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OcHoBHMI 3MicT [aucepraumiiiHoi poGorm. /lucepraumis mNpUCBSIYEHA
BUPILIEHHIO aKTyaJIbHOI HAyKOBO-NPUKIIAIHOT MPOOJIEMH, sIKa MOJISArae y po3pooii
HAyKOBO OOIPYHTOBaHMX METOJIB BJIOCKOHAJICHHS EHEPreTUYHUX IOKa3HUKIB
MalluH JJIg YUIUIbHEHHS OYJIBEJIbHUX CyMilleil 13 po3poOKOI0 Ha I[Ii OCHOBI
QITOPUTMIB PO3paxXyHKy BiOpaliiiHOro MaigaH4YMKa 13 MIHIMI3alll€l0 eHeprii Ta
rapaHTOBAHOI'O PyXY, 3a0€3MEUEHHS PalllOHAIBHUX PEXUMIB Ta MIAPAMETPIB PYXY.

CydacHi BUMOTH OyZA1BEIBHOI Tally31 MOTPEOYIOTh 3a0€3MeUeHHs] MiIHIMI3allii
BUTpPAT €HEPTii 13 peani3alli€lo BUCOKOI IKOCTI BUKOHAHHS TEXHOJIOTTYHOTO MPOIIECY
npu (popmyBaHHI OETOHHUX Ta 3al1300€TOHHUX BHUPOOIB. OCHOBHOIO YMOBOIO
3a0e3nedeHHs €epEeKTUBHUX PEKUMIB 1 MTAPAMETPIB € 3aCTOCYBAHHS PO3PAXyHKOBHUX
MoOJeNel, SKI aJeKBaTHO BIIOOpakarOTh peabHUN TIpollec BiOpaliifHOTO
VIIUIBHEHHS, SIKUA HaiOUIblle BHUKOPUCTOBYETHCS B 3aBOJCHKIM IMpaKTHUII
BUTOTOBJICHHS BUPOOiB. Pa3oM 3 TUM, Ha TIPaKTHUIll TOBHE JOCATHEHHS TaKOi YMOBHU
HE JIOCSTAETHCS BHACTIAOK PO301XKHOCTEN PO3paxXyHKOBHX 1 peabHUX MapamMeTpiB,
0 NPHUBOJUTH O 3HAYHUX BUTPAT €HEPrii Ha MPOTIKAHHS TEXHOJIOTTYHOIO
npoiiecy. OOyMOBIJICHO II€ CKJIAHICTIO MPOIIECIB, IO MPOTIKAIOTh B CyMIIIl, SKa
VIIUTBHIOETHCS TA 3aCTOCYBAHHSI, SIK HACIIJOK, EMIIIPUYHUX 3aJI€KHOCTEH, K1 HE
BiJI0OpaXKaroTh 3aKOHOMIPHOCTEH 1 TIPH 3aCTOCYBaHHI € JIOCTOBIPHUMU BUKIIIOUHO B
paMKax THUX MEpPEeAyMOB 1 JOMyIIeHb 3a SKUX 3A1HCHEH] Taki JociKkeHHss. OqHuM
13 HampsIMKIB BUPILIEHHS NPOOJEMH € JIOCHIIKEHHS €HEPreTMYHUX IMOKA3HUKIB
MPOIIECIB  YIIUIBHEHHs] HA OCHOBI 3aCTOCYBAaHHS JUCKPETHO-KOHTHHYaJIbHHUX

MOJIEJIEN JIs aHaNi3y Ta CUHTE3Y Ta PO3IJISAOM CIHIIBHOTO IIUTHAIIPABIEHOIO PYXY



BiOparmiiinoi cuctemu. Takuil MmaXiq BIAKPUBAE MOMKIUBOCTI BCTAHOBUTH
3aKOHOMIPHOCTI pPyXy BIOpaliifHOi CHCTEMH, 3amlpOINOHYBATH BIOCKOHAJICHI
pillIeHHs 13 3a0€e3MeUeHHsIM Hanepe/] 3aJJaHruX pallioHATBHUX PEKUMIB 1 TapaMeTpiB
Ta MiHIMi3allii eHepreTHYHUX BUTPAT.

