTioHHa GiTyMHa eMyJibCid y MaTepiari
IIOPOKHBOMY, BATOTOBJIEHOMY METOJIOM XOJIOJHOTO PECAMKJIIHTY, CTIOBIJIbHIOIOYU [109aTKOBE TY>KaBiHHS
NOPTJIAHJILIEMEHTY, He 3HIDKye IPaHULII0 MILIHOCTI 3pa3KiB Ha CTUCK yepe3 28 7i6, a HaBnaky 36isbmye ii. 3a
rpaHMLEIo MIlJHOCTI Ha cTUCK 3a Temneparypu 20°C ta 50°C HallBUIIMMU TOKa3HUKAMU XapaKTE€PU3YEThCS
Marepiaj LOpPO>KHill, BUTOTOBJIEHUI METOJIOM XOJIOJJHOTO PECANKIIIHTY, i3 IOPTIaHALLEMEHTOM Ta 6iTyMHOIO
eMyJibcielo i3 emysnbratopoM Redicote 4875 NPF. Ilbomy maTepiany JOPO>KHbOMY, BUTOTOBJIEHOMY METOJIOM
XOJIOLHOIO PECANKIIIHTY, XapaKTEPHi i HAMHWXKY] [IOKa3HUKY BOJOHACUYEHHS. 1le € 3aKOHOMIPHUM OCKIJIBKY, aHAJII3
¢$oTo BUNPOOYBaHUX 3Pa3KiB BKa3ye Ha Te, O MOKPUTTS CyMIillli 1715 XOJIOJAHOTO PECaNKIIiHTY 3aJIMIIKOBAM
B'SDKy4UM i3 6iTyMHOI eMyJibcii i3 emyabratopom Redicote 4875 NPF e Haiikpamum. BuzHaueHo iznko-MexaHiuHi
[IOKa3HMKY CTabili30BaHMX I'PYHTIB Ta MOLYJIb fedopMaliii, sIKi BKa3yloTh Ha Te, IO ONTUMAJILHUM CEPE],
IOCJIiIKeHNX CKIafiB 6iTYMHUX eMyJIbCill € ckiap i3 creniaspHuM emysbratopoM Redicote E-4875 NPF |, amxe
IOMY BJIaCTMBUI HAaWJIOBIINI PO3Mag, 6iTyMHUX €MYJIbCiii 3a cTabisizalii IpyHTY Ta BULLi TOKA3HUKY SIKOCTI
CTabi1i30BaHOr0 I'PYHTY. 3aNIPOIIOHOBAHO BUMOTHY JO HAJICTIMKUX GITYMHUX €MYJIbCIN 32 XapaKTEpPUCTUKYU PO3Nany
Ta CTIKOCTI 3a 30epiraHHs Ta BUMOTH 10 HAJICTIKUX GITYMHUX €MYJIbCIill [17151 KOHKPETHOI JOPO>KHbOI TEXHOJIOTI], a

caMme JINTUX eMYyJIbCITHO-MiHepaJbHUX CyMilleil, XOJIOGHOTO PECAUKIIHTY Ta cTabini3anii rpyHTIB.

2. The dissertation work is devoted to solving the urgent problem of designing and researching ultra-stable
cationic bitumen emulsions, which are characterized by exceptional characteristics of decomposition and stability
during storage. A review of literature sources showed that the use of ultra-stable cationic bitumen emulsions in
bitumen emulsion technologies is insufficiently studied in the world. The properties of bitumens, emulsifiers, stone
material, milled asphalt concrete pavement, soil were determined and ultra-stable emulsions were designed for
each bitumen emulsion technology. Two bitumens were selected, which differ in origin, meet the requirements of
regulatory documents and can be used for the manufacture of bitumen emulsions. Four emulsifiers based on
amines were investigated and used for the preparation of emulsions. Bitumen emulsions with a minimum, average
and maximum content of emulsifiers were designed. All produced bitumen emulsions were stable and met the
requirements for their further use in bitumen emulsion technologies. It was found that among the designed
bitumen emulsions, the emulsion with the Redicote 4875 NPF emulsifier demonstrates excellent resistance to



