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Juceprailisi NpUCBSYEHA BHUPIIICHHIO AaKTYallbHOI HAyKOBO-TIPUKIIATHOI
npoOiemMu, sKa ToJIrae y po3poOlill MaorabapuTHOTO OOJIATHAHHS IS
BiOpoopMyBaHHs OETOHHUX BHPOOIB, TOCHIIPKEHHI Ta OOIPYHTYBaHHI MOro
napaMeTpiB JiJIs MIABUINCHHS €()EKTUBHOCTI 3a paXyHOK 3MEHIIEHHs cO01BapTOCTI
BUPOOHUYOrO mporecy. BiOpariitHuil cnoci0d yuiiibHeHHS OETOHHUX cyMilleil €
HaWOLIBII TOIIMPEHUM cepell OaraThoX CIOCO0IB 3aBASKH MPOCTOTI OOJaHAHHS
Ta BUCOKIN eeKTUBHOCTI. B ToOi1 ke yac BiH moTpedye 3HAYHUX €HEproBUTpar. B
JaHiid poOOTI MPOTOHYETHLCS METOJ IMiIBUINCHHS €()EKTUBHOCTI MaJorabapuTHOTO
BiOpodopMyBabHOrO OO0JIafHAHHS 3a JOMOMOTOI0 BaXIJIBHOTO 3aKpIIJICHHS
B10p030yKyBaua.

[lepmuii  po3Ain  CKJIAMAEThC 13  PO3TIIANY Ta aHalizy IMPOIECiB
BiOpaliifHOTO YHIIJILHEHHST OCETOHHHMX CyMilel, OrJsay ICHYKYHMX CIOCO01B
VIIUTBHEHHS Ta BIOpOoQOopMyBaIbHOTO O0JIaIHAHHSI, HACAMITEPE]] MAJIOTa0apUTHUX
BIOpOIJIONIA/IOK, 32 OCHOBHUMHM KiacHU(DiKalIMHUMKU O3HaKaMHu. Po3risHyBIIN
ICHYIOYl HUIAXU MiJBUIIEHHS €PEeKTUBHOCTI BiOpodopmyBaibHOro 00JIaAHAHHA,
3allpOIIOHOBAHA pallioHAJIbHA MOJEIb BIOPOCTONY 3 BaXKUJIBHUM 3aKPIIUICHHAM
BiOpo30OykyBaya. Ha ocHOBI  orjsiay  jiTepaTypHMX — JDKEpes,  JIOCBiAY
OIANPUEMCTB, IO BUTOTOBIISIIOTH OETOHHI BUPOOHM, Ta Cy4yaCHUX BHUMOT JO
eHeproepeKTUBHOCTI 00JiafHaHHS 3pO0JIeHI BUCHOBKHM Ta C(HOPMYJIbOBaHI MeTa 1
3a7a4l JOCIIHKEHHS.

VY npyromy po3miii s 3’sICyBaHHS 3arajbHOI TEHCHINT BIUTUBY OKPEMHUX
napaMeTpiB BiOpaliitHOTO CTOJY 3 BaXIJIbHUM 3aKpITIJIEHHSIM BiOpo30y/KyBaya Ha

