AHOTANIA

['onora Onexkcanap OnexkcanapoBud. [{ociiKeHHsI PeKUMIB pOOOTH CUCTEMU
KepyBaHHS [UISIXOBOIO CTPYKTYpPOIO HATypHOI MOJENl MarHiTOJEeBITAI[lITHOTO
TpaHcropTy. — KBamidikariiiHa HayKoBa Mmpaiisl Ha IpaBax PyKOITHCY.

JHucepramiss Ha 3700yTTS HAyKOBOTO CTYINEHS JAokTopa (imocodii 3a
cnemiaipHicTIO 275 — TpaHcnmopTHI TexHOJOrii (3a BHAaMH). — YKpaiHCHKUIA
JIep>KaBHUM YHIBEPCUTET HAyKHU 1 TeXHoJor1i, Juinpo, 2025.

Jucepraiiisi mpUCBAYEHA MUTAHHAM JOCIIKEHHSI PEKHUMIB POOOTH CUCTEMHU
KepyBaHHS [UISIXOBOIO CTPYKTYpOIO HATypHOI MOJENl MAarHiTOJEBITALIMHOTO
TpaHcnopty. B nmaHiii poOOTI miJl BUSHAYEHHSM «IUIIXOBA CTPYKTYpa» MAEThCSA Ha
yBa3l caMe€ TArOBl €JIEKTPOMArHiTH, sIKI 3a0€3MeUyl0Th peani3alil0 Ha CTEH[l TaKi
PEXKUMHU POOOTH — JIEBITAIIIO TA TATY €KiMa)Ky HATYPHOI MOJIEJII MarHiTOJIEBITAI[IITHOTO
TPAHCIIOPTY .

PoGoTa oxormmoe SK TEOPETUYHUM, TaK 1 MPAKTUIHUN aCTIEKT MOCIIKCHHS
CUCTEM KepyBaHHS BUCOKOIIBU/IKICHUX Ha3€MHUX TPAHCIIOPTHUX CHUCTEM.

MarsiTosieBITAlIMHUIT ~ TPaHCIOPT € OJHIE0 3  HAWNEPCHEeKTUBHIIINUX
TEXHOJIOT1 BUCOKOMIBUAKICHOTO pPyXy. Bynydu pi3HOBHUIIOM BHCOKOIIBUIKICHOTO
TPaHCHOPTY, MAarHiTOJNEBITAUIMHUNA TPAHCHOPT, MAa€ MOTEHI[lal CYTTEBO 3MIHUTH
MEPEBE3CHHSI TACAXKUPIB 1 BAHTAXKIB MOPIBHAHO 3 TPAAUIIIHHUMHU BUCOKOIIIBUIKICHUMU
3III3HUIIMU 32 PaXyHOK BIJICYTHOCTI KOHTaKTy Koseca 3 peikoro. Llei daxTop nae
MOKJIMBICTh 3a0€3MEUUTH BUIIl €KCIUTyaTalliiH1 IIBUIKOCT1, MEHIIIMI 3HOC €JIEMEHTIB
1H(paCTPYKTYpH, HUKYHMI PIBEHb IIIyMy Ta BiOpalliif, a TAKOX IMiIBUINCHY TJIaBHICTb
pyxy. [ns macaxxupchKux TiepeBe3eHb 1€ 03Ha4Yae€ CKOPOYCHHS Yacy B JIOpO3i Ha
CepelIHIX JUCTAHIIAX 1 KOHKYPEHTOCIPOMOXHICTh 3 aBlallitHUM TPAHCIOPTOM, a JJIs
BAHTAXHUX — MOMJIMBICT  INBUJKOI JIOCTABKM  BAHTAXIB 13  BHCOKOIO
eHeproeekTuBHICTIO. Ha chOro/1HI B CBITI BBEICHO B €KCILTyaTallll0 JeK1IbKa JUISTHOK
1IbOTO BHy TpaHcmopTy. Shanghai Maglev (Kutait) npotskHaicTio mpubiamn3Ho 30 KM,
10 3’eaye aeporopt [lymyH 13 micTom, Ta Linimo (SImoHist) — MichKa JIiHiS JOBXHHOIO

