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2. Models and Methods of Automatic Control of Shuttle Vehicles In Warehouse Logistics

Pedepar:

1. BxxecHeBcbkuii M. O. Mogesni Ta MeTOM aBTOMAaTUYHOTO KEPYBaHHS TPAHCIIOPTYBaJIbHUMHU 32C00aMU-1IATIAMU Y
CKJanChbKiil orictuni. Kanigikanilina HaykoBa npalisi Ha paBax pykonucy. JucepTaliist Ha 3000y TTs CTyIeHs
IokTopa (pinocodii 3a crenianpHICTIO 151 «ABTOMAaTH3allig Ta KOMIT'IOTEPHO-iHTEIPOBaHi TEXHOJIOTI» — XapKiBChbKUA
HallioHaJIbHUI YHIBEPCUTET paflioesIeKTPoHiKY, MiHicTepcTBO OCBiTU i Hayku Ykpainu, 2025. Jlucepratiiina po6oTa
€ MTPOJOBXXEHHIM JOCJiI>KEeHb, SIKi MPOBOASITHCS HA Kadeapi KOMITIOTepHO-iHTEerpOBaHUX TEXHOJIOTIH,
aBromarusaii Ta po6ororexHiku (KITAP) XapKiBCbKOTro HalliOHAJIbHOTO YHIBEPCUTETY PajlioeIeKTPOHIKY 3 ITMTaHb
PO3pOOKU Ta BIIPOBAKEHHS IPOrPECUBHUX iH(POPMaLIIMHUX, PECYPCO30€piraloynx Ta eKOJOriYHO-0e3M1eYHNAX
TEXHOJIOTIH. [JucepTrauifiny pobOTy NPUCBSYEHO aKTyasIbHill HAYyKOBO-TIPAaKTUYHIN 337a4i, a came po3pobJIeHHIO
MoJiesIell Ta METOZiB aBTOMAaTUYHOT O KEPYBaHHS, 3 yPaxyBaHHSIM BUMOT €HEeProeeKTUBHOCTI, aBBTOMAaTUYHUX
TPaHCIIOPTYBaJIbHMX 3aCO0iB-11ATJIiB B aBTOMAaTU30BaHMX BHYTPIIIHbOCKJIAJCbKUX cUCTeMaX. JlOCIiIKeHo 3a1avy
aBTOMATUYHOTO KEPYBAHHS PyXOM TPAHCIIOPTYBAJIbHOTO 3aC00a-1IaT/Ia B BHYTPIlTHbOCKJIALChKIX CUCTEMAX B

yMOBaXxX HEBM3HAUYEHOCTI, 1110 BUKOPHCTOBY€E MaTeMaTU4YHi MOieJli ITpU BUOOPi IapaMeTpiB HAalKpalloro BapiaHTta



