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MarHiTHe none

"GET BACK IN HERE AND FINISH YOUR LUNCH.
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MarHitv 6ynn Bigomi 3 AaBHiX YaciB, HanpuKAnag, ix 3ragysas we Panec, npoTte BRepLie
AOCNiAXeHHA MarHiTHoro nona 6ynn nposBeaeHi B 1269 poui ppaHLy3bKMM BY4EHMM [TeTpom
MeperpiHom (cnpaBXHe im'a M'ep NMenepeH ae Mapukyp). BiH 3pobus nepLuy many marHiTHOro
nonA, Nig 4ac 4oro BiAKPUB, LLO CUNOBI NiHIT CXO4ATLCA A0 ABOX TOYOK Ha MArHiITi, AKi BiH Ha3BaB
NONIKOCAMMW, | AaB iIM Cy4acCHi Ha3BM — MiBHIYHUW | NiBAEHHUIN. TaKOXK BiH BiAMITUB NPUHLM,
3rigHO AKOMY, MPU PO31aMyBaHHi MarHiTy Ha ABi YaCTUHU, NOTO MONOCK HE BiAOKPEMIOIOTLCA, a
yTBOpPHOKOTbCA HOBI. CBOI cnocTeperkeHHA BiH onucaB B npaui «locnaHHa npo marHit» (Epistola
de magnete).

BAn3bKo TPbOX CTONITb NOoTOMY, Binbam FNinbept nosTopms aocnian MeperpiHa, a TAaKOX NOKa3as,
O 3emM1A TAKOXK € BEZIMKMM MarHiTom. [inAa uboro BiH CTBOPUB «Tepeny» — CPepudHy MarHiTHy
mogenb 3emMii, a NoTim, 3p0bMBLLN KapTy MarHiTHoro nona 6ina Heli, 3icTaBMB pe3y/bTaTh 3
oTpMMaHMmm y 1576 poui aHrnincbkmm BUpobHMKOM Komnacis Pobeptom HopmaHom aaHMmM
LLLOAO MArHITHOTO HaxMAy, i AOBIB, WO Ui ABi KAPTUHU iAEHTUYHI. TaKUM YnHom byna
CNPOCTOBAHA iCHYKO4Ya B Ti Yacu rinoTe3a Npo iCHyYBaHHA BE/1IETEHCbKUX MArHiTHUX rip Ha NOAKCaXx
3emni, Wo NpUTAryoTb CTPiNKY Komnacy. KHura lNinbepta «1po marHiT, MarHiTHi Tina ta npo
BE/IMKUN MarHiT — 3emto» GpakTMYHO 3anoYaTKyBasla HAyYKOBE BUBYEHHA MarHeTU3My.
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Y 1750 poui, xoH Mivyen npmnnyctus, WO CMAa NPUTATAHHA | BigLWTOBXYBAHHA, WO Il CTBOPIOE
MarHiTHe nosie 3MeHLWYETLCA 3a KBaApaTUYHUM 3aKoHOM. Y 1750 p. LWapnb KynoH
EKCNepUMEHTabHO AO0BIB L0 riNOTe3y, a TAKOX HEMOXAUBICTb BIJOKPEMNEHHA NOAOCIB
MarHiTy ogmH Big ogHoro. basytouncs Ha unx pesynsratax, CimeoH-[leHi [yaccoH Bnepuie
nobyaysaB yCnilWHY MOAENb MAarHeTU3MYy, Y AKiM MarHiTHe none NpoayKyBanoca BEUKOO
KiJIbKICTIO Map MiBHIYHUX i NiBAEHHUX MArHiTHUX NOAOCIB BCepeauHi MarHiTy.

Ha no4datky XIX CTONITTA TPU BaXK/IMBUX BIAKPUTTA 3MIHUANM NOrnag, Ha marHetmsm: y 1819 poui
laHc KpicTiaH EpcTen BigKpwuB, WO eNIeKTPUYHUIN CTPYM reHepye HaBKo/10 cebe marHiTHe none, y
1820 p. AHApe-Mapi AMnep Nokasas, WO napanenbHi NPOBIAHMKN NPUTATYIOTLCA abo
BiILUTOBXYIOTbCA, KONM MO HUX MAe CTPYM (3akoH Amnepa), i, HapewTi, TakoX y 1820 pou,i *KaH-
BaTicT Bio i Penikc CaBap BigKpWUAM 3aKOH, Ha3BaHMM iX imeHem (ni3Hille y3aranabHeHUN
JTannacom), Wwo A03BONAB 3HANTU HANPYXKEeHiCTb MarHiTHoro nona B 6yab-AKil Touli HaBKONO
NPOBiAHMKA 3i CTPYMOM.
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Ha ocHOBI UMx ekcnepumeHTiB, AMnep onybaikyBaB BAacHy Teopito marHetnsmy y 1825 poui. Y
Hi BiH NPOAEMOHCTPYBAB EKBIBANEHTHICTb /1EKTPUYHMX KOHTYPIB | MArHiTiB, i NpUnNycTms, WO
MarHeTU3M CpPUYNHEHNI BENNUKOIO KiNbKIiCTIO 3aMKHEHUX NMOTOKIB 3i CTPYMOM Y MarHiTi, 3amicTb
MarHiTHMX Aunonis, Wo ¢irypysanu B Teopii NyaccoHa. [loaaTkoBOO nepesBaroto Liei Teopii byno
Te, WO BOHa NOACHIOBANA, YOMY MOMKOCU MarHiTy He MOXYTb BYTU i301bOBAHUMMU.

