[Tapanmokc rpdexra MeticcHepa.
B.1.MupkurH, KaHIUAAT TEXHUYECKUX HAYK.

Dddexkr MeiiccHepa (IeBHTAIMS CBEPXITPOBOASAIIN  IUTACTHHBI,
OXJIAXKJCHHON IO TeMIepaTyphl KHIKOTO a3oTa) oOoHapykeH B 1933 romy.
Bo3Hnukaromas opu 3TOM JeBUTAIUsl OblIa OOBSICHEHA JUaMAarHUTHBIMHU
CBOMCTBaMHU KE€paMHKHU, OOYCIOBJICHHBIMU BHITAIKUBAHUEM CHJIOBBIX JIMHUM
MarHMTHOTO TIOJISI M3 CBEPXIIPOBOJHUKA TEPBOro poja U oOpa3oBaHUEM
BUXpel AOpHKOCOBa B CBEPXIPOBOJHUKAX BTOporo poja. Ilpu 3Tom ¢
caMOro Hauaja ¥ TI0 HACTOSIIEe BpEeMsi HUKTO HE COMHEBAETCS, 4YTO
CBEpXITPOBOJHUK MOBUCAET B MPOCTPAHCTBE HA HEKOTOPOM PACCTOSIHUM OT
MarHuTa B TOW IUIOCKOCTH, II€ BBITAJKUBAIONIAs CHJIA MAarHUTHOI'O MOJIS
YPaBHOBEIIUBAETCS BECOM CBEPXITPOBOJISIICH TUIACTUHBI.

(OTByeKyCch Ha HEKOTOpoe Bpemsi. HaM kakeTcs, 4To elie B IIKOJE MBI
HAOJIFOTalId  CWJIOBBIE JIMHUM MArHUTHOTO TOJS: BEAb IO JTUM JIMHHSIM
BBICTPAUBAJIUCh METAJUIMYECKUE OMUIIKK BOKPYT MPOBOJHUKA C TOKOM, WIIH
OT OJIHOTO MOJIF0ca MarHuTa K pyromy. Ho Ha caMoM Jienie JaHHbIE JTUHUU —
ATO BCEro JUIIb MHUCTUYECKOE TMOHATHE: HUKTO HE CMOXET Ha3BaTh
MaTepualibHble 3JIEMEHTBI, M3 KOTOPBIX COCTOSAT 3TH JuHUU. KoHeuHo,
MOHO HauaTh celyac yTBEpPXkIaTh, YTO BOT €CTh TaKOE JIEKTPOMArHUTHOE
1oJjie, a B HEM BO3HMKAIOT JUHUU. HO HUKTO W O 1MOJie HUYEro cKaszaTh HE
MOXKET, U O JMHUAX Toxke. Elie pa3 moBTOprO: CHUJIOBBIE JIMHUU TOJS — ATO
MUCTUYECKOE TMOHATHE A0 TeX MOop, MOKa KTO-IM00 HE YCTAaHOBHUT, KAaKOBO
COZIEp’KaHHUE ITOTO MOJIA. )

Hmeercs HEKUl MOMEHT, Ha KOTOPBIA MOYEMY-TO HHKTO HE oOpariaer
BHHMAaHUA: TO PaBHOBECHOE IIOJIOKEHHE, KOTOPOE 3aHUMAET IUIACTUHKA,
SIBJISIETCSI YCTOMYHMBBIM TOJBKO B BEpPTHKaJILHOM HampasieHun. Ho moboe
OTKJIOHEHUE B TOJIOKEHUU IUIACTUHKU B TOPU30HTAIHLHOM HAaIpaBlIECHUU
JOJDKHO TPUBECTU K €€ MaJCHUI0 B CTOPOHY (ATO TMOXO0XE Ha TO, YTO
IJJaCTUHKA pacliojaraercss Ha BepUIMHE CKOJIb3KOW ropku). Bce
AKCIEPUMEHTHI, KOTrJla B MAarHUTHOM IIOJI€ YACPKUBAIUCH JISATYIIKH U
MOMUJIOPHI, TMPOBOJUIUCH B MAarHUTHBIX MOJIAX, KOTOpPbIE HE CHajalu K
KpasiM, TO €CTh, Ha BEPIIMHE UMEJIHU TIJIaTO.

