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OILIEHKA YCTOMYHUBOCTH JIEBUTAIIMOHHOI' O JIBHKEHUS SKUITAKA
TPAHCIIOPTHOM CUCTEMbBI HA CBEPXITPOBO/ISIIIIUX MATHUTAX
BJ1OJIb INIOCKOM MYTEBOM CTPYKTYPBI

JleBUTaLlMOHHOE JIBMKEHUE SKUIAXKa 3JIEKTPOJMHAMMYECKOW CHCTEMbl C IUIOCKOH IyTEBOH CTPYKTYpOH
MOXKET OBITh PEaNI30BaHO B CHUCTEMAax C ABYMs WM YETHIPbMS pslaMH ITyTEBBIX KOHTYpoB. M3 coobpaxkeHuii,
CBSI3aHHBIX C HEOONBIIMM PACXOJOM He(pepPOMArHUTHOrO MaTepHana JUisl IIyTeBbIX KOHTYPOB, HHTEPECHO BBISC-
HUTh BO3MOXKHOCTH pEalH3alliil JICBUTAIIMOHHOTO JBIDKEHUS B CIydae, KOIJa Ha IUIOCKOH IyTeBOH CTPYKType
YJI0KEH OJMH PsJL IyTeBBIX KOHTYpOB. JlJIsl pelieHus 3Toi 3a/ja4n MpeaIoKeHa KOHCTPYKTUBHAs CXeMa TpaHC-
TIOPTHOH CHCTEMBI, B KOTOPOH Ky30B SKHIIaXKa OIMMPACTCS Ha JBE TENEKKH ITOCPEICTBOM YIPYro-BSI3KHUX dIIEMEH-
TOB B BEPTUKAIBHOM U IIONIEPEYHOM HAIPABICHUAX, a Ha JOHHBIX IIOBEPXHOCTSX TENEKEK KPEMATcs 1o 8 cBepx-
MIPOBOJSAIINX YETHIPEXYrOIbHBIX MArHHTOB, IPOAONBHEIE CTOPOHBI KOTOPBIX PACIIONOXKEHBI HaJl MPOAOIbHBIMU
CTOPOHAMH ITyTEBBIX KOHTYPOB U 16-TH CBEpXIPOBOAALINX MarHuToB. HOBH3HA COCTOUT B BO3MOXKHOCTH IIpUMe-
HEHUS B IUIOCKOH IyTeBOH CTPYKType ORHOTO psijia MyTeBBIX KOHTYpoB. Ha ocHoBaHuu pemeHus qudpdepeHu-
QJIbHBIX yPaBHEHMI1, ONMCHIBAIOIINX JBH)KCHUE SKUIAKEH U UX MPOCTPAHCTBEHHBIX KOJIeOaHMIT, a TaKkKe H3MEHe-
HHUE TOKOB B ITyTE€BBIX KOHTYypaX, OIlEHEHa YCTOMYMBOCTH M BHOPOHAIpyXKEHHOCTh JICBUTALIMOHHOIO J(BIDKCHHS
9KHIAXa BIONb NMPSMOIHHEHHBIX U KPUBOJIMHEHHBIX y4aCTKOB IIyTH, C/CIaH BBIBOJ O LIEJIECO00Pa3HOCTH HpHUMe-
HEHUs pa3pabOTaHHBIX KOHCTPYKTUBHBIX CXEM TPAHCIIOPTHON CHCTEMBI.