Y 1831 poui Mankn ®apagen BiaAKPUB ABULLE ENEKTPOMArHiTHOI iHAYKLUiT, TOOTO PaKT, Wo 3MiHa
MarHiTHOro nNoaA NPU3BoAUTb A0 BUHUKHEHHA eNeKkTpMYHOro nons. Llei 3akoH 3apa3 sigomui
AK 3aKOH eNeKTPOMarHiTHoi iHayKuii Papaagesn. MisHiwe, PpaHuy EpHcT HelMmaHn aosis, Wo ana
NPOBIAHMKA, WO PYXAETbCA B MArHiTHOMY Noni, iHAYKLiA BUTIKA€E 3 3aKOHY Amnepa. Iig yvac
LbOro BiH BBiB MOHATTA BEKTOPHOrO MOTEHLiaNy MarHiTHOro rnons.

Y 1850-my, nopa KenbBiH, Bigomuii Toai sk Binbsam TomncoH, novyaB po3pi3HATM ABa TUNMU
MarHiTHOro nons, Biaomi 3apa3s AK H (HanpyXeHicTb MarHiTHoro nonsa) i B (iHAyKUia MarHiTHOro
nonsd). Lli noHATTA BiH cnoyaTky 3acTtocyBas A0 moaeni lNyaccoHa, a noTim i Ao moaeni Amnepa.
TaKoX, BiH NOKa3aB B3aEMO3B'A30K MiXK LUMKU TUMaMM.
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Mix 1861 i 1865 pokamu, Oxenmc Knepk Makcenn BuBiB i onybnikyBaB piBHAHHA MaKcBena,
LLLO NOACHIOBA/IN | NOB'A3yBaM YCi NapaMeTPM KNAaCUYHUX eNEeKTPUYHOIO i MarHiTHOro nois.
MepLwi BapiaHTK umnx piBHAHb Bynn onybnikoBaHi y *kypHani Philosophical Magazine and Journal
of Science, nig 3aronoBkom «Di3nyHi AiHIT cuam». Ui piBHAHHA ByAn BipHUMMK, ane HEMOBHUMMW.
MaKceen AoNOBHMB iX Yy CBOIN cTaTTi 1865 poKy «AMHamiYHa Teopis eNeKTPOMArHiTHOro nona» i
NOKa3aB., LLO CBIT/10 € eN1IeKTPOMArHITHO XBuseto. [eHpix lepl, eKcnepnmeHTasIbHO A0BIB Le B
1887 poui.

Y XX cToniTTi, y 3B'A3KY 3 NOABOIO KBAHTOBOI TEOPIii Ta Teopii BiAHOCHOCTI, eIeKTPoANHAMIKa
BK/ItOUYMAA iX B cebe. AnbbepT EMHWTENH Yy cBOiN poboTi 1905 poKy NoKasas, WO POo3AineHHA
€NeKTPOMArHIiTHOro NoNA Ha eNeKTPUYHeE | MarHiTHe NPUPOAHUM YMHOM BUTIKAE 3 Teopil
BiJHOCHOCTI, i NpU LboMy, HE € aBCONOTHUM, @ 3a1eXNTb Big, cMctemu BianiKy. MisHiwe,
eNekTpoanHamika byna nepedpopmysiboBaHa y TEPMiHaX KBAHTOBOI MeXaHiKM, YTBOPMBLLWN TaKUM
YMHOM KBAHTOBY enekTpoanHamiky (KEL).
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MarHiTHe none — e 0cob6MBUM BUA, MaTepii, CKNajoBa e/IeKmpomMazHimHo20 Nons,
AKa CTBOPKETLCA 3MIHHMM Y Yaci e/IeKTPUYHMM NOJSIEM, PYXOMUMU E€NEKTPUYHUMM
3apAagamu abo cniHaMK 3apAaaXKeHUX YaCTUHOK. MarHiTHe noae CnpuUYMHAE CUIOBY Aito
Ha pyXOMi eNneKkTpuYHi 3apaau. Hepyxomi eneKTpryHi 3apaam 3 MarHiTHUM Nosem He
B3aEMOAi0Tb, aJie eNeMeHTapHi YaCTUHKM 3 HEHYJ/IbOBUM CMIHOM, AKi MalTb

BIACHUM MarHiTHMA MOMEHT, € AXKEPESIOM MArHiTHOrO No/A i MarHiTHE Nose CpUYMHAE
Ha HMX CMNOBY Ail0, HaBiTb AKLO BOHM NepebyBaloTb Yy CTaHi CMOKOL0.

MarHiTHe none yTBOPHETLCA, HANPUKIAA, Y MPOCTOPi AOBKOJ1a NPOBiAHMKA, N0 AKOMY
Teye eNeKTPMYHMM CTPYM ab0 JOBKOMA MOCTIMHOMO MarHiTy.

MarHiTHe nosne € BEKTOPHMM MONEM, TOGTO 3 KOXKHOIK TOYKOI NPOCTOPY MOB'SI3aHUM
BEKTOP MarHiTHO1 iHAYKUil B, AKUM XapaKTepPM3YE BEJIMUYMHY i HANPAM MarHiTHOro noJis
Y LM TOoYL,i i MOXKe MiHATMUCA 3 NJIMHOM Yacy. [opsAj 3 BEKTOPOM MarHiTHOT iHAYKLUii §,
MarHiTHe noJsie TaKoX ONMMCYETbCA BEKTOPOM Harpy»KeHoCTi H.

