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1. AkTyajabHicTh TeMH aucepraunili. B ocTaHHI pOKM HaHOTEXHOJIOTI Ta
HaHOMATEpiaJld CTaIM BAXKJIMBUM JIOCATHEHHSIM y KITBKOX cdepax HaIoro >KUTTS,
0co0MMBO B OYAIBHULITBI aBTOMOOIIBHUX AOPIT Ta a€pOAPOMHHUX MOKPHUTTIB, €
pPI3HOMaHITHI CHMHTE30BaHI MPUPOJHI HAHOMATEpiadu 3MOTJIM 3HAYHO IMOKPAITUTH
AKICTh Ta €KCIUTyaTalliiiHl XapaKTepucTUKu OyaiBeabHUX MarepiaiiB. Hanono0aBkH,
TaKl SIK BYIJIELIeBl HAaHOMaTEpiaid, Pi3HI MIHEpaJIbHI HAHOAr€HTH Ta HAHOYACTHHKH,
taki gk SiO,, TiO; TOIIO, BUKOPHUCTOBYIOTHCS U HAJaHHS HOBUX BIIACTMBOCTEH
OyIiBebHUM MarepiajaM JUisi aBTOMOOUIBHUX JOpIT Ta aepoApPOMIB Ha OCHOBI
opraniyHux B'spky4yux. Cepes HUX ByTIJIELEBI HAHOTPYOKH BIITPalOTh 3HAYHY POJIb Y
IIbOMY CETMEHTi, a MOHOIIapW Ta MYJbTUIIAPU BYTJCIEBUX HAHOTPYOOK Ta
BYIJICLIEBUX HAHOBOJIOKOH OYJIM YCHIIIHO BUKOPUCTAHI JUIsl TOKPAIIEHHS MII[HICHUX
BJIACTUBOCTEN acdaibTOOCTOHHUX KOMMO3UTIB. Ha BiIMiHYy Bil JUCHEPCHHX
YaCTUHOK BYIJICLIO, Il €JIEeMEHTH MOXXYTh "BIUTITAaTUCA" B CTPYKTYypy Marepiany
3aBISIKA CBOiM BOJIOKHHCTIM TPHUPOI, YTBOPIOIOYHM OUTBII €PEKTUBHHUI KapKac.
[ligBuiieHHs MIITHOCTI Ta JOBTOBIYHOCTI achambTo0eTOHYy €(EeKTHBHO 3MEHIIYE
4acTOTy poOIT 3 YTPUMAaHHS AOPIT, 3HI)KY€ BIUIMB HA HABKOJIMILHE CEPENOBUILE,
3MEHIIY€ BUKOPHUCTAHHS HApTH Ta IHIIUX MPHPOJHUX PECYPCIB 3a PaxyHOK

SMCHIICHHA HOTpC6I/I B HOBHUX MaTepiaJIax. Takum YHNHOM, Hi MaTepiaJm ITIO3UTHUBHO



BIUIMBAIOTh HA 3MEHILIEHHS BHUKHJIB MapHUKOBUX Ta3iB Ta MOKpAIEHHS
eKCIUTyaTalllfHUX XapaKTEepUCTUK mepepoOiaeHux MarepiaiiB. OTke, BUKOPUCTAHHS
UX MaTepiaiiB MiABHILYE TEPMIH CIyXOM Ta HECydyy 3AaTHICTh aBTOMOOUIHHHX
JIOpIT Ta a€pPOJPOMHHUX MOKPHUTTIB, MOJIOBKYE 1X HaJICKHUN TEPMIH eKCIUTyaTarlii Ta
BUTpPUMY€ OUIbIII JUHAMIYHI HABaHTAXKEHHS, 3HIKYE (aKTUUHI BUTPATH Ha
BUKODUCTaHHA Ta OOCIYroBYBaHHA, 1, TaKUM YHHOM, 3HAYHO MOKpAIILy€e
eKCIUTyaTalliiiHi MOKa3HUKU OETOHY, KU B AHUW Yac PO3pOOIISIETHCS 3 1OAaBaHHAM
3allOBHIOBaYa MIKPOKPEMHE3eMy Ha OCHOBI IIHPOKOTO CHEKTPY MPOMHCIOBUX
BIIXOIB (HAapHKIIAJ, NUIAKy (EpOCIIaBHOTO 3aBOJy, JOMEHHOTO T'PaHyJbOBAaHOIO
IUIaKy) B SKOCTI HaHomojaudikaTopa. KpiMm Toro, HaHoMoau(pikOBaHI IEMEHTHI
O€TOHHM, BUTOTOBJICHI 3 BHUKOPHUCTAHHSM BYTJCIEBUX HAHOTPYOOK 30JIM-BHHOCY,
3HAYHO MIJIBUIATH SKICTh 1 JIOBTOBIYHICTH OETOHHUX 1 3a11300€TOHHUX KOHCTPYKIIIH
y UMBUIBHOMY OYyJIIBHUITBI, 3a0€3ME€UYyI0OUH iX HAAIMHICTh B €KCILTyaTallii, 1 MaloTh
MOTEHIIAJI IS BKJIIOYEHHS MPOMUCIOBUX BIAXOJIB, TaKUX SIK 30Ja-BUHOCY 1
30JI01IIJTIAKH, Y BEJIMKUX KIJTBKOCTSX B SIKOCTI1 IHTPEIIEHTIB Y BUPOOHUYHUH TIPOIIEC.

VY 3B’s3Ky 3 UMM Tema aucepTaiiiiHoi poooTu SAH IunuHb. € akTyallbHOO, Ma€e
TEOPETUYHE 1 MPUKIIAJIHE 3HAUEHHS K JIJIsl 33]J0BOJICHHS OyiBEJIbHUX MOTPEO, TaK 1
3aXUCTY HABKOJHIIHBOTO CEPEIOBHINA, OJHOYACHO pOOJSYM 3HAYHUNA BHECOK Y
JOCATHEHHS I[1JIeH CTAJIOTO PO3BUTKY.

2. 3B’5130K aucepTaliiHOl Po0OTH 3 HAYKOBMMHU NPOrpaMaMu, IJIAHAMH,
temamu. JluceprauiiiHa po0OoTa BHUKOHyBajlacs Ha Kadeapl KOMI IOTEPHHUX
TEXHOJIOT1M OYyJIIBHUIITBA Ta PEKOHCTPYKIIii aepornopTiB HarioHansHOTO aBiarfiitHOro
yHIBEpCUTETY, BiAMOBiAHO 10 3akoHy Ykpainu Ne 3715-VI «IIpo mpioputetHi
HaIpsiMU 1HHOBAIIHOI JISJILHOCTI B YKpaiHi», 30Kkpema, 3a HanpsiMoM «OCBO€HHS
HOBUX TEXHOJIOT1 BUPOOHUIITBA MaTepiajiB, iX 0OpOoOJICHHS 1 3’ € THAHHS, CTBOPEHHS
IHAYCTpli HaHOMarepiajdiB Ta HAHOTEXHOJOri». TakoX aBTOp BUKOHYBaB
noclikKeHHsT B Mexax HaykoBo-TexHI4HOI poOoTH «BUKOHAHHS 3aBIaHb
NEPCIEKTUBHOTO IUIaHY PO3BUTKY HAYKOBOTO HampsiMy «TexHIuHI HayKi»

HamionanpHoro asiariiHoro yHiBepcutety», (JlepkaBHuili o0OJIKOBUM HOMED:

02240000611 Bix 10.01.2024 p.).



3. HaykoBa HOBHM3HA OJep:KaHHX aBTOPOM Ppe3yJbTaTiB. Y IbOMY
JOCTIPKEHHI BIIEPIIIe 3aCTOCOBAaHO MoAu(ikoBaHi Byrieiesi HaHoTpyOku (BHT) mst
3HAYHOTO TIOKPAIIEHHS CTapiHHS Ta CTIHKOCTI 10 cTHpaHHSA achaabToOETOHY, YOTO
HEMOXKJIMBO JIOCSTTH 3a JJOMOMOTOI0 3BUYaiiHuX MarepianiB. Bukopucranus BHT sk
cTal11i3aTOpIB Ta IHTIOITOPIB y MpoIleci CTapiHHS MOJIMEPHUX OITYMHHUX B’SDKYUHX
JI03BOJISIE CTIOBUTBHUTH KOJHMBAHHS TEMIIEPATypu pPO3M'SKIICHHS Ta TMOKAa3HUKIB
SAKOCTI 3pa3KiB Ticisl cTapiHHsS Outbinl HiK y 10 pasiB, 10 € HE3PIBHSIHHUM 3
TpaJAULIIITHUMU MaTepialamH.

JlocaiayKkeHHsT T03BOJIMIIN JOJATKOBO MOKPAIIUTH PO3MIpP YACTUHOK Ta B'S3KICTh
achaabTO-CMOJISTHUX KOMIIO3UTIB, MIJBUIIUTA CTaOUIbHICTH HAHOMOAU(IKOBAHOTO
B'SDKYy4Ooro Ta 3MEHIIMTH SBULIE po3LIapyBaHHsI. MexaHI4HI BJIACTHUBOCTI
ac¢anbTo0ETOHY, TaKl SIK TBEPJICTh, MIIIHICTh Ha PO3PUB Ta MOPO3OCTIHKICTh, OyJH
3HAYHO TMIOKpAIlleHl, TeMmIepaTypa po3M'sKkileHHs Oyna miaBuiieHa Ha 24%,
TeMIlepaTypa KpUXKOCTI 3HHKeHa Ha 20%, a eTacTUYHICTh 3HaYHO MOKPAaIIEHa.

[le mocnmipkeHHS BHEpIIEe BUSBWIO, IO BYTJENEBI HAHOTPYOKH MOXKYTb
COPUATH LIBUIKOMY 3POCTAaHHIO KPUCTAIIB TiJIpaTy XJOPUIY MarHiio, B pe3yJbTaTi
YOro YTBOPIOETHCS IMIUTbHA MIKPOCTPYKTYpa 3 MIHIMAJIBHOI MOPHUCTICTIO, IO
MPU3BOJUTH 10 CYTTEBOTO 30UIBIIEHHS MOYaTKOBOT MIITHOCTI Ta )KOPCTKOCTI OETOHY.

[le mocmipKeHHS BIEpIIE MOKa3alio, M0 BUKOPUCTAHHS BHUCOKOMOJICKYJISIPHUX
OpraHIYHUX TOJIMEPIB B SIKOCTI JUCIEPCIMHOTO CEpEeJOBHINNA Ma€ BHUpIIIAIbHE
3HaueHHA Mg edekTuBHOro nucrnepryBanHss BHT, mo He TuUbkM mOKpairye
MOYaTKOBY IUIMHHICTH O€TOHY, aje W MiJBUIIY€e JOBTOTPUBAIY CTaOUIBHICTh
OETOHHOT CyMilll 3aBJSKH YTBOPEHHIO CTA01IbHOT KOJIOTTHOT CUCTEMH.

4. llpakTHYHe 3HAYEHHS pe3yJbTaTiB AMcepTaliiiHOI poOOTH.

> Ile gocmimkeHHs po3pobisie  acanbTOOCTOHHI  KOMMO3MWII 3
MOKpalleHUMH  (PI3UKO-MEXaHIYHUMHU Ta eKCIUTyaTallliHUMU BiacTUBOCTSIMU. Lle
posmuproe moteHiian 3acrocyBaHHs BHT y nerkiii ta Baxkiii IpPOMMCIOBOCTI,
3a0e3Mevyyrourd TEXHOJOTIYHI 1HHOBalii JJIsl PI3HUX Taldy3ei, BKJIIOYAI0Uu

BUPOOHUIITBO KOHCTPYKIIIH, BAXKKY POMHUCIIOBICTh Ta €JIEKTPOHIKY.



> AcdanbToOETOH,  KOMIUIEKCHE  TMOKpAaIlllEHHd  eKCIUTyaTallliHuX
XapaKTEepUCTUK Ta IIMPOKUM CIEKTP MOKIUMBOCTEH 3aCTOCYyBaHHS pOOJATH 1I€
JOCTI/PKEHHSI HAA3BUYAlHO HOBHM Ta BaXJIMBUM JUJISI TEXHOJIOTIi 3aCTOCYBAaHHS
BYTJICLIEBUX HAHOTPYOOK.

> JlocmikeHHsT TOoKa3ajio, IO Jerpajallis MIIHOCTI achambToOeToHYy,
monupikoBanoro BHT, mijx yac TepMiuHOTO OKHCIIEHHS 3HAUHO CHOBUIbHIOEThCA. Lle
3HAYHO  TOKpAIlMJIO  MOro  XapakTepUCTUKU  TOPIBHAHO 31  3BUYAHHUM
ac(anbTo0eTOHOM, MOAU(IKOBAHUM MOJIIMEPAMHU.

> [le mocmimKeHHS JO3BOJIMJIO YTOYHHTH PEUENTYPY ONTHUMAIbHHUX
OoetoHHux cywmimei ta BMicT monaudikaropie BHT, mo namo 3mory orpumaru
OCTOHHI CyMIIIl 3 1/IeaJJbHUMHU MOKa3HUKAMH TEKY4YOCTI Ta BIAMIHHOIO MIIHICTIO Ha
CTHUCK, a TAKOX MIJIBHUIIATH HAIIHHICTE 1 JOBTOBIYHICTh OETOHHHUX Ta 327113006 TOHHUX
KOHCTPYKIH, 0COOJIMBO MPUAATHUX ISl 32CTOCYBaHHS B IMBUILHOMY OYA1BHHUIITBI.

> [li mocmikeHHS 3HAYHO TMIABUINWIA EKCIUTyaTalliiHy HaIIdHICTh 1
JIOBTOBIUHICTh CTPYKTYPHUX KOMIIOHEHTIB 1 MOKPHUTTIB, OJHOYACHO 3a0€3MEUHBIIH
€KOJIOTIYHO YMCTE pilleHHs Uil €peKTUBHOI YTUIII3allii BIAXO/IB, TAKUX SK JIETIOUa
30712 1 IOMEHHUHN NUTAK.

> [le mocaimkeHHs HE JIMIIE TEXHIYHO BHW3HAYAE ONTUMAIBHUN CKIIaj
OCTOHHUX CyMillel, ane ¢ 3abe3nedye HOBUM MIAXiA [0 BUPOOHUUTBA
BHUCOKOSIKICHOTO Ta JIOBFOBIYHOTO HAHOMOJU(PIKOBAHOTO OETOHY, IO MAa€ BAXKJIUBE
3HAYEHHS JIJIS1 TOKPAILCHHS eKCIUTyaTallliHUX XapaKTePUCTUK MaTepiaiiB y JIETKIi Ta
BaXKKiil IPOMHUCIIOBOCTI.

> JlocnimkeHHsT 30cepe/KeHe Ha 3aCTOCYyBaHHI BYTJICLIEBUX HAHOTPYOOK
(BHT) y OyniBHMITBI AOpIr Ta aepoapoMiB, OcCOOJHMBO B ac(aibTOOETOHI Ta
IIEMEHTHOMY O€TOHI. Y JOCIHIKCHHI BUBYAETHCS BJIOCKOHAJCHHS IIMX MaTepialiB
IUISIXOM BKJIIOUYCHHS BYTJICLIEBUX HAHOTPYOOK JUISI MiJABUIICHHS JOBIOBIYHOCTI,
MIIIHOCT1 Ta €KOJIOT14HOi e(eKTHUBHOCTI OyIiBeIbHUX MaTepiaiiB. Lle mociikeHHs
Ma€ HaJ3BUYAIIHYy €KOHOMIYHY LIIHHICTh Ha ICHYIOUOMY OY/iBEIbHOMY PUHKY Ta AJIs
MaiOyTHIX TOCHTIIXEHb 3 TOUKH 30py €KOHOMIi BUTpAT, €PEKTUBHOCTI BUKOPUCTAHHSI

pecypciB, HOBUX PUHKOBUX MOKJIMBOCTEH, KOHKYPEHTHHUX MepeBar Ta BiAMOBIIHO JI0



TEHJEHIIi 7O CTaJoro po3BUTKY. BOHO TakoX 3akiajiae OCHOBY JUISl IIUPOKUX
MaiOyTHIX JTOCHIIKEHb, MPOTOHYIOYH 0araTooO0Ilsroul MOXKJIUBOCTI JJII PO3BUTKY
raixy3i OymiBebHUX MaTepialliB, 3a0€3MEUYCHHs €KOJOTIYHOT CTIMKOCTI Ta BUPIMICHHS
byHIaMeHTAIbHUX TIpobsieM y OyaiBenbHIM ramy3i. Bce 1ie y3romkyerbes 13
«3€eIeHUM KypCOM».

> [IpakTruHe 3HAYCHHS AUCEPTAIiitHOI POOOTH MiATBEPIKCHE aKTaMU Ta
cepTudikaramMu Mpo BIPOBAIKEHHSI pe3yJIbTaTIB IOCTII)KEHHS B HABYAIBHUI Tpo1ec
HAY (Axt BrpoBamkenns Bij 8 ciuns 2024 poky) ta Shanghai Jiao Tong University
(Ceptudikar No200240 Bix 17 ciunst 2024 poky), B IHKEHEPHY JISUTbHICTD MTPOBIAHUX
OyniBenbHUX opranizamniii Kurtato: Shanghai Municipal Engineering Design Institute
(Group) Co., Ltd. (Ceptudikar Ne86-21-55000000 Bim 24 mrotoro 2023 poxy),
Wuhan Xinjuxin Construction Engineering (Ceptudikat Ne430040 Bim 8 uepBHA
2023 poky), Yantai Shiteng Building Materials Co., Ltd. (Ceptudikar Ne265504 Bin
23 rpynns 2023 poky).

5. Ouinka 3micty aucepramii. Jlucepraiiisi CKiIafaeTbes 3 aHOTAIll1, BCTYITy, 5
pO3A1UIIB, 3arajJbHUX BHCHOBKIB, CIIUCKY JITEpaTypu Ta NOAATKIB. 3arajJbHUN 0OCAT
avcepranii cTaHOBUTH 213 cTopiHOK, 3 sKMX 135 CTOpPIHOK OCHOBHOTO TEKCTY.
Po6ora mictute 60 pucynkiB, 57 Tabmuips Ta 2 pogatku. CHHUCOK JiTepaTypu
BKJIIOUae 226 mxepen. TekeT aucepTaliifHoi poOOTH BUKIIAIEHO aHTJIIMCHKOIO MOBOIO
3 aHOTAIlI€I0 YKPATHCHKOIO MOBOIO Ha 8 CTOPIHKAX.

Otxe, pobOTa, CTOCOBHO O0OCSATY Ta CTPYKTYpPU, 3aJI0BOJILHSIE BHMOTaM
MinicTepcTBa OCBITH | HayKd YKpaiHU MO0 AMCEPTallii Ha 3700yTTS HAyKOBOIO
cTymeHss paokTopa imocodii. Tekct nmuceprarii BUKIAACHUN 13 KOPEKTHUM
BUKOPUCTAHHAM HAYKOBOi TEPMIHOJIOTI] B JIOTTYHIN MOCTIJOBHOCTI.

Y Berymi  apryMEHTOBaHO aKTyallbHICTh TEMH JIMCEPTaIliiHOlI  poOOTH,
copMyIIbOBAaHO METY Ta MOCTABIEHO 3aJadl JOCIIIHKEHHS, OOTPYHTOBAHO HAYKOBY
HOBU3HY 1 MPAKTUYHY I[IHHICTh PE3yJIbTaTIB JAOCIIPKEHHS Ta BUCBITIICHO BiJOMOCTI
10710 iX ampoOarrii, a TAKOX 3a3HaY€HO OCOOMCTUI BHECOK 3100yBaya.

Y nepmomy po3aiji aucepTaiiiiiHoi po6otu aBTopoMm Oyiu 310paHi OCHOBHI

Bimomocti mpo BHT, achampTo- Ta 1memMeHTOOETOHH, a TaKoXX HaWMOIIMPEHIMI



Marepiaiy Ta HalOBHIOBaYl, [0 BUKOPUCTOBYIOTHCA JUIsI iX BHUTOTOBJICHHS.
3aranpHui 00CST MEPIIOro po3auTy He nepeBulye 12 % BiJg OCHOBHOTO TEKCTY.

B npyromy po3aiii BUKIAZCHI TEOPETUYHI MEPEeIyMOBH 3 JOCITIIKEHHS
Moau(dikoBaHUX acalbTOOETOHIB, 3alpOIOHOBaHA Kiacudikaiigs 1 Crmocoou
BUKOPHUCTAaHHA ac(allbTOBUX J00aBOK, OMHCaHI BUKOPUCTaHI METOMAHM, MPOILIECHU Ta
TEXHOJOTIsT Monau(ikaiii OpraHIYHUX Ta MOJIMEPHHX OITYyMHHMX CyMilied 3a
nonomororo BHT.

Y TperboMy Ppo3aiJii HaBEICHO TEOPETUYHI NEPEAYMOBH 3 JOCIHIIKCHHS
MOAU(IKOBAHUX I[IEMEHTOOETOHIB, TMPOAHAII30BAaHO TapaMeTpu 1 BHUMOTH JO
HaHOMOIM(IKaTOPIB Ta cymnepruiacTudikaTopiB OETOHY, 3alPOIIOHOBAHO METOJIU Ta
TEXHIYHI yMOBM BHUIIPOOYBaHHS MOAM(PIKOBAHMX HEOPraHIYHUX Ta OETOHHUX
cymileii 3 noiaimepaumu godaskamu ta BHT.

B yerBepromMy po3aisli BHUCBITIIEHI pE3yJIbTaTh EKCIEPUMEHTAIbHUX
JTOCHIKeHb MOAU(IKOBaHUX ac(aibTOOETOHIB, BUSBJICHI 3aKOHOMIPHOCTI BILJIUBY
BBeAeHHs BHT 10 ckiagy OCHOBHUX IOMINIITYBayiB CyMillell Ha KiHIEBI (hi3HUKO-
MEXaHIYHI Ta MIIHICHI XapakTEepUCTUKH acPanbToOETOHY, MpoBeaeHOo rpado-
aHATITUYHUNA aHaJi3 OTPUMAaHUX PE3yJIbTaTIB.

Y m’aromy po3aijiii BUKIaACHI pe3yJIbTaTH €KCIEPUMEHTAIBHUX TOCTIIKEHb
MOAM(PIKOBAHMX LEMEHTOOETOHIB, 30KpEMa BHSIBICHO TMO3WTHBHHUI  BIUIMB
3actrocyBanHs BHT Ta wmiHepanpbHUX [100aBOK Ha OCHOBHI (hi3UKO-MEXaHI4HI
napamMeTpH JIOCHIIKEHUX CyMIIIe, a caMe TeKy4iCThb Ta MOPO3O0CTIHKICTb, MEpioj
Ty)XaBIHHA Ta KOPO3ilHY CTIWKICTh, TPOBEICHO BCEOIYHUN aHai3 OTPUMAHUX
pe3ynbTaTIB AOCIIHKCHHS.

3arajbHi BUCHOBKH PO3KPHBAIOTHh 3MICT Ta METy MPOBEACHUX JIOCIIKCHb, a
TaKOX BIJIOOpaKatoTh OCHOBHI PE3YJIbTaTH OTPUMaH1 B AUCEPTAIliiHIi poOOTI.

BuknanaHHs TEKCTY qucepTallii 10CTaTHBO SCHE, YITKE, @ HE3HaYHI CHHTaKCHYHI
Ta rpaMaTH4Hl TOMWJIKHK B JIMCEPTAallii HE BIUIMBAIOTh HA MO3UTUBHY OIIIHKY CTUIIIO
BUKJIQJICHHS MaTepiaiy.

OdopmnenHs nucepraiiitHoi poOOTH BiJIMOBIAa€ HOPMATUBHUM BUMOTaM.



6. IloBHOTA BiZOOpa’KeHHSI HAYKOBHUX IMOJIOKEeHb B ONy0JIiIKOBaAaHUX pPo0OTAaX,
oniHka amnpoOaumii pe3yabrTatiB gociimkenb. [ucepramis SAn  [wmes €
CaMOCTIMTHOIO HAYKOBOIO TIPAIlCi0, B SKiM HABEACHO TEOPETUYHI IOJIOKEHHS 1
BHCHOBKH, BJIACHI /1€l Ta po3pOOKH aBTOpa, SIKi JalOTh 3MOTY BUPIIIUTH MOCTABJICHI
3aBlaHHSA. YC1 BHCHOBKM Ta TNPaKTHUYHI pPEKOMEHJAllli, BUHECEHI Ha 3axHCT,
po3po0eHi aucepTanToM ocobucto. HaiiBakusimmi i7ei, BUCHOBKH, PEKOMEH/AIII],
OTpMMaHi B JAMCEpTallii, ONPWIIOJHEHI Ha 8 HAyKOBHX Ta HAayKOBO-TIPaKTUYHUX
KOH(EpEeHIIISX, Y TOMY YUCII1 MIKHAPOIHUX Ta BCEYKPATHCHKUX.

OCHOBHI MOJOKEHHS JucepTaiii omyOJikoBaHi y 24 ApyKoBaHUX mparsix, 13
akux 16 — HayKOBI mpalll — y MepIOANYHUX HAYKOBUX BUJIAHHSX, MPOIHACKCOBAHUX Y
0a31 ganux Web of Science, 8 — marepianu 1 Te3u JOMOBIIEH Ha KOH(EPEHLIISIX.

7. 3ayBaskeHHs 10 AUCePTALIHHOI pOOOTH:

- B po0OOTI BIACYTHI BIJOMOCTI MO0 IUIAHYBaHHA OaraTo()akKTOPHOIO
EKCIEPUMEHTY, SIKUM (PaKTUYHO OyJI0 MPOBEJEHO MijJ YaCc BUKOHAHHS AUCEPTAIIAHOI
poboTu;

- LUIICHE CIPUMHATTS BUKIQJACHOTO B JUCEpTAIlll MaTepialy YCKJIaJIHIOEThCS
BHACIIJIOK  BIJICYTHOCTI ~ CTPYKTYPHO-JIOTIYHOi ~ CXE€MH  EKCIEePUMEHTAIbHUX
JOCHTIKEHb Ta caMoi poOOTH;

- Ha cropinmi 31 sragyerscs okcua (Pe,Oz) HeBigoMoro cydacHidi Hayii
ximiuHoro eneMeHTy (Pe), sIkuil TakoXk BiJICYTHIHN y TepioudHii TaOuIIi;

- 'y poOoTi BHUKOHAaHI YHUCJIEHHI €KCIEpPUMEHTaJIbHI  BUNPOOYBAHHS
PI3HOMaHITHHX JOCIITHUX 3pa3KiB, OJHAK HiJle HE 3a3HaUeHa iX 3arajbHa KUJIbKICTh, a
TaKOX BIJICYTHI TIOCWJIAHHS Ha HOPMAaTHBHI JOKYMEHTH, III0 3yMOBIIOIOTH BUOIp iX
rabapuTHUX po3mipiB (2*2*2 cm ta 4*4*16 cm);

- IIJIsl 3aTaJIbHOTO YCBIJIOMJICHHSI BXKJIMBOCTI PE3yJIbTaTiB POOOTH HE BHUCTAYAE
KOMITJIEKCHOT'O TTOPiBHSHHS OKPEMHUX PE3yJIbTATIB €KCIIEPUMEHTAIBHUX JOCIIIKEHbD 3
TEOPETUYHUMU 1HKEHEPHUMU PO3PaXyHKaMU Ta HU(DPOBUM MOJIECTIOBAHHSIM.

8. 3aranbHi BMCHOBKH. 3a3HAu€HI 3ayBaXCHHS HE 3HIKYIOTh 3arajlbHOTO
MO3UTUBHOIO BPAXKEHHS Ta 3HAYUMOCTI BHUKOHAHOI JHUCEPTAlIiHOT POOOTH.

Jucepraiisi, 10 PELEH3YEThCS, 3a AaKTyaJlbHICTIO, CTYIEHEM HOBH3HH,
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1. Relevance of the dissertation topic. In recent years, nanotechnology and
nanomaterials have become an important advancement in several areas of our lives,
especially in the construction of roads and airfield pavements, where various
synthesized natural nanomaterials have been able to significantly improve the quality
and performance of construction materials. Nanosupplements such as carbon
nanomaterials, various mineral nano-agents, and nanoparticles such as SiO,, TiO,,
etc. are used to impart new properties to organic binder-based road and airfield
construction materials. Among them, carbon nanotubes play a significant role in this
segment, and monolayers and multilayers of carbon nanotubes and carbon nanofibers
have been successfully used to improve the strength properties of asphalt composites.
In contrast to dispersed carbon particles, these elements can be "woven" into the
structure of the material due to their fibrous nature, forming a more efficient
framework. Increasing the strength and durability of asphalt concrete effectively
reduces the frequency of road maintenance, reduces the environmental impact, and
reduces the use of oil and other natural resources by reducing the need for new
materials. Thus, these materials have a positive impact on reducing greenhouse gas

emissions and improving the performance of recycled materials. Therefore, the use of



these materials increases the service life and load-bearing capacity of roads and
airfield pavements, extends their proper service life and withstands higher dynamic
loads, reduces actual use and maintenance costs, and thus significantly improves the
performance of concrete that is currently being developed with the addition of
microsilica aggregate based on a wide range of industrial waste (e.g., ferroalloy plant
slag, blast furnace granulated slag) as a nanomodifier. In addition, nanomodified
cement concrete made using fly ash carbon nanotubes will significantly improve the
quality and durability of concrete and reinforced concrete structures in civil
engineering, ensuring their reliability in operation, and have the potential to
incorporate industrial waste, such as fly ash and ash and slag, in large quantities as
ingredients in the production process.

In this context, the topic of Yang Shilin's dissertation is relevant, has theoretical
and applied significance both for meeting construction needs and environmental
protection, while making a significant contribution to achieving sustainable
development goals.

2. Connection of the dissertation with scientific programs, plans, topics. The
dissertation was carried out at the Department of Computer Technologies of Airport
Construction and Reconstruction of the National Aviation University, in accordance
with the Law of Ukraine No. 3715-VI "On Priority Areas of Innovation Activity in
Ukraine", in particular, in the area of "Development of new technologies for the
production of materials, their processing and connection, creation of the industry of
nanomaterials and nanotechnologies”. The author also carried out research within the
framework of the scientific and technical work "Implementation of the tasks of the
long-term development plan of the scientific direction "Technical Sciences" of the
National Awviation University" (State registration number: 0224U000611 dated
10.01.2024).

3. Scientific novelty of the results obtained by the author. In this research,
modified carbon nanotubes (CNTs) were used for the first time 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 polymeric bitumen binders allows to slow down the
fluctuations in the softening point and quality indicators of samples after aging by
more than 10 times, which is incomparable with traditional materials.

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

This research has revealed for the first time that carbon nanotubes can promote
the rapid growth of magnesium chloride hydrate crystals, resulting in a dense
microstructure with minimal porosity, leading to a significant increase in the initial
strength and stiffness of concrete.

This research has shown for the first time that the use of high molecular weight
organic polymers as a dispersion medium is crucial for the effective dispersion of
CNTs, which not only improves the initial fluidity of concrete, but also increases the
long-term stability of the concrete mix due to the formation of a stable colloidal
system.

4. Practical significance of the dissertation results.

> This research develops asphalt compositions with improved physical,
mechanical and performance properties. This expands the potential of CNT
applications in light and heavy industry, providing technological innovations for
various industries, including structural engineering, heavy industry, and electronics.

> Asphalt concrete, comprehensive performance improvement, and a wide
range of applications make this research extremely novel and important for carbon
nanotube application technology.

> The research showed that the degradation of the strength of asphalt
concrete modified with CNTs during thermal oxidation is significantly slowed down.
This significantly improved its performance compared to conventional asphalt

concrete modified with polymers.



> This research allowed us to refine the formulation of optimal concrete
mixtures and the content of CNT modifiers, which made it possible to obtain concrete
mixtures with ideal flow properties and excellent compressive strength, as well as to
increase the reliability and durability of concrete and reinforced concrete structures,
especially suitable for use in civil engineering.

> These researches have significantly improved the operational reliability
and durability of structural components and coatings, while providing an
environmentally friendly solution for the efficient disposal of waste materials such as
fly ash and blast furnace slag.

> This research not only technically determines the optimal composition of
concrete mixtures, but also provides a new approach to the production of high-quality
and durable nanomodified concrete, which is essential for improving the performance
of materials in light and heavy industry.

> The research focuses on the application of carbon nanotubes (CNTS) in
road and airfield construction, especially in asphalt concrete and cement concrete.
The research explores the improvement of these materials by incorporating carbon
nanotubes to enhance the durability, strength, and environmental performance of
construction materials. This research is of extreme economic value in the existing
construction market and for future research in terms of cost savings, resource
efficiency, new market opportunities, competitive advantages and in line with the
trend towards sustainable development. It also lays the groundwork for extensive
future research, offering promising opportunities for the development of the building
materials industry, environmental sustainability and addressing fundamental
challenges in the construction industry. All of this is in line with the Green Deal.

> The practical significance of the dissertation is confirmed by acts and
certificates on the implementation of the research results in the educational process of
NAU (Implementation Act of January 8, 2024) and Shanghai Jiao Tong University
(Certificate No. 200240 of January 17, 2024), in the engineering activities of leading
construction organizations in China: Shanghai Municipal Engineering Design
Institute (Group) Co., Ltd. (Certificate No. 86-21-55000000 dated February 24,



2023), Wuhan Xinjuxin Construction Engineering (Certificate No. 430040 dated June
8, 2023), Yantai Shiteng Building Materials Co., Ltd. (Certificate No. 265504 dated
December 23, 2023).

5. Evaluation of the dissertation content. The dissertation consists of an
abstract, introduction, 5 chapters, general conclusions, references and appendices.
The total volume of the dissertation 1s 213 pages, including 135 pages of the main
text. The work contains 60 figures, 57 tables and 2 appendices. The list of references
includes 226 sources. The text of the dissertation is written in English with an
annotation in Ukrainian on 8 pages.

Thus, the work meets the requirements of the Ministry of Education and Science
of Ukraine for dissertations for the degree of Doctor of Philosophy in terms of
volume and structure. The text of the dissertation is presented with the correct use of
scientific terminology in a logical sequence.

The introduction argues the relevance of the topic of the dissertation, formulates
the purpose and objectives of the study, substantiates the scientific novelty and
practical value of the research results, and highlights information on their testing, as
well as the personal contribution of the applicant.

In the first chapter of the dissertation, the author collected basic information
about CNTs, asphalt and cement concrete, as well as the most common materials and
aggregates used for their manufacture. The total volume of the first section does not
exceed 12% of the main text.

The second chapter outlines the theoretical background for the study of modified
asphalt concrete, proposes the classification and methods of using asphalt additives,
describes the methods, processes and technology used to modify organic and
polymeric bitumen mixtures using CNTSs.

The third chapter provides theoretical background for the study of modified
cement concrete, analyzes the parameters and requirements for concrete nanomodifiers
and superplasticizers, and proposes methods and specifications for testing modified

inorganic and concrete mixtures with polymer additives and CNTSs.



The fourth chapter highlights the results of experimental studies of modified
asphalt concrete, reveals the regularities of the influence of the introduction of CNTs
into the composition of the main mixture improvers on the final physical, mechanical,
and strength characteristics of asphalt concrete, and conducts a graphical and
analytical analysis of the results obtained.

The fifth chapter presents the results of experimental studies of modified
cement concrete, in particular, the positive effect of the use of CNTs and mineral
additives on the main physical and mechanical parameters of the studied mixtures,
namely fluidity and frost resistance, hardening period and corrosion resistance, and a
comprehensive analysis of the obtained research results.

The general conclusions reveal the content and purpose of the research and
reflect the main results obtained in the dissertation.

The presentation of the text of the dissertation is clear enough, and minor
syntactic and grammatical errors in the dissertation do not affect the positive
assessment of the presentation style.

The dissertation design corresponds to the regulatory requirements.

6. Completeness of the scientific positions reflection in published works,
assessment of the research results approbation. Yang Shilin's dissertation is an
independent scientific work that contains theoretical provisions and conclusions, the
author's own ideas and developments that allow her to solve the tasks set. All the
conclusions and practical recommendations presented for defense were developed by
the dissertator personally. The most important ideas, conclusions, and
recommendations obtained in the dissertation were presented at 8 scientific and
practical conferences, including international and national ones.

The main provisions of the dissertation are published in 24 printed works, of
which 16 are scientific papers in periodicals indexed in the Web of Science database,

8 are materials and abstracts of reports at conferences.



7. Comments on the dissertation:

- the work does not contain information on the planning of a multifactorial
experiment, which was actually conducted during the dissertation;

- the holistic perception of the material presented in the dissertation is
complicated by the lack of a structural and logical scheme of experimental research
and the work itself;

- page 31 mentions an oxide (Pe,Os) of a chemical element (Pe) unknown to
modern science, which is also absent from the periodic table;

- numerous experimental tests of various prototypes were performed in the
work, but their total number is not indicated anywhere, and there are no references to
regulatory documents that determine the choice of their overall dimensions
(2*2*2 cm and 4*4*16 cm);

- a comprehensive comparison of individual experimental results with
theoretical engineering calculations and digital modeling is lacking for a general
understanding of the importance of the results of the work.

8. General conclusions. The above comments do not reduce the overall positive
impression and significance of the completed dissertation. The dissertation under
review, in terms of relevance, degree of novelty, validity, scientific and practical
value of the results obtained, corresponds to the specialty 192 "Construction and
Civil Engineering” and the requirements of the Procedure for the preparation of
higher education applicants for the degree of Doctor of Philosophy and Doctor of
Science in higher education institutions (research institutions), approved by the
Resolution of the Cabinet of Ministers of Ukraine of 23.03.2016 Ne 261 (as amended
by the Resolution of the Cabinet of Ministers of Ukraine "On Amendments to Certain
Resolutions of the Cabinet of Ministers of Ukraine on the Preparation and 6-9 of 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 or Research Institution to Award the Degree of Doctor of Philosophy,
approved by Resolution of the Cabinet of Ministers of Ukraine No. 44
of January 12, 2022.






	‎C:\Users\olhor\Desktop\НАУ 23_24\ШАО\Горб О.Г._Рецензія на дисертаційну роботу Яна.pdf‎
	‎C:\Users\olhor\Desktop\НАУ 23_24\ШАО\Horb O.G._Review of Jan's dissertation work.pdf‎

		2024-04-22T17:58:14+0300




