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(®parmeHTbl BbIOpaHbl Ans YanHUKOB)

dunsmka ot Paom TunaHa c nnaHetbl Bypxan un UpuHbl
NMon3sopoBon

[MonHbIN TEKCT mMateprana 34ecb

Paom TuiaH: B Hawen Hayke NpUHATO OeNUTb BCE SHEPruM MateprasibHoOro Mmpa rno Tpem
YPOBHSIM, BCE OHM CBS3aHbl MeX Ay CO00i 1 B3aUMOAENCTBYIOT MexXay coboi. SHeprum 1-ro
YPOBHS - 3TO TENno, CBET, 3M1eKTPOMarHeTn3m, paavoBOSHbI.

OHeprum 2-ro ypoBHS - 3TO TO, YTO Bbl HA3blBAETE PALNOAKTUBHBIM U3NyHEHUEM (XKECTKOrO
PEHTrEeHOBCKOr0 U3Ny4YeHNsl) 1 SHEPrs TePMOSIAEPHOro CUHTE3a, Ta, YTO BblAENSEeTCS Npu
CTONKHOBEHUM Ha GONbLIOV CKOPOCTM 1 MPU BLICOKOM AABNEHUM aTOMOB PasnnyHbIX
9NEMEHTOB MeX 1y COOOM.
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OHeprum 3ro ypoBHSA — 3TO TO, 4TO Bbl Ha3blBaeTe rpasmtaunein. Mol ee nenvm Ha 2 Buaa.

Muikporpaeutaums: To, 4T0 NO3BONSET NPpeaMeTaM, KOTOpbie Bbl BUANUTE 1 MOXETE OlWywaTb
NX CTPYKTYPY M MNOTHOCTb Yepes peLenTopbl KOXW, N03BONATb He OblTb ra3oM u B 6onee
pPacCestHHOM COCTOSIHUK. YTO NpUTSArnBaeT 1 aToMbl APYr K APYrYy, U NO3BONSIET MONEKYNam
CTPOUTBLCS MO onpefeneHHbIM cucTeMam. B kaxx oM BelwecTBe eCTb MONEKYNsSipHas peweTka —
3TO CTPOEHME BELECTBA, KOTOPOE CTPOUTCS MO CBOMM 3aKOHaM U UHAMBUAYANbHbLIM ANS
KaX[oro BelwecTsa.

Makporpasutaums: To, 4TO NO3BONSET NPOABNSATLCS 3aKOHAM KMHEMATUKN, MEXAHUKMW,
OVHAMKKW B BaWeEM MUpe. DTO BCE, HTO Bbl HA3bIBAETE CU/ON ABUXEHUS, NPUTSAXEHMNS,
LLleHTPODOEXHOW CUIOI — 3TO NPOSIBNIEHME MAKpOrpasMTauun. STo NO3BONSIET BCEM NNaHeTaMm,
3Be3aMm, ranaktmkam n camor ManeHbKOoW MblIMHKE BO BCENIEHHOM UMETb CBOK CKOPOCTb
LBUXEHNS, TpaekToputo, opbuTty. He pasneTtaTtbcs B xaoce, a ABMratbCs Mo onpeneneHHbIM
3aKOHaM.

Bce marHuTHble nonst nioboro MaTepranbHOro 06 bekTa, Kak U rpaBUTaLlNoHHbIE, 1
aneKTpuyeckne, OericTBUTENbHO CBS3aHbl APYr C APYroM Mo NMPUYMHE TOro, YTO, €CNN aTOMb
NOPOAMIN MAarHUTHOE NOJE, OHO BbI3bIBAET M3MEHEHUSI BO BCEX OKpYXatowmx atoMax. OHo
MOXXET MOPOoANTb OPYroe MarHUTHOE Mnone UM HaobopoT 3aMedNTb ero NPOsIBNIEHNE,
yoanutb. B Hawelh mogenu BceneHHoM BCE BNUSIET Ha BCE.

MarHuTHOe none ranakTukun BKoYaeT B cebs Kak CerMeHTbl MarHUTHbIe Nonst abCcontoTHO
BCEX 3BE3[ N NNAHET, HAXOOAWMXCS B 9TOM ranaktuke. MarHuTHoe none nnaHeTbl BKKYaEeT B
cebs cerMeHTbl MarHUTHOro nonst 6onee Menkux O6'beKTOB, HaxoOsawWmMxcs Ha Hen.

CKOpOCTb MarHMTHOrr o NOTOKa.

