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JlucepTaiiro TMPHUCBIYCHO BHPINICHHIO AaKTyaJdbHOI HAayKOBO-TEXHIYHOI
npoOieMu TiABUIICHHS €()EeKTUBHOCTI VYIIUIbHEHHS OETOHHUX CyMIlled Mnpu
(¢opMyBaHHI OETOHHHUX 1 3a11300€TOHHUX BHUPOOIB NUIAXOM pO3POOJIEHHS Ta
OOTpyHTYBaHHS TapaMmeTpiB Oe3iHepIIHHOr0 NpHBAaHTa)KyBaua 3 aBTOHOMHUM
BIOp030yKyBaueM. AKTyallbHICTh POOOTH 3yMOBJIEHA HEOOX1IHICTIO IMiIBUILICHHS
AKOCTI Ta  OJHOPIAHOCTI OETOHHUX BUPOOIB, CKOPOYEHHS  TPHUBAIOCTI
(dbopMyBaTBLHOTO IUKITY, 3MEHIIIEHHS €HEPrOBUTPAT 1 BIIOCKOHAJICHHSI BIOpaIliiiHOT'O
oOyasHaHHs, SKE 3aCTOCOBYEThCS JUid  (GoOpMyBaHHS BHUPOOIB, 30Kpema
311300 TOHHUX KIJIEIb JJIS 1HKEHEPHUX MEPEeK.

VY nepuiomy po3aili BUKOHAHO aHaI3 Cy4acHUX METOMIB (OpMYBaHHS Ta
VIIUTbHEHHS OCTOHHHMX 1 3a1i300€TOHHUX BHUPOOIB, PO3MIISHYTO KOHCTPYKTHBHI
0COOJMBOCTI BiOpamiitHOrO 00JIaJIHAHHS, OIIHEHO ICHYIOUl METOIU PO3PAXYHKY
napaMeTpiB BiOpaliifHUX YCTaHOBOK, a TaKOXX ITPOAHAN30BaHO KOHCTPYKIIil
MPUBAHTAXKYBAYiB JUIS JOYIIIJILHEHHS OCTOHHUX CyMiliei. BecraHoBIeHO, 10 s
BUPOOIB KUIBIIEBOTO THUITY OJHIEI0 3 OCHOBHUX TEXHOJOTIYHUX TMPoOIeM €
HEPIBHOMIPHICTh YIIITbHEHHS OETOHHOI CyMIIlll MO BUCOTI BUPOOY, OCOOJIUBO Yy
BEpXHIN HOT0 YaCTHHI.

VY npyromy po3aim po3po0JIeHO MaTeMaTHIHY MOJICITb CHCTEMH «BiOpalliiiHa
dopma — GeToHHA cyMimn — Oe31HEPIIHHNN PUBAHTAXYBAau», Y SIKIM BpaxOBaHO
MPY>KHO-TUCUTIATHBHI BIACTUBOCTI OETOHHOTO CEPEIOBHINA, TMHAMIUHY B3aEMO/IIFO
OCHOBHO1 (G)OpMH 1 THpUBaHTaXKyBaua, a TaKOX KOMOIHOBaHUW BEPTUKAIBHO-
FOPU3OHTAILHUN  XapakTep BiOpaiiiiHoro BmuBy. OTpUMaHO aHATITUYHI

3QJIEKHOCTI Il BHU3HAYEHHS palllOHAIBHUX MapaMeTpiB  Oe31HepLiIHOro



MIPUBAaHTaXXyBaya, BCTAHOBJIEHO YMOBH €(QEKTHBHOIO JAOYIIUIBHEHHS OETOHHOT
cyMili Ta chopMySIbOBaHO KPUTEPii BAOOPY pOOOUMX PEKUMIB CUCTEMHU.