pyx Horo po0Oodoro opraHy Ta WOro €HEpProCroKMBaHHA OTpUMaHa 3arajbHa



MaTeMaTUYHA MOJIEIb I1€] MEXAHIYHOI CUCTEMH 3a KIHEMATHYHOIO CXEMOIO, sSKa
paHillle He BHUKOpPHCTOBYBaiacs. s OTpuUMaHHS MaTeMaTH4HOI Mojeni Oynu
BUKOpHCTaH1 piBHsIHHSA Jlarpawxka pgpyroro poay. lleit meron € HaiOuIbII
3araJbHUM METOJIOM, KM BHUKOPHCTOBYIOTH NPHU PO3B’S3yBaHHI 3a7ad MPO PyX
MexaHiyHoi cuctemu. [lpu 1mpboMy Oynu BHKOPHUCTaHHI METOIM MAaTEMaTHYHOI
¢b13uku Ta (Pi3UKO-MaTEMAaTHYHE MOJICIIIOBAHHS METOJaMU MPUKJIATHOT MEXaHIKHU.
Y sdKoCcTi MeXaHIYHOI CHCTEMH, sKa paHillle HE BUKOPUCTOBYBAJIACH,
3alpolIOHOBaHa KIHEMAaTUYHAa CXeMa IMPUBOAY BIOPOCTONY 3  BaXKIJIbHUM
3aKpiIUICHHSIM ~ BiOpo30ykyBada.  Posrmsnyre  oOnamgHanHs — (BiIOpOCTLN)
MOJICITIOBAIOCS ~ MEXaHIYHOIO CHCTEMOIO, SKa CKIQJA€ThCS 3  YOTHUPHOX
MaTepiaJibHUX TiJ - IUIMTH, KOpIycy BiOpo30ymKyBada, AeOanaHca 1 €MHOCTI 3
O0eToHHOI cymimio. /i BU3HAYEHHS IIOJIOKEHHS 1 OMHUCY BUIBHUX PYXiB
BUIIE3ralaHuX MaTepiaJbHUX TiT PO3TJBIAYBAHOI MeXaHiuyHOi cuctemu Oyrna
3aCTOCOBaHa OpPTOrOoHaJbHA BiOpalliifHa cUCTEMa BUIIIKY 3 TpPbOX CHCTEM
KOOpAMHAT. BU3HAYUBIIKM KIHETUYHY €HEPTil0 YOTUPHOX OKPEMHUX MaTepiajbHHUX
TUI, 3 SKUX CKJIAJA€ThCAd MEXaHIYyHAa CHUCTeMa, OyJIo CKJIaJeHO (YHKI[IOHAIBHY
3aJIeXKHICTh 11 3aranbHOi KiHeTMYHO! eHeprii. Jlami, Oepyun 1m0 yBarw, IIo
pO3riIsiIyBaHa MEXaHIdYHA CHUCTEMa Ma€ CiM CTYIEHIB BUIBHOCTI 3 y3araJlbHEHUMHU
KOOpAMHATAMM, a KOXXHIW y3araJibHEHIM KOOpAWHATI BIJAIMOBIJA€ Yy3arajibHEHA
cuia, 3’SICOBAHO, IO PO3MISIIyBaHA MEXaHIYHA CHCTEMa Ma€ CiM y3arajlbHCHHX
cwi. BusHaumBIIM y3araJbHEHI CHIIM, B PE3ylbTaTi OyJ0 OTPUMAHO 3arajibHy
MaTeMaTUYHy MOJENIb BIOpalIHHOTO CTOJNy 3 BaXKIUIBHUM  3aKPIIUICHHSAM
B10p030yIKyBaua y BUIJISII CUCTEMH 3 CeMU Au(]epeHIlialbHUX PIBHSIHb JPYTrOro
nopsnaky. OTpumaHa 3arajbHa MaTeMaTHYHA MOJIEIbh JO3BOJIIE OMUCYBAaTU
MOJIOKEHHS Ta pyX Oyab-sKOI TOYKM Ta OKPEMOTo MaTepiaibHOrO Tija
JOCJTIKYBaHOTO 00J1aTHAHHS.

Y TperboMy pO3AUNT  €KCHEPUMEHTAIbHO JOCHIKEHO BIUIMB i
BaXUIBHOTO 3aKpiIUIeHHs BiIOp030y/pKyBaua Ha MapamMeTpu BiOpOYIIUIbHEHHS, a
caMe — Ha aMIUNTyQy KoymBaHb. CHouyaTKy psja AOCHINIB TPOBOAWIMCH Ha