Ho oObsicHeHue, korja cuwia TSKECTH YPaBHOBEIIMBACTCS MarHUTHBIM
OTTAJIKMBAHUEM, HE BBI3BIBAET COMHEHUU TOJIBKO B CiIydyae, KOrja MarHuT
pacIoJIOKEH CHHM3Y, a CBEPXIIPOBOJSIIAS KEpaMUKa HAaXOJUTCA HaJl HUM B
UCTIAPEHUSIX JKUJKOTo a30oTa. OmHaKo ropas3o yjao0Hee paboTaTh (HE Hy)KHa
CHUCTEMa HCIApPEHUs >KUAKOTO a30Ta, U MArHUT CIOKOWHO MOXHO OpaTh
pyKamH), KOrJa MarHuT JeBuTuUpyer Haja kepamukod (Y-Ba-Cu-O),



HaXOJSIIEICS B KIOBETE C HAIUTBHIM B HEE )KUAKHUM a30TOM, KaK 3TO Aenall,
Hanpumep, npodeccop Nu-I'ann Yen u3 TaliBaHbCKOro HalMOHAIHHOTO
yauBepcuteta Yen KyH (m1000i1 MOXET YBHAETh STOT OMNBIT Ha CalTe
www.Youtube.com, HaOpaB KJIIOYEBBIE CIIOBA «KaK pabOTaeT JIEBUTAIUS B
YCIIOBUSIX CBEPXIIPOBOAUMOCTHY, BHIOPAB MPHU 3TOM KJIHI ATUTEIBHOCTHIO 6
MUHYT 35 cekyHn). B TakoM pacnoyioK€HMHM MarHuTa M KEpaMUKH XOJ
JKCIIEpUMEHTa HE OOBSCHSIETCS HU OaJlaHCOM CHJI MAarbHetusMa u
IpaBUTALlMM, HU CHOCOOOM  BBITECHEHHWS  MAarHUTHOrO MOJS W3
CBEpXMPOBOAHMKA. B 3TOM Jlerko yOoenuThes.

1. Onnucanue 3KCriepUMEHTA.

XOTsl AeMOHCTpalus onbiTa OblJla BEChbMa HECTPOIOM, BCE-TaKU MOYKHO
U3BJIEYb W3 HEro JOCTaTOYHYI0 HH(OpMaIMio, €cly MPOCIEIUTh 3a €ro
poBe/IeHHEM, pa30MB Ha HEOOJIbIIIKE IIIarH.

1. ITocne Toro, kak TeMrneparypa KEpaMUKH, HAXOASUIEHCS B )KUIKOM
a3oTe, OIyCTWJIACH A0 3HAYEHUH, IIPU KOTOPBIX KEPAMHUKA CTAHOBUTCS
CBEPXIIPOBOJIHUKOM, K Hell o yriioM 30-60 rpaaycoB (BU3yallbHO)
MOAHOCST MAarHuT, U IJIaCTUHKA OTTAJIKUBAETCS] OT MarHUTa (CKOJIb3UT
0 JIHY KIOBETBI B CTOPOHY OT MarHuTa).

2. IlomHOCAT MarHuT B TOM 7K€ MOJIIPHOCTU ITPAKTUYECKN BEPTUKAJIBHO,
YTOOBI IJTACTUHA 33 CYET CHJI TPEHUSI HE MOTJIa IEPEMECTUTHCS B
CTOPOHY OT MarHuTa, 1 I€p>KaT €ro B TAKOM I10JI0KEHUU JOCTATOUYHO
JUTUTETILHOE BpeMsl (3KCIIEPUMEHTATOP AaXKe JBAXKIbI (PUKCHpOBAI
MarHuT HaJl KepaMHUKOM), MpUKiIaabiBas ycuiue. [locne 3Toro Maruut
HAaYMHAET JICBUTUPOBAThH HAJl CBEPXITPOBOJHUKOM Ha HEKOTOPOM
PACCTOSIHUM.

