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YCTOMYHUBOCTD JEBUTAIIMOHHOTI' O IBUKEHMUS DKUTIAKA
SJEKTPOJUHAMHUYECKOM TPAHCIIOPTHOM CUCTEMBI C INIOCKOM
IIYTEBOM CTPYKTYPOH

Ipennosxena HOBask cXeMa JIEBUTHPYIOLIEH TPaHCIOPTHOH CUCTEMBI C 2JIEKTPOIMHAMUUECKUM MOABECOM U
IUIOCKOH ITyTeBOU CTPYKTYpoil. Llenb cTaTh COCTOUT B OIEHKE NMIPOCTPAHCTBEHHBIX KONEOAHHI U YCTOHIHBOCTH
JIBIDKEHUS KUIIaXa 3JIEKTPOJUHAMUYECKON TPAHCIIOPTHOW CUCTEMbl. METoJ| UCCIIEN0BaHUS — TEOPETUYECKUH,
4HCIeHHbIH. [IpuBeeHsl pe3ynbTaThl HCCIeA0BAHHMI, TOKA3BIBAIOIIIE, YTO JUIS IIPEATIOKEHHONH KOHCTPYKTUBHON
CXEMBbI TPAHCIIOPTHOH CHUCTEMBI C YETHIPbMs II0JIOCAMH CBEPXIIPOBOJSAIINX MAarHUTOB M JIBYMs IIOJIOCAMH ITyTe-
BBEIX KOHTYPOB UMEET MECTO YCTOHYMBOCTD INPSIMOJIMHEHHOTO U KPUBOIHHEHHOTO JABIDKCHHS OKHIIAXKa U IPHEM-
JeMble MoKa3atenu komdopra naccaxupon. CrenaH BbIBOJ O BO3MOXXHOCTH U LIEJIE€COOOPa3HOCTH NPUMEHEHHs
MIPEeUI0KEHHOH KOHCTPYKTHBHOM CXEMBI IIPH CO3JaHHU HOBBIX TPAHCIOPTHBIX CHCTEM.

3anponoHOBAaHO HOBY CXEMY JIEBITAIIHOI TPAaHCIOPTHOI CHCTEMH 3 eIeKTPOAMHAMIYHIM IiJBiCOM 1 mIoc-
KOIO IIUISIXOBOIO CTPyKTypoto. Linb crari momsrae B OLIHII MPOCTOPOBHMX KOJIMBAaHb i CTIHKOCTI pyXy eKilaxy
eNIEKTPOANHAMIYHOI TPAHCIIOPTHOI CHCTeMH. MeTox JOCIiDKeHHS — TeOpeTHUIHHUH, yncioBuid.  HaBeneHo pe-
3y/IBTaTH JOCII/KEHB, SKi IOKa3yI0Th, 110 JJIs1 3alPOINIOHOBAHOI KOHCTPYKTHBHOI CXEMH TPAHCIOPTHOI CUCTEMH 3
4OTUpMA CMyraMH HaAIIPOBIAHUX MArHiTIB Ta JBOMa CMYyraMy IUIIXOBHX KOHTYPIB Ma€ MicIle CTilfKicTb HpsIMO-
JHIHOrO Ta KPHUBOJIHIMHOTrO JEBITALIWHOTO PyXy eKimaxy i NPUHHATHI MOKA3HUKH KOM(OPTY HaCa)KHpiB.
3po6i1eHO BUCHOBOK IPO MOJKIIMBICTH Ta JOLUIBHICTE BUKOPHCTAHHS 3alPOIOHOBAHOI KOHCTPYKTHBHOI CXEMH
[P CTBOPEHI HOBHX TPAHCIIOPTHHX CHUCTEM.

A new scheme of a levitating transportation system with the electrodynamic suspension and the flat track is
proposed. The purpose of the paper is to evaluate the spatial oscillations and the motion stability of the vehicle of
the transportation system. The analytical and numerical methods are used. The obtained results show that the
proposed system with the four rows of superconducting magnets and two rows of track profiles provides a stable
rectilinear and curvilinear motion of the vehicle and acceptable passenger comfort. We came to the conclusion
that the proposed design could be expediently used when creating new transportation systems.

