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BIAI'YK
0iifiHOTO ONMOHEHTA KAHAMAATA TeXHIYHUX HAYK, 101leHTA,
AoueHTa Kapeapu «ABTOMOOGIIbHI 10POrH Ta MOCTHY
Hauionanbhoro yniBepcurery «JIbBiBebKka mostiTexnika
Ciayna IOpist Bosioaumuposuua
Ha qucepTauiiiHy podoTy
Ana Wnauue
Ha Temy:

«BuKOpHCTaHHS ByTJleleBUX HAHOTPYGOK B I0POKHBOMY Ta
aepoAPOMHOMY OyAIBHULTBI IPU AMHAMIYHUX HABAHTAKECHHIX
Npe/CTaB/IeHy Ha 3100y TTs CTYNeHs I0KTopa dinocodii
3a crietiaibHICTIO 192 - By IiBHULTBO Ta UMBiNbHA iHKeHepis
ranysp 3HaHb 19 - ApxiTektypa Ta OyaiBHULTBO.

Pobora Bukonana B HarionansHomy asiauilinomy yHiBepcuTeTi, MiHicTepcTBa
OCBITHU 1 Hayku YKpaiHu.

AKTya/IbHICTh TeMH J0C/Ii1KEeHb.

CporoaHi NuUTaHHS BWUBYEHHS, BAPOOHMIITBA Ta 3aCTOCYBaHHs HAaHOMAaTepiaiB €
aKTyalbHUMH 1 0cO0MBO nomysipHuMu. HanomaTepianu MoxyTh OyTH BUKOpHUCTaHI
SIK aZCOPOEHTH, KaTali3aToOpu XiMiYHMX peakLiii, MoaubikaTopu abo HaNOBHIOBaui
A7s pi3sHMX Matepianis. [loninienHs: BnacTuBocTeil MarepiajiB NMpH BUKOPUCTAHH]
HAHOYaCTHHOK MOB'S3aHE 3 BEJIMKOIO INIOLICKO [OBEPXH, KA CIPHSE B3aEMOJIT MiK
(azamu Ta ¢isuKo-XiMiuHMMH Npomecamu, 1o BinOyBaloThest Ha Mexi a3. Tomy
HaHOMaTepialu 3HAWIUIM 3aCTOCYBaHHs B OyiBesbHil ramysi, B TOMy 4HCIi i y
BUPOOHMUTBI  OyniBeabHMX MarepiamiB B JAOPOXHBOMY Ta aepOJAPOMHOMY
OyniBHMUTBI. BHKOpHCTAaHHS HAHOTEXHOMOTIH 1 HAHOCHCTEM y BUPOOHHUITBI
OymiBeNbHUX MaTepialiB € HOBHM MiAXOIOM 10 BUOOPY CHpPOBHHH, TEXHOJOTIH Ta
(GopMyBaHHS CTPYKTYpu OymiBeNbHHX KOMMO3uTiB. HOBi MaTepiaiay BiIKPUBAIOTh
HOBI DHWHKH, 30iIbLIyIOTh 0OCAIM BHPOGHHLTBA i PO3LIMPIOIOTH  ACOPTHMEHT
MPOAYKIIi, WO BIAMOBIAHO MiABHILYE KOHKYPEHTOCIIPOMOKHICTH i J0TOMArae
BUPILIYBATH TaKi aKTyasibHi IPOOIEMH, K eHepro3GeperkeHHs Ta 3HUKEHHs BILIUBY
NPOMHUCIIOBOCTI Ha HABKOJIUIIIHE CEPEIOBUIIIE.

Oco0611BO MiKaBMMU BUIAIOTHCS TaK 3BaHi HaHOMOU(IKATOPH /ISl IOPOXKHBOIO

Ta aepPOJIPOMHOTO OYMIBHULTBA. AJKe CydacHi TeHAEHLii PO3BUTKY HAHOPO3MIPHHUX
MOZM(IKATOPIB  3yMOBIIOIOTh  3pOCTAaHHS  OOCATIB  JOCILILKEHb y ramysi
Marepialo3HaBCcTBa JOPOXKHIX MaTepianiB. YV Garatbox po0oTax BYEHUX 3-3a KOPIOHY
PO3IISANAtOTECS MUTAHHS BMPOOHMIITBA, 3aCTOCYBAHHS ® Ta OIL[HIOBAHHS SKOCTI

1




HAaHOMOJM(IKOBAHUX B'sKyuuX. JIsi LbOTO BUKOPUCTOBYIOTBCSI Pi3HI 100aBKU 3a
CKIaZloM, METOZlaMM OTPUMAHHS Ta MEXaHI3MOM BILIHBY Ha B'SDKYYI.

B nuceprauifinux  mocnimkeHHsX PO3IJISIHYTO  BUKOPHCTaHHS  HOBOIO
MoauQikaTopa  ByriieLeBHX HAaHOTPYOOK 1yt achanbTOGETOHHUX  Ta
LEMEHTOOCTOHHUX TEXHOJIOTiH NOPOXKHIX Ta A€pOAPOMHUX OJSTIB, IO HO3BOJSE
MOKPAIIMTH SIKICTh BiANOBINHO achanbTobeToHy Ta LIEMEHTOOETOHY.

Craan i erpykrypa auceprauiiinoi po6oTu.

CrtpykTypa mucepranii ckianaeTbes 3 aHOTALIl, CIUCKY BUKOPHCTAHUX JDKEper,
3MICTY, CKOPOY€Hb, BCTYIYy, LIECTH pO37iNiB, CIHCKY BUKOPHCTAHHMX JOKepes Ta
AOMATKIB, 3arajbHUM o0csirom 213 CTOPIHOK.

