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Jlucepraliifo TMPUCBSIYCHO BHUPIIMICHHIO AaKTyaJllbHOI HAayKOBO-TEXHIYHOI
npoOJIeMH MiJIBUILIEHHS €()EeKTUBHOCTI MPOLECY YIIUIbHEHHS O€TOHHHX CyMillIeH
npu (GOpMyBaHHI CTIHOBHX TMaHeNe 3a paxyHOK pO3pOOJIEHHS HOBOTO THUITY
BiOpatiitHoro o6sagHaHHS 3 KOMOIHOBAaHUM IMIYJIbCHO-TAPMOHIYHUM PEXKUMOM
KOJMBaHb. AKTYaJIbHICTh pPOOOTH 3YMOBJICHA HEOOXIHICTIO  IiJIBUIICHHS
OPOAYKTUBHOCTI ¥ SIKOCTI OETOHHHUX BHUPOOIB B YMOBax MICISIBOEHHOTO
BIJTHOBJICHHSI OYJIBHHIITBA, & TaKOX HEJOCKOHAIICTIO TPAIUIIMHUX TEXHOJIOT1N
VIIUTbHEHHS,  sIKI  He  3a0e3MeuyroTh  OJHOPIAHICTE  CTPYKTypH  Ta
eHeproepeKTUBHICTh MPOIIECY.

VY nmepriomy po3iiai BUKOHAHO OTJISAJ ICHYIOUHX KOHCTPYKIIIM BiOpaliitHoro
oOJlalHaHHs, BU3HAYEHO OCHOBHI HEJOJIIKW TPAIULIMHUX CHCTEM YIIIJIbHEHHS Ta
OOTpYHTOBAHO JOLUIBHICTh 3aCTOCYBaHHS KOMOIHOBaHHMX KOJHMBaHb. Bu3HaueHO
METy JOCIHIJKCHHS — MIJIBHUINCHHS €(PEKTHUBHOCTI YIIUIbHEHHS OCTOHHOI CyMiIi
IIUISIXOM CTBOPEHHSI IMITYJIbCHO-BIOpaIliifHOT YCTAaHOBKH HOBOT'O THITY.

Y npyromy po3aim po3po0JIeHO MaTeMaTHIHYy MOJIC]Ib CHCTEMH «BiOpalliiiHa
yCTaHOBKa — OeTOHHa cymim — ¢Gopmay, siKka BpPaxoOBYE XBWIHOBY MPUPOIY
KOJMBaHb, JAeMI(yBaHHSA, B S3KO-IUIACTUYHI BJIACTHBOCTI CEpPEJOBHINA Ta
pe3oHancHI edexktn. OTpuMaHO aHATITHYHI 3QJICKHOCTI JUIS BHU3HAUCHHS
ONTUMAJIbHUX NApaMETPIB YIIUIbHEHHSI.

VY TpeThboMy pO3isi OMMCAHO KOHCTPYKIIIFO €KCIIEPUMEHTAIBHOI YCTAaHOBKH,
0 TO€IHYE TOPU3OHTANIbHI BiOpalii Ta BEPTUKAIBHI IMIYJIBCH UYEpe3 MPY>KHO-
IHEepUIMHUI mnpuBaHTaxyBad. [IpoBeaeHO eKCHEpUMEHTANIbHI  JOCIHIIKEHHS

YUIUIbHEHHSI JIeTKUX OeToHIiB (apOoiiity, mnoaictuposndetony). BcranoBieHo



MIJBUIIECHHS WIUIBHOCTI Ha 5-7%, 3HmWkeHHs mnopuctocti Ha 1,2-1,5% 1
M1JIBUIIICHHS! OJTHOPITHOCTI CYMIIIIL.

VY 4yeTBepTOMy pO3AUI MOJAHO METOJMKY MPOEKTYBAaHHS YCTaHOBOK 13
KOMOIHOBaHUM PEXUMOM KOJMBaHb, HABEICHO PEKOMEHJALli /Il BIPOBAIKCHHS
TEXHOJOrli y BHUpPOOHMUTBO. Po3po0OjeHy yCTaHOBKY BHMKOPHUCTAHO  SIK
nabopaTopHUi CTEH 1 BIPOBAHKEHO Y HAaBYAIBHUN TIPOIIEC.