Knwouesnvie cnosa:. snekmpoounamuyeckas mpaHcnopmuas cucmema, nyme-
8as CcMpYKmMypa, YCMOU4YUBOCMb NeBUMAYUOHHO20 NPAMOJUHEUHO20 U KPUBOJIU-
HeliH020 OBUIICEHUS], CEEPXTPOBOOAUSUE MACHUMDL.

B panee nznoxeHHBIX pa3pabOTKax KOHCTPYKTHUBHBIX CXEM 3JIEKTPOIMHAMHU-
YECKHUX TPAHCIIOPTHBIX CHCTEM PAcCMOTPEHBI pa3jIM4HbIe BapHAHTHI HCIOJIb30Ba-
HUSI 9MCiIa TIOJI0C M KOJIMYECTBA CBEPXIIPOBOISIIIMNX MAarHUTOB, a TAKXKE IYTEBBIX
KOPOTKO3aMKHYTHIX KOHTYpoB [1]. I[IpeacraBnser uHTEpec OLEHKAa YCTOMYMBOCTH
JIEBUTALIMOHHOTO JIBWXECHUS SKHUIIAaXKa BIOJIb IUIOCKON ITyTE€BOW CTPYKTYPbI IPSMO-
JMHEHHOT0 U KPUBOJIMHEHHOr0 OYepTaHus B IJIaHE B CIydae, KOTAa Ha KaXI0H u3
IBYX TeJeKEeK dKuIaxka Kpensarcsi 16 (4eTblpe MOI0Chl) CBEPXIPOBOSIIUX MarHu-
TOB (II0 YEThIpE MarHUTa MO KpasiM TEJIEXEK) U JBE IOJIOCHI KOPOTKO3aMKHYTBIX
TOKOIPOBOSIIIUX KOHTYPOB NPSIMOYT'OJIBHOTO O4epTaHus. Takas cucreMa MOKET
paccMaTpuBaThCsl Ha OCHOBaHMM pemieHHs komuccun HAH Vkpausbsl kxak mep-
CHEKTHBHASI.

Pa3zmMepbl CONEHOMIOB CBEPXMIPOBOAALIMX MAarHUTOB B MPOAOJIBHOM M IIOIE-
PEYHOM HANpPABJICHUSIX NPUHATHI COOTBETCTBEHHO 1,2 1 0,25 M, a MyTEeBBIX KOHTY-
poB — 1,0 u 0,5 M. TIpeanonaraercsi, YTO CBEPXIPOBOISIINE MATHUTBI PACIIOJIONKE-
HBI 110 00€ CTOPOHBI KaXI0H IOJIOCHI yTEBBIX KOHTYPOB, PACCTOSHUE B POIOIIb-
HOM HaIlpaBJIEHUU MEXAY KOTOpeIMU npuHATO 0,1 M, MpruemM paccTosiHue B IOTIE-
PEYHOM HaIIPaBJIEHUU MEXAY MPOJOIbHBIMU OCAIMHU KOHTYPOB M KaXKJIbIM M3 JIBYX
COCEJTHUX PSIIOB CBEPXIPOBOAIINX MarHuToB cooTBeTCTBYET 0,205 M.

Llens cTaTbu COCTOUT B YCTAHOBJIEHNH BO3MOKHOCTH MCIOIB30BAHUS OMMCAH-
HOW KOHCTPYKTHUBHOM CXEMBI JIJIsl CO3/IaHuUs IEKTPOIMHAMUYECKON TPAaHCTIOPTHOM
CUCTEMBI.
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AKTyalbHOCTh pabOThI 00YCIIOBIIEHA IIETIECO00Pa3HOCTHIO PEIICHUS BOIIPOCca
0 BBIOOpE pallMOHAIbHONW KOHCTPYKTHBHON CXEMBbI 3JICKTPOAMHAMUYECKOH TpaHC-
MOPTHOM CUCTEMBI C IJIOCKOU IMMyTEBOU CTPYKTYPOI.