Y BaKyyMmi Lji BEKTOPM NPONopLinHi Mix coboto:

—

B=‘Ll0ﬁ
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BennuunHa py HasnMBaETbCA MarHiTHOK MPOHMKHICTIO BiJibHOro npoctopy (permeability of
free space) abo nycToro npoctopy (empty space), abo mMarHiTHow ctanot. Il BennumHa
BU3HAYAEMbCA Y BaKyyMi (a He BUMIPIOETbCA) 1 AOPIBHIOE

o = 4m - 1077 T8/ aso /),

Ll,Fl BE/IMYMHA € HACNIAKOM BM3HAYEHHA amnepa B o guHMNUAX CUJIM Ha OAMHULKO
AOBXMHU MK HECKIHYEHHO OBrMMMU napajiae/ibHMMHU HpOBi,D,HMKaMM 3 HYJ1IbOBOIO

naoweto nepepisy y Bakyymi.

MarHiTHy NPOHMKHICTb BaKyyMy [, MOXKHa BBaXKaTu OAHI€I0 3 DYHAAMEHTa/IbHMUX
(hi3nYHMX KOHCTAHT, ane BOHa 3a/IeXMTb Bi AieNNeKTPMYHOI CTanoi &, Ta WBUAKOCTI

CBiT/1a y BaKyyMi ¢, HacTynHow HopMy/ioto:

c*gop =1
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Ha BigMiHY Bifg, eneKTpUYHMX 3apsaaiB, MarHiTHUX 3apsaiB, WO CTBOPOBaAM 6 marHiTHe nosne
AHaANOrMYHMM YMHOM, He CNOCTepiraeTbcA. TeopeTUYHO TakKi 3apAaam, AKi oTpUManm Hassy
MarHiTHMX MOHONMNOAIB, MoK 6 icHyBaTK. B TakoMy BUNagKy enekTpuyHe i marHiTHe none ébynm 6
MNOBHICTIO CUMETPUYHUMMU.

TakKMM YNHOM, HAMMEHLLOK OAMHULEID, AKA MOXKE CTBOPHOBATU MArHiTHE N0Je, € MArHITHUI
annonb. MarHiTHMM AMNOAb BiAPI3HAETLCA TUM, LLO B HbOrO 3aBX AW € ABa NOJIKOCU, B AKX
MOYMHAKTLCA | KIHYAKTbLCA CUNOBI NiHiT NonA. MiKpOCKOMiYHI MarHiTHI gnnoni 38'A3aHi 3i
CniHaMW eNeMeHTapPHMX YaCTUHOK. YaCTUHKN 3 HEHYNIbOBMM CMiHOM * — TaKi AK NPOTOHM,
HEUTPOHMU | eNEKTPOHU, € ENEMEHTAPHMMM MATHITaMU. BeAnunHy marHeTmamy AMnosii0 MOXHA
BMPA3UTM 33 AONOMOIO MArHiTHOro ANNOAbHOrO0 MOMEHTY, LLO 3a3BMYall HA3UBAETLCA NPOCTO
MArHITHUM MOMEHTOM i NO3HAYAETLCA NiTEPO0 M. MarHiTHUMA MOMEHT MaKPOCKOMIYHOro

LLIMATKa PEYOBUHU MOXKe ByTn 06paxoBaHUIM AK BEKTOPHA CYMa MArHiTHUX MOMEHTIB MOro
aToOMIB

* CniH (aHrn. spin — BepeTeHo) — pyHAaMeHTa/lbHa XapaKTePMCTMKA YaCTMHKM (HanpuKnag aTOMHOro Agapa um
e/IeMeHTapHOT YaCTUHKM), AKa B AeAKOMY BiAHOLEHHi aHasioriyHa «B/laCHOMY MOMEHTY iMMY/IbCY YaCTUHKM>.
CniH € KBAaHTOBO BJIACTMBICTIO YACTMHOK i HE MA€E aHANOriB Yy KNacMuHiM dismui. JyKe CnpoLeHo CniH MOXHa
YABUTM COOi AK 06epTaHHA YaCTMHKM HABKO10 BNACHOT OCi, ane HacnpasAi e He Tak, TOMY Lo Ha piBHi
e/leMEeHTapHMX YaCTUHOK HEKOPEKTHO rOBOPUTU MNPO iX «opMy> i HIAKOT «BAacHOT OCi», HABKOJ1I0 AKOT YaCTMHKA
MOXKe obepTaTmcA, He icHye. [eTanbHiwe nNpo cniH 6yae po3Ka3lyBaTMCA Yy 4-My MOAyANI.
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3a3Bn4a, MOMEHTM OKPEMMX aTOMIB Hamnp neHilxaoquol | TOMY KOMMEHCYIOTb OAMH OAHOrO,
a 3arabHUM MaArHiTHUM MOMEHT pedyoBUAN € HYNIbOBUM. lpoTe, AeAKi pe4OBUHU, B NepLUy vepry
dbepomarHeTuKmn, TAXKIOTb A0 BNOPAAKOBAHMX|CTAHIB, MPU AKUX MArHITHi MOMEHTM yCiX aTOMIB B
PEYOBUHI MOYMHAIOTb BYTN HAaNPAMAEHUMM B OAHY CTOPOHY. ICHYIOTb ABi MoAaeni, WO ONuCyTb
MarHiTHe nosie enemMeHTapHUX MarHiTHMX aunonis — mogens linbepta i mogens Amnepa. na
OMNUCIB NOIB Y LNX MOAENAX BUKOPUCTOBYIOTLCA ABI Pi3HIi BennynHmn, H i B. 3a mexXamu marHity
BOHW € OAHAKOBUMM, 3 TOYHICTIO A0 NOCTIMHOrO MHOXXHWKA, NPOTE BCEPEAUNHI MATHITY iX
3HayeHHA nepecTatoTb 3biraTmca.