HaykoBa HOBH3HA OTPUMAaHHUX pe3yJIbTATIB MOJSATAE Y:

— BIEpIIE 3aMPOMOHOBAHO KOMOIHOBaHUHM MPOCTOPOBUN PEKUM YIITbHEHHS
OETOHHOT CyMIllll 3 BHUKOPUCTAHHSM IMIYJIbCHO-BIOpaliiiHOT i, SKUI MOegHYE
mepeBard  TapMOHIYHOTO Ta  yJIapHOro 30yMKeHHS g (GOpMyBaHHS
BEJIMKOTa0aPUTHHUX CTIHOBHUX TaHEIICH;

— BCTaHOBJICHO MEXaHI3M BIUIMBY CHEPro-KiHETUYHUX XapaKTEPUCTUK
IMITYJIbCHO-BIOpaIifHOTrO BIUIMBY (YacTOTH, aMIUNTYAH, TPUBAJIOCTI IMIYJbCY,
¢da3u 3cyBy) Ha €(hEKTHUBHICTh YIIUTbHEHHS OCTOHHOI CyMilIl 3 ypaxyBaHHSM ii
CTPYKTYPHO-PEOJIOTIYHUX XapaKTEPUCTHUK;

— PpO3po0JICHO MeEXaHi3M JUHAMIYHOT B3a€EMOJIi CHUCTEMH «BiOpairiiiHa
yCTaHOBKa — OeToHHa cyMim — ¢Gopma», sKa BPaxOBYE XBWIbOBY MPUPOIY
30yKeHHS Ta €)eKTH BHYTPIITHHOTO AeMIT(pyBaHHS CEPEIOBHIIA;

— BIIEpIIE BCTAHOBJICHO AHANITUYHI 3aJIeKHOCTI JJIsi  BHU3HAYCHHS
palioHaJbHUX  TapaMeTpiB  IMIYJILCHO-BIOpAIlIMHOTO  YIIUJIBHEHHS, IO
3a0e3neuyoTh MiHIMaJIbHE €HEProCHOKUBAHHS MPHU 30€peKEHHI BUCOKOI SKOCTI
TrOTOBUX BUPOOIB;

— YZIOCKOHAJIEHO METOAMKY OIlIHIOBaHHS €()eKTUBHOCTI YIIITFHEHHS HA OCHOBI
aHai3y pellakcalliiHuX XapaKTepUCTUK OETOHHOI cyMimii Ta ()a30BOrO 3CYyBY B
CHUCTEMI «HaBaHTaXEHHS — JiepopMartisn;

— eKCHEePUMEHTAILHO MiITBEPIKEHO €(PEKTUBHICTh 3aCTOCYBaHHS MPYKHO-
IHEPIITHUX MPUBAHTAXKYBAYiB y CKJIaJI KOMOIHOBAaHOI YCTAHOBKH JIJIsl YIIUTBHCHHS
Jerkux OETOHIB, 30KpeMa apOoJIiTy Ta MOJICTUPOIOETOHY .

[IpakTryHa LIHHICTH AMCEPTALIHOT POOOTH MOJISITA€E B TOMY, 110 aBTOPOM

OTPUMAaHO HOBI HAyKOBO OOIPYHTOBAaHI pe3yJIbTaTH, SIKI CTaJlld OCHOBOIO JIJisi



CTBOPEHHSI  BHUCOKOE(EKTHUBHOTO  KOMOIHOBAaHOrO  IMIyJIbCHO-BIOpaIiiHOTO
oOnagHaHHs, 34aTHOrO 3a0€3MEeYUTH PIBHOMIPHE YIIIJIBHEHHSI O€TOHHUX CyMIIIeH
PI3HOI JKOPCTKOCTI1, 30KpeMa JIETKUX OETOHIB, IPU 3HUKEHOMY €HEProCHOKMBaHH1
Ta BUCOKIN MIBUIKOCTI (hOpMyBaHHS BUPOOIB.

