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WCTOYHMKOB. Te TOYKW NOMsi B KOTOPbLIX AMBEPreHUMA MOMOoXUTENbHA HasbIBaOTCS
UcmoYHUKaMU Nons, a B KOTOPbIX oTpuLaTenbHa — CMOKaMU BEKTOPHOIO MONS.

Wcnonbsya Teopembl CTokca W [aycca, MOXHO MpPeACTaBUTb FTONHYIO
cucmemy  ypaeHeHuli Makceenna e  OuchpepeHyuanoHol  chopme
(xapaKkTepusyIOLLMX Nore B KaXK4oM TOYKe NpocTpaHCTBa):

rotE:—a—B
ot
divD=p
rot H = J +8—D
ot
divB=0

ypaBHeHVIFl MakcBenna He cUMMempuU4YHbl OTHOCUTENBHO 3MEeKTPU4YeCcKoro un
MarHuUTHoro rnorie. 3To CBA3AHO C TeM, 4YTO B npupoae CyLecCTBYOT SreKTpunyveckmne
3apAaibl, HO HET 3apPAA0B MarHUTHbIX.

Tak, Hanpumep, ypaBHeHWe divﬁzp AIBHO  [AEMOHCTPUPYET, uTo

NCTOYHMUKaMWMN QSINeKTPpUHeCcKoro nonA ABMAKTCA MONOXUTENbHbIE 3SINeKTpu4veckmne
3apAagbl, a CToKaMn — oOTpulaTenbHble 3JnekKTpuyeckmne 3apagbl. YpaBHeHme

div B = 0 oTpaxaeT TOT (pakT, YTO He CyLLEeCTBYET UCTOUHMKOB Y CTOKOB MarHWTHOro
nonsa — "MarHUTHbIX 3apsa0B".

B cnyuae ecnu 3apsabl U TOKW pacnpejernieHbl B MPOCTPaAHCTBE HENpepblsHo,
To o6e dhopmbl ypaBHeHUA MakcBenna — wHTerpanbHas U aguddepeHumaneHasa —
aKeusanieHmMHbl. OfHaKO eCcrn UMEIOTCH T08ePXHOCMU pa3pbiéa — MOBEPXHOCTU, Ha
KOTOpbIX CBOWCTBA CPeAbl UMK NoNnel MeHSAI0TCS ckaykoobpasHo, To uHmeeaparsibHas
¢opma ypasHeHull sensiemesi boree obuwed.

Ona Ttoro ytobbl oTM ypaBHeHUs Makceenna B audpdepeHumansHon dopme
ObINn cnpaBeAnvBLl U Ha rpaHUL@x cpel, rae BenU4YMHbI, BXOASLME B ypaBHEHWS,
MEHSAITCA ckavykoobpasHo, HeobXoAMMO 00MOMHUMbE STU YpaBHEHUS 2paHUYHbIMU
ycsioeUusiMU, KOTOPbIM AOMKHO YAOBMeTBOPATb MarHUTHoe Morne Ha rpaHuvle
pasaena AByX cpel. OTW COOTHOLLIEHMA Bbin paccMoTpeHbl paHee:

D, =D, E,=E, B,=B, H,=H,

(nepBoe n nocnepHee ypaBHeHWS BbiBeAeHbl ANA criydas, korga Ha rpaHuvle
pasgena HeT HM cBOGOAHBIX 3apPSA0B, HY TOKOB NMPOBOAUMOCTM).

YpasHeHusi Makceenna — Hauboree obwue ypasHeHus 0ns
3/1IeKMpUYeCcKUX U MaeHUMHbIX roneli 6 mnokoswuxcsi cpedax. OHuU
ueparom 8 yyeHuu o6 afekmpomMasHemu3Me makyro Xe porib, KaK 3aKOHb!
HbromoHa 8 MexaHuke.

A.H.OrypuoB. flekyuu o ¢pusuxe.
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MaznumHoe none

1. OCHOBHble 0COGEHHOCTM MarHUTHOrO nons.

B 19 Beke onMbITHBIM NyTem 6biNMW UccrefoBaHbl 3aKOHbl B3aVMOAENCTBUS
MOCTOSIHHbLIX MarHWTOB W MPOBOAHWMKOB, MO KOTOPLIM MPOMYCKarics aMeKTpuYeckuin
Tok. OnbITel Nokasanu, 4To MofJoGHO TOMY, Kak B MPOCTPaHCTBE, OKPYXaloLieMm
areKkTpuYeckne 3apsagbl, BO3HMKAET SnekTpocTaTudeckoe rMone, Tak W B
NPOCTPaHCTBE, OKPYXaloWeM TOKA M MOCTOSIHHbIE MarHWTbl, BO3HWKAET CUIOBOE
rore, KOTOpoe HasbiBaeTCH Ma2HUMHbIM.

Bbinu ycTaHoBNEHLI ABa dKCMEpPUMEHTanbHbIX dakTa:

1) maeHumHoe none delicmeyem Ha Gsuxywuecs 3apsiobl;

2) dsuxywuecs 3apsiObl cozbarom MagHUMHoe rorse.

OTUM MarHWTHOe Mofe CYLLeCTBEHHO OTNMYaeTCH OT JMeKTPOoCTaTUYecKoro,
KOTOpoe AeMCTBYeT Kak Ha ABUXYLLMECSH, Tak U Ha HENOABUXHbIE 3apsajbl.

MaeHumHoe rone He delicmeyem Ha nokosiwuecs 3apsiobl.

OnbIT nokasblBaeT, YTO XapakTep BO3AEWCTBUS MarHWTHOrO MOMA Ha ToK
3aBucuT oT (1) ghbopmbl NPOBOAHMKA, MO KOTOPOMY TeYeT TOK; OT (2) pacriofioxeHuUs:
npoBoAHWKa W oT (3) HanpaesrieHUs Toka.

2. PamMKa ¢ TokoM. HanpaBneHue MarHUTHOro nons.

AHanornyHo TOMY, KaK npu wumccrnepoBaHMM SrneKkTpoctaTuy4eckoro nonAa
NCNONb30Baricsd ToYeYHbIn I'Ip06HbII7I 3apan, npun mccnegoBaHUM MarHUTHOro nonsd
MCcnonb3yeTca 3aMKHymbIl rriocKull KOHMyp ¢ MOKOM (paMKa C MOKOM), NUHEWHble
pa3Mepbl KOTOPOro mMarnbel Nno cpaBHEHUKO C pacCToAHMEM OO TOKOB, 06pa3y|om,mx
MarHmTHoe none.

OpveHTauma KoHTypa B MNPOCTPaHCTBE XapaKTepusyeTcs HanpasreHuem
Hopmanu 7i K KOHmypy.

B kayecTBe nosioXUMeENbHO20 HanpaeJse-
HUsI HopManu TpVHUMaeTCs  HanpaBneHwue,
CBSi3aHHOE C TOKOM fpaeusioM fnpaso20 euHma
(npaeusiom 6ypaeyuka):

3a_nonoxumensHoe HanpasreHue Hopmanu
npuHuMaemcsi HanpasrneHue ocmynamesibHo2o
dsuXeHUSs] Npago2o B8UHMa, 20/l08Ka KOMOPO20
gpawlaemcs 8 Harpasl/ieHUU MmoKa, mexKkyuwieeo 8
pamke.

MarHuTHoe none okasblBaeT Ha pamMKy C
TOKOM OpWEeHTUpYloLLee AeWcTBMe, MNoBopayMBas

S N ‘ 3 -
> n ee onpejaeneHHbIM oGpasoM. 3T0  CBOWCTBO
I mcnonbsyeTcad AnAa Bbl60pa HarpasreHus
\/ MaeHUmHoeo0 1ons.

3a HanpaeseHue Ma2HUMHO20 nofsl &
OaHHOU moyYKe npuHuMaemcsi HanpasfneHue, 600/l KOMOPO20 pacionazaemcs
rnonoxumernoHass HopMaile K CB80600HO ro0seweHHOU paMKe C MOKOM, WIn
HanpaBreHWe, coBnajatollee C HanpaBneHWeM CUnbl, AeNCTBYIOLWEN Ha CeBeEpPHbIN
nontoc (N) MarHUTHOWM CTPerkn, NOMELLEHHBIA B AaHHYIO TOYKY MOns.

A.H.OrypuoB. flekyuu o ¢pusuxe.
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Ons Toro, ytobbl 8Ta cucTeMa ypaBHeHWA Obina MosHol ee Heob6XoAUMO
JOMONHUTL TakKMMW COOTHOLUEHMSIMW, B KOTOpble BXOAWNWU ©Obl  BENUYUHLI,
XapakTepusylolwme UHAMBMAYanbHbIE CBOWCTBa Cpefbl, B KOTOpPOW Bo30yxaatoTcH
3MNeKTpU4eckMe W MarHutTHble  nonsd.  O3TU  COOTHOWEHWs  HasblBaloTCH
MamepuanbHbIMU COOMHOWEHUSIMU:

D=¢g;E, B=u,ud, j=vE,

rae €, U [, — COOTBETCTBEHHO 3MieKTpUYeckas 1 MarHUTHas NocTosiHHbIe, €

M [l — COOTBETCTBEHHO [M3NeKTpuYeckas M MarHuTHas MpoHuL@emocTv, Y —

yZernbHas NpoBoAMMOCTb BellecTBa.

W3 ypaBHeHWn MakcBenna cnefyert, Yto

— UCMOYHUKaMU 3reKTpU4ecKoro mMons fBMASOTCH NUBO  3nekTpuyeckue
3apagbl, MMB0 N3MeHSsLWMECH BO BPEMEHW MarHUTHbIe Mons,

— MaeHUmMHble fons  Moaym  8036yx0ambCcs  NMBO  ABUXYLLMMUCS
ANeKTpUYeCKUMU  3apsigamy  (3MEKTPUYECKUMU  ToKamu), nmbo
nepeMeHHLIMU 3MEKTPUYECKMMM MONSIMK,

— nMepemMeHHOe MarHUTHOe Tofie BCerja Ces3aHo C MopoXAaeMbiM UM
areKkTpUYecKUM roneM, a MepeMeHHoe JMeKkTpuYeckoe Trorne Bcerga
CBSA3aHO C MOPOXAaeMbIM UM MarHUTHBIM, T.€. 3MEKTPUYECKOE U MarHUTHoe
Mons HepaspbieHO CBsizaHbl APYr C APYroM — OHW 0BpasyloT eauHoe
anekmpomazHUmHoe roisie.

Ona emayuoHapHbix rnonel (£ =const v B =const) ypaBHeHusi Makceenna

UMetoT BUA

fEdi=0. {pd=g. {A@i-1. BB =0
L N L N

B amom cnyvyae anekTpuyeckve U MarHWTHble Mona He3aeUcUMbI APYr OT
Apyra, 4Tto nosBonseT usyyaTb omoesibHO NOCTOSIHHbIE BMEKTPUYECKOE N MarHUTHoe
rone.

Bocnonbsyemcs USBECTHBIMM U3 BEKTOPHOro aHanvsa Teopemamu CTokca u
[aycca (cm. cTp.1-31):

§ZE = jrot AdsS,
L S

§2%=]div2dV'
S V ~

Mo onpeaenexuio, QueepaerHyuell 1 pomopoM BekTopHoro nonst A4 B AaHHOR
Touke M HasblBaloT criesytolwme NPon3BoAHbIE MO 06 bEMY:

§ Ads J14.ds]
divA(M) = lim5—— rot AMM) =lim*———
V-0 V-0 V
rae wHTerpansl § AdS w §[;1,dS] €CTb, COOTBETCTBEHHO, CKaAsApHbLIU WU
s s
@eKMOpPHAIll NOTOKN BEKTOPHOIO MOMA Yepes 3aMKHYTYI MoBepxHocTk S, koTopas
oKpyXaeT AaHHyto Touky M | oxBaTbiBas obnacTb ¢ 06bémom V.