KopoTLwe Kaxy4yn, NOCTIMHMIM MArHIT — LLe TaKa pe4yoBUHa, Yy AKOI KPUCTasivHa rpaTka
B/1ALUTOBAHA TaK, WO MarHiTHi MOMEHTU OKPEMMX aTOMIB HanpaB/ieHi MalXe 0AHaKOBO.
CymapHWIM MarHiTHUM MOMEHT aTOMIB CTBOPHOE NOCTIMHE MArHiTHE NOJie MarHiTy.
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Y Ui Mogeni AMnonb po3rNAJAETbCA AK ABA MArHiTHUX
3apAaau, a none, Lo BOHU CTBOPHOKTb € aHANOMYHMM [0
NoNA eNEKTPUYHOro AMMNOM0 — MOro NiHil NoYMHaKTbLCH
B MiBHIYHOMY 3apAai, i 3akiHuylTbCA B NMiBAEHHOMY, He
BUXOAAYM HA HECKIHYEHHICTb, TaK CaMo AK JiHil
€/IEKTPUYHOro noJiA NOYMHAKTLCA B MO3UTUBHOMY
3apAAi 1 3aKiHYYylTbCA B HeratMBHOMY. TaKOX 3a
aHaJIoriet0 po3paxoBYETbCA i MAarHiTHUM MOMEHT TaKOro
AUNOJI0, WO AOPiBHIOE

m = q,,d

Ae q,, — MarHiTHi 3apagm a d — BiACTaHb MiXK HUMM.

Moaenb Nnbepta nepegdavyac npaBu/ibHi 3HAYEHHA HaNPYXEHOCTi MarHiTHOro nons AK
BCEpeMHi TaK i 330BHi MarHity, B ToMy YMcii ToM akT, WO MOro HarnpsMOK €
NPOTUNIEXXHMM A0 HanNpAMKY BEKTOpa HamarHivyeHocTi. [lpoTe, nostocHa Mogenb Mae
OOMEXKEHHA, NOB'A3aHi 3 TMM, LLIO BOHA CNMPAETLCA Ha HeiCHY04Ye B peasIbHOCTi MOHATTS
LWiNbHOCTi MarHiTHMX 3apsaaiB. Yepes e BoHa He MOXKe MOSICHUTM TOW (paKT, Lo
NOJIIOCU MArHiTy HEMOXAMBO BigAiIMTU OAMH BiJ OAHOrO, a TaKOX MarHiTHi B1aCTUBOCTI
PYXOMMX €/IEKTPUYHUX 3apAAiB.
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Y Ui mogeni Aunosb Po3rnsfacTbCs AK MaJIEHbKUM
3aMKHEHUM KOHTYP, MO SIKOMY 6€33yMNUHHO Teye CTPYM. B Takil
MoJenNi, none Wo BiH CTBOPIOE 6YAEe CONIEHOTAHMM, TOGTO MOIro
CMNOBi NiHiT He ByayTb MaTM Hi noyaTky, Hi KiHUA, a 6yayTb
3aKpy4deHi HABKOJIO KOHTYpPY, MPOXOAAYM YEpPE3 MOro CepLeBMHY.
MarHiTHUM MOMEHT TaKoro Amnonio 6yje AopiBHIOBATU

m=1S

ae I — cuna CTpyMy B KOHTYpi, a § — nJiowa Moro nepepisy. Bicb
TAKOro MarHity 6yae nepneHauKyNApHOI KOHTYpY.

BaxknmBoto BiAMiIHHICTIO B-nona € Te, wo Ha BiAMiHY Big H-nonsa, niHii
AKOro 3aBXAMW HanpsMEHi BiJ oAHOro noJsocy Ao iHWoro, Moro ninii
BCEpeMHi MarHiTy MaloTb 3BOPOTHiM HaNpPAMOK.

Y3ara/ibHowuu i Gopmanisyoum, MOXKHa CKa3aTu, WO AKLWO CUoBa /iHiA B-nona BXoauTb Yy AeAKY
061aCTb NMPOCTOPY, TO BOHA 3aBXAM Ni3Hille BUXOAMTb 3 Hel, TO6TO

f BdS=0
S

Je iHTerpan 6epeTbca No AesKin 3aMKHEHiM NOBEPXHi S, a J06YTOK B dS — NO3UTUBHMMK, AKLLO
NiHiA BXOAUTb BCepeauHY NOBEPXHi, i HEraTUBHMM, SKLLO BOHA BUXOAUTDb 3 HEl.

Kpy:K0O4oK Ha iHTerpasni o3Hayae, Lo TaKMM iHTerpan 6epeTbCsi N0 YOMYCb 3aMKHEHOMY: MO 3aMKHEHOMY
KOHTYpY, ab0 Mo 3aMKHEHiM NoBepxHi - TO6TO N0 YOMYCb TAaKOMY, LLIO HE MAE SIBHO BM3HAYEHOr0 NOYaTKY i KiHUA.



[paBMio NpaBoi PyKM — MHEMOHiIYHE
NpaBuIo, AKE [03BOJIAE BU3HAYUTH
HanpsM CMJI0BUX JIiHIM MarHiTHOro nosas
HaBKOJ10 NPOBiAHMKA 31 CTPYMOM.

