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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AkTyanabHicTh TemHu. CydacHud J0CBif OyIiBHMIITBA Ta  eKCIUTyaTarlii
aBTOMOOUIBHUX JOPIT MIATBEPIKYE, M0 Kpalll MOKAa3HUKH HAAIMHOCTI 1 JOBTOBIYHOCTI
MaloTh KOPCTKI JOpokH1 oasru. [IpoTe, ieMeHTHHIT OETOH y mpoleci Horo ykiagaHHs Ta
eKCIUTyaTalllii MO)K€ HaKOMu4yBaTH OaraTo JIe(eKTiB, SKI 3HAYHO 3MEHIIYIOTh HOTo
NPOEKTHY MilHICTh. OJHIEI0 3 TOJOBHUX MPUYMH HENO0O00pPY MIIHOCTI MOXe OyTu
TPIIMHOYTBOPEHHSI, IK€ BUHUKAE, KOJIM HABAHTAXKEHHS MEPEBUILYIOTh MIIHICTh OETOHY.
HampyxeHHs, sKi BUHUKAalOTh TPU LBOMY B O€TOHI, MOXYTh TOSICHIOBATHUCS [II€IO
30BHINIHIX CWJI (TIOCTIMHI HABaHTAXEHHS BIA PyXy TPaHCIOPTY; 3O0UIBIICHHS
BaHTAXOIIMOMHOCTI aBTOMOO1TIB; TTOTaHe OONMUpaHHS 0€TOHHOTO MOKPUTTS Ha OCHOBY),
TaK 1 BHYTPIIIHIX CHJI, sIKI 0OyMOBJIeH1 (i3UKO-XIMIYHUMH TPOIECaMH, IO B1AOYBAIOTHCS
Ti]T 9ac TBEP/IHHS OCTOHY.

Kpurepiit HagiiiHOCTI 1 JOBrOBIUHOCTI OETOHY JOPOKHBOTO OKPUTTSI BU3HAYAETHCS
3/IaTHICTIO €JIEMEHTIB CTPYKTYpH MEPEPO3NOJLIATH Ta TaCUTH JIOKAJIbHI HANpYXEHHS B
HECTIMKUX TPIIIMHAX B IMEpIOJ PAaHHBOTO TBEPIIHHA 1 €KcIUTyartaiii. ToMy B TEXHOJIOTIi
JOPOKHBOTO OETOHY 1 MEXaHILl YIpPaBIiHHSA HOro CTPYKTYpPOYTBOPEHHSIM 3’ SIBISETHCS
HOBUU HaIpsSIMOK, 3aCHOBAHHMI Ha rajbMyBaHHI MPOIIECIB PYWHYBaHHS — II1JIBUILICHHS
TPIIIMHOCTIMKOCTI, IO JIOCSTAEThCS PO3POOKOI0 Ta BIPOBAKEHHSM OJHOTO 13
NEPCIIEKTUBHUX KOHCTPYKLIMHUX MaTepiaiiB, a caMme IHUCIEPCHO-apMOBAaHOTO OETOHY,
KU J103BOJISIE KOMIIEHCYBAaTH TOJIOBHI HEIOJIKM TPAgUIIIHOIO OETOHYy - HHU3bKY
MIIHICTh MPU PO3TATYBAHHI Ta KPUXKICTh (HU3BKY TPIIIUHOCTIAKICTB).

[Tpu oMy apmMyBaHHSI OJTHUM BHJIOM (hiOPOBOTO BOJIOKHA HE 3aBXKIU MPU3BOIAUTH
710 T1IBUINEHHS (P13UKO-MEXaHIUHUX, TEXHIKO-CKCIUTyaTallliHUX XapaKTEPUCTUK OCTOHIB,
a 1HKOJIM HaBITh JI0 iX 3HM)KEHHS, IO MOSICHIOEThCS “po00TOI0” (h10pH Ha PI3HUX €Tarax
excruryaTanii 6erony. KommiekcHe aucriepcHe apMyBaHHS PI3HUMH BHIaMH Ta TUIAMH
¢10pu JacTh 3MOry 3aIITH YBECh MOTEHIIa] BBEJICHHUX BOJIOKOH, SIKE J0 TEMEpIIIHbOTO
yacy BUBYCHE HEJIOCTATHRO.

3B'#30k po0OTH 3 HAYKOBMMHM MpPOrpaMamMi, IUIaHaMH 1 TemMamu. Tema
JUCEPTALll] € CKIaJ0BOI0 YACTUHOK HAYKOBO-JOCIIIHOT poO0OTH Kadeapu aBTOMOOUIbHUX
nopir Ta MocTiB HarioHanbHOTO yHIBEPCUTETY «JIbBIBChKA MOJITEXHIKA» 1 BUKOHYBAJIACh
B Mexax TeMu «Po3pobiienHs epexTHBHUX TEXHOJIOTIN 1 MaTepiamiB ajsi OyIBHHUIITBA Ta
PEMOHTY JIOPOXKHIX osTiB» (HoMep aeprxpeectpariii 0114U001233).

Meta po0GoTu Ta 3aBAaHHS AOCHiIKeHHS. Po3poOneHHS 1eMEHTOOETOHIB 3
MIJIBUIIICHUMHA ~ XapPaKTEPUCTUKAMH  MIIMHOCTI Ta  TPIIMHOCTIHKOCTI [UITXOM
KOMIIO3UIIITHOTO TUCTIEPCHOTO apMYyBaHHSI.

JInst MOCATHEHHS TOCTaBJIEHOT METH B POOOTI HEOOXITHO BHUPIIIUTH HACTYIIHI
3aB/JaHHSL:

- NPOBECTH KPUTHUYHUN aHaJi3 TEOPETUYHHUX YSIBICHb Ta €KCIIEPUMEHTAIBHUX
JAHUX W00 TMIABHUINCHHS (PI3UKO-MEXaHIYHUX XAPAaKTEPUCTUK Ta TIOKa3HUKIB
TPIIIMHOCTIMKOCTI LIEMEHTHOTO OETOHY JTUCIIEPCHUM apMYBaHHSIM;

- BCTAHOBUTH HaMOUIbII e(eKTUBHUN BUA Ta TUN (iOPOBOTO BOJIOKHA IS
JUCTIEPCHOTO apMyBaHHS IIEMEHTHUX OETOHIB Ta iX BIUIMB Ha (Hi3UKO-MEXaHIYHI
XapaKTEPUCTHUKU Ta MapaMeTPH TPIIUHOCTINKOCTI;
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- PO3pOOHUTH Ta ONTHUMI3YBAaTH 3a KPUTEPISIMH MIITHOCTI Ta TPIIIMHOCTIMKOCTI
CKJIaId JAUCIEPCHO-aPMOBAHUX MOJINPONiIeHOBOO (ibporo Tumy “‘mojiapm” Ta
“MiKpoapM”’ IIEMEHTHHUX O€TOHIB, BH3HAYMTH iX (Hi3UKO-MEXaHIYHI BJIACTHBOCTI Ta
XapaKTePUCTUKH TPIITUHOCTIMKOCTI;

- pPO3pOOUTH Ta ONTUMIZYBATHU 32 KPUTEPIIMH MIIIHOCTI Ta TPIIMHOCTIMKOCTI
CKJIaJ  LIEMEHTHUX OETOHIB 13  KOMIO3UIIAHUM JAUCHEPCHUM  apMyBaHHSIM
noJinponiaeHoBuMu GidpamMu TUMy “momiapM” Ta “MiKpoapMm”, BH3HAUUTU iX (i3HKO-
MEXaH14H1 BIACTHUBOCTI Ta XapaKTEPUCTUKU TPIIIUHOCTIMNKOCTI;

- JOCTIINTU eKCILTyaTalliiiH1 BIaCTUBOCTI pO3pO0ICHUX OETOHIB;

- MPOBECTU JOCIIAHO-IIPOMUCIIOBE BIPOBAKEHHSI PO3POOJICHUX IIEMEHTHUX
OETOHIB 13 KOMIIO3ULIIHHUM JAUCTIEPCHUM apMyBaHHSIM MOJIIPONiICHOBUMH (HiOpaMu TUITY
“momiapm” Ta ‘“‘MiKpoapM” Ta TPOBECTH TEXHIKO-€KOHOMIUYHE OOrpYHTYBaHHA iX
e(hEeKTUBHOCTI.

O0'exT npocaimxenHsi — (i3UKO-MeXaHIYHI BJIACTHBOCTI, CHJIOBI Ta €HEPreTUYHI
XapaKTePUCTUKH TPIIIUHOCTIUKOCTI JUCTIEPCHO-aPMOBAHHX IIEMEHTHUX OCTOHIB.

IIpenmer gocaifKeHHsi — JAHMCIEPCHO-apMOBaHI OETOHM 3  MiABUILEHUMHU
XapaKTePUCTUKAMU  TPIIIUHOCTIMKOCTI, 3aBASKHM  KOMIIO3ULINHOMY  JUCHEPCHOMY
apMyBaHHIO MOJIMpoIiIeHOBUMHU (piOpamu Tumy “moiiapm’ Ta “mikpoapm’.

Metoau  pociaimkeHHsl.  ExcnepuMeHTanbHI  pe3ylbTaTH  OTpUMaHi 13
BUKOPUCTAHHAM CYYaCHUX METOMIB (PI3UKO-MEXaHIYHUX BHUIPOOYBAaHb, €JIEKTPOHHOL
MIKPOCKOITIi 3 MIKPO30OHJOBUM aHaji30M. BuzHaueHHs pi3nyHux, Pi3UKO-MEXaHIYHUX Ta
Oy1BEJIbHO-EKCITyaTalllTHMX BIACTUBOCTEN MaTepialiB 1 BUPOOIB 3/11HCHIOBAIMN 3T1IHO 3
YHHHOI0 HOPMATHBHO-TEXHIYHOIO JOKYMEHTAIIEIO Ta 3arajJbHONPUIHATHMH METOTUKAMHU.
OnTuMizanito CKJIaAiB OETOHIB IMPOBENCHO 13 3aCTOCYBaHHSM EKCIIEPUMEHTAIbHO-
CTaTUCTUYHHUX METO/IIB TUTAHYBAaHHS €KCIIEPUMEHTY.