JleBiTaniiiHuii pyX eKilaxy eIeKTPOAMHAMIYHOI TPAHCIOPTHOI CHCTEMH 3 IUIOCKOI LUISXOBOK CTPYKTY-
poro Moke OyTH pealti3oBaHHH B CHCTEMax 3 [BOMa M YOTHpPMA PslaMM LIIAXOBHX KOHTYpIiB. 3 MipKyBaHb,
3B’s13aHMX 3 HEBEJIMKHMH BUTpaTaMH He)eppOMArHiTHOro Merajia Ha HUIIXOBI KOHTYPH, LIKaBO BUSCHUTH MOX-
JIMBICTH peai3alii JIeBITALIIHOrO Pyxy eKilmaky B BUMAJIKY, KOJIM Ha IUIOCKIH IULIXOBiH CTPYKTYpi MPUKpIILIe-
HUH OJMH Psi LUIIXOBUX KOHTYpiB. Jluist BUpILICHHSI i€l 3a/1a4i 3aIIpOIIOHOBaHa KOHCTPYKTHBHA CXEMa EJICKTPO-
JMHAMI4HOI TPAHCIIOPTHOI CHCTEMH, B SIKii Ky30B €KillaXKy OIMHMPAETHCS 3a JOMOMOIOI0 YHPYro-AUCCHIATUBHUX
€JIEMEHTIB B BEpPTHKAJILHOMY i IIONEPEYHOMY HAINPSIMKY, a Ha JOHHHX MOBEPXHSIX KOXKHOTO 3 JIBOX Bi3KiB Kpil-
JATHCSL 110 8 HAAMPOBIJHUX MATHITIB YOTHPHKYTHOTO OKPECIICHHS B IUIaHi, II03J0BKHI CTOPOHH SKHX PO3MIIICH]
HaJ[ TO3/I0BXHIMH CTOPOHAMH [UISIXOBHX KOHTYpiB. HOBH3HA CKIIafa€ThCs 3 MOXKIIMBOCTI BUKOPUCTAHHS OJ{HOTO
psioa KOHTYPIB B IUIOCKIN LHUIAXOBil CTpykTypi i 16-T HagmpoBigHux marHiTiB. Ha miacraBi pimens audepes-
LiffHUX PiBHSHB, IO ONHCYIOTh PyX €Kilaxy i loro mpocTopoBi KOJMBAHHS Ta 3MiHY CTPyMIB B IIUIIXOBHX KOH-
Typax, OL[HEHO HOro CTIfKicTh pyXy i BiOpOHaBaHTaKEHICTh Ta 3pOOJIEHO BHCHOBOK IPO AOLIIBHICTH BUKOPHUC-
TaHHS PO3pO0JICHOI KOHCTPYKTHBHOI CXEMH TPAHCIIOPTHOI CHCTEMH.

A magnetically levitated motion of the vehicle of an electrodynamic system with a plane track structure can
be realized in the systems with two or four lines of the track contours as illustrated by studies. Based on the con-
cepts associated with small amounts of a non-ferromagnetic material for the track contours, the possibility of a
magnetically levitated motion in the case that one line of the track contours is stacked on a plane track structure
may be of interest. To attain this, a structural arrangement of a transport system is proposed. In this case the body
rests on two bogies using the elastic and viscous members in vertical and transverse directions. The 8 supercon-
ducting square magnets whose longitudinal sides are located above the longitudinal sides of the track contours
and 16 superconducting magnets are mounted on the bottom surfaces of bogies. Novelty lies in the possibility of
applying one line of the track contours for a plane track contour. Based on the solution of the differential equa-
tions describing the motion of vehicles and their 3D oscillation, as well as variations in current in the track con-
tours, the stability and vibratory loads of the magnetically levitated motion of the vehicle along straight and
curved paths of the track are estimated. A conclusion is made that the proposed structural arrangements of a
transport system are efficient.

Knrouegvle cnosa: Dnekmpoounamuueckas mpaHCHOPMHAsL cUucmema, nioc-
Kas nymeeas CMpyKmypd, YCHOUYUBOCHb OBUNCEHUs, CBEPXNPOBOOAUe MASHU-
mbl, KPUBUIHA NYTU.

[Ipu ucciaenoBaHuM MPOCTPAHCTBEHHBIX KOJEOAHMI IKHUIIaka BEIOEpEM B Ka-
yecTBe 000OIICHHBIX KOOPAMHAT JIMHEHHBbIE BEPTUKAJbHBIC Z W IMOMEPEYHbIe Y
NepeMeIeHns] TBEP/bIX TeJ CHCTEMBI, MX YIJIOBBIE MepeMenieHus 0, ®,\ , coot-

