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Pegpepam— MarniTHi maTepiaan OyBaloTh 1y:e pi3Hi i MaloTh pi3Hi BiacTuBocTi. BueHi Bech yac npamiooTs Hajx CTBO-
PeHHSIM HOBMX MAarHiTHHX MaTepiagiB. A HOBi Mar”iTu — ne HoBi rauysi ix 3acrocyBaHHsi . Mo:XKHa CTBepPIKYBAaTH, 10
BHKOPHCTOBYIOUH TiILKH (pepoMarHeTHMKH, HEMOXKJIUBO CTiliKo yTpuMyBaTH 00'ekT B rpasiraniiinomy moui. Ile TBep-
JKeHHsI 0a3yeThbes Ha TeopeMi IpHIIOy. AJie 3a 10MOMOro0 HEOAMMOBHUX MATHITIB, HAANMPOBITHUKIB i cUCTeM 3 BUXPOBUMH
CTPYMaMH MOKJIMBO JOCATTH cTiliKkoi JeBiTanii 00’ exTa mix yac iioro pyxy. ABTopamu po6oru 6yB po3podiaenuii npucTpii
«IeBiTPOH», 32 I0NIOMOT0I0 SIKOT0 MOKA3aHO, 110 MOKHA AOCSITH CTiiikoi piBHOBaru Tia mig yac ioro pyxy B BepTHKAJIb-
HOMY MarHiTHomy noJi. Cta6iiizanii npu Ui MarHiTHoI JieBiTawii mix yac pyxy MoskHa JOCSITHYTH 32 I0MOMOI0I0 KPHJI
pizHoi ¢popmu, siki KpinasATHEs 10 MarHiTy. Kpnia nars MokIuBicTh 3amo0irTu odepTanHio MarHity Ta crabijizyBaTn

fioro BJIacCHMIi pyX B FOPU30HTAJBHII MJIOLIMHI.

Knruosi cnosa — meopema Ipuwioy; cmiiika pienosaca; nesimauis; hepomaznemux; HeoOUMOGUII MAZHIM; OAMYUUK

Xonna.

I. Bcryn

MarHiTH Ta iX BIACTUBOCTI BiJIOMi JIFOJICTBY 3 TABHIX
4aciB. B MOBCAKIEHHOMY >KHTTI MU 3BHKJIH J0 BIIACTHUBO-
CTel MarHiTiB IPUTATYBaTH A0 cebe 3aii3Hi Aerai, 3Ha-
€MO III0 BJIACTHBICTh 3 TUTHHCTBA. AJle, B CydacHOMY
JKUTTI, MarHITH BUKOPHUCTOBYIOTH Maike B YCIX Tay3sx
TEXHIKH, B METUIIMHI, B HAYKOBUX OCIIKCHHAX[2].

MarniTHi Matepianu OyBaroTh IyXe Pi3HI 1 MaroTh
pizHi BmactuBocti[l]. MarHiTh € TOCTiiHI, ICHYIOTBH
i enekTpomarHiTH. BueHi Bech 9ac mpaIroloTh HaJ CTBO-
PEHHSIM HOBHX MarHiTHHX MaTepianiB. A HOBI MarHiTH —
1Ie HOBI Tay3i iX 3acTocyBaHHS.

OnHUM 3 TAKMX HOBMX MAarHITIB € HEOOUMOBHI Mar-
HiT. HeomnMOBI MarHiT oTpuMany cBOIO Ha3By Bif pi-
ko3emensHOro Metamy HeoguM (Nd). Takox mo cximamy
HEOJVIMOBOI'0 MATHITY BXOIATh HEBENWKI KIJTBKOCTI
3amiza (Fe) Ta 6opy (B). Lle#t marHiT OyB cTBOpeHHN
y 1983 pomi sesanexno xkommanismMu General Motors,
Sumitomo Corporation Ta Kutalicbkoro akaieMiero HayK.
Ha cporomHi, HEOIMMOBI MarHiTH BBaXKAIOThCS HAUTIOTY-
JKHIIIAMY 3 YCiX BIJOMUX MOCTIHHAX MAarHITIB.

HaitakryanpHimomw mpo0i1eMor0 y BHUKOPHCTaHHI
MarHiTHOI JIEBiTamii B TPAHCIIOPTI 3aJUIIAETHCS TPO-
Oiema, TOB’si3aHa 3 TONOJAHHAM HECTIMKOI PiBHOBard
IIPH PYCi MarHiTy, IO JIEBITYE.

