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Pedepar:

1. Incepralist NpUCBsY€HA BUPILIEHHIO HAYKOBO-TIPUKJIAAHOI TPO6I€MU BIOCKOHAJIEHHS €HEPreTUYHUX ITIOKA3HUKIB
MalIIVH [1J151 YIIiJIbHEeHHs OyIiBeJIbHUX CyMilleil, 30Kpema BibpaliiiHux MaiJJaH4MKiB, MIJIIXOM OOIPYHTYBaHHS
disnyHMX Ta MaTeMaTUYHUX MOJesiel], 31iliCHeHUX [OCIiI>)KeHb Ta Ha iX OCHOBI pO3pOOKU ajlrOPUTMIB PO3PaXyHKy
CUCTEMU «BiOPOMaJJaHYMK — YIIiJIbHIOIOYA CYyMilll». AKTYaJIbHiCTb JOCIIPKEHHS! 00yMOBJIEHA 3HAYHUMU
€HEProBUTPATaMU B iCHYIOUUX MPOLiecax BiOpaLlifiHOTO yIIiIbHEHHS Ta HEOOXiAHICTIO 3a6e3neYeHHs SIKOCTi
BUPOOHULITBA OETOHHUX i 3aJ1i300€TOHHUX BUPOOiB. Y PO6GOTI IIPOBEAEHO aHali3 iCHYyI0OUMX KOHCTPYKLH Ta
TEXHOJIOTIYHUX NTapaMeTpiB BiOpallilHUX MAlLIMH, BU3HAYEHO iX eHepreTU4Hi XapaKTepUCTUKY Ta BUSIBJIIEHO CYTTEB]
HEJIOJIiKY B iCHYI0UMX EMIIIPUYHUX MiAX04AX 4O PO3PaxyHKiB. 3allpOIIOHOBAHO IUCKPETHO-KOHTHHYAJIbHI
MaTeMaTW4Hi MOJieJIi CUCTeMU «BibpaliiiH1il MaliJaH4YMK — 6ETOHHA CyMilll», SKi BpaXOBYIOTb 3MiHHICTb (i3UKO-

MeXaHIYHUX BJIACTUBOCTEMN YIIiJIbHIOBAHOI'O CEPEIOBUIIA, @ TAKOXK CUJIM OIOPY, IO [iI0Th Ha cucTtemy. [IpoBeneHo