decomposition and storage stability, established by various characteristics of decomposition and storage of the
emulsion. It was found that the decomposition of the emulsion in technologies using Portland cement depends on
the type of acid used and the type and amount of added emulsifier. It has been established that the disintegration
time of cast emulsion-mineral mixtures depends on the composition of the emulsion used and the reactivity of the
stone material according to the methylene blue index. The higher the methylene blue index, the greater the
amount of disintegration regulator required by the cast emulsion-mineral mixture to achieve the necessary
disintegration of the mixture. Also, the required amount of disintegration regulator in cast emulsion-mineral
mixtures depends on the type of emulsifier in the emulsion composition. There is a certain linear relationship
between the amount of disintegration regulator and the disintegration of the mixture, but the effect directly
depends on the emulsifier in the bitumen emulsion and in each case it is individual. The results of the studies
indicate that emulsions with a 1.2% content of E4875 NPF for the technology of cast emulsion-mineral mixtures
with methylene blue 18 ml are advisable to use at an ambient temperature of 30°C. It is at this temperature that the
decomposition of the mixture is about 180 s without the need to include a decomposition regulator in the mixture.
In contrast, the composition of cast emulsion-mineral mixtures on an emulsion with Redicote E11-1.2% by weight.
requires the inclusion of 1.7 decomposition regulators of the mixture. Regarding the cohesive strength of cast
emulsion-mineral mixtures, both compositions showed the same time for opening to traffic, but the material loss
rates during wet wear in bitumen emulsions with Redicote E4875 NPF emulsifier are lower than in bitumen
emulsions with Redicote E11-1.2% by weight and are within regulatory requirements. It has been studied that the
addition of crushed stone-sand mixtures and Portland cement to the composition of mixtures for cold recycling
accelerates the decomposition of bitumen emulsions, but in turn, the bitumen emulsion slows down the hardening
of Portland cement, which leads to a longer time for transporting mixtures for cold recycling if necessary in the
case of cold recycling "at the plant” and more time for technological operations of laying, profiling and compaction
of the layer. This feature affects the compressive strength limit over time, because the cationic bitumen emulsion
in the road material produced by the cold recycling method, slowing down the initial hardening of Portland
cement, does not reduce the compressive strength limit of the samples at 28 days, but on the contrary increases it.
In terms of compressive strength at temperatures of 20°C and 50°C, the highest performance is achieved by the
road material produced by the cold recycling method with Portland cement and bitumen emulsion with the
Redicote 4875 NPF emulsifier. The physical and mechanical parameters of stabilized soils and the deformation
modulus were determined, which indicate that the optimal composition among the studied bitumen emulsion
compositions is the composition with the special emulsifier Redicote E-4875 NPF, since it is characterized by the
longest disintegration of bitumen emulsions during soil stabilization and the highest quality indicators of stabilized
soil. The requirements for ultra-stable bitumen emulsions for the characteristics of disintegration and stability
during storage and the requirements for ultra-stable bitumen emulsions for a specific road technology, namely
cast emulsion-mineral mixtures, cold recycling and soil stabilization, are proposed.
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PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Xsriéumus FOpiii SlpociaBoBruy

2. Yuriy Y. Khlibyshyn

KBasigikanis: x.r.u., go., 05.17.07

InenTudgikarop ORCID ID: 0000-0001-9910-5942

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHS IOPHIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKA MOMTiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

MicueSHaxo,T.pKeHHH: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:

1. HoBunpkuii KOpiii JIeoHimoBUY

2. Yurii Novytskyi

KBasidikanis: k.r.u., nor,, 05.17.1

InenTudgikarop ORCID ID: 0000-0002-5011-7034

JoparkoBa iHdpopmamuist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. CrenaHa Bangepu, 6yz. 12, JIbBis, 79013, Ykpaina
dopma BracHOCTI: JlepxaBHa

Coepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
Biiacue IlpisBume Im's ITo-6aThKOBI Tpunnimn Oner Bornanosny

TOJIOBH pajgu



BaacHe IlpizBumie Im's ITo-6aTbKOBI I'punnmun Oner Borpanosuy
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiamoBimaibHUH 32 MiZTOTOBKY Mapymaxk YisiHa JIMuTpiBHa

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