IHepwuit po3oin TPUCBSIYCHUN OTJIAAy Ta aHATM3y KOHCTPYKIM Ta
TEXHOJIOTIYHUX TlapaMeTpiB MaIllMH JJIs YIIUTbHEHHS OyAiBeJIbHUX CyMIIICH,
3MIACHEHHIO  TIOPIBHAHHA  €HEPreTUYHMX  TIOKa3HUKIB  BiOpamidiHuX  Ta
0e3BiOpaniiinux mpoieciB. OOrpyHTOBaHa OUIbIl €PEKTHBHA Ta MEPCHEKTUBHA
JOLIIBHICTh 3aCTOCYBaHHS BIOpal[iiHUX MPOLECIB y MOPIBHSIHHI 13 MpOIEcaMu
0e3BiOpaniiHOrO0 BHpPOOHMIITBA OETOHHMX BHpoOIB. [lpoBeaeHuii anami3
BiOpaIifHUX MPOIIECIB Ta IX CHEPTEeTUUYHUX MTOKA3HUKIB JI03BOJIUB BUSBUTH CYTTEBI
BIJIMIHHOCTI HaBiTh B paMKax OJHOT'O MOPSJAKY BaHTaKOMIAHOMHOCTI BiOpaniiHO1
TexHikd. [linTBEp/HKEHHSM OTPUMAHUX PE3YyJbTATIB JIOCTIIKEHb CIYTye TaKOX
aHai3 ICHYIOUUX GOPMYII JIs1 pO3PaXyHKY €HEPrii yIITbHEHH OETOHHUX CyMiIIeH,
K1 0a3yl0ThCA MEPEBAKHO HA BUKOPUCTAHHI JUCKPETHUX MOJIENEH 1 eMIIPUYHHUX
3aJIeKHOCTEN. BiIMIHHOIO PHUCOIO OLIBIIIOCTI BIOpAIlIHHUX MAIIIKH 13 BEPTUKAJILHUM
HampsMOM 30y/DKEHHS € BHUCOKa YYTJIMBICTH pPOOOYMX OpraHiB [0 3MiH
TEXHOJIOTIYHUX MMapaMeTPiB Ta PEKHUMIB, TAKUX SK YACTOTA KOJIMBAHb, JKOPCTKICTh
cyminii Ta ii ryctusa. LIs 3aexHicTh CyTTEBO BIUTMBAE Ha €()EKTUBHICTD Mepeaayi
€Heprii, OTpUMaHHs HEOOX1JHOI IIUIBHOCTI OETOHHOI CyMilIl Ta KIHIEBY SIKICTb
BUPOOIB.

Jlpy2uii po30in NPUCBSIYECHUN TEOPETUYHUM JOCIIKCHHSIM TapaMeTpiB Ta
€HEpPreTMYHUX TOKAa3HMKIB PoO00YOro mpouecy BIOpamiiHUX MalluH IS
yIIuIbHeHHS cyMimeid. OOTpyHTYBaHHS MOJIETi CUCTEMH «BiOpaIliiHui MalJaHINK
— OCTOHHA CYMIIID» Ta BUKOHAHHS aHAJIITUYHUX JOCIIKEHb 0a3y€e€ThCs Ha JIOTTYHUX
BHUCHOBKaX IEPIIOTO PO3LTY NUIIXOM (DOpMyITIOBaHHS MEPEAYMOB Ta JOIMYIICHb.
[TocaimoBHO 3A1HCHEHO aHATITHIHUI OIKC Ta JOCIIKEHHS ITapaMeTpiB pod0oYoro
MpoI1iecy BiOpalliiHO1 MaIlTMHU Ta €Heprii poOoYoro MpoIecy Ha OCHOBI IUCKPETHOT
Ta JAUCKPETHO-KOHTUHyalIbHOI Mojeni. BusBieHo, mo B 3araipHOMYy pyX