HaykoBa HOBH3HA OTPUMAaHMX pe3yJIbTATIB:

- TEOPETUYHO  OOrPYHTOBAHO Ta  EKCIEPUMEHTAIBHO  MIATBEPKEHO
MOXJIUBICTh  OJIep)KaHHS OETOHIB TPAHCIIOPTHOTO TMPHU3HAYEHHS 3 MIJABUIICHOIO
TPIIMHOCTIUKICTIO HUISIXOM KOMITO3UIIITHOTO JIUCTIEPCHOTO apMyBaHHS
MOJTIMPOTMiIEHOBOIO (10POI0 PI3HOTO THITY;

- BIIEpILIE BCTAHOBJIEHO €(EKTUBHICTh KOMIUIEKCHOIO IO€IHAHHSA B
ONTUMAJIBHOMY CIIBBIIHOIIEHH] TOJIMPONUIEHOBOI (piOpu Tumy “momapm’ Ta “Mikpoapm’
JUISL TIOJTIAMCIIEPCHOTO apMyBaHHsI O€TOHY Ha MIKpO- Ta MakpOpiBHI JJisg 3a0e3MedyeHHs
MIJBUILEHUX CUJIOBUX Ta CHEPreTUYHUX XapAKTEPUCTUK TPIILIMHOCTIAKOCTI;

- BCTAaHOBJIEHA BU3HAYajbHA POJIb KOMITO3UIIIHHOTO IUCIIEPCHOTO apMyBaHHS
Ta TEXHOJIOTIYHHUX (PaKTOpiB Ha €(EeKTUBHICTh ‘“‘poOOTH” OETOHY Ha PI3HUX eTamnax
nedopMyBaHHS Ta pyHHYBaHHS,

. BUABJICHO edekT “MicTka”, skuil ¢GopMyeTbcsi (IOPOBUM BOJOKHOM 1
CHOBUTHHIOE PO3BUTOK MAaKPOTPIIIUHU B JNOKPUTHUYHIN cTandii neopMyBaHHS Ta YUHUTH
omp nedparMeHTaIlii B 3aKpUTHYHIN CTauii pyWHYBaHHS TOJIIUCIIEPCHOAPMOBAHUX
OCTOHIB;

- OTPUMAHO KOMIIJIEKC €KCIIEPUMEHTAbHO-CTATUCTUYHUX MOJIENIeH CUIIOBUX Ta
EHepreTUUYHUX  XapaKTePUCTHK TleJ;I/IHOCTII/IKOCTI JTUCIIEPCHO-ApMOBAHUX  OETOHIB
nominponiieHoBuMu (idbpamu THmB “momapm”’ 1 “Mmikpoapm” Ta iX KOMJIEKCHOTO
MO€THAHHS.
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IIpakTHYHe 3HAYEHHS OJleP:KAHUX Pe3yJIbTATIB

- po3po0iieHO  OETOHM 3  KOMIO3UIIMHUM  JIUCIIEPCHUM  apMYyBaHHSIM
MOJINPOINUICHOBUMU  (piOpamu  Tumy “mojiiapMm” Ta ‘“MikpoapM™”, 3 TIJIBHIICHUMU
MOKa3HUKAMH  JIOBTOBIYHOCTI (Mapka 3a MOpo30cCTikicTio He MeHme F200),
TPIIIMHOCTINKOCTI (3arajibHi MUTOMI €(PEeKTHBHI BUTPATH CHEPT1l HA CTAaTUYHE PyHHYBaHHS
Ge=760 JIx/M°, kpuTHYHHIT KoedimieHT iHTeHCHBHOCTI HanpyxeHs K;=0,86 MITaxmY %) ra
MIITHOCTI Ha po3TsT 1ipu 3ruHi (fym=11,40 MIla);

- MIPOBENICHO JIOCITi THO-TIPOMHUCIIOBY ampooartito pO3po0IeHIX
noJiucnepcHoapmyBanux OeroHiB Ha BupoOHuuii 6a3t II1 “3AXII-BETOH-BY/I”.
3nilficHeHO BUPOOHHIITBO JOCTIAHOI MapTii 6eToHy Ha ocHOBI mopTianauemenTy [11] I1I/A-
[1-500 Ta BHUTOTOBIEHO IIEMEHTHO-OCTOHHE TOKPUTTS NAapKIHTY MpPU CKIAIACHKUX
npumimieHHsax y ¢. MypoBane (JIbBiBchka OTI'). Pesynbraru BunpoOyBaHb MiATBEPANIN
JOCSATHEHHS M1BUILICHUX XapaKTEPUCTHUK MIIHOCTI1, TPIIIMHOCTIHKOCTI Ta JIOBFTOBIYHOCTI.

- pe3yapTaT JAUCEPTALiIMHOI pOOOTH BUKOPUCTOBYIOTHCS B HaBYAIBLHOMY
npouieci HamionanesHoro yHiBepcuTeTy «JIbBIBChKAa TOJNITEXHIKAa» Y BHUKJIAQJaHHI
mucuuiuiiH “HaykoBi gociipkeHHs B OyMIBHUITBI” JJIsI MaricTpiB 3a CHEIIabHICTIO
192 ByaiBHUIITBO Ta IUBLIbHA 1HKEHEPIS.

Ocobuctuii BHecok 37100yBaya ToJsiTa€ B aHaI3l JITEpaTypHUX JKeped,
MPOBE/ICHHI €KCIIEPUMEHTAIBLHUX JOCIIKeHb, 0OpPOOJICHH] Ta THTEpHpeTallii oJepKaHux
TaHUX.

[TocTaHoBka 3aBmaHHs, IUIAaHYBaHHS TIPOTPAMH JOCHTIKEHb, (OPMYITIOBAHHS
OCHOBHUX TIOJIO)KEHb Ta BHCHOBKIB 3IMCHIOBAJIOCS IIiJI KEPIBHUIITBOM HAyKOBOTO
KepiBHHUKA — 1.T.H., pod. (Comoakoro C.J/

PesynpTaTn HayKOBUX JOCIHIKEHb, MPEJCTABICHI B AHMCEpTalliHIiA pPoOOTI,
OTpUMaHi aBTOpoM ocobucto. B pobortax, siki omyOJiKOBaHI y CIIBaBTOPCTBi, aBTOPY
HaJIeXHTh: [1] — MOCHIPKEHHS BIUIMBY JUCIIEPCHOIO apMyBaHHS IOJIMPOIIJICHOBOO
¢i6poro Tumy “mikpoapm’ Ha IIEMEHTHHM OETOH Ta MOXJIMBICTH MOTO BUKOPHCTAHHS B
SIKOCTI TIOKPHUTTS aBTOMOOUTBHUX Jopir; [2, 9] — MOCHIIKEHHS BIUIMBY JIUCIIEPCHOTO
apMyBaHHS TOJIIPOIIEHOBOIO (iOporo Tumy “mojiiapM” Ha XapaKTePUCTUKH OCTOHIB 3
Bapialli€l0 TEXHOJIOTIYHUX YMHHHKIB, a came BUTpatu (iOpH, BIAHOUIECHHS JIOBXKUHU
(10poBOro BOJIOKHA JI0 MAaKCUMAJILHOTO JiaMeTpy KPYIHOTrO 3almoBHIOBaua, KoedimieHTa
pPO3CYBY 3€pEeH KpPYIMHOIO 3amoBHIOBaua; [3] — MOCHIKESHHS BIUIMBY KOMIIO3HMIIIHHOTO
JUCIIEPCHOTO apMYBAaHHS MOMINPONiJIEHOBUMH (piOpamMu TUIy “MikpoapM” 1 “mojiapm’™ Ha
(GI13UKO-MEXaHIYHUX BJIACTUBOCTEH 1 CWJIOBI Ta E€HEPreTUyHl  XapakTEepPUCTHKU
TpimuHOCTIMKOCTI OeToHiB. [4, 5, 6, 10, 11] — mocmijpKeHHS BIUIUBY JHCIEPCHOTO
apMyBaHHS TOJIIPONUICHOBOKO (PiOpOI0 TUIY “MiKpoapM™ Ha XapaKTEPUCTHKU OETOHIB 3
Bapialli€l0 TEXHOJOTIYHUX YMHHUKIB, TaKUX SK BHUTpara (iOpu, BITHOIICHHS IOBXKHHH
(¢i0poBOro BOJIOKHA JI0 MaKCHMAaJIBHOTO JlIaMEeTPy KPYIMHOTO 3aMoBHIOBaYa, KOE(IIi€HT
PO3CYBY 3epeH KPYIHOro 3amoBHIOBava; [/, 8] - AOCHiKEHHS BIUIMBY JIMCIIEPCHOTO
apMyBaHHS pI3HUMHU BUJaMu Ta Tunamu (iOp Ha (i3MKO-MeXaHIuyHI BIACTUBOCTI Ta
XapaKTEPUCTUKHU TPIIIUHOCTIHKOCTI OETOHIB.

Anpobaunisa pe3yabraTiB qucepraiii. OCHOBHI pe3yJbTaTi poOOTH JOTOBITAINCH
i oOroBoproBasiuca Ha Takux KoHpepenuisax: III mikHapogHa HAyKOBO-TEXHIYHA
koH(pepeHitis "HaykoBo-mpukiiagHi acrekTH aBTOMOOUIBHOI 1 TPaHCIOPTHO-IOPOKHBOI
ranyseil" (CBitsizb, 2014); XV International Scientific Conference “Current Issues Of
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Civil And Environmental Engineering And Architecture”. — Rzeszow-Lviv-Kosice
(Kemys, Tonbiia, 2015).

IMyoaikanii. 3a Temoro nucepTanii omyoJikoBaHO 12 HayKOBHX Mpailb, 3 HUX 3
CTaTTl y HayKOBUX (haxOBUX BUAAHHIX YKpaiHH, 1 —y HayKOBOMY MEPIOUYHOMY BUJAHHI
1HIIO1 JIepKaBU, 2 — y BUJIAHHSX, 10 BKJIIOYEHI A0 MDKHApOAHUX HAYKOMETpUYHUX 0a3
naHux Scopus 1 6 myOJikamii y Marepiajgax Mi>KHapOJIHUX KOH(DEpEHIIIH.

CTpykrypa Ta 06csar podoru. /uceprariisi CKIagaeThCs 3 BCTYITY, I’ SITH PO3ILTIB,
3araJbHUX BUCHOBKIB, CIIMCKY BUKOPUCTAaHUX JKepen 13 118 HaliMeHyBaHb Ta 2 JOJaTKiB.
Po6ota Bukmnanena Ha 143 cropiHkax, y ToMy 4ucii 125 CTOpIHKA OCHOBHOTO TEKCTY, 28
tabnuii, 38 puUCyHKIB, 12 CTOpIHOK CIHCKY BHUKOPHCTAHUX JDKEpen Ta 6 CTOpPIHOK
JOJaTKIB.

OCHOBHMUM 3MICT POBOTH

Y Berynmi OOTpYHTOBAHO AaKTYalIbHICTh JAHMCEpPTalliHOiI poOOTH, CHOPMYITIHOBAHO
METy Ta 3aBJIaHHs JOCHiKeHHs. HaBeeHo oTpuMaHi aBTOPOM OCHOBHI MOJIOXKEHHS, 110
MarOTh HAYKOBY HOBU3HY Ta MPAKTUYHY IIHHICTb.

Y nepmiomMy Ppo3auli TPOBENEHO KPUTUYHUN OTJISJ JITEPATypHHUX JIKEped,
MOB’SI3aHUX 3 TEXHOJOTTYHUMHU OCOOJIMBOCTSIMU OTPUMAaHHS OETOHIB, apMOBaHUX (i0pamu
pPI3HMX BH[IB Ta THUMIB, iX BIUIUB Ha (DI3UKO-MEXaHIYHI BJIACTHBOCTI, XapaKTEPUCTUKHU
TPIIMHOCTIMKOCTI Ta JOBIOBIYHICTh, @ TaKOXX BHU3HAYEHO TEOPETHUYHI MEPEyMOBU
JOCITIIKEHb.