AKLLO 06XONUTU NPaBOI PYKOI NPOBiAHMK
TaKMM YMHOM, LLOG BEJIMKMIM Nanelpb
BKa3yBaB HaMpsAM CTPYMY B HbOMY, TO
pellTa NanbliB BKa3yBaTMME Hamnpsm

BEKTOpPaA MarHiTHOT iHAYKUiT. TaKMM YMHOM,

MOXHa 3aCTOCOBYBaTU L€ NpaBuIo Ha
NpaKkTMyi, BUKOHYHOUYM NEBHI 3aBAaHHA Ha
3HAXO4KEHHA BEKTOpa MarHiTHOI iHAYKLiT
Ta CUNOBMX NiHIM Y MarHiTHIM iHAYKUT
BEKTOpa MarHiTHO1 iHAYKUT.
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[MpaBuI0O NiBOT PYKHN —
MHEMOHiIYHe npasnno, LWo
Aonomarae BU3HAYUTH HaMpAaM
cunm AMnepa, Aka i€ Ha
PYXOMMM 3apAj abo NpoBiAHUK 3i
CTPYMOM Y MarHiTHoMy noJii.

AKLWO po3TalwyBaTu NiBy AOJIOHIO
TaK, W06 BUTArHYTI nanbui
36irasmca 3 HaNnpAMOM CTPyMy, a
CUNOBI NiHIT MarHiTHOro nons
BXOAM/IM B JOJIOHIO, TO
BiJICTaBNE€HUM NepPREHANKYNAPHO
BEJIMKMM MaJieLb BKAXKe Harnpsam
CUU, WO Ai€ HA NPOBiIAHMK.
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[paBMNO rBUHTA (CBEPAIMKA,
6ypaB4yMKa) POPMY/IIOETLCA TaK: AKLLO
HanpAM CTpyMy 36iraeTbcs 3
HanNpAMOM pPyXy rBUHTa (3 NpaBoko
pi3b60t0), TO HANPAM NiHIM MarHiTHOT
iHAYKLiT 36iraeTbCca 3 HANPSIMOM MOro
o6epTasibHOro pyxy.
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Bci nonepegHi MHEMOHIYHI NpaBm/ia «He-KiJIbKiCHi»: BOHW FOBOPATb JiMLIE MPO
HanpsMKKX CTPYMiB, CMJ1, NOJIIB - ane HiY0ro He roBopsiTb NPO BENUYMHY NONA Y NEBHIM

TOuYUi npocTopy.

Ha ue nm1taHHA BignoBigae 3akoH bio-CaBapa-/lannaca, Skum opMYIOETbCA TaK:

IHOyKUyia maz2HimHo20 nona enemeHma cmpymy Idl dopisHroe:

Uo Idl sin

dB =
4t 12

3BEepHiTb yBary: r - Ue came BiagcTaHb
BiJ enemMeHTa CTpyMy A0 NoTpibHO1
TOYKM, @ HE HaMMEHLLA BiJcTaHb A0

Apoty (R)!
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/lBa MarHitT1 AitoTb OAMH Ha OAHOro, NPoTe OCKi/IbKKU LA B3aEMOAIA € AMUMNOJb-
AUMOJIbHOKO, TO 11 3aKOH € A0BOJ1I CKNAZAHUM 1 3a/1eXMTb BiJ opieHTauil MarHiTiB. BTiMm,
AKLO MarHiTM po3TalwoBaHi 40CTaTHbO AasieKo OAMH BiJ OA4HOro, a iX OCi HanpsAMJ/IEHI B
OHY CTOPOHY, TO CUAY, 3 AKOK OAMH i€ Ha iHLIMM MOXKHA onMcaTh fAK

_ 3uomym,

F =
2 r4

Ae my; i m, - MarHiTHi MOMEHTU (HE Macu MarHiTise!).
3 piBHAHHA BMAHO, WO CMIA B3aEMOAIT MiXX MarHiTamMu naga€ AoCUTb LWUBUAKO —
06epHeHO NponopLiMHO YETBEPTOMY CTYMNEHIO BiICTaHi MiXX HUMM.
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MarHiT B3aeMoiloTb i 3i 3BMYAMHMMM PEYOBMHAMM. 3a XapaKTepOoM LIiET B3aEMOAiT, BCi pe4oBUHM
noAiNnAnTbCA Ha:

diaMmaz2HemuKu — 3aBXAW HaMarHivytloTbCs NPOTU MarHiTHOro Noss, To06To MaloTb Bia'€EMHY
MarHiTHY CNPUUHATAMBICTb i BiAWITOBXYOTbCS BYAb-AKMM NOOCOM MarHity. He malTb MarHiTHUX
B/IACTMBOCTEM 3a BiICYTHOCTi 30BHiLLHbOr0O MONS.

lMapamazHemuKu — cnabko HamMarHivyyTbCA B340BX 30BHiLLHbOrO MarHiTHOro Nosifa, To6To MarTb
JI0AaTHY MarHiTHY CNpUMHATAMBICTb. MarHiTHa NPOHUKHICTb 6/1M3bKa A0 0AMHMLI. He MatoTb
MarHiTHMX BJ1IACTMBOCTEM 3a BiACYTHOCTi 30BHiLLHbOrO MOS.

depomMazHemMuUKU — ANA TaKUX PEYOBMH XapaKTEPHUM AaNleKMM NOPAJOK MarHiTHUX MOMEHTIB
aTtoMiB. Yepes ue, TaKi pe4oBMHM MOXKYTb MaTH BIACHUM BEKTOP HaMarHiYeHoCTi HaBiTb 3a
BiZICYTHOCTI 30BHiLULHbOr0 MarHiTHOro NosA, xo4va ua HaMarHi4yeHicTb i 3MIHIOETLCA NiA Ai€to
30BHilLUHBOro NoJsiA. MarHiTHa CnpUMHATAMBICTL DepoMarHeTUKiB 4oaaTHA i 3Ha4YHO Gisblia 3a
OZMHMLIO.