B Hamomy mociimKeHHI MH CTBOPWIJIM MOJIENb TpH-
CTPOIO «JIEBITPOH», 32 JIOMIOMOI'OI0 SIKOr0 HAaMaraeéMoch
MIOJIOJIATH ITE0 TIPOOIIEMY.

II.  OCHOBHA YACTHUHA

Teopema IpHIIOY € OJHIEIO 3 OCHOBHUX TEOPEM EIICK-
TpocTaTuku. TeopeMa HOCHUTH iM's ipIIAHACHKOI'O Mate-
matuka Camyens IpHmoy, sikuit 1oBiB 11 B 1842 poui [4].
3a i€ TEOpEeMOI0 CUCTEMa HEPYXOMHX TOYKOBHX 3apsi-
JB, PO3MIIEHHX HAa CKIHYCHUX BIICTaHSIX OAWH BiX
OITHOT'0, HE MOYXKE OYTH CTIHKOIO, SIKIIIO HEMAE iHIINX CHJI,
KpiM KynoHiBChKOi B3aemonii [3]. Ockinpku Bci Tina
CKJIaIAlOTBCS 3 aTOMIB 1 MOJIEKYJ, TOOTO 3 BEIHUYE3HOI
KUTBKOCTI 3aps[DKEHUX YACTUHOK, MOXKHA TOBOPHTH, 1110,
BUKOPHCTOBYIOYH TUIBKH (PEPOMATHETHKH, HEMOXKIIHBO
CTBOPHTH CTIfiKy piBHOBAry B rpaBiTalliiHOMY ITOJi. AJe,
MOXHA TMOJI0JIATH TeopeMy IpHIIOy JeKiTbkoMa CIoco-
6amu. OWH 3 HIX — MEXaHIYHUH CI10Ci0, KUl MU Tepe-
BIpHJIM €KCTIEPUMEHTAJIBHO.

JleBiTamis (Bix nmat.levitas — IerkicTs) — CTiiKa piBHO-
Bara o0'ekTa y rpaBiTamifHOMy Mo 06e3 Oe3mocepen-
HBOT'O KOHTaKTy 3 iHMMMHU Tinmamu. HeoOxigHMMHU ymo-
BaMH JUIA JIEBITaLlil € HASBHICTh BEPTUKAIBHOI CHIIH, IO
KOMIICHCY€ CHITY TSDKiHHS, Ta HasIBHICT TOPU30HTAIIBHUX
CHJI, III0 BUHUKAIOTH 32 3MIIIeHHS Tisa BOIK 1 3a0e3medy-
I0Th HOro cTifiky piBHOBary[2]. OgHUM i3 HAUITOIHPEHi-
X Croco0iB JIeBiTalii € BUKOPUCTAHHS HAIIIPOBiTHU-
KiB, OXOJIO/PKEHHX PiIKAM a30TOM.
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Puc. 1 Cxema mpuctporo «JIeBitpon»

Jia crabinmizamii MarsiTiB B TpaHCHOPTI 3acToCy-
BaHHS HAJIIPOBITHUKIB € TEXHIYHO BAXKKHM 1 JIy’Ke JIOpO-
rUM. MU B HalIoMy JOCTI/DKEHHI 3aIpONOHYBallM Kpi-
IIUTH JI0 MarHITY KPHJIO, sIKe Oy/ie mepemKomKaTi odep-
TAHHIO Mar”HiTy 1 TUM caMHuM Oyze cTadiyizyBaTH HOro
TpaexTopito pyxy. by nmpoBenennii eKcriepuMeHT 3 KpH-
JaMH JBOX pi3HUX (opM. Kpamwmii pe3ynbraT oTpumani
IPY BUKOPUCTAHHI KPHJIa, 10 CKJIAIAETHCS 3 ABOX PAMOK,
PO3MIIIEHHUX Y B3a€EMHO NMEPIECHANKYISIPHUX TUIONIHHAX.

[puctpiii «JIeBiTpon» (puc.l) ckiramaeTscs 3 ABOX
MAarHiTiB: TOCTIHHOT'0 HEOMUMOBOTO MATHITY Ta ENEKTPO-
MarHiTy. Enextpomarsit (koTymka) 3’ €IHaHUH 3 TaTIH-
KoM XoJuta (SKuit mpyu HaOIMKEHHI MAarHITHOI'O MOJIS 10
HBOTO 3HIKYE CHIY CTPYMY B KOTYIII, TUM CaMHM
PETYITIOIOYH BiACTaHb BiJl JIEBITYIOUOI'O MarHIiTy A0 KOTY-
IIIKH).