Ha ocHOBi anami3zy miTepaTypHUX JKEped BIJ3HAYEHO, IO MPU BUKOPUCTAHHI
JUCIEPCHO-apPMOBAaHUX OETOHIB MOXHA 3HAYHO 3MEHIIUTH MaTeplayio- 1 TPYJOMICTKICTb
TPAHCIIOPTHOTO OYIBHUIITBA Ta, K HACJIJI0K, HOTO BapTICTh.

PosrasinyTi 0c06MBOCTI BUKOpUCTaHHS (PIOPOBUX BOJIOKOH PI3HUX BUJIB Ta THIIIB
JUIS apMyBaHHS OCTOHIB: METaJIEBUX, CKIOBOJIOKOHHHUX, 0a3aJIbTOBHX, MOJIMPOIIJICHOBHUX,
MOJTICTUIICHOBHUX, 1H., Ta BUJIIJICHO iX TIEpeBaru Ta HEJIOIIKH.

[IpoBeneno anamiz poOIT, IO CTOCYIOTHCS KOMIO3UIIHHOTO JUCIEPCHOTO
apmyBaHHs 6eToHiB. CIi/1 BIA3HAYUTH, 110 MUTAHHS MOJIIUCTIEPCHOTO apMyBaHHS O€TOHIB
B JIITEpaTypl PO3TSIHYTE HEJOCTaTHHhO, & OCOOJIMBO TOETHAHHS MOMIMPOMiICHOBUX (PiOp
PI3HOTO THUITY.

Yucnenni cywacHi pgociuikeHHs BiTuusHsHux (LII. Tamensk, B.I. T'ou, B.M.
Buposnii, JLM. JIgopkin, T.B. Kosampuyk, FO.M. Bbaxenos, ILB. KpuseHxo,
AM. Ilnyrin, P.®. PynoBa, M.A. CaHuULIbKUH, C.W. Cononxuii, X.C. Co6ois,
C.M. Toamauos, O.B. Annpiituyk, O.}O. Jlopomenko) ta 3apyOixkaHux BueHux (Z. Xu,
F. Qiang, P.C. Aitcin, M.A. Caldarone P.K. Mehta, A. Neville, M. Pigeon, J. Stark) B
o0acTi TexHoJsiori OeToHIB Ta (PiOpPOOETOHIB CBiUATh, 10 OCOOJMBOI yBaru MnoTpedye
MUTaHHA  3a0e3MedyeHHsT  HeOoOXITHWX  OyJiBeNbHO-TEXHIYHUX  BIACTUBOTEH  Ta
TOBTrOBIYHOCTI. OCHOBHUM KPHUTEPIEM HA CHOTOJIHI TIPU BUTOTOBJICHH1 OETOHIB € MIIIHICTb.
[Ipote y mMexax OFHOTO KJIaCy MIITHOCTI Ha CTUCK OETOHU XapaKTEpU3YIOTHhCS PI3HOIO
TPIMHOCTIMKICTIO, 110 OOYMOBIIIOE MIMPOKHI Jiama3oH 3HA4YeHb CHJIOBUX Ta
EHEPreTUYHUX XAPAKTEPUCTHK TPIMIMHOCTIHKOCTI. TOMYy TPINIUHOCTIMKICTh € Ba)KJIMBUM
MOKa3HUKOM OETOHIB, OCKUJIbKH MPOIIEC X pyHHYBaHHS BiAOYBA€ETHCS Mij 1€10 30BHIMIHIX
BIUTMBIB IUISIXOM YTBOPEHHS Ta TOIIMUPEHHS B MOTO CTPYKTYpPl TPIIIMH, IO MAE BEIUKE
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3HAY€HHS B O€TOHAX JIOPOXKHIX Ta a€POJAPOMHUX MOKPHUTb.

[lokazano, 1m0 (i3UKO-MEXaHIYHI BJIACTUBOCTI Ta CHUJIOBI 1 EHEPreTUYHI
XapaKTePUCTUKN TPIIMIMHOCTIMKOCTI AUCIEPCHO-apPMOBAHUX OETOHIB 3ayiekKaTh Bij HOTO
CKJIaJly, TEXHOJIOT1i BUTOTOBJICHHS, BUAY 1 BMICTY (hi0OpH, TCOMETPUIHUX XaPAKTEPUCTUK
BOJIOKOH Ta CIocoOy iX BBEJICHHS B OETOHHY CyMIIIL.

AHani3 NpoBeNeHUX NOCHIKeHb J1aB 3MOTY BHUCYHYTH HAayKOBY TiNOTE3y MpO
MOJKJIUBICTh MIJIBUIIEHHS MIIHICHUX BIIACTUBOCTEH 1 CHJIOBUX Ta EHEPreTUYHHUX
XapaKTePUCTHK TPIIIMHOCTIHKOCTI OETOHIB 3a PaxyHOK MOJIJUCIEPCHOTO apMyBaHHS
MOJIIPOMiICHOBUMUA (PiOpaMu PI3HUX THUIIIB 3 MOKPAIIEHUMHU OYIiBEIbHO-TEXHIYHUMHU
BJIACTUBOCTSIMH.

Y npyromy po3aijii HaBeIeHO XapaKTePUCTUKUA BUXITHUX MaTepialliB Ta OIMHMCAHO
OCHOBHI METOJIUKH JTOCJIIPKEHb, 3aCTOCOBAHUX B POOOTI.

Jns mpoBeneHHs eKCIEpUMEHTAbHUX JIOCHIDKeHh B JHCEpTaIliiHIi poOOoTi
Bukopuctani nopwianauement I11[ 1I/A-111-500 supoOnuntBa IIAT «Bomuab-lleMeHT»,
K JIplOHWI 3aloBHIOBAY MpPU MNPUTOTYBaHHI (PIOPOOETOHIB BUKOPUCTOBYBAIU IICOK
Scunenpkoro kap’epy JIbBiBCbKOT 00jacTi 3 moayneMm kpymHocTi 1,29 3 momaBaHHSM
MICKY 3 BIJCIBIB MOJApIOHEHHS Tipcbkux mopia ¢pakmiit 1,25 — 5,0 mm KieciBcbkoro
Kap’epy HepyaHux konanuH ‘“TexHoOyn” PiBHEHCHKOI 00J1acTi 3 METOIO 301JIbIIEHHS
MOAYJISl KPYITHOCTI JAPIOHOTO 3aroBHIOBaYa. SIK KPYMHHUM 3allOBHIOBAY BUKOPUCTOBYBAIU
rpaniTHAN mWediHb ¢pakuiii 5,0 — 30,0 MM TOrO X Kap’epy.

JInst JOCSTHEHHST TPOEKTHOI MapKd 3a JIEFKOYKJIAJaJNbHICTIO OETOHHOI CyMIIIl
BUKOPUCTOBYBAJIM IUTACTH(IKATOP A1 ToBapHOro 0eTony Liquol BV 18 ¢gipmu “BASF” B
kinbkocTi 0,7 mac.% BiJg Macu IIEMEHTY.

Sk apMyroui BOJOKHA 3aCTOCOBYBAJIM MeTalieBy, 0a3ajbTOBI Ta MOJIMPOMIJIECHOBI
¢10pu. XapakTepUCTUKU BUKOPUCTAaHUX B poOoTi (iOp HaBeaeHi B Tadu. 1. Kpammm
MIKPOCUHTETUYHUM BOJIOKHOM [iJIsi  (PiOpOOETOHY TMOKPUTTIB JOpIT Ta aepoIpOMiB,
MPOMUCIIOBUX TMIJJIOT € TMoJjinporigeHoBa (ibpa, 1o € albTepPHATUBOIO CTAJICBUM
BosiokHaMm. [ToninpornineHoBi ¢Gidpu Ty “momiapm” (puc. 1, a) Ta“mikpoapm” (puc. 1, 0)
o0OpaHo 3a pe3yJbTaTamMH MOoINepeaHiX BUMPoOyBaHb (HiOpOOETOHIB HA TPIIIUHOCTINKICTS,
apMOBaHUX PI3HUMH BUAAMH (iOPOBUX BOJIOKOH.

Pucynox 1 — 3aransHuii BUTIIST TOTINPOIIIICHOBUX (PioOp:
a — tuny “noxiapm’’; 0 — TUIy “MiKpoapm’

XiMI4HI CKJIagu Ta MOPQOJIOTii MOBEPXHI OETOHIB JOCHIIKYBAIN 3 BUKOPUCTAHHSAM
ckaHyrouoro enekrpoHHoro Mikpockony SEM FEI Quanta 250 o6nagnanoro EDS (FEI
Company, USA).
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Ta6nums 1 — XapakrepucTuka pizHUX TUMIB (PiOp

®di3uK0-MeXaHIuHI BIACTUBOCTI BUX1THOI CUPOBUHU

1151 hi0p
R = .
HaitmenyBanHs % > = 5 = a g : £
: : > T ™ o= < Q < <
¢b10pu (nomxuHa Hidpu) i 5 S q:) o EE|E % =2 % = S =
—| O
2BEEE°|QR|EE2|E a= §§2
< = = ~ S = = g &
T =

Fibermesh 150* (12 mm)

Fibermesh 300-e3* (19 mm) =
A=
Enduro HPPAS** (45 M) S | 140 | 096 | 2586 | 2890 | 120
=
E
Ruredil X Fiber 54** (54 mm) =
2
MetaneBa*™ (52 Mmm) s 1500 | 7,74 1779 1420 200
Q
bazaneToBa* (24 MMm) . 3

gg 1500 | 2,65 | 4100 6240 120

bazansToBa* (50 MM)
* ¢16pu Tuny “nomiapm”, ** $hiOpu Tumy “mikpoapm”

®di3uKO-MeXaHIYHl, OYyIIBEJIIbHO-TEXHIYHI Ta eKCIUIyaTallliiHl XapaKTepUCTUKH
PO3pOOJIEHUX MOJIAUCIIEPCHOAPMOBAHUX OCTOHIB BH3HAYaIM 3T1JHO JIOYUX CTaHIApTIB
Ta 3arajJbHONPUUHATHX METOAMK. ONTUMI3AII0 CKIaAiB JIUCIEPCHO-APMOBAHUX OETOHIB
TPAHCIOPTHOTO NPHU3HAUYEHHS MPOBOJMIM 3a JOMNOMOIOI METOMAIB E€KCIEPUMEHTAIbHO-
CTaTUCTUYHOTO MOJEJIOBAHHA 3 BHUKOPUCTAHHAM JUCOLIIAaTUBHO-KPOKOBOIO METOAY
onTHUMI3allii.