BETCTBYIOIIME OOKOBOH Kauke, TaJONHUPOBAHUIO U BUIISTHHUIO, & TAK)KE TOKH B ITyTe-
BBIX KOHTYpax (0Cbh KOOPJIMHAT Z HANIpaBJieHa CBEPXY BHHU3).
MaremaTtnueckass MOJENb ABMKEHUS HCCIEAYEMOIO dKUIaKa BAOJIb IIIOCKON
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IyTeBOM CTPYKTYpPHI TPEACTABISETCS B BHIE CBS3aHHBIX Iu(depeHmamTbHbIX
ypaBHeHu# Jlarpamxa, OMUCHIBAIOMINX MEPEMEIICHUS TBEPIBIX TEJI CUCTEMBI, U
YpaBHEHUH TOKOB B TOKOMPOBOJAIINX KOHTYpax ITyTeBOHM CTPyKTypsl. llogpobHo
MaTeMaTH4YecKas MOJIETh ABIDKEHUS DKUTIaKa He IPUBOIUTCS U3-3a €€ TPOMO3IKO-
CTH, TI03TOMY IIPHBEIEM MaTEMaTHYECKYI0 MOJIENb JIBHKCHHS JKHUITaXXa B OOIIEM
BHJIE.

YpaBHEHHS COCTOSHUS TPAHCIIOPTHOW CHCTEMBI: KOJICOaHMS IKUTaKa U H3Me-
HEHHE TOKOB B TOKOTPOBOSIINX KOHTYypaX MyTEBOM CTPYKTYpHI OyIeM IMOITydaTh
¢ momoIplo ypaBHeHuit Jlarpamxka |l-ro poma, KoTopble MOXHO TPEICTaBUTH B
BHIE:

D, +I, +®, =Q,, (v=12,..,N), 1)
n ypaBHCHI/Iﬁ TOKOB, KOTOPBIC B MATPUYIHO-BEKTOPHOM BHUJIC UMCIOT BHU:
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Q,— 0000IIeHHbIE CHIIBI, SBISOIIUECS (YHKIHMEH SI€KTPOIUHAMHYECKUX CHII
F_,F, nelcTByOIMX Ha SKHUIAX B IONEPEYHBIX, BEPTUKAIBHBIX IJIOCKOCTSIX
BJIOJIb HOpMaJICH M KacaTelbHBIX K MOBEPXHOCTSM CBEPXIIPOBOMSIIMX MAarHHUTOB;
N — uucno crenenei cBoboabl; L :|Lik| — MaTpua KodQPHUIUEHTOB CAMOUH TYK-
un (i =K ) u B3aumounaykuuu (i # K ) myTeBbIX KOHTYPOB; I — aKTHBHOE COMPO-
THBJIEHHE ITyTEeBOTO KOHTYpa, | — BekTop-cTosber TOKOB iy B K -X IyTEBBIX KOH-
Typax, f — Bektop 3.1.c. fi HaBOAMMBIX CBEPXNPOBOISIIMMH MAarHUTAMH JKHUIIa-
&a B K -X MyTeBBIX KOHTYpax.
B soipaxenusx (1), (2), (3): D,

n  0000IEeHHBIE CWJBI, COOTBETCTBYIOIIME OOOOMIEHHBIM  KOOPAHHATAM
Qy; T,I1, @ — xuHeTHueckas, HOTEHIMAIbHAs SHEPTusl U QYHKIUS PACCEeSHHS CH-

I, @, — auddepenunanssie onepatopsl

CTEMBI.
Benuuunsl fy onpenensrorcst U3 BbIpaKeHHsL:

5 .. oM
fi==Din—" ©)
=1

rae Mkm_ KOS(I)(l)I/ILII/ICHTBI B3aMMOMHIAYKIIUMA MEXKIYy M-M CBEPXNPOBOASIINM
MarauTom u K -m KOHTYpPOM; N — YKCJIO NMOE3JHBIX CBEPXNPOBOASAIIMX MArHUTOB,
Ir(’:ﬂ — TOK B M-M CBEPXHIPOBOJASAIIECM MarHure.

ONEeKTPOAMHAMUYECKUE CHUIIBI B3aMMOJAEHUCTBUS CBEPXIPOBOIAIINX MATHUTOB
C IMyTEBBIMH KOHTYpaMu Fn, Fsy BZOJIB HOpMamK 1 KacaTeIbHON K TOBEPXHOCTSIM
MarHMTOB B ITONIEPEYHOM IUIOCKOCTH ONPENENSIOTCs U3 BhipaxkeHus [1, 2]:
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rae A, U O, — 3HaYCHUS 3a30pOB, T. €. CMEIUEHUN M-BIX CBEPXIPOBOIALIMX

MarHUTOB OTHOCHUTEJIBHO KOHTYPOB IIyT€BOI CTPYKTYphI B BEPTHUKAJIbHOM H IIOIIE-
PEYHOM HAIIPABJICHUAX; p — YHUCIIO YIUTHIBAEMBIX KOHTYPOB.