Ha ocHOBI TeopeTHYHUX 1 €KCIEPUMEHTAIbHUX JOCIHIKEHb PO3pOOIEHO
1HKEHEpHY METOJMKY BUOOPY MapaMeTpiB YUIUIbHEHHS 13 BpaXyBaHHSIM XBUIbOBUX
1 pe3oHaHCHUX €QEKTiB, a TaKOX pPO3PaXyHKOBY MOJENIb [JISl TPOCKTYBAHHS
BIOpaIiifHMX MaIllMH HOBOTO MOKOJIHHS. 3anpornoHOBaHAa yCTaHOBKa 3a0e3rnedye
cKopoueHHs Kty GpopmyBanHs Ha 20—25%, 3HMKEHHSI MTUTOMUX €HEPrOBUTPAT Ha
10-15%, mnoxpaiieHHss PIBHOMIPHOCTI YIIIJIbHEHHS Ta 30UIBIICHHS UIIJIBHOCTI
BUpoOy 10 7%.

PesynbraTi nucepraniiiHoi poOOTH peanizoBaHO Yy BUIJISAL JIOCTITHOTO
3pa3ka KOMOIHOBAaHO1 yCTaHOBKH JUIsl YIIIJIbHEHHS CTIHOBUX TaHeENeH, ska Oyrna
BIIPOBA/PKEHAa Yy HAaBUaJbHO-JIOCHIHY JlabopaTopilo Kadenpu raiay3eBoro
MaInMHOOyyBaHHS Ta MexaTpoHiku HamionansHoro yHiBepcutety «llonraBchka
noyitexHika imeHi FOpis Kongpatiokay. OOnagHaHHS BUKOPHUCTOBYETHCS IS
IpOBEACHHS J1a0OpaTOPHUX 3aHATh, IIATOTOBKH KBamidikalliiHUX poOIT 1
BUKOHAHHS HAYKOBHX JOCIIKCHb.

Po3pobnieHe pimmeHHs peKOMEHAOBAaHO J0 BIPOBAKCHHS y BUPOOHUIITBO,
30KpeMa B yMOBaX MOOUTHHUX a00 JECIEHTPAI30BaHUX MalJaHIMKIB, 1110 OCOOIMBO
aKTyaJbHO JIJI1 MOTPeO MIBHIKOMOHTOBAHOTO OYIBHUIITBA Y BiJHOBIIOBAIHHUI
nepion. OvikyBaHUN TEXHIKO-€KOHOMIYHUN €(EeKT BiJ BIPOBAIKCHHS TOJIATAE B
3MEHIIICHHI BAPTOCTI BUTOTOBJICHHS BUPOOIB, MiJBUIIEHHI 1X SIKOCTI Ta 3MEHIICHHI
Opaky, 1mo cymapHo Moxe aaTu ekoHomiro moHaa 150 000 rpr Ha koxHI 1000 Mm?
dbopMoBaHUX TTaHETIEH.

OTpumaHi HayKOBO-TEXHIYHI PE3yJbTaTH BIPOBAKEHO y HaBUYATbHUN
mporec B Kypcax «TexHI4HI OCHOBM CTBOpPEHHS MamuH» Ta « EkciepuMeHTanbHi
METOJU JOCHIKEHb Yy I1HXKEHEpPHIM MeXaHilll», M0 BUKIAJAIOThCS CTyAEHTaM
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ABSTRACT

Vedmid V. V. Engineering of high-efficiency combined impulse-vibration
equipment for the formation of wall panels. — As manuscript.

Dissertation for the Degree of Doctor of Philosophy in Specialty 133 —
Industrial Engineering.

National University «Yuri Kondratyuk Poltava Polytechnic». Poltava,
2025.

The dissertation is devoted to solving a current scientific and technical
problem of increasing the efficiency of concrete mix compaction processes during
the formation of wall panels by developing a new type of vibration equipment with
a combined impulse-harmonic oscillation mode. The relevance of the work is due to
the need to increase the productivity and quality of concrete products in the context
of post-war construction recovery, as well as the imperfections of traditional
compaction technologies, which do not ensure uniform structure and energy
efficiency of the process.

