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JlucepTaiisi TpUCBAYEHA BUPIMICHHIO AaKTYalbHOI HAyKOBO-TIPUKJIAIHOT
npoOjeMu, sika ToJiarae y po3poOili HAayKOBO OOIPYHTOBaHUX METO/IIB
OOTpyHTYBaHHs MapaMeTpiB BiOpodhopMyBaIbHOTO OOJIa HAHHS, TOCTDKCHHS Ta
pO3paxyHKy  BiOpalliifHOi yCTaHOBKHM, SIK OCHOBHOI MAIIMHU JOCIIIKYBaHOI
CUCTEMH.

CydacHi TeHJeHIlIi PO3BUTKY OyaiBHUITBA (OPMYIOTHCS Ha BUMOTax PO3pPOOKH
MaIIMH 1 TEXHOJIOT1H, K1 MOXYTh 3a0€3MEeYUTH MIHIMI3allil0 BUTPAT EHEeprii 3
peanizaii€l0 BHCOKOi  SKOCTI BHKOHAHHS TEXHOJOTIYHOro mporecy. Tak, y
KOMIUIEKTI BiIOpO(OpMYBaJIBHOTO 0O0JaJHAHHSA, JO SIKOTO 3a3BHYail BiTHOCATH
0eToHOYKJIa/1ay, 32 YMOBH, 1110 HAa HOTro OYHKepl1 ylamToBaHUuil 30y JHUK KOJIUBAHb,
BIOPOYIIIUJIbHIOIOUY  YCTAaHOBKY Ta  MOXJIMBHN  BIOpaIliiHUM  OpHUTHCKAY
MOBEPXHEBOTO MIapy cyMmimii. HaibuipIn Ba)kaIuBe MICIe B 111 CUCTEM1 3alMaloTh
BiOpaIliiiHi MallliHU JJ1s YIIUTbHEHHS OyIiBeNbHUX cyMiield. Tpaauiiiiai MarvHu,
K TPaBWJIO, TPAILIOIOTh B 332 PE30HAHCHOMY PEXHUMI 13 3HAYHUMHU BUTpATaMU
eHeprii Ha MPOTIKAHHS TEXHOJOTIYHOTO TPOIECy YIIUIbHEHHsS. BukopucTtanHs
OibIl ePEeKTUBHUX, EHEPTOOIATHUX PEXKUMIB, /IO SKUX BITHOCSATHCS PE30HAHCHI,
3aCTOCYBAaHHS ~ SIKMX  CTPUMYETHCS BIZICYTHICTIO  3arallbHONPUHHITHX
po3paxyHKOBUX Mojenei. OMHUM 1 HaNpsSMKIB BUPIIIECHHS MPpobiieMu € po3podka
METOYy JOCTIIKESHHS pOOOYOro MpOoIeCy CHCTEMH «poOoumii opraH BiOpamiiHO1
MaIIMHUA 1 YUIUIBHIOIOYOTO CEpelOBHUINa» ,CTBOPEHHS PO3PaxyHKOBOI Mojeil Ta
pPO3pOoOKa METOMKHU PO3PAXyHKYy OCHOBHHUX IMapaMeTpiB pe30HAHCHOI BiOpaIiiHoOi
YCTaHOBKH.