VY TperboMy pO3aisli ONUCAHO KOHCTPYKIII0 €KCIEPUMEHTAIbHOT YCTAHOBKU
st GopMyBaHHS OETOHHUX BHPOOIB, 110 BKIIIOYAa€ OCHOBHY BiOpauiiiny ¢Gopmy Ta
Oe3lHepLiMHUI TpHBaHTaXyBad 3 aBTOHOMHHMM BiOpo30OymxyBaueM. Haeneno
METOJIUKY TUTAaHyBaHHS Ta TMPOBEIEHHS EKCIEPUMEHTAIBHUX JOCHIIKEHb,
BUKOHAHO CTATUCTUYHY 00OpOOKY pe3yJIbTaTiB 1 ONTUMI3ALI0 apaMeTpiB pod0Yoro
mpoiiecy. 3a pe3yibTaTaMU  E€KCIIEPUMEHTIB  MIATBEPIKEHO e(PEKTUBHICTH
3aCTOCYBaHHSl TpPHUBaHTaXyBada JJisi 1HTEHCH(}IKAIi JOYIIUIbHEHHS OeTOHHOT
CyMillll, TMIiJBUILEHHS PIBHOMIPHOCTI YUIUIBHEHHS IO BHCOTI BHpOOy Ta
MOKPAILIEHHS SIKOCTI CPOPMOBAHHUX 3pa3KiB.

VY derBepTOMy pO3AUTI BHUKOHAHO TEXHIKO-TEXHOJOTIYHE OOIPYHTYBaHHS
PEXKUMIB YITUTBHEHHS, PO3POOJICHO METOJIUKY TEXHIYHOTO PO3PaXyHKY YCTaHOBKH
3 Oe3lHepIiiHUM MpHUBaHTaXXyBaueM, HABEACHO pe3yJbTaTH BUPOOHUYHUX
BUIIPOOYBaHb JOcCHigHOrO0 3pa3ka B ymoBax TOB «BupoOHuYe mMiNpUEMCTBO
bynmexanizarisy, c(hopMyJILOBAHO pEeKOMEHaaIlli 00 [IOAJIBIIIOTO
BJIOCKOHAJIEHHS KOHCTPYKIIii Ta BUKOHAHO PO3PAaXyHOK €KOHOMIYHO1T €(h)eKTUBHOCTI
BITPOBAJ)KEHHSI. BcranosieHo, 110 BUKOPUCTAHHS Oe3iHepIiHOTO
IpUBaHTa)XXyBadya 3 aBTOHOMHHMM BiOp030y)KyBaueM € TEXHIYHO Ta €KOHOMIYHO
JTOLLIBHUM.

HaykoBa HOBH3HA OTPMMAHMX Pe3yJIbTATiB MOJATA€ y TOMY, IIO0:

— HaOyJ M TOJIaJIBIIIOTO PO3BUTKY KOHCTPYKTUBHI PIIlICHHS IPUBAHTAKyBayiB
Ui TOYLIIJIbHEHHS OCTOHHMX CyMilIel 3a paXyHOK BUKOPHUCTAaHHS aBTOHOMHOIO
BiOp030yKyBada, IKUii 3a0e31edye JIOKATBbHHUHN JJOTaTKOBUM JUHAMIYHUM BILTAB Ha
BEPXHIO YaCTUHY BUPOOY B Tpolieci BiOpaiiiHoro opMyBaHHS.

— po3po0IeHO MaTEMATUIHY MOJIETTb CUCTEMU «BiOparliiina ¢popma — OeToHHA
CyMmimn — Oe3iHEepIiMHUI MPUBAHTAXYBaw», KA BPaXOBY€ CHUIbHY Jil0 OCHOBHOI

BiOpaliitHoi (opMHU Ta aBTOHOMHOTI'O NPUBaHTaKyBaya Ha OETOHHE CEPEAOBUIIIE;



— BCTAHOBJIEHO 3aKOHOMIPHOCTI BIUIMBY MacH MPUBAaHTaXyBaya, )KOPCTKOCTI
MPYKHUX €JIEMEHTIB, YaCTOTH aBTOHOMHOIO BIOpO30y/KyBauya Ta MapameTpiB
OCHOBHOI BIOpaliitHOT CHCTEMHU HA IHTEHCUBHICTb JOYIIUIBHEHHS O€TOHHOI CyMIIlll;