Pemas coBmecTHO cricteMbl ypaBHeHu# Buaa (1) u (2), OyneM oneHnBaTh IH-
HaMHUYECKHE KaueCTBa IKUIIa)Ka B CIy4ae ero JEBUTAIIMOHHOTO JBIKEHHUSL.

Heo6xonumbIM ycnoBrueM oOecredeHrsl YCTOMUMBOIO JICBUTALMOHHOIO JBU-
JKEHHS 3KHIAXa SIBJISIETCS! BBIIOJHEHHE CJICAYIOIIEro TPeOOBAaHUSA: IBHKYILUECS
BIOJIb OCH IIyTH JIBa MarHUTa, pacloyIOKEHHbIE B OJHOW IONEPEYHON IUIOCKOCTH
OTHOCHUTENIBLHO IYTEBBIX KOHTYPOB, IPU WX HOINEPEYHOM INEPEMELICHUH NOJKHBI
MMETh HUCXOJSIIYIO 3aBUCHUMOCTb OT HPOWIEHHOTO IMyTH KacaTeJIbHBIX 3JIEKTPO-
JUHAMHYECKUX CHJI B3aMMOJEHCTBUS C KOHTYpaMH, T. €. 3TU CHUJIbI JOJDKHBI OBITH
BOCCTaHABJIHMBAIOLIMMH MPOTHB HOMEPEYHOrO CIBUIA IBYX MarHUTOB OTHOCUTEIb-
HO KOHTYpoB. Kpome 3T0ro, HopMasbHble 3IEKTPOAMHAMUYECKUE CUIIBI IPH TAKOM
B3aUMOJICHCTBUM JIByX MarHUTOB C KOHTYPaMH JOJDKHBI UMETh MUHUMAJIBHOE 3Ha-
YEeHHE B IMOJIOKEHUHU, COOTBETCTBYIOIIEM UX CUMMETPUYHOMY PACIIOJIOKEHHIO OT-
HOCHUTEJIBHO MPOJOJIBHON OCH KOHTYPOB.

Takum oOpaszom, Al peaau3alud yCTOMYMBOIO JIEBUTALIMOHHOTO ABHKECHUS
JKHUMaXa HEOOXOIMMO ONPEAETUTh PalOHAJIbHbIC 3HAYEHUSI OCHOBHBIX IIapaMeT-
POB CHCTEMBI, B IIEPBYIO O4YepENb, Pa3Mephbl COJICHOUIOB CBEPXIIPOBOISIIMX Mar-
HHUTOB M IIyTE€BBIX KOHTYPOB, a TAK)KE€ YCJIOBHSI MX B3aMMHOI'O Pa3MELICHUS B CO-
CTOSIHMM PaBHOBECHSI SKUIIAXKA.

Ha ocHoBaHMM NOTy4eHHBIX 3HAUEHUH 3THX MapaMeTpoB cCOTpyaHUKamu WH-
CTUTyTa TPaHCIOPTHBIX cucTeM U TexHosornii HAH Ykpaunsl npemiokeHa onu-
CaHHas HIDKE TPAHCIIOPTHAsI CUCTEMa C OJHUM PsIIOM KOHTYPOB Ha IJIOCKOM ITyTe-
BOH CTPYKTYpE.

s sxumnaxa, Macca Ky30Ba KOTOporo 25 T W Macca JBYX TeJexek 1no 3,75 T
MOJY4€HBl palllOHAJIbHbIC 3HAYEHUSI Pa3MEPOB COOTBETCTBEHHO B MPOJOIBHOM H
NONIEPEYHOM HAIIPABJICHUSAX COJICHOMAOB 16-THM CBEPXNMPOBOIAIIMX MAarHUTOB,
paBubie 1,2 u 0,5 M, u myTeBbIX KOHTYpoB 1,0 1 1,2 M nuamerpom 0,03 M. 3Haye-
HUS HAMarHWYMBAIOIINX CHI B coleHouaax mpuHATH paBHbiMH 500000 Ammep-
BUTKAaM.