OreHKy JIEBUTAIIMOHHOTO JIBIDKEHUS HKUTIaXKeW Oy/ieM MPOBOANTH HA OCHOBa-
HUU WCCIEOBAaHUN WX MPOCTPAHCTBEHHBIX KOJIeOaHUIl IPH IBIKEHHH TI0 MPSIMO-
JUHEWHBIM M KPUBOJIMHEHHBIM y4aCTKaM ITyTeBOW CTPYKTYPHI (TIOCTOSIHHOW U TIe-
peMeHHON KpuBH3HBI). [Ipm 3TOM cuWTaeM, YTO SKHNAX MPEICTaBISICT COOOM
ANEKTPOIMHAMHUYECKYIO CHCTEMY, COCTOSIIYI0O M3 TpeX TBEPABIX Ten (Ky30Ba
IBYX TEJNEXKEK), K KOTOPHIM >KECTKO MPUKPETUIEHBl Ha WX TOPU3OHTAIBHBIX II0-
BEPXHOCTSIX CBEPXIIPOBOJSIINE MAarHWThl. B KadecTBe 0OOOIIEHHBIX KOOPIWHAT
ObUTH BHIOpaHBI BEpTUKAJIbHBIC Z W TIOTIEPEYHbIE Y TMEepeMEelIeHUs] TBEPABIX Tel

cucTeMbl (KOOpAMHATAa Z HampaBl€Ha CBEPXY BHHU3), X YIJIOBBIC MEPEMEIECHHS
0, @, y, cooTBeTCTBYMOLIME OOKOBOM Kauke, FAJIONUPOBAHUIO U BUISHUIO, a TAKXKE
TOKH B IIyTEBBIX KOHTYpax.

MatemaTrueckass MOJICNIb ABMKEGHUS KaXKIOTO M3 HCCIEAYEMbIX 3KHIAXen
ObLTa TpescTaBieHa B BUAE CBSI3aHHBIX nuddepeHmansHeIx ypaBHernid Jlarpan-
’a, OIUCHIBAIOIINX HMPOCTPAHCTBEHHBIE MEPEMELICHUS TBEPIBIX TEJl CUCTEMBI, U
YpaBHEHUH TOKOB B TOKOIIPOBOISIINX KOHTYpax MyTeBou CTPYKTyphl. llogpobHo
MaTeMaTH4YecKasi MOAEb IBI)KEHUS SKHUIAXKa HE TIPUBOJUTCS U3-3a €€ TPOMO3KO-
CTH, IOTOMY IPUBEAEM MAaTEMaTHYECKYI0 MOJENb ABWXEHHUS 3KHUIaxa B 00IIeM
BUJIE.

YpaBHEHHs OBIKEHHS SKUIa)Ka M U3MEHEHHS TOKOB MOXKHO IIOJIyYHUTb C I10-
Moo ypaBHeHuit Jlarpamxka Il poxa:

qu +qu +CDqV:QV, (v=1,2,...N) @
Y ypaBHEHHIA TOKOB, KOTOPBIE B MATPUYHO-BEKTOPHOM BHUJI€ UMEIOT BHUI:
dl
L—+rl=f, 2
m (2)
_dor ot _oil
v dtog, oq, v,
oP ®)
q)qua, Qv: f(FUFs)’

rae Q,— 000OIIEHHbIE CHITBI, SBISIOMIMECS (YHKIUEH 31eKTPOANHAMHIESCKHX CHIT
F_,Fs, nelcTBYIOINX Ha JKUMaX B IONEPEYHBIX, BEPTHKAIBHBIX IUIOCKOCTAX
BJIOJIb HOpMaJIEH M KacaTelbHBIX K MOBEPXHOCTSIM CBEPXIPOBOISIINX MAarHHUTOB;
N — uucno crenenei cBoboabl; L =|Lik| — MaTpua KodQPHUIUEHTOB CAMOUH]TYK-

in (i =K ) u B3aumounaykumu (i # K ) myTeBbIX KOHTYPOB; I — aKTHBHOE COMPO-
THBJIGHHE ITyTEBOI'O KOHTYpa, | — BeKTOp-cTONOCI TOKOB |, B K-X IyTEBBIX KOH-
typax, f — BekTop 2.4.c. fy, HABOAMMBIX CBEPXMPOBOIAIIMMA MarHUTaMH DKHITA-
ka B K-X TIyTeBBIX KOHTYpax; Doy, gy, ®gy, Qy — auddeperumansHsie onepatopst
1 0000ILEHHbIE CUIIBI, COOTBETCTBYIOIIME 0000IEeHHbIM KoopauHaTam ¢, ; T,ILD —