[lepmmit po3ain CKIAgaeTbCs 13 PO3MNISLAY Ta aHaluizy (GI3UKH MPOLECy

yKJIaJJaHHs Ta BIOpaliifHOro YIIUIbHEHHS OETOHHUX CyMillel, orsigy OyaoBu



KOHCTPYKIIiil BiOpodopMyBasibHOTO OOJagHAHHS, B TOMY YHUCJ1 BIOPOIUIONMIAIOK 1
BIOpOYCTaHOBOK. 3a3Ha4yeHo, 110 OeTOHOYKIaaaul 3/1MCHIOIOTh MPOLEC YKIAIKU
O0eToHHOT cymimi y ¢opMy 1 3a0e3lneuyyioTh CBOIO OCHOBHY poOOTy, a
BIpOMailIaHUYMKN Ta YCTAaHOBKM HE B IMOBHIM Mipi. [3 BUKOpUCTaHHSAM KpUTEPIiB
OLIIHKM BU3HAYE€HO HEJOJIIKH 1 IepeBaru iICHyIOUMX KOHCTPYKTUBHUX OCOOIMBOCTEM
Ta THapaMmeTpiB BIOPOYCTAHOBOK pI3HUX pEXUMIB POOOTH. 3IIHCHEHO aHali3
ICHYIOUMX PEXKHMIB 1 MapaMeTpiB VYIIUIbHEHHS OETOHHUX CyMillled Ta METO1B
ix Bu3Ha4YeHHs. Bu3HaueHuii ctad mpobieMu cTaB OOIPYHTYBaHHSM METH POOOTH,
JUTS TOCSTHEHHS SIKOT BU3HAYEH1 3a/1a4i TUCEPTAIlIfHOTO TOCITi KSHHS.

Y napyromy pos3aii oOTpyHTOBaHa Ta BHOpaHa pO3paxyHKOBa  MOJIEIb
BIOPOYCTAaHOBKM 13 YpaxyBaHHSM B3a€MOJii 13 OETOHHOIO CYMIIIIIIO, SKa B
PIBHSHHSIX PYXY MPEICTaBIICHA y BUTJIS1 XBUJIbOBUX KOC(IIIEHTIB, IO JT03BOJIUIIO
CIPOCTUTH PIBHSHHA 1 aJeKBaTHO BIOOpa3suTH pealbHUl poOouuii mporiec.
3MiiICHEHUMH TEOPETUYHUMH JOCIIKEHHSIMH BCTAHOBJICH1 3aKOHOMIPHOCTI PYXYy
JIMHAMIYHOI CHCTeMH «PE30HaHCHA BiOpalliifHa yCTaHOBKa — OCTOHHA CYMIIID», IO
BIJIKPUJIO MOKJIMBICTH CTBOPUTH MEPEIYMOBH JIJIsi pO3pOOKH METOIB PO3PAXYHKY
OCHOBHHUX MapameTpiB. Pe3ynbraTaMu JOCHIIKEHb BUSBICHO HASBHICTH PI3HUX 32
¢bopMOrO Ta YMCIOBUMHU 3HAYCHHSIMHU aMILIITY] KOJWBaHb MO IUIONII BiOpariiHoi
YCTaHOBKH 3 0arato pe>KMMHHUM CIIEKTPOM KOJUBaHb. OTpUMaHO HOBUHM pE3yibTaT
3a SKUM  CKJaJHa ¢opMa KOJIMBAaHb € €(PEKTUBHUM METOJ MPUCKOPEHOTO
VIIUTBHEHHS] OETOHHHX CyMIIIeH. JIOCSATHYTHIT ~ pe3ynbTaT peani3yeThbCs
po3TalryBaHHIM Je0ajaHCiB I MEBHUM KyTOM Ha KOXHOMY OKPEMO B3SITOMY
BiOparriitHoMy 0;10Ky. BHacniok 1IbOro O4YiKy€ThCS 3MEHIIICHHS €HEPrOBUTpAT Ha
30 %, a mpouiec hopmyBaHHs OeTOHHOTO BUPOOY 3MeHIyeThest Ha 20 %. HasBHICTH
pi3HuX GopM ToMi(ha3HOTO CIEKTPY MIATBEPKYEThC (opMamMu KOJIWMBaHb Ta
PO3MOIUTOM aMILTITY T KOJIMBaHb MTOBEPXHI (HOPMHU IO JOBXKHUHI KOHCTPYKIII1 32 OJTUH
nepiosl KoJauBaHb. BukopucTaHHS TakuxX €(QEKTIB BHU3HAYAETHCA Ta0apUTHUMH
po3mipaMu BUpOOY y TIJIaH1 Ta HOro BUCOTOIO. A Iie BIIMBAE HE TUIBKU Ha (Da3oBe
po3BepTaHHs AeOanaHCIB M0 UEHTpalIbHIA OCl BIOPOYCTAaHOBKH, a 1 32 BEIUYUHOIO

CTaTUYHOTO MOMEHTY Je0aIaHCiB.