CKOpOCTb MarHMTHOro NOToKa O4eHb CU/IbHO 3aBUCUT OT OKpYy>XXatownx 3Heprv||7|, OT BellecCcTBa,
KOTOpoOe nopoonno MmarHMTHoe none, Ho HawmMm y4eHbiM N3BECTHO, YTO NMOTOKWN 3HEPIrnin
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OOHOr0 YPOBHSI UMEKOT OAHY U TY X€ CKOPOCTb. [MOTOKN NCTEYEHNS SHEPrN N3 BELLeCTBa
OOHOr0 YPOBHS UMEIOT OAHY U TY X€E CKOPOCTb. [M03TOMY HaLWMM YYEHbIM YAAN0OCh OTKPbITh,
4TO Ta SHEpPrus, KOTopas HaxooMTCs Ha 3-M YPOBHE, Ha3biBaeMasi rpaBmTaums, U HOCUTENEM
KOTOPOW iBNSETCA rPaBUTOH, MPU OCBOOOX AEHNM U3 BEIWECTBA, B KOTOPOM OH COOEPXUTCS,
nMeeT ropasno 60bly0 CKOPOCTb, YEM SHEPTrUK 1-r0 YPOBHS (MarHeTuam, ceer,
PafnnoBONHbI). VIMEHHO HA 9TOM NPUHLIMNE OCHOBaHbI HAWW ABUraTeNm, Ha KOTOPbIX Mbl MOXEM
B Npeaenax HeCKONbKNX OECATKOB MUHYT NepeMellaTbCsl No BCel ranakTuke.

[MoueMy npy AMHaMMHEeCKOM BO3LEVMCTBUMN MarHUTa Ha Karywky Ha4mHaer rpon3BoanNTbCS
3/1EKTPUYECKUI TOK ? Kakow mexaHu3M a1oro?

To, 4TO Bbl Ha3bIBAETE INEKTPUYECKNM TOKOM, Mbl HA3bIBAEM U3NYYEHNEM U NMOTOKOM
3Heprun 1-ro ypoBHsi. MHe N3BECTHO, YTO B Balei Hayke HOCUTENEM 3N1IeKTPUYEeCcTBa U
MarHeTM3ma SBNSeTCs ANEKTPOH. B HalweMm sa3bike pasnensioTcs aNeKTPUYecTBO N MarHUTHoe
none, TO eCTb A/1S YaCTUL, SHEPrUA MarHeTM3Ma v YacTuL, SHEPrUiA 3NeKTPUYEeCTBa B HALLEM
A3blKe MMEIOT pasHble Ha3BaHUS.

N3HavanbHbIi ICTOYHMK MArHUTHOrO MONS - 3TO TO, YTO Mbl U Bbl HA3bIBAEM aTOMOM, TO €CTb
Mmanas yactuua Bewectsa. Mbl He eNUM aTOM Ha Te CTPYKTYpbl, KOTOPbIE AeNUTE Bbl. Te
CTPYKTYpbl, KOTOPbIE Bbl HAa3biBaeTe cybatoMamun — osi HAC 9TO pasHble BUAbl aHepruii. To,
4TO Bbl HA3bIBAETE SNEKTPOHOM — 3TO YaCTULLA SHEPrUW, Bbl €€ HA3bIBAETE YAaCTULIEN SHEPTM
N PAANOBOIH, N 3NEKTPUYECTBA, U MAarHUTHOrO Nons.

lNonyyaetcs, ¢ no3vuni Hawevi Hayku, slieMeHTapHas 4actuua HaxonuTcs BHyTpu aroMa, a c
rno3vLUuni Ballevi — 4TO atoM rPOCTO UMEET Pa3HbIe BUAbI SHEpPrui?

Ja.

K yeMy npuBsisaHo MarHuTHoe rone?
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MarHnTHoe none Bceraa nopox.aaeTcsl BEeWEeCTBOM, Apyroe AeNo, YTO B MPOCTPaHCTBE MOTYT
6bITb BelecTBa B arperaTHOM COCTOSIHUW, HE 3aMEeTHOM L1 Bawux npubopos. Ecnn ectb
MarHMTHOE MoJie NN 3NEeKTPUYECKOoe None — HyXXHO Bcerga nckatb UcToyHmk. Camo
MPOCTPAHCTBO A/Si HAC — 3TO HOCUTENb BELLECTB 1 SHEPIUiA.

MarHuTHbIe Nons NnaHeT, NnepemMelleHne Mex 1y HUMMU.