— OTPUMAHO aHAJITUYHI 3QJICKHOCTI JUIsl BU3HAYCHHS aMIUTITY]] KOJMBAaHb,
MPUCKOPEHb 1 JTUHAMIYHOTO TUCKY O€31HEpLIMHOro MpHUBaHTa)KyBaya Ha OETOHHY
CyMilIII, 10 JIaJi0 3MOT'y OOIPYHTYBATH pallilOHAIbHI PEKUMHU HOTO poOOTH;

— YJIOCKOHAJIGHO MiAXiA 10 OIIHKKH €(EeKTUBHOCTI KOMOIHOBaHOTO
yIIUTbHEHHS OETOHHOI CyMilll 3a pPaxyHOK YypaxXyBaHHS HEpPIBHOMIPHOCTI
nepeaBaHHs KOJNHMBAJIBLHOTO BIUIMBY 110 BHCOTI BHPOOY Ta JI0OJIaTKOBOTO
JTMHAMIYHOTO HABAHTAXKECHHS y BEPXHIN HOTO 30Hi;

— JIICTAIM TOJANBIIOTO PO3BUTKY METOAM TEXHIYHOTO PO3PaXyHKY
BIOpaIlifHUX yCTaHOBOK [JIsi (pOpMyBaHHSA OETOHHMX BUPOOIB 13 BUKOPHUCTAHHAM
JOJATKOBUX POOOYNX OpPTraHiB JIOKAJTHHOTO JOYIIUTEHEHHS.

IIpakTuyHe 3HAYEHHS OJIeP:KAHUX Pe3YJbTATIB IMOJSITaE B TOMY, IO Ha
OCHOBI BUKOHAaHHMX TEOPETHUUYHMX 1 €KCIEPUMEHTAIbHUX JTOCHIKEHb PO3pO0IEHO
KOHCTPYKIIIFO Oe3iHepIIitHOTO MpUBaHTaXyBada 3 aBTOHOMHUM
BiOp030yIKyBadeM, sika MOke OyTH BUKOPHCTaHA y CKJIa Il BIOpaIiifHUX YCTaHOBOK
U1 (hopMyBaHHS OETOHHUX 1 3113006 TOHHUX BUPOOiB. 3aIIPONIOHOBAHO METOIUKY
TEXHIYHOTO PO3PaxXyHKYy TaKMX YCTAaHOBOK, IO JTO3BOJISIE BU3HAYATHU iX OCHOBHI
KOHCTPYKTHBHI Ta PEKUMHI MapaMeTpH IIe Ha CTajil MpoeKTyBaHHI. Po3poliieHe
TEXHIYHE PillIeHHS 3a0e3Medye MOKpaIIeHHs] PIBHOMIPHOCTI YIIITbHEHHS! O€TOHHOT
CyMilin, 3MeHIIeHHs 1e()eKTHOCTI BEPXHBOI 30HH BUPOOY, CKOPOUCHHS TPUBAIOCTI
(bopMyBaTBLHOTO IIUKITY Ta MiJBUILEHHS SKOCTI TOTOBOI MPOIYKIIIi.

PesynpraTté mucepramiitHoi poOOTH BOPOBAKEHO Yy BUTJISAI JTOCHIIHOTO
3pa3ka Oe3IHEepIIHOTO TNpHUBaHTA)KyBauya 3 aBTOHOMHHUM BiOpO30yKyBaueM,
BurnpoOyBanoro y BupoOHnuux ymoBax KT «Ilinmpuemctso ,, TermmorexOyay» (M.
[lontaBa). OxpeMi pe3yabTaTH BHKOPUCTAHO Y HABYAIBHOMY IIpoIleci
Hamionanenoro  yHiBepcutety  «llonmTaBchbka  momitexHika imeHi  HOpis
Kongpatioka» mnpu BHUKIAJaHHI JUCUMIUIIH, [OB’A3aHUX 13 TEOpIi€El0 Ta

MPOEKTYBAHHIM MaIlIMH Oy/1BEJIbHOI 1HAYCTPIi.
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The dissertation is devoted to solving an urgent scientific and technical problem
of increasing the efficiency of concrete mixture compaction in the forming of
concrete and reinforced concrete products by developing and substantiating the
parameters of an inertia-free load applicator with an autonomous vibration exciter.
The relevance of the study is 00ycimoBjwd by the need to improve the quality and
homogeneity of concrete products, reduce the duration of the forming cycle,
decrease energy consumption, and improve vibration equipment used for product
manufacturing, in particular reinforced concrete rings for engineering networks.