AHmugpepomazHemuKu — K i ana nonepegHboi rpynm, MarHiTHi MOMEHTM aTOMIB TakKMX pe4YOBMH
MatoTb Aa/IbHiM NOpSAAOK, NPoTe Ha BiAMiHY BiJ dhepoMarHeTMKiB, MOMEHTM CYCifHiIX aToMiB
Hanpas/IeHi aHTUNapasie/IbHO, i TOMY KOMMNEHCYTb O4MH O4HOrO, a 3arajibHa HamMarHivYeHicTb
PEYOBMHM NMULIAETLCA 6IM3bKOIO 40 HYAA.

depuMazHemuKku — fAK i B aHTU(depoMarHeTuKkax, Ui pe4oBMHU MalTb aHTUNApasie/lbHO
HanpAMJIeHi MarHiTHi MOMEHTHM aTOMIB, ane Npu LboOMYy aTOMM, O HanpaBaeHi B O4HY CTOPOHY
MatoTb GiNIbLLIMM MOMEHT, HiX Ti, WO HanpaB/eHi B iHWY, a TOMY BOHWU HE KOMNEHCYIOTb OAMH
OAHOro, i pe4oBMHA MA€E HEHYJ/IbOBY HaMarHi4yeHicTb.
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OCKifIbKM €NEKTPHUYHMM CTPYM € NPOCTO BEJIMKOK KiNbKiCTIO pyXOMMX 3apAaiB, Ha

MNPOBIAHMK B MarHiTHOMY MoAi TakoxX Aie cnna. La cuna HasmBaeTbCA Cusioo AMnepa.
BoHa gopiBHIoE

F = Bllsinx

Ae | — J0BXMHa Bigpi3dKka NpoBigHUKA, a — KYT MiX HanpAMKOM MarHiTHo1 iHAYKUiT Ta
NPOBiAHMKOM.

Ockinbku, 3a 3akoHoM bio-CaBapa-/lannaca, nNpoBigHUK 3i CTPYMOM CaM CTBOPIOE
HaBKO10 cebe MarHiTHe nose, 3 Lboro BUTIKaE, WO Ha ABa NPOBiAHUKU, NO AKUM Teye
CTPYM, TaKOX Aie cnmna AMnepa — AKWO CTPYMM TedyTb B OAHOMY HarnpsAMKY, TO
NPOBiIAHMKM MPUTArYIOTbCA, a AKLWO B NPOTUAEKHMX — BiALWTOBXYHOTbCA.
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MarHiTHe none aie avwe Ha pyxomi 3apaam i BU3HaAYaETbCA cunok JlopeHua:

F = q|v X B]

[le KBaapaTHi AYXKKM i X - 3HAK BEKTOPHOro A06YTKY.

To6T0, UA cunia HanpAMIeHa NepneHAUKYNAPHO WBMAKOCTI 3apAaay i HanpAMKY
MarHiTHoro nonda. Yepes ue po6oTa, WO 11 BUKOHYE MarHiTHe nose Haj YaCTMHKOL,
AOPIBHIOE HY/O. Y pa3i BiACYTHOCTI iHWMX CU1, YaCTMHKA B MarHiTHOMY NoOJi pyxaeTbCA
Nno Koay. Y BuUNagKy HaaBHOCTI iHWOro nosid, Wo Ai€ Ha Hel, HanNpuKnag, eIeKTPUYHOro,
TPA€EKTOPiA NEPETBOPHETLCA Ha MBUHTOBY JIiHil0.
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EHepria MarHiTHOro noaa B NpocTopi 3a4aeTbCs (DOPMYJI0H0

1
E =— B-HdAdV
81 Jy,

Jle Kpanka 03Ha4ya€ CKaNsipHMM A0BYTOK, a iHTerpas 6epeTtbcs No 06’eMy TiETl YaCTUHM
NpoCTOpY, Ae 3HaX0AMUTbCA MarHiTHe none.

AN CTBOPEHHA MarHiTHOro nosasA WMPOKO BUKOPUCTOBYIOTLCA KOMYWKU
IHOYKMUBHOCMI - ENEKTPOPAAIiOeNIEMEHTH, WO ABNAIOTb COOO HAMOTKY ApPOTY Ha
depomMarHiTHe ocepaa (asie MoXyTb 6YTH i 6e3 ocepas - B LLbOMY BUMNAAKY MarHiTHe
none 6yze CTBOpeHe fK 30BHi, TaK i BcepeAuHi NpoCTopy KOTYLWIKKU, ane BOHO byae
cnabwum). Toai eHeprig MarHiTHOro Noaa Moxe 6yTH BU3Ha4YeHa fK

E_LI2
-2

Ae L - iHQYKTUBHICTb, I - cMna CTPYMY B KOTyLILi.
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IHAYKTUBHICTb — di3MYHA BE/IMUMHA, LLIO XapaKTepU3ye 34aTHICTb MPOBIAHMKA HAKONUYYBaTH
eHeprito MarHiTHOro NoNA, KOAM B HbOMY NPOTIKAE eNeKTPUYHMIN CTPYM. [O3HAYaAETLCA
30e6inbOro NaTUHCLKO Nitepoto L, y cuctemi Sl Bumiptoetbca B leHpi (MH).