KMHCETUYCCKAs, MOTCHIUAJIbHAA SHCPTUA U (bYHKLII/ISI paccesaHus CUCTCMBI; FL’ Fs -
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HOpMAaJbHbIE ¥ KacaTelbHBbIE JIIEKTPOJUHAMIYECKAE CHJIBI B3aUMOJCHCTBUS
CBEPXITPOBOIAIINX MATHUTOB H ITyTE€BBIX KOHTYPOB.
Benuuunbl fx omnpemensoTcs U3 BHIpaKCHUS:

5., OM
fie == in —atkm , (4)
=1

rac Mkm_ KO3(1)(1)I/IIH/ICHTBI B3aMMOMHIAYKIIMA MEXKIYy M-M CBEPXNPOBOASIIAM
MarguToM u K-m KOHTYpPOM; N — YHMCJIO NOE3JHbIX CBEPXIPOBOIASAINIMX MArHuTOB;
Ir(;] — TOK B M-M CBEPXNPOBOJAILECM MarHure.

SHCKTpOI[I/IHaMI/I‘IeCKI/Ie CHIJIBI BBaI/IMOI[eI‘/'ICTBI/ISI CBEPXIPOBOAAIINX MArHUTOB
C MYTEBbIMU KOHTYpaMu FLm,, Fsm BJOJIb HOpMAJIA U KacaTeJIbHOM K MOBCPXHOCTIAM
Mar"suToB B HOHGpC‘IHOﬁ IIJIOCKOCTHU ONPCACTIAIOTCA U3 BI:Ipa)KeHHfI:

Fin = i%zik 68M o,
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rae Ap, 1 J, — 3HAUYEHMA 3a30pOB, T. €. CMELIEHUH M-X CBEPXIPOBOISILINX

MarHiTOB OTHOCUTEIEHO KOHTYPOB MyTEBOH CTPYKTYPHI B BEPTUKAIHLHOM H IIOTIE-
PEYHOM HAIPABIICHUSX; p — YACIIO YIUTHIBAEMBIX KOHTYPOB.

Pemas coBmectHO cuctembl ypaBHeHUH Buaa (1) u (2), Oymem oIlleHHBATh TH-
HAMHUYECKHE KauecTBa SKHIIaXa B CIIydae ero JEBUTAIMOHHOTO JIBIDKEHUS.

HeobOxomumbiM yciioBHeM oOecTiedeHHsI yCTOMYNBOTO JIEBUTAIIMOHHOTO JIBH-
JKEHUS JKHITaka SIBISETCS BBHIMIOJHEHUE CIEAYIOMIETO TPEOOBAHUS: NBIDKYIITUECS
BJIOJIb OCH ITyTH JBAa MAarHWTa, PacIOJIOXKEHHBIE B OJHOW MOMEPEYHON MIOCKOCTH
OTHOCHUTENFHO KaXKJIOW M3 T0JOC ITyTEeBBIX KOHTYPOB, MPH UX IMONEPEYHOM Iepe-
MEIICHUN JOJDKHBI UMETh HHUCXOISIIYI0 3aBUCUMOCTh KaCaTENBHBIX AJIEKTPOJIH-
HAMHUYECKHUX CHJI B3aMMOJEWUCTBUS C KOHTYpaMH, T. €. 3TH CHIBI JOJDKHBI OBITH
BOCCTAaHABIMBAIOIIMMH TPOTHUB TOMIEPEYHOTO C/IBUTA JIBYX MAarHUTOB OTHOCHUTEIb-
HO KOHTYpOB. Kpome 3T0r0, HOpManbHbIE JIEKTPOIMHAMHYECKHIE CHITBI TIPY TAaKOM
B3aMMO/ICHCTBUH JBYX MarHWTOB C KOHTYpaMH JOJDKHBI UMETh MUHHMAIbHOE 3Ha-
YeHHE B TIOJIO’KEHUH, COOTBETCTBYIOIIEM UX CHMMETPUYHOMY PACIIOIOKEHHUIO OT-
HOCHTEBHO TPOIOIBHOM OCH KaXKI0H M3 ITOJIOC KOHTYPOB.