OvBepreHuMsa ecTb Mepa uUcmo4HuUkoe rnons. Ecnu B HekoTopoi oBnactu
AVIBEpPreHUMsl paBHa Hymio, TO BeKTOpHOe Mofle B aTol obnactu cBoGoAHO OT

MarHeTusm



4-30

Ecnn B Kakom-nnbo npoBoAHUKE WMMeeTCA nepemeHan?l TOK, TO BHYTPU
NPOBOAHMKA CYLLECTBYET MNepPeMeHHoe 3arekTpudeckoe rorne. [losTomy BHyTpU
npoBoAHMKa UMeeTCA U TOK NpoBOAMMOCTWU, N TOK CMeLleHUA N MarHutHoe none
npoBoAHWMKa onpeaendeTcA CyMMOI7I STUX ABYX TOKOB.

MakcBenn BBen NOHATVE NOMHOIo TOKa, paBHOINo CymMmme TOKOB MPOBOAMMOCTU
N CMeLlleHnsa. MnomHocmb NMosIHO20 MOKa
iy oD

J ot

MonHbIN TOK Bceraa 3aMKHYT. Ha KOHLUaX npoBOAHMKOB OprIBaeTCH Wb TOK
NPOBOAUMOCTW, a B AUSNeKTpuke (v B BakyyMe) Mexay KOHLaMW MpoBOAHMKa
nMMeeTcA TOK CMeLleHWnA, KOTOprI7I 3aMblKaeT TOK NpoBOAMMOCTW.

N3 Bcex dusmuyeckmx CBOWCTB, MPUCYLLUX TOKy nposBogumocTu, Makceenn
npunncan ToKy cMelweHua nilb ogHO — crnoco®bHocCTb co3faBaTb B OKpyXatoLlem
npocTpaHCcTBEe MarHUTHoE norse.

]HOJ'JH

MakcBenn o6o6wWmMn TeopeMy O UMpKynauMM BekTopa [, uvcnonbsosaB
MONHbLIN TOK:

frai=[|7+% s
i e ot
O606weHHasi meopema o YUpKynayuu eekmopa H npeactaensieT cobom
BTOPOE ypaBHEHWE CUCTEMbI YpaBHeHuiA MakcBenna AN anekTpoMarHUTHOro Mosis.
45.MNonHaa cuctema ypaBHeHun MakeBenna.
TpeTbe ypaBHeHVEe cucTeMbl ypaBHeHWA MakcBenna Ana anekTpoMarHUTHOro

nona ato Teopema [aycca ana nona D). [OnAa sapsga, HenpepbiBHO
pacnpe/ieneHHoro BHyTPWU 3aMKHYTO NOBEPXHOCTU C 06 beMHOW MIIOTHOCTLIO P, 3TO

ypaBHeHWe nMmeeT BUA:

Sff)ZS: = jpdV
S Vv

quBeDTOG ypaBHeEHNE MakcBenna — aTo Teopema I'aycca ana I'IOJ'IHBI
gﬁBdS -0
S

Takum obpasom, cucmema ypaeHeHulli Makceenna e uHmezpanbHol
chopme

B

ot
Eﬁﬁﬁ = J.pdV
N 14

jidi--| 2,
L s

. (. 9D
fHdl='£]+§ S:

Efz?%:o
S
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3. BeKTop MarHUTHOW UHAVKUWWU.

BpaLLl,aIOLLI'VIVI MOMEHT CUI 3aBUCUT KaK OT CBOWCTB MoNis B JaHHOW TOYKe, TaK U
OT CBOWCTB PaMKU C TOKOM U onpeaendaeTCA BEKTOPHbBIM NpounsseieHUeM:

Ledgiits M=[p,.B],
rae i)m —_ eexmop Ma2HUMHO20
MoOMeHma paMKku Cc TokoM, B — eekmop
E MazHUmMHoOU UHOYKYUuU — cunoBas
' XapakTepuctmka MarHMTHoro nonA. Mo
o S onpejeneHno BEKTOPHOIo npouvsseaeHuA
P ckansipHasi BelMuMHa MoOMeHTa:
M=p,Bsmo,

rAe O¢ — yron Mexay BekTopamu p, W B.
[nsa nnockoro KoHTypa ¢ TokoM / MarHUTHbIA MOMEHT onpefensaeTcs:
D, =151,
rae S — nnowazb MoBEPXHOCTU KOHTYpa (Pamku), 7i — EAUHWYHLIA BEKTOP
HOPMaIV K MOBEPXHOCTU paMKku. B aToM criyuae BpalatolLuil MoMeHT M = IS[ﬁ,E].

Ecrm B AaHHYKO TOYKY MarHUTHOro nosid nomMmeuwaTtb paMKM C pasinvyHbIMU
MarHMTHbIMM MOMEHTaMW1, TO Ha HUX ,D,GVICTBleT pasnuyHble Bpaljalouwme MOMEHTHI,

max

Pm
AHarnorMyHo ToMy, Kak CcuroBasi BeKTOpHasa XapakTepucTvka anekTpocTaTude-
CKOTo Mons — Hamnpsh)KeHHOCTb — onpejensanack kak cwra, LeWcTByllas Ha
npo6HbIN 3apag, cusioeas xapakmepucmuka MazHUMHO20 fossi — MasHUMHas

UHOYKYUsi B — onpedensemcs MaKcuMarnbHbiM epauwaroiuM MOMEHMOoM,
OelicmeyloWumM Ha pamKy C MasHUMHbIM MOMEHMOM, paeHbiM eduHuyue, Kozda
HopMarib K paMKe neprneHOUKynspHa HanpaeneHuro rors.

Mpaduyeckn MarHUTHOe rMorfe, Tak Xe Kak JneKTpudeckoe, M3oBpaxatoT ¢
MoMOLLBO IUHUU Ma2HUMHOU UHOYKYUU — NVHWUIA, KacaTellbHble K KOTOpbIM B

KaX oW ToYKe coBrnajaloT C HarnpasrieHVeM BeKTopa B.

JluHuu mazsHumHoU uadquuu scez0a 3aMKHymb! U OXBaTbIBalOT NMPOBOAHUKA C
TOKOM, B TO BpeMA, KaK JJUHUU dr1eKmpocmamuy4ecKkoeo r1osid — pPa3oMKHymbl (OHVI
HaYMHaOTCA Ha NOJSTOXUTENbHbLIX U 3aKaHYMBaOTCA Ha oTpuUaTeslbHbIX 3aps|,qax).

HO OTHOLWIEeHWe ANA BCEX KOHTYPOB O4HO U TO Xe.

4. MaKpOTOKW U MUKPOTOKM.

B panbHelweM Mbl Oyaem pasnuuaTb MaKpOCKONMUYecKUe MmOKU, T.e.
aneKkTpuyeckne TOKM, MpoTeKalolwue Mo MPOBOAHWKAM B 3MeKTPUYEcKUX Lensax u
MUKpOCKoONnuYecKue MOKU, 06YCrnoBreHHbIX ABWKEHMEM 3MEeKTPOHOB B atomMax M
Morekynax.

HamarHM4eHHOCTb MOCTOSHHBIX MarHUTOB ABMAETCS CreACTBYEM CyLLEeCTBOBa-
HYEM B HUX MUKPOMOKOE.

BHellHee MarHWTHoe Mofle OKasbiBaeT OPUEHTUpYHOLLEe, YyrnopsiaovMBatoLLee
LeNCTBUE Ha 3TWU MUKPOTOKM. Hanpumep, ecnun BGNU3M Kakoro-To Tera NoMecTUTb
NMPOBOAHMK C TOKOM (MakKpomok), TO MNoj AEeNCTBMEM €ero MarHWTHOro mnons
MUKPOMOKU BO BCeX aToMax ornpeaerieHHbIM 06pa3oM OpUeHTUPYIOTCS, co3gaBas B
Tene 0orofHUMe bHoe MarHuTHoe rorne.

A.H.OrypuoB. flekyuu o ¢pusuxe.
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BekTop MarHWTHoW MHAYKUMKM B xapakTepusyeT pedynbmupyrouee MarHUTHoe
rore, cosfaBaeMoe 8CeMuU Makpo- U MUKPOMOKamu.

MoaToMmy, NMpu OAHOM WU TOM Xe MakpoToke, BekTop B B pasnuyHbIX cpeaax
GyAeT MMeTb pasHble 3Ha4YeHus.

MarHuTHoe rMone MakpoToka ONUCLIBAaETCH GEeKMOpPOM HanpsiKeHHocmu
mazHumrozo nonst H .

B cpese mMarHUTHOE More MakpoTOKOB YCUIMBAETCsl 3@ CYET MOSisi MAKPOTOKOB
cpeabl.

5. Ceasb mexay B wu H.
Onst ofHOPOAHOWN M3OTPOMHOWM CPEAbI BEKTOP MarHUTHOWM MHAYKLIMK:
B=p,ut,
roe Ho— MarHuTHas NnocTosiHHasA (n.12), H— Ma2HUmMHas
nporHuyaemocmpb cpedbl (N.39), GespasmepHasa BenuuMHa, nokasbiBatowas, BO

CKOJTbKO pa3 MarHmtHoe none MaKpoTOKOB H ycnmBaeTcA 3a CcHeT nonA
MUWKPOTOKOB Cpeabl.

6. MNogo6ue BeKTOPHLIX XapaKTePUCTUK SMEKTPOCTATUYECKOro M MarHWUTHOro
MoJsien.

BekTop MarHUTHOWM MHAYKUMN B — aHanoe BekTopa HanpsiKeHHOCTU SNeKTpo-

cTatudeckoro nona E. 9Tv BENUYUHBLI OMPEAENoT CUNOBbLIE AEVCTBUA STUX MOMen
W 3aBWCAT OT CBOWCTB Cpegbl.

AHarioeoM BekTOpa AMneKkTpUYeckoro cmelleHus [ sBnseTcs BekKTop
HanpspkeHHocTU H MarHuTHoro nons.

Ons marHuTHOro nons, kak W Ans arekTpudeckoro, cripaeedsnue npuHyun
cyneprno3uyuy. MarHWTHas WHAYKUMS PesyrbTUpYloLero Mons, cosgaBaemoro
HECKOMBKAMU TOKaMu WM ABUKYLUMMUCS 3apsifaMu, paBHa BEKTOPHOM CyMMe
MarHWTHbIX WHAYKUWIA Morew, cosjaBaeMblX KaxAbiM TOKOM WRW ABUXYLLMMCS
3apAAoMm.

7. 3akoH Buo-CaBapa-J/lannaca.

OnemeHT npoBogHuka dl ¢ Tokom [ cosgaeT B
HEeKOTOPOM Touke A WHAYKLWIO Mons:

g5 = Mot 11dl 7]
g 3
roe 7 — paauyc-BeKTop, MPOBEAEHHbLI U3 areMeHTa

dl nposogHvka B Touky 4.

HanpaeneHve dB neprneHauvkynspHo di w 7, n
coBnajaeT ¢ KacaTenbHOW K JUHUM  MarHUTHOW

mHAaykLMK.  Mopynb Bektopa dB  onpepensetcs
BbIpaxeHuem:

B :Mldlsmoc ’
4 72

roe O — yron Mexay BekTopamm il w7,
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3aecb U B AanbHeWLWEM Mbl ncrnonb3yem 4acTHyro I'IpOVI3BO,D,HOI7I Nno BpeMeHHU,
MOCKOINbKY B OGLLI,eM Crniyvae SrnekTpu4vecKkoe norjie MoxXxeTt ObITb HEeOAHOPOAHBIM, U
MOXEeT 3aBNCETb HE TOJIbKO OT BPpEMEHWU, HO N OT KoopAUuHaT.