CusnoBi Ta eHEpreTUYHI XapaKTEePUCTUKHU TPIIUHOCTIHKOCTI TUCTIEPCHO-APMOBAaHUX
OETOHIB BM3HAYAJIM TIPU PIBHOBAKHUX MEXaHIYHHUX BUMPOOYBAHHSAX MPU3M 13 3aIMHCOM
noBHO1 niarpamu crany (I1IJIC) «naBantaxkenns-nporun» (F-V). BunpoOyBaHHs 3pa3kiB
MPOBOJIMIIM 32 CXEMOIO TPUTOYKOBOTO 3rvHY Ha 200-TOHHOMY TiApaBIiYHOMY TIpEci.
KoHTponbHiI 3pa3ku HaBaHTaXyBajd HENEPEepBHO M0 iX MNOAUTYy Ha 4vacTHHM. Jlis
BUNPOOYBaHb BUKOPUCTOBYBaIM 3pa3ku po3Mmipom 0,1x0,1x0,4 M 13 mno4aTKOBUM
HaJipizoM BucoToro 0,04 M 1 mupunoro 0,002 M.

Hedopmarrii  3cimanHs O€TOHIB BH3HAYaJIM Ha CIEMiaIbHOMY CTEHIlI 13
BUMIPIOBaHHAM a0COIIOTHUX Jedopmaliiii 3a JOMOMOI0l0 €TAIOHHOTO KoMIIaparopa.

Tperiii po3nin npucBIYEeHUN TOCHIIKEHHAM BIUIMBY JIUCIIEPCHOTO apMyBaHHS
PI3HMMH BHJAMH Ta THUNaMu (PiOpPOBHUX BOJOKOH Ha (Pi3MKO-MEXaHiIuHI BJIACTHUBOCTI Ta
XapaKTePUCTUKH TPIITUHOCTIUNKOCTI OETOHIB.
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Ha mnepmiomy etami BHBYaIM BIUIMB pI3HUX (IOPOBHUX BOJOKOH Ha CHJIOBI Ta
EHEPreTUYHl XapaKTePUCTHKU TPIIIMHOCTIMKOCTI. [  JOCHITKEHHS TOKa3HUKIB
TPIIIMHOCTIMKOCTI BHUKOPHUCTAHO OETOHW HOMiHaJbHOTrO ckiany (Bci cepii) LITLI=
=1:2,23:3,19, B/I1=0,44 npu BuTpaTi noptianjainemMeHty 350 kr/m. Jlst JMCTIEPCHOTO
apMyBaHHs BUKOPHUCTOBYBaJM (iOpy 3 YMOBHUM IIO3HAYCHHSIM cepid (Burpara ¢idpwu,
kr/M° GeTorHOT cymimt): 6/¢ — 6e3 apmysauns; 111 - Fibermesh 150 (0,9), I12 - Enduro
HPP45 (5,0), I3 - Ruredil X Fiber 54 (1,0), 114 - Fibermesh 300-e3 (0,9); Bl —
Oa3anmbToBa, noBxkuHa 24 MM (1,0), B2 — 6a3aneroBa, nopxuHa 50 mm (1,0); M — meTaneBa
(20,0).

Amnani3z orpumanux [1JIC nucnepcHo-apMoBaHUX OETOHIB (pHC. 2) CBIIYUTH PO
MO3UTUBHUI BIUIMB TUCIIEPCHOTO apMyBaHHA 0eToH1B cepiit [11 Ta I12, sik Ha JOKpUTHYHIM
ctaaii (opMyBaHHS MaKpOTPIIIMHHU, TaK 1 HA 3aKPUTUYHIN — CHPUHHATTI OETOHOM
KPUTUYHOTO HABAHTAXKEHHS Ta pPYWHYBaHHA 10 TMOAUIY JOCHIIPKYBaHMX 3pa3KiB Ha
YaCTUHU.

10000 Cepisn
I 9000
L 8000 6/ ni
E 7000
5 6000 -
§ 5000 - N Mn2 n3
S 4000 - RN
Z 3000 - /) \i\k
= 1000 /. TL
0 ‘ B2 ——M

0 100 200 300 400 500 600 700 800 900
[Mepeminienns, V-106 m
Pucynok 2 — IToBHi JIiarpamu cTaHy IUCIIEPCHO-apPMOBAaHHMX OETOHIB Ta HEAPMOBAHOTO

Ile miaTBepmxkyerbess miaumenumMu Ha 48 (I11) ta 21% (I12) (puc. 3, a)
3HAYEHHSMU CTATHYHOTO KPUTUYHOTO KoedillieHTa 1HTEHCHBHOCTI HampyXeHb 1 Ha 2 Ta
8% BinmoBimHO (puc. 3, 6) MIHOCTAMU HA PO3TAT TPH 3TUHI. Y 3B’SI3KYy 3 LIUM, IS
MOJAIIBIINX JOCITIIKeHbh BUKOPUCTOBYBJIM MotinpomniieHoBi ¢iopu Enduro HPP45 (tun
“momiapm”) Ta Fibermesh 150 (tun “mikpoapm™).

9,
8,
L5 7 o o]
S = 6 ...
lgli > 5 H NN
20,5 - 3 3 NN
A 2 HEB
o 1 HENR
0
6/b N1 N2 N3 N4 b1 B2 M 6/d6 N1 N2 N3 N4 bl B2 M
Cepis Cepisn
a 0

Pucynok 3 — CtaTuuHMil KpUTHYIHUNA KOS(DIIIEHT IHTEHCUBHOCTI HAMpPY>KeHb (), MIITHICTh
Ha PO3TAT 1pu 3ruHi (0)
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Hactynmuuii eram moisiraB B ONTHMI3allii CKiIaxy OETOHY 13 3acTOCyBaHHSIM
TPHOXPIBHEBOTO  TPbOX(AKTOPHOTO IUTaHYy eKchepuMeHTy (/l-omTumanbHOTO, SIK
HalyacTille BUKOPUCTOBYBAHOTO B MPAKTHIN JOCIIKEHb TEXHOJIOT1I JTOPOXKHIX OCTOHIB)
Ta y BCTAHOBJICHI ONTHUMAJBHOTO BMICTY MOJiNponiaeHoBux ¢i0p Tumy “momiapm’ Ta
“Mmikpoapm”’. Sk TeXHOJOTIYHI (paKTOPH BILIMBY 00paHi: X; — BUTpaTa MOJIMPOMiJIECHOBOT
dbi6pu (Trmy “momiapm™ - 743 kr Ha 1 M° GeToHHOI cymim, THy “Mikpoapm” — 1,35+0,45
kr Ha 1 M° GeronHoi cymimm); X, — BifHOIIeHHs OBXHHK (DiOPH 10 MAKCHMAIBHOIO
pO3Mipy KpYMHOTO 3amoBHIOBaua (Tumy “‘momiapm” — 2,25+0,75, tumy “mikpoapm” —
0,6+0,2); X3— koedimieHT po3cyHEHHS 3epeH KpymHoro 3anoBHoBayda (1,440,3).

Cxutany JoCiKyBaHUX cepiii OETOHIB HaBEACHO B Ta0M. 2.

Tabmums 2 — Cxinagu OETOHIB TUCIIECHO-apMOBAaHUX MOINPOMNiICHOBUMH (hiOpamu

*

TUIY “TIoiapM” Ta “MiKpoapm’

Butpata MatepianiB Ha 1 M° GETOHHOT CyMimi, Kr
o HpiOHwmii @pakiii KpymHoro
e . . 3all0BHIOBAY 3all0BHIOBa4ya, MM
Cepii | | | E HonlpponlneHOBa
Geronie | 2 | X | & ‘21613? Ty : BiZICiB
E&|F| Cnovapet | icor T
g | (‘wixpoapw™) | P01 495 | 515 | 520 | 530
= 1,25 50
MM ’
MM
1(18) 549 323 1060 - -
2 (19) 367 215 1335 - -
3 (20) 10(18) 518 305 - - 1124
4 (21) 335 196 - - 1405
5 (22) 549 323 1335 - -
6 (23) 367 215 1060 - -
7(24) 4(09) 518 305 - - 1124
8 (25 ol<!lwo 335 196 - - 1405
9(26) |8 || X 10 (1,8) i ]
10 27) — | 4(09) 435 255 1247
11 (28) 10 (1,8) 549 323 1060 - -
12 (29) 437 256 - - 1249
13 (30) 517 303 - 1123 -
14 (31) 333 195 - 1403 -
15 (32) 7 (1,35)
16 (33) 435 255 - 1247 -
17 (34)

OetoHu cepiii 1-17 aucmecHO apMoOBaHi MOJIMPONiIeHOBOO (iOpoto Tuiry “nomiapm”, 18-34 —
TUIY “MiKpoapM” (BUTpaTa BKa3aHa B TyXKax)
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Anamiz orpumanux [IJIC OGeToHIB AMCHEPCHO-apPMOBAHUX TMOJIMPOIIJICHOBUMU
¢bi6pamu (puc. 4) Bi3yaabHO IEMOHCTPYE cepii OCTOHIB 3 HAMBUIIUMHU XapaKTEPUCTUKUMU
TPIMIUHOCTIMKOCTI - MUTOMUMH €HEPTOBUTPAaTaMH Ha CTaTUYHE PYHHYBAHHS O MOMEHTY
MOYaTKy PyXy MaricTpajJbHOI TPIIMHHA, MATOMHUMH €()DEKTHBHHUMH CHEPTOBUTpAaTaMU Ha
CTaTHYHE PYHHYBaHHS, CTATHYHUM KPUTHYHUM KO€(]iIliEeHTOM IHTEHCUBHOCTI HANPYKEHB,
a came cepis 4 (OeTOH, apMOBaHHUH IMOMIIPOIICHOBOK (ibporo Tumy “nomapm” 3
BUTparToro Bibpu 10 Kr/M’ B NMO€HAHHI 3 MiHIMAEHUMH BiXHONICHHAMHU JIOBKHHH (Bibpn
70 MaKCHUMAaJIbHOTO pPO3Mipy KpymHOro 3amoBHIoBaua 0,4 (1o BiAmoBizae mieOeHio 3
MaKCUMaJIbHUM po3MipoM 3epHa 30 MM) Ta KOEQillIEHTOM PO3CYBY 3€pEH KPYITHOTO
3amoBHIoBaua 1,1) Ta cepis 32 (OeToH, apMOBaHUIl MOMINPOMiIIEHOBOIO (PiOporo THITy
“mikpoapm” 3 BuTparoro i6pu 1,35 Kkr/M’, BifHOIIGHHSM JOBKHHM (GibpH 10
MaKCHUMaJbHOTO pPO3Mipy KpymHOTro 3amoBHIoOBaua 0,6 (1o BiamoBigae 1meOeHI0 3
MaKCHUMaJIbHUM po3MipoM 3epHa 20 MM) Ta KOE(IIIHTOM pPO3CYBY 3€pEeH KpPYITHOTO
3aroBHIOBaya 1,4).