pilleHb KepyBaHHS — IS iIBUILIEHHS €HEProe(PEKTUBHOCTI Ta MPOAYKTUBHOCTI TEXHOJIOTIYHMX CUCTEM B MEXKaX
koHuenuii INDUSTRY 5.0. Ha ocHOBi esleKTpoMexaHiYHUX aHaJorii Ta piBHAHB Jlarpanka 2-ro pofy, 1o6yLoBaHO
MoJeJIi IPoLeCciB B aBTOMAaTUYHOMY TPaHCIIOPTYBaJIbHOMY 3aCO0iIIaTIIi [71s BHYTPIlIHBO CKJIAIChKUX BAaHTAXKHUX
oneparii, 1o J03BOJINJIO BCTaH,0BUTY TPU MOXJIUBI €KBiBaJI€HTHI (POPMHU NIPEICTABIEHHSI MATEMATUYHUX MOZeJIen
y BUrJIsigi cuctemu gudepeHiiaabHUX PiBHSIHb MEPIIOro NOPSIKY 3 BiIHOCHO KyTOBOI IIBUAKOCTI KOJIC Ta CTPyMY
POTOpIB eJIeKTPUYHUX ABUTYHIB, y BUIJISAL AudepeHLiabHOro PiBHSIHHS JPYroro NopsaKy BilHOCHO KyTOBOI
IIBUJIKOCTI Ta y BUIJIAI AU(epeHIiallbHOrO PiBHSIHHS BiTHOCHO CTPYMY POTOPIB €JIEKTPUYHUX JABUTYHIB.
BcTaHOB/IEHO 3aKOHOMIPHOCTI yCTa/IEHUX Ta MEPEXiJHUX IIPOLECiB B aBTOMAaTUYHOMY TPAHCIOPTYBAJIbHOMY 3aC00i-
AT/ B YMOBax BILJIMBiB aBTOMAaTUYHUX PEryJSITOPIB, y TOMY YMCJIi 3i SMIHHMMU [TapaMeTpamu, [J1s1 3a0e3eyeHHsI
iHTeseKkTyai3alii KepyBaHHS, 110 BiAMiHY BiJj HasIBHUX, 103BOJIS€ 3a0€3I1eUyBaTH IIPOEKTYBAHHS 3aCO0iB CUCTEM
aBTOMaTu3allii BHyTPIlIHbOCKJIAJChKUX CUCTEMAX BifnoBigHO 10 koHuenuii INDUSTRY 5.0. 3mMopenoBano TeXHiuHi
3acobu aBTomaru3allii Ha ocHoBi [1I]]-peryngTopiB, 3a paxyHOK 3a0€311€e4€HHSI aBBTOHOMHOCT] TPAaHCIIOPTHUX
3aCco06iB-1IATIIiB JJ1s1 aBTOMATU3allii BHYTPIlIHbOCKJIANICbKMX BAHTA)KHUX Ollepalliil, IJISIXOM aBTOMaTH3allii
KEPYBaHHS PYXOM i3 TOYHO 33JaHMMU IIBUIKICTIO Ta IePEMIilllEeHHSIM [1J11 TOYHOTO N03U1iI0BaHHS, BiTHOCHO
CKJIJHUKIB JIOTICTUYHOI CUCTEMY, 10 AAJI0 MOSKJIMBICTb ITiIBULLIEHHS TPOAYKTUBHOCTI Ta €HeproepeKTUBHOCTI,
CTabiJIbHOCTI BHYTPIIIHBO CKJIAAChKUAX BaHTaKHUX OIlepalili. 3alIpOIIOHOBAaHO MaTEMaTUYHY MOJIEJIb [IPOLecy
KEepyBaHH$ NepeMillleHHSIM TPaHCIIOPTHUX 3aco6iB-11aTiB 3 BUKopuctanHaMm I1lJIperynstopa y popmi jiHiliHOro
Iv(epeHLiaTbHOTO PiBHSIHHS Y€TBEPTOrO NOPSAKY i3 BiTOBIAHMMY [IOYaTKOBUMU YMOBaMHU, aMILIITYyAHO-4aCTOTHY
XapaKTEePUCTUKY IPOLECY NEPEMILIEHHAM 3 ypaXyBaHHAM PE30HAHCHUX PEXMMIB, 10 Ha BiAMIHY Bif HAABHUX
MoZesiel, 1ajl0 MOKJIMBICTb BCTAaHOBJIIOBATYA YMOBH Ta napameTpu [11J]-perynsaTopis nepeMilleHHs 151 yHUKHEHHS
PE30HAHCHUX MPOLECIB )KUTTEBOTO LIUKJTy €KCIIyaTallii aBTOMaTUYHUX TPAHCIIOPTYBaJIbHUX 3aCO0iB-1IATIIiB
.YIOCKOHAJIEHO MAaTEMAaTUYHY MOJIE€JIb KEPOBAHOIO TEXHOJIOTIYHOTO Npouecy (GyHKIiOHYBaHHS
TPaHCIOPTYBaJIbHOIO 3ac00a-1atia B aBTOMaTU30BaHMX BHYTPIIIHbOCKI/IAJICbKUX CUCTEMAX, IO 6a3yeThCsl HA HA
BHMKOPHUCTaHHI PETyJISITOPIB i3 iHTeIeKTyaJbHUMHU CUCTEMAMH, sIKa 6a3yeThbCsl HA OOIPYHTYBaHHI IOTOYHUX
napaMeTpiB BUPOOHMYUX NIPOLECIB 3 BUKOPUCTAHHIM KOMIT'IOTEPHO-IHTETPOBAaHUX 4 TEXHOJIOTIH, 10 J03BOJIMIIO
326€311eYnTU €KOHOMIIO €JIEKTPUYHOI eHeprii iHTesIeKTyalIbHUX TPAHCIIOPTHUX 3aCO0iB-1IATIIIB 32 PAaXyHOK
onTuMizalii mBUAKOCTI. MeTolo AucepTaliiiHoi pobOTH € yIOCKOHAJNIEHHS CUCTEeM aBTOMaTu3allii y
BHYTPIIIHbOCKJIAJChKIl JIOTICTULli, 3 ypaxXyBaHHSIM BUMOT €Heproe(eKTUBHOCTI, LIJISIXOM PO3PO0JIEHHSI MOZEJEN Ta
METO/IiB aBTOMAaTU4YHOT0 KEPYBaHHS TPAHCIIOPTYBaJIbHUMU 3acob6amu-matTiaamu. O6'eKT JOCTiIKeHHS — IpoLec
aBTOMATUYHOTO KEPYBaHHS TPAHCIOPTYBAJIbHUMU 3acO6aMU-1IATIaMi B aBTOMATA30BAHMX BHYTPilIHbOCKIAACbKUX
cucremax. [Ipegmer mociigpKeHHs: — MaTeMaTUYHi MOJIEJIi Ta METOH, O ONMCYIOTh IIPOLIEC ABTOMATUYHOTO