Chapter 1 presents a review of existing designs of vibration equipment,
identifies the main shortcomings of conventional compaction systems, and
substantiates the feasibility of applying combined oscillations. The aim of the study
Is defined as increasing the efficiency of concrete mix compaction by creating a new-
type impulse-vibration machine.

Chapter 2 develops a mathematical model of the system "vibration unit —
concrete mix — mold," which accounts for wave nature of oscillations, damping,
visco-plastic properties of the medium, and resonance effects. Analytical
dependencies are derived to determine optimal compaction parameters.

Chapter 3 describes the design of the experimental unit, which combines

horizontal vibrations and vertical impulses via an elastic-inertial load system.
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Experimental studies on the compaction of lightweight concretes (woodcrete,
polystyrene concrete) were conducted. The results showed a 5-7% increase in
density, a 1.2-1.5% reduction in porosity, and improved homogeneity of the
mixture.

Chapter 4 presents a methodology for designing machines with combined
oscillation modes and provides recommendations for industrial implementation. The
developed unit was used as a laboratory test rig and integrated into the educational
process.

Scientific novelty of the obtained results includes:

— A combined mode of concrete mix compaction using impulse-vibration
action is proposed for the first time, combining the advantages of harmonic and
impact excitation for shaping large wall panels;

— The patterns of influence of impulse-vibration parameters (frequency,
amplitude, impulse duration, phase shift) on the compaction rate of concrete mix
were established, considering its structural and rheological characteristics;

— A mathematical model of dynamic interaction in the system "vibration unit
— concrete mix — mold™ was developed, accounting for wave excitation and internal
damping effects;

— Analytical expressions were derived to determine optimal parameters of
impulse-vibration compaction ensuring minimal energy consumption while
maintaining high product quality;

— The efficiency of using elastic-inertial load systems as part of the combined
compaction setup for lightweight concretes, including woodcrete and polystyrene
concrete, was experimentally confirmed,

— The method for evaluating compaction efficiency was improved based on
the analysis of relaxation characteristics of the concrete mix and phase shift in the
"load — deformation™ system.

The practical value of the dissertation lies in the newly substantiated results,
which became the foundation for creating high-efficiency combined impulse-

vibration equipment capable of uniformly compacting concrete mixtures of varying



stiffness, especially lightweight concrete, with reduced energy consumption and
high forming speed.

Based on theoretical and experimental studies, an engineering methodology
was developed for selecting compaction parameters considering wave and resonance
effects, along with a calculation model for designing new-generation vibration
equipment. The proposed system ensures a 20—-25% reduction in forming time, a 10—
15% reduction in specific energy consumption, improved compaction uniformity,
and up to 7% increased product density.

The research results were implemented in a prototype of the combined system
for wall panel compaction, introduced in the educational and research laboratory of
the Department of Industrial Engineering and Mechatronics at the National
University «Yuri Kondratyuk Poltava Polytechnic». The equipment is used for
laboratory training, thesis preparation, and scientific research.

The proposed solution is recommended for industrial implementation,
particularly on mobile or decentralized sites, which is especially relevant for rapid
construction in recovery periods. The expected techno-economic effect includes cost
reduction in product manufacturing, improved quality, and lower rejection rates,
potentially saving over 150,000 UAH per 1000 m? of panels formed.

The scientific and technical results are also implemented in the educational
process through courses such as «Technical Foundations of Machine Design» and
«Experimental Methods in Engineering Mechanicsy» taught to master's students in
specialty 133 «Industrial Engineering» at the National University «Yuri Kondratyuk
Poltava Polytechnicy.

Keywords: concrete mixture, impulse-vibration compaction, vibration,
vibration machine, vibrator, excitation force, compaction, displacement, wall panels,
lightweight concrete, combined oscillation, wave model, dynamics of the concrete
medium, polystyrene concrete, elastic-inertial loading, compaction device, energy

efficiency, experimental setup.