3 1 2 3 4 c 6 18 19 20 21 ——22 ——23
5 2
§—7 8 9 10 —11 —12 9 —24 25 26 27 ——28 ——29
13 14 15 16 17 30 31 —32 33 34
6000 6000
5000 5000
- T 4000
- 4000 L;_
2 3000 & 3000
& >
= en)
= =
2 2000 & 2000
) i
1000 1000
O I O ‘
0 300 600 900 1200 1500 1800 0 300 600 900 1200 1500 1800
[Mepemimenns, V-10% m Tepemiwenns, V106 m
a 0

Pucynok 4 — IloBHi giarpaMu ctany O€TOHIB AUCIIEPCHO-aPMOBAHUX MOMIMPONIIEHOBUMHI
bi6pamu: a — Tumy “momiapm’’; 0 — TUITY “MiKpoapm”’

Ax BugHO 3 puc. 5, a, 6eroH cepii 4, apmoBanuii idbporo Tumy “nomiapm’ (10
Kr/M), 3 HAfBHIIOK0 MiLHICTIO HA po3Tsr npu 3ruHi 10,95 MITa, nepeBuiye HaiiHIKIY
MinHICTh (o, =7,93 MIla)  Oetony cepii 2 Ha 38%. Taka X 3aKOHOMIPHICTH
CIOCTEpIraeThes 1 B 0eToHax, apMoBanux (pidbpoto tumy “mikpoapm’ (puc. 5, 6). HaitBumia
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MIIHICTh Ha po3TAT npH 3ruHi cepii 32 (11,40 MIIa) nepeBuiiye HaWHMKYY MILHICTD MIPU
sruni cepii 19 (7,55 MIla) na 51 %.

fetim> MIla fetfm» MITa
s 12 —

11

[uny
o
|
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O N W ~ U1 O o O

)| | | | | | | | | |
O P N W b U1 O N 00 ©
)| | | | 4 | | | | |
1 1 [ | | | | |
0 1 1 [ | | | | |
0 1 1 [ | | | [ |
1 1 [ | | | | |

18 19 2021 22 23 24 25 26 27 28 29 303132 33 34

Cepis Cepist

a 0
Pucynoxk 5 — MilHICTh Ha PO3TAT MPU 3rUHI OETOHIB JUCIIEPCHO-apPMOBAHUX
MOJIIMPONIEHOBUMH (BiOpaMu: a — TUIy “momiapm’; 0 — TUIy “Mikpoapm”

MakcuMaibHI MATOMI €(EKTUBHI SHEPrOBUTPATH Ha cTatnuHe pyiHyBaHHA (Gf) Ta
HAMBUINUN CTATUYHUN KPUTHYHMIA Koe(ilieHT iHTeHCHBHOCTI HampyxeHb (Kj) Takox
BiZNOBiat0Th OeToHaMm cepiit 4 Ta 32 (puc. 6). MakcumanbHi MUTOMI €HEPrOBUTPATH HA
CTaTHYHE PYHHYBaHHS JO MOMEHTY IIOYaTKy pyXy MarictpaiabHoi tpimman (Gj)
BIJINOB1JIal0Th O€TOHY cepii 32. i pe3ynbTaTH y3roJKyrThCS 3 OJEPKAHOIO MILHICTIO Ha
pO3TAT Mpu 3ruHil. B TOM *e yac, MUTOMI €HEPrOBUTPATH HA CTAaTHUYHE PYWHYBaHHS 0
MOMEHTY TMOYaTKy pyXy MarictpaibHoi TpimmHu (Gj) MpU AUCIIEPCHOMY apMyBaHHI
MOJTIMPOMiJIeHOBOO (PiOporo Tumy “momapm” Builll B cepisix 15, 16, 17, mo 3yMOBIEHO
OCOOJIMBOCTSIMHU CKJIaly OETOHY, a caMe OUThITUM KO€(iIlIEHTOM PO3CYBY 3€pEH KPYITHOTO
3anoBHIOBada (0=1,4) mopiBHsHO 3 cepieo 4 (0=1,1), m0 NMPU3BOAUTH 10 301JIbIIEHHS
BMICTY pPO3YMHOBOi YaCTHHM B CKJIaal OETOHHOI CyMimil 1 TIOKpaleHHs i
JIETKOYKJIAIAIbHOCTI, pOOJsYM OETOHHY CyMill OUIbII MPUIAATHOIO JJIsi TEXHOJIOTIT
TPAHCIOPTHOTO OYy/1iBHUITBA.

Tomy s mnopalblIMX JOCHIKEHb BHUKOPUCTOBYBAJIM CKJaJ OETOHY 3
TEXHOJIOTITYHUMH (DaKTOpaMu BIUIMBY Ha CEpeAHbOMY piBHI: 1IEe0iHb 3 HANUOIBIIUM
po3mipoM 3epHa 20 MM Ta KOe(iI[IEHTOM PO3CYBY 3€pEH KPYITHOTO 3amoBHIOBava 1,4.

[IpoBeneHi DOCHIIKEHHST TOKa3ajdud HEOOXITHICTh KOMILJIEKCHOTO TOEIHAHHS Ta
onTUMI3aIlli BMICTY B O€TOH1 MOJIIPOIICHOBOT (h10pu TUIy “noapm’ Ta “mikpoapm’.
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PucyHok 6 — XapakTepUCTHKU TPIIIMHOCTIMKOCTI OETOHIB AUCIIEPCHO-aPMOBAHHUX
MOJIIMPONIEHOBUMH (PiOpamu: a — TUny “nomiapm’; 0 — TUIy “mikpoapm”

Y  yerBepTOMY PpO3AiJi MPEACTAaBICHO PE3yJbTaTH  EKCIIEPUMEHTAIBHO-
CTaTUCTUYHOTO  MOJIEJIOBAHHS  MIIHICHMX  BJACTMBOCTEH  Ta  XapaKTEPUCTHUK
TPIIIMHOCTIMKOCTI ~ OETOHIB 3  KOMIO3UIIWHUM  JHUCIEPCHUM  apMyBaHHSIM
noyinponiieHoBuMu  piopamu tumy “momiapm” Ta ‘“‘mikpoapm”. JlOCHITKEHO TaKOXK
(di3uKo-MEeXaHI4YHI, eKCIUTyaTalliifHl  BJacTUBOCTI, JedopMmarii ycaaku  OETOHIB
ONTUMAJIBHOIO CKJIAAYy 3 KOMIIO3ULIWHUM JMCIEPCHUM apMyBaHHSM TIOPIBHSHO 3
HEapMOBAHUM OETOHOM.

JI71s1 BCTAaHOBJIEHHS! ONTUMAJIBHOTO BMICTY MOMINPONiaeHoBUX (PiOp Tumy “nosiapm”
Ta “MIKpoapM’” 3aCTOCYBYBAJIM TPHOXPIBHEBUI NBOX(AaKTOPHUHM TIaH. SIK TEXHOJOT14YHI
(dakTOopy BIUIMBY OOpaHMX BHUTPATH NOJIMpomniieHoBoi ¢idpu (tabm. 3).. X; —tumy
“momiapm” — 1042 kr Ha 1 M° 6eTonHOI cymimi, X, — THiry “Mikpoapm” — 1,05+0,35 kr/m®

[To6ynosani I1IC mocnimxyBaHux OeTOHIB (pucC. 7) AalOThb MOKJIMBICTH SKICHO
OLIIHUTH BIUIMB KOMOIHaLIi PI3HOI MOJINPONUIEHOBOI (PiOpU HaA  JOCHIIKYBaHI
XapaKTEPUCTUKU OETOHIB. SIK BUIHO 3 puc. 7, OETOHM 3 KOMIO3HUIIIHHUM IUCTIEPCHUM
apMyBaHHSIM  TOJIMponuieHoBUMH (GiOpamMu Tumy “momapm” Ta “mikpoapm’ 3a
XapaKTEPUCTUKAMU TPIIIMHOCTIHKOCTI CYTTEBO MEPEBAKAIOTH HEAPMOBAHMI OETOH.
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Tabnuis 3 — Butpara nosinporniuieHoBoi ¢iopu Tumy “mosgiapm” Ta “mikpoapm”
IpU IPOSKTYBaHHI CKJIay OETOHIB 3 KOMIUIEKCHUM TUCTICPCHUM apMyBaHHSIM

[To3HauenHs cepii
eTomin 1 2 3 4 3) 6 7 8 9 H/D
:500 = > :2
g = E =25 12 12 8 8 12 8 10 10 10 -
s 58 S EY g
s 5 = °
22 2
Y
ELE °S/E2Z 14 |07 | 14|07 |[105|105| 14 | 0,7 | 1,05 -
S S 3| 32 <

Bucoki mMOKa3HWKM MIIIHOCTI Ha PpO3TSAT TMpPH 3TMHI  Ta  XapaKTePUCTUKU
TPIIIMHOCTIAKOCTI MOSICHIOIOThCA ePeKToM “MicTKa”, sikuil skuii GopmyeTbesi HiOpoBUM
BOJIOKHOM 1 CHOBUIBHIOE PO3BUTOK MAKpPOTPIIIMHU B JTOKPUTUYHIN cTanii nepopmyBaHHs
Ta  YUHUTH  omip  jgedparmeHTamii B  3aKpUTUYHIA  cTafii  pyHHYBaHHA
TMOJTI IUCTIEPCHOAPMOBAHUX OCTOHIB.

6000 Eplm
5500
= 5000 A\ 2
- 4500 //i—\\— \ 3
= 7\
= 4000 //;Z
\ 4
S 3500 /
= 3000 72N N\ e
= 2500 7\ N
/ \ ' —"
R 2000 4/ —
A \
< 1500 - f. N J /
an N
1000 - \\\ 8
500 ~——_ 9
0

0 200 400 600 800 1000 1200 1400 1600 1800 0/¢
ITepemimenns, V-10° m
Pucynok 7 — I1JIC neapmoBaHOro 6€TOHY Ta OETOHIB 3 KOMIUJIEKCHUM JUCTIEPCHUM
apMyBaHHSIM MOJINPOIiJIEHOBUMH (iOpamu TuMy “moniapm” Ta “mikpoapm”

AHani3 TOBEpXOHb BIATYKIB (puC. 8) Mae 3MOry BU3HAUUTU O0JIACTI 3HAYEHBb
TEXHOJIOT1YHUX (DAaKTOPIB BIUIMBY, SKI 3a0€3M€UyI0Th MAaKCUMaJIbHI MOKA3HUKH KPUTEPIiB
ontumizatii. [loOynoBa moBepXoHb BIATYKY 3/11CHIOBANIACH 3 BUKOPUCTAHHSAM aJITOPUTMY
TalyJALil PyHKIINA HA 3a/1aHiid TBOBUMIPHIN CITII (PAKTOPHUX 3HAYEHb.