omm3bko 9 kM. KpiMm TOro, peainizoBaHi JOCHTIAHI a00 BHUIPOOYBaNbHI IIISHKH,
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BKIIOYHO 3 mpoektamu SCMaglev y SmoHii, MO AEMOHCTPYIOTh MOMJIHBOCTI
nocsirHeHHst mBukocter nmoHaa 500 km/rox. [Ipote OyAiBHUIITBO MOBHOMACIITAOHUX
JOCIITHUX AUISTHOK € IOPOTOBAPTICHUM Ta CKJIATHUM MPOIIECOM, 110 0OMEXKYE IIUPOKE
BIPOBAHKCHHS TEXHOJIOT11 Ha HAIlIOHATBHUX MEpeXaX TPAHCTIOPTHUX CHCTEM.

IcHyroul maruiToseBITaIlMHI TEXHOJOTIi 0a3yrThCS TMEPEBAKHO Ha JOBIUX
CEeKINSIX J>KUBJICHHS Ta ICHTPAJI30BaHMX CHUCTEMax KEPYBaHHS, IO YCKIATHIOE
eKCIICPUMEHTAJIbHI JOCIIKEHHS, aJanTallil0 PeXUMIB poOOTH Ta BIPOBAKEHHSI
HOBUX aJITOPUTMIB KEPYBaHHS.

BaxyBuM etanmoMm IOCHIKEHb y 11 raigy3i € HaTypHE MOJICTIOBAaHHS Ta
CTBOPEHHSI E€KCIEPUMEHTAIbHUX CTEHIB, 110 Ja€ 3MOTY BIATBOPIOBAaTH OCHOBHI
MPOIECH B3aEMOJIT MIXK EKIMaKeM 1 NUISXOBUMM KOTYIIKaMH, JOCHIJKYBATH iX
€JIEKTPOMATrHITHI TapaMeTpy, MNEpPEBIPATH aITOPUTMH KEPYBaHHS Ta OLIHIOBATH
JTUHAMIKY TEepeXiIHUX TMpoIeciB. 3aCTOCyBaHHA TaKOTo MIAXOAy 3a0esreuye
MOXJIUBICTh €()EKTUBHOTO BUIPOOYBAHHS Cy4YacHOI €JIEMEHTHOi 0a3u Ta (opmye
nepeayMOBH TSl TIOJAIBIIIOT0 BAOCKOHAJIEHHS MArHITOJNIEBITAIIMHUX TPAHCTIOPTHUX
TEXHOJIOT1H 1 iX BIPOBA/KEHHS Y TOBHOMACIITAOHUX CUCTEMaX HOBOTO MOKOJIIHHS.

AKTyalpHICTb POOOTH O0OYMOBJIEHA HEOOXIJAHICTIO pPO3pOOKHM HAYKOBO
OOTPYHTOBAaHMX PEXHUMIB KEpyBaHHS HATYPHOIO MOJICJUTI0 MAarHiTOJEBITALIMHOTO
TPAHCIIOPTHOTO 3ac00y Ta BIATMOBIIHUX CHUCTEM KEpPYBaHHS, 3JaTHUX 3a0€3MCUUTH
CTaOUIBHUM PyX 1 BUCOKY IMIBUIKICTH MPU MArHITHIN JeBIiTAIIl].

PesynbraTom pobOTH AOCHIIKYBaHOI CHCTEMH KEpyBaHHS € BHU3HAYCHHS
Jl1ana3oH1B IPOCTOPOBUX KYTIB JJIs MOJa4l KEPYIOUMX IMITYJIbCIB Ha HUISIXOB1 KOTYILIKH
HATYpPHOTO CTE€HAY MarHiTOJIEBITALIHOTO TPAHCIIOPTY.