Takum obpasom, LUMpKynsuua BekTopa [Ep He paBHa Hymo, T.e.

arieKmpu4ecKoe none £ B eo36y)Kdaemoe nepeMeHHbIM MagHUMHAbIM 1of1eM, Kak n
camMoO MarHUTHoe norne, ABNAeTCA euxpeebiM.
CymmapHoe SNeKTpuyeckoe noJfie eCTb CKnagblBaeTCcA W3 SreKTpUu4ecKkoro

nonA, cos3jgaBaemMoro 3apAajamMu Eq N BUXPEBOIro J3JIeKTpUYeCKoro nona EB'

Mockonbky UMpkynsaums £, paBHa Hyrto, TO LMPKYNSLMS CyMMapHOTo Mnoss:

5§ Edl=— j Zas
L S
3710 —_— rnepBoe ypaBHEHWE CUCTEMBbI ypaBHeHVIVI MakcBenna ana

ANEeKTPOMarHMTHOro nNonA.

44.ToK cMeLlueHus.

MakcBenn npeAnonioXur, YTO aHarorMyHo MarHUTHOMY MOS0 U ecsiKoe
usmMeHeHue an1eKmMpuUYecKo20 nons ebi3blieaem e OKpyXarouwem
npocmpaHcmee euxpeeoe Maz2HUMHOe fone (BTOPOE OCHOBHOE MOSOXeHWe
Teopumn Makceenna).

MockornbKy MarHATHOE Morfe eCTb OCHOBHOW, 06si3aTenbHbIA NpU3HaK BCAKOro
Toka, To MakcBenn HasBan nepeMeHHOe 3MeKTpUYeckoe rnorie TOKOM cMeLleHusl, B
OTNINYME OT TOKa NPOBOANMOCTIU, OBYCIOBEHHOIO ABWKEHMEM 3aPSIKEHHbIX YacTuL.

Hapgo ckasaTb, YTO TEPMUH MOK cMew{eHUs He aBnsieTca yaadHbiM. OH nveeT
HEKOTOpPOE OCHOBaHWE B Crnyyae AUSMNEKTPUKOB, Tak Kak B HUX AENCTBUTENbHO
cMellaloTcs 3apsabl B atomax M Monekynax. OfHako MOHATME Toka CMeLLeHUs
npyMeHseTCa U AN NMonen B Bakyyme, r4e HUKaKuUX 3apsfoB, a crejoBaTenbHO U
HUKaKOro WX CMELLEHUs HeT. TeM He MeHee JTOT TEepPMWH COXPaHWIcA B cuUny
NCTOPUYECKUX TPaAULUIA.

fTnomHocmb MoOKa cMeWweHUsT.

- _dD

]CM=§

Cne,qyeT noAYepkHYTb, YTO TOK CMeELleHWA ornpeaenseTca MNPOU3BOAHOWN
BEKTOpa D , HO He camMmum

BekTopoMm D . Tak, Hanpumep, B
rnore nrockoro  KoHAeHcaTopa

BEKTOp D BCcerga HanpaBneH OT

A.H.OrypuoB. flekyuu o ¢pusuxe.

MOMOXUTENBHOM  MMacTUHbl K
oTpuuatensHon. Ho B cnyuvae,
ecnu anekTpuYeckoe none

BospacTaeT, TO 85/ of, a

cnepoBaTeslbHO U TOK CMelleHUA
HanpaBlieHbl TakK, Kak Noka3aHo Ha

pvcyHke (a). Ecnv xe anekTpudeckoe none y6biBaeT, TO BD/BZ HanpaBneHo oT

oTpyLaTeNbHON MNACTUHBI K MOMOXUTENBHOW, U MarHUTHOE Morie MPOTUBOMOIOXHO
(pwvic. (6)) Mo cpaBHEHWIO C MEPBLIM ClyYaeM.

MarHeTusm
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MpyunHa Takoro rnoBejAeHUs B TOM, YTO MpU TeMrepaTypax Hke Touku Kiopu
eppomarHeTuk pasbuBaeTca Ha GOrbLUOE YWCIIO MUKPOCKOMMYeCckUX obractei —
domMeHO8, CaMOMPOU3BONMBHO HaMarHWYeHHbIX [0 HacblleHusi. HanpasneHue
HamarHu4eHusi JoMeHa ornpeaereHHbIM
O O XK S o6pasomM cBfA3aHO C pacnoroXeHWeM aToMOB B

A + O+ XN\ pAasl M crnou (Ha pUCYHKe CXeMaTudecku
YOOGS nokasaHbl AOMeEHbI B KpucTanne Xxenesa). Mpu
+OO O N Y. ) OTCYTCTBMM BHELUHero MarHWTHOro  ronsi

/

+ X4 MarHutHble MOMEHTblI OTAEeNbHbIX JOMEHOB
# X+ ) OpUEeHTUPOBaHbl Xaomuy4yecku W KOMIMEHCU-
pyrom papyr Aapyra. [losTomy cyMmapHbIf
NXKF ) MarHTHel MOMEHT cheppomarHeTvika paBeH
N K : + : Hyro U heppoMarHeTkK He HaMarHU4eH.
BHellHee none OpPUEHTUPYET Mo ronto
He MarHWTHble MOMEHTbl OTAEerNbHBIX aToMOB (Kak 3TO WMeeT MecTo B chydyae
napamarHeTVKOB), @ MagHUMHble MOMeHmMb! uenbix obrnacmell CrOHTaHHON
HaMarHU4eHHOCTU, MPUYeM AOMEHBI MOBOPAYMBAIOTCS MO MOS0 CKaYKOM.

dopmupoBaHne JoMeHOB 06yCnoBMeHO KBaHTOBLIMY CBOMCTBAMMW SNEKTPOHOB.
®eppomarHUTHLIMW CBOWCTBaMWM obrajaloT BellecTBa, B aTomMax KOTOPbIX eCTb
HedocmpoeHHble BHYTPEHHWE SMNEKTPOHHbIE 0BOMOYKN C HECKOMIIePHCUPOBaHHBIMU
cnuHamn. B aTom cnyyae MOryT Bo3HMKaTb OOMEHHbIE CUMbl, KOTOPbIe BbIHYXAAKT
CMUHOBbIE MarHWTHble MOMEHTbLI 3MEeKTPOHOB OPWEHTUPOBAaTLCH fapasiesibHo ApYr
Apyry. 3To NpUBOAUT K BOBHUKHOBEHWIO 0BnacTel CMOHTAHHOIO HaMarHu4YeHUs.

CyuwecTByloT BellecTBa, B  KOTOpPbIX OOMEHHble Cwfbl  Bbi3biBalOT
aHTUNapannenesHylo OpWeHTaLulo  CMMHOBBLIX MOMEHTOB  SMeKTPOHOB. Takue
BelllecTBa HasblBaloTCA aHmudeppomMasHemukamu. [na HUX Takke cyliecTsyeT
aHmudcbeppomaesHumHas moyka Kropu (moyka Heeris), Bbillie KOTOPOW paspyluaeTcs
MarHuTHoe yropsiAoyeHne 1 aHTUdeppomarHeTUK NpeBpaLlaeTca B napamarHeTuk.

Cucmema ypasHeHull Makceenna ansa SJ1IeKmpomMmacHUMHoO20 noJis

43. BuxpeBoe anekTpuieckoe none.

Ona o6bACHEeHWS BO3HWKHOBEHWUA WHAYKLMOHHOTO TOoKa B  HEmoABVXHBLIX
nposojHukax (BTopon onbiT dapages) Makceenn npeAnonoxur, 4Ymo ecsikoe
nepeMeHHoe Ma2HUMHoe rosie 8o36yxdaem & OKpyXKarouweMm rpocmpaHemee
afeKmpuyeckoe roJie, KOTOpoe WU SABMNSETCS MPUHMMHOW  BO3HUKHOBEHWSI
WHAYKLMOHHOIO Toka B KOHTYpe (NepBoe 0CHOBHOE MonoxeHve Teopun Makceenna).

Linpkynauma Bektopa HanpsikeHHOCTW £z aToro nons

iéﬁi:ﬁmoﬂ:—ﬁg’

L

Mo onpeaeneHNo NOTOK BeKTopaé: b= JédS, oTKyAa creayerT:
S

L o— OB —
EfEBdl:—'ngdS

A.H.Orvguop. flekuuy no cyzuxe.
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8. MarHutHoe none NpsMoOro Toka.
Tok TeyeT Mo npsMomMy MpoBoAy ©eckoHeYHoW ANUHLI. B

o Ka4yecTBe MOCTOSIHHOW UHTErPUPOBaHUSA BbIGEpeM yron o .
4 R rdo
di rdo M3 prcyHka r=——, dl=——.
. sing Shited
r
' .
da. CneposaTernbsHo dB= Msma do
l o 4nR
M R Yron ¢ AnNs Bcex OfieMeHTOB MpsIMOro  mpoBoja
,  vismensietes oT O po 7. Mo MpuHLmNy cyneprosuuuu:
BB " I 21
d58 B:J'dB:M—J'smadoc:M— S
' dr R? i R Joc\\
Ecnu Tok TeueT Mo oTpesky NpoBoAa (CM. PUCYHOK), TO: IA ! \-@ ~
_ Mo 1 [ 7B
B="—"——(cosoy —cosct,) ‘
R e
Ota dopmyna nepexoaut B dopmyny Ana ©GeckoHeuYHoro J
ANvHHOro nposoAHvka npu o, =0, &, =T . /
b1 O
9. MarHuTHOe none B LieHTpe KpYroBoro Toka. ] z
B paHHOM crniyyae CrioXeHVWe BEKTOPOB MOXHO 3aMeHWTb
dl CrOXeHMeM UX Moayren, yuuTteisas sinx =1, »r=R:
1
JBB dB = '[Zji Fdl, oTkyaa
' T
I

Mol 1 MHopt 1 I

B=|dB="——|dl="""*—2nR= —
j A RZJ 4 R* Hol o R

MOXHO MoKasaTb, UTO Ha PACcCTOSHUM F OT LiEHTpa BWUTKA BAOMb OCW BUTKA

MarHuTHoe rone GyaeT:

gt IR
2 (\/R2 +7? )3
HanpseHHOCTb MarHWTHOro Mons, CO3A4aBaeMoro KpyroBbIM TOKOM, Ha
BOMbLUIOM PaccTosHUM OT BUTKa € Tokom (7 >> R):
7 qo B _IR* IR*-2m 2I-mR* 2IS 2p,
- Ut 21 27 2m Am? Aw? A
rae p,, = 1S — MarHuTHbIN MOMEHT BUTKa C TOKOM.

CpaBHUM 3Ty popMyry ¢ dbopMyrIon AN SreKTPUIYecKoro
Monst AUNons (¢ NeKTPUYeCKUM AUMONbHBIM MOMEHTOM P, ) Ha

@ py —=®  ocn avinons (cm. 3-n.13):

p=lqll

1 2p 2p
D=gpel=¢ge———F=—"+
Arene 1 4nr
OueBunaHoe nofobue aTUX hopMyn OBBACHSET, MoYeMy 4acTo FOBOPSIT, YTO
KOHTYp C TOKOM nofgo6eH "MarHUTHOMY AWMONi", UMEIOLLEMY PaBHbLIA C KOHTYPOM
MarHUTHbLIA MOMEHT.

MarHeTusm
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10.3aKoH AMnepa.
HecTBME MarHATHOro Monsi Ha pamky ¢ TOKOM — 3TO MpUMep BO3AENCTBUSA

MarHMTHoOro nofid Ha nNpPoOBOAHUK C TOKOM. AMI'Iep yCTaHOBWI1, YTO Cuvna dF, C
KOTOpOI7I MarHmtTHoe none ,D,eI7ICTByeT Ha J3nemMeHT npoBOAHMKa dl ¢ TOKOM,
HaxojaAuwerocda B MarHMTHOM none, paBHa:

3 dF =1[dl, B],
F roe a — BEKTOp MO MOAyMto pasHbin dl 1
/i =

coBrnajaloLuiA No HanpasneHuto ¢ TokoM, B — BekTop
MarHUTHOM MHAYKLWN.