To, 4TO BbI cenyac cnpawmneaeTe, NCnonb3yeTcAa B OOHOM N3 BUOOB HaWnMX asurarenen,
KOTOpbl€ Mbl HA3blBaEM NMNaHETAPHbIMA. To ecTb OHM MCNOJNIb3YHKOTCA B6NM3n nnaHet. C nx
NMOMOLDbIO MPOUN3BOAATCA MNMepeneTbl OT caMoi nnaHeTbl 00 TON TOYKN NpoCTpaHCTBa, rae
BO3MOXHO BK/MIOYNTb FpaBI/ITaLI,I/IOHHbIIZ osuratenb, W roe 3ToMy He nomelwaeTt
rpaBnTaulnoHHOE noJe camol nNnaHeTbl. OTOT ABUraTeflb COCTOUT N3 Bpalauwmnxcs B pa3HblX
MNOCKOCTAX NNnaCcTuH, COCTOAWNX N3 CneunmanbHOro cnnaea, B KOTopble BXOOAT ABa raBHbIX
KOMMOHEHTa — TUyp u nannaguin. 9T 3NEMEHTbI cooepXart aHeprnn B Takmnx snoax n
B|/|6pa|_w|9|x, KOTOpble MOTYT C MOMOLbIO 3HEpPruu, I'IOCTyI'I3JOI.LI,9I7I n3 opuratensd, ynasnmeaTtb
MarHMTHO-NOJieBbl€ N3JTy4HEeHUA TOW NN NHOIA NNaHeTbl U co3naBaTb COOCTBEHHOE MarHNTHoOE
none, nnbo oTTankueatwLllee ero ot njaHeThl, nmbo nputsarmeatroulee. Ecnu Bbl XOTUTE
TpPaTUTb HECKOJIbKO OHen nyTn Ha Ty U NHYKO NNaHeTy, TO OOCTATO4YHO NnaHeTapHOro
npuratens. Ecnu Bbl X0TUTE nonagaTtb Ha nnaHeTy 3a HECKONMbKO MUHYT, TO HY>XKEH
FpaBI/ITaLl,I/IOHHbII7I aoBuratenb.

MarHuTHbIe CUnoBbIE TNHUN — 3TO 3CDUPHbIE BUXPEBbLIE TPYOKN?

[eno B TOM, 4TO B Halei HayKe HET B HALEM NOHUMAHWKN OTOENEHNS MaTEPUanbHOro Mupa ot
TOro OyXOBHOr0 ObITWS, KOTOPOE Ero MOPOXAAeT.

MarHuTHbIE 3HEPruK, KOTOPbIE YXXE BbIWN U3 aTOMOB M COOPMMPOBAN MarHUTHOE None,
BO3AENCTBYIOT HA T€ SHEPruM, KOTOPbIE HAaX0AATCS B CaMOM NpocTpaHcTee. Mbl 3aech
NepexomMm K 4acTu, KOTopas noka HeM3BecTHa Balleil Hayke. B npocTtpaHcTBe HaxoaaTcs
SHepruv, NorpaHnyHble Mex oy MatepuanbHbIM MUPOM U TO YacTbio MUPO3AaHMS, KOTOPYIO
Mbl BCE Ha3blBaeEM AyXOBHbIM MMPOM. MeXxay ABYMS MMpPaMU OHU HAaX0AATCS PSAOM APYr C
LPYrom, MPOHU3bIBAIOT APYr Apyra, Kak Bbl FOBOPUTE — napannenbHbl. Mexay HUMm B
NPOCTPAHCTBE HAXOAMTCS SHEPrus, KoTopas oTAeNseT MatepuanbHbli MUP (TO eCTb MUP
BELWECTBA M MMP 3HEPTrWiA) OT AYXOBHOr0 MMpa, OT ero NePBOro YPOBHS, KOTOPbIV Mbl ANt
MPOCTOThbl HA3bIBAEM acTpalbHbiM. B Bawen TEPMUHONOTN 3TN SHEPT MU 0ObIYHO HA3bIBAKOTCS
3oMpHbIMU. B pa3HbIx cMCTEMax MOryT HasblBaTbCs MNONSIMU, KOTOPbIE MOPOXAAOTCS TEMU
yacTuuamm, KOTOpble Bbl HAa3bIBAETE NEMTOHbI, TOPCUOHbI, 1 T.A4. OTO BCE pasHble HAa3BaHNA
OOHOr0 U TOrO Xe€ - NPOCTPAHCTBEHHbIX SHEPTUiA, OTAENAOWNX MaTepuanbHbId MUP OT
LyXOBHOro. B Hawe TepMMHONOrMmn 06bI4HO 9Ta 3HEPrus Ha3biBaeTCs «CBOOOAHAS SHEPrus
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Bakyyma». [loyeMy Mbl Ha3blBaeM ee MMeHHO cBODOAHON aHeprmei Bakyyma? B nepesone Ha
Bal $3blK, MOTOMY YTO Mbl 3TVM Ha3BaHWEM NOAYEPKMBAEM TOT (PaKT, HTO OHA MOXET
CyllecTBOBaTb B abCOMOTHOM Bakyyme, KOraa st roBopto B abCONOTHOM, S UMEIo B BUAY
OTCYTCTBME B 3TOM NPOCTPAHCTBE Kakhx N1Mbo BeLWeCTB Unu aHepruii. A noyemy cBoboaHon —
MOTOMY YTO B HAllEM MOHUMAaHWUW 3Ta SHEPrus BO3HUKAeT He3aBncMo. OHa ecTb, HO C
MOMOLLbIO creunanbHbiX METOA0B BO3OENCTBUS HA HEE, E€ MOXHO M3B/eYb M3 Bakyyma U
ncrnonb3oBaTb. TpaHcopMUpPoBaTh B 3NEKTPUYECTBO. B aHeprum npaktnyeckoro noboro
YPOBHS, Aaxe B rpaBnTaumio.

