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Jucepraiiito TPUCBAYEHO BUPIIMICHHIO aKTyaJlbHOTO HAYKOBO-TEXHIYHOTO
3aBMaHHS  MIABUIICHHS  €(PEKTUBHOCTI  BiOpaliiHOTO  OOJagHAHHS IS
TPaHCIOPTYBAHHS CUITYYMX MaTepialiB MUITXOM OOIPYHTYBaHHS KOHCTPYKTUBHHX,
JUHAMIYHUX 1 PSKUMHUX MapaMeTpiB BiOpaIifHOro TpaHcmnoprepa. AKTyallbHICTh
pobotu 3yMOBJIEHA HEOOX1/IHICTIO 1 ABUIICHHS MPOIYKTHUBHOCTI,
C€HEepProe(PeKTUBHOCTI Ta HAJIIMHOCTI TPAHCHOPTHO-TEXHOJOTIYHUX TIPOIIECIB Y
OyAiBeNbHIN, TIPHUYIHN, METATYPriifHIi Ta 1HIIMX Taly35SX TPOMHUCIOBOCTI, a TAKOX
HEJIOCTaTHbOIO E(PEKTUBHICTIO TPAAMUIINHUX TPAHCHOPTYIOUMX CHUCTEM, fAKI HE
3a0€3Me4yloTh CTAOUIBHOCTI PEXHUMIB POOOTH, pPallOHAIBHOTO BUKOPUCTAHHS
€HEeprii Ta HAJIEKHOI ajanTaiii 10 3MIHHMX BJIACTUBOCTEH TPaHCIOPTOBAHOTO
Marepiaiy.

VY nepiomMy po3/iii BUKOHAHO aHali3 ICHYIOUMX KOHCTPYKLINA 1 TPUHIUIIB
nii BiOpariiHoOro oOJagHaHHS JUIsl TPAHCIOPTYBAHHS MaTepiaiiB, PO3TISTHYTO
0COOJIMBOCTI TIEPEMIIIICHHS CUITYYUX CEPEIOBUIIL 10 pOOOYUX OpraHax BiOpaIiiHux
MalluH, BHU3HAYEHO OCHOBHI (PakTOpH, MO BIUIMBAIOTH HA MPOJYKTHUBHICTH 1
CTIMKICTh TpaHCHOPTYBaHHA. Ha OCHOBI OINIAy HAyKOBUX JKEpel Ta
KOHCTPYKTHUBHUX PIIIEHb BCTAHOBJIEHO OCHOBHI HEJIOJIKM ICHYIOUHMX CHCTEM 1
OOTpYHTOBaHO  HEOOXIJHICTP  yJOCKOHAJEHHS  TapameTpiB  BiOpariiiHux
TpPaHCTIOPTEPIB.

Y apyromy po3aiii po3po0JICHO TEOPETHUYHI MOJIOKEHHS Ta PO3PaxyHKOBI
3QJICKHOCTI JIJISL JOCIIKEHHS po0O0dYoro mpoiiecy BiOpaliifHOro TpaHCIopTepa.
Po3risitHyTo BIUIMB  MacoOBO-IHEPLIMHMX MapaMeTpiB CUCTEMH, HKOPCTKOCTI
NPY>KHOTO MIABICY, MapameTpiB BiOpo30y[KyBaua Ta pEXUMIB KOJMBaHb Ha
aMIUTITYly, IIBUIKICTh, TPUCKOPEHHS 1 YMOBH CTIMKOTO MEPEMIIEHHSI MaTepialy.
OTpuMaHO  aHANITHYHI  3aJIEKHOCTI  JUJII  BU3HAUEHHS  palllOHAJbHUX
KOHCTPYKTHUBHHUX 1 pEKUMHHUX TTApaMeTpiB BIOpaIiifHOro 00J1aTHAHHS.

VY TperboMy pO3ILIl ONUCAHO KOHCTPYKI[IO JIaDOpaTOPHOI YCTaHOBKH
BiOpaliifHOTO TpaHCIopTepa Ta METOAUKY TMPOBEICHHS EKCIEPUMEHTAIbHUX
nociimkeHb. IIpoBeeHO eKclepUMEHTadbHy IMEpeBIpKY BIUIMBY 4YacTOTH
oOepTaHHs ne0anaHCiB, MapaMeTpiB 3aBaHTAKEHHS Ta JOBXUHU poOOYOro opraHy
Ha e(EeKTHBHICTh TPAHCIOPTYBaHHS CHUIIy4yoro MaTepialy. 3a pe3ysibTaTaMu
JOCITIJIKEHb TIATBEPKEHO TMpale3IaTHICTh MPUHHATOT KOHCTPYKTHBHOI CXEMH,
BCTAHOBJIEHO 3aKOHOMIPHOCTI 3MIHM MPOAYKTUBHOCTI TPAHCIIOPTEPA Ta BUSHAUEHO
parioHaJIbHI PEKUMHU HOTO pOOOTH.