AQHAJIITUYHI Ta €KCIIePUMEHTAJIbHI NOCIIKEHHS 17151 PI3HUX PEXXUMIB KOJIMBaHb (0 PE30HAHCHOTO, PE30HAHCHOTO
Ta 32 PE30HAHCHOT0), BCTAHOBJIEHO 3aJIEXXHOCTI MK aMILIITYZ010, 4aCTOTOIO, €Heprieio Ta e(PeKTUBHICTIO
ylisibHEHHS. PO3p06JieHa Ta BUTOTOBJIEHA €KCIIEPMMEHTAJIbHa YCTaHOBKA Jlajla 3MOTY MMiITBEPAUTU TEOPETUYHI
pe3yJIbTaTU: BiIXWUJIEHHS MiJK TEOPETUYHUMU Ta €KCIIePUMEHTAIbHUMU JAHVUMU He NepeBullyBanu 15% y pisHUx
pekumMax. BuzHaueHo uyncioBi 3Ha4eHHS Koedil[ieHTiB [uCcUnaTuBHOro ONOPY, aMIUITY/L KOJIMBaHb i TUHAMIYHOTO
MOZYyJIsl IPY>KHOCTI 6@ TOHHUX cyMilneil. Ha 0CHOBI OTpMMaHUX pe3yJIbTaTiB 3alIPOIIOHOBAHO METOAUKY BUOOPY
palioHa/bHUX IapaMeTPiB poOOTH BiOpaLiiHUX MAlllMH, gKa 03BOJIsI€ 3MEHIIUTY BUTPATH €HEeprii Ipu 30epeskeHHi
BUCOKOI SIKOCTI y1inibHeHHsI. OG’€KT HOCiIKEeHHS: IPoLieC BibpalifiHOro ymibHEHHS! 6ETOHHUX CyMillei
BibpomanmaHYuKaMu. [IpegmeT BOoCliIpKeHHs: eHepreTUyHi Ta AuHAMIUHi TapaMeTpy IIPOLeCy YIIiIbHEeHHS
cyMinielt BibpauiiiHumMy MaigaHuuKaMy. HaykoBa HOBM3HA OJjep>KaHUX Pe3yJIbTartiB: Yieplie: - BCTaHOBJIEHI
3aKOHOMIPHOCTI pO3NOisy €Heprii Ha ylIiJIbHeHHsI 6€TOHHOI CyMillli B 3aJI€5KHOCTI Bif, ii cKiagy, peXkuMiB Ta
IapaMeTpiB KOJIMBaHb; - OTPUMAaHI aHaJIITUYHI 3aJ1€5KHOCTI [1J151 BUBHAYEHHS €HEPreTUYHUX [TIOKA3HMKIB Ta
IlapaMeTpiB NpoLiecy yiiiibHEeHHs] 0ETOHHUX CyMilllei, 1110 BpaXxoBYIOTh ix (pi3nyHi Bj1acTUBOCTI. BockoHaneHo: -
METOJIMKY [OCJIiI)KEHHSI Ta BU3HAUYE€HHS €HepreTUYHUX IT0KA3HUKIB [TPOLIECY YIIiIbHEHHS 6ETOHHUX CyMilllel
OTpumany NoJasbioro pO3BUTKY: - METOIM NOCJIIKEHHS Ta BUBHAYEHHS IMHAMIYHUX [TapaMeTpiB
BibpomaiaH4YuKiB. BucHOBKamu mociimkeHHs €: 1. Ha oCHOBI OL[iHKY eHepreTUYHUX [T0Ka3HUKIB iCHYI0YUX
BiOpaliliHUX MalyH [ YIiIbHEHHS OETOHHUX CyMillleil BCTAaHOBJIEHA CyTTEBA BiIMiHHICTb iX 4MCIOBUX 3HAUY€HD B
ME>Kax 3[iICHEHUX PO3paxyHKiB. 2. O6IpyHTOBaHA (i3sM4HA Ta MAaTEMATUYHA MOJIEJIb ITPOLECY YIIiTbHEHHS
6eTOHHOI cymilli BibpalilHUM MaiiIaHYMKOM Ha OCHOBI JUCKPETHOI Ta KOHTUHYaJIbHOI CUCTEM «BibpaLiiiHui
MaiilaHyuK — 6eToHHa cymiur». 3. OTpuMaHi aHAJIITUYHI 3aJ71€)KHOCT] 1151 BUBHAYEHHSI €Heprii Ha KOJIMBaHHS
IVICKPETHOI CHCTEMM i AUCKPETHO-KOHTUHYAJIbHOI MOJIEJIi i3 ypaxyBaHHSIM CUJI OTIOPY JO3BOJIMJIM BCTAHOBUTU
3aKOHOMIPHOCTI 3MiHM eHepril Ha KOJIMBAaHHS BiopoMaijaHUMKa i3 BpaxyBaHHSM BILJIMBY O€TOHHOI cyMili. 4.
BusHaueHi panjionanbHi 30HM eQeKTUBHOI BibpauiiiHoi Aii 4151 pidHOi BUCOTH 6€TOHHOI cyMilti IpH ii yurinbHeHHi. 5.
Po3pobiieHa i cTBOpEHa eKCIIepUMEHTalIbHa yCTaHOBKA BiOpalifHOrO MailaHYMKa J103BOJINJIa BUKOHATU
TOCJIiIPKEHHS IJ151 4aCTOT KOJMBaHb 157 ¢-1, 241c-1, 314 ¢-1 ais pisHUX CKIafiB 6€TOHHUX cyMilneil. 6. BctaHOBIeHO
30HU BIUIMBY IIPY>KHUX, iIHEPLIHUX Ta JUCUNIATUBHUX CUJI Ha JUHAMIKY BiOpaliliHOro maiilaHuuka. BusisieHo, mo
IOMiHYIOUMI BIUIMB OfHi€l 3 C1JI HA KOJIMBAJIbHY CUCTEMY 06araTo B YOMY 3aJI€5KUTh Bifl CIiBBiJHOLIEHHS BUCOTHU
CTOBIIA CyMillli i JOBXKMHU XBUJIi. 7. 3aCTOCYBaHHSI KOHCTPYKTUBHOI CXEMU i3 30CE€pEIKEHNMU 1apaMeTpaMu
MOXJIMBO TiJIbKM B OOMEXKEHI! 30Hi 3MiHHMX IapaMeTpiB CUCTEMU «BiOpaLiHANI MAIAHYMK — 6€TOHHA CyMilll», 110
00yMOBJIEHO BUCOTOIO CTOBIIA OETOHHOI CyMili i 4aCTOTO0 KOJMBaHb B MeXXax Bucotu cymini h = 0.29 m ipu
3arajipHill BucoTi cymimi h = 0.36 M Ta yacTotu KonuBaHb 314 c-1. 8. BusHaueHi 4ncI0Bi 3HaYeHHS KoedilieHTiB
IVICUTIATUBHOTO OIIOPY OETOHHOI CyMilli, sIKi 3HaxoaaThCs B Mexxax 0.04 - 0.20, Ta InHaMiYHUN MOAYJIb IPYKHOCTI
Mmexax (100 - 650)-104 H/m2. 9. Po3po6eHi pekoMeHalii y BUrJIsi aIrOpUTMiB BUOOPY Ta PO3PAXyHKY
rapameTpiB Ta eHepreTUYHUX MOKa3HUKIB BiOpOMaNlaHYMKa, sIKi mepe16avyaTh Bapialliio mapameTpiB 3 METOIO
MiHiMi3allii BUTpaT eHeprii Ha IPOTiKaHH NPOLECY yIIiJbHEHHS] 6€TOHHOI cymili. Kio4oBsi ciioBa: Bibpaniiina
MallrHa, 6ETOHHA CyMilll, eHepreTU4Hi IOKa3HMUKH, JUCKPETHA MOJIeJIb, KOHTMHYaJIbHA MOZEJIb, PIBHSIHHS PYXY,
PEKMMU KOJIMBaHb, aMIUIITy/ia KOJIMBaHb, YaCTOTA KOJIUBAHb, €HEPTis, IOTY>KHICTb, KPUTEPIi, IBUIKICT