CHEIlaJIbHO CTBOPEHIN AOCHiIHIA Monenl BIOpoCTONy, sika Oyna BUKOHAHA Yy



HeBeNMMKNX po3Mmipax (macmrad 1:10). TlpoBemeni mochiaw MmATBEPAWIN
NPUITYIICHHS PO €PEeKTUBHICTh BAXKUIBHOTO 3aKpilyieHHs BIOpo30ymkyBava. s
NOAANBIIOr0  MATBEPKEHHSI  €()EKTUBHOCTI  BUKOPUCTAHHS  KOHCTPYKIIIi
BIOPOCTONTy 3 BaXUIPHUM 3aKpilUIEHHSM BiOpo30yKyBada OyJI0 CTBOPEHO
JOCIiIHE MajiorabapuTHe obOJsiagHaHHs i1 BiOpodopMyBaHHS OETOHHUX BUPOOIB.
Ha w#HpoMy 3miliiCHIOBAJIOCH OOTpYHTYBAaHHSI palliOHAIBHUX 3HA4YeHb SIK
KOHCTPYKTUBHHUX, TaK 1 TEXHOJOTIYHMX MapaMeTpiB, AKI 3[aTHI BIUIMBAaTH Ha
e(eKTUBHICTh Mpoliecy BIOpOyIIUIbHEHHST O€eToHHOi cywmim. Jlimg Kpamoro
3’SICyBaHHS B3a€MO3AJIEKHOCTEH KOHCTPYKTHUBHUX 1 TEXHOJIOTIYHUX MapameTpiB
OyB BUKOPUCTaHUN TPUGPAKTOPHUN EKCIEPUMEHT JIPYroro mopsaky. JocmimkeHHs
3MIHM KIHETMYHOI €Heprii JociigHoro oOsaaHaHHs (BiOpocTosly) BKazaso ii
301IBIIEHHS 32 PaXyHOK BaKUIBHOTO 3aKpiIjieHHs BiOpo30y/kyBaya. Lle, B cBoio
qepry, MPU3BOAUTH IO 301TBIICHHS aMIUTITyd BEPTUKAIBLHUX KOJIHMBaHb. ToMy
30UTBIIICHHST JIOBXKMHU Baxkeis y BkazaHomy iHTepBaii (Bim 0 mo 200 Mwm)
OpU3BOAUTH /10  €HEPro30epekeHHs, OCKUIbKM  30UIbIIEHHS  aMIUITYAd
BIOpOKOJIMBaHb  BIIOYBae€TbCcsl 0€3  30UIBIICHHS  IapaMeTpiB  MOTY>KHOCTI
B1Opo30ymKkyBaua. TakuM YMHOM, JOCATHYTO MIJBUIICHHS €HEProe(eKTUBHOCTI
CTBOPEHOTO JOCTIIHOTO oOJjamHaHHsA. BOHO 3a0e3MedeHo NUIIXOM 3MEHIICHHS
MOTY)KHOCTI ~ MPUBOAY, 30epirarodd TMpud  [bOMY  PEKOMEHJOBaHI IS
BIOPOYIIITbHEHHS TEXHOJOT1YHI mapameTpu. [IopiBHAHHSA €KCIIEpUMEHTAIBHUX Ta
TEOPETUYHUX 3HAYEHb BEITUYMHU aMIUTITYyIM BEPTUKAIbHUX KOJWBAaHb 3aCBiAUYE,
IO iX PO30DKHICTh 3HAXOMUTHCS B Mexax 13...18 %, mo Bka3ye Ha IOCTaTHIN
piBEHb aJICKBAaTHOCTI CTBOPEHOI MaTeMaTU4YHOI MOJENi, sIKa OMHCYE MPOIIEeC
BiOpodopMyBaHHS OETOHHUX BUPOOIB Ha BIOPOCTOJI 3 BAXKUIBHUM 3aKPITUICHHSIM
B10p030yKyBaya.

Y derBepTOMy PpO3Iidi TpEACTaBIeHAa TEXHIYHA XapaKTEePHCTHUKA
MajiorabapuTHoro oOjagHaHHA Ui BiIOpodopMyBaHHS OETOHHUX BHUPOOIB 3
BaXUIbHUM 3aKpIIJICHHSAM BiOpo30y/mkyBaua. Po3poOneHi pexomeHnarli Ioao
NpU3HAYCHHS KOHCTPYKIli Ta TEOMETPUYHHUX PO3MIPIB BAXKENS ISl 3aKPITUICHHS

BiOp0o30y/IKyBaua Ha MayiorabapuTHOMY OOJIagHaHHI I BiOpodopMyBaHHS



oeronHux BUpPOOiB. [IpoBeneHo BIpoBamKeHHS 00JaTHAHHS HA MiAIPUEMCTBAX
TOB «I'OT» ta TOB «IIPIMYM AKTUB» 3a po3pobiieHuMU KpecaeHHSIMH 1
pekoMeHaalisIMu.  SIKICTh ~ BUTOTOBJIEHHUX  OETOHHHUX  BHpPOOIB  IOKaszajia
BignoBiaHicT HOpMaM JICTY b B.2.6-2:2009. Butpatu enextpoeHeprii mpu ix
BUPOOHUIITBI CKOPOTHIJIMCH BiIMOBiAHO Ha 21% Ta 23%.

Karw4oBi cioBa: amruiiTyaa, BaKUIbHE 3akpiljieHHs BiOpo30yKyBaua,
yacToTa BIOpOKONMBaHb, O€TOHHa cymiml, BiOpo30ymKyBad, BiOpOCTL,
BIOpOYIIUIBHEHHS, BaX1Ib, JcOallaHC, KIHETHMYHA €Hepris, 30yproroua cuia,
JOCITIIKEHHS, 00JIaJHAHHS, MAaTeMaTUIHA MO/IENTh, CHEPT03a0Ia[KEHHSI.
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The dissertation is devoted to the solution of an urgent scientific and
applied problem, which consists in the development of small-sized equipment for
vibration molding of concrete products, research and substantiation of its
parameters to increase efficiency by reducing the cost of the production process.
The vibrating method of compacting concrete mixtures is the most common among
many methods due to the simplicity of the equipment and high efficiency. At the
same time, it requires significant energy consumption. In this work, a method for
enhancing the efficiency of small-sized vibration forming equipment with vibrator
lever attachment is proposed.