VY derBepToMy pO3[iIl MOJAHO METOAMKY I1HXXEHEPHOI'O pPO3PAaxXyHKY Ta
MIPOEKTYBAHHS BIOPAIIHOTO TPAHCIIOPTEPA, HABEACHO PE3YyJIbTAaTH PO3PAXYHKY JIJIs
BapiaHTIB OOJaJHAHHSA JOBXHHOIWO 2, 4 1 6 M, a TaKOX BHKOHAHO TEXHIKO-



€KOHOMIUHY OIlIHKY 3alpOIllOHOBAaHMX PillleHb. BCTaHOBIIEHO, IO HAKWOLIBII
30aJaHCOBAaHUM 3a CYKYITHICTIO TEXHIYHHMX 1 €KOHOMIYHMX TOKA3HHKIB € BapiaHT
TpaHcropTepa J0BXkHHOWO 4 M. Po3pobieHi pexkoMeHpaiii MOXyTb OyTu
BUKOPHUCTaHI IPU MPOEKTYBaHHI Ta BIPOBAHKEHHI BiOpaIiifHOro o0iaHaHHs IS
TPaHCHIOPTYBAHHS CUITYYHX MaTepiaiiB y BUPOOHMYHUX yMOBaX.

HaykoBa HOBH3Ha OTPUMAaHHX PE3YyJIbTATIB MOJIATAE V:

— OOIpYHTOBaHO palllOHAJIbHI KOHCTPYKTHBHI Ta PEXHUMHI IMapamMeTpu
BiOpariiiHoro oOJIaHaHHS I TPAHCIOPTYBAaHHS CHUIyYMX MaTepiaiiB, SKi
3a0€e3MeYyl0Th CTIMKUI KOJMBAaJbHUN PEXUM, MIJBUIIEHHS NPOAYKTUBHOCTI
TPAHCTIOPTYBaHHS Ta 3HIKEHHS HEMPOAYKTUBHUX €HEPrOBUTPAT;

— BCTaHOBJICHO 3aKOHOMIPHOCTI BIUIMBY OCHOBHUX E€HEPro-KIHEMAaTHUHUX
napaMeTpiB  BiOpalifiHOrO TpaHCIOpTepa, 30KpeMa YacTOTH, AaMILUIITY]H,
MPUCKOPEHHSI KOJMBaHb, JKOPCTKOCTI MPY>KHOI CUCTEMH Ta 30yprOBalIbHOT CHUIIU
B10p030y/I’KyBaya, Ha IHTEHCUBHICTh EPEMIILIEHHS CUITy4Or0 MaTepiany;

— PpO3pO0JICHO PO3PaxyHKOBY MOJI€NIb JAMHAMIYHOI B3a€EMOJIl CHCTEMU
«B1OpaLIMHUN TpaHCTIOPTEP — MPY>KHUM MIABIC — CUITYYU MaTepial», iKa BpaXxoBY€
MacOBO-1HEPILIIHI MapaMeTpu KOJMBHOI CHUCTEMH, XAPAKTEPUCTUKHU MiJABICY Ta
YMOBH peati3allii CTINKOro TPaHCIOPTYBAIBHOIO PEKUMY;

— BIEpILIE OTPUMAHO aHAJIITHYHI 3aJI€XKHOCTI JJI1 BU3HAUYEHHS palliOHaIbHUX
napaMeTpiB  BIOpamifiHOro  TpaHCHOpTEpa, IO  JO3BOJSIOTH  Y3TOJUTHU
OPOAYKTUBHICTb, JOBXKUHY TpPAaHCIOPTEpa, MapaMeTpU KOJIMBAJIBHOTO PEXHUMY,
YKOPCTKICTh MIABICY Ta MOTY>KHICTh IPUBOY;

— YJIOCKOHAQJIEHO METOJIMKY OIIHIOBaHHS €(EeKTUBHOCTI BIOpaIliifHOTO
TPAaHCIIOPTYBaHHS  MaTepialiB Ha  OCHOBI  KOMIUIEKCHOTO  BpaxyBaHHS
POAYKTHBHOCTI, MUTOMHUX €HEPTOBUTPAT, IMHAMIYHUX XapaKTEPUCTUK CUCTEMH Ta
KOHCTPYKTUBHHUX IapaMeTpiB TPAHCIIOPTEPa;

— EKCHEPUMEHTAIbHO MIATBEPIKEHO €(PEKTUBHICTh 3aIPOIIOHOBAHOIO
H1IX0Y 10 BUOOPY PEeKUMIB POOOTH BIOPALIIITHOTO TpaHCIOPTEPA T4 BCTAHOBIEHO
parioHaJIbHI YMOBHU HOTO (yHKIIIOHYBAaHHS JUIsl KOHBEEPIB P13HOT JTOBKUHHU.