B npenenax nnaHeTbl HEBO3MOXHO M3BfieKaTb 3Ty CBOOOAHYIO aHeprumto. Bbl npocTo He
CMOXeTe N30/IMpoBaTbCs OT rpaBnTaumMoHHoro nons 3emnun. CBobooHas aHeprust ectb 1 Ha
3eMmne, oHa ecTb B Nt0OOM KybU4eckomM MUIIMMeTpe NPOoCTPaHCTBA, HO OHa TaM caepXxaHa
TEM Xe rpaBMTaUNOHHbIM MONEM.

Nioboli opraHn3M, KOTOPbIN XMBET HA TOW WX UHOI NNaHeTe, N3Ha4yanbHO 3BOIOLUMNOHHO
npucnocobneH K ee MarHNTHOMY nonto. FeHeTmnyeckas NPenpacnonoXeHHOCTb K MarHUTHOMY
NnoJsito nepenaeTcs U3 NOKONEHNA B NOKONEHWe, Cpeamn Xutenem Toi unm NHoM nnaHeThbl.

ALanTaunoHHble BO3MOXHOCTM OU3NYECKUX TEN NYMaHOUAO0B AOCTATOYHO BbICOKM U
ycrneBaroT NpPUCrocobuTbCsl MyTEM N3MEHEHUSI BHELHEN CEKPETOPHON AESTENbHOCTN:
FrOPMOHasNbHOW 1 HEPBHOW CUCTEMBI, 1 UM yAAeTCs 4OCTaTO4YHO ObICTPO 1 NOMHO
NpPUCnocobuUTbLCS K MarHUTHOMY MO0 TOW UM MHOW NNaHeThl, XOTS B 3aBUCUMOCTU OT
KONMYEeCTBa XWN3HEHHOI CU/bl B TOM MM MHOM OPraHnu3me, ero ayxa, ot ero HepBHOW CUCTEMbI
byneT 3aBMCETb, Kak OH 9TO NepeHeceT.

Xu3HeHHas cuna B Tene Yyenoeka NpoTekaeT No 0CobbIM KaHanam ahupHOro Tena. dT0 He
TO/IbKO 3M1EKTPOMArHMTHOE MNose, 3TO0 COBOKYMHOCTb 3N1EKTPOMArHUTHbIX MOMIei BCeX aToOMOB
PM3NYECKOro Tena, N 0CobbIA BUL SHEPrUN, KOTOPLIA €CTb TONBbKO Y XMBOr0 OpraHmama,
KOTOPbIA Mbl HA3bIBAEM XWU3HEHHOWM CUNOW. Bbl, COOTBETCTBEHHO, Ha3blBaeTe 3TO «MPAHON».
MarHnuTHoe none MoXeT NOBNUATb Ha MHTEHCMBHOCTb NPOTEKaHNs B 3OMPHOM Tene notoka B
CTOPOHY ero yBenmyeHus, ecnn HanpasuTb MHTEHCUBHbIA NOTOK MarHWTHOrO MOMSA B TO UK
NHOE MecTo PU3NYEeCcKOro Tena, Ha KOTopoe BbIXOOAT TOYKW, CBA3AHHbIE C 3PUPHbIMU
kaHanamu. Ho 06bl4HO 9TO BNUSIHUE HEHAAONTO, OHO MPekpalaeTcsl B TOT MOMEHT, Koraa
ybupaeTcs BHEWHEE MarHNTHOE None.