Bruia npoBeneHa oleHKa NPOCTPAHCTBEHHBIX KOJIEOAHUH SKUIaXKa, JBIKYIIe-
rocs BAOJb ITyTH, UMEIOUIETO CIEAYyIOIIee OYepTaHHE B IUIAHE: MPSMOJIMHEHHBIN
Y4acTOK IyTH MpOTSXKEHHOCThIO 150 M, BXOoAHas nepexonHas KpHuBas JUIMHON
500 M, kpyroBas kpuBas paguycoM 8000 M ¢ HaKJIOHOM HOBEPXHOCTH IYTH K TO-
PpU3OHTANBHON MIockocTH Ha yron 0,1 pax B CTOpOHY LIEHTpa KPUBU3HBI IPOT-
XKeHHOCThIO 150 M, BeIxoaHas nepexoanas kpusas — 400 m, npamas — 400 m. Kpu-
BH3HA MEPEXOJHBIX KPUBBIX UMEET CHHYCOUAAIBHYIO 3aBUCUMOCTh OT MX IPOTH-
JKEHHOCTH B COOTBETCTBUU C paboToi [2].

OrneHka MPOCTPAaHCTBEHHBIX KOJIEOAHWN SKUIAXKEH MPOBOAMIACH MPU 3HAYE-
HUSIX ckopoctu aBmwkeHust 30 M/c u 100 M/c o 3HaYEHUSAM JIEBUTALIMOHHBIX 3a30-
POB TENEKEK, TMHENHBIX U YTIIOBBIX EPEMELIEHUH TBEPABIX TEJ CUCTEMBI Ky30Ba
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W JIBYX TEIIeKEK, a TAKKe 10 3HAYCHUSM YCKOPEHUH Ky30Ba B BEPTUKAILHOM W
MOMIEPEYHOM HATPABICHUSIX.

PesynbraTel mHTErpHUpOBaHUS ypaBHEHUH NBIKEHUs dkumaxa (1) u u3meHe-
HUH TOKOB B MYTEBBIX KOHTypax (2) mpeacTasiieHsl pu ckopoctu 100 M/C B BHIE
rpadMKOB 3aBUCHMOCTH OT MPOUICHHOTO IMyTH BEPTUKAIBHBIX MEPEMEICHHA Z U
YIJIOB MOIMPHITUBAHUS P Ky30Ba, OOKOBOTO OTHOCa Y, OOKOBOHM Kauku O, yrios

BWISHHS J U YCKOPEHHI Ky30Ba B BEPTHKAJIBHOM H MONEPEYHOM HAIPABICHHUSIX
Vi, Z, (puc. 1,2, 3), rae nuHUK 3 COOTBETCTBYIOT Ky30BY, a 1 U 2 — TelexKaM,
S<150m m S=1200 M — IpAMOIMHENHBIM y4acTKaM I1yTH, S =150 —-650m —
BXOJIHOM mepexomnoi kpusoii, S = 650 — 800 m — kpyroBoit kpuBoit 1 S = 800 —
1200 M — BBIXOJHOM IEPEXOIHON KPHBOH.
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Kak BuaHO U3 MpHUBEICHHBIX IPapHUKOB, UMEET MECTO YCTOHUMBOE JICBUTALIH-
OHHOE JIBWKCHUE KUIaKa B MPAMOJIMHEHHBIX U KPUBOJUHEUHBIX y4acTKax MyTH,
a YCKOPEHHSI Ky30Ba B BEPTHKAIBHOM M IIONEPEYHOM HAMNPAaBICHUSIX HMEIOT

HeOOJIbIINE IPHEMIIEMbIe 3HAYCHUS. AHAIOTHYHBIE PEe3yJIbTaThl ITOJyYESHBI TAKKE
Iutst ckopocti 30 M/C.

Takum 00pa3om, NpPEIIOKEHHAs 3JIEKTPOIUHAMUYECKAs TPAHCHIOPTHAs CH-

CT€Ma MOXET pacCMaTpUBaTbCAa KaK OAWH W3 BO3MOXXHBIX BapUAaHTOB IIpU CO34a-
HHU NEPCIICKTUBHBIX BUAOB TPAaHCIIOPTA.
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