Takum oOpazoM, Uil peau3alii YCTOHYHBOTO JIEBUTAIIMOHHOTO JIBHKEHUS
SKHUTAKa HEOOXOAMMO OIPENIEIUTh PAlMOHAIFHBIC 3HAYEHUS OCHOBHBIX ITapaMeT-
POB CHCTEMBI, B MEPBYIO OYepeab Pa3Mephl COJICHOUIOB CBEPXIIPOBOISIINX Mar-
HUTOB M ITyTE€BBIX KOHTYPOB, a TaK)KE YCIOBHUS MX B3aMMHOTO Pa3MEIIEHUs B CO-
CTOSSHAW PaBHOBECHS JKHMaKa MPH JOCTATOYHOM 3HAYEHHH HaMarHUYMBAIOIINX
CHWJI B COJICHOU]aX MAarHUTOB.

CpaBHEHHE YIIOMSHYTHIX BBIIIE IEKTPOJAUNHAMUYECKUX CHCTEM IPOBOIUIOCH
JUIs 3HQUEHUH MacC Ky30Ba M KaXXJOM M3 TEJIEKEK SKUMaXeu, paBHBIX 25 T U
3,75 T, 3HaUEHUI KOAPPHUINEHTOB KECTKOCTH U BSI3KOCTH YIPYTrO-ANCCUIIaTUBHBIX
3JIEMEHTOB B TIPOJIOJIBHOM U TIONIEPEYHOM HAMPAaBICHUSIX, PABHBIX COOTBETCTBEHHO
200 kH/m u 20 kHe/m.

Jia sxunakell OMUCaHHOM TPAHCIIOPTHOW CHCTEMBI OBUIO OIEHEHO MX JICBH-
TaI[MOHHOE JBW)KCHUE BJIOJIb MYTH, UMEIOIIETO CIEAYIOIee OYepTaHHe B ILIaHE:
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MIPSIMOJIMHEWHBIH YY9aCTOK IYyTH NPOTSKEHHOCTHIO 150 M, BXOIHAs IepexoaHast
kpuBas amuHoi 500 M, kpyroBas kpuBas paamycoMm 8000 M ¢ HAaKJIIOHOM ITOBEPX-
HOCTH IIyTH K TOPU3OHTAIBHOW IockocTd Ha yrox 0,1 pam B CTOpOHY HEHTpa
KPUBHU3HBI MIPOTSHKEHHOCTRIO 150 M, BeIXoaHAas mepexoaHas kpubas — 400 M, npsi-
Masi — 400 m. KprBH3HA MEPEXOIHBIX KPUBBIX UMEET 3aBHCUMOCThH OT MX IPOTS-
JKEHHOCTH B COOTBETCTBHUH C paboToi [2].

OrneHKa MPOCTPAHCTBEHHBIX KOJIEOAHMH IKUTaKel MPOBOAMIIACH MIPH 3HAUE-
HUAX ckopocTtu nBrkeHns 30 m/c m 100 mM/c 1o 3HAYEHHSIM JICBUTAITHOHHBIX 3a30-
POB TeJexkeK, MepeMenIeHIsIM BCeX TBEPABIX TET pacCMAaTPHUBAEMBIX CHCTEM, a
TaK)Ke M0 3HAYCHUSM yCKOPEHHH Ky30Ba SKHIIAXeH B BEPTUKAIHLHOM W IMOTEped-
HOM HaITpaBIIEHUSX.