3. Marnut cBOOOZHO KpPYTHTCSI BOKPYT CBOEH ocHu (OH 3aKpy4dHMBaeTCs
HKCIEPUMEHTATOPOM), MArHUT HE CABUTAETCS (HECMOTPS HA IOIBITKH
3TO cJienaTh) B CTOPOHY M3 IOJOKEHHS Haa Kepamukod. C yuerom
CKa3aHHOTO BBIIIE 3TO OYEHb CTPAHHOE HAOII0ICHHE.

4. JlampIie TPOUCXOMUT TO, YTO aOCOJIOTHO OIMPOBEPracT THIOTE3Y O
OaaHCce MAarHUTHBIX CHJI W CWJ TPABUTALMM: SKCIEPUMEHTATOP
IIOAHUMAET MArHUT BBEPX, W IUIACTUHA, COXPAHSASA PACCTOSHHUE C
MarHuToM, ITOAHUMAETCS BCIE 32 HAM.

[IpepBeM Ha BpeMs X0 dKCIIEPUMEHTA.



http://www.Youtube.com/
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Puc. 8. 3aBHCHMOCTD CHIIBI B3aHMOIEHCTRHS CBEPXIPOBOSIIEH ILIaCTHHBI
U Maruura B 3 pexte MbiiccHepa.

Puc.1 3aBUCUMOCTB CHJIBI B3aUMOJICUCTBUS CBEPXITPOBOISIIECH TIJIACTUHBI U
MmarauTa B 3¢ dexre MoiiccHepa.

Hagephoe, cnefgoBasio Obl CTPOTO 3aMEPUThH BCE YCHIUS HA KaXIOM U3
ATAOB 3KCIEPUMEHTA, YTOOBI OICHUTH OalaHC BCEX BO3MOXKHBIX CHJI, HO
yXK€ M Cceldac BHUJHO, YTO B OINKHCAHHOW B OMNBITE CUTyallMH HAIPABJICHUSA
BBITAJIKMBAIOIIEH MAarHUTHOM CUJIbI M BEC IJIACTMHKHU HAIPABJICHBI B OJIHY
CTOPOHY, @ HMMEHHO BHH3, a IOTOMY IUIACTUHKA HUKAaK HE MOXET
MOCJEI0OBATh 32 MAarHuTOM, €CJIA, KOHEYHO, CUMTaTh, YTO 3TH CHJIBI
YPaBHOBEIIUBAIOT ApYr apyra. s myied HarjisgHOCTU CJeA0BaIO Obl
MOBEPHYTh MarHuUT TakKUM 00pa3oM, 4YTOObI OH W TUIACTMHKA MOBEPHYJIUCH
pebpom BHU3. Jlymaro, uro cBsizka Obl He pasBanuiack. [lo-Bugumomy,
TaKOW HKCIIEPUMEHT JIETKO MPOBECTH B JIIOOOM J1abopaTopuu.

[TonpoGyem paszobparbcsi B cutyanuu. Ecnu He OpaTh BO BHUMaHUE
CUJIBHOE B3aUMOJICVCTBUE U TEMHYK) JHEPIUI0, KOTOPBIE SIBHO HHUKAK HE
OTHOCATCA K JaHHOMY CJIy4aro, TO B MPHUPOJIE HET CUJI, HE YOBIBAIOIIUX
MOHOTOHHO C paccTosiHneM. B naHHOM omnbiTe Bce HE Tak. Ecnu nepesectu
MPOUCXOIAIIEE HAa TPUBBIYHBIA (PU3UKAM SI3bIK TPAPUKOB, TO TOIYIHTCS
cieayoonias kaptuaa (cm. puc.1).