HarnsgHo HanpaBneHwe cunbl Amnepa MpUHATO
onpeAenaTL Mo npaeusy Jeeol pyKu: ecriu nadoHb negoll

(f,p?’ PYKU pacronoxume mak, ymobbl 8 Hee exodus sekmop B,
a yembipe BbIMSHYymMbIX [anbya pPacronoxXums 0
HanpaerneHulo moka 68 [pPoBOOHUKe, MO 0omoaHymbIl

6onbwioli naney, nokaxem HanpasneHue cusbl AMnepa.

11. B3anmogencTBue napaninesibHbiX TOKOB.

3akoH AMHepa npUMeHAeTCA AnA onpeaeneHna cunbl B3anMoencTBumsa AByX
TOKOB.

,D,Ba napannenbHblX NPOBOAHMKaA C TOKaMU Il n 12 HaxoaATCcA Ha pacCToAHUN

R ppyr oT apyra. Hanpaenenve cun dF, w dF,, ¢ kotopbiMu mona B, u B,
AeCTBYIOT Ha MpoBOAHWKM ¢ Tokamu I, n I}, onpeaensaloTcs Mo npasuny nesow
PYKW.

B = ‘ZL“%, dF, =1,B,dI .
il 211
B, oOrciopa: dF; = Folt 24052 41 - Avanomaro

4w R
o Motk 21.
{ dr, = MzIl—lzdl. Takum obpazom:
B, R

R 4
211
dF = dF. = g = Hokt “hts 4
1 2
dTr R
I-IpOBO,D,HVlKVl C ToKaMu 0OUHaKog8o20o HanpaBneHua npumsausaromces, ¢ TokaMn
pas3Hoeo HanpaBneHNA — ommarikuearomeces.

12.MarHuTHasa NOCTOSAHHas.

B cucteme CU eaunHWua usmepeHWss cunbl Toka — amriep — BMeCTe C
KunorpamMmMom, METPOM U CeKyHAOW SIBNSIETCA OCHOBHOW eauHuueil. [lo
onpefeneHuio "aMnep ecmb cuna HeuU3MeHsIIoWeao0css moka, Komopbll, npoxods no
8symM napasnnernibHbiM PSIMOMUHEUHbIM POo8oOHUKaM BeCcKOHeYHoU OnuHbl U
HUYMOXHO Mairlogo Kpy208020 CEYEHUS, PacrofioKeHHbIM Ha paccmosiHuu 1 mempa
00uH om Opyzozo 6 saKyyme, ebi3gasl Obi MEXOy 3muMmu pPoBOOHUKaMu cury,
pasHyro 2:107" HbromoHa Ha KaxObili Memp OnuHb!".

A.H.OrypuoB. flekyuu ro ¢pusuxe.
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B oTnudue oT criabomarHuTHbIX BewecTs, y
KOTOPbIX ~ HaMarHuyeHHocTe  J  nHelHo
M3MeHseTCst ¢ pocTom [, y deppomarHeTvkos, Suac
npy yBenuyeHum [, HamarHU4eHHOCTb pacTeT
cHayana OblcTpo, @ 3aTeM BbIXOAUT Ha
HacelleHve J .

MarHuTHasi npoHuLaemocTe [ deppomar-

HETUMKOB JocTuraeT OonbluMX 3HayeHuld (ans
xenesa — =5000, ansa cnnaea cynepmansios —
~800 000). Huamarnetux
MarHutHas npoHVMLaemMocTb W MarHuTHasi
MHAYKUMa B deppomarHeTukos 3aBUCUT oT H .

B=u,(H+J) B crnabeix nonsx pacteT
6bicTpo ¢ poctom H (yyactok 0—-1-2 Ha pucyHke
(a)), a B cunbHbIX Monsx, nockoneky J =.J B

Hac '’

pacTeT ¢ yBenuiyeHneMm H nuHelHo (yy4acTok 2-3).

®GeppoMarneTuk

MapamarHeTnk

¥

B

Co0TBETCTBEHHO ,u:—:l+i BHavarne
U H H

pacteTr ¢ poctom H (pucyHok (6)), a 3aTem,
JocTvrasgs MakCuMyMma, HauMHaeT YMeHbLuaThbCs,

CTPEMSICb B Crlyyae CUMbHbIX MOMen K eAnHULE.
3aBMCMMOCTb  HamarHudeHHoctn J ot
HanPs)XEHHOCTW  MarHUTHOro  mons H B
0 H eppomarHeTVke onpefenseTca npeAabICTOpUEn
5 HamarHu4eHus. 370 ABneHve HasblBaeTCs

) MarHUTHbLIM rMCTEPE3UCOM.
Ecnn deppomarHeTUk HamarHUTUTbL A0 HacbiweHus (kpusas 0-1), a satem
ymeHblwats H (kpusaa 1-2), To npy H =0
B deppomarHeTvke ocTaHeTCH OCTaTOYHas
HAMArHU4eHHOCTL J .

310  sBRMEeHWe  UCMonb3yloT  MNpu

V3roTOBMeHUN ITOCMOSTHHbIX Ma2HUMmMoe.
Ona TOro 4TOObI YMEHbLUUTb
J HaMarHM4eHHOCTb A0 HYNA, HaZOo MPUMOXUTL
NPOTUBOMONOXHO-HaNpaBneHHoe none
(Touka 3), ¢ HanpsixeHHocTblo H -, koTopas

HasblBaeTCs KOIPUUTUBHaa cuna. [lpu
AanbHenwem yBENUYEHUU
NMPOTUBOMOSIOXHOIO Monis  dpeppomMarHeTUK nepemarHudmBaeTcs (kpyeasa 3—4),
AocTuras HacblweHus (Touka 4). 3aTeM ero MoXHO onATb pasMarHUTUTb (kpuBas 4—
5-6) n BHOBb NepeMarHUTUTb 40 HacbileHus (kpyBasa 6—1).

Taknum o6pa3om, USMEHEHNE HaMarHUYEHHOCTU OMNUCbIBaeTCA KpuBon 1-2-3-4-
5-6-1, KoTopas HasbIBaeTCA NeTNA rMcTepesunca.

Ons  kaxpgoro deppomarHeTuka UWMeeTCs OMpeaerieHHas TemnepaTtypa,
Ha3blBaeMas moykol Kiopu, npy KOTOpol OH TepsieT CBOW MarHUTHble CBOMCTBA.
Mpy HarpeBaHUM Bbille ToukK Kiopu dpeppomarHeTuk rnpespawaemcsi B OObIYHBIA
napamarHeTuK.

MarHeTusm
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41.YcnoBus Ha rpaHuUe pasaena ABYX MarHeTUKOB.

PaccmoTpum noBegeHve BektopoB B u H Ha rpaHuue pasgena AByx
OJHOPOAHLIX ~ MarHeTUMKOB € MarHWUTHbIMA

n MPOHULI@eMOCTAMMU [l U [, MPU OTCYTCTBUM Ha
AS rpaHuLe Toka NpoBoAUMOCTH.
Moctpoum BGRMSM  rpaHUUbl  pasgena
g MarHeTukos 112 npAMOA LMNMUHAP HUYTOXHO
2] j Marol BbICOTbI, OAHO OCHOBaHWe KOTOPOro
B = - 1 Haxoautcs B MepBoM MarHeTuke, Apyroe — BO
— —_ BTOPOM.

I
(!
n

Cuutaem, uyto ocHoBaHua AS umnuHapa
HacTonbko Manbl, YTO B Mpejenax Kaxzoro us

HUX BEKTOpP B HeunzmeHeH.

|
|
|
|
|
:,
ANRN

Mo Teopeme Naycca
B,,AS - B, AS=0,
(nockorbky 7i w7’ npoTuBoHanpasreHb). C y4eTOM COOTHOLIEHUS
B =y, uH  HopmaneHble cocTaBnsioLe

Hnl :&

H, W
B6nusu rpaHunuel pasgena marHeTUkoB 1 1M 2 NocTpouM HeBornbLLIOW 3aMKHYThIN

Bnl :BnZ’

npaMoyronbHblin koHTyp ABCDA anuvHon [ . CornacHo Teopeme o Lmpkynsumm H

. §Hdl=0
ABCDA
4 > B MOCKOrbKY TOKOB MPOBOAUMOCTY Ha
My =2 rpaHuuax HeT. OTclopa
K —_—:::.___"._"” —r H,l-H,l=0
Y e 2T (aHakm wHTerpanos no AB u CD

pasHble, T.K.  NYyTM  UHTErpUpoBaHuUs
npoTuBonosioxHel, a WHTerpansl no BC u DA 6eckoHeuyHo Maribl). [MoaTomy,
TaHreHuWarbHble cocTaBnsaLLme

By _ 1
H11:H1'2= Bﬂ :'u_l
T2 2

Takum obpasom, MpU Mepexode Yepes rpaHuLy pasgena ABYX MarHeTMKOB

HopmarnbHas cocTaBnsiowan BekTopa B U TaHreHuManbHaa cocTaBnslowas
BekTopa H vsveHsioTcs HenpepbIBHO, @ TaHreHUManeHasa cocraBnsiolwan BekTopa
B u HopMarnbHasa cocTaBnstoLLas BekTopa H npeTepneBatoT ckadok.
42. ®eppomMarHeTUK1 U UX CBOUCTBA.

MoMuMo criabomaeHUMHbIX BELWECTB — AMa- U NapamarHeTUKOB, CYLLECTBYIOT
cunbHOMagHUMHble BellecTBa — ¢heppomMazHemMuKu — BellecTBa, obnajatolme

crioHmaHHol HamagHU4YeHHOCMbO, T.€. OHMU COXpPaHAKT HaMarHM4eHHOCTb MNpu
OTCYTCTBUM BHELLUHETO MarHMTHOIO NOnA.
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B sakyyme ({{=1) cuna BsauMoAeCTBIA Ha €AUHILY ANVHBI POBOAHMKA
dar _ pop 241,
dl 4m R

dF
npy I, =1, =1An R=1m: = =210"" H/m. OTcioaa
1= 42 dl

LT

M
rae reHpu (MH) — eanHWLa MHAYKTMBHOCTU — ByAeT onpejerieHa nosgHee.

13. EAVHWLbLI MarHUTHOW UHAYKLUMWN 1 HaNPsXKEHHOCTU MarHUTHOrO nons.
MycTb anemeHT nposogHuka d/ ¢ Tokom I neprieHAUKYNspeH HanpaBreHWo
marHuTHoro nons. 3akoH Amnepa dF = IBdl, otkyna
_1dF
I dl
EAVMHMLA MarHUTHOM UMHAYKUMM B — Tecna (TN) — marHuTHas MHAYKUMA

TaKoro 04HOPOAHOTO MarHUTHOrO Mosisl, KOTopoe AelcTByeT ¢ curo 1H Ha kaxabli
MeTp AMWHbI NPSIMONMHENHOro MPOBOAHWKA, PaCMONIOXEHHOIO MepneHAUKynspHO

7=

5 H
u0:4n~107A——4ﬂ-10

HanpaBrieHUIo MOSIsi, ECAIN Mo 3TOMY NPOBOAHMKY npoxoauTt Tok 1A: 1T =1 A—
‘M
B
W3 dopmynbl B = uf B Bakyyme (U =1) nonyum H = —.
Ho
EAWHMLA HaNps)XXeHHOCTU MarHUTHoro nonsa /4 — amnep Ha MeTp (A/M) —

-7
HanpPsHXKEHHOCTb TAaKOro MOs, UHAYKLMS KoToporo B BakyyMe pasHa 47 - 107" Tur.

14.MarHutHoe none cBo6oAHO ABMXKYLErocs 3apaaa.
MpPoBOAHWUK C TOKOM CO3AaeT BOKpYr ce6s MarHUTHoe nore. OrnekTpUYeckuin Tok

— JTO ynopsaao4YeHHOe ABUMXEeHWe JdMeKTpU4eCKux 3apAanos. MarHuTtHoe none B
To4yeuHoro sapsja ¢, cBobogHo ABUXYLLIErocs C MOCTOSAHHOW HepensaTUBUCTCKOMN

ckopocTsio U (v << ¢):

= NG V.
B:#O#q[ . ]> B:“O“Q_Qslna

i ¥ 4 r

rAe 7 — paAuyc-BeKTOp, MPOBeAeHHbIN U3 3apsga ¢ K Touke HabnogeHus,
o —yronimexay U n 7.
15.Cuna JlopeHua.