Po3noain cnnoBux NiHi marHiTHOro nNons B
NPAMIM KOTYLWLi 3 OAHOLWAPOBOK HAMOTKO

KOTyLWKY iIHAYKTUBHOCTI e
(coneHoin)
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KoTywwKa lenbMronbua - NpUCTpin AN OTPMMAHHA NPOCTOPOBO OJHOPiAHONO MarHiTHOro
nonsa. KoTylwka cKagaeTbCa 3 4BOX O4HAKOBMX TOHKMX CONIEHO1AIB, pO3TallOBaHUX Ha
OJHiM oci Ha BiAcTaHi oAMWH BiA oAHOro, AKa AopiBHIOE iX paaiycam. KoTyllKa Ha3BaHa
Ha YyecTb [epmaHa @oH 'enbmrosbua. 3anponoHoBaHa ['esibMrosibLieM KOHCTPYKLiA
BMKOPUCTOBYETLCA Y (Di3UUYHMX EKCNEPUMEHTaX, WO NOTPEGYIOTb TOYHOIO BU3HAYEHHS
BEJIMYMHU NONA.

Po3TawlyBaHHA ABOX COJIEHOIAIB Ha Bigaani
pajiyca oAuH BiA 0AHOro 3abes3neyvyye Taky
OAHOPiAHICTb NoNA B3J0BXK OCi, Npu AKin
BiAMIHHOIO Bif HYN1A € TiZIbKM YeTBepTa
noxigHa Big nons.

> X

JlofaTtkoBa TpeTs, Aello Ginblua, KoTyLKa
piBHO nocepeamHi 403BONAE NiABULMTH
OAHOPIAHICTb NOA A0 WOCTOT NOXigHOT.
TaKy KOHCTPYKLUilO0 Ha3MBalTb KOTYLLKOK
MakcBena.
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TOYHUM pO3paxyHOK iHAYKTMBHOCTI MOXKe BYTM AOCTAaTHbO CK/IAQZHUM, OCKi/IbKM BOHa
AYXKe CUIbHO 3aN1eXUTb Big reoMeTpil KOTYLWKM, KOHirypauii BUTKIB Ta MaTepiany
ocepas. HanyacTiwe BUKOPUCTOBYIOTb NPAMI Ta KifibLEBi KOTYLLKM.

Duap
DeH
Core mm—) /////////// / Diameter h-
A :
AAAAY A
(Q)circuitm) ' *
Number of turns
w2s w?mD? L =w?—— Disap + Do
L= Mol —— = Holt = ~ 2500 Dyap — Dy

Ae W - KiJIbKiCTb BMUTKIB, S - nJiowa nonepeyHoro nepepisy KoTywKku, D - pi3Hi AiameTpu
(auB. puc.), | - 4OBXMHA HAMOTKM, W - MarHiTHa NPOHMKHICTb MaTepiany ocepaA
(aoBiAHMKOBA BeMYMHA, 3a/1€XUTb Bif Matepiany ocepas).
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KoTyliKa CTBOPIOE MA2HIMHUU NOMiK — CKaJIApPHY BEJIMUMHY, AKY YABAAKTb AK MOTiK
BEKTOPa MarHiTHOI iHAYKLiT Yepe3 3agaHy NoBepXH. MarHiTHMM NOTiK NO3HAYaETbCA
rpeubKoto nitepoto @ (di). BuMiproeTbca y Bebepax.

[oTiK BEKTOPa MOXKHa YSIBNATH

AK KiZIbKiCTb CMNOBUX JiHIN, E.'
LLLO NPOXOAATb Yepes AeAKy "
NJIOLY nornepeYvyHoro nepepisy . S
ab0 NOBEPXHIO. A -
B
L

MarHiTHUM NOTiK Yepe3 BHYTPiLlLHiM
nepepis KOTYLUKM NPAMO
NPONopLiMHMM CUAi CTPYMY:

O =Ll
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EnekTpomarHiTHa iHAYKLiA — ABMLLE CTBOPEHHA B MPOCTOPi BUXPOBOIro €/IEKTPUYHOr0
NoaA 3MiHHMM MarHiTHUM NOTOKOM. OAHMM i3 HACNIAKIB e/IeKTPOMarHiTHOT IHAYKLUIT €
3B'A30K MiXK 3MiHHMMM €NEKTPMYHUM Ta MarHiTHUMM NONAMMU B €NIEKTPOMArHiTHIM XBUI,
iHLUMKW HACNiOK, NPaKTMYHO BaXK/IMBUM AN1A reHepalii eNeKTPUYHOro CTpyMmy, —
BMHMKHEHHA €1eKTPOpPYLWiMHOT CM/IM B MPOBiAHOMY KOHTYPi, MarHiTHMM NOTiK Yepes
AKUM 3MiHIOETbCA. OAMHMLI BMMipIOBaHHA €NeKTPOMArHiTHOT iHAyKLii — Tecna (B
cuctemi Cl).

c_ NdCD
B dt

€ - e.p.C., N - KiJIbKiCTb BMTKIiB Y KOTyLIUi,

do . . .
T WBUAKICTb 3MIHA MAlrHITHOIo rNnOTOKY 3

HYaCOM.
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MarHiTHe none 3emni, abo eeomazHimHe nosne — cnnose None, BUHUMKHEHHA AKOro 3yMOB/ieHe
Axepenamu, Wo 3HAX0AATbCA B 3€MHIN Kyni Ta HABKOI03EeMHOMY NpocTopi (MarHitocdepi Ta
ioHOCdepi). Y HABKOI03EMHOMY KOCMIYHOMY NPOCTOPi MarHiTHe none 3emni yTBOPHOE
MarHiTocoepy.