ToT «3axBaT», KOTOPBIM OYEBUJCH B XOJI€ IKCIIEPUMEHTA, BO3MOKEH Ha
yyactke Mexay R; m R, rme cwia oTTamkuBaHus CTAaHOBUTCS CHUIION
nputTsbkeHusi.  [IpuueM  ucCmonb30oBaHUE MNAJIOYKH  (DKCIIEPUMEHTATOP
NaJIOYKOW YJIEepKUBAJl IUIACTUHKY Ha JHE KIOBETbl, U MOJAHUMAJ MarHUT
IpYyrol pykoil), ynaepKuBarolled KepaMUKy C IeJbl0 OTOpBaTh €€ OT
MarHuTa, TOBOPUT O TOM, YTO CHJIa IPUTSDKEHUS 3HAUUTENTHHO OOJIbIle Beca
KEpaMUKH.

[IponomxuMm onrcaHue 3KCIEPUMEHTA.



5. Ilocne Toro, kak IUIACTMHKAa OTOpPBaHA OT MAarHWTa, €ro OISTh
MOAHOCST K IJJACTUHKE MPU COXPAHEHHUH MOISIpHOCTH. W OHa cpa3y ke
MPUTATUBAETCS K MAarHUTY, U BCJIEI 3@ 3TUM IIPOUCXOIUT «3aXBaATH.

6. Eciu ux onsiTh pa3opBarb, U U3MEHUTH MOJSIPHOCTh MAarHuTa, TO HUX
B3aHMOJICMCTBME HA4YMHAETCs C pacraikuBanus. Ecimm xe pgath
IJIACTUHKE TIEPEBEPHYTHCS, TO OHA ONATh NPUTATUBACTCSI, U
MPOUCXOJUT «3axBar». [lo-BUAMMOMY, SKCIIEPUMEHTATOPY CIIEI0BAJIO
Obl TOJAEPKATh MOJOJIbIIIE MAarHUT B OTTAJIKUBAIOIICH MOJSIPHOCTH,
npeAoTBpaTUB TepeBopaunBanre. Bo3MOXXHO, 4TO B 3TOM cllydae
yAaoch Obl JOOUTHCS «3axBaTa» 03 MepeBOpaunBaHus JIACTUHKHU.

Bo-niepBbiX, Mbl ycTaHOBWIH, 4TO 3 dexT MeiiccHepa — 310 He OanaHC
CWJI MarHeTu3Ma U rpaBuTanuu. Bo-BTOpbHIX, MOBEIEHUE CBEPXIIPOBOIHUKA
HE MMOXO0Ke Ha MOBeJAeHHEe MarHuTa (3To oTMeueHo B kiure). [lo kpaitHeit
MEpe, OHO HE peaju3yeTcss OJHUM MPOOHBIM MarHUTOM (OHH JIUOO
MPUTSHYJIUCH Obl, TMO0 OTTOJIKHYJIHCH).

2. MopenupoBanue 3¢ dexra MeiiccHepa.

JlaBaiiTe ceituac BooOpa3zuM cebOs m300peTarensiMid HEKOW MaIllWHBI,
KOTOpas JIeJaeT UMEHHO TO, YTO MBI HAOJIIOaeM B TAHHOM JKCIIEPUMEHTE.
MoxHO MOpeAnooXuTh, YTO OTa MalllMHA CIOCOOHA HCIOJIb30BaTh
B3aUMO/ICHCTBUE JICKTPUUECKUX 3apsiZIOB U MArHUTHOTO MOJISI.

[Ipennonoxxum, TOK B CBEpPXIPOBOJHUKE HABOJIUT TOK B MarHute? OaHaKO

OT ATOr0 MPEANOJOKEHUS MPUIIETCS OTKA3aThCsl, MOCKOJIbKY MarHuT — He
CBEpPXIIPOBOJHHUK: ATOT TOK OBl 3aryxajl, W Ha €ro MojAepKaHue
TpeboBanack Obl SHEPIHs TOKa CBEpXNpoBoaHMKA. U Takas cucrema Bpsia au
OBl TPOCYIIECTBOBAJIA CKOJIb-HUOY/Ib JUTUTEIILHOE BPEMSI.