BIOpaIifiHOT CUCTEMHU OIUCYETHCS PIBHAHHAM 3 4OTMpMa JoaaHkamu. [lepmn tpu



OMHCYIOTh BJIACHI KOJMBAHHS CUCTEMH, 13 SKUX IEPIIi ABAa BU3HAYAIOTHCS TUTBKH
MOYAaTKOBUMHU yYMOBaMH, a TpeTii BigoOpaskae CyMyTHI KOJHMBAHHSA 30BHIIIHBOIO
CWIOI, TPHUKIAJACHO0 A0 cucteMu. OCTaHHIM J0/IaHOK BH3HAYa€ BUMYIIEHI
KOJIMBaHHS 32 3aKOHOM 3MIHM 30BHINIHBOI CHIM. Takuil pe3ynbTaT € HOBUM 1
3aCBIJIUYe€, 10 KOJWBAHHA BIOpaIliiHOI CHCTEMHU HE € CYBOPO TapMOHIWHHUMH, IO
MIJTBEP/PKEHO BIJIMOBIAHUM MOJCTIOBaHHSAM. JlOCHIDKEHO JWHAMIKY pyXy
BiOpaliifHOT cUCTEMU «B1OpaIiiHUI MaiiTaHYUK — OETOHHA CyMIIID» 13 ypaxXyBaHHSIM
cun onopy. OTpuMaHi aHamITUYHI 3aJIEKHOCTI JUIsi BU3HAYCHHS AaMIUTITYAH
KOJIMBaHb Ta BJIACHUX YACTOT KOJIMBaHb. 3’5ICOBaHA CTYIIHb BIUIMBY KOE(QILIEHTIB
pPEaKTUBHOI Ta AaKTHUBHOI CKJIAJOBHUX OMOPY VIIUIBHIOIOUOTO CEpPEelIoBUINA Ha
aMIUTITYly KOJHMBaHb BiOparliiiHoi MamHu. HaBemeHni pe3ynbTatu y BHIJISIL
rpadikiB JO3BOJIMIN BCTAHOBUTH 3aKOHOMIPHOCTI pyXy ¥ €HEepreTHYH1 MOKa3HHKIB
B JIOPE30HAHCHOMY, PE30HAHCHOMY Ta 3apE€30HAaHCHOMY pekuMmax. BcraHoBneHuit
CYTTEBUI BIUIUB HA aMIUIITy1y IIBUAKOCTI OIIUPEHHS KOJIMBAaHb, BEIMYMHA STKUX
BXOJWUTHh TNpPU BHU3HAYECHHI YHCIOBUX 3HAYeHb KoeQilieHTIB omopy. OTpumani
aHATITUYHI 3aJI€)KHOCTI BU3HAYEHHSI €HEPTeTHYHUX MOKAa3HUKIB B PI3HUX PEKUMAX
poOOTH TMHAMIYHOI CUCTEMU «BIOpaLliTHUI MaliJaHYUK — OETOHHA CYMIIID».

Y mpemuvomy po3oini naBeneHi pe3ynbTaTi €KCIIEPUMEHTATBLHUX JTOCTIIKEHb
napameTpiB CUCTEMHU «BIOpaliHUN MaliJaHYNK — OETOHHA CyMII. 3aMpOeKTOBaHA
Ta BHUTOTOBJIEHA EKCIEPUMEHTalTbHA YCTAaHOBKAa 13 KOMIUIEKTOM JaTYWKiB Ta
BUMIPIOBAJILHOI ~ amapaTtypu  JO3BOJIJIM  OTpUMAaTH  BIOpOrpamMu  pyxy
BIOpOMaiilaHuMKa B PI3HUX PEXHMMax Ta BapialisiX BIUIMBY, 3MIHI BUCOTH CTOBIIA
CyMillll IPY HE3MIHHOMY HaBaHTakeHHI1. [HIIa cepis qociiaiB nepeadayana 3MiHY
HABAHTAKECHHSA TPU HE3MIHHIA BHUCOTI cToBma OeToHHOI cywmimii. [lpu mpomy
peecTpyBajiacs 3MiHAa MapaMeTpiB 1 PEXKUMIB HAaBAaHTAXKEHHS B IEPEXITHOMY,
CTaJIOMy Ta CTalli BUIBHMX KOJIMBaHb JOCHIJ)KYBAaHOI CHCTEMHU. 3A1MCHEHO
MOPIBHSHHS MMapaMeTpiB, M0 OTPUMAaH] aHATITUYHIMH PO3PaxXyHKaMHU Ta OTPUMaH1
B pe3y/ibTaTl BUKOHAHMX EKCIEPUMEHTIB. PO301XKHICTh €KCIEPUMEHTAIbHUX Ta
TEOPETUYHUX 3HAUEHb PEXKHUMIB JIOPE30HAHCHUX 30HAX 3HAXOIATHCA B MeEXKax

10...12%, B pe3onancHii 30H1 11...15%, a B 3ape3onancHux 30Hax 10...12%.



Y uemeepmomy po3oini npuBeneHi METOIWKH Ta PO3POOJICHI AITOPUTMH
pPO3paxyHKy paliOHAJIbHUX TapaMeTpiB Ta EHEPreTHYHHX MapaMeTpiB 3a
KpUTepisiMU e(DEKTUBHOCTI MPOILIECY Ta 3A1HCHEHA OlIHKA PE3YJIbTaTIB JOCIIIKEHb.
HaBeneni Tabmuili 4MCIOBHX 3HA4YeHb MApaMmeTpiB, peanizamlisi SKAX MpH iX
BUKOPHUCTAaHHI € YMOBOIO MiHIMI3aIlli e€Heprii Ha MpoIec YIIIJIbHEHHS OeTOHHO1
CyMIIlll PI3HOTO CKJIQay. OCHOBHI IOJIOKEHHsS BHOOPY PEXHMIB Ta IapaMeTpiB
BiOpaliifHOT yCTaHOBKHU.

Knwuoei cnoea. BiOpaiiiina wmaimuHa, OETOHHA CyMIIl, €HEPTreTHYHI
MMOKa3HUKHU, JUCKPETHA MOJCIb, KOHTHHYaJIbHA MOJEIb, PIBHIHHS PyXy, PEKUMHU
KOJIMBaHb, aMIUIITyJa KOJHMBaHb, YAaCTOTa KOJMBaHb, MOTY>KHICTh, €HEPTETHYHI

KpUTEpii, MBUAKICTH PO3MNOBCIOIKEHHS XBWIb, IHTCHCUBHICTh, PO3CISTHHS €HEPT1i.
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Main content of the dissertation. The dissertation addresses a pressing
scientific and applied problem: the development of scientifically grounded methods
to improve the energy performance of machines used for compacting construction
mixtures, along with the development, based on this, of algorithms for calculating a
vibrating platform with energy minimization and guaranteed motion, and ensuring
rational modes and motion parameters.

Modern requirements in the construction industry demand the minimization
of energy consumption while ensuring high quality in the technological process of
forming concrete and reinforced concrete products. The primary condition for
ensuring effective modes and parameters is the application of calculation models
that adequately reflect the real process of vibration compaction, which is most

widely used in the factory practice of manufacturing products. However, in practice,



the full achievement of such a condition is not met due to discrepancies between
calculated and actual parameters, leading to significant energy consumption during
the technological process. This is due to the complexity of the processes occurring
in the mixture being compacted and, consequently, the use of empirical
dependencies that do not reflect the underlying patterns and are reliable only within
the framework of the prerequisites and assumptions under which such studies were
conducted. One of the ways to solve this problem is to study the energy performance
of compaction processes based on the application of discrete-continuous models for
analysis and synthesis, considering the joint purposeful motion of the vibration
system. Such an approach opens up opportunities to establish the patterns of motion
of the vibration system, propose improved solutions ensuring predetermined rational
modes and parameters, and minimize energy costs.

The first chapter is devoted to an overview and analysis of the designs and
technological parameters of machines for compacting construction mixtures, and a
comparison of the energy performance of vibratory and non-vibratory processes.
The greater efficiency and prospective expediency of using vibratory processes
compared to non-vibratory production processes for concrete products are
substantiated. The analysis of vibratory processes and their energy performance has
revealed significant differences even within the same load-carrying capacity range
of vibration equipment. The obtained research results are also confirmed by an
analysis of existing formulas for calculating the energy of concrete mixture
compaction, which are primarily based on the use of discrete models and empirical
dependencies. A distinctive feature of most vibrating machines with a vertical
direction of excitation is the high sensitivity of their working elements to changes in
technological parameters and modes, such as oscillation frequency, mixture stiffness,
and its density. This dependence significantly affects the efficiency of energy
transfer, achieving the required density of the concrete mixture, and the final quality
of the products.

The second chapter is dedicated to theoretical research on the parameters

and energy performance of the working process of vibrating machines for



compacting mixtures. The substantiation of the "vibrating platform — concrete
mixture" system model and the execution of analytical research are based on the
logical conclusions of the first chapter by formulating prerequisites and assumptions.
An analytical description and investigation of the parameters of the vibrating
machine's working process and the energy of the working process were sequentially
carried out based on discrete and discrete-continuous models. It was found that, in
general, the motion of the vibration system is described by an equation with four
terms. The first three describe the natural oscillations of the system, of which the
first two are determined only by initial conditions, and the third reflects concomitant
oscillations due to an external force applied to the system. The last term determines
forced oscillations according to the law of change of the external force. This result
iIs new and indicates that the oscillations of the vibration system are not strictly
harmonic, which was confirmed by corresponding modeling. The dynamics of the
"vibrating platform — concrete mixture" vibration system were studied, taking into
account resistance forces. Analytical dependencies for determining the oscillation
amplitude and natural oscillation frequencies were obtained. The degree of influence
of the coefficients of reactive and active components of resistance of the compacting
medium on the oscillation amplitude of the vibrating machine was clarified. The
results, presented in the form of graphs, allowed for the establishment of patterns of
motion and energy performance in pre-resonant, resonant, and post-resonant modes.
A significant influence of the oscillation propagation speed, the value of which is
included in determining the numerical values of resistance coefficients, on the
amplitude was established. Analytical dependencies for determining energy
performance in different operating modes of the "vibrating platform — concrete
mixture" dynamic system were obtained.

The third chapter presents the results of experimental research on the
parameters of the "vibrating platform — concrete mixture™ system. An experimental
setup designed and manufactured with a set of sensors and measuring equipment
allowed for obtaining vibrograms of the vibrating platform’'s motion in different

modes and variations of influence, with changes in the height of the mixture column



under constant load. Another series of experiments involved changing the load while
keeping the height of the concrete mixture column constant. During this, changes in
the parameters and loading modes in the transient, steady-state, and free oscillation
stages of the studied system were recorded. A comparison of parameters obtained
by analytical calculations and those obtained as a result of the performed
experiments was carried out. The discrepancy between experimental and theoretical
values of modes in pre-resonant zones is within 10-12%, in the resonant zone 11—
15%, and in post-resonant zones 10-12%.

The fourth chapter presents methodologies and developed algorithms for
calculating rational parameters and energy parameters according to process
efficiency criteria, and an evaluation of the research results is carried out. Tables of
numerical values of parameters are provided, the implementation of which, when
used, is a condition for minimizing energy consumption in the compaction process
of concrete mixtures of various compositions. The main provisions for selecting the
modes and parameters of the vibration installation are presented.

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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