[IpakTUyHa LIHHICTH OAEPKAHUX PE3YJIbTATIB MOJATAE B TOMY, 11O aBTOPOM
OTPMMAHO HOBI HAyKOBO OOIPYHTOBaHI Pe3yJbTaTH, SKI CTAJIX OCHOBOIO IS
CTBOPEHHsSI €(QEeKTHUBHOro BiOpaliiiHoro oOJagHaHHSA MJis TPAHCIOPTYBAHHS
CUIIyYHMX MarepiaiiB 13 MIABULIEHOI MPOJYKTUBHICTIO, pPalllOHAIbHUMHU
SHEProBUTpaTaMH Ta CTa0ITLHUMHU PEXXUMAMHU POOOTH.

Ha ocHOBI TeopeTMYHMX 1 €KCHEePUMEHTAIbHUX HOCIIIKEHb PO3POOJICHO
METOJUKY  IHXKEHEPHOTO  PO3paxyHKy Ta MPOEKTYBaHHA  BIOpaLiiHOTO
TpaHCIIOpTEpa, sIKa JJa€ 3MOTY BU3HAYATH MOTO OCHOBHI KOHCTPYKTHBHI, THHAMIYHI
Ta CHEePreTHYHI TapaMeTpH 3 ypaxyBaHHSIM JOBXHHU K0J00a, BIACTUBOCTEH
TPAaHCTIOPTOBAHOTO MaTEpialy Ta peKUMY 30y PKEHHS KOJUBaHb.

3anponoHOBaHUM MiJIXi T03BOJIMB BUKOHATU PO3PAXYHOK 1 OOIpYHTYBaHHS
napameTpiB BIOpallifHUX TPAHCIOPTEPIB JTOBXKUHOKO 2, 4 1 6 M, IS SKUX
BCTAHOBJICHO DAIllOHANIbHI PEKUMU POOOTH, BU3HAYEHO YKOPCTKICTH MPYIKHOTO



MiJBiCY, HEOOX1HY 30ypIOBaIbHY CHUJIY Ta MOTY>KHICTh IPUBOJY. 3a pe3yJibTaTaMu
TEXHIKO-€KOHOMIYHOI OIlIHKM BCTAHOBJIEHO, III0 HAHOLIBII 30ajJaHCOBaHHM 3a
CYKYITHICTIO TEXHIYHMX 1 C€KOHOMIYHMX TIOKa3HUKIB € BapiaHT TpaHCIopTepa
JIOBKUHOIO 4 M.

PesynpraTn mgucepraiiitHoi poOOTH MOXKYTh OyTH BHKOPHCTaHI TMpHU
MPOEKTYBaHHI, MOJEpHI3alii Ta BIPOBAHKEHHI BIOpAIlIiHUX TPAHCIOPTEPIB Y
OyAiBeNbHIM, TIpHUYIM, METATyprifHiil Ta IHIIUX Taly3sfX MPOMHUCIOBOCTI, €
He0oOX11He €()eKTUBHE MEPEMIIIEHHS CUITyUYUX MaTepialiB.

OTpruMaHi HayKOBO-TE€XHIUHI PE3yJbTaTH MOXYTh OYyTH BIPOBAKECHI Y
HaBYAJBHUH MPOIIEC TIPU BUKJIAIaHHI JUCIHILUIIH, ITOB’ A3aHUX 13 TEOPI€I0 MAIIHH 1
MEXaHi3MIB, JWHAMIKOI MaIllMH, BiOpaIIfHOI0 TEXHIKOIO Ta IPOEKTYBAHHIM
TPAHCTIOPTHO-TEXHOJIOTIYHOTO OOJaJHAaHHS 7 3100yBayiB BHUIIOI OCBITH 3a
cnetianbHicTIO 133 «["anmy3eBe MamHOOYTyBaHHS.
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The dissertation is devoted to solving the urgent scientific and technical task
of improving the efficiency of vibration equipment for the transportation of bulk
materials by substantiating the structural, dynamic, and operational parameters of a
vibrating conveyor. The relevance of the study is determined by the need to increase
the productivity, energy efficiency, and reliability of transport-technological
processes in the construction, mining, metallurgical, and other industries, as well as
by the insufficient efficiency of traditional conveying systems, which do not ensure
stable operating modes, rational energy use, or proper adaptation to changing
properties of the transported material.