XapaKTepUCTHKN Ta OCHOBHI €IEMEHTH CXEMH:
e U=09B;
e L1 —xorymka (enexkrpomarsit) 550 BUTKIB;
e MDI — gaTumk Xoia;

e RI (1k)/R2 (270) — pe3ucropu rHa 1000 Om
Ta 2700M;

e DI - [liox;

Puc. 2 ®otorpadis mpuctporo «JIeBiTpon»

e T(IRF740S) — Tpan3ucrop;
e HLI1 — cBitinomiox.

Ha dororpadii niBopyd Ha MarHiT HPHKPIIUICHO
KpHIIO, 1110 Mae GpopMy IIacTHHY, Ha (oTorpadii nmpaso-
PYY KPHIIO CKIIAIA€THCS 3 ABOX B3a€MHO ITEPIICHIUKYJIS-
PHUX I[UIACTHH.

PozpaxyHKu po3MipiB KprJI IPOBOAMIHCS 32 (hOpMY-
JI010:

_2F
=,
&p
ne F— cuma omopy, mo mie Ha Tijio Iij] 9ac Horo pyxy,
H; & Oe3po3MipHuii KOeillieHT OIOpY CepeaOBHINA
(3 moBimHmKa st moBiTpst £=1,95); S — mmoma nepepisy
TiJTa, NEPIIEHUKYIAPHOTO HANPAMKY PYXY, M2; V— IIBH-

JIKICTB PyXy TiJIa, M/C; p — TYCTHHA CEPENOBHINA, KI/M>.

S (1)

B excnepumeHTi Oyl0 BHKOPHUCTAHO HEOTUMOBHUH
MarHiT owiinapudaoi ¢gopmu  nmiamerpom 0,4 cM Ta
Bucororo 0,5 cM. 3a po3paxyHKaMu JUIs JaHOT'O MarHiTy
Ta CepelOBHINa ILIONIa KpHiIa JopiBHIOE 14 M2,

OTpuManyM HACTYyITHMHA pe3ylnbTaT: MaKCHMallbHa
aMIUTiTyla 00epTaIbHUX KOJNMBAaHb KpWia, IO CKJajla-
€THCS 3 OJHI€l IUIOIMHM, 3MEHIIYETHCS O ITiBOOEpTY,
a KpHJIa, o Mae GopMy XpEeCTOBUHH — JI0 YBEPTi 00epTy.

B cygacHOMy TpaHcnopti, B SIKOMY BHUKOPHCTOBY-
€TbCS MarHiTHa JeBiTamis (puc.3), BHKOPHCTOBYIOTh
MOHOpEHKY, SIKa € HaIpaBisrouoro. [Ipy BeIUKUX MIBHUA-
KOCTSIX BHHMKAIOTh BEJHKI CHJIM TEpTs, SIKI IO-TiepIne
00MEXYIOTh HIBHAKICT PyXy TPaHCIOPTHOTO 3aco0y,
o-IpyTe, BUKOPUCTOBYIOTH JOCHTH 0arato eHeprii, ska
WJie Ha MOJI0JIaHHS CUJIM TEPTA.

VYV Bumaaky 30amaHCyBaHHS pyXy MarHiry, ToOTO
SIKIIIO BJACTHCS MOBHICTIO MpuOpatu Horo oOepTaHHSA,
MOHOpelKa He 3HaJAOOMTHCS. AJle BUHHMKAE iHIIA IPO-
OsieMa: BIUIMB MarHiTHOTO IOJIS HA JIIOJWHY, IO pyXa-
€TBCS B TAHOMY TPaHCIIOPTHOMY 3aco0i. [l BupiteHHs
i€l mpobseMy MU IPOIIOHYEMO CKOPHCTATHUCS «KIIITKOIO
Dapanest», yoMy Oyne NPHUCBIYEHE MOJAIBINE IOCIHi-