Tak Xe Kkak U Ha MNPOBOAHWK C TOKOM, MarHuWTHoe rforie AeicTByeT M Ha
oTAEeNbHBIN 3apsaf, ABUKYLLMIACA B MarHUTHOM rorie.

Cwvrna, AecTByIOWas Ha SMEKTPUMECKUA 3apsis ¢, ABUKYLWMIACA B MarHUTHOM
none B co ckopocTbio U, HasbiBaeTcs cusoll SlopeHya:

F=q[v,B]
wm F = quBsina,
rae o — yron mexay U v B.

A.H.OrypuoB. flekyuu ro ¢pusuxe.

MarHeTusm
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CeogHag Tabnuua.

[MpoBOAHUK C TOKOM CBoboaHO ABUMXYLIWIACS 3apsj
= Mop ITdl 7] = Mol q[V.7]
arHWTHoe nore A 3 Ar ¥
3akoH bno—CaBapa—Jlannaca
_ Cwa, dF = I[dl, B] F=4q[v.B]
Aevcteylolias Ha cvna Amnepa cuna JlopeHua

HanpaBneHve cunbl JlopeHua, Tak Xe kak U
cunbl Amnepa, onpefenseTcs Mo rfpaeusy nesoll
pyku. Cuna JlopeHua Bcerga neprneHAnKynspHa
CKOPOCTU ABWXEHWS 3apsKeHHON YacTuubl. [osTomy
v % OHa M3MeHseT TOMNbKO HampaBreHVe 3TOM CKOPOCTY,
He u3MeHss ee wmoayns. CrepoBaTernbHO, cuna
JlopeHua paboTbl He coBepLuaeT.

F lMocmosiHHoe MagHUMHoOe rofie He cosepwaem

pabombi Had Osuxywelcs 8 HeM 3apsiKeHHoU

yacmuyell U KUHemuyvecKasi sHepaust amoll Yacmuybl rpu O08UXEHUU 8 Ma8eHUMHOM
rorne He U3MeHsIemces.

b

o
w,

OBunxeHune sapsga, Ha KOTOPLIA KpPOMe MarHUTHOro mnonsi ¢ uHaykuven B

LelCTBYeT M SnekTpuyeckoe roflie ¢ HanpsxeHHocTblo £ onuckiBaeTca hopmMynon
JNlopeHua:

F= qE + q[ﬁ,é]
16. IBWKEHMNE 3aPSXKEHHbIX YaCTUL B MArHUTHOM norne.

CuvTaem, 4YTO MarHuTHoe mnorne O0OHOPOOHO WU Ha 4YacTuubl He AeNCTBYIOT
aneKkTpuyeckme nons.

1. ﬁHB bl 3apH)KeHHaH YacTuua ABMXETCHA B MarHUTHOM none BAONb FUHUIA

MarHUTHOM MHAYKLMN (yron ¢ Mexay BekTopamu U u B paseH O urm 7).
Cuna JlopeHua paBHa Hymto. MarHuTHoe Mone Ha vacTuly He
AENCTBYET 1 OHa ABMXETCH PaBHOMEPHO U MPSIMOITMHEMHO.

2. U1lB — SapseHHas vacTiua [JBWKETCA B MarHUTHoM  rorie
NePneHANKYSISPHO SIMHUSIM MarHUTHOM UHAYKUMK (yron oL =11 /2).
Cvna lopeHua [ =gUB: noctosHHa Mo MOAYMio W HopMmarnbHa K

TpaekTopun 4acTuubl. YacTvua 6GygeT ABWraTbCs MO OKPYXHOCTU
pagnyca R C LEHTPOCTPEMUTENBHLIM YCKOPEeHUeM an:vz/R. 76}

BTOporo 3akoHa HbtoToHa qDB:mvz/R nonyyaem paauyc

mv 2R 27mm
oKpyXHocT R =—— v nepuog BpalweHua ' = ——=——.
qB v qB
3. BapsxeHHas vacTvua ABWMXETCA MOA YMIOM (X K FUHUAM MarHUTHOM

WHAYKUMW.
OBWxeHWe YacTULbl MOXHO NPEACTaBUTE B BUAE CYMMbI ABYX ABWKEHWUIA:
1)  paBHOMEPHOro NPSMOMWHEVHOrO ABWXEHWSI BAOMb MOMS CO CKOPOCTbIO

UH =VCOS;

A.H.OrypuoB. flekyuu o ¢pusuxe.
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MarHuUTHBIA MOMEHT 3TOro CYMMapHOIro ToKa MWKPOTOKOB BHYTPWU MarHeTuka

Si vV
P=IS= 1'7 = 1'7 ,rie V — o6beM marHeTuka.
P I
Mo onpefeneHuio HaMarHUMeHHOCTb MarHeTuka J :; :7, cnepoBaTenbHO
B =p,J
VW B BEKTOPHOI chopme
B'=uyJ.

CnepoBaTtenkeHo,
B =, + )= o1+ 8.
BespasmepHas BenuunHa
B
pu=l+y=—
B,
HasblBaeTCH MarHUTHOM MPOHMLIAEMOCTLIO BelecTBa. VMeHHO 3Ta BenuuuHa

ucronbsoBanack paHee B COOTHOWEHUN B = t i .
[ns duamasHemukoe |l <1, Ons napamazHemukoe |1 >1.

40. 3aKOH NoNHOro Toka ANs MarHUTHOro Nons B BelecTBe.
OTOT 3BaKkoH sBnsetcA oboblleHVeM 3akoHa MOMHOro Toka AMA MarHUTHOro

n
nons B Bakyyme EgBdlzifBjdl:uOZIk — YUpKynsyusi eekmopa MagHUmHou
L L k=1

UHOYKUUU 10 pou3eosibHOMY 3aMKHYMOMY KOHMYpy pasHa aneebpauyeckoll cymme
MoKoe posodUMOCMU U MOSEKYIISIPHbIX MOKO08, 0X8ambi8aeMbiX IMUM KOHMYPOM,
YMHOXEHHOU Ha MagHUMHY MOCMOSIHHYIO:

§;§E = §B,dl =u,(I+1,
L L

rne I v I’ — cooTBeTcTBEHHO anrebpaunyeckvie CyMMbl MaKpOTOKOB (TOKOB
MPOBOAMMOCTM) M MUKPOTOKOB  (MOMEKYMSpHBIX — TOKOB),  OXBaTblBaeMbIX
MPOW3BOMBHBIM 3aMKHYTBIM KOHTYpOM L .

Mpyu 3TOM LMPKYMSILMA HaMarHuYeHHocTU J Mo Mpou3BOMBHOMY 3aMKHYTOMY
KOHTYpY paBHa anrebpanyeckon CyMMe MOSTEKYIISPHbIX MOKO8, OXBaTbIBAEMbIX 3TUM
KOHTYPOM:

§JEE:1’,
L

a uvpkynauus Bektopa H no NpousBorbHOMY 3aMKHYTOMY KOHTYpYy L paBHa
anreGpanyeckoil CyMMe TOKOB NMPOBOAMMOCTHU, OXBaTbIBAEMbIX 3TUM KOHTYPOM:

§HE:1
L

MocrnegHee BblpaxeHWe MpeAcTaBnseT coboi TeopeMy O LMpKynauum
BekTopa /7.

MarHeTusm
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BUTOK 6y,qu BblTallkKmBaTbECA N NepemMelaTbCA B obnacTtb 6onee cnaboro nons.
I'I03Tomy napamarHeTukn emsauearomces B obnacTtb cunbHOro nomns, B TO
BpeMs, kak guamMarHeTUku ebimasikuearomes U3 3Ton obnacTtu.

39. HamarHun4yeHHocTL. MarHuTHoe none B BewecTBe.
MoaoBHO TOMy, Kkak Ans  KONMWYEeCTBEHHOrO  OMNWCaHWs  Mnonsipusaymm
AVNBNEKTPUKOB ObiNa BBeAeHa MoNApUsoBaHHOCTb, AMs1 KOFNIMMECTBEHHOMO ONMUcaHusA

HaMarHM4eHMA MarHeTUKOB BBOAAT BEKTOPHYKO BenU4MHY — HaMarHUW4eHHOCTDb,
onpeaendaemMyro MarHUTHEIM MOMEHTOM e 4NHULbI obbema MarHeTuka:
j — Pm — zpa
vV vV

roe P, = zﬁa — MarHUTHbIA MOMEHT MarHeTuKa, paBHbIi BEKTOPHOM CyMMe
MarHUTHBIX MOMEHTOB OTAEeSbHbIX MOTEKY.

B HecunbHbIX NONAX HamMarHUYeHHOCTb nponopuMoHanbHa HanpsAXeHHOCTU H
nond, BbisblBakOWero HamMarHm4eHue. I'I03Tomy, aHanorm4yHo ,D,VISJ'IeKTpVHeCKOIh
BOCNPUMMHMBOCTN, MOXHO BBE€CTU TOHATUE MaeHUMHOU eocrnpuumMyusocmu

gewecmea % .

:le

<y

X — GespasmepHas BenuMunHa.

Ona AawvamarHeTvkoB ¥  oTpuuaTenbHa (Mone  MONeKyNspHbIX  TOKOB
NPOTMBOMOSIOXHO BHELLHeMy Monto), ANS napamarHeTVKOB — MoroXuternsHa (none
MOMeKyNSPHbIX TOKOB COBMaAaeT C BHELLHUM).

AbBcontoTHoe  3HayeHWe  MarHWTHOW  BOCTIPUMMYMBOCTM  ANS  Ava- W
napamarHeTUKOB OYeHb Mario — nopsjka 10*-107°.

MarHutHoe mnone B B BellecTBe ckinajbiBaeTCsl U3 [ABYX MOSieit: BHeLUHEero
nona B, cospaBaeMoro HamarHMYVBalOWMM TOKOM B Bakyyme, W nons B’
HaMarHW4eHHoro BellecTsa:

B=B0+B',

rae B, = H.

[ns onucanusa nonqA, cosgaBaemMoro MOSeKynApHbIMKM TOKaMu, paccMOTPUM
MarHeTMK B BUAE KPYroBOTO LNMHAPa cedeHuss S W AruHbl [, BHECEHHOro B
0JHOPOJHOE BHellHee MarHWTHoe nore ¢ WHAykuwen B
napannensHoe ocu uunuHapa. Ecnm paccmoTpeTs ntoboe
cedeHve UWNUHAPa, MeprneHauKynspHoe ero ocu, To BO
BHYTPEHHUX Yy4acTkax CeYeHUs MarHeTuka MoreKynsipHble
TOKW COCELHUX aTOMOB HarpaBfeHbl HaBCTpeYy Apyr Apyry u
B3aWMHO KOMMeHcupytoTcs. HeckomMneHcupoBaHHbIMU ByayT
MWL  MOMEKYNApPHbIE TOKW, BbIXOASLWME Ha MOBEPXHOCTb
LuunmHapa.

MarHuUTHYIo MHAYKLMIo Toka | Tekylero no GoKoBOW NMOBEPXHOCTU LMNMHAPA,
BLIUUCTIMM (cumTas Ans npocToThl U =1) no dopmyne ana coneHouga ¢ N =1
(coneHowng 13 ogHOro BUTKa):

B = tol’
)
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2)  paBHOMEPHOro ABUXEHWS MO OKPYXXHOCTU B MIIOCKOCTH, MeprneHANKYNAPHORA
rnoro.