Po6ota B Tematuili JOCIIKEHb MArHITONEBITALIMHOTO TPAHCIIOPTY Ta CUCTEM
KepyBaHHS E€JICKTPOTPAHCIIOPTOM NPOBOIWIACH SK YKPATHCBKMMHM BYCHHMHM, TaK i
3akopmoHHUMHU.  Cepesl  BITYM3HAHMX  HAyKOBIIB ~ BU3HAYAIOTHCS  TIpalli
BacunseBa C. B., [I3enzepcbkoro B. O., Owmenbsnenka B. 1., Ilnakcina C. B.,
IToropimoi JI. M., Marina B. 1, VYcrumenka J[. B., XBopocta M. B.,
[urnenkosa J[. B., Hlkinsg FO. B., Cepen 3akopJlOHHHX BYEHHX BaroMuil BHECOK

3poouu  Antunez S., Carabelli S., Carcasi G., Danby G. T., Delprete C., Eric R.
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Laithwaite, Felez J., Fontana R., Fukase S., Genta G., Gopi R. S., Liang H.,
Lichtenberg A., Muzzarelli M., Nocita A., Panneerselvam K., Parrotta L. A,
Portilo D., Powell J. R.  Schultz-Wildelau M., Srinivasan S,
Vaquero-Serrano M. A., Wang Y., Weihua Zhang, Wiesman R., Yang H., Zhou B.,
Zigang Deng Ta imumi.

Ha nepmomy eramni po6oTu OyJio 3/1iCHEHO aHalli3 Cy4acCHOTO CTaHy PO3BUTKY
MarHiToJeBITaliiHOrO TpaHcnopTy y cBiTl. Ilokazano, mo Snonis, Kwurtait 1
Himeuunna pocsiriM 3HAYHUX YCIIXIB Yy CTBOPEHHI MAarjieB-CUCTEM, $KI BXKe
(YHKLIOHYIOTh Ha MMACAKUPCHKUX MapuipyTax. BoaHouyac OKpecieHO OCHOBHI
npo0ieMu: BUCOKA BapTICTh 1HGPACTPYKTYpH, CKIAIHICTh EHEPronoCTayaHHS Ta
noTpeba B HAAIMHUX CHUCTEMax KepyBaHHA. PO3IIIHYyTO OCHOBHI THIHM CHUCTEM
miaBICKK — enekTpoMarHiTHy (EMS) ta enexkrponunamiuny (EDS), ixHl nepeBaru i
OOMEXKEeHHS.

B npyromy poznuii poGoTu Oyj0 BHU3HAYEHO Ta 3alpONOHOBAHO MPUHIIMIIHN
MOKJIMBUX QJITOPUTMIB KEpPyBaHHS HATYpHOIO MOJIEUIIO, a caMe IOCIHiIOBHUM,
napayienbHui, KOMOIHOBaHMA. Byi0 BUKOHaHE iMiTalllifHE MOJIETIOBAaHHS Ta OTPUMAHO
HOBI 3JIEKHOCTI, 110 JO3BOJIMJIM BU3HAYMTH YACOBI XapaKTEPUCTUKU IMEPEX1AHOTO
OpoLecy HATypHOI MOJENl TAroBOro MoOAyJs. 3a JOMOMOrOK MpOTrpamMHOro
3a0e3nedeHHs Scilab mpoBeneHO MOJENOBaHHS POOOTH AOCHITHOI CXeMHU OJIOKY
PO3MOJIUICHHS €Heprii Ta OTpuMaHo Tpadiku MepeXiTHUX MPOIECIB ISl PI3HOTO TUITY
KepyBaHHS MIJITXOBUM MOJYJIEM: MTOCIIIOBHE, MMapajeinbHe, koMOiHoBaHe. Po3pobieHo
IHCTPYMEHT JJisi KOMIT FOTEPHOT'O MOJIETIOBAHHS OJIOKAa PO3MOIICHHS] €HEeprii, sIKuid
Hajajxl MOXKHA 3aCTOCOBYBATH IS PO3B’SI3aHHSA 1HIIMX 3a7ad, IOB S3aHUX 13
pPO3pOOKOI0  E€HEProyCTAaHOBKM  IUISIXOBOI  CTPYKTypH  BHCOKOIIBHAKICHOTO
MarHiTOJIEBITAI[IHHOTO TPAHCIIOPTY.