ExcrpeMymMu JOCHIIKYBAaHUX XapaKTEPUCTHK ONTUMAJIBHOTO CKJaay O€ToHy -
MILHICTb Ha po3Tar npu 3ruHl (11,40 MIlla), nuroMi €HEproBUTpAaTH HA CTATUYHE
pyifHyBaHHS 10 MOMEHTY MOYaTKy PyXy MaricTpampHoi Tpimman (207 Jhk/M%), muTOMi
e()eKTHBHI CHEPrOBUTpATH Ha CTaTWdHe pyitHyBamHsS (760 JDK/M®) Ta CTAaTHYHHMIA
KPUTHYHUH KoediuieHT iHTeHcHBHOCTI Hampyxeb (0,86 MIla™'?), mocsrarorses mpu
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KOMIUIEKCHOMY TIO€JHAHHI MojinponiieHoBux ¢idp Tuny “nomapm” Ta “Mikpoapm’ B
KuIpKocTi 8 Ta 1,05 KI/M® BiAMOBiAHO. 3HAaueHHs MIiHOCTI Ha pPO3TAT MPHU 3TUHI, TUTOMI
C€HEpProBUTpaTH Ha CTAaTHMYHE PYHHYBaHHA J0 MOMEHTY IOYaTKy PYyXy MaricTpajibHOi
TPIIIMHU, TUTOMI €(pEKTUBHI €HEPrOBUTpPATH HA CTaTUYHE PYWHYBAHHS Ta CTAaTUYHUUN
KPUTUYHUN KOE(DIIIEHT IHTEHCUBHOCTI HANPYXeHb MEPEBUIIYIOTh BIMOBIIHI MOKA3HUKU
JUTsl HeapMOBaHOTO OeTOHY BiJiNMOBIIHO Ha 68, 85, 132 ta 51%.

m220-325
mz05-220

m11,5-12
m1l-11.5

B10,5-11 = m120-203

O175-190
m160-173

01010,
09,510 o
m9.9,5

m730-750
m710-730
mAs-710

m0,28-0.8
m0,36-038
m0,24-036
o0,82-0,84
m0,3-0,52

OA70-690
WA 50-670

. “1\&!"‘13
P

BN\C;@Q““ s W

o

B r
Pucynok 8 — [1oBepxHi BIATYKY XapaKTEepUCTUK OETOHIB 3 KOMILJIEKCHUM
JTUCIIEPCHUM apMyBaHHSM MOJINPONUICHOBUMH (pibpamu TUIly “miomiapm’ Ta “Mikpoapm’:
a — MILHICTh Ha PO3TAT MPH 3THHI; O — TUTOMI EHEPrOBUTPATH HA CTATUYHE PYHHYBAaHHS
710 MOMEHTY TMOYaTKy pyXy MaricTpajbHOI TPIIIMHHU; B — MUTOMI €PEKTHUBHI1
€HeproBUTPATH Ha CTaTHYHE PYHHYBAaHHS;
I — CTATUYHUM KPUTUYHUNA KOE(IIIEHT IHTEHCUBHOCTI HAIIPY>KEHb
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KoeditieHT epeKTUBHOCTI IUCIIEPCHOTO apMyBaHHS (BIJHOIICHHS MIITHOCTI Ha
PO3TAT TIPU 3TMHI JO MIIHOCTI Ha CTUCK), SKUM HaBEHUN Ha pUC. 9, TAaKOXX BUIIHUKA B YCIX
JUCIIEPCHO-apMOBAaHUX O€TOHAx IMOPIBHAHO 3 HeapMmoBaHUM. KoediiieHT epeKTUBHOCTI
JUCTIEPCHOTO apMyBaHHS PO3pOOJICHOTO ONTUMAIBHOTO CKIIaAy OETOHY 3 KOMITO3UIIIHHUM
MO AMCIIEPCHUM apMyBaHHSM OUIBIINN, HIXK HeapMoBaHOTO 0eToHYy Ha 32%.

0,21

0,18 - |
20,15 - ‘ [ A
3
20,12 -
o

¥0,09 -
£0,06
o

Y

0,03 -

0,00 ‘
1 2 3 4 5 6 7 8 9 6/¢
Cepis
Pucynok 9 — KoedirieHT e(heKTHBHOCTI KOMIIO3UIIITHOTO JUCIIEPCHOTO apMYyBaHHS
MOJIIMPONIEHOBUMH (hiOpaMu TUITy “miosiiapM’ Ta “Mikpoapm’

JedopmMmarrii 3cimaHHs 3aiiMalOTh BOKIIMBE MICIIe cepell BIACTUBOCTEH OCETOHY 1
BIUIMBAIOTh Ha SIKICTh 1 JOBrOBIYHICTh KOHCTPYKIIM Ta crmopyna. Jedopmariii 3cigaHHs
JMCIIEPCHO-apMOBaHUX 0eToH1B HaBeneHo Ha puc. 10. PesynabTaTtu mociimkeHb CBIIYaTh,
mo crabumzanii 3CiJaHHs po3po0JICHOr0 O€TOHY 3 KOMIIO3UIIMHUM JAUCIEPCHUM
apMyBaHHSM MOMINPONUIEHOBUMH (piOpamu Ty “nosiapm’ Ta “mikpoapm’ BiIOYBa€ThCsA
yepe3 22 nobu, B TOM yac SIK JJii HeapMOBaHOro OeToHy — uepe3 32 100u, a BIHOCHI
nedopmarii 3MEHITYIOThCS Ha 26%.

—6/¢

6 cepia
4,0x10%

3,5x10*

3,0x10*4

—
2,5x10% e
1,5x104 / —

1,5x10*

1,0x104 —~
/’

0,5x10* /

BignocHa nedopmartist 3paskis, Al/l,

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Yac BuMiproBaHb, 110

Pucynok 10 — Jlehopmariii 3cigaHHs KOMITO3UIIIHHOTO TUCTIEPCHOTO apMyBaHHS
MOJIINPONIIEHOBUMH (PiOpaMu TUIy “mojiiapMm’™ Ta “MikpoapM’ Ta HEapMOBAaHOTO OETOHY



15

byniBenbHO-TEXHIYHI BJIACTUBOCTI OETOHY 3 KOMIIO3HUIIIHHUM TIOJIIIUCTICPCHUM
apMyBaHHSAM  MOJINpomniJeHOBUMH  iOpamu Tumy “nomapm”, ‘“Mmikpoapm™ Ta
HEapMOBaHOTO OETOHY HaBeJleH1 B TaOi. 4. 3BiJicH BUJIHO, III0 MII[HICTh Ha CTHUCK Ta Ha
pO3TAT TMpU 3TUHI Po3poOJieHOro OETOHY IMEePeBHINY€E BIANOBIIHI 3HAYEHHS JJIA
HeapMoBaHOro OetoHy Ha 22 Ta 68%. BopomorimHaHHsS 3a Macolw CyTTEBO HeE
BiJIp13HAEThC. B Toit ke yac, 3HMkeHHs MIIHOCTI micis 400 uKIiB 3aMOPOKYBaHHS —
BiITABaHHS CTAHOBUTH [JII apMOBAaHOTO Ta HeapmoBaHoro OetoHiB 9,8 Ta 12,3%
BIJIMOBIAHO, IO 3YMOBJEHO €(EeKTHUBHOIO po00TOI0 (PIOPOBUX BOJOKOH TMpPHU TOABI
BHYTPIILIHIX Hampy>KeHb B OCTOHI BHACIIIOK 3amep3aHHs piakoi ¢a3u. Crocrepiraerscs
3MEHIIEHHs CTUPAHOCTI Ha 19% mpu monigucnepcHOMy apMyBaHHI Ta CYyTTEBE 3pOCTaHHS
CHEPreTUYHUX XapaKTEPUCTUK TPIIIMHOCTIUKOCTI.

Tabmuiss 4 — bByaiBeNbHO-TEXHIUHI BJIACTHMBOCTI OETOHY 3 KOMIIO3UIIIMHUM
MOJIIIUCTIEPCHUM ~ apMYBaHHSM TOJIMPOMNiJIECHOBUMH  (piOpamu  Tumy “mosiapm”  Ta
“Mikpoapm” Ta HEApMOBAHOTO OETOHY

OnuHuIl 3HauCHHS MOKa3HUKA Il OCTOHY
IToxa3uuk BUMIPIO- 3 KOMITO3UI[IMTHUM
HEapMOBaHOTO
BaHHSI apMyBaHHSIM
MinHicTh Ha CTHCK,
. . cm MlIla 51,1 62,4
y Bimi 28 116
MirHiCcTE Ha TAT IIPU 3TUHIL
e POSTAL HPU 3THHL, MITa 6,79 11,40
fetfm, Y BiLL 28 1110
BopomnorinHaHHA 32 Macolo, Wm % 2.1 2.3

3amxenHs MinaocTti micist 400
IIUKJTIB 3aMOPOKYBaHHS — % 12,3 9.8
BlJITaBaHHS, Afcm

2

CrupaHicTh r/cM 0,27 0,22
[IuToMi eHeproBUTpATH HA TOYATOK 2
CTaTH4HOTO pyiHyBaHHS, G, Jox/m 112 207
3aranpHi MUTOMI €(EKTHUBHI
CHECProBUTpaTHU HA CTAaTUYHE I[)K/M2 327 760
pyinyBanHs, G
B’si3kicTs pyiinyBaHHs, K. MHaMl ’ 0,57 0,86

Y n’aromy po3aii  TpencTaBiieHI  pe3yibTaTH  JIOCHIAHO-TIPOMHECIIOBOTO
BIIPOBADKCHHS  pO3pO0JIEHUX OETOHIB JUCIEPCHO-APMOBAHHUX  TOJIMPOMIICHOBUMH
¢i0pamu Tumy “nomapm’ Ta “mikpoapm’ TPAHCIIOPTHOTO MPU3HAYCHHS.

[TpomucnoBy ampoOarfito TPOBENCHO MPU BUTOTOBIICHHI I[EMEHTHO-OETOHHOTO
MOKPUTTS MAPKIHTY MPHU CKIAAChKUX NpuMilieHHsX y c. MypoBane (JIbBiBcbhka OTI).
Pe3ynbratu BUnpoOyBaHb MiATBEPAUIN JTOCSITHEHHS BUCOKOI PaHHBOI MIIHOCTI Ha CTHUCK
(fcm,cube3 =34,3 MIla) Ta mpoeKTHOI MIITHOCTI Ha PO3TSAT MPH 3rUHI (fctfm28=9,5 MIla).
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Pesynbratu BunpoOyBaHb OETOHHOT CyMillll Ta OETOHY HaBeJIeH1 B Ta0I. 5.

Tabmuis 5 — BaactuBocTti 0€TOHHOT CyMillri Ta OETOHY

: MitHiCTh Ha PO3TAT IpU
Cepenns ryctuHa | JKOpCTKICTB, . L BoponornuHanus
. 3 3runi, Ml1a, y Bit, A6 o
CyMIIII, KT/M C 3a Macoo, %
7 28
2420 4 6,2 9,5 2,3

[TopiBHSATBHUN PO3PaXyHOK BHTPAT HA BIIAMNTYBAaHHS JTOPOXHBOTO MOKPUTTS IS
TPaJULIHHOTO Ta PO3pOOJIEHOr0 OETOHY CBITYHThH, IO BUKOPUCTAHHS OETOHY 3 KJacoM
MIIIHOCT1 Ha 3TUH By 7,2 nae 3Mory 3HHM3UTH TOBIIMHY KOHCTPYKIii 3 25 1m0 18 cMm 13
3a0€3MEeUCHHIM PO3PaXyHKOBUX KOe(IIIEHTIB HAMIHHOCTI. [IuToMuii ekoHOMIYHUN eeKT
BiJ| 3HIDKEHHSI BapTOCTI MarepiaiiB i BUKOHAHHS poOiT ckiagae 12 tuc. rp Ha 1000 M
JIOPOKHBOTO TIOKPUTTH.

BUCHOBKHA

VY pe3ynbTaTi BUKOHAHHS JHUCEPTALIMHOI pOOOTH BHPIIIEHO HAYKOBO-TIPUKIAJHY
3a1aqy pO3pOOJICHHS IUCIEPCHO-ApMOBAHUX OETOHIB TPAHCIOPTHOTO TPU3HAYCHHS 3
MIJIBUIICHUMU OYy/1BEJIbHO-CKCILTyaTallliHUMHU BJIACTUBOCTSIMU Ta XapaKTEPUCTUKaAMU
TPIMIMHOCTIMKOCTI. 3a pe3yabTaTaMH MPOBEICHUX TEOPETUYHUX Ta EKCIEPUMEHTaJIbHHUX
JOCIIIKEHBb C(hOPMYJIbOBAHO HACTYITHE:

1. BcraHoBiieHa MOXJIMBICTD OJEpPXaHHS JUCIEPCHO-apMOBAaHUX OETOHIB
TPAHCIIOPTHOTO TMPU3HAYCHHS 3 MOKPAIICHUMH (PI3UKO-MEXaHIYHUMU BIACTUBOCTSIMHU Ta
CWIOBUMH 1 EHEPreTUYHHMHU XapaKTePUCTUKAMU TpimUHOCTIHKOoCcTl. [lokazano
JOIUTBHICTh KOMIIO3HUIIIMHOTO TOJIUCTIEPCHOTO apMyBaHHS OCTOHIB TOJIIPOIIIICHOBUMH
¢bi0pamu Tumy “momapM’ Ta “mikpoapm’.

2. [IpoBenaeHO OIIHKY BIUIMBY JUCIEPCHOTO apMYBaHHS PI3HUMHU BHJIAMU Ta
turiamu  (1IOPOBUX BOJOKOH Ha (DI3UKO-MEXaHIYHI BIIACTUBOCTI Ta XapaKTEPUCTUKHU
TPILIMHOCTIMKOCTI O€TOHIB. BcTaHOBIEHO, 10 HAOUIBII €PEKTUBHUMH AHCHEPCHUMH
BOJIOKHaMH € TojinporrijieHosi ¢iopu Enduro HPP45 (tun “mosiapm™) ta Fibermesh 150
(Tun “mikpoapm’), sIKl JO3BOJIAIOTH MHiABUIIUTH Maixke 1o 10 Ta 50% BiANMOBIIHO
MILIHICTh Ha PO3TAT MPU 3TUHI Ta CTATUYHUA KPUTUYHUN KOE(DILIEHT IHTEHCHUBHOCTI
HaTpy>KEHb.

3. Po3po0neHo  onTtuMasibHi  CKJaad  AUCIEPCHO-apMOBaHUX  OETOHIB
noninponizeHoBumu dibpamu THy “momiapm”: =350 kr/m’, I1,=335 xr/m’, I1,=196
kr/m’, 111 (¢p. 5-30 mm) =1405 kr/v’, B/11=0,44, Butpata di6pu 10 kr/m’; Ta “Mikpoapm™:
=350 xr/m’, I1:=435 kr/m’, 11,=255 kr/v’, I (bp. 5-20 mm) =1247 kr/m’, B/11=0,44,
Butpata Gidpu 1,35 kr/m’. TIpy bOMY IOCSTAIOTHCS HAMBUINI MIIHOCTI Ha PO3TAr HPH
sruni 10,95 1 11,40 MIla Ta cratuyHi KpUTUYHI KOEe(IIIEHTH 1THTEHCUBHOCTI HAIPY>KEHb
1,01 1 1,04 BinmoBigHO AJis TUITY “TIoiapm’ Ta “‘MiKpoapMm’.

4, MeTtogoM  MaTeMaTH4YHOTO  IUIAaHYBaHHS ~ €KCHEPUMEHTY  IMPOBEACHO
omTuMisalio BMmicTy momimporizenosux $i6p Tumy “momiapm” (X,=8; 10; 12 kr/m°) Ta
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“pmikpoapm” (X,=0,7; 1,05; 1,4 xr/m®). IIpu Bmicti ¢ibpu Tumy “momapm” (8 kr/m°) Ta
tumy “mikpoapm” (1,05 kr/m®) mocsraroThes HailBHINA MILHICTH HA PO3TST IIPH 3THHI
11,40 MIla (nmepeBulye BiAMOBIIHUN MOKa3HUK HEAPMOBAHOTO OeToHY Ha 68%), 110 Mae
BEJIMKE 3HAYCHHS MTPH MPOCKTYBAaHHI KOPCTKUX TOPOKHIX OJIATIB.

5. AHaJ3 CTPYKTYpU PO3POOJEHOT0 OCTOHY CBIAYMTH, IO BUCOKI MOKA3HUKH
MIITHOCTI Ha PpO3TAT MPU 3THUHI Ta XapaKTEPUCTHKH TPIIIUHOCTIMKOCTI JOCSATAIOTHCS B
HachmioK  edekty  “micTka”, sakud  dopmyerbcsa  (HIOPOBUM  BOJIOKHOM  TIPHU

MOJIITUCTIEPCHOMY apMyBaHHI O€TOHY 1 CIHOBUIBHIOE PO3BUTOK MAaKpOTPIIIMHU B
JOKpUTHYHIN cTaaii AegopMyBaHHS Ta YMHHUTH Omip aedparMeHTtanii B 3aKpUTHUYHIN
cTanii pydHyBaHHS MOJIIAUCIIEPCHOAPMOBAHUX OETOHIB.

6. Ilokazano, MmO MOJIAMCIIEPCHE apMyBaHHA OETOHY MOJIMPOIIICHOBUMHU
BOJIOKHAMH MPU3BOAMTH JIO IHTEHCUBHIIIOI cTadumizamii aedopmariiit 3ciganus (Ha 12 1i0)
Ta X 3MCHIIEHHS Ha 26% MOPIBHSIHO 3 HEAPMOBAHUM OCTOHOM.

7. JlocmipkeHo OyAiBebHO-TEXHIUHI BJIACTUBOCTI OETOHIB 3 KOMIIO3UIIIMHUM
JUCIIEPCHUM apMyBaHHIM MOJIMPOINUIEHOBUMHU (PiOpaMu TUIly “mojiiapm’™ Ta “mikpoapm’.
BcranoBiieHo, 1110 MIIHICTh Ha CTUCK CTaHOBUTH 62,4 MIla, MIIIHICTh Ha PO3TST MPHU 3TUHI
— 11,4 Mlla, BomonornuHanHsg 3a Macor — 2,3%, 3HmKeHHS MiHOCTI mmicis 400 mukiiB

3aMOpOXKyBaHHS — BiiTaBaHHS — 9,8%, cTupanicth - 0,22 F/CMZ.

8. Ha BupoGuuuiti 6a3i III1 “3AXIJI-BETOH-BY/]” npoBeneHo mociigHo-
MIPOMHUCIIOBY — ampoOaliiro  po3poOIeHUX  IMOJIIUCIIEPCHOAPMOBAHUX OETOHIB  IpHU
BUT'OTOBJICHI IIEMEHTHO-OCTOHHOTO MOKPHUTTS MAPKIHTY MPU CKIIAJCHKUX MPUMIIIEHHSAX Y
c. Myposane (JIbBiBcbka OTI). EdexTuBHICTH BiJ BIPOBAIKEHHS PO3POOICHHUX
MOJI TUCTIEPCHOAPMOBAHMX OETOHIB, 1a€ 3MOTY 3HU3UTH TOBIIMHY KOHCTPYKIIi 3 25 mo 18
CM 13 3a0€3MEeUYCHHSIM PO3PaXyHKOBUX KOoe(]ilieHTIB HaaIHOCTI. [TuToMUil eKOHOMIUHMIA
edeKT BiJ 3HWKEHHS BAPTOCTI MaTepiaiiB 1 BAKOHAHHA poOiT ckianae 12 tuc. rpu Ha 1000
M’ IOPOKHBOTO TIOKPHUTTS.

CIIUCOK ONYBJIIKOBAHUX MPALb 3A TEMOIO JJUCEPTAIIII

Ilyonikauii y naykosux nepioouuHux 6UOAHHAX ITHWIUX 0ePIHCA8 ma BUOAHHAX
Ykpainu, aki exnoueno 00 mixrcnapoonux HayKkomempudHux 0a3z:

1. JlocmiKeHHST TPIMIMHOCTIMKOCTI Ba)XKMX OCTOHIB Ta MIHOOETOHIB, apMOBaHUX
TOJIpPOIiIeHOBO0 (ibpoto s nopoxkHporo OymiBauurea / C. M. Comomkwmii, B. O.
Karanos, 1. b. I'opuikoBceka, H0. B. Typ0a // Eastern-European Journal of Enterprise
Technologies = CxigHo-€Bponelcbkuil XypHan nepeaoBux TexHosorid. 2015. Ne 4/5
(76). P. 40-46. (Scopus).

2. Turba Y., Solodkyy S. Crack resistance of concretes reinforced with polypropylene
fiber. Lecture Notes in Civil Engineering. 2020. Vol. 100 : Proceedings of 2nd
International scientific conference on EcoComfort and Current issues of civil engineering
EcoComfort 2020, Lviv; Ukraine, 16-18 September 2020. P. 474-481. (Scopus).

Cmammi y HayKo8OMY nepioouuHomMy 6UOAHHI IHULOT Oepicasu:

3. Turba Y., Solodkyy S., Markiv T. Strength and fracture toughness of cement
concrete, dispersedly reinforced by combination of polypropylene fibers of two types.
Lecture Notes in Civil Engineering. 2020. Vol. 47 : Proceedings of CEE 2019. Advances
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In resource-saving technologies and materials in civil and environmental engineering.
P. 488-494.
Cmammi y naykoeux paxoeux euoanuax Ykpainu:

4. Comonxwuii C. 1., Typ6a }O. B. ExkcnepuMeHTaIbHO-CTATUCTUYHE MOJICTIOBaHHS
TPIIIMHOCTIMKOCTI OC€TOHIB, apMOBaHUX MOJIIPOIIeHOBOO (iOporo. HaykoBi HOTATKH :
M1XBY31BCHKHM 301pHUK (3a ramy3sMu 3HaHb “TexHiuHi Hayku”). 2014. Bum. 46. C. 512—
515.

5. Comomknii C. 1., Typ6a }0. B. EKcrepHMeHTaIbHO-CTATHCTHYHE MOICIIOBAHHS
TPIIIMHOCTIMKOCTI OETOHIB, apMOBaHUX TMOMINporiiieHoBoo (idbporo. Yactuna II. Bicuuk
Hamionansnoro yHiBepcutery "JIbBiBchbka momitexnika". Cepis: Teopis 1 mpakTuka
OoyniBammTBa. 2015. Ne 823. C. 298-302.

6. Comonkuit C. M., Typ6a }O. B. IlifBHIIEHHSA TPIlMHOCTIHKOCTi JUCIEPCHO
apMOBaHMUX TMOJIMPOILIEHOBOI (PiOpor0 OETOHIB TEXHOJIOTIYHUMHM YHWHHHMKaMH. BicHUK
Onecbkoi ep)kaBHOT akaieMii Oy 1iBHUIITBA Ta apxiTekTypu. 2017. Bun.66. C. 99-105.

Haykogi npaui, wyo niomeepoxcyroms anpooayito mamepianie oucepmauii:

7. EdekTuBHICTh AUCIEPCHOTO apMyBaHHS 3a KpUTEPIEM TPIIIUHOCTIHKOCTI O€TOHY. /
I0.B. Typ6a, C.J. Comonxuit // Tesu nonosimeir LXVII HaykoBoi KoH(pepeHLii
poQecopChKO-BUKIAIAIBKOTO  CKJIaay, acHipaHTiB, CTYJIEHTIB Ta CHIBPOOITHUKIB
BIJIOKpEMJICHUX CTPYKTYPHHUX Tifpo3autiB yHiBepcutTeTy. Kuis: HTY, 2012. C. 181-182.

8. Crack resistance of concrete, reinforced with fiber of different types. / Solodkyy S.,
Turba Y. // 18-th Internationale Baustofftagung. IBAUSIL. Weimar, 2012. P 2.12. — S. 2-
0561- 2-0567.

9. TpimmHOCTIHKICTh OETOHIB apMOBAaHUX MOJIMPOIIICHOBOIO (ibporo. / Comomkuii
CH., Typ6a IO.B. // Marepiamm MixHapoaHOi HAayKOBO-TEXHiuHOI KOH(epeHwii
“CyvacHi TeXHOJOr1i OyIIBHUITBA Ta €KCIUTyaTalli aBTOMOOUIbHUX fopir”. Xapkis, 14-15
muctonaga 2013.  C. 198-202.

10. Improvement of the fracture crack resistance of the dispersion-reinforced
concrete / Solodkyy S., Turba Y // 19. linternationale Baustofftagung. IBAUSIL. Weimar,
2015. Band 2. P.2-1075-2-1082.

11. Crack resistance increase of dispersive reinforced road concrete / Solodkyy
S., Turba Y // XV International Scientific Conference “Current issues of civil and
environmental engineering and architecture”. Rzeszow, 2015. P. 80-81.

12, BB  gucnepcHoro  apmyBaHHS  mojimpornuieHoBuMu  ¢diOpamu  Ha
MIABUIIEHHS TPIMIMHOCTIHKOCTI mopoxkHix Oeronis/ HO.B. Typba, T.M. Duxk //
MopepHizaniss Ta Cy4dacHI TEXHOJIOTII TpaHCHOPTHOro OyaiBHUUTBA : Marepianu Il
BceykpaiHchbkoi HayKOBO-IPAKTUYHOI OHJaH-KOHGepeHii, 23 mucromamza 2017 p.,
JIsBiB. 2017. C. 68-74.

AHOTALIS

Typ06a IO. B. TpimuuHoCTIMKICTH AucIepCHO-apMoOBaHoro 6erony. — Ha npasax
pyKonucy.

Hucepraiiss Ha 3100yTTS HAyKOBOTO CTYNEHHsSI KaHIWJaTa TEXHIYHUX HayK 3a
cnemianbHocTio  05.23.05 — OymiBenbHl MaTepiasim Ta BupoOW. — HamionansHui
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yHiBepcuTeT “JIbBIBChbKa MoJiiTexHiKa”’, MiHICTEpCTBO OCBITU 1 Hayku YkpaiHu, JIbBiB,
2021.

Huceprariiitna poboTa MNpUCBSYEHA NUTAHHSAM IMABUIIEHHS TPIIIMHOCTIMKOCTI
[IEMEHTHUX  OCETOHIB  NUIAXOM  KOMIIO3UI[IHHOTO  MOJIIIUCIIEPCHOTO  apMyBaHHs
MOJIMPOINUJICHOBUMHU (iOpamMu Tumy “momiapm™ Ta “MikpoapM” sl TOKpAIICHHS iX
MIIHICHUX BJIACTUBOCTEH 1 CUJIOBUX Ta EHEPreTUYHUX XaPaKTEPUCTHUK TPIITUHOCTIMKOCTI.
BcranoBinena eQeKTUBHICTh JAMCIIEPCHOTO apMyBaHHS OETOHIB  TPAHCIOPTHOTO
MIPU3HAYEHHS.

[Toxazano BmiuB BuTpatu (HiOp, BITHOMICHHS TOBXHHU (HiOpH 1O MaKCUMAaIbHOTO
po3Mipy 3epeH KpYMHOro 3amoBHIOBadya, KOEQIIl€EHTa PO3CYBY 3€peH KPYIMHOTO
3aloOBHIOBaYa Ha MIIHICTh HA PO3TAT MPH 3TMHI Ta XapaKTEPUCTUKH TPIIIUHOCTIHKOCTI
JTUCTIEPCHO-aPMOBAHUX IIEMEHTHUX OCTOHIB.

Po3po61eHo Ta ONTHMI30BaHO 32 KPUTEPISIMU MIITHOCTI, CHUIOBHX Ta €HEPreTUUHUX
XapaKTePUCTUK TPIIMIMHOCTIMKOCTI CKJIAaud I[EMEHTHUX OETOHIB 3 KOMIIO3UIIMHUM
MOJIIUCTIEPCHUM ~ apMyBaHHSAM TOJIMPOINUICHOBUMH  BiOpamu  TuUny ‘“‘momiapm”  Ta
“MikpoapMm” Ta J0BeeHa iX e(hEKTUBHICTb.

Hocmimkeno nmedopmariii  3cigaHHs Ta  OyAiBEIbHO-TEXHIUHI  BJIACTHUBOCTI
po3poOieHux OetoHiB. [IpoBeneHO OCHITHO-IPOMUCIOBE iX BIPOBAKCHHS Ta
OOrpYHTOBAHO TEXHIKO-€KOHOMIYHY €()EKTUBHICTb.

KuarouoBi cioBa: nucrnepcHo-apMoBaHI O€TOHHM, moinponiieHoBa ¢(idpa TUily
“nomapM” Ta “mikpoapm’, MOBHA Jiarpama CTaHy, XapaKT€pPUCTHUKU TPIIIMHOCTIMKOCTI,
TEXHOJIOT14HI (PaKTOpH.

AHHOTALIUA
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Juccepranusi NOCBAILIEHA BOMNPOCAM MOBBIIICHHUS TPEIIMHOCTOMKOCTH LEMEHTHBIX
0eTOHOB nyTeM KOMITO3ULIMOHHOTO MOJUAUCIIEPCHOTO apMUPOBAHUS
MOJIMTIPONWJICHOBBIMUA (puOpaMu Tumna ‘“noiauapm’” U “MUKpoapMm’ I YIYUIICHUS HUX
MPOYHOCTHBIX ~ CBOMCTB W CHJIOBBIX M JHEPreTHUECKUX  XapaKTEPUCTUK
TPEHMIMHOCTOMKOCTU. Y cTaHOBJIEHa 3()PEKTUBHOCTD JAUCIIEPCHOTO ApMUPOBaHUSI OETOHOB
TPaAHCTIOPTHOTO Ha3HAYEHUSI.

[TokazaHo BiMsiHKUE pacxoJ0B (puOp, OTHOLIEHHUE JJIUHBI GUOPHI 10 MAKCUMATIBLHOTO
pasMepa 3€peH KpPYIHOIO 3aloJHUTENs, Kod(@uimeHta po3aBUTa 3€peH KPYIMHOTO
3aMOJHUTENS] Ha TPOYHOCTh HA PACTSDKEHHE Tpu  M3rube W XapaKTepUCTHUKU
TPEIMIMHOCTONKOCTH JUCTIEPCHO-aPMUPOBAHHBIX IIEMEHTHBIX OETOHOB.

Pa3paboTtan W ONTUMU3HPOBAH 1O KPUTEPUAM TPOYHOCTHU, CHIOBBIX H
OPHEPTeTUYECKUX XAPAKTEPUCTUK TPEIIMHOCTOMKOCTH CKJIAJbl IIEMEHTHBIX OETOHOB C
KOMITO3UIIMOHHBIM TIOJIUUCIIEPCHBIX apMHUPOBAHUEM TOJUIPONUICHOBBIME (PubpaMu
TUMA “noymapM” U “MUKpoapm’  TokazaHa X 3(H(PEeKTUBHOCTS.
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000CHOBAHHO TCXHUKO-OKOHOMHNYCCKYIO 3(1)(1)GKTI/IBHOCTI).
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ABSTRACT

Turba Y. V. Crack resistance of dispersedly reinforced concrete. — On the rights
of the manuscript.

Thesis for the candidate degree of engineering science (Doctor of Philosophy) in
specialty 05.23.05 - Building Materials and Products. - Lviv Polytechnic National
University, Ministry of Education and Science of Ukraine, Lviv, 2021.

The dissertation is devoted to increasing the crack resistance of cement concrete by
composite polydisperse reinforcement with polypropylene fibres of "polyreinf" and
"microreinf" type to improve their strength properties and strength and energy
characteristics of crack resistance. The efficiency of dispersed reinforcement of concrete
for transport purposes is established.

The introduction substantiates the relevance of the dissertation, formulates the
purpose and objectives of the study. The main provisions obtained by the author, which
have scientific novelty and practical value, are given.

The first section provides a critical review of the literature related to the
technological features of concrete reinforced with fibres of different types and types, their
impact on physical and mechanical properties, crack resistance and durability, and
identifies the theoretical background.

The second section presents the characteristics of the source materials and describes
the main research methods used in work. The force and energy characteristics of crack
resistance of dispersed reinforced concrete were determined using a complete stress-strain
diagram during the mechanical tests of concrete prisms. The samples were tested
according to the scheme of three-point bending on a 200 ts hydraulic machine. Control
samples were loaded until destruction.

The third section is devoted to the study of the influence of dispersed reinforcement
by different types of fibres with determining the physical and mechanical properties and
crack resistance characteristics of concrete. At the first stage, the effect of different fibres
on the strength and energy characteristics of crack resistance was studied. The next stage
was to optimize the composition of concrete using a three-level three-factor experimental
plan and to establish the optimal content of polypropylene fibres such as "polyreinf" and
"microreinf".

The fourth section presents the results of experimental and statistical modelling of
strength properties and crack resistance characteristics of concretes with composite
disperse reinforcement with polypropylene fibres such as "polyreinf" and "microreinf".
Physico-mechanical, functional properties, shrinkage deformations of concretes of optimal
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composition with composite disperse reinforcement in comparison with non-reinforced
concrete were investigated.

The fifth section presents the experimental and industrial implementation results of
the developed concretes dispersed and reinforced with polypropylene fibres such as
"polyreinf" and "microreinf" for transport purposes.

As a result, the dissertation solved a scientific problem with practical significance,
namely the development of dispersed reinforced concrete for transport purposes with
increased construction and operational properties and crack resistance characteristics.
Based on the results of theoretical and experimental studies, general conclusions are
formulated.

Keywords: disperse-reinforced concrete, polypropylene fiber type "polyreinf" and
"microreinf", complete state diagram, crack resistance characteristics, technological
factors.
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