CymMMapHoe ABWxeHVWe OyaeT ABWXKeHVEeM Mo
cnvpany, ocb KOTOPOI MaparnnenbHa MarHUTHOMY

nonto. LWar BuHTOBOM NHWUKM /i =1)"T =vT cosa, rae
T =27R/V — nepvoA BpalLeHNs YacTULyb!:
_ 2mmucoso
= >

Ecnv marHutHoe rone  HeoLHOPOAHO W
3apsKeHHas YacTuua ABKETCS Mo YoM K JIMHUAM

MarHMuTHoOro nonAa B HanpaelieHUM BoO3pacTaHUA
nonaA, To BeNUYuHbI Ruh YMEHbLIAaKTCA C POCTOM

h

B . Ha atom ocHoBaHa d)OKyCVIpOBKa 3apAXeHHbIX YacTuUl MarHUTHbIM NoJfieM.

17.3cdb ekt Xonna.

A hpeKT Xonna — 3mo 803HUKHOBEHUE 3/IEKMPUYECKO20 110115 8 MTPO8OOGHUKE
unu ronynpoeoGHUKe C MOKOM fpu OMeWeHUU e20 8 MasHumHoe rone. JTOT
adhdekT — crneacTBUE BNUAHUS curbl JTopeHLa Ha ABUXEHWe HocUTenel Toka.

B marHuTHOM none B npn npoTekaHnn 4Yepes NPoBOAHMK TOKa C MNOTHOCTLIO
j yCTaHaBnmMBaeTCA 3SreKTpu4ecKoe nosie ¢ HanpAXeHHOCTBIO

Y E=R[B,]],
rae R — nocrosiHHasa Xonna.
= MycTs, Hanpumep, MeTannuyeckas

nnacTtnHKa C TOKOM pacnonoxXxeHa B
MarHMTHOM none nepneHaukKynapHOM TOKY

A.H.OrypuoB. flekyuu o ¢pusuxe.

- .

v (cm. pucyHok). Cuna JlopeHua npuBoauT K
NOBBILLEHWIO KOHLEHTpaLMM HocUTenen Toka
— OneKTpoHOB — Yy BepxHero kpas
nnacTuHkn.  Mpu  STOM  BEpPXHUA  KpaW
3apAAUTCA  oTpuLaTenbHO, @  HUXHWURA,
COOTBETCTBEHHO — nonoxuTeneHo. CTaumoHapHoe pacnpeferneHve sapagos byaeT
[OCTUrHYTO, Korja [AeicTBMe CO3A4aHHOro TakuMm oBpasom SMeKTpUYecKoro nons

ypasHoBecuT cuny JlopeHua: eE=eA@/a=evVB, wm A@=vBa, rae a-—

WMPUHa NMacTUHKK, ¢ — 3apaj anekTpoHa, A@ — nonepeyHas (xonroeckasi)
pasHocmb MoOMeHyuarnos.
Mockonbky cuna Toka I = jS=nevS (S=ad — nnowass nonepeyHoro

CeyYeHUst NMacTUHKA TOMNWMHON ¢ W WUPUHOM ¢, 1 — KOHLUEHTPaLMa aMeKTPOHOB,
v — cpeHAA CKOPOCTb ynopAago4eHHOro ABMxXeHnA SﬂeKTpOHOB), TO

I 1 IB IB
Ba=—""=R
nead end d

Ap =

1
3Hak nocTosiHHOM Xomma R=— coBrnajgaeT CO 3HAKOM HOcUTernen Toka,
éen

noaToMy adpdpekT Xornna UCToNb3YIOT ANsi onpejeneHns NpupoAbl HOCUTENEN Toka B
BELLEeCTBaX W onpeAeneHns UX KOHLEHTpaLM.

MarHeTusm
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18.TeopemMa o LMPKYNALMU BeKkTopa 5.

Lupkynsumen Bektopa B no sagaHHOMy 3aMKHYTOMY KOHTYpy L Ha3biBaeTcs
WHTerparn:

fBai={Ba,
L L

—

rae dl — anemMeHT ANVHLI KOHTYpa, HampaBReHHbIA BAOMbL obxoda KOHTYpa;
B, = Bcosa — coctasnsiolas Bektopa B B HanpaBneHUM kacaTenbHOM K KOHTYPY,

C y4YeToM BbIGpaHHoro HanpasneHus obxoga; O — yron Mexay sektopamu B u dl.
TeopemMa O LUMpPKynALMM BeKTopa B (3aKOH MOMHOro MarHUTHOro nons B

BaKyyMe): LMpKynsuusi Bektopa B Nno NpousBOSbHOMY 3aMKHYTOMY KOHTYPY paBHa
NPOV3BEAEHWNIO MarHUTHOM MOCTOSIHHOM [, Ha anrebpanyeckylo CymMMy TOKOB,
OXBaTbIBAEMbIX STUM KOHTYPOM:

fffﬂiszB,dl:uoilk ,
L L k=1

roe 7. — 4MCNO MPOBOAHUKOB C TOKaMW, OXBaTblBaeMbIX KOHTypom L
NPOW3BOILHON POPMbI.

OTa Teopema cripaBeinvuBa mosibKo 01151 1101151 8 8aKyyme, NocKoneky 015 nons
8 gewjecmse HaZlo yUUTLIBATL MOSIEKY ISIPHbIE MOKU.

Kaxablii TOK yUUTBIBAETCA CTOMBKO pas, CKOMbKO OH OXBAaTLIBAETCH KOHTYPOM.
MonoXuTenebHLIM CUATAETCA TOK, HanpaBreHne KOTOPOro CBA3AHO C HanpaBseHnem
o6xofa No KOHTYPY npasusioM fnpasoao sUHMa.

Mpumep: MarH1THOE None NPSIMOro Toka.
3aMKHYTHIA KOHTYP MPeACTaBUM B BUAE OKPYXHOCTU paguyca 7. B

KaX A0 ToUKe STOW OKPY>XHOCTU BEKTOP B OANHaKOB Mo MoAynio 1
HanpaBrieH No kacaTerflbHOM K OKPYXHOCTMU: ,’——\

ot

/
§B,dl=§Bdl=B§dl=BZm‘=,uol, oTcloaa B=‘U—OI / r
L L L 2mr ! 1 }
L \ !
CpasHUM ebipaxeHus 0518 uupkynsuuii eekmopos E u B. \\ /
S~ 7

— —— 7
{Edi=0,  {Bdi=p, I,
L L k=1
lMpuHyunuansHoe pasnuive Mexay sTUMK oopmynamuy B TOM, YTO LIMPKYNAaumMs
BekTopa [ anekTpoctatudeckoro nons eceada pasHa Hynwo. Takoe none ABNSeTCS
nomerHyuanbHbIM. LIMpkynaumsa BekTopa B MarHWUTHOro MonNsa He pasHa Hyro.
Takoe none HasblBaeTCA 8UXpPeESbIM U COJIeHOUOaNTbHbIM.
19.MarHutHoe none coneHounaa.

CoseHoudoM HasbIBAaeTCS CBEPHYTHIN B Cnivparb U30NUPOBaHHbIA NPOBOAHMK
Mo KOTOPOMY TeyeT afieKTpPUYecKnn Tok. PaccMoTpum corneHows AnuHon [,

umvetowmin N Butkos. LiMpkynsums sektopa B no samkHytoMy koHTypy ABCDA,
oxBaTbiBatoleMy Bce N BUTKOB, paBHa

§ Bl = o NI

ABCDA

A.H.OrypuoB. flekyuu o ¢pusuxe.
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opbume nipeyeccuu ¢ yarosol ckopocmbro L.

MpeLeccUoHHOE ABUXEHWE SMEKTPOHHBLIX OPOUT 3KBMBAMEHTHO KPYroBOMY
MUKPOTOKY. Tak kak 3TOT MUKPOTOK WHAYLIMPOBAH BHELIHUM MarHUTHbIM MOfemMm, To,
cormacHo npaBwuny JleHuya, y aToMa nosBNsieTCA Ma2HUMHbIU MOMeHm,
HanpaBreHHbIN fIpomue eHelWHe20 noJs.

HaBefeHHble cOCTaBNSIOWME MarHUTHbLIX MOMel aToMOB CKIaAblBalOTCS U
obpasyloT cobcmeeHHOe MagHUMHOe rofle eewecmea, ocrnabrsowee sHewHee
MagHUmHoe rnosie. OTOT apdeKT nonyyun HassaHve AUamMarHUTHoro addekrTa, a
BellecTBa, HaMarHW4MBalLWMecs BO BHELWHEM MarHUTHOM rorie  MpoTuB
HanpaBsrieHUsa nons, HasblBaloTcA AUamMarHeTUkamu (Hanpumvep, Ag, Au, Cu...).

Tak kak AvamMarHUTHbI 3ddoekT oOycrnoBrieH AeWCTBUEM  BHELLHEro
MarHUTHOrO MOMs Ha SMEeKTPOHblI aTOMOB BellecTBa, TO AMamarHeTUsM CBOWCTBEH
BCEM BelLecTBaM.

Hapsay ¢ AvamarHUTHbIMW BellecTBamMy CYLUECTBYIOT M MapaMarHUTHble —
BellecTBa, HaMarHU4MBaloLWMecs BO BHELLHEM MarHWTHOM rMofe Mo HanpasBreHuo
nonsa (Npumep: peakosemenbHble MeTannsl, Pt, Al...).

Y napamarHWUTHbIX BELLECTB MPW OTCYTCTBUM BHELUHEro MarHWTHOro Mons
MarHUTHblE MOMEHTbI SNEKTPOHOB He KOMMEHCUPYIOT APYr Apyra, U Morekyrbl
napamarHeTMKoB Bceraa obnajaloT MarHUTHBIM MOMEHTOM (Takue Morekyrbl
Ha3bIBalOTCH MONSPHBIMU).

BcrneacTBue  TennoBoOro  ABWXKEHWS MOMEKYNn WX MarHWUTHble  MOMEHTHI
OpVeHTUpoBaHbl GecrnopsfodHO, MO3TOMY, B OTCYTCTBUE MarHWTHOrO  Mons,
napamMarHUTHble BelecTBa MarHUTHLIMW CBOVCTBaMK He obnajatoT.

Mpw BHeceHUN NapamarHeTUka BO BHELLHee MarHUTHoe rorie yctaHaBrvMBaeTcs
npeumMyujecmeeHHasi opveHTaLUmMsi MarHUTHbIX MOMEHTOB aTOMOB (MOSeKyn) f1o
o110 (NONHOWM OpUeHTaLMKM NPenATCTBYET TENNOBOE ABUXEHNe aTOMOB).

Takum obpasoM, mapamarHeTVK HamarHu4MBaeTcs, cosjaBas CoBCTBEeHHoe
MarHutHoe rore, coenadaowee 0 HarpaefieHUr C 6HEWHUM TonemMm W
yeunueatowmm ero. 3T1oT 2dhdheKT HasbiBaeTCA NapPaMarHUTHbLIM. Ecnv MarHUTHbIN
MOMEHT aToMOB (MOrneKyn) Benuk, To NapamarHUTHble CBOWCTBa npeobnajaloT Haj
AVamarHUTHBIMA W BELLLECTBO ABMSETCH NapamMarHeTUKOM.

Mapa- 1 gnamarHeTUKM Mo-pasHoMy BeAyT cebsi B HEOAHOPOAHBIX MarHUTHbBIX
nonsx.

- PaccmoTpym  manbln  BUTOK € TOKOM B
dF HEeOAHOPOAHOM MarHUTHOM rorie (CM. pUCyHokK). Cunel

dF |, pevicTeylollMe Ha OTAernbHble Y4acTKu BUTKa,
neprneHAVKYNapHbl K TOKY W K MarHUTHOMY MOrio.