PaccMoTpuM mipuBeneHHBIE PE3yIbTaThl HHTEITPUPOBAHUS YPAaBHEHHUN JBHKE-
Hus (1) u (2) B BUAe rpadpukoB 3aBUCUMOCTEH OT MPONUIACHHOTO MyTH CIIETYIOIINX
BETIMYWH: TIEPEeMEIIeHI Z Ky30Ba U TEJIeXkKEK, YIIIOB TaIONMUPOBAHUA (P, OOKOBOTO
oTHOca Y, OOKOBOW Kauku O, yriioB BWISHUS ) U YCKOPCHUI Ky30Ba B BEPTH-

KaJIbHOM W IOICPECYHOM  HaAMPaBJICHHUAX yk’ 'Z‘k Opu CKOPOCTAX JOBUIKCHUS

100 m/c (puc. 1, 2, 3) u 30 m/C (puc. 4, 5, 6) , rae TMHUU 3 COOTBETCTBYIOT KY30BY,
almu2— renexkam, S<150 M 1 S 1200 M — NPAMOJIMHEWHBIM y9acTKaM IyTH,
S=150-650 M — Bxomuoil mepexomHoW KpuBoi, S =650—-800m — kpyrosoit
kpuBoit u S = 800 —1200 M — BEIXOIHOM TIEpEeXOTHON KPHBOK.
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Pe3ynbTaTel HHTErpHUPOBAaHUS YPaBHEHUH JIBM)KEHUS MOKA3aJld, 4TO Ha BEPTH-
KaJIbHBIC TTEpEeMEICHHs Ky30Ba U Tenexek Zi(i = 1, 2 — HoMepa TelexeK), yriibl HX
TaJIONUPOBAHMS U BUISHUS MTPAKTUUECKH HE OKa3bIBA€T BIMSIHUS KPUBHU3HA MyTH, @
nepeMeleHus 60KOBOro OTHOCA Yi M yIiibl OOKOBOM Kauku 0; MMEIT MaKCUMab-
HBbIE 3HaUeHHs B KpyroBod kpuBoi. IlosTomy B nanpHeimem OyneM OLEHHBATbH
JICBUTALMOHHOE IBIDKEHHE OSKHUIAXKEH 10 MaKCHUMAaJIbHBIM IIEPEMELICHUSM €To
TBEPIBIX TeJl. B yacTHOCTH, IO MONEPEYHBIM [TEPEMEILEHHUSIM Ky30Ba U TEJICKEK Yk
U Yi, yriaM ux OOKoBOW Kauku O, 0;, IO BEpTUKAIbHBIM ME€PEMELICHUSIM Teje-
KEK Zj,, 0 3HAYCHHUSIM YCKOPEHH B MOTIEPEYHOM U BEPTHUKAJIHLHOM HAIIPABICHUAX
Ky30Ba VY, Z, COOTBETCTBEHHO, U IO 3HAYEHHAIM HAMAarHUYMBAIOIIUX CHI B CO-
JICHOUAAX, 00ECIICUNBAIONINX JICBUTAIMOHHOE JBIDKeHUE — Ni, paBHBIX B paccMart-
puBaemoM cirydae 700000 amnep-BUTKOB

Kak BuIHO U3 3TUX IrpadMKOB, B 000MX CIy4asx UMEET MECTO YCTOWYHBOE Jie-
BUTAI[MOHHOE JIBUKEHHE SKUITAXa B MPAMOJIMHENHBIX U KPUBOJIMHENHBIX y4acTKax
IyTEBOM CTPYKTYpbI, a YCKOPEHMs] Ky30Ba B BEPTHUKAIBHOM M IONEPEYHOM
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HAIpPaBJICHISIX, XapaKTePH3YIOIe KOMPOPT MACCAKUPOB U COXPAHHOCTH ITEPEBO-
3UMBIX TPY30B, UMEIOT HEOOIbIITNE TPUEMIIEMbIE 3HAUCHHMS.

Taxkum oOpas3oM, mpeioKeHHass KOHCTPYKTHBHAS CXeMa 3JIeKTpOAWHAMHUYE-
CKOH TPaHCHOPTHOM CHCTEMBI MOXKET PacCMaTPHUBATHCA KAaK OJMH U3 BO3MOXKHBIX
BapHAHTOB IPHU CO3JIaHUY MTEPCIIEKTHUBHBIX BUOB TPAHCIIOPTA.
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