KE€pyBaHHA TPAaHCIIOPTYBaJIbHUMHA 3acobaMu-IIaT/IaMU.

2. Vzhesnievskyi M. O Models and Methods of Automatic Control of Shuttle Vehicles In Warehouse Logistics.
Qualification scientific work in the form of a manuscript. Dissertation for the degree of Doctor of Philosophy in
specialty 151 "Automation and computer-integrated technologies" - Kharkiv National University of Radio
Electronics, Ministry of Education and Science of Ukraine, 2025. The dissertation is a continuation of scientific
research of the Department of Computer Integrated Technologies, Automation and Robotics. (KITAR) of the
Kharkiv National University of Radio Electronics on the development and implementation of progressive
information, resource-saving and environmentally safe technologies. The dissertation is devoted to a relevant
scientific and practical problem, namely the development of models and methods of automatic control, taking into
account the requirements of energy efficiency, of automatic transport vehiclesshuttles in automated intra-
warehouse systems. The problem of the movement automatic control for a shuttle vehicle in intrawarehouse
systems under conditions of uncertainty is investigated, which uses mathematical models when selecting the
parameters of the best control solution - to increase the energy efficiency and productivity of technological
systems within the INDUSTRY 5.0 concept. Based on electromechanical analogies and Lagrange equations of the
2nd kind, models of processes in an automatic shuttle vehicle for intra-warehouse cargo operations are built,
which allowed to establish three possible equivalent forms of representation of mathematical models in the form
of a system of first-order differential equations with respect to the angular velocity of the wheels and the current



of electric motors rotors, in the form of a second-order differential equation ith respect to the angular velocity and
in the form of a differential equation with respect to the current of the rotors of electric motors. The regularities
of steadystate and transient processes in an automatic shuttle vehicle under the influence of automatic regulators,
including those with variable parameters, have been established to ensure intellectualization of control, which,
unlike the existing ones, allows for the design of automation systems in intra-warehouse systems in accordance
with the INDUSTRY 5.0 concept. The technical means of automation based on PID regulators have been modeled,
by ensuring the autonomy of shuttle vehicles for the automation of intra-warehouse cargo operations, by
automating movement control with precisely specified speed and movement for precise positioning, relative to the
components of the logistics system, which made it possible to increase productivity and energy efficiency, and the
stability of intrawarehouse cargo operations. A mathematical model of the movement control process for shuttle
vehicles using a PID controller in the form of a linear fourthorder differential equation with appropriate initial
conditions, an amplitudefrequency characteristic of the movement process taking into account resonant modes,
which, unlike existing models, made it possible to set the conditions and parameters of PID movement controllers
to avoid resonant processes in the life cycle of operation of automatic shuttle vehicles. A mathematical model of
the controlled technological process of the functioning of a shuttle vehicle in automated intra-warehouse systems
was improved, which is based on the use of controllers with intelligent systems, which is based on the justification
of the current parameters of production processes using computer-integrated technologies, which made it
possible to ensure the saving of electric energy of intelligent shuttle vehicles by optimizing speed. The purpose of
the dissertation is to improve automation systems in intrawarehouse logistics, taking into account energy
efficiency requirements, by developing models and methods for automatic control of shuttle vehicles. The object of
the study is the process of automatic control of shuttle vehicles in automated intra-warehouse systems The
subject of the study is a of mathematical models and methods that describe the process of automatic control of
shuttle vehicles. Research methods.
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