Cocrasnsiowve dF,, napannernbHble BATKY, CO34atoT
ycunusi, pactarvsatowme (U CXUMatolme) BUTOK.
CocrasnsioLue dF,,  nepneHAuKynsipHble K
NMOCKOCTU BUTKA, CKMajblBasicb, AafyT Hekylo cuny

F', cTpewmswytocs nepemellatb BUTOK B MarHUTHOM
none. Ecnn marHWTHBI  MOMEHT Toka P,

dF;

By

COoHanpaBneH C BEKTOPOM MarHWUTHOW WHAYKuuM B
(kak n30bpaxeHo Ha pPUCYHKe), TO BUTOK OyaeT
BTArMBaTbCA B 0bnactb 6onee cunbHoro nons. Ecnn

Xe BekTop P, MNpoTUBOHanpaeneH BekTopy B, To

MarHeTusm
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MexXaHWYeCKMM MOMEHTOM MMNynbca Ll , T.e. I'IO,D,OGeH BOJTHKY!
2
L, =mar” =2mvS§
rae W=27V — yrmoBasi CKOPOCTb 3MeKTpoHa, il =S. Bextop L,

HasblBaeTCcA opbuTanbHbIM _MeXaHWYeCKUM MOMEHTOM 3MeKTpoHa. rlOCKOJ'Ibe
HanpaBneHne BeKTopa Ll TaKXxe onpejendeTtcA no npaBwury npaBoro BUMHTa, TO

Hanpaenenus p, v L, npomueononoxrel. MNoatomy:

e - -
p =——L =T"-L,,
Dy om ! i

1{e
raoe BenuumHa I'=——| — | HasbiBaeTCs [MPOMArHWTHLIM _OTHOLIEHWEM
2\m
opBuUTanbHBLIX MOMEHTOB,
€ _ 11 .
—=1,76-10" Ki/kr — yaensHbI 3apsa/ snekTpoHa.
m

Kpome opbuTanbHbIX MOMEHTOB, 3MNekTpoH obnagaeT COOCTBEHHLIM
MexaHUYeCkMM MOMEHTOM UMMybca Es, Ha3blBaeMblii CTUHOM.

CrMHy 9reKkTpoHa COOTBETCTBYET COGCTBEHHbLIA (CMWHOBLIN) MarHWUTHLIN
MOMeHT P, .. [poekuma cnHa Ha HanpaBneHWe BekTopa B wmoxet npUHUMaTL
TONBKO OAHO U3 CreAYoWnX ABYX 3HAYEHWIA:

eh
Pusp = J—rg =1y,

h y
rae h=2— (h - nocTtosiHHas MnaHka), (- MazHemoH Bopa, sensoWmMiics
/4

€AVHVLIE MarHUTHOrO MOMEHTa SreKTPoHa.
O6LWMA MarHUTHLIA MOMEHT aToma UMM MOrekynbl paBeH BEKTOPHOW CymMMme
MarHWTHbIX MOMEHTOB (OpBuTanbHbIX U CMIMHOBBLIX) BXOASALLMX B aToM (Morekyny)

®MeKTPOHOB:
Pa=2Dut X Pus

MarHuTHble MOMEHTBI aTOMHbIX A4ep B ThicAYM pa3 MeHblle MarHUTHbIX
MOMEHTOB 3MEKTPOHOB, NO3TOMY UMW KaK npaBunio npeHe6pera10T.

38.Ana- U napamMarHeTuKu. R
Bcskoe BellecTBo £BMSeTCA MarHeTUKOM, T.e. CNocoBHO
noa QAeWCTBUEM MarHUTHOro nomnsi npuobpeTaTb MarHUTHbIRA »
MOMEHT (HamarHM4MBaTbLCS). e SRS
~

Ha Bpalatowuiicst no opbuTe aMeKTPOH, Kak Ha 3aMKHYTbIA
TOK, B MarHWTHOM Mofe AelCTBYeT Bpallatolmii MOMeEHT cun. B
peaynbTaTe 3MeKTPOH MoryyaeT AOMOMHUTENBHOE paBHOMEpPHOE

BpalleHre, Npu koTopom BekTop L 6GyaeT onucbiBaTb KOHYC
BOKPYr HanpaBneHust WHAYKUMM B ¢ HeKoTopoi yrnoBoW
ckopocTbio (2. Takoe ABMXeHMe HasbIBaeTCA MPpeLecCcUei.

Teopema Jlapmopa: delicmsue MaeHUMHO20 110/ Ha
3/1IEKMPOHHYI0 Opbumy MOXHO ceecmu K coobuwieHuro amol

A.H.OrypuoB. flekyuu o ¢pusuxe.

4-11

Ha yuyactkax AB wu CD  koHTyp
nepreHAVKYNSpeH MUHUAM MarHUTHON WHAYKLAM,
cneposatencHo B; =0. MoxHo mnokasaTb, 4TO
BHe ©GeCKOHEeYHOro cofieHouMja MarHUTHoe rone
B=0 (ypanue yuyactok CB Ha 6eCKOHe4YHOCTb,
rae MarHUTHoe Mone coneHouia paBHO HYrHo,
MOCKOMbKY MarHWTHOE Mofle  KaXAoro BUTKa
COMeHOMAA YMEHBLIAETCS C PaccTosHUEM ~ 7).
Ha yyactke DA KoHTyp coBrnagaeT cC nuvHUWeR
MarHUTHOW UHAYKLMW, BHYTPW corleHouaa rorne oaHopoaHo (B, = B), noatomy

[ Bidl = BI= NI

DA
MarHuTHasa nHaykums (6eckoHe4YHoro) corieHonaa B Bakyyme:

B= HoNT

20. MarHuTHOe none Topouaa B BaKyyme.

Topoudom — HasblBaeTCA KorbLieBasi kaTyllka C
BUTKaMK, HAMOTaHHLIMU Ha CepAEYHVK, UMEIOLLUA dhopMy
Topa, Mo KOTOPOM TeYeT TOK.

MarHuTHoe Mone OTCYTCTByeT BHe Topouja, a
BHYTPW €ro OHO ABMSETCS OAHOPOAHBIM.

JIMHUM  MarHWTHOM WHAYKUMKW, Kak creayeT wus
COOBpaxeHWn CUMMETPUM, ECTb OKPYXHOCTW, LeHTpSbI
KOTOPbIX PaCMONoXeHbl Ha ocK Topouaa.

B KkauecTBe KOHTypa BblGEpeM OAHY Takyo
OKPYXHOCTb paguyca 7. [lo TeopemMe O LMPKynsaLmn

B2nr = u,NI , rae N —uvcno ButkoB Topouaa. OTctoga
B U NI
2nr

21.MoTOK BeKTOpa MarHUTHOW UH UK.
Momokom eekmopa MazHUMHOU UHOYKYUU (MarHUTHbIM MOTOKOM) Yepes
nnowaaky dS HasblBaeTcs ckanspHas dusndeckas BenuumHa, paBHas

d®, = BdS = B,dS

rae B, = Bcoso — npoekuus BekTopa B Ha HanmpaBneHve Hopmanu 7i K
nnowaake dS, O — yron mexay BekTopamu 7i u B, dS — BEKTOP, MOAYMb

KOTOpPOro paseH dS, a HanpaBneHwe coBnajaeT C HanpasBneHunemMm HopManu 7K
nrowaake.

Momoxk 8eKmopa B MOXeT OblTb Kak [0/10KUMEbHbIM, _maKk U
ompuyamesibHbIM B 3aBUCUMOCTU OT 3Haka COS{ .

MoTok BekTopa B cBA3bIBAlOT C KOHTYPOM MO KOTOPOMY TeyeT ToKk.
MonoxutenbHoe HanpaBreHWe HopManu K KOHTYpy CBA3aHO C HarnpaBrieHUeM Toka
no nMpaBury NpaBoro BUHTa. MNoaToMy MagHUMHbIG MOMmMoK, co3dasaembill KOHMYPOM
C MOKOM Yepe3 Mo8epxXHOCMb, 02pPaHUYEHHY0 UM CaMuM, BCerja nornoxureneH.

MarHeTusm
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MoTok BEKTOPa MarHUTHOM MHAYKLMW Yepes NPOoU3BOSIbHYO NOBEPXHOCTL S :

@, = [BdS = B,ds
S S

Ecnn none oAHOpPoOAHO W MEPREHAUKYNAPHO eMy pacrofioXeHa nnockas

MoBepPXHOCTL € nrowaasto S, To
®, =BS

EAaMHMUA MarHuUTHoro notoka — BeGep (B6): 1B6 — MarHUTHbIA MOTOK,
NPOXOAALMA CKBO3b MIOCKYIO MOBEPXHOCTL MMoWaAbo M2 pacronoXeHHyo
nepneHanKynapHoO oAHOPOAHOMY MarHUTHOMY MOS0, UHAYKUMS KoToporo paBHa 1Tn
(1 B6=1 Tn-m?).
22.Teopema MNaycca Ana MarHUTHOro nons B Bakyyme

lMomok eekmopa MaeHUMHOU UHOYKUUU CK803b J1106yi0  3aMKHymyro
108€PXHOCMb PaBEH HYIIO:

5§§$=0
S

OT1a TeopemMa oTpaxaeT dDaKT OTCYTCTBMA MarHATHbIX 3apAdoB, BCneacTBue
Yero nNUHUM MarHUTHOW MHAYKUMWN HE MMET HWM Ha4vana HU KOHUa W ABNAKTCA
3aMKHYTbIMW.

23.MoTokocuenneHue.

MarHuTHBIR NoTok vepes NoBepxHOCTb, OrpaHNYEeHHY 3aMKHYTbIM KOHTYPOM,
Ha3blBaeTCcA rMromokKocuernaeHuem Y storo KOoHmypa.

nOTOKOCL{eI‘IJ‘IeHVIe KOHTYpa, OSyCJ‘IOBJ‘IeHHOB MarHUTHbIM nofiemMm Toka B caMmomM
OTOM KOHTYpe, HasblBaeTCcA NoToKocLenneHnem caMmounHaykKLInn.

Hanpl/lmep, Hangem noTokocuenneHmne caMoMHA YKLUMK coneHonpa C
cepaevyHUKom C MarHUTHoOWn nNpoHML@EMOCTbIO L. MarHWTHbIA MOTOK CKBO3b OAMH

BUTOK coreHouga nrowadbo S paseH @) =BS. MoMHLIN MarHUTHbIA NOTOK,
CLleI'IJ'IeHHI:IPI CO BCeMU BUTKaMu coneHounga paBeH:
2
UNT NI
‘P=CI>1N=BSN=‘UOTSN=uOuTS
nOTOKOCLleI'IJ'IeHVIe KOHTYypPa, oGycnosneHHoe MarHMTHbeIM nonem Toka, nayuiero
B APYromMm KOHTYype, Ha3blBaeTCcA NOTOoKoCLienneHnem B3aUMHOW MHAYKLIN 3TUX ABYX
KOHTYPOB.