5/6



dusuka ot Paom TuinaHa c nnaHetbl Bypxapn - CaHar Kymapa :: LLikona Bo3HeceHus

AsTop: Bnagnmmp
19.09.2022 20:42 - O6HoBneHo 20.09.2022 15:50

To, 4TO Bbl Ha3bIBAETE Yakpamu, TO, YTO NPOSIBNIEHO Ha (PU3NYECKOM YPOBHE — 3TO
3HepreTM4eckme LEeHTPbl 3PUPHON SHEPrUK, U TO Xe caMmoe, YTO 1 C 3ICPUPHBLIMI KaHanamu, To
€CTb MOBbICUTb MHTEHCUMBHOCTb PAbOThl YAaKP, TO ECTb UX BPALLEHUS 1 UHTEHCUBHOCTU, U
nepepaboTky pas3nnyHbIX 3HEPrUiA, BO3MOXHO C MOMOLWbIO 3NEKTPUYECKOro UM MarHUTHOro
NONSI, HO ONATb Xe 3TO BNUSIHNE ByoeT KpaTKOBPEMEHHbIM 1 NMOCTEMNeHHO UCYe3HeT nocne
TOro, Kak BHeWwHee none bynet ybpaHo.

Y Hac HeT NoHATUSA <<ceBepr||7| NONKOC, FOXHbIA NMOMOC». ITO BUXPb, €CNT MarHMTHOE none
NOKNHYNO npepnesnbl BewecTtea, OHO MOXeET ObIThb pacrno3HaHo HalWnMm I'IpI/I60pOM, eC/in aTo
ManeHbkKoe MarHMTHoe none — 10, Kak MMHN-BUXPb. Llns Hac OH He nmeerT, Kak Ons Bac,
MNOJIOXKUTENBHOIO NN oTpuuaTesibHOro 3apsna, NnoToMy 4To 3TO A4 HAC o4Ha SHepPrus.

BosnoelicTBue MarHUTHOI SHEPrM Ha aTOMbI Bbl3bIBA€T YCKOPEHUE UX BHYTPEHHUX BUOpaLNIA.
To, 4Tto 51 Hasean TennoM. CooTBETCTBEHHO KONebaHns yBenM4mMBaroTCs, 1 Bbl U3MepsieTe, 4TO
npeaMeT NoBbICUA CBOIO TeMnepaTtypy. To, YTO Bbl HA3bIBaeTe TEMNEpPaTypon, Mbl HA3bIBAEM
KONMYECTBOM BHYTPEHHEN SHEPrUM NEPBOro YPOBHS, KOTOPOE BbIAEMMNIOCH BO BHELLHIOK
cpeny. Tennosas sHeprums.

Haww cneunanucTbl, KoTopble paboTatoT B KOCMOCE, B OTKPbITOM KOCMUYECKOM MPOCTPaHCTBE
M Ha kopabnsix, Te, KOTOpble CaMn NepeaBUratoTcst B kocmoce, nnbo paboTaroT ¢
KOHTakTepamu, B TOM YUC/E C Balen NAaHeTbl U C MHOTMX APYrnx, KOTOPbIM NPUXOONTCS
NMOCTOSAHHO HAXOANTbCS B KOCMUYECKOM NPOCTPAHCTBE, NPaKTUYECKN HE NCMNONb3YIOT UMEHHO
MarHUTHbIE NONS ONS 3aWnTbl OT KOCMUYECKON pagnauum, NOTOMY YTO Mbl CHUTAEM, 4TO MONS,
CO3[aHHbIE SHEPrNSMUN NEPBOr0 YPOBHS HEA (PEKTUBHDI, 1 3TO OYEHb 3HEPro3aTpartHo,
3awmaoT OT SHEPrn BTOPOro YPOBHS, KOTOPOR aBnseTcs paguaums. Mbl ona atoro
NCrnonb3yeM creunanbHblil Tpubop, KOTOPbI cobupaeT KOCMUYECKYIO paanaumnio B
cneumanbHbliA akkyMynsaTop 1 npeobpasyeT ee B 3N1eKTPUYECTBO. TO €CTb Mbl 3TVM AOCTUraeM
OBYX Lenen: 3awuwaemM CBoN aKunax n KOHTakTepoB, KOTOPbIM Mbl MOKa3blBaEM pasfinyHbie
nnaHeTbl, OT NOBPEXAEHNS PaON0aKkTUBHOM SHEPruen, 1 OOHOBPEMEHHO HakarnaMBaem
SHEpPruvio onsg cBoOMX asuraTtenen.
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