Oo6parumes k puc. 2. Ecim 3akpenuts nBa MarHuta M; u M, B
MIPOCTPAHCTBE B TOW MOJISIPHOCTH, KaK TOKa3aHO HA PUCYHKE, IPOCBEPIUTH B
HUX OTBEPCTHUSI U MPOMYCTUTh Yepe3 HUX CTEKISHHYIO TPyOOUKYy, a TIOTOM
OMYCTUTh B HEE TPETH MarHUT (MPoOHBII) M; N300pakeHHBIM Ha PUCYHKE
00pa3om, TO JErKo yOeAUThCS, UYTO JJaHHAsl CHUCTEMa OTBEYAET MOYTH BCEM
YCJIOBUSIM MPOBEJICHHOTO 3KCIIEPUMEHTa, KpOME JIBYX: 1) OTTalkuBaHUE B
HayaJbHbII MOMEHT BPEMEHU U HEOOXOJUMOCTb YJEPKMBAaThb MAarHUT Haj
KepaMuKou (TO €CTh, CMCTeMa BHayaje BeleT ceOs Tak, KaKk OyATO HeT
BHEIIIHETO MarHuTa M;, mjis oOpa3oBaHMsI KOTOPOTro TpeOyeTcs Bpems, a
BHYTpeHHUM M, C camMoro Hauyaja BO3HHUKAaeT B OTTAJIKUBAIOIICH
MOJIAPHOCTH M3-3a HAIIPABJICHUS BPAICHUS TOKa CBEPXITPOBOJIHUKA); 2) TOJ
JNEHUCTBUEM OTTAJIKUBAIOIIUX CWJI JBYX MarHUTOB TPETHH MarHut 0o
BBITOJIKHETCSI B CTOPOHY, JMOO TIEpEeBEpHETCS M MPUTSHETCS K Oolee
CWJIBHOMY MarHuTy (ITOTOMY 51 ¥ BCTAaBUJI CTEKJISTHHYIO TPYOOUKY).
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Puc. 9. OxsuBanentnas cxema B3anMozelicTus npy sdpdekre MaiiccHepa.

Bos3n

MKAeT BOIPOC: a TE K€ PACIOJIONKEH BHEIMHUNA MarHuT? IIpuyem sicHo, 4TO
OH pAaCIMOJIOKEH TJe-TO 3a NpPEAesiaMU CUCTEMBI «IJIACTUHKA-MAarHUT» CO
CTOPOHBI MaruuTa. J[pyrumu cioBamu, JJMOO MbI JOJDKHBI HAUTH OOBEKT, T/Ie
TaKOW MarHUT BO3HUKAET, JTUOO MPU3HATH, YTO UMEEM JIEJIO C elle OJHUM

IIOKa HCM3BCCTHBIM BHJOM B3aHMOHeﬁCTBHH.



Cnenatb NMpeanosioKeHHEe O TOM, TJIe ATOT JOMOJTHHUTENIbHBIA MarHut
pacrmoyioKeH, TO3BOJSET HKMEHHO TO, 4YTO TPOOHBI MarHuT He
BBITAIKUBAETCS B CTOPOHY. MBI 3HaeMm, 4TO B CiIy4ae, KOrJa CEepICYHHK
BTATUBACTCA B COJICHOWJ, €r0 HE MPMXUMAET K CTeHKaMm. W 3JIeKTpOHHBIH
My40K B TpuOOpax, MOMEMIEHHBIX B COJEHOW], TOCTOSHHBIA MarHuT |
NEPUOANYECKYI0 MAarHUTHYIO CHUCTEMY, CTPEMHTCS 3aHATh IMOJIOXKEHHE IO
OCH COJICHOH/I.