JKEHHS.
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BHUKOPHCTAHHS IBOX B3a€MHO NEPIECHIUKYISIPHUX KPIIT
€ eEeKTUBHIMINM, Hi’)kK BUKOPUCTAHHS OJHOTO KPHUJIA.
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Kpuna naroTe MOXIHBICTH 3amo0irTn oOepTaHHIO Mar-
HITY Ta cTabisi3yBaTH HOTO BIACHUH PYX B TOPH30HTAIb-
Hill onmHi. Bymo excriepuMeHTanbHO OBENEHO, IO
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Pegpepam— MaruutHble MaTepHabl ObIBAIOT 04eHb Pa3Hbie M MMEIOT Pa3Hble CBOICTBA. YUeHbIe Bce BpeMsi padoTaloT
HA/l CO3JaHHEM HOBbLIX MATHUTHBIX MAaT€PHAJIOB. A HOBbIe MATHHUTHI - 3TO HOBbIe 00,1aCTH UX NPHUMeHeHusl. Mo:KHO yTBep-
JK1AaTh, YTO HCMOIB3YS TOJILKO (heppoMarHeTHKH, HEBO3MOKHO YCTOHYHMBO YAeP:KHBATh 00beKT B IPABUTALIOHHOM II0JIe.
JT0 yTBep:KAeHUe fa3upyercs Ha Teopeme Upuioy. Ho ¢ moMombio HeOAMMOBBIX MATHUTOB, CBEPXIPOBOAHHKOB 1 CHCTEM
¢ BUXPeBbIMH TOKAMH BO3MOKHO JOCTHYb YCTOIYMBOIi JTeBUTALMH 00beKTAa BO BpeMsl ero ABM:KeHUsl. ABTOpaMH PadoThl
Ob171 pa3paboTaH ycTPoicTBO «JIeBUTPOH», € TOMOIIBIO KOTOPOr 0 MOKA3aHO, YTO MOKHO 10CTHYb YCTOHYHBOI0 PABHOBECHUS
TeJIa BO BpeMsl ero JBH:KeHHsI B BePTHKAJILHOM MArHUTHOM mnoje. CTauanu3anuy npu siBJeHHH MATHUTHOH JIeBUTAIMH
NPH ABHKEHHH MOKHO JOCTHYb ¢ IOMOLIBI0O KPbLILEB PA3JIU4HOIi (OpPMBI, KOTOPBIE KpenaTcs K MarHuTy. Kpblibs ganrt
BO3MOKHOCTh MPeJOTBPATUTH BpAallleHHe MATHUTA M CTAOUJIU3UPOBATH €ro COOCTBEHHOE /BUKEHHE B FOPH3OHTAILHOM
ILIOCKOCTH.

Knrouesvie cnosa - meopema Hpnwoy; ycmoiiuugoe pagnosecue; neeumanus; (peppomazHemuK; He0OUMOBblil MAZHUM
oamuuk Xonna.
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Abstract — The paper is devoted to consideration of Earnshaw's theorem and to search the way how this theorem could
be overcame. Earnshaw's theorem is one of the main theorems in electrostatics. It can be proven that by use of only ferro-
magnets it is impossible to hold the object in a gravitational field steadily. This statement is direct consequence of Earnshaw's
theorem. But with the help of neodymium magnets, superconductors, and systems with vortex currents it is possible to
achieve a stable levitation of the object during its movement.

In current state neodymium magnets are considered to be the most powerful of all known permanent magnets. The
problem with overcoming of unstable equilibrium in the movement of a levitating magnet still remains the most urgent
problem of magnetic levitation in transport.

The author of the paper proposes new device called "Levitron" which allows to prove that it is possible to achieve a
stable equilibrium, and when moving the magnet — to achieve the transverse stabilization of the object.

Stabilization with the phenomenon of magnetic levitation during movement can be achieved by use of the wings with
different shapes, which are attached to the magnet. The wings make it possible to prevent the rotation of the magnet and
stabilize its own motion in a horizontal plane.

The device "Levitron" consists of two magnets: a permanent neodymium magnet and an electromagnet. The electro-
magnet (coil) is connected to the Hall sensor (which reduces the current in the coil while approaching to magnetic fiel).
Thereby the distance from the flying magnet to the coil is adjusted.

In the article two different types of wings are considered: a wing having a plate shape, and a wing that consists of two
mutually perpendicular plates. As a result of the experiment, it was established that the maximum amplitude of the rota-
tional vibrations of one-plane wing decreases to the half turnover, and for the wing of the cross-section form - to a quarter
turnover.

In modern transport, which uses magnetic levitation, a monorail is used which is a guide-rail. At high speeds, large
friction forces occur, that limits the speed of the vehicle, and secondly, use a lot of energy that goes to overcome the friction
force. In the case if the magnet movement will be balanced (that means that it’s rotating is completely removed) then mon-
orail will not be needed at all. But it will lead to another problem: the effect of a magnetic field could have non-desirable
influence to a person inside the vehicle. To solve this problem, we propose to use the "Faraday Cage", which is considered
as a direction forto further research.

Keywords — Earnshaw’s theorem; stable balance; levitation; ferromagnetic; Neodymium magnet; Hall Sensor.
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