24.PaGoTa no nepemeLleHUIo NPOBOAHUKA € TOKOM B MarHUTHOM none.
MpoBoaHuK ArvHoi [ (oH MoxeT csBoBofHO nNepemellaTbesl) ¢ Tokom [
HaxoAUTCA B OAHOPOAHOM MarHWTHOM rorne (cMm. pucyHok). [lone HanpaBneHo
nepreHAMKYNAPHO NIOCKOCTU pUCYHKa — us-3a YepTexa. Cuna amnepa F = IB].
Moa ee aeicTBMEM NPOBOAHWK NEPEMECTUrCA U3

J r@f_ nonoXeHwsa 1 B nornoxexHue 2.
P .: s \ PaG:)E, conia’ptuafmaﬂ MarHUTHBIM MOMeM:
c v o oF . dA = Fdx=1Idx[l,B]=IBldx = IBdS = IdD
— F |] WcnonbsosaHel cooTHoLeHMs:
® 0000 dS=Ildx — nnowaab, nepecekaemas
o o o o o | NPOBOAHMKOM MY ero NepeMeLLeH B MarHUTHOM
g ’ ] none; BdS =d® — noTok BekTopa MarHWTHOM

A.H.OrypuoB. flekyuu o ¢pusuxe.
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MarHuTHoe rore ANVMHHOrO corieHouga OJAHOPOAHO U COCPeAOoTOYEeHO BHYTPU
HEero, NodTOMY SHEPrnA 3akr4eHa B obbeme coneHouga u pacnpejgeneHa B HEM C
o6bLeMHOU NIomHocmbio

WV B®  pouH® BH
Voo2u.u 2 2
3T COOTHOLWUEHUS HOCAT 06LIJ,VII7I Xapaktep W cnpaBeanmBbl U 4AnNA

HeoZHOPOAHLIX MOMei, HO TOMbKO ANS Cpeh, ANs KOTopbIX cBsA3b Mexay B wu H
NWHeHas (T.e. ANg Napa- v AuamMarHeTUKOB).
Bblpa)KeHVIe Aana 06bEMHON NIMOTHOCTU SHEPrmn MarHMTHOro nonA aHanorn4yHo
COOTBETCTBYHOLLEMY BblpaXXeHUo ana o6bemMHOM MOTHOCTU SHeprm
W egE’ ED 5 5
QNeKTpocTaTU4eCcKoro nonA: W:?:TZT, Cc TouM pasHULen, dTo

ArNeKTpunyeckmne BenMMHnHbl 3aMeHeHbl B HEM MarHUTHbLIMUA.
MazHumHble ceolicmea eeulecmea.

37. MarHUTHble MOMEHTbI 9JIEKTPOHOB U aTOMOB.

B,O CUX Nop BNuAHWE cpebl Ha MarHUTHbIE ABNEHUA YYUTbIBanocChb cbopmaano
BBEEeHUEM MarHuTHon npoHulaemocTn U. ﬂl‘lﬂ TOro, 4TobbI paao6paTbc;| B

MarHUTHbIX CBOWMCTBaxX Cpej U WX BIIUSHUM Ha MarHUTHYO WHAYKUMIO, HEoGXoAUMO
paccMoTpeTb AeACTBUE MArHUTHOIO Moris Ha aToMbl U MOeKy bl BelecTsa.

Bce BelyecTBa, rMoOMelUeHHble B MarHUTHOE More, HaMarHuuMBatloTcs,
Mockoribky B FOGOM Tere CyLecTBYIOT MMKPOCKOMUYECKUE TOKU (MUKPOTOKM),
obycrnosrneHHble O8UXEHUEM 3/1eKMPOHO8 8 amoMax U MosieKyrax.

Ona mHorux uenei, B TOM 4ucrie U ANsi OGBSACHEHWUS MHOTUX MarHWUTHbIX
SIBMEHW, MOXHO WCMONb30BaTb  K8a3UKIAaccu4yecKkyio Moodefb, B  KOTOPOW
npeanonaraeTcs, YTo aToOM COCTOUT U3 MONOXUTENBHO 3apsXKEHHOTO sifpa, BOKPYr
koToporo obpallaioTcsl BMEeKTPOHbI MO KPYroBbIM WMW SNMUMTUYECKMM opBuTam,
noflo6HO NnaHeTam CONHEYHOW CUCTEMBI (NNaHeTapHaa MoAernb atoma).

Takue onekTpoHbl, obpalatowmeca no opbutam, npeacTaBnAlT cobon
3aMKHYTbIE SneKTpu4eckue TOKW, U MOSTOMY €CTECTBEHHO MPEAMNOnoXuUTb, YTO
WMEHHO OHU SBMAIOTCA MUKPOTOKaMW (CylLecTBOBaHWe KOTOpbIX Npeanonaran ele
AMnep), 0TBETCTBEHHBLIMM 32 HaMarHM4MBaHVe BellecTBa.

Ecnun anekTpoH coBepluaeT V 060poToB B CeKyHAy, To cura Toka [ =eV.
Op6uUTanbHbIA MarHUTHbIM MOMEHT 3NeKTPOHA, ABWXKYLLErOCS MO KPYroBoW

opbuTe, nrowagsto S :

P, =1S=evS
Ecrnun SNEeKTPOH ABWMXETCA Nno yacoBow cTpenke, To
— TOK HarpaBrieH MPOTUB YacoBOW CTPerku 1 BekTop P, (B

G. r e COOTBETCTBUM C MpaBWUrOM MpaBoro BWHTA) HanpasreH
nepneHAVKYIAPHO MIIOCKOCTU OpBUTLI SrEKTPOHa.

Tak kak 3aneKkTpoHaM MPUCYLL He TONbKo 3apsfg, Ho
ellle U Macca, TO Kaxabld opBuUTanbHO ABMXKYLLMACS
3MNEeKTPOH obrajaeT He TONbKO MarHUTHLIM MOMEHTOM (Kak
M BCAKUA 3aMKHYTbIA TOK), HO elle U onpeAereHHbIM

ba"ao

<}

Ly

MarHeTusm
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MarHuTHoe nore. 3To BbI3bIBAET BO BTOPUYHOM 06MoTke nosineHve 30C BsaumMHon
WMHAYKUMKW. Mpn 3TOM:

N
0,=- 2@1,
N,
rae Ny u N, — uvcno BWTKOB B MEPBUYHOM U BTOPWYHON OBMOTKaX,

COOTBETCTBEHHO.

N
OTHoleHne k= —2, rokasbiBalollee, BO CKoNMbko pas O[C BO BTOPUYHO

1
obmoTke TpaHcdopmaTopa Sonblle (MM MeHbLUE), YEM B MEPBUYHOW, HasbliBaeTCH
KoadhpULIMeHTOM TpaHchopMaLIMK.

Ecrm k>1, To TpaHcdopmaTtop — noebiwarwul, ecnm k<l —
noHuXarowuil.

36. SHeprunsA MarHuTHoro nons.

MpoBOAHUK, MO KOTOPOMY TMPOTEKAET BMEKTPUYECKUA TOK, BCErAa OKPYXeH
MarHWTHbIM norem. MarHUTHoe nore MosIBMsiETCA U Nc4esaeT BMecTe C NosiBNeHUeM
W uncyesHoBeHWeM Toka. MarHutHoe norne, nofoGHO dneKkTpUYeckoMy, ABMAeTCs
HocuTenem SHeprun. OHepeus MagHUMHO20 rofisg pasHa pabome, KOmMopyio
3ampayusaem Mok Ha co30aHue 3Mmozo ros.

PaccMoTpuM KOHTYP MHAYKTUBHOCTBIO L, Mo koTOpoMy TeueT Tok /.

C faHHbIM KOHTYPOM cLenfieH MarHUTHeI notok @ =17 .

Mpu nameHeHUn Toka Ha dI MarHUTHLIM NoTok uameHsietcs Ha d® = Ldl .

Ona Takoro M3MEHeHWs MarHUTHOro MoToka Heo6xoAMMO CoBepWUTL paboTy
dA=1d®d=LIdI .

Toraa pa6oTa no cosgaHuio MarHuTHoro notoka @ GygeT pasHa

1 2
LI
A= jLIdI -
’ 2
SHeprVIﬂ MarHMTHoOro nond, cBA3aHHONO C KOHTYPOM,
LI?
W=""
2

Ha npumepe 0aHOPOAHOrO MarHWTHOro MOMS BHYTPW AMUHHOMO corneHoupa
BbIPA3VIM 3HEPrUio MarHUTHOrO Moss Yepes BenuuMHbLI, XapakTepusytoLme aTo rnone
B OKpYXaloLLleM MPoCTpaHCTBe.

2 272
) N°S ) 1 N-I
MHAYKTMBHOCTL coneHouaa: L= ‘uouT. Otctopa: W = E,uo,uTS.

M. OTcropa: 12371.
HolN

Mo onpeaeneHno BeKToOpa HaNnpAXeHHOCTU MarHMTHOro nona B= IUOIU‘H
MCI'IOJ'Ib3yF| 3OTWU COOTHOLLUEHWNA

MarHutHas MHAYKUWA NonAa coneHounaa: B=

2
b,
2uop 2

roe SI=V — obbvem coneHounaa.

A.H.OrypuoB. flekyuu o ¢pusuxe.
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WHAYKLMW, NPOHM3bLIBaIOLWMIA STy Nrowajb. Takum obpasom,
dA=IdD
Paboma no nepemeweHuUr0 Npo8oOHUKa C MOKOM 8 MasHUMHOM [1ofle pasHa
npou3eedeHuU0 CuMlbl MOKa Ha Ma2HUMHbIU MOMOK, NMepecevyeHHbIld O08UXywumes
IPOBOOHUKOM.

25.Pa6oTa no nepemMeLleHUIO KOH a C TOKOM B MarHUTHOM norne.

MarHuTHoe Mosie HanpasrieHO MepreHAMKYSPHO MIOCKOCTM pUCYHKa — 3a
yeptex. PaBota dA cun Amnepa npu nepemelieHun koHtypa ABCDA pasHa
cyMMe paboT Mo MepeMeLleHUo MPOBOAHUKOB
ABC (dA4)) v CDA (d4,), Te.

dA=dA4, +dA,
Mpn nepemelweHun yyactka CDA  cunbl

AmMnepa HanpaBreHbl B CTOPOHY TMepemelleHUs
(o6pasytoT ¢ HanpaBreHNeM rnepemeLLeHNs ocTpble

yrnbl), noatomy dA4, >0
d4d, =I1(d®,+ dD,)
Cunbl, pencTBytowme Ha ydvactok ABC KoHTypa, HampaBrieHbl MpoTWB
nepemelLeHnss (06pasyloT ¢ HampaBreHVeM nepeMeLLeHrst Tynble Yrmbl), No3Tomy

d4, <0

d4, =-1(d®, + dP,)
B cymme
dA=1(d®, — d®,), vim A=]JAD, vrm A=I(¥, -¥,)
Paboma no nepemMeweHU0 3aMKHYmMO20 KOHMypa C MOKOM 8 MagHUMHOM

fionie pasHa npouseedeﬂmo CUsnbl mMoKa & KOHmype Ha U3MeHeHue MaeHUMmHoeo
10MmokKa, cyernrneHHo20 ¢ KOHmMypom (UﬂU Ha eeo ITOI’TIOKOCL(GITHGHUG).

SnekmpomazHUMHas UHOYKYU

26.0nbITbl ®apages.

OnbIT 1.

CorneHoung nogkrtodeH k ranssaHomeTpy. Ecnvn B coneHoug
BABUraTb (UM BblABUraTb) MNOCTOSAHHBLIA MarHUT, TO B MOMEHTbI
BABUMraHUA (I/IJ'II/I BblABMFaHWiI) HaGruo,qaeTcg OTKITOHEHME
CTpenku ranbBaHoMeTpa, T.e. B coneHounae nHayumpyetca 3C.

HanpaBneHme OTKINOHEHUA CTpenkun npu BABUTAHUKN WU
BblABUraHUMN MPOTUBOMNOJIOXHbI. Ecnn  MNOCTOSAHHBIA  MarHuT
Pas3BepHYTb Tak, yToObl Montca MNoMeHANUchb MectaMu, 1o U

HanpaBneHne OTKITOHEHUS CTpenku N3MeHUTCA Ha
npoTvBononoxHoe. OTKMNOHEHWE CTPenkM ranbBaHoMeTpa Tem
Gonblle, Yem Oonblue CKOPOCTb  ABWKEHUS  MarHuta
OTHOCUTENbHO corneHoupa. Tako xe addekt OyaeT, ecrnm

MOCTOSAHHBIA MarHUT OCTaBUTb HEMoABUXHBIM, @ OTHOCUTESIBHO
ero nepemMellatb corieHouU .

MarHeTusm
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onbIT 2. + K
OavH coneHoung (K7) MOAKMIOYEH K WCTOYHUKY TokKa. T l

Opyronn comeHoup (K2) nopkmoveH K  ranbBaHOMETPY. E_I'__
OTKINOHEeHWe CTpenku raneBaHoMeTpa HabnogaeTcd B MOMEHTbl

BKIMIOMEHWNST UMW BbIKIMIOMEHNA TOKa, