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AHOTALIA
Kanoxcna Onena Bauecnasiéna. 1linBuleHHS paHHBbOI MIIHOCTI O€TOHY

3aJ11300€TOHHKUX 1Ta]d KOMIUIEKCHUMH fJo0OaBkamu. KBanigikaiiiiHa HaykoBa mpaus
Ha TpaBax PyKOIHCY.

HNucepranis Ha 3700yTTS HAyKOBOrO CTyINeHs JokTopa ¢uiocodii 3a
cnenianbHicTIO 192 ByniBHMITBO Ta nuBUIbHA imkeHepis (19 ApxitekTypa Ta
OYIIBHUIITBO). YKpaiHCbKUH JEp>KaBHUM YHIBEPCUTET 3alI3HUYHOTO TPAHCIOPTY
MinicTepcTBa OCBITH 1 HAYKH YKpainu, Xapkis, 2021.

JHucepraiiiss BUKOHaHa Ha Kadenpi OyaiBelbHUX MaTepialliB, KOHCTPYKIIIH Ta
cnopya 1 kadeapi 3ali3HUYHOI KOJIi 1 TPAHCHOPTHUX CHOPYH Y KpaiHCHKOIO
JePKABHOTO YHIBEPCUTETY 3aJI3HUYHOTO TPAHCIIOPTY 1 CKIANA€ThCS 13 BCTYITY, M'SITH
PO3A1IIB, 3arajiIbHUX BUCHOBKIB, CIUCKY 13 154 BUKOpUCTaHUX JIXKEPEI, JOJATKIB.

Y 6cmyni HaBeleHO 3arallbHy XapaKTEpPHCTUKY pOOOTH, 30KpeMa, JOBEICHO
aKTyaJIbHICTh OOpaHOi TeMHM, IMOKa3aHO i 3B'I30K 3 HAYKOBUMH IporpamMamMu Ta
IUIaHaMH, Cc(OpPMYyITbOBAaHO MeETy, OO'€KT 1 TpeIMeT, 3aBJaHHS  JIOCHIKEHb,
BUKJIQJICHO TIOJIO)KEHHS HAayKOBOi HOBHM3HH, OOIPYHTOBAaHO JOCTOBIPHICTH 1
NPAaKTUYHE 3HAYEHHS OTPUMAHUX PE3yJIbTATIB, HABEJIEHO JaHl Mpo iX ampoOarriro.
BupoOHUIITBO 3113006 TOHHUX Il € YK€ PEeCYPCOCHEPTOEMHHUM Ye€pe3 BHUCOKY
IIPOCKTHY MIIHICTh OETOHY Ta, OCOOJHMBO, HEOOXIIHICTh IIBHIAKOTO OTPUMAaHHS
nepeaaTouynoi mimHOocTi 32 MIla, TomMy mOmyk 1 OOTpyHTYBaHHS 3aCTOCYBaHHS
KOMIUICKCHHUX J100aBOK, $Ki 3a0€3MeUyloTh BHCOKY paHHIO MIIHICTh OCTOHY 3a
MPUPOAHOTO a00 MAJOMPOTPIBHOTO PEKUMIB TBEPAIHHS, € aKTyallbHUM 3aBJIaHHSM.
AKTYaJIbHICTh MITKPECIIOETHCSA BUKOHAHHSAM JIOCTIHKCHD Y CKIIQIl JePKOI0KETHUX
HayKoBO-nocainaux podbir MOH Vkpaiau. Memoro oocniddcenns € oOTpyHTyBaHHS
BUPOOHMIITBA TONEPEIHBO HAMPYXKEHUX 3ali300€TOHHUX INMajl 3 PeXUMaMH
TBEPAIHHS TPUPOAHUM ab0 MaJONPOTPIBHUM 3a PaxXyHOK  3aCTOCYBaHHS
KOMIUIEKCHUX J00aBOK, 1[0 HE CIPUYUHAIOTH KOPO3IMHOrO BIUIMBY Ha CTalleBY
apMmarypy. Ilpeomem oOocniodcenns — OCTOH 3aMI300€TOHHHUX IIMajl 3 J00aBKaMHu
cynepruiacTu(ikaTopiB  MOJIKAapOOKCUIIATIB, MPUCKOPIOBAYIB  E€JIEKTPOIITIB  Ta

aYcnepcii TIAPOCHITIKATIB Kaibllilo, 00’ €KT JOCTKEHHS — PaHHI CTajli Imporecy



TBEp/IiHHS Ta (POPMYBaHHS PAaHHBOI MIITHOCTI IbOTO O€TOHY. Pe3ynbpTaTu 1OCHIKEHDb
anpoOoBaHi Ha 4-X MbkHapoaHuX KoH(pepeHuiax y 2019-21 pp. ta ony06nikoBaHi y 7
poboTax, y T.4. 2 cTarTaX y (paxoBUX BUIAHHAX YKpaiHH, 2 CTATTIX Y BHIAHHSX, IO
iaekcyroTbes HMBJI Scopus, 1 cTaTTi y 3aKOpAOHHOMY BHIaHHI.

Po30ini 1 MICTUTh pPe3ylbTaTH AHANITUYHOIO OIJISAY CY4YacCHHX YSBIEHb 3
OTPUMaHHS BHUCOKOI pPaHHBOI MINHOCTI OeToHy. Po3risiHyTo  0ocoOiamBOCTI
KOHCTPYKIIIT 1 TEXHOJOrili BHPOOHUIITBA 3al300€TOHHUX IIMaji, CHOCOOU
NPUCKOPEHHS TBEPiHHS OCTOHY 3a PaxyHOK 3aCTOCYBaHHS ONTHMAaIbHUX CKIIAJiB
0eToHy Ta XIMIYHMX J00aBOK, CHOCOOM BHU3HAYEHHS CKJIaJy OETOHY, 100aBKH
cynepruiacTU(pIKaTopu Ta KOMIUIEKCHI J100aBKM  CymnepriacTugikaTopiB  Ta
NPUCKOPIOBAYiB, OOMEKEHHS Ha 3aCTOCyBaHHS J0OOABOK B OETOHH, MUIAXH
MiIBUIICHHS PAaHHBOI MIIHOCTI OETOHY 3alI300€TOHHMX IIMaj. 3a pe3ysbTaTaMu
AQHAJIITUYHOTO OTJISAly BHUCYHYTO poOOUYy TimoTe3y, sika Mojsranga y IiJBHUIINCHHI
PaHHBOT MIIHOCTI OETOHY 3a PaXyHOK 3aCTOCYBaHHS OETOHY ONTUMAJIBHOTO CKJIANY 3
KOMILJIEKCHOTO 00aBKOIO cynepruiactTugikaTopa MoJTikapOoOKCcUsaTa 1
NPUCKOPIOBaYa, 110 HE CIPUYMHSE KOPO3IWHOTO BIUIMBY Ha apMmaTypy, - Aucrepcii
TIPOCUITIKATIB KaJBIII0 SK KPUCTAJIIYHOI 3aTpaBKU I IIBUJKOTO YTBOPECHHS
KpUCTAJIOT1/IpaTiB.

JIns MOCATHEHHS METH 1 JOBEACHHS TinmoTe3u OyJ0 BHCYHYTO TaKi 3aBJaHHS
JOCITIJDKEHb: YTOYHHUTHU EJICKTPOIIOBEPXHEBI BIIACTHBOCTI CKJIAJIOBUX ILIEMEHTHOTO
KaMeHI0 Ta OeTOHY 3 /100aBKaMH;, BUBYUTU OCOOJMBOCTI MOJEKYJISIPHOI CTPYKTYpHU
100aBOK CymepruiacTU(IKaTopiB 1 yTOYHEHUTH MEXaHI3M IX BIUIMBY Ha DPAaHHIO
MIIHICTh IIEMEHTHOI'O0 KaMEHIO 1 OETOHy, BHKOHATH TEPMOJMHAMIYHUN aHaIi3
MO>KJIMBOCTI YTBOPEHHS 13 (34 1 100aBOK-EIEKTPOIITIB KPUCTATIOTIAPATIB, IO MAIOTh
MO3UTHUBHUM TMOBEPXHEBUN 3aps]l 1 CHPUAIOTH YTBOPEHHIO JOAATKOBOI KIJIBKOCTI
CIEKTPOTETEPOTCHHNX KOHTAKTIB Yy paHHI TEPMIHM TBEPJIHHSA, BUKOHATH
CTEXIOMETPUYHI pPO3paxXyHKH 1 BHU3HAYATH O€3MEeYHy KUIBKICTh  J0OAaBOK-
€JEKTPOJITIB, siKka Oyde 3B’s3aHAa y  KpHUCTajoriipatax, Ta BHUKOHATH
TEPMOJMHAMIUYHHUI aHaJI3 CTIMKOCTI KPUCTAJOT1APATIB; BUBYUTU MEXaHI3M BIUIUBY

KOMILIEKCHO1 J00aBKU CyIepIuiacTu(ikaTopiB, €JIEKTPOJIITIB Ta Jucnepcii



TIIPOCUITIKATIB KaJIbLIII0 HA PAHHIO MILHICTh 1 CTPYKTYPY LIEMEHTHOI'O KaMEHIO Ta
0E€TOHY, BUKOHATH €JIEKTPOHHO-MIKPOCKOIIYHI JOCIIPKEHHSI CTPYKTYpPH; BUKOHATU
€KCIIEPUMEHITAJIbHI JOCIIIPKEHHsI BIUIMBY CYNEPIUIACTU(DIKATOPIB 1 KOMIUIEKCHUX
100aBOK Ha PaHHIO MIIHICTh OCTOHY IITMAJ; BUKOHATH (PI3UKO-XIMIUHI JTOCTIIKEHHS
¢dazoBoro ckiaxy NOPOAYKTIB TiapaTaiii LEeMEHTy 3 J00aBKaMu; BHUKOHATH
MOTEHIII0/IMHAMIYHI Ta MIKPOCKOMIYH1 JOCII>KEHHS BIUTUBY JOOABOK Ha KOPO31MHUMI
CTaH CTaJeBOi apMarypud B O€TOHI; po3poOHUTH 1 BIPOBAAUTH pPEKOMEHAALI 13
3aCTOCYBaHHS KOMIUIEKCHMX J00aBOK B O€TOH 3a1i300€TOHHUX IIMAaJl, BU3HAYUTHU
E€KOHOMIYHY €(EeKTHUBHICTh, BIPOBAJAWTH PE3yJbTAaTH IOCIIIKECHb Y HaBYAIbHHM
nporec.

Y po3oini 2 HaBeneHO Marepiadu 1 METOAU JOCHIJKEHb. [l BUTOTOBJICHHS
JOCHIIHUX 3pa3KiB  3aCTOCOBYBaIM IIeOIHb TPaHITHUH, TICOK KBapIlOBUIA,
noptaanauemedT [ 1-500H, nob6aBku: cymepriactudikatopu mosikapOOKCUIIATH
pI3HUX BUPOOHMKIB, TNPUCKOPIOBAYl EJIEKTPOJITH HITPAT 1 XJOPHUJ KaJbIliIo,
JTUCIIEPCIIO T1IPOCUITIKATIB KAJIBI[iI0, a TAKOK BUCKOMIIIHUI HU3BKOBYTJICIICBUM JIPIT
aiaMeToM 3 MM JUIsl apMyBaHHS MOTIEPETHHO HAIIPYKEHOTO 3a11300€TOHY.

®i3uyH1 BIIACTUBOCTI MarepiaiiB [yl OETOHY BH3HAYaJIM CTaHJIAPTHUMHU
Meroaamu, (pakIifiHWNA CKJIaJ ILEMEHTIB - 3a JOMOMOTrOI0 aHaji3aTopa po3Mipy
gacTHHOK Malvern ZetaSizer. JlerkoyknanaiabHICTh OETOHHUX cyMilied Ta (i3uKo-
MEXaHIYHI BJIACTUBOCTI OCTOHY BHM3HAyajdd CTAHIAPTHUMH METOJaMH. MOKJIMBICTD
YTBOPEHHS TPOAYKTIB  TigpaTamii ImeMeHTy 3 J00aBKaMu  JOCITKYBaIH
TEPMOJMHAMIYHUM METOJIOM, CKJIaJ MPOAYKTIB TiAparaliii 3a JOMOMOro (¢i3HKo-
XIMIYHIX METOJ[IB - PEHTreHo(a30BOTO aHamizy, iHGpadepBOHOI CHEKTPOCKOIIII,
CKaHyI04O0i1 eNeKTpoHOI Mikpockomii. ['paHu4HMII KOpO3iHHO O€3MeYHHl BMICT
100aBOK EJIEKTPOJITIB BU3HAYAIM IILIIAXOM CTEXIOMETPUYHHX pO3paxyHKiB. Brius
n00aBOK Ha KOPO3IMHWUN CTaH CTalneBOi apMaTtypu B OETOHI JOCIHIKYyBalu
MOTEHIIOIMHAMIYHUMHA ~ MeTojaMu.  JIOCTOBIPHICTH  PE3yNbTATIB  JAOCTIIKCHB
3a0e3MeueHa KOPEKTHUM 3aCTOCYBAaHHSIM 1 METPOJIOTIYHUM  3a0e3MeUYeHHSIM
CTaHJAPTHUX Ta OpUTIHAIBHUX METOJIB BUNPOOYBaHb Ta  JIOCIIIKEHD,

3aCTOCYBAHHSIM HE3aJIeXKHUX METO/IIB JIOCTII)KEHb, TIOBTOPIOBAHICTIO PE3YJIbTATIB



BUNIPOOYBaHb, IX  CTAaTUCTUYHOI  OOpOOKOIO,  Y3rOJKEHICTIO  PE3yJIbTaTiB
EKCIEPUMEHTATBHUX 1 TEOPETUUHUX JTOCTIIKEHb.

Po30in 3 MicTUTh TeopeTHYHE OOTPYHTYBAHHS MiIBUILIEHHS PAaHHBOI MIIHOCTI
OeTOHY  3almi300€TOHHMX MMl  KOMIUIEKCHOIO  Jo00aBkor.  BusznaueHo
€JIEKTPOTIOBEPXHEBI MOTEHIIATM Ta 3apsAd OCHOBHHX CKJIAQJOBUX IEMEHTHOTO
KaMEHIO Ta 0eTony, JOCIIHKEHO MEXaHI3MHU BILINBY 100aBOK
cynepruiacTudikaTopiB, MNPUCKOPIOBAYIB TBEPAIHHS EJEKTPOIITIB Ta AucHepcii
rIPOCHITIKATIB KaJIbLI1F0 HA PaHHIO MIIHICTh OETOHY

Y pozoini 4 HaBeneHl pe3yNbTaTH EKCICPUMEHTAIBHUX JOCIIIKEHb 3
OiIBUIIEHHS PaHHbOI MIHOCTI OETOHY 3aJi300€TOHHUX IIMajl KOMILIEKCHOIO
no0aBkoro. JlocmimxeHo BIIMB J00aBOK cynepruiacTudikaTopiB MOIIKapOOKCUIIATIB,
KOMIUIEKCHUX T0OABOK HAa PaHHIO MIIHICTh OETOHY LINaji, BUKOHAHO (PI3UKO-XIMIYHI
JOCJIIJDKEHHSI 1IEMEHTHOTO KaMEHI0 3 J00aBKaMu, eJIeKTPOHHO-MIKPOCKOMIYHI
JOCJIIJDKEHHSI HOTO CTPYKTYpPH, TOTSHI[IOAWHAMIUHI Ta MIKPOCKOIIYHI JOCIIKEHHS
KOPO3IHHOI0 CTaHy CTalleBOi apMaTypu B O€TOHI 3 J0OaBKaMHu.

B pe3ynbrati mpoBeNEHUX TEOPETUYHUX Ta €KCIEPUMEHTATbHUX JOCIIKEHB
OTPUMAHO HOBI HAayKOB1 pe3ylbTaTH. 30KpeMa, pPO3BUHYTO VYSBJICHHS TMPO
€JICKTPOTIOBEPXHEBI BJIACTHBOCTI Ta B3aEMOJIIi il 4ac TBEPAIHHS MOPTIAHAIIEMEHTY
3 jgo0aBKaMH, 30KpeMa, TakKi TIOJOKEHHS: IHTErpaJlbHUN  PIBHOBOKHUU
€JICKTPOTIOBEPXHEBUH TOTEHITIAN IpaHiTy A0piBHIOE MiHyc 0,89, MpoTe AIISHKU HOTO
MOBEPXHI MOXYTh MaTH SK HEraTHBHUM (KBapll, OPTOJIKJIA3), TaK 1 MO3THUBHUHN
(6iotut) 3apsanm; mnactudikyrounii epexkr anioHHUX [IAP oOymoBieHmii ix
BUOIPKOBOIO a/IcOPOIIi€l0 Ha TIO3UTHUBHO 3apsA/DKEHUX MNUISHKaX IOBEPXHI 3€peH
neMeHTy (C3A4) Ta 3almoBHIOBAYIB: JITHOCYIb(OHATH Yepe3 He3HAUHY KUTbKICTh TPyI
SOz~ mewitpamizytorp 3apsin (34 Ta  MaroTh cepenHboIuTacTu(iKyrounii
edekr, menamindopmanpaeriim Ta HadTamiHGopMaIbaeTiIn Yepe3 3HauYHy KUTbKICTh
rpyn SOz~ mepesapsmxaioTh C34 1 MalOTh CHIBHOIUTACTH(IKYIOUUN  e]exT,
HOIKapOOKCHIIATH Yepe3 3HaYHy KiIbKicTh GyHKIioHansaux rpyn CO;~ a6o PO3* Ta
JIOBI'MX BYTJIEBOJHEBUX paJMKaNiB 3a0e3MeuyloTh nepe3apskeHts CzA, miacuiieHe

CTEPUYHUM €(EeKTOM, TOMY MaIOTh HAHOUTBIINHI MIACTU(PIKYIOUUI



(Bomopenykyrouuii) epekt; B pe3ysibTaTi YBEIECHHS HITpaTy Ta XJIOPUIY KAaJbIIiIO
YTBOPIOIOTBCA ~TEPMOAMHAMIYHO CTIMKI TIAPOHITPO- Ta TiIPOXJIOPATIOMIHATU
KaJIbL1I0, KPUCTAJOTIpaTH SKUX MAalOTh MO3UTUBHHUI TOBEPXHEBUU 3apsn 1
YTBOPIOIOTh JIOJATKOBY KUIBKICTh €JI€KTPOTreTepOreHHUX KOHTAKTIB y PaHHI TEPMIHU
TBEpAIHHS; Oe3leyHa KUIbKICTh HITpATy Ta XJIOPUAY KalbI[ll0 BU3HAYAETBHCS iX
3B'SI3yBaHHSM altfoMiHaTHUMU ¢da3amMu a, OTxKe, BMICTOMb (34 y KIIHKEpi;
HaUOUIBIIMN TPUCKOPIOIOUN e(deKT N00aBKU Jucrepcii T1IPOCHITIKATIB KaJbIIIO 3
MOJTiKapOOKCHIIATOM JIOCSTAETHCS 32 PAXyHOK TOTO, IO IJIOIIA MMOBEPXOHb, BiJl SKUX
3pOCTAlOTh KPHUCTANOTiApaTH, 30UTBIIYETHCA 3a PaxXyHOK BHCOKOJIUCIIEPCHUX
yactuHOK ['CK, 3a0e3mneuyeTbcs OUIBII MIBUKE 3alIOBHEHHS MPOJYKTaMHU TiapaTtalii
NpOIIapKiB MiX YacTHHKAMH IIEMEHTY Ta 3allOBHIOBAYiB 3  yTBOPCHHSM
€JIGKTPOTETEPOTCHHNX KOHTAKTiB. Briepiie oTpuMaHo 3aleXHOCTI paHHBOT MIITHOCTI
O0eToHy Imaja Bil PI3HUX CIONY4YeHb 1 KUTBKOCTI J00ABOK CyIepIiacTH(IKaTopiB
MOJIIKApOOKCUIIATIB, MPHUCKOPIOBAYIB EJEKTPOJITIB 1 JUCIepcii TiIpOCHIIIKATIB
KaJbI[II0 3a PI3HUX PEXKHUMIB TBEPAIHHSA, a TaKOX IOTEHIIOJUHAMIYHI KpHUBI
KOPO3IMHOT'0 CTaHy apMaTypu y O€TOH1 3 IIUMH JI00aBKaMHU.

Po3oin 5 mictuth iHpOpMAaIIito MIOI0 BIPOBAKEHHS PE3YJIbTATIB JOCTIIKEHD Y
BUPOOHMIITBI 30IpHUX 3113006 TOHHUX KOHCTPYKIIIK 1 OyTiBEIbHUX KOMITO3UIIIHHUX
Marepiaib. Po3po6ieno peKoMeHarii 13 3aCTOCYBaHHS 100aBOK
cynepruiactTugikaTopiB MOJiKapOOKCUIATIB Ta MPUCKOPIOBAYIB TBEPAIHHSA B OCTOH
3ai300eToHHNX Mmai. Po3po0ieni 3acobu 3 MiBUIIEHHS PaHHBOT MIITHOCTI OETOHY
3aCTCOBaHl MJisl IMIABUIICHHS BOJOCTIMKOCTI KOMIIO3WTIB Ha OCHOBI MiHEpaJbHUX
B'SOKYYHX KOMIUIEKCHUMU T0OaBKaMu. BUKOHAHO OIIHKY €KOHOMIYHOI €()eKTUBHOCTI
3MEHIIICHHS E€HEPrOEMHOCTI BHTOTOBJICHHS 3alli300€TOHHMX IIMal 3a PaxXyHOK
3aCTOCYBaHHS XIMIYHUX J00aBOK. Pe3ymbTaTH JOCHIIPKEHb BHKOPHUCTAHO ¥
HaBYaTbHOMY miportieci. [Toka3zaHo mpakTUYHE 3HAUYCHHS OTPUMAHUX PE3YJIbTATIB, SKE
nojisirae 'y 3a0e3meueHH] 3HIKEHHS PEeCcypCOCHEpProBUTpAT IiJ 4Yac BUPOOHHIITBA
3a11300€TOHHUX IIITIAJI Ta IHIIUX 301pHUX 3aJ11300€TOHHUX KOHCTPYKI[IHA 1 BUpOOiB 6€3
3HI)KEHHSI TIOKAa3HUKIB I1X SKOCTI Ta NIATBEPIKYETbCS BIPOBAKEHHSIM Ha

MIIIPUEMCTBAX, a TAKOXK Y HaYaJIbHUN MPOIEC.



VY 3aranbHHX BUCHOBKax MiJICYMOBAaHO BUKOHAHHS 3aBllaHb JOCIIIKEHD 1
KOHCTAaTOBAaHO JIOCATHEHHS METH, a y JI0JJaTKaX HaBeJCH1 JOJIaTKOBI MaTepialiu.
KuarwuoBi caoBa: oOemon, 0Oobasku, meepoinHA,  pAHHA  MIYHICMBb,

3a11300emonna wnaid.



SUMMARY

Kaliuzhna Olena. Increasing the early strength of concrete reinforced concrete
sleepers with complex additives. Qualifying scientific work on the rights of the
manuscript.

Dissertation of Doctor of Philosophy degree in Specialty 192 Construction and
Civil Engineering (19 Architecture and Construction). Ukrainian State University of
Railway Transport of the Ministry of Education and Science of Ukraine, Kharkiv,
2021.

The dissertation was completed at the Department of Building Materials and
Structures and the Department of Railway Tracks and Transport Structures of the
Ukrainian State University of Railway Transport and consists of an introduction, five
sections, general conclusions, a list of 154 used sources, and annexes.

A general description of the work was presented at the introduction, in
particular, the relevance of the chosen topic was proved, the connection with
scientific programs and plans was shown, the purpose, object and subject, research
objectives was formulated, sets out the provisions of scientific novelty, substantiates
the reliability and practical significance of the results, data on their approbation was
given.

The production of reinforced concrete sleepers is very resource-intensive due to
the high design strength of concrete and, especially, the need to quickly obtain a
transfer strength of 32 MPa, so finding and justifying the use of complex additives
that provide high early strength of concrete under natural or low-heat curing is an
actual task. The relevance of the research is determined by the implementation of the
research in the composition of the state budgetary research works of the Ministry of
Education and Science of Ukraine. The purpose of the research is to develop the
production of pre-stressed reinforced concrete sleepers with natural or low-
temperature hardening conditions due to the use of complex additives that do not
cause corrosion effects on the steel reinforcement. The subject of the research -
concrete of concrete sleepers with additives of superplasticizers polycarboxylates,

electrolytes accelerators, and dispersion of calcium hydroxylate; the research object -



early stages of the hardening process and formation of early strength of this concrete.
The results of the research were approved at four international conferences in 2019-
21 and published in seven papers, including two articles in the Ukrainian
publications, two articles in the publications indexed by Scopus, one article in the
foreign edition.

Section 1 contains the results of an analytical review of the modern concepts of
obtaining a high early strength of concrete. The features of the design and technology
of production of reinforced sleepers, ways to accelerate the hardening of concrete at
the expense of using the optimum composition of the concrete and chemical
additives, methods of determining the composition of the concrete, superplasticizer
and complex superplasticizer and accelerator additives, limitations on the use of
additives in concrete, ways to increase the early strength of the concrete of railway
sleepers was investigated. As a result of the analytical review, a working hypothesis
was developed which consisted in increasing early concrete durability by using the
concrete of optimal composition with complex superplasticizer polycarboxylate
additive and accelerator, which does not cause a corrosive effect on the reinforcement
- dispersion of calcium hydroxylates as a crystalline seed for the rapid formation of
crystalline hydrates.

In order to achieve the aim and to complete the hypothesis, the following
research tasks were carried out: to clarify electro surface properties of cement stone
components with additives; to investigate features of molecular structure of
superplasticizer additives and to clarify the mechanism of their influence on the early
strength of cement stone and concrete; to carry out thermodynamic analysis of the
possibility of creating crystalline hydrates with C3sA and electrolyte additives having a
positive surface charge and contributing to the formation of an additional number of
electro heterogenic contacts in the early terms of hardening; to perform
stoichiometric calculations and to determine the amount of electrolytic additives that
will be connected in crystalline hydrates, and to perform thermodynamic analysis of
the crystalline hydrates stability; to study the complex influence of superplasticizers,

electrolytes and dispersion of calcium hydroxylates on the early strength and



structure of the cement stone and concrete; to carry out an electron-microscopic
examination of the structure; to make experimental studies of the impact of
superplasticizers and complex additives on the early strength of the concrete sleepers;
to perform physical and chemical examination of the phase composition of hydration
products of cement with additives; to perform potentiodynamic and microscopic
examination of the influence of additives on the corrosion resistance of steel
reinforcement in concrete; to develop and to implement recommendations on the use
of complex additives in the concrete of concrete sleepers, to estimate economic
efficiency; to implement the results of research in the educational process.

Section 2 contains the materials and methods of research. Gravel, quartz sand,
Portland cement PC I-500N, additives were used for the manufacture of the studied
samples: superplasticizers polycarboxylates of different manufacturers, accelerating
electrolytes calcium nitrate and calcium chloride, dispersion of calcium hydroxylates
as well as high-quality low-carbon dry material with the diameter of 3 mm for
reinforcement of front-loaded silica concrete.

The physical properties of materials for concrete were determined by standard
methods, the fractional composition of cement - using a particle size analyzer
Malvern ZetaSizer. The efficiency of concrete mixes and physical and mechanical
properties of concrete were determined by standard methods. The possibility of
formation of hydration products of cement with additives was investigated by
thermodynamic method, composition of hydration products using physical and
chemical methods - X-ray phase analysis, infrared spectroscopy, scanning electron
microscopy. Boundary corrosion-free amount of electrolyte additives was determined
using stoichiometric calculations. The influence of additives on corrosion resistance
of steel reinforcement in concrete was investigated by potentiostatic methods.
Reliability of the results of the investigations was ensured by correct application and
metrological support of standard and original methods of tests and investigations, use
of independent research methods, repeatability of test results, their statistical

processing, and compliance of experimental and theoretical results with each other.



Section 3 contains a theoretical explanation of how to increase the early strength
of the concrete of concrete sleepers with a complex additive. The electrostatic and
surface potentials and charges of the main cement stone and concrete components
have been determined; the mechanisms of influence of superplasticizers, accelerators
of electrolyte hardening, and dispersions of calcium hydroxylate on early concrete
strength have been studied.

Section 4 contains the results of experimental studies on increasing the early
strength of the concrete with the use of a complex additive. The influence of
polycarboxylate superplasticizers and complex additives on the early strength of
concrete sleepers has been investigated, physical and chemical examination of
cement stone with additives, electron-microscopic examinations of its structure,
potentiodynamic and microscopic examinations of corrosion state of steel
reinforcement in concrete with additives has been carried out.

As a result of the carried-out theoretical and experimental investigations new
scientific results were obtained. In particular, the concept of electro surface properties
and interactions during the hardening of Portland cement with additives has been
developed, including the following statements: Integral equilibrium electro surface
potential of granite is minus 0.89, but plots of its surface can be both negative
(quartz, orthoclase) and positive (biotite) charge; plasticizing effect of anionic Super
active reagents is caused by their vibronic adsorption on positively charged grain
surface areas of cement (CszA4) and the fillers: lignosulfonates through an insignificant
number of groups SOz neutralize the charge of Cs4 and have a medium-plasticity
effect, melamineinformaldehyde and naphthaleneinformaldehyde through a
significant number of groups SO3™ recharge the C34 and have a strongly plasticizing
effect, polycarboxylates due to large number of functional groups CO; or POs*" and
long carbohydrate radicals to ensure recharging CsA, is supported by steric effect,
that is why it has the greatest plasticizing (water-reducing) effect; As a result of
nitrate and calcium chloride elimination thermodynamically stable calcium
hydrochloride and calcium hydrochloraluminates are created, their crystalline

hydrates have a positive surface charge and provide an additional number of electro



heterogenic contacts in the early terms of hardening; The safe quantity of calcium
nitrate and chloride is determined by their connection with the aluminate phases and
also, in the amount of C34 at the clinker; the most accelerating effect of calcium
hydroxylates dispersion additive with polycarboxylate is achieved due to the fact that
HSC particles increase the surface area, on which crystallization of hydration
products occurs and provides quick filling of spaces between cement particles and
fillers with establishment of electro heterogenic contacts. For the first time, the
dependence of early strength of concrete sleepers on various compounds and the
number of additives of superplasticizers polycarboxylates has been obtained,
accelerating electrolytes and dispersion of calcium hydroxylate at different hardening
conditions, as well as potentiostatic curves of corrosion state of reinforcement bars in
concrete with these additives.

Section 5 contains information on the implementation of the results of research
in the production of precast concrete structures and building composites. Developed
recommendations for the use of superplasticizer polycarboxylate additives and
accelerators of hardening in the concrete of concrete sleepers. The developed means
of increasing the early strength of concrete is used to increase the water-resistance of
composites based on mineral nutrients with complex additives. We have assessed the
economic efficiency of using chemical additives to reduce the energy intensity of the
production of concrete sleepers. The results of the research have been used in the
educational process. The practical value of the obtained results is shown, this means
ensuring the reduction of resource-energy consumption during the production of
high-voltage concrete sleepers and other precast constructions and products without
reducing the indicators of their quality and is confirmed by implementation at
enterprises, as well as in the management process.

The general conclusions that summarized the performance of the research tasks
and state the achievement of the goal and additional materials are given in the
annexes.

Keywords: concrete, additives, hardening, early strength, concrete sleeper.
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JloBxkuHa KoJiid Ha 3ani3HULAX YKpaini y 2021 p. ckinanana nmoHan 27 Tuc. kM. 3
HUX Ha Onu3bko 23,9 THC. KM MiAPEMKOBOIO OCHOBOIO € 3ai300€TOHHI Ay,
KUIBKICTh IKMX nepeBuulye 44,3 muH. mt. B Tenepimnii yac 3ami300€TOHHI MK
BUTOTOBJISIFOTHCS TIEPEBAXKHO JJIsi 3aMIHM 3HOIICHUX TaKOX 3a11300€TOHHHUX Il
MiJ] Yyac KamiTalbHUX PEMOHTIB KOJIIi yepes3 Te, 1110 MJIaHOBa 3aMiHa HUMU JIePEB’ STHUX
mnan B ocHOoBHOMY 3ikiH4ueHa mmie y 90-ti pp. XX cr. 3 i€l npuuuHu 00’ eMH
BUPOOHUIITBA 3alI300€TOHHUX IIMajl B TENepillHIA Yac MEHIIl, HDK MpPOEKTHA
HNOTYXHICTh 3aBOJIIB-BUpOOHMKIB — ['HIBaHCHKOTO 3aBoaycner] 3aii300etony (IIpAT
«['niBanctkuit  3C3b»), Kopoctencbkoro Tta CTapoKOCTSIHTHHIBCHKOTO 3aBOJIIB
3anmizoberonHux mman (BignoBigHo, [IpAT «Kopoctencekuit 33BI» 1 ¢imis AT
«Yxp3anizauisgy «CrapokocTsHTHHIBChKUM 33B111»).

3ai300€TOHH] IITAajdd BUTOTOBISIOTHCS 13 OETOHY KJIacy 3a MILHICTIO Ha CTHUCK
C32/40 1 apMyrOTBCSI BUCOKOMIITHIM APOTOM 4433 MM 3 TIOTIEpETHIM HAIIPYKCHHSIM.
Ha Burorosnenns 1 m® Getony me y 2010-x pokax BuTpadanoch moHan 400 kr
neMenry. Illmamm BurotoBnstorbest y  10-micHuX cwioBux (Qopmax, Ha sKi
raIpiBIIYHUM JOMKPATOM HATATYIOThCS JPOTSAHI makeTu. Y (GOopMHU BCTABISIOTHCA
JeTaal JJIsi HerahHOTO POo3MalyOJIeHHs — MEepPEeropoaku - aiapparMu MK TOPISIMU
IImaJ, MyCTOTOYTBOPIOBAaUl OTBOPIB MiJ 3aKJIaH1 OOJITH IIMaJT IJIs1 KJIEMHO-00JITOBHX
IPOMDKHUX PEUKOBUX CKpiIUIeHb. TOMY ISl IIIan 3aCTOCOBYIOTHCS KOPCTKI OETOHI1
cyMmimii, fKiI  yIIUIBHIOIOTBCSA  BiOpamiero. 3 1iei  npuyuHA  J00aBKU-
cynepruiacTugikaTtopu Juisi OETOHY INmaj paHilie He 3aCTOCOBYBAIHCH, a ¥y
Jep>)KaBHUX HOPMTUBHHX JokymeHTax Ha HuX — ['OCTax, JICTY b B.2.6-57:2008
lmanm 3ami300e€TOHHI TMOMEPEAHbO HAMpPyX)eHl s 3ami3Huie komii 1520 mwm.
TexHiuHI YMOBH 3aCTOCYBaHHS XIMIYHHX J0OABOK HE JI03BOJISIOCH.

Jlnst 3a0e3nedeHHss pUTMIYHOT pOOOTH MIAMPUEMCTBA TEpeAaTOYHA MIIHICTh
OcToHy, sika g mman ckianae 32 Mlla, moBunHa pocsrituacch 3a 8—10 rom. Jlms
bOro BiAQOpPMOBaHI MIMAJIK MPONAPIOIOTHCA y MPONAPIOBAIBHUX Kamepax, TOOTO
snicHOEThesl X TBO — TemmoBomoricha o6pob6ka. Y 2000-mi pp. i pamime

MIPOMapIOBaHHA 3IIMCHIOBAIOCH 3a Temmeparyp, o mepeuinyBamm 80-90°C. 3



2000-x pokiB uepe3 3pOCTaHHS BapTOCTI EHEProOHOCIIB CYTTEBO MIABUIINIACH
coOIBapTICTh BUPOOHHUITBA IIMAJ, TOMY HIAIPUEMCTBA-BUPOOHUKH BUMYILIEHI OyiH
MPUIUHUTH ABOX3MIHHY po0OoTy 13MeHmuTu temiepatypy TBO no 50—40°C. Toai x
MOYaJoCh 3aCTOCYBAHHS OUIbII AKTMBHUX LEMEHTIB, YJOCKOHAJIEHO KOHCTPYKIIIO
MyCTOTO YTBOPIOBAUiB, BIPOBAKEHO IIMAJIH 13 3aKJIaTHUMH aHKEPaMH IS TIPYKHUX
aHKEpHUX PEUKOBUX CKpiieHb. OJHAaK BapTICTb EHEProHOCIIB IMPOJOBKYE
30LIBIITYBAaTHCh, TOMY 3MCHIIEHHS TPUBAJIOCTI W TEMIEPAaTypH TEIUIOBOJIOTICHOT
0OpOOKH IIITAJT 3aJIUIIAETHCS aKTyaJIbHUM MPAKTUHYHN 3aITBJIaHHSIM.

[Tpu mocTaHOBIII JMOCHTIKEHb, CHOPSIMOBAHUX Ha 3MEHIICHHS CHEPrOBUTPAT Yy
BUPOOHUIITBI 3aJ11300€TOHHUX IITaJl, BUHUKAIOTH CYIYTHI 3ajayi, SKI HEOOX1IHO
BUpINIYBaTH IS OCTOHIB, Yy CKJaal SKUX TIPOMOHYEThCS BUKOPHUCTAHHS
Moaudikyrounx J100aBoK. Ilpy [bOMY 3aJIMIIAETHCS BUMOTAa JIO OCHOBHHX
BJIACTUBOCTEH OCETOHY, Cepela SKUX MIIHICTh, MOPO30CTIHKICTh, TPIIIUHOCTIMKICTD,
CJEKTPUYHUN OIip, HI0 PErjJaMeHTOBaH! HAIIOHAJPHUM CTAHIAPTOM Ha IITAJIH
3a1i300€TOHHI Tonepe b0 HanpykeHi i sanizHunps JCTY b B.2.6-2009.
Bukopuctanus Moaudikyrounx m00aBOK B OETOHI Il TaKWX KOHCTPYKIIIH
HIATOPSIAKOBAHO  MOXJIIMBOCTI  3HWKeHHA B/Ll, mokpameHHIO  peosoriyHuX
XapaKTePUCTUK OETOHHOI CyMIllli Ta MPUCKOPEHHIO MPOIECY TiApartarii MeMEeHTY 1
HAO0Opy MIIHOCTI OCETOHY, IO B IJIOMY 3a0e3leuye 3MEHIIEHHS EHEPrOEMHOCTI
BUPOOHUIITBA KOHCTPYKIliH. BBemeHHsIM 100aBOK BOgHOYAC Tepeadavae 3HWKESHHSI
PHU3HKY TPIIIMHOYTBOPEHHS MPY BHKOPHUCTAHHI PEaKIifHO3/IaTHOT'O 3allOBHIOBAaYa Ta
€JIEKTPOKOPO3ii BiJl CTPYMiB BUTOKY.

3 2010-x pokiB myis BUPOOHHUIITBA 30IPHOTO 3aTi300€TOHY BCE IIHPIIE
3aCTOCBYIOTBCS XIMIUHI J00aBKH, y MEPIIy 4Yepry cynepruiacTudikaTopu, HaHOUIbII
ehekTHBHUMHU 3 SKHX € moiikapOookcunatu. YkpAY3T Oyno po3poOieHo HOBHIA
HamioHanmbHMN cTangapT Ykpaiam JICTY b B.2.6-209:2016 Ilmanu 3ami3o0eToHHI
MONePeAHLO HANPYKEH1 I 3aii3Humb Koiii 1520 1 1435 mm. TexHiuHi yMOBH, B
SIKOMY JIOMYCKA€THCSl 3aCTOCYBaHHS XIMIUHMX, y T.4. MIACTU(DIKYyIOUUX J00ABOK st
MOKpALIEHHS SIKOCTe OETOHHOI cymimil Ta OeToHy. 3aBOAU-BUPOOHUKH TOYaU

3aCTOCOBYBAaTH J00ABKU-CYIEPIIACTU(PIKATOPU, IEMEHTH OUIbIII BUCOKOI aKTUBHOCTI



IiCJI NPONApPIOBaHHA i JOCATIM CKOPOYEHHS BHTPAT LEeMeHTy Ha 1 m® GeToHy, sKi
ctanu MeHmuMHu HiK 400 xr. Ane BIAMOBUTHCH BiJl MPOINAPIOBAHHS MOBHICTIO [0
IbOT0 Yaccy He Baaioch. KpiMm Toro, ¢haxiBIi-TEXHOJITH i 10C1 00EPEHKHO CTABIATHCS
70 yBEeJCHHS B O€TOH N00AaBOK — MPHUCKOPIOBAYIB Uepe3 iX MOMXKIMBUN KOPO3IMHUI
BIUTMB Ha CTaJCBHUH JAPIT y BUMAAKY NEepe03yBaHHA N00aBKU. 3 i€l )X MPUYNHH Y
JNCTY b B.2.6-209:2016 3actocoByBaHHs Juisl IImajg J00aBOK — MPUCKOPIOBAYIB
TBEpAIHHS OOMexyeThcsi. ToMy momyk 100aBOK, SiKi O MPUCKOPUIU TBEPAIHHS
O0erony mman 0Oe3 KOpO3iHHOTrO BIUTMBY Ha apMaTypHUH JApIT € aKTyaJlbHUM
NPaKTUYHUM 1 HAYKOBUM 3aBIaHHSIM.

3B'130K poOOTHM 3 HAYKOBHMH IMpOTpaMaMH, IUIaHaMH, TemamHu. Poboty
BUKOHAHO Ha Kadeapi OyaiBeIbHUX MarepianiB, KOHCTPYKIIM Ta cropyn 1 Kadeapi
3aTiI3HUYHOI KOJIii 1 TPaHCMIOPTHUX CTIOPYZ YKPaiHCHKOTO JEP’KaBHOTO YHIBEPCUTETY
3aJII3HUYHOTO TpaHCmopTy MiHicTepcTBa OCBITM 1 Hayku YKpaiHM Yy CKIajl
JeP>KOIOHKETHUX 1 TOCTIIOTOBIPHX HAYKOBO-IOCTITHUX pOOIT, 30Kpema « TeopeTnuni
OCHOBU OTpPUMAHHA HOBUX KOPO3IMHOCTIMKUX KOMIO3HUI[IMHUX  CHJIIKATHHUX
MarepiajiB 3 BUCOKUMH TiIpOoPI3UYHUMHU XapakTepucTukaMu. Di3MKO-XiMIUHI Ta
KOJIOTTHO-XIMIYHI OCHOBH BOJOCTIMKOCTI Ta KOPO31MHOT CTIMKOCTI KOMITO3HIIIHHUX
cuwiikatHux MatepiamiBy  (2015-17, JIPNe 0115U000279); «TeopetnuHi Ta
€KCIIEpUMEHTAIbHI OCHOBH BH3HAY€HHSA, NMPOTHO3YBAaHHA Ta 3a0e3MEYeHHs] HECydoi
3IaTHOCTI Ta JIOBTOBIYHOCTI TPAHCIIOPTHUX CIIOPYJ B YMOBaX arpeCHBHUX BILIHMBIBY»
(2019-21, JIPNe  0119U100295); «Po3BHTOK  TCOPETHYHUX  OCHOB 1
EKCIIEpUMEHTaTbHA TepeBipKa HOBUX €(EKTHUBHUX CIOCOOIB Ii/IBUIIEHHS HECYYOi
3IaTHOCT1 Ta BOJAOHETIPOHUKHOCTI IPYHTIB 36MJITHOT'O TIOJIOTHA 3ai3HULB» (2020-22,
JIPNe 0120U102065).

Meta pocaigaeHHss — OOTpyHTYBaHHS BUPOOHHIITBA MONEPEAHHO HANPYKEHHUX
3a11300€TOHHMX MINAaj 3 MPUPOJAHUM TBEPAIHHSIM OETOHY 3a PaxyHOK 3aCTOCYBaHHS
100aBoOK cynepruiacTudikaTopiB 1 MPUCKOPIOBAUiB TBEPIIHHS - HEEIEKTPOJIITIB.

HaykoBa rimore3a: MakcUMallbHE MIABUILECHHS PaHHbOI MIIHOCTI OETOHY
MOJIMBE Yy pa3i 3aCTOCYBaHHS OCETOHY ONTHUMAJIBHOTO CKJIaaAy 3 KOMIUIEKCHOIO

n00aBkor0 cynepruiactudikaTropa mnoiaikapOoKcuiaTa 1 MpuCcKoproBaya, 110 He



CIOPHUUYUHSE KOPO3IMHOTO BIUIMBY Ha apMmaTypy, - JIUCHEPCIi TAPOCUITIKATIB KaIbI[1I0
AK KPUCTAJIIYHOI 3aTPaBKU JJIs1 LIBUJKOIO YTBOPEHHS KPUCTAJIOT1PATIB.

O0’exkT pociilzKeHb — paHHI CTajli Mpolecy TBEPIIHHA Ta (POPMYBaHHS
paHHBOI  MILHOCTI OeToHy  3aimi300€TOHHUX  ILMAaj 3 no0aBKaMu
cynepruiacTugikaTopiB  MoJiKapOOKCUIATIB, MNPUCKOPIOBAYB  EJIEKTPOJTIB  Ta
aUcHepcii rapOCUIiKaTiB KalbIIIo.

IIpeamer pocaigkenb — OeTOH 3adi300€TOHHUX IImMaa 3 Jo0aBKaMu
cynepruiacTudikaTopiB  MOJIKApOOKCUIATIB, NPHUCKOPIOBAYB  €JIEKTPOJITIB  Ta
JUcIiepcii TapOCHITIKATIB KaJIbIIilo.

Metoau aociimkenb. Metonu nociipkeHb. Di3UUHI BIACTUBOCTI MaTepialiB
Jusi OETOHY BHM3HAYAJIW CTaHJAAPTHUMH METOJIAMH, (PpakiiHUN CKIIaJ] IIEMEHTIB - 3a
JIOTIOMOTOIO0 aHajli3aTopa po3Mmipy yacTuHok Malvern ZetaSizer. JlerkoykinananbHICTh
OCTOHHUX cCcyMilmed Ta (I3MKO-MEXaHIYHI BJIACTUBOCTI OETOHY BH3HAYaJIH
CTaHJApTHUMHU MeToJlaMU. MOXKITMBICTh YTBOPEHHS MPOIYKTIB TifpaTallii HeMeHTy 3
n00aBKaMu TOCTIIKYBAIM TEPMOJMHAMIYHUM METOJIOM, CKJIaj MPOAYKTIB Tiapararii
32  JIONIOMOTOK  (PIBUKO-XIMIYHMX METOJIB - pPEHTreHo¢a30BOro  aHalizy,
1H(pauyepBOHOI CHEKTPOCKOIii, CKaHYIUOi eJIeKTpOHOI Mikpockorii. ['paHudHui
KOpO3iHHO Oe3MmeuyHuii BMICT J00aBOK  €JIEKTPOJITIB  BH3HA4Yadd  IUITXOM
CTEXIOMETPHUYHUX pPO3paxyHKiB. BrumB g00aBOK Ha KOpPO3iMHWN CTaH CTaleBOi
apMaTypu B OCTOHI TOCIDKIKYBAITH OTCHI[IOAMHAMIYHUMH METOAaMHU.

HaykoBa HOBU3HA:

Po3BuHYTO yBJIEHHS MPO €IEKTPOMOBPXHEB1 BJIACTHBOCTI Ta B3a€EMOIII Mia Yac
TBEPAIHHS MOPTIAHALIEMEHTY 3 10O0aBKaMH, 30KpeMa, TaKi MOJIOKEHHS

- IHTEeTpaJIbHUA PIBHOBOKHHUM EJIEKTPOMOBEPXHEBUI TOTEHIAN TPaHITY
nopiBaroe —0,89, mpore AUTAHKKM HOTO TMOBEPXHI MOXKYTh MaTH SIK HETaTUBHHMA
(xBapIi, OpTOKIIa3), TaK 1 MO3TUBHUM (O10TUT) 3apsi;

- muactudikyrounii edpext anionHux I[IAP OymoBnenuit ix BHOIpPKOBOIO
a7copOl1i€l0 HA MO3UTUBHO 3apsAIKEHUX NUISTHKaX MoBepxHi 3epeH nemeHTy (C3A) ta
3allOBHIOBAYiB: JIITHOCYJIb(OHATH Yepe3 He3HauHy KulbKicTh TIpyn  SOsz”

HEUTpaII3yIOTh 3apsan C3A Ta MarOTh CepeAHBOIIACTU(DIKYIOUNI



epekr, MemaMmiHpopManpieriin Ta HragTaaiHGOpMaIbJEriin 4Yepe3  3HauHy
KUIbKICTh Tpyn SO3™ nepesapsiikaroTh C3A 1 MaloTh cUibHOIIACTU(DIKYIOUM e(dexT,
TI0JTiKapOOKCUIIATH YEPE3 3HaUHy KilbKicTh (yHkiioHansaux rpyn COz a6o PO3? Ta
JIOBI'MX BYTJIEBOJIHEBUX paJuKalliB 3a0e3meuytoTh nepesapskeHns CzA, miacuieHe
CTEPUYHUM e eKToM, TOMY MaroTh HaHOUTbIINN MIaCTU(IKYIOUUNA
(Bomopenykyrouuit) eexr.

- B pe3ynapTaTi yBEACHHS HITpaTy Ta XJOPUAY KalbI[il0 YTBOPIOIOTHCS
TEPMOJMHAMIYHO  CTIMKI  TIIPOHITPO- Ta  TIIPOXJIOPATIOMIHATA  KaJblilo,
KPHUCTAJIOTIApAaTH SKUX MAlOTh TO3UTUBHHUIA TOBEPXHEBUH 3apsii 1 YTBOPIOIOTH
J0JIATKOBY KIJIBKICT1 €JIEKTPOreTepOreHHUX KOHTAKTIB Y paHHI TePMIiHM TBEPIIHHS;
Oe3neyHa KUTBKICTh HITpaTy Ta XJOPUIY KalbI[il0 BU3HAYAETHCA iX 3B'SI3yBaHHAM
aTrOMIHATHUMHU (pazamu a, oTke,BMIcTOM C3A y KITIHKEpI;

- HaWOUIBIIMK mpUCKOprolOYHMil edexT m00aBku AucHepcii T1IPOCHIIKATIB
KaJBI[II0 3 MOJIKApOOKCUIATOM JOCSTAEThCS 3a pPaxyHOK Toro, mo yactuHku ['CK
30UTBIIYIOTH TUIONLY TOBEPXOHb, HA SIKMX B1IOYBAa€ThCS KpHUCTAII3allisl MPOTYKTIB
rigparairii Ta 3a0€3MeuyroTh MBUAKE 3alIOBHEHHS HUMU MPOIIAPKIB MK YaCTUHKAMH
[IEMEHTY Ta 3aII0BHIOBAYiB 3 YTBOPEHHSM €JIEKTPOT€TEPOT€HHUX KOHTAKTIB.

Bnepuwe ompumarno 3anexHOCTI paHHBOI MIIHOCTI OCTOHY IIMNaa BiJl PI3HUX
CIIOJIy4eHb 1 KUIBKOCTI J100aBOK cymepruiacTu(dikaTopiB  IMOIIKapOOKCHIIATIB,
IIPUCKOPIOBAYIB €JIEKTPOJIITIB 1 IUCEPCii TAPOCHITIKATIB KAJIBIIIIO 32 PI3HUX PEKHUMIB
TBEP/AIHHS, a TAaKOXX MOTCHIIOJWHAMIYHI KPUBI KOPO3IMHOTO CTaHy apMmaTypu Y
0€ToH1 3 IUMH T00aBKaMH.

JocToBipHicTh pe3yabTaTiB  JAocjdilKeHb. J[OCTOBIpHICTL pe3yJbTaTiB
JIOCTIPKeHb  3a0e3leueHa  KOPEKTHUM  3aCTOCYBaHHAM 1 METPOJIOTTYHHM
3a0€3MEeUYCHHSIM  CTaHJAAPTHUX Ta OPUTIHAIBHUX METOJIB BUIPOOyBaHb Ta
JOCTIKEHb, 3aCTOCOYBAaHHSAM HE3aJ€KHUX METOJIB JOCIIIKEHb, TTOBTOPIOBAHICTIO
pE3yNbTATIB BUMPOOYBaHb, X CTATUCTUYHOIO OOPOOKOI0, Y3TOKEHICTIO PE3YIhTATIB
EKCIIepUMEHTAJbHUX 1 TCOPETUUYHUX JTOCIIIKCHb.

IlpakTyHe 3HAYeHHS] OTPUMAHUX pE3YJIbTATIB MOJSrae y 3a0e3MeyeHH1

3HHKEHHS PECYpCOCHEPTrOBUTpAT MM 4Yac BUPOOHHUIITBA 3aJII300€TOHHMX IITA Ta



THIIMX 301pHUX 3a11300€TOHHUX KOHCTPYKLIN 1 BUPOO1B 0€3 3HMKEHHS MMOKA3HUKIB 1X
AKOCT1 Ta MIATBEPIKYETbCS BIPOBAIKEHHAM HA MIAIPUEMCTBAX, a TaKOX Y
HayaJbHUU MpoIec 3 MIArOTyBaHHS OakallaBpiB, MaricTpiB, MOKTOPiB Qinocodii 3a
cnemianbHicTAIMUA 192 ByniBHUUTBO Ta LMBUIbHA 1HXKEHepid 1 273 3ani3HUYHUNA
TPAHCHOPT y CKIAJl JEKUIHHUX KypciB, JA0OPATOPHUX 1 NPAKTUYHHX POOIT 3
mucturulia «di3uko-xiMidyHa MeXaHika Oy1BeIbHUX MaTeplasliB 1 KOHCTPYKIII,
«byniBenbHe MaTepiago3HAaBCTBO», «Moaudikailisi 6€TOHIB 1 OyiBeIbHUX PO3UHMHIB
XIMIYHUMH, MIHEPAJIbHUMHU JI00aBKaMH Ta MOJIIMEPAMI.

AmnpoOaunisi  pe3yabTaTiB  Aucepraunii. Pe3ynpTaTH  nucepTamiiHOro
JOCHIJDKeHHsT  jomnoBiganuck Ha: VI MikHaponHii koHdepeHIi «AKTyanbHI
npobOsiemMu iHx)eHepHoi MexaHiku», Oneca, 2019; XVII MibxHapoaHiit koHpepeHiii
«AKTyanbHi npobsieMu OyAiBHUIITBA Ta 1HXeHepii MoBkuULIs» (JIbBiB — Kommme —
Kemrys), 2019; VIII Mixuapoaniii HaykoBO-TIpakTH4HIN koHepeHiii «EdexTuBHi
OpraHi3alifHO-TeXHOJIOTIYHI  pIMIEHHS Ta eHepro3oepirarodyi  TEXHOJOrii B
oymiBaunrBi», Xapki, 2020; Second International Conference on Sustainable
Futures: Environmental, Technological, Social and Economic Matters (ICSF 2021),
Kpugwuii Pir, 2021.

Iyoaikanii. 3a marepianamu auceprarii omyOJikoBaHo 7/ poOiT, y T.4. 2y
BUJAHHAX, 10 iHaeKkcytoThest HMBJI Scopus, 2 — y daxoBux Buganusx Ykpainu, 1 —

y 3aKOPJIOHHOMY BHJIaHHI.
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