Tperiii po3All NPUCBAYEHO CTBOPEHHIO EKCIEPUMEHTAJIbHOIO HATYPHOIO
CTCHIy Ta JAOCITIDKCHHIO TMapaMmeTpiB NUIIXOBUX KOTYIIOK. CTBOpeHUU CTEH.
XapaKTEPU3y€EThCsl HASBHUMHU rabapuTamu, IO 1 BU3HAYWIO MOTO CTPYKTYpPY, fAKa
ckianaeTses 3 40 MoayniB, 10 MOAIEHI Ha § cekuii. KoxkeH nuisaxoBux MOayIb Mae

1o 2 NUISIXOB1 KOTYIIKH 3 30BHIIIHBOI T4 BHYTPIIIHBOT CTOPOHU. OCKIIBKH, KIIFOUOBUM
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€JIEMEHTOM HATYpPHOTI'O CTEHy € IIISXOBa KOTYIIKA, TO TOCTA€ 3aBJaHHS B BHOOpI
HEOOX1IHMX TapaMeTpiB Ta JOCHIKeHb i1 BiacTUBOCTeH. Bu3HaueHo, mo s
NEPEeBIPKA 3aKOHOMIPHOCTEM pO3MOJAUTY 3HAY€Hb PEAKTHUBHOIO OMOPY ILISXOBUX
KOTYIIOK TpU PI3HUX KOHCTPYKTHUBHUX IMapameTpax JOIJIBHO 3aCTOCOBYBAaTH
EKCIIEPUMEHTAJIbHI  JIOCHIKEHHS. Y I[bOMY pO3JUT 3allpOINOHOBAHO MPUHIIMIT
CEKILIHHOT MOJYJIbHOT CHUCTEMHU KepyBaHHS PYXOM €KiMaxXy HaTypHOi mojeini. Bona
0a3yeThCsl Ha BUKOPUCTAHHI HUISIXOBUX MOJYJIIB, II0 MOXYTh IPAIIOBATH Y PI3HUX
pexuMax, sKi MOXYTb OyTH 3aJaHl MPOrpamMHO, HAIMPUKIAJ], 3 BUKOPHUCTAHHIM
MIKpOKOHTpoJiepiB Arduino. JlociiakeHHs] 3Ha4eHb PEaKTUBHOIO OMOPY HUISIXOBUX
KOTYIIIOK JO3BOJIUJIO BCTAHOBUTHU IX 3aJICKHOCTI BiJl PI3HUX MapameTpiB (AiameTp
MPOBOJly, KUIbKICTh BHUTKIB) Ta NPOBECTH OOIPYHTOBaHWI BHOIp palliOHAIBHUX
napaMeTpiB HNUITXOBOI KOTYIIKU JJIi HATYPHOTO CTEH/TY.