VY TperboMy pO3AUTI EKCIEPUMEHTAIBHO JOCHIP)KEHO BIUIUB XapaKTEPUCTUK
BIOpOYCTaHOBKM Ta OETOHHOI CyMIlIl Ha 3JaTHICTh 3a0e3neyeHHs Oulst
PE30HAHCHOIO PEXUMY Ta JOMYCTUMHUX MEX CTIHKOCTI B TaKOMY pEXHUMI.
3MIACHEHO TPOBEIEHHS KOMII IOTEPHOTO €KCIIEPUMEHTY JUIsl OLIHKM OaraTto
PEKUMHOTO TIPOIIECY, PEaTi30BaHOTO Ha BIOPOYCTAHOBIII 31 3MiHOIO (ha30BUX KYTIB.
JUiss BU3HAUEHHA MNPYXHO — IHEPUIMHMX Ta JUCUIIATUBHUX MapaMmeTpiB
BIOpOYCTaHOBKH O€TOHHOI CyMillll BUKOPUCTAHO (Pa30BUI METOJ B PEXKUMI CTATUX
Ta 3racarurXx KOJWBaHb. B pamMKax BHKOHAHHMX €KCIEPUMEHTAIBHHUX JOCITIIKEHb
Koe(iIieHT MOrIMHAHHA eHeprii 3MiHIeThea B Mexax 0,04-0,20, 3anexuTh BifI
aMIUTITYIU BIZHOCHOI AedopMallii, CkJiay OETOHHOI CyMillll 1 32 XapakTepoM 3MIHH
HE 3aJIeKUTh Bil YacTOTH KoyMBaHb. [lOpIBHSHHA EKCIIEPUMEHTAIBLHUX Ta
TEOPETHYHUX 3HAUCHb 3a MapaMeTpamH TPoIecy KOJIWBaHb 3aCBiMYYyIOTh, IO iX
pPO30DKHICTh 3HaxXoAUThCs B Mexax 11...15% B pe3zonHaHcHid 30H1  poOOTH
BIOPOYCTaHOBKH.

VY derBepTOMY pO3aUII TPUBEICHI OCHOBHI IIOJIOKCHHS OOTPYHTYBaHHSI
napameTpiB BiOpogopMyBaJIbLHOr0 00JIaTHAHHS IJIsi BUTOTOBJIEHHSI 0€ TOHHUX
BHPOOIB, B TOMY YHCJIi BHOOPY PEXKUMIB Ta MapaMeTpiB  BiOpaIiiHOi yCTaHOBKH.
Po3po6neni anroputMu BHOOPY Ta METOJMKH PO3PaxyHKIB IapaMeTpiB
BIOPDOYCTAHOBOK 3 TapMOHIMHMMH, 0aratro peKUMHUMH Ta BIOpOyIZapHUX
PE30HAHCHUX BIOpAIIHUX YCTAaHOBOK.

KuarouoBi ciaoBa: BiOpodopmyBanbHe  00JIaJHAHHA, PE30HAHCHA
BIOpOYyCTaHOBKA, YIIUTbHEHHS, OCTOHHA CyMIIll, MapaMeTpH, aMIUTITy/la, 4acToTa,
KOJMBAHHS, PEKUMH, BIOCKOHAJICHHS, MOCIIHKCHHS, PIBHSIHHS pPyXy, MNPYXKHI,
JTUCUTIATUBHI BIACTUBOCTI, ITOPUTM, METOIHKA.
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The dissertation is devoted to solving an urgent scientific and applied
problem, which consists in the development of scientifically sound methods for
substantiating the parameters of vibroforming equipment, research and calculation
of the vibrating installation as the main machine of the studied system.