CnpoueHo MarHiTHe nosie 3emai MoXXHa yaBUTU cobi AK Nosie MarHiTHOro ANNoAs, HaAXUNEHOro
npnbaunsHo nig kytom 11,5° BiaHOCHO oci obepTaHHA 3emni i BigaaneHoro Ha 300 kKm Bif,
reOMarHiTHOro ueHTpa 3emni.

Micus, Ae yaBHMUIN 3eMHUIA AMNONb NePETUHAE NOBEPXHIO 3eM/ii, Ha3MBaOTb FrEOMarHiTHUMMU
nontocamu (NiBHIYHMM 11 NiBAEHHMM). IXHE po3TallyBaHHA 6AN3bKe A0 PO3TallyBaHHA MarHiTHUX
NiBHIYHOrO Ta NiBAEHHOro NONKOCIB 3eMAi, AKI BU3HAYAKOTbCA AK MiCUA HA NOBEPXHI 3emni, B
AKX CTPINIKA KOMMNAca NOKA3YyE NPAMOBUCHO BHU3, A0 UEeHTPa 3emni. JTiHito XK, B3A0BXK AKOI
MarHiTHa CTPi/fIKa, Wo 0b6epTaeTbCA HAaBKONO FOPU30OHTA/IbHOI OCi, 3alMMa€ rOpU30HTa/IbHE
NONIOXEHHA, HA3MBAOTb MArHITHMM eKBaTopoM. MarHiTHi nontocu He 36iratoTbca aHi 3
reoMarHiTHUMM, aHi 3 reorpadiyHMMM, IXHE MONOKEHHSA HE € CTAa/IMM, BOHO MOMITHO 3MIiHIETbLCH
B Yaci. 3apaau 3py4HOCTi Ha3BW MarHiTHUX NONOCIB 3BMYANHO NPUB'A3YIOTb A0 reorpadiyHuy,
To6TO NiBAEHHUN (Pi3NYHO) MATHITHUI NOAOC, po3TalloBaHUM y MiBHIYHIM NiBKYAi, HA3MBaOTb
[MiBHIYHMM MArHiTHMM MONOCOM.

MiBHIYHMIW MArHITHM NONOC HELLOAABHO NOKMHYB TEPUTOPIto KaHaan M pyXxaeTbCca B HANPAMKY
Pocii. MiBAeHHMI MarHiTHUM NONKOC 3HAXOAUTLCA B OKeaHi 6ina bepera AHTAapKTMAM, Ha NiBAEHDb
BiA ABCTpanii.
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MNiBHIYHMM:

MarHiTHe none 3emni He € ctabinbHUM. Yac Bia Yacy BiabyBaeTbcs 2eomazHimHa iHeepcia —
NiBAEHHWUN reOMarHiTHUM NOAKOC CTAE NiBHIYHMM i HaBnNaku. Konu BiabyBaeTbCA Take ABULLE,
LinicHicTb ioHoCchepUn NOPYLLYETLCA, a NOTIK iOHI3aLiMHOro BUNPOMiHIOBaHHSA (paaiauii), AKuin
cArae 3emni, 36inblyeTbHCA.

MNepioan 36eperkeHHA cTanoi HanpPaB/IEHOCTI MArHiTHOro Nosa 3emi Ha3MBaloTb XPOHaMK. BoHM
TpmeatoTb Big 100 Tncay go 1 maH pokiB. IHBepCiA, AK cBig4aTb AOCNIAKEHHA 3 NaNeOMarHeTmns3-
My BifAOyBa€ETbCA HEPETYNAPHO, Yepe3 BUNAAKOBI NPOMiXKKK Yacy. CepeagHsa TPUBANICTb XPOHaA
cTaHoBUTb 450 TnUCAY poKiB.

OcTaHHA reomarHiTHa iHBepcia Biabynacs 780 TUCAY POKiIB TOMY.
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Lla TeMa AesaKo Mipoto € NPOMIXKHOIO MiXK €IeKTPOCTaTUKOIO Ta eIEKTPOAMHAMIKOLO.

3 0AHOro 60Ky, MarHeTU3M i MarHiTHe Nose MoXHa po3rasaAaTH AK CAMOCTiMHI i3nYHi
ABMLLIA (O MM CbOroAHi M pobuaun), ane Hacnpas/i MarHiTHe nose icHye HeBiAAiNbHO
Big eNeKTpUYHoro. EnekTpmyHe ta MarHiTHe noss - ABi CTOPOHM OAHOrO0 i TOro X
i3nyHoro ABMLLA - es1leKmpoma2HimHoi 83aemModii. LM BMIOM B3aEMOAiT 3aMMAETHCH
po3Ain di3nKM Nia Ha3BoOW eslIeKMpPoOUHAMiKa, siKin bye NpMCBAYEHO HACTYIMHY
NeKuito.

3BEpHiTb yBary, L0 MM MalKe He po3rasanu NpakTMYHE 3aCTOCYBaHHA MarHiTHOro
nonda. BoHo €, i Moro 6arato © [pocTo MOro 3aCToCyBaHHA Kpallle po3rnsHyTU B
paMKax TEMU MPO eNEKTPOAMHAMIKY, OCKiJIbKM MO CYTi MarHiTHe nosae CTporo
TEOpeTMYHO ONUCYETLCA CaMe B paMKax esIeKTpoaMHaMiKK, i 3aKOHIB MaKkcBenia

30KpeMa.
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