YerBepTuil  po3AlT  NPHUCBIYEHO  EKCIIEPUMEHTAIBHOMY  JIOCIHIKEHHIO
HUISXOBUX MOJAYJIB B pPEeXUMI HepoOoudoro xoay. OCKUIbKH, HAaTypHUH CTEH]
no1I0HUI 32 MPUHIIUIIOM J1i TIHIHHOMY CHHXPOHHOMY JBUTYHY Ma€ Ta € 0OCpPHEHHM,
TOOTO JOCIIHKYIOUYHM MOTO B PEKHUMI «T€HEPATOP», MOMKIMBO BU3HAUUTH 1 MOKA3HUKH
PEXKUM «JIBUTYH», & caM€ MOMEHTH HalOUIbIIOI peasizallli eJeKTPOPYIIiHHOI CUIIH.
OTpumaHi pe3yJbTaTU € BUXITHUMHU JJI1 OOTPYHTYBAaHHS MO3UIIIOHYBAHHS EKIMaXy
HaTypHoro creHay. Iloka3zaHo, 10 AJis BIATBOPEHHS IWHAMIYHUX PEXKUMIB PYXY
HEOOX1THO 3a0€3MEeYUTH TOYHY KOMYTAIllI0 MUIIXOBUX MOAYJiB. Jljis 1boro Oyso
BUKOPHUCTAHO €HKOJIEp Ta JaTuuK XOJia, sIKI JO3BOJISIIOTh BU3HAYATU MOJIOKEHHS U
KOOPJIMHATH €KIMaXxy B peaibHOMY 4Yaci. AHaI3 OTpUMaHUX OCIUIIOrpaM HepoOOoYoro
XOJly JO3BOJIMB MPOTHO3YBATH PaIliOHATBFHI MOMEHTH Yacy JIJIsi KOMYTaIlii MUITXOBUX
MOJIYJIIB B PEXKUMI TSATH.

Mertoro aucepTallii € BUSBHaAUCHHS J11alma30H1B IPOCTOPOBUX KYTIB TMOJIOKECHHS
eKIMaXx<y JuIsd MOJayl CUTHAIIB KEPyBaHHS Ha IUISXOBY KOTYIIKY HAaTypHOI MOJENI
MAarHiTOJIEBITALIITHOTO TPaHCIOPTY, AKI O JO3BOJIMIM pealli3yBaTH PEXKUM TITU Ta
sesiTarii.

HaykoBa HOBH3HA TOCITIIKEHHS MOJISATAE:
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1) Buepie mpoBeneHO eKCIepUMEHTAIbHE BHU3HAUCHHS PEAKTUBHOTO OMOPY
HasBHUX  MPOTOTUIIB  HUISIXOBUX  KOTYHIOK  JUIsi ~ HATypHOI  MOJeni
MAarHiTOJIEBITALIITHOTO TPAHCHOPTY, IO CTBOPUIIO TEPEAYMOBH [JIsi IPOBEICHHS
MOIaJIBIIIOTO MOJICTIOBAHHS PEKUMIB POOOTH CUCTEMH KEpyBaHHS HATYPHOI MOJIETI.

2) ExcriepuMeHTallbHI TOCHIIKCHHS HATYPHOTO CTCHIY B PEKHUMI HEPOOOUOIrO
X0y JO3BOJIFUIA BIIEPIIC BU3HAYMUTH Jialla30HU MPOCTOPOBUX KYTIB TIOJOKCHHS
eKiMaxKy JJiA Mojadl CUTHAJiB KepyBaHHS HA IUISIXOBY KOTYIIKY HATYpHOI MOJeni
MAarHiTOJIEBITAIITHOTO TPAHCIOPTY, K1 O JO3BOJWIM pealli3yBaTH PEKUM TSITU Ta
JIeBITAI].

3) OTpuMaHO YacoBi 3aJIS)KHOCTI CIIOKUBAHHS CTPYMY BiJl JDKEpelia KUBICHHS
IUTSL PI3HUX PEKUMIB pOOOTH CUCTEMH KEPYBaHHS HUISIXOBOIO CTPYKTYPOIO MPH PI13HUX
CUTHAJIaX KEpyBaHHS: MOCHIJIOBHHM, MapanelbHuii, KOMOIHOBAHMM, IO CTBOPIOE
nepeayMOBH IS OIIHKH €HEPreTUYHOI €PEKTUBHOCTI CUCTEMH.

[IpakTMYHUMU PE3YIBTATAMH €:

1) CtBopeHHs HaTypHOI MOJEIi MAarHiTOJEBITAIIIHHOTO TPAHCIIOPTY 3
MOJIYJILHOIO CTPYKTYPOIO, sIKa JI03BOJISIE€ TOCHIKYBATH €JIEKTPOMArHITHY B3a€MOJIIIO
HUIIXOBUX MOJYJIIB 3 €KiMa)KeM B YMOBaX, HAOIMKEHUX /10 PeabHUX.

2) Po3pobka CUCTEMH MO3UII0HYBaHHS HaTypHOTO CTEHIY
MarHiTOJIEBITAIlIHHOTO TPAHCIOPTY, SKAa JIO3BOJISIE BUKOHYBAaTH TOJady CHUTHaJIB
KepyBaHHA Ha IUIAXOBY KOTYIIKY HATypHOI MOJENI MAarHiToJEBITAIHOTO
TPaHCTIOPTY .

3) Po3poOieHo IHCTPYMEHT JUIS KOMIT FOTEPHOTO MOJICIIIOBaHHS OJIoKa
PO3MOUICHHS €Heprii, KUl Hajaix MOXKHA 3aCTOCOBYBATHU JIJISi PO3B’SI3aHHS 1HIITNX
3a/ay, TOB’SI3aHUX 13 PO3POOKOI0 EHEProyCTaHOBKH IIUIAXOBOI  CTPYKTYpH
BHUCOKOIIIBUKICHOTO MarHiTOJIEBITAIITHOTO TPAHCIIOPTY.

Pesynbratt pobOTH CTBOPIOIOTH MIATPYHTS IJISl MOJAIBIINX JOCTIKEHb Ta
PO3pPOOKH E€KCIEPUMEHTANBHO-OCIITHUX HATYpHUX MOJeel, o0 OoTpuMaTH HOBI
CHIBBIHOIIEHHS Ta XapaKTEPUCTUKH, SKI JO3BOJIATh MIATBEPAUTH €PEKTUBHICTH 1

Mpale31aTHICTh HOBOT'O MPHUHLIHUITY KEPYBAaHHS PYXOM MarHiTOIUIaHY.
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OTpuMaHi pe3yJabTaTH MAlOTh NPUKIATHE 3HAUEHHS M  PO3BUTKY
MAarHiTOJIEBITALIMHOTO TpaHCNOpTy. BOHM A03BOJSAIOTH YTOYHUTH MapaMeTpu
KOTYLIOK HUIIXOBUX MOJYJIIB, BIOCKOHAJIIUTU CUCTEMU KEPYBaHHsI Ta MO3ULII0OHYBAHHS
HATYpPHUX CTEH[IIB 1 3a0€3MeYNTH OCHOBY JJIsl MacIITaOyBaHHS OTPUMAHUX TEXHIYHUX
pIIlIEHb.

KnrouoBi crmoBa: MarHiTONEBITAllIMHUN — TPaHCIOPT, JIHIWHUNA JABUTYH,
IJIIXOBUWA MOAYJIb, HATYPHUM CTE€HJ, OCTIMHI MAarHITH, IIJISXO0BI KOTYIIKH, CUCTEMA
KEpPYBaHHsI, KEPYBaHHS PyXOM, KEpyBaHHsS IpPOLECOM, MO3MIIIOHYBaHHS EKIMaxy,
€JIEKTPOMEXaHIYHl XapaKTepUCTUKH, MAarHiTHa I1HAYKIIs, aIrOPUTM KEpyBaHHS,

PEXKUMH pOOOTH, HEPOOOUUI X1,



ABSTRACT

Holota Oleksandr Oleksandrovych. Research on the operating modes of the track
structure control system of physical model of magneto-levitation transport. —
Qualifying scientific work on the rights of the manuscript.

The dissertation on competition of a scientific degree of the doctor of philosophy
on a specialty 275 - Transport technologies (on kinds). - Ukrainian State University of
Science and Technology, Dnipro, 2025.

The dissertation is devoted to the issues of studying the operating modes of the
track structure control system of a physical model of maglev transport. In this work,
the definition of “track structure” refers to traction electromagnets that ensure the
implementation of the following operating modes on the stand - levitation and crew
traction of a physical model of maglev transport.

The work covers both the theoretical and practical aspects of studying control
systems for high-speed ground transport systems.

Maglev transport is one of the most promising technologies for high-speed
movement. Being a type of high-speed transport, maglev transport has the potential to
significantly change the transportation of passengers and cargo compared to traditional
high-speed railways due to the absence of wheel-rail contact. This factor makes it
possible to provide higher operating speeds, less wear and tear on infrastructure
elements, lower noise and vibration levels, and increased smoothness of movement.
For passenger transport, this means reducing travel times over medium distances and
competitiveness with air transport, and for freight — the possibility of fast delivery of
goods with high energy efficiency. Today, several sections of this type of transport
have been put into operation in the world. Shanghai Maglev (China) with a length of
about 30 km, connecting Pudong Airport with the city, and Linimo (Japan) — an urban
line about 9 km long. In addition, experimental or test sections have been implemented,
including SCMaglev projects in Japan, demonstrating the possibility of achieving

speeds of over 500 km/h. However, the construction of full-scale experimental sections
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IS an expensive and complex process, which limits the widespread implementation of
the technology on national transport system networks.

Existing magnetolevation technologies are based mainly on long power sections
and centralized control systems, which complicates experimental research, adaptation
of operating modes and implementation of new control algorithms.

An important stage of research in this area is physical modeling and creation of
experimental stands, which allows reproducing the main processes of interaction
between the crew and track coils, studying their electromagnetic parameters, checking
control algorithms and evaluating the dynamics of transient processes. The use of such
an approach provides the possibility of effective testing of modern element base and
forms the prerequisites for further improvement of magnetolevation transport
technologies and their implementation in full-scale systems of the new generation.

The relevance of the work is due to the need to develop scientifically
substantiated control modes for a physical model of a magnetolevation vehicle and
corresponding control systems capable of ensuring stable movement and high speed
during magnetic levitation.

The result of the operation of the studied control system is the determination of
the ranges of spatial angles for supplying control pulses to the track coils of the physical
test stand of magnetic levitation transport.

Work on the topic of research into magneto-levitation transport and electric
transport control systems was carried out by both Ukrainian and foreign scientists.
Among domestic scientists, the works of Vasiliev S. V., Dzenzers'kyy V. O.,
Omelyanenko V. I., Plaksin S. V., Pogorila L. M., Matin V. I., Ustymenko D. V.,
Khvorost M. V., Tsyplenkov D. V., Shkil Y. V. Among foreign scientists, a significant
contribution was made by Antunes S., Carabelli S., Carcass G,
Danby G. T., Delprete K., Eric R. Leithwaite, Felez J., Fontana R., Fukase S.,
Genta G., Gopi R. S., Liang H., Lichtenberg A., Muzzarelli M., Nosita A.,
Pannerselvam K., Parrotta L. A., Portillo D., Powell J. R., Schultz-Wildelau M.,
Srinivasan S., Vaquero-Serrano MA, Wang Y., Weihua Zhang, Wiesman R.,
Yang H., Zhou B., Zigang Deng, et al.
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At the first stage of the work, an analysis of the current state of development of
magnetic levitation transport in the world was carried out. It was shown that Japan,
China and Germany have achieved significant success in creating maglev systems that
are already operating on passenger routes. At the same time, the main problems were
outlined: the high cost of infrastructure, the complexity of power supply and the need
for reliable control systems. The main types of suspension systems - electromagnetic
(EMS) and electrodynamic (EDS), their advantages and limitations were considered.

In the second section of the work, the principles of possible algorithms for
controlling the physical model were defined and proposed, namely, serial, parallel,
combined. Simulation modeling was performed and new dependencies were obtained,
which allowed determining the time characteristics of the transient process of the
physical model of the traction module. Using the Scilab software, the operation of the
experimental circuit of the energy distribution unit was simulated and transient graphs
were obtained for different types of track module control: serial, parallel, combined. A
tool for computer modeling of the energy distribution unit has been developed, which
can be used in the future to solve other problems related to the development of the
power plant of the track structure of high-speed maglev transport.

The third section is devoted to the creation of an experimental physical stand and
the study of the parameters of the track coils. The created stand is characterized by the
available dimensions, which determined its structure, which consists of
40 modules divided into 8 sections. Each track module has 2 track coils on the outer
and inner sides. Since the key element of the full-scale stand is the track coil, the task
arises of selecting the necessary parameters and studying its properties. It was
determined that it is advisable to use experimental research to verify the patterns of
distribution of the values of the reactance of the track coils at different design
parameters. This section proposes the principle of a sectional modular system for
controlling the movement of the crew of a physical model. It is based on the use of
track modules that can operate in different modes that can be set programmatically, for
example, using Arduino microcontrollers. The study of the values of the reactance of

the track coils allowed us to establish their dependence on various parameters (wire
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diameter, number of turns) and to make a reasonable choice of rational parameters of
the track coil for the physical test stand.

The fourth section is devoted to the experimental study of track modules in the
non-working mode. Since the physical test stand is similar in principle to a linear
synchronous motor and is inverted, that is, by studying it in the “generator”” mode, it is
possible to determine the indicators of the “engine” mode, namely the moments of the
greatest realization of the electromotive force. The results obtained are the starting
points for substantiating the positioning of the maglev vehicle of the physical test stand.
It is shown that to reproduce dynamic modes of movement, it is necessary to ensure
accurate switching of the track modules. For this purpose, an encoder and a Hall sensor
were used, which allow us to determine the position and coordinates of the crew in real
time. Analysis of the obtained non-working oscillograms allowed us to predict rational
moments of time for switching the track modules in the traction mode.

The purpose of the dissertation is to determine the ranges of spatial angles of the
maglev vehicle position for supplying control signals to the track coil of a physical
model of maglev transport, which would allow to implement the traction and levitation
mode.

The scientific novelty of the research is:

1) For the first time, an experimental determination of the reactance of existing
prototypes of track coils for a physical model of maglev transport was carried out,
which created the prerequisites for further modeling of the operating modes of the
control system of the physical model.

2) Experimental studies of a physical stand in the non-working mode allowed to
determine the ranges of spatial angles of the crew position for supplying control signals
to the track coil of a physical model of maglev transport, which would allow to
implement the traction and levitation mode.

3) The time dependences of current consumption from the power source for
different operating modes of the track structure control system with different control
signals: serial, parallel, combined, which creates the prerequisites for assessing the

energy efficiency of the system.
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The practical results are:

1) Creation of a physical model of a maglev transport with a modular structure,
which allows studying the electromagnetic interaction of track modules with the crew
in conditions close to real ones.

2) Development of a positioning system for a physical stand of a maglev
transport, which allows supplying control signals to the track coil of a full-scale model
of a maglev transport.

3) A tool for computer modeling of the energy distribution unit has been
developed, which can be used in the future to solve other problems related to the
development of the power plant of the track structure of a high-speed maglev transport.

The results of the work create a basis for further research and development of
experimental and research physical models in order to obtain new ratios and
characteristics that will allow to confirm the efficiency and operability of the new
principle of magnetic levitation movement control.

The obtained results have an applied value for the development of magnetic
levitation transport. They allow to specify the parameters of the coils of the track
modules, to improve the control systems and positioning of physical stands and to
provide a basis for scaling the obtained technical solutions.

Key words: magnetic levitation transport, linear motor, track module, physical
stand, permanent magnets, track coils, control system, motion control, process control,
maglev vehicle positioning, electromechanical characteristics, magnetic induction,

control algorithm, operating modes, idle stroke.
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