The first section consists of examination and analysis processes in concrete
mixtures vibrational compaction with a single frequency, overview of existing
compaction methods and vibration forming equipment, first, of small-sized
vibration pads, according to the main classification criteria. Having considered the
existing ways to improve the efficiency of vibration forming equipment, a rational

model of a vibrating table with a vibrating exciter lever fastening is proposed.



Based on the review of literary sources, the experience of enterprises producing
concrete products, and modern requirements for the equipment energy efficiency,
conclusions are drawn, and the purpose and objectives of the study are formulated.
In the second section, to find out the general trend of the vibration table
individual parameters with vibration exciter lever fastening influence on the
movement of its working body and its energy consumption, a general mathematical
model of this mechanical system according to the kinematic scheme is obtained,
which has not been used before. To obtain a mathematical model, Lagrange
equations of the second kind were used. This method is the most common method
used in solving problems about the motion of a mechanical system. At the same
time, the methods of mathematical physics and physical and mathematical
modeling by the methods of applied mechanics were used. As a mechanical
system, which has not been used before, a kinematic scheme of the vibrating table
with a lever fastening of the vibration exciter is proposed. The equipment in
question (vibrating table) was modelled as a mechanical system, which consists of
four material bodies - a slab, a body of a vibration exciter, an imbalance and a
container with a concrete mixture. To determine the position and describe the free
motions of the above-mentioned material bodies of the mechanical system under
consideration an orthogonal vibrational reference system of three coordinate
systems was applied. By determining the kinetic energy of the four separate
material bodies that make up a mechanical system, a functional dependence of its
total kinetic energy was drawn up. Further, considering that the mechanical system
in question has seven degrees of freedom with generalized coordinates, and each
generalized coordinate corresponds to a generalized force, it is found that the
mechanical system in question has seven generalized forces. Having determined
the generalized forces, as a result, a general mathematical model of a vibration
table with lever fixation of the vibration exciter in the form of a system of seven
second-order differential equations was obtained. The obtained general
mathematical model makes it possible to describe the position and motion of any

point and a separate material body of the equipment under study.



In the third section, the effect of the lever fastening of the vibration exciter
on the vibration compaction parameters is experimentally investigated, namely, to
the amplitude of oscillations. Initially, several experiments were carried out on a
specially created experimental model of a vibrating table, which was made in small
sizes (scale 1:10). The experiments confirmed the assumptions about the
effectiveness of the vibration exciter lever fastening. For further efficiency of using
the design of the vibrating table with lever fastening of the vibration exciter
confirmation, an experimental small-sized equipment for vibration forming of
concrete products was created. It was used to substantiate the rational values of
both structural and technological parameters that can affect the process of concrete
mixture vibration compaction efficiency. For better design and technological
parameters clarification interdependencies, a three-factor second-order experiment
was used. Investigation of experimental equipment (vibrating table) kinetic energy
changes indicated its increase due to the lever fastening of the vibration exciter.
This, in turn, leads to an increase in the amplitude of vertical oscillations.
Therefore, increasing the length of the lever in the specified interval (from 0 to 200
mm) leads to energy saving, since the increase in the amplitude of vibration
oscillations occurs without increasing the power parameters of the vibration
exciter. Thus, an increase in the energy efficiency of the created experimental
equipment has been achieved. It is ensured by reducing the power of the drive, and
at the same time, maintaining the technological parameters recommended for
vibration compaction. Vertical oscillations amplitude magnitude experimental and
theoretical values comparison certifies that their discrepancy is within 13... 18 %,
which indicates a sufficient level of adequacy of the created mathematical model,
which describes the of concrete products vibration molding process on a vibrating
table with a lever fastening of the vibration exciter.

The fourth section presents the technical characteristics of small-sized
equipment for vibration molding of concrete products with vibration exciter lever
fastening. Recommendations on the purpose of the design and geometric

dimensions of the lever for fixing the vibrating exciter on small-sized equipment



for vibration forming of concrete products have been developed. Implementation
of equipment at enterprises was carried out on TOB «I'OT» and TOB «[IPIMYM
AKTHUB» according to the developed drawings and recommendations. The quality
of the manufactured concrete products showed compliance with the standards of
JCTY b B.2.6-2:2009. Electricity consumption in their production decreased by
21% and 23%, respectively.

Keywords: amplitude, lever fastening of the vibration exciter, vibration
frequency, concrete mix, vibrating exciter, vibrating table, vibration compaction,
lever, imbalance, kinetic energy, disturbing force, research, equipment,

mathematical model, energy saving.
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