The first chapter analyzes modern methods of forming and compacting
concrete and reinforced concrete products, considers the design features of vibration
equipment, evaluates existing methods for calculating the parameters of vibration
installations, and also analyzes the designs of load applicators for additional
compaction of concrete mixtures. It is established that for ring-type products one of
the main technological problems is the non-uniform compaction of the concrete

mixture along the height of the product, especially in its upper part.



The second chapter develops a mathematical model of the system ‘“vibrating
mold — concrete mixture — inertia-free load applicator,” which takes into account the
elastic-dissipative properties of the concrete medium, the dynamic interaction of the
main mold and the load applicator, as well as the combined vertical-horizontal nature
of the vibration impact. Analytical dependences are obtained for determining the
rational parameters of the inertia-free load applicator, the conditions for effective
additional compaction of the concrete mixture are established, and criteria for
selecting the operating modes of the system are formulated.

The third chapter describes the design of an experimental installation for
forming concrete products, which includes the main vibrating mold and an inertia-
free load applicator with an autonomous vibration exciter. The methodology for
planning and conducting experimental studies is presented, statistical processing of
the results and optimization of the operating process parameters are performed. The
experimental results confirm the effectiveness of using the load applicator to
intensify the additional compaction of the concrete mixture, increase the uniformity
of compaction along the height of the product, and improve the quality of the formed
samples.

The fourth chapter provides a technical and technological substantiation of
compaction modes, develops a method for the technical calculation of an installation
with an inertia-free load applicator, presents the results of industrial tests of the
prototype under the conditions of the limited partnership “Enterprise
‘Teplotekhbud’,” formulates recommendations for further improvement of the
design, and calculates the economic efficiency of implementation. It is established
that the use of an inertia-free load applicator with an autonomous vibration exciter
is technically and economically feasible.

The scientific novelty of the obtained results lies in the following:

— the design solutions of load applicators for additional compaction of concrete
mixtures have been further developed through the use of an autonomous vibration
exciter, which provides a local additional dynamic effect on the upper part of the

product during vibration forming;



— a mathematical model of the system “vibrating mold — concrete mixture —
inertia-free load applicator” has been developed, which takes into account the
combined action of the main vibrating mold and the autonomous load applicator on
the concrete medium;

— the regularities of the influence of the load applicator mass, the stiffness of
elastic elements, the frequency of the autonomous vibration exciter, and the
parameters of the main vibration system on the intensity of additional compaction
of the concrete mixture have been established;

— analytical dependences have been obtained for determining the oscillation
amplitudes, accelerations, and dynamic pressure of the inertia-free load applicator
on the concrete mixture, which made it possible to substantiate rational operating
modes of the applicator;

— the approach to evaluating the efficiency of combined compaction of the
concrete mixture has been improved by taking into account the non-uniform
transmission of vibration impact along the product height and the additional dynamic
loading in its upper zone;

— methods for the technical calculation of vibration installations for forming
concrete products using additional working bodies for local additional compaction
have been further developed.

The practical significance of the obtained results lies in the fact that, on the
basis of the performed theoretical and experimental studies, a design of an inertia-
free load applicator with an autonomous vibration exciter has been developed, which
can be used as part of vibration installations for forming concrete and reinforced
concrete products. A method for the technical calculation of such installations has
been proposed, which makes it possible to determine their main design and operating
parameters already at the design stage. The developed technical solution provides
improved uniformity of concrete mixture compaction, reduced defects in the upper
zone of the product, shortened forming cycle duration, and improved quality of

finished products.



The results of the dissertation research have been implemented in the form of a
prototype inertia-free load applicator with an autonomous vibration exciter, tested
under industrial conditions at the limited partnership «Manufacturing enterprise
Budmekhanizatsia» (Poltava). Certain results have also been used in the educational
process at the National University “Yuri Kondratyuk Poltava Polytechnic” in
teaching disciplines related to the theory and design of machines for the construction
industry.
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dynamic pressure, unbalance, energy efficiency, loader.