[Toxoxxe HA TO, YTO U 3/1€Ch MBI UMEEM «COJECHOUI». VM eIMHCTBEHHBIM
MECTOM, TJI€ OH MOXET BO3HUKHYTH SIBISIETCS DJICKTPUUYECCKH 3apsHKEHHBIN
a¢up. pyrumu cioBamu, Mo 06€ CTOPOHBI OT KEPAMHKHU-CBEPXIIPOBOIHUKA
BO3HUKAIOT B 3()MUpe BUXPEBbIC TOKH, HABEICHHBIE TOKOM CBEPXIPOBOTHUKA
(a, BO3MOXHO, WM Hao0opoT). Ddup obnagaeT ABYMS HYXKHBIMU HaM
CBOMCTBaMH: OH ILIEJTMKOM COCTOUT M3 IMOJOXHUTEIHHO 3apsKESHHBIX YACTHII,
U OHU HAXOAATCS B IOCTOSIHHOM JBMXEHUU. 1O eCcTb, UMEHHO 3¢up
oOnanaer »Hepruei, HeoOXOAUMOM ISl BOSHHUKHOBEHMSI M TMOJJAEPKaHUS
TOKa CBEPXIPOBOJAMMOCTH M TOKa 3apsaoB 3¢upa.Puc. 2. DkBuBaneHTHas
cxema B3aumoJieicTBus npu ¢ dexte MaiiccHepa.

HaBepHoe, JIOTMYHO TMPEANONOKHUTh, YTO HANpPaBICHUE BpPALICHUS
«KOJIeI» TIOJOXKHUTENbHBIX 3apsloB 3(]upa COBMAZACT C HaIMPaBICHUEM
BpAIllEHUsT «KOJBIA» OTPULIATENBHBIX 3apsA0B B CBEpXMpoBoaHUKe. Jla U B
AKCIIEPUMEHTE BHIHO, YTO IMOCIIE TOTO, KAK MAarHUT M CBEPXIIPOBOJAHUK YK€
OJTHAXKIBI «3aXBaTWJIM» JPYT IPyra, TO BTOPUYHOE MPHUOIIKEHNE MAarHUTa B
TOW K€ TIOJSIPHOCTH HAYMHAETCS C MPUTSHKEHUS (TO €CTh, €CIIM BpaIllaHHUe
KOJIbIIa OTPHIIATEIBHBIX 3apsIOB CO3JAJI0 OTTAJKWBAaHWE, TO JBIDKEHUE B
TOM JK€ HaIpaBICHUU TMOJIOKUTEIBHBIX 3apsAIOB JODKHO — CO37aTh
nputspkenue). [lpu M3MEHEeHWH TMOJSIPHOCTH MarHuTa I[EePBOHAYAIBHO
BO3HMKACT OTTaJKUBaHWE, HO TPU [EPEBOPAYMBAHUU  TUIACTUHKHU
MIPOUCXOIUT U3MEHEHUE HAMPABJICHUS BPAIICHHS TOKA CBEPXITPOBOIUMOCTHU
(OTHOCHUTEIIBHO MIPOCTPAHCTBA), 1 COOTBETCTBEHHO HAIPABJICHUS BPAIICHUS
JBYOKCHUS 3apssioB 3Gupa ¢ Apyrod CTOPOHBI OT KEPaMUKH, U KepaMuKa
OTISATH MPUTSATUBACTCS TIOKA HE TOMAIAeT B «3aXBaT.

Haneroch, MHE yaanock yOeauTh BCEX, YTO U3BECTHBIN yxe Oosee 75 ner
s ekt MeliccHepa HE MOXKET ObITh OOBSICHEH 0aJaHCOM CHJI MAarHETH3Ma U
rpaButanuu. To ecTh, HECMOTPS Ha CYHIECTBYIOIINE TEOPHUH BOSHUKHOBEHHSI
CBEPXITPOBOANMOCTH, B HacToOsIIee BpeMst 3PPEKT He UMEET OOBSICHEHHUS,
IIPOBEJICHHBIE PACCYKICHHSI MOTJIM OBl SIBUTHCS €Ie OAHUM yOeTUTeIbHBIM
JI0Ka3aTeIbCTBOM CYIIECTBOBaHUS d(upa, KOTOPBIA OMMCAaH MHOIO B paboTe
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