Modern trends in the development of construction are formed on the
requirements of the development of machines and technologies that can ensure
minimization of energy consumption with the implementation of high quality of the
technological process. Thus, in the set of vibroforming equipment, which usually
includes a concrete paver, provided that its hopper is equipped with an oscillation
exciter, a vibration compaction unit and a possible vibration clamp of the surface
layer of the mixture. The most important place in this system is occupied by
vibratory machines for compaction of building mixtures. Traditional machines
usually operate in resonance mode with significant energy consumption for the
compaction process. The use of more efficient, energy-saving modes, which include
resonant, the use of which is constrained by the lack of generally accepted
calculation models. One of the ways of solving the problem is to develop a method
for studying the working process of the system "working body of the vibrating
machine and the sealing medium®, creating a calculation model and developing a
method for calculating the main parameters of the resonant vibrating installation.

The first section consists of a review and analysis of the physics of the process
of laying and vibration compaction of concrete mixtures, a review of the structure
of the structures of vibroforming equipment, including vibroplatforms and
vibroinstallations.

It is noted that concrete pavers carry out the process of laying the concrete
mixture in the form and provide their main work, and vibration sites and installations
do not fully. Using the evaluation criteria, the disadvantages and advantages of the
existing design features and parameters of vibratory installations of different modes
of operation are determined. The analysis of existing modes and parameters of

compaction of concrete mixtures and methods of their determination was carried



out. The determined state of the problem became the justification of the purpose of
the work, for which the tasks of the dissertation research are defined.

In the second section, the calculation model of the vibratory installation is
substantiated and selected, taking into account the interaction with the concrete
mixture, which is represented in the equations of motion in the form of wave
coefficients, which made it possible to simplify the equations and adequately reflect
the real work process. Theoretical studies have established the laws of motion of the
dynamic system "resonant vibration installation - concrete mixture™, which opened
the possibility to create prerequisites for the development of methods for calculating
the main parameters. The results of the research revealed the presence of different
in shape and numerical values of the amplitudes of oscillations over the area of the
vibrating installation with a multi-mode spectrum of oscillations. A new result is
obtained according to which the complex form of oscillations is an effective method
of accelerated compaction of concrete mixtures. The achieved result is realized by
the arrangement of unbalances at a certain angle on each individual vibrating block.
As a result, it is expected to reduce energy consumption by 30%, and the process of
forming a concrete product is reduced by 20%. The presence of different forms of
the polyphase spectrum is confirmed by the forms of oscillations and the distribution
of the amplitudes of oscillations of the mold surface along the length of the structure
for one period of oscillations. The use of such effects is determined by the overall
dimensions of the product in plan and its height. And this affects not only the phase
rotation of the unbalances along the central axis of the vibration installation, but also
the value of the static moment of the unbalances.

In the third section, the influence of the characteristics of the vibration
installation and concrete mixture on the ability to provide near resonance mode and
the permissible limits of stability in this mode is experimentally investigated. A
computer experiment was carried out to evaluate the multi-mode process
implemented on the vibration installation with a change in phase angles. To
determine the elastic-inertial and dissipative parameters of the concrete mixture

vibroinstallation, the phase method was used in the mode of steady and damped



oscillations. In the framework of the experimental studies performed, the energy
absorption coefficient varies within 0.04-0.20, depends on the amplitude of relative
deformation, the composition of the concrete mixture and does not depend on the
nature of the change in the frequency of oscillations. Comparison of experimental
and theoretical values for the parameters of the vibration process shows that their
discrepancy is within 11...15% in the resonance zone of the vibration installation.
The fourth section presents the main provisions of substantiation of the
parameters of vibroforming equipment for the manufacture of concrete products,
including the choice of modes and parameters of the vibration installation. The
algorithms of selection and methods of calculations of parameters of vibrating plants
with harmonic, multi-mode and vibration-impact resonant vibrating plants are
developed.
Keywords: vibroforming equipment, resonant vibratory installation, compaction,
concrete mixture, parameters, amplitude, frequency, oscillations, modes,
improvement, research, equations of motion, elastic, dissipative properties,

algorithm, technique.
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