PO3IOBCIOJI)KEHHS XBUJIb, iIHTEHCUBHICTb.

2. The dissertation addresses the applied scientific problem of improving the energy performance of machines for
compacting construction mixtures, particularly vibration platforms, by substantiating physical and mathematical
models, conducting analytical and experimental studies, and developing calculation algorithms for the "vibration
platform - concrete mixture" system. The relevance of the research lies in the high energy consumption of existing
vibration compaction processes and the need to ensure the quality of concrete and reinforced concrete products.
The study analyzes the existing designs and technological parameters of vibration machines, determines their
energy characteristics, and identifies significant shortcomings in existing empirical calculation approaches.
Discrete-continuous mathematical models of the "vibration platform - concrete mixture" system are proposed,
which consider the variability of the physical and mechanical properties of the compacted medium as well as the
resistance forces acting on the system. Analytical and experimental studies were conducted for different vibration



modes (pre-resonant, resonant, and post-resonant), and dependencies were established between amplitude,
frequency, energy, and compaction efficiency. A specially developed experimental setup confirmed the theoretical
results: deviations between theoretical and experimental data did not exceed 15% across different vibration modes.
Numerical values were determined for dissipation resistance coefficients, oscillation amplitudes, and the dynamic
modulus of elasticity of concrete mixtures. Based on the results, a methodology was proposed for selecting
optimal parameters of vibration machines to reduce energy consumption while maintaining high compaction
quality. Object of the study: the process of vibration compaction of concrete mixtures using vibration platforms.
Subject of the study: energy and dynamic parameters of the compaction process by vibration platforms. Scientific
novelty of the results obtained: For the first time: Regularities in the distribution of energy for compacting
concrete mixtures depending on their composition, vibration modes, and parameters were established. Analytical
expressions were derived for determining energy performance indicators and process parameters that consider
the physical properties of the mixtures. Improved: The methodology for studying and determining the energy
indicators of the concrete mixture compaction process. Further developed: Methods for analyzing and
determining the dynamic parameters of vibration platforms. Research conclusions: A significant variation in the
energy characteristics of existing vibration machines was identified within the scope of calculated results. A
physical and mathematical model of the compaction process was substantiated based on discrete and continuous
representations of the "vibration platform - concrete mixture" system. Analytical dependencies for determining
the vibration energy in the discrete and discrete-continuous models were obtained, considering resistance forces,
and allowed to establish regularities in energy changes under the influence of the concrete mixture. Rational zones
of effective vibration influence for various heights of the concrete mixture during compaction were defined. The
developed experimental setup allowed the study of vibration frequencies of 157 so', 241 so, and 314 so! for different
concrete compositions. Zones of influence of elastic, inertial, and dissipative forces on the dynamics of the
vibration platform were determined. It was found that the dominant influence of a particular force depends
significantly on the ratio between the mixture column height and the vibration wavelength. The use of a lumped
parameter design scheme is applicable only within a limited range of parameters, determined by the height of the
concrete mixture column and vibration frequency, within a height of h = 0.29 m and total height h = 0.36 m at a
frequency of 314 so'. The dissipation resistance coefficient of concrete mixtures ranges between 0.04 and 0.20, and
the dynamic modulus of elasticity is within (100-650)-10* N/m?. Recommendations in the form of algorithms were
developed for selecting and calculating the parameters and energy indicators of vibration platforms to minimize
energy consumption during the concrete compaction process. Keywords: vibrating machine, concrete mixture,
energy performance, discrete model, continuous model, equation of motion, oscillation modes, oscillation
amplitude, oscillation frequency, power, energy criteria, wave propagation speed, intensity, energy dissipation.
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