AHaniz  0CHOBHOIO 3MicTY  po0OTH, HOBH3HH npeacTaBJ/IeHUX
€KCNEPHMEHTAILHUX pPe3y/bTaTiB NPOBEIEHHX 3100yBayemM [dOCJHiXKeHb, iX
HayKOBOI OOGIPDYHTOBAHOCTI, piBHN BHKOHAHHS MOCTABJIEHOI0 HaYKOBOIO
3aBIaHHS Ta OBOJIOAIHHSA 3100yBayeM MeTO10/10Ti€I0 HAYKOBOI AiSIJIbHOCTI.

Ctpykrypa nuceprauii noGymosaHa moriumo BIAMOBITHO 10 MeTH Ta 3amady
JOCIIDKeHHs. BuknaneHHs 0CHOBHOrO MaTepiajly IMCepTaLli, HayKOBUX MOJIOYXKEHb,
pe3ybTaTiB Ta BUCHOBKIB JIOTiYHe Ta apryMeHTOBaHe.

Bukopucranas wmarepianis  inmux aBTOPIB 3JIMCHIOETBCS 3 0GOB’SI3KOBUM
MOCHUJIaHHSIM Ha HayKOBI mpaLi.

Beryn poboru 3aiimae 6nuspko 12 CTOPIHOK i B OCHOBHOMY MIiCTHTh JA€Ta/lbHHii
OMJIAA AOCHIAHMUBKOI po6oTu. Posmin 1 3aiimMae Gauzbko 25 CTOPIHOK i, 30KpeMma,
NPENCTABIISIE Ta aHaJli3ye Matepiaj, BHCBITIEHMiT y JOCIIDKEHHI, IUISIXOM OISy

nitepatypu. Posain 2 3aiimae 61u3bko 17 CTOPIHOK i B OCHOBHOMY 30CepeKeHH il Ha

TEOPETHYHOMY BMBYCHHI, aHali3i Ta MeTONONIOTii AOC/iKEeHHS acanbTobeToHy,
MO (DIKOBAaHOTO BYyTJIeLIeBUMH HAaHOTPYOKaMH, LLISXOM OrJIsify JiTepatypu. Po3in
3 3aiimae 613bK0 20 CTOPIHOK i NPHUCBSMEHUH aKaJeMiYHOMY BHBYEHHIO, a”aizy Ta
METOJNOJIOTI] JOCTIPKEHHS LIeMEHTHOrO 0eTOHy, MOIHM(IKOBAHOrO ByrielEeBUMH
HaHOTPYOKaMM, HUISIXOM OISy niteparypu. Posnin 4 3ajimae 61m3pko 27 CTOPIHOK i
B OCHOBHOMY MICTUTh €KCIIEDMMEHTAJbHI AOCHiLIKeHHS Ta pe3yJibTaTh aHalizy
ac(anpTobeTORY, MOAM(}IKOBAHOTO BYIJIELIEBUMHU HaHOTpyOkamu. Posxin 5 3aiimae
0mu3bK0 36 CTOPIiHOK i B OCHOBHOMY BKIJIFOYA€ €MIIPUYHE NOCTIMKEHHS Ta aHATI3
Pe3yJIbTaTIB LIEMEHTHOIrO GEeTOHY, MOIU(IKOBAaHOTO BYIJeLEeBHMH HaHOTpYOKaMu.
Poszin 6 3aiimae 6nussko 9 CTOPIHOK 1 BKJIIOYA€ 3arajbHi BHCHOBKH JAuceprarii.
Crucok BUKOpHCTAHMX TKepen 0(OpMIICHO 3a MiKHAPOIHHM crannaptoM "MLA".

Honarok micTuts cnmcok my6nikaiiii Ta CepTU(IKATIB BaXIHBUX KOH(EpEeHLil, a

TaKOX aKTHu BITPOBA’KEHHS pe3an>TaTiB L[OCJ'IiI[)KeHI).

Haykoea nosusna ompumarnux pesyremamie wooo moougikyeanns eyeneyesumu
HaHOMPYOKamu acganomoeozo ma yemenmmnozo bemony nonsieae y nacmynnomy:




- IMcepTalliiHe NOCIiKEHHS 6nepute BUKOPUCTOBYE ByIJIELEBI HaHOTPYOKH Jis
SHaqHOTO TOKpalLCHHS XapaKTePUCTHKU CTapiHHA OiTymy B achanbToberoni Ta
CTIMKOCTI 10 cTUpaHHs achanbTo6eTOHY. BukopucranHs ByrieneBix HaHOTPYOOK SIK
cTabii3aTopiB Ta iHriGiTopis y mpoueci CTapiHHs OiTyMO-IOJIMEPHOro B’SKY4Oro
I03BOJISI€ CIOBUILHUTH KOJIMBAHHS TEMIEPATYPH DPO3M'SKIIEHOCTI Ta MOKa3HUKIB
SIKOCTI 3pa3KiB GiTyMiB micns cTapinHs Ginbi Hisk y 10 pa3ziB

- JMCepTauiiiHe NOCIiDKEHHS JO3BOJNMIM JIONATKOBO MOKPAIUTH  PO3Mip
HaCTMHOK Ta B'S3KiCTh ac(anbTO-CMOIMCTUX KOMIO3HMTIB, MiABUIIATH CTAGLIBHICT
HaHOMOZH(IKOBAHOTO GiTYMHOrO B'SKYYOTO Ta 3MEHIIMTH SBHILE po31IapyBaHHS.
MexaHi4Hi BracTUBOCT] acdanbTo6eTOHY TaKOK 3HAYHO MOKPALIUJIUCh.

- JcepTalliiiHe NOCHiIKEHHS 6nepuie BUSBWIIO, IO ByIJIELIeBl HaHOTPYOKHU
MOXYTh CHPUATH MIBMAKOMY 3POCTAHHIO KPUCTANliB TiApaTy XIOpHIy MarHiio, B
Pe3yJIbTaTi YOrO YTBOPIOEThCS LIIIbHA MiKPOCTPYKTYpa 3 MiHIMATBHOIO TIOPUCTICTIO,
IO NPU3BOAUTE 1O CYTTEBOrO 30UIbLIEHHS MOYAaTKOBOI MILHOCTI Ta KOPCTKOCT
LHEMEHTOOETOHY.

- JMcepTauiiiHe JOCHIIKEHHS 6nepute BHSBUIO, IO BUKOPUCTAHHS
BHCOKOMOJICKY/IAPHUX OPraHivHUX MOJIMEpiB B SKOCTI AUCHEPCiiHOro cepenoBUIla
Ma€ BUpIlIANbHE 3HAYeHHs i e(GeKTUBHOTO JTUCIIEPTYBaHHS  BYIJIELEBUX
HaHOTPYOOK, IO He TilbKM MOKPALLYE MOYATKOBY TEKY4iCTh OeToHy, ae i ImiaBUIIy€e
AOBroTpUBaNy CTablIbHICTh OETOHHOI CcyMilI 3aBAsSKH YTBOPEHHIO CTabilbHOT
KOJIOITHOT CUCTEMH.

Mema oocnioscenns.

Meroro  nocnimxkens  (1omo acaibTOOETOHIB) € po3pobKa  HAayKOBO
OOIPYHTOBaHMX TEXHOJIOTIYHUX pillleHb, CIIPIMOBAHUX Ha MOKPALIEHHS BJIACTUBOCTEN
O6iTymMiB MOIM(DIKOBaHMX MOTiMepaMH 3a JOMOMOTOIO METOJIB HaHOMOAU}iKaLii,
30KpEMa, BUKOPHUCTAHHS BYIJICLCBUX HAHOTPYOOK, IIO CHPHUATUME MiABUILIEHHIO
eKCIUTyaTalifHUX XapaKTEePUCTHK Ta JOBrOBIYHOCTI acanbrobeTony. Kpim Toro,
JOC/KEHHS.  CTIpAMOBaHe HAa  po3poOKy  HOBHX marepiaiiB,  0COOJIUBO
HU3LKOMOJIEKYIAPHOrO OyTali€Hy Ta HEONPEHOBOTO Kayuyky, MOAU(DIKOBAHUX 3a
AOIIOMOroi0 BYTJIELEBUX HAHOTPYOOK, NI MOKpAILEHHS TeXHIYHHUX BJIACTUBOCTEH
achanbToOeTOHY.

Mertoto nocnimkens (1010 LeMeHTOGETOHIB) € pO3poOKa HOBUX B'SDKYYMX Ha
OCHOBi MOPTNAHALEMEHTY Ta 30JU-BMHOCY .S [i/{BHILCHHS eKCIUTyaTalliHHuX
XapaKTePUCTUK Ta [OBrOBIYHOCTI OETOHIB, a TaKOX JA0C/IUKEHHS posi ckiamy
UEMEHTHOI Matpuii, 30KkpemMa 6araTopyHKLIOHAIBHMX XiMIYHMX HOGABOK 3

BYIIICUCBMMH  HAHOTPYOKaMHu, y TOKpAlleHHI eKCITyaTaliiiHuxX XapaKTePHUCTHK
LIEMEHTHOOETOHHUX CyMillEii.

Ob'exm O0ocniodicents - 3aCTOCYBaHHS BYyIJIELEBUX HaHOTPYOOK y TOPOKHBEOMY

Ta acepOAPOMHOMY OyIiBHMUTBI, 3a paxyHOK Moamikarii ac(anbTo0eTOHy Ta
LIEMEHTHOI0 OETOHY BYTJICLIEBUMH HAHOTPYOKaMH.
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lIpeomem  Oocniosicenns -  TeXHOOTIs MoaM(dikalii  ByrjeLeBUMH
HaHOTpyOkamu, acanbToGEeTOH, OpraHiymi B'SDKY4l MoniMepH, mnoxiMepusalis
OyTazieH-HITPUIBHOTO Kay4dyKy, acganbTobeToH, HEMEHTHUH  pO3YMH,
CynepruiacTu(pikaTtopu Ha OCHOBI MoJlieTUNIeH-Ha Tl HCYIb(GOHATIB, [IEMEHTOBETOH.

ITpakmuune 3uauenns ompumanux pezynromamis:

-y AUCEPTaUidHOMY NOCIi/UKEHHI po3pobIieHo ac(anbTOOETOHHI KOMMO3UIIIT i3
BYTVICLICBUMHU HAHOTPYOKaMH, 110 BOTOAIIOTE TOKpaIleHUMH (Bi3HKO-MeXaHIYHHMH Ta
eKCIUTyaTalifHUMHK BJIACTHUBOCTSIMHU.

- JMcepTalifiHe  JOCITIDKEHHS  [OKa3ano, Lo Jaerpajanis  MIiIHOCTI
ac(anbTo6eTOHy, MOAM(IKOBAHOrO BYIJIelIeBUMH HaHOTpyOKaMH, ITi]1 4aC TEPMi4HOTO
OKHCJICHHS 3HaYHO CIOBIJIBHIOETHCS.

- IMCepTalliiiHe NOCTiKEHHS 03BOJUNO0 YTOYHUTH peUenTypy ONTUMAaIbLHUX
OeToHHMX cymimeil i BmicT MOJM(IKaTOPiB Ha OCHOBI BYTJIELEBHX HaHOTPYOOK,
JIOCATTH OETOHHMX CyMillel 3 ifealbHUMM TOKAa3HMKaMH TEKY4YOCTI 1 BIAMIHHOIO
MILIHICTIO Ha CTHCK.

- AMCepTaliiHe NOCIKEHHS J03BOIMWIO 3HAYHO IIiJBHUILIHTH €KCILTyaTaliiHy
HAJifHICTh | JOBrOBIYHICTB CTPYKTYpPHHX KOMIOHEHTIB i MIOKPUTTIB, OJHOYACHO
3a0e3M1e4MBIIM  €KOJIOrIYHO YHCTe pileHHS st eQeKkTuBHOI yTumizauii Takux
BIIXOJiB, sIK JIETIOUA 30J1a 1 JOMEHHMIA [ILIAK.

llosnoma euxnadenns pesynomamis 6 onybnikosanux npaysx.

OcHoBHuI 3MicT po6OTH, HayKOBI MONOKEHHS, pe3ynbpTaTH, - BUCHOBKM Ta
PEKOMEH/IaLlil I0CTaTHRO [TOBHO BUKJIA/EHI, y 5 HayKOBHX IyOnikaLii, Oe3nocepe1Hb0
MOB'A3aHNX 3 JucepTalieo, Ta B 11 HaykoBux nmyOmikauii, ski TicHo moB's3ani 3
mucepTauieto. Bei omy6nikoBani Haykosi myGiikauii BKmoueHi B MDKHapojHy 6a3y
nannx Web of Science.

Anpobayia mamepianie oucepmayii

IlpuBeneni y nuceprauii po3poGku MPOWILIIM anpoOallito, IOMoBifaNucs Ta
ory6JiKoBaHi B MaTepianax KoHdepeHwuisx:

1. International conference “World Conference on Nanotechnology and
Materials”, online, Nov. 18-20, 2022.

2. International Academic Conference on Aviation, Water and Land Sustainable
Transportation Technology in the 21st Century, North Minzu University, Yinchuan,
China, November 6-8, 2023.

3. World Congress “XXII International scientific and practical conference of
higher education graduates and young scientists “POLIT. Modern problems of
science”, Kyiv, April 4-7, 2023.

4. The Tenth World Congress “AVIATION IN THE XXI-st CENTURY” =
“Safety in Aviation and Space Technologies,” Kyiv, September 28-30, 2022.

5. VI International scientific and technical conference “Effective technologies in
construction”, KNUBA, Kyiv, October 26-27, 2021.

6. XII International Scientific and Practical Conference “Architecture and
Ecology”, National Aviation University, Kyiv, November 9-11, 2021.
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7. World Congress “Polit. Modern problems of science”, National Aviation
University, Kyiv, April 5-9, 2021.

8. XV International scientific and technical conference “AVIA-2021”, National
Aviation University, Kyiv, April 20-22, 2021.

loenmuunicme smicmy anomayii ma ocHoO8HUX NONOJCEHb Oucepmayi.
3MicT aHOTaulil yKpaiHCBKOIO Ta -aHIJIMCHKOK MOBaMM BifoGpakae OCHOBHHIA
3MICT aMCepTalii Ta JOCUTh MOBHO BHCBITIIIOE 1i OCHOBHI Pe3y/IbTaTH T4 BUCHOBKH

Biocymuicme (HaasHicms) nopyuwenns akademiunoi 00b6poyecHocmi.

Y nmuceprauiiiHii po6oTi He BUSIBICHO MOPYILIEHHS aKaJeMiuHOi 106pOYeCHOCTI.
BukopucTanus inei, pe3ynbTaTiB i TEKCTIB iHIIMX aBTOPiB MAIOTh MOCHUJIAHHS HA
BIAMOBIIHE JKEPETIO.

Ananiz  pobomu  0036071U68 BCMAHOBUMU, WO HOBUZHA NPEOCMABLEHUX
EKCNepuUMeHmanbHUX pe3yiomanie npoeeoeHux 3000ysauem 00CaioNceHb, ix HAyKoea
obIpynmoeanocmi, pieeHv BUKOHAHHA NOCMABNICHO20 HAYKOBO20 3A60AHHA MA
0807100IHH5L 3000)y6aUeM MEMOOONO2IEI HAYKOBOI DiATbHOCII € NIOMEEPONHCEHUMU.

Huckyciiini mooxeHHs Ta 3ayBakeHHs 10 AUcepTALil.

HesBaxxatoun Ha 3arajbHy NO3UTHUBHY OLIHKY JMCEpTaLiiiHOT po6oTH, cIix
BIZAIMITMTH OKpEMi AMCKYCiiiHI 0I0)KeHHs Ta 3ayBaykKeHHs 10 AUCEPTALlil, a came:

1. ¥V Beryni GesmocepenHbO He HaBeIEHO 3B'S30K poOOTH 3 (HDAKTHUHUMH
HayYKOBMMH MpOrpamMamu, TlaHaMu Ta TEMaMHU.

2. B nuceprauifinux nocnmizkeHHsX HeoOXigHo Oys0 BpaXyBaTH MpOBeNeHHIA
aHali3  JiTepaTypHMX JpKepen Imoao  moaudikauis  GITyMHHX — B’SKY4HX
HaHOHANOBHIOBa4YaMH, 110 HaBeJeHUi B cTarTi: « Trachevskyi, V.V. & Ivanenko, K.O.
& Fainleib, O.M.. (2021). MODIFICATION OF BITUMINOUS BINDERS FOR
ASPHALT CONCRETE PAVEMENTS. Polymer journal. 43. 149-171.
10.15407/polymerj.43.03.149» Ta B cHOHCKy BHKOPMCTAHMX JDKEpeNl HABECTH
BIIMOBITHE TTOKJIMKAHHSI Ha LIIO CTATTIO.

3. SIk nns poGoTu mpencTaBieHOl Ha 3700yTTs CTymeHs AokKTopa ¢inocodii
MOCTaBJICHUX 3aB/IaHb JOCIIIKEHb € 100 achaTbTOOETOHIB, TaK i IEMEHTOOETOHIB €
3a0araro, a 3arajbHi BUCHOBKH POGOTH BapTo Oyii0 6 KOHKpETH3yBaTH.

4. IloHaTTS, O HaBeJeHi Mij MpeIMeTOM Ta 06’ €KTOM JO0CIiHKEHHS He0OXiaHO
B3a€MO3aMIHHTH. ;

5. B Tabn. 1.2 ang rpanitHOoro meGeHro, SIKUM BUKOPUCTOBYETHCS B PO
3aM0BHIOBaYa JUist ac(hanbTo6eTOHY BapTo OyJ10 6 HABECTH MApKy 3a CTUPAHHICTIO.

6. B tabn.1.3 mpucyTHe He 3po3ymino nmosHaueHHs «Hz» mim yac Bu3HAueHHsI
3araJlbHOrO 3aJIMILKY BiJiciBy Ha cuTi 0,63 MM, % 3a Macoro.

7. B 1abn.1.4 BUMOrolo J10 3ePHOBOTO CKJIa 1y MiHEpaIbHOro MOPOLIKY Mapku MIT
I (npiGHite 0,071 mm) € 3nauenHs Bix 70 o 80 % 3a Macoro, 110 He € BipHUM. AKe




3rigHo i3 3miHoto 1 JICTY b B.2.7-121:2004 HopmoBaHe 3HaueHHs 80 % 3a Macoio.
BinnosinHo B3ATHI 1718 DOCIIIKEHb MiHEpaNbHUE MOPOLIOK BiAHOCHTHLCA 10 MapKH
MITII 3a cBoiM 3epHOBUM cKiiaioM, a He 10 Mapku MIT 1.

8. B tabn. 1.5 HaBeneHi BUMOrd 10 Mapku GitymHoro B’spxydoro BHJL 100/150
3rigHo He airoyol Ha ceorogHi JICTY 4044-2001.

9. B TekcTi auceprauii A0UiNBHO YHi(IKYBaTH TEPMIHOJOTIIO 1100 MOKA3HUKIB
SIKOCTI  OITYyMHMX B’sDKy4YMX (HampuKiax y BCIX BapiaHTax BHMKOPMCTOBYBAaTH
TepmiHoorito BignosigHo 1o JICTY EN 12591:2009 Bitumen and bituminous binders
—Specifications for paving grade bitumens)

10. 3 Texcty nucepramii He 3po3yMmiso, Taki TEXHOJOrIYHI MNapaMeTpu
Mou(ikauii 6iTyMiB ByrielleBUMH HAHOTPYOKaMHU, IK BAKOPUCTAHUI THIT MeXaHiuHOT
MilIANKK JUis 3MillyBaHHs (opMa jiomnacteif, KijabKiCTh CeKLiil) Ta IIBHAKICTH 1T
00epTiB 3a XBUJIMHY Mif 4ac MoaubikaLii. Takok He 3aMpornoHOBaHa 4iTka BUPOOHIYA
TEXHOJIOTIYHa cXeMa Moaudikariii.

11. 3 Tekcry nuceprauii He 3pO3yMiJiO, YAM 3YMOBIEHO BHUKOPHMCTAHHS HE
CTaHIAPTHUX PO3MipiB KyOiB (2 cM X2 cM X2 cM ) MiJ Yac BCTAHOBJIEHHS PaHMLI
MILIHOCTI NIPY CTUCKaHHI IEMEHTOOETOHHY.

12. B 1abn. 4.6 He 3po3yMisIo 3a KOO METOAMKOK BCTAHOBJIOBAIM MOKA3HUK
«Surface grip» («IloBepxHeBe 34eIIEHHS ).

13. B po3nini 4 He HaBeeHO 3€PHOBI CKJIa¥ BUKOPUCTAHMX Ul JOCIIIKEHHS
ac(anbToOETOHHUX CyMilllel Ta YiTKHiA BMICT GITYMHOIO B’S)Ky4Oro B HUX.

14. B po3aini 4 BUroroieHi acdaabTo0eTOHU BAPTO MOPIBHIOBATH i3 BUMOTaMH
JCTY 8959:2019 AcdanbrobeTonHi cymiui Ta achansToOETOH NOPOXKHI HA OCHOBI
OiTymiB, MoauikoBaHKX noniMepamu. Texniuni ymosu, a ne JICTY 5 B.2.7-119:2011
Cymimi acdanbro6eToHHi i acdanbToOeTOH AOPOXKHINA Ta aepoapoMHuil. TexHiuHi
YMOBH, OCKIJIbKH ac(anbTOOETOHHI CyMillli BUTOTOBJIEH] i3 BKIIFOYEHHSM TOJIMEPHOTO
Mo upikaTopa.

15.B po0oTi He PO3IJIsSHYTO MPOEKTYBaHHS ac(aibTOOETOHIB Ta LIEMEHTOOETOHIB
i3 BUKOPUCTAHHS BYTJIELIeBUX HAHOTPYOOK OKPEMO ISl IOPOKHBOIO Ta AePOAPOMHOIO
OyniBHunTBa. Takuil po3moaia HEOOXiAHWIMA, ayke YMOBU pOOOTH, HABAHTAXKEHHS Ta
BIIMBY Ha OETOHU JU1 JOPOKHBOTO i aePOAPOMHOI0 OY/IiBHHUIITBA € PI3HUMHU.

Bucnosneni 1uckyciliHi MOJOXKEHHS Ta 3ayBa)KEHHsI HE 3HMIKYIOTh 3arajbHOro
MO3UTUBHOIO BPAXKEHHs Ta 3HAUMMOCTI BUKOHAHOT pOOOTH.

Bracnigok BUBYeHHs aucepTauii Ta HayKoOBHX IyOJjikaiii 3mo00ysava Slna
[1IunvHb, BCTaHOBIIEHO , 110 pOOOTa MpECTaBIeHA HA 3M00YTTS HAYKOBOTO CTYIEHS
nokTopa (inocodii € 3aBepIICHOI0 CaMOCTIHHOK HAYKOBOK MpalEr i3 rPaMOTHO
BUKOHAHUMHU TEOPETUYHUMU N E€KCNEPUMEHTAIbHUMU JOCIIHDKEHHSIMM, Ha ITiJICTaBi
SIKAX OTPMMaHI HOBI HAYKOBO OOTPYHTOBaHI pe3yJIbTaTH.




3a aKTyallbHICTIO TEeMH, MNPAaKTHYHAM 3HAYEHHSAM, HAyKOBOIO HOBM3HOIO
OTPUMAaHHUX pe3yJbTaTiB aucepTaliiiHa pobora «BUKOpUCTaHHS BYyTJIELEBUX
HaHOTPYOOK B JOPOXKHBOMY Ta aepOJPOMHOMY OYyAiBHUUTBI NpPHU JUMHAMIUYHMX
HaBaHTaXEHHAX», BiAnosigae Bumoram Hakazsy MOH Vkpainu Ne 40 Big
12.01.2017 «Ilpo 3arBepmxeHHs Bumor no odopmienns auceprauii» (3i 3minamu),
«ITopsimky npucy KeHHs CTyneHs 1oKTopa ¢inocodii Ta cKkacyBaHHs pilll€HHs pa3oBoi
CrenianizoBaHoi BYEHOI paiaM 3akialy BHIIOI OCBITH, HAYKOBOi yCTaHOBM IIPO
MPUCYDKEHHS CTyIeHs JoKTopa dinocodii» (3arBepmkeHoro [TocranoBoro Kabinety
MiuictpiB Ykpainu Bin 12 ciuns 2022 p. Ne 44), a ii aBrop SIu [llunuHe 3acnyrosye
MPUCY/DKEHHS CTyNeHs NoKTopa (inocodii 3a crneuianbHicTio 192 ByaiBHMITBO Ta
LIMBIIbHA IHXKEHepisl, raiy3b 3HaHb 19 ApxiTekTypa Ta 6y1iBHHULITBO.

OdiuiliHui ONIOHEHT:

KaHJIUJaT TEXHIYHUX HaAYK,
JIOLIEHT, AOLEHT Kadenpu
«ABTOMOOUIBHI AOPOTH Ta MOCTH»
HauionansHoro yHiBepcurteTy

«JIpBiBCBKA MOTITEXHIKAY FOpiit CIAYH
Ilianuc nouenra Cinyna IO,

3acBiguyto Buenuii cexpe /

HamionansHoro yHiBepc

“JIpBiBCchbKa moJtiTexHikal]’ Poman BPMJIMHCBEKWI
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To the Chairman of the one-time specialized council
at the National Aviation University
prof. Maria Barabash
REVIEW
by the official opponent,
Candidate of Technical Sciences,
Associate Professor, docent of the Department of Roads and Bridges,
Lviv Polytechnic National University, Iurii Sidun,
on the thesis of Yang Shilin,
on the topic:

«Application of carbon nanotubes in road and airfield construction under
dynamic loads»
submitted for the degree of Doctor of Philosophy
in the specialty192 Construction and Civil Engineering
field of knowledge 19 Architecture and construction.

The work was carried out at the National Aviation University, Ministry of
Education and Science of Ukraine

Relevance of the topic

Today, the study, production, and application of nanomaterials are highly relevant
and particularly popular. Nanomaterials can serve as adsorbents, catalysts for chemical
reactions, modifiers, or fillers for various materials. The improvement of material
properties through the use of nanoparticles is associated with their large surface area,
which facilitates interactions between phases and physicochemical processes occurring
at the phase boundary. Therefore, nanomaterials have found application in the
construction industry, including in the production of construction materials for road
and airfield construction. The utilization of nanotechnologies and nanosystems in the
production of construction materials represents a new approach to the selection of raw
materials, technologies, and the formation of the structure of building composites. New
materials open up new markets, increase production volumes, and expand product
ranges, thereby enhancing competitiveness and addressing pressing issues such as
energy conservation and reducing the environmental impact of industrial activities.

Of particular interest are the so-called nanomodifiers for road and airfield
construction. Modern trends in the development of nanoscale modifiers are leading to
an increase in research activities in the field of material science for road materials.
Many studies by foreign scientists address the production, application, and evaluation
of the quality of nano-modified binders. Various additives are used for this purpose,
differing in composition, methods of production, and their mechanisms of influence on
binders.




The dissertation research examines the use of a new modifier of carbon nanotubes
for asphalt concrete and cement concrete technologies in road and airfield pavements,
which allows improving the quality of both asphalt concrete and cement concrete.

Structure and scope of the dissertation

The structure of this dissertation consists mainly of an abstract, list of
publications, table of contents, acronyms, introduction, 6 chapters, references, and
appendices, totaling 213 pages.

The analysis of the main content of the work, the novelty of the presented
experimental results conducted by the researcher, their scientific substantiation,
the level of accomplishment of the set scientific task, and the researcher's mastery
of the methodology of scientific activity are considered.

The structure of the dissertation is logically constructed in accordance with the
research purpose and objectives. The presentation of the main material of the
dissertation, scientific positions, results, and conclusions is logical and well-argued.

The use of materials from other authors is accompanied by mandatory references
to scientific works.

The introduction of the work takes 12 pages and mainly provides a detailed
overview of the research work. Chapter 1 is approximately 25 pages and especially
presents and analyzes the material covered in the research by reviewing the literature.
Chapter 2 is about 17 pages and mainly focuses on the theoretical research, analysis,
and research methodology of carbon nanotube-modified asphalt concrete by reviewing
the literature. Chapter 3 is approximately 20 pages and focuses on the academic
research, analysis, and research methodology of carbon nanotube-modified cement
concrete by reviewing the literature. Chapter 4 is about 27 pages and mainly contains
the experimental research and results in an analysis of carbon nanotube-modified
asphalt concrete. Chapter 5 is approximately 36 pages and primarily includes the
empirical research and result analysis of carbon nanotube-modified cement concrete.
Chapter 6 is about 9 pages and includes the dissertation's general conclusion. The
format of references uses the international standard format “MLA”. The appendix
contains a list of publications, certificates of essential conferences, and acts of
implementation for research results.

The scientific novelty of the results.

This research demonstrates significant novelty in carbon nanotube (CNT)
modified asphalt and cement concrete.

- this research is the first to use CNTs to significantly improve the aging and
abrasion resistance of asphalt concrete, which cannot be achieved with conventional
materials. The use of CNTs as stabilizers and inhibitors in the aging process of PBBs
can slow down the fluctuation of softening temperature and quality indexes of the
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samples after aging by more than 10 times, which is incomparable to that of traditional
materials.

- the research further improved the particle size and viscosity of asphalt-resin
composites, increased the stability of nano-modified binder, and reduced the
delamination phenomenon. The mechanical properties of asphalt concrete such as
hardness, tensile strength and frost resistance were significantly improved, the
softening temperature was increased by 24%, the embrittlement temperature was
reduced by 20%, and the elasticity was greatly improved.

- this research is the first to find that carbon nanotubes can promote the rapid
growth of magnesium chloride hydrate crystals, resulting in the formation of a dense
microstructure with minimal porosity, which leads to a substantial increase in the initial
strength and stiffness of concrete.

- this research is the first to find that the use of high molecular weight organic
polymers as a dispersing medium is crucial for the effective dispersion of CNTs, which
not only improves the initial fluidity of the concrete, but also enhances the long-term
stability of the concrete mixture through the formation of a stable colloidal system.

Purpose of the research.

In the area of carbon nanotube-modified asphalt concrete, the main objective of
the research is to develop science-based technological solutions aimed at improving
the properties of polymer-bitumen binders (PBBs) through nano-modification
techniques, in particular, the use of carbon nanotubes (CNTs), thereby improving the
performance and durability of asphalt concrete based on these materials. In addition,
the research aims to develop new materials, especially low molecular weight butadiene
and neoprene rubber modified through carbon nanotubes, to improve the technical
properties of asphalt concrete.

In the area of carbon nanotube-modified cement concrete, the main objectives of
the research work are to develop novel fly ash-based carbon nanotube-modified
mineral Portland Cement binders to enhance the performance and durability of fly ash-
based concretes and to explore the role of the composition of the cement matrix, in
particular multifunctional chemical additives incorporating carbon nanotubes, in the
improvement of the performance of cement-concrete mixtures. The research aims to
obtain novel composites with improved performance characteristics.

The object of research - Application of carbon nanotubes in road and airfield
construction based on the use of nanomodification methods for asphalt and cement
concrete.

The subject of research - Technology for modification of asphalt and cement
concrete with carbon nanotubes.




The practical significance of the obtained results:

- the dissertation research led to the development of asphalt concrete compositions
incorporating carbon nanotubes, which exhibit improved physical, mechanical, and
operational properties.

- the dissertation research revealed that the degradation of asphalt concrete
strength, when modified with carbon nanotubes, is significantly slowed down durlng
thermal oxidation.

- the dissertation research enabled the refinement of optimal concrete mix
formulations and the determination of modifier content based on carbon nanotubes to
achieve concrete mixes with ideal flow properties and excellent compressive strength.

- the thesis research has substantially enhanced the operational reliability and
durability of structural components and coatings, while also providing an
environmentally friendly solution for the efficient disposal of waste materials such as
fly ash and blast furnace slag.

The completeness of presenting the results in the published works

The main content of the dissertation, scientific positions, results, conclusions, and
recommendations are sufficiently presented in 5 scientific publications directly related
to the dissertation and in 11 scientific publications closely associated with the

dissertation. All published scientific papers are included in the international database
Web of Science.

Approval of dissertation materials

The developments presented in the dissertation have been tested, reported, and
published in conference proceedings:

1. International conference “World Conference on Nanotechnology and
Materials”, online, Nov. 18-20, 2022.

2. International Academic Conference on Aviation, Water and Land Sustainable
Transportation Technology in the 218t Century, North Minzu University, Yinchuan,
China, November 6-8, 2023.

3. World Congress “XXII International scientific and practical conference of
higher education graduates and young scientists “POLIT. Modern problems of
science”, Kyiv, April 4-7, 2023.

4. The Tenth World Congress “AVIATION IN THE XXI-st CENTURY” —
“Safety in Aviation and Space Technologies,” Kyiv, September 28-30, 2022.

5. VI International scientific and technical conference “Effective technologies in
construction”, KNUBA, Kyiv, October 26-27, 2021.

6. XII International Scientific and Practical Conference “Architecture and
Ecology”, National Aviation University, Kyiv, November 9-11, 2021.

7. World Congress “Polit. Modern problems of science”, National Aviation
University, Kyiv, April 5-9, 2021.

8. XV International scientific and technical
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The content of the abstracts is identical to the main provisions of the dissertation
The content of the abstracts in Ukrainian and English accurately reflects the main
content of the dissertation and sufficiently highlights its key results and conclusions.

Absence (presence) of a violation of academic integrity.
In the dissertation, there are no violations of academic integrity. The use of ideas,
results, and texts of other authors is properly cited and referenced. '

The analysis of the work has confirmed the novelty of the presented experimental
results conducted by the researcher, their scientific substantiation, the level of
accomplishment of the set scientific task, and the researcher's mastery of the
methodology of scientific activity.

Discussion points and remarks on the dissertation.

1. Despite the overall positive evaluation of the dissertation, it is important to note
certain discussion points and remarks regarding the dissertation, namely:

2. The introduction fails to directly establish a connection between the dissertation
and existing scientific programs, plans, and topics.

3. The dissertation research could have benefitted from considering the analysis
of literature regarding the modification of bituminous binders with nanofillers, as
presented in the article: «Trachevskyi, V.V. & Ivanenko, K.O. & Fainleib, O.M..
(2021). MODIFICATION OF BITUMINOUS BINDERS FOR ASPHALT
CONCRETE PAVEMENTS. Polymer journal. 43. 149-171.
10.15407/polymerj.43.03.149». Additionally, it is essential to provide the appropriate
reference to this article in the list of references.

4. The subject and object need to be swapped.

5.In Table 1.2, for granite crushed stone used as aggregate for asphalt concrete,
it would be beneficial to provide the abrasion grade.

6. In Table 1.3, the designation "Hz" is unclear when determining the total residue
on a 0.63 mm sieve, expressed as a percentage by weight.

7.1In Table 1.4, the requirement for the grain composition of mineral powder grade
MP I (finer than 0.071 mm) is specified as ranging from 70 to 80% by weight, which
is incorrect. According to Amendment 1 to DSTU B V.2.7-121:2004, the specified
value is 80% by weight. Therefore, the mineral powder used for the research should be
classified as grade MP II based on its grain composition, rather than grade MP 1.

8.1In Table 1.5, the requirements for the grade of bituminous binder BND 100/150
are based on the outdated standard DSTU 4044-2001, which is no longer in effect.

9. In the dissertation text, it would be advisable to standardize the terminology
regarding the quality indicators of bituminous binders (for example, using terminology
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consistent with DSTU EN 12591:2009 Bitumen and bituminous binders —
Specifications for paving grade bitumens in all instances).

10. From the dissertation text, it is unclear about the technological parameters of
bitumen modification with carbon nanotubes, such as the type of mechanical mixer
used for blending (blade shape, number of sections) and the rotation speed per minute
during modification. Additionally, a- clear production technological scheme for
modification is not provided. '

11. The dissertation text does not clarify why non-standard cube sizes (2 cm x 2
cm x 2 cm) were used when determining the compressive strength limit for cement
concrete.

12. It is unclear from Table 4.6 which methodology was used to establish the
"Surface grip" indicator.

13. In Chapter 4, grain compositions of the asphalt concrete mixtures used for
research and the clear content of bituminous binder in them are not provided.

14. In Chapter 4, the asphalt concretes should be compared with the requirements
of DSTU 8959:2019 "Asphalt Concrete Mixtures and Road Asphalt Concrete Based
on Polymer-Modified Bitumens. Technical Specifications" rather than DSTU B V.2.7-
119:2011 "Asphalt Concrete Mixtures and Road and Airport Asphalt Concrete.
Technical Specifications" since the asphalt concrete mixtures were prepared with the
inclusion of a polymer modifier.

15. The study does not examine the design of asphalt concretes and cement
concretes using carbon nanotubes separately for road and airfield construction. Such
differentiation is necessary because the working conditions, loads, and environmental
influences on airfield structures differ.

The expressed discussion points and comments do not diminish the overall
positive impression and significance of the work carried out.

Having reviewed the dissertation and scientific publications of the candidate,
Yang Shilin, it is established that the work submitted for the academic degree of Doctor
of Philosophy is a completed independent scientific endeavor with well-executed
theoretical and experimental research, yielding new scientifically substantiated results.




Based on the topic's relevance, practical significance, and scientific novelty of the
obtained results, the dissertation titled «Application of carbon nanotubes in road and
airfield construction under dynamic loads». meets the requirements outlined in Order
No. 40 of 12.01.2017 issued by the Ministry of Education and Science of Ukraine (as
amended), as well as the "Procedure for Awarding the degree of doctor of philosophy
and cancellation of the decision of a one-time specialized academic council of a higher
education institution, scientific institution on awarding the degree of doctor of
philosophy" (approved by Resolution No. 44 of the Cabinet of Ministers of Ukraine
dated 12 January 2022). Therefore, the author of the dissertation, Yang Shilin, deserves
to be granted the degree of Doctor of Philosophy in the specialty 192 Civil Engineering
and Construction, field of knowledge 19 Architecture and Construction.

Official opponent:

Candidate of Technical Sciences,

Associate Professor, docent of the Department of
«Highways and Bridges» National University
«Lviv Polytechnicy

Turii SIDUN

National University
«Lviv Polytechnicy

%j Roman BRYLYNSKY]