The first chapter analyzes existing designs and operating principles of
vibration equipment for material transportation, considers the specific features of
bulk media movement along the working members of vibrating machines, and
identifies the main factors affecting transportation productivity and stability. Based
on a review of scientific sources and design solutions, the principal shortcomings of
existing systems were identified, and the necessity of improving the parameters of
vibrating conveyors was substantiated.

The second chapter develops theoretical provisions and design relationships
for studying the operating process of a vibrating conveyor. The influence of the



mass-inertial parameters of the system, the stiffness of the elastic suspension, the
parameters of the vibration exciter, and vibration modes on amplitude, velocity,
acceleration, and the conditions of stable material movement is considered.
Analytical relationships were obtained for determining the rational structural and
operational parameters of vibration equipment.

The third chapter describes the design of a laboratory vibrating conveyor and
the methodology for conducting experimental studies. An experimental verification
of the influence of the rotational speed of the unbalances, loading parameters, and
the length of the working member on the efficiency of bulk material transportation
was carried out. The results confirmed the operability of the adopted design scheme,
established regularities in the change of conveyor productivity, and determined
rational operating modes.

The fourth chapter presents a methodology for the engineering calculation and
design of a vibrating conveyor, provides calculation results for equipment variants
with lengths of 2, 4, and 6 m, and includes a technical and economic assessment of
the proposed solutions. It was established that the 4 m conveyor variant is the most
balanced in terms of the combination of technical and economic indicators. The
developed recommendations can be used in the design and implementation of
vibration equipment for transporting bulk materials under industrial conditions.

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

— rational structural and operational parameters of vibration equipment for
bulk material transportation have been substantiated, ensuring a stable vibration
mode, increased transportation productivity, and reduced non-productive energy
consumption;

— regularities of the influence of the main energy-kinematic parameters of a
vibrating conveyor, in particular vibration frequency, amplitude, acceleration,
stiffness of the elastic system, and excitation force of the vibration exciter, on the
intensity of bulk material movement have been established;

— a calculation model of the dynamic interaction in the system “vibrating
conveyor — elastic suspension — bulk material” has been developed, taking into
account the mass-inertial parameters of the oscillatory system, the characteristics of
the suspension, and the conditions for implementing a stable conveying mode;

— for the first time, analytical dependences have been obtained for determining
rational parameters of a vibrating conveyor, making it possible to coordinate
productivity, conveyor length, vibration mode parameters, suspension stiffness, and
drive power;

— the methodology for assessing the efficiency of vibration transportation of
materials has been improved on the basis of an integrated consideration of
productivity, specific energy consumption, dynamic characteristics of the system,
and the structural parameters of the conveyor;



— the effectiveness of the proposed approach to selecting operating modes of
a vibrating conveyor has been experimentally confirmed, and rational operating
conditions for conveyors of different lengths have been established.

The practical significance of the obtained results lies in the fact that the author
obtained new scientifically substantiated results that formed the basis for creating
effective vibration equipment for the transportation of bulk materials with increased
productivity, rational energy consumption, and stable operating modes.

Based on theoretical and experimental studies, a methodology for the
engineering calculation and design of a vibrating conveyor has been developed,
making it possible to determine its main structural, dynamic, and energy parameters
with regard to trough length, properties of the transported material, and the vibration
excitation mode.

The proposed approach made it possible to calculate and substantiate the
parameters of vibrating conveyors with lengths of 2, 4, and 6 m, for which rational
operating modes were established, the stiffness of the elastic suspension was
determined, and the required excitation force and drive power were defined.
According to the results of the technical and economic assessment, it was established
that the 4 m conveyor variant is the most balanced in terms of the combination of
technical and economic indicators.

The results of the dissertation can be used in the design, modernization, and
implementation of vibrating conveyors in the construction, mining, metallurgical,
and other industries where efficient transportation of bulk materials is required.

The obtained scientific and technical results can be introduced into the
educational process when teaching disciplines related to the theory of machines and
mechanisms, machine dynamics, vibration engineering, and the design of transport-
technological equipment for higher education students in specialty 133 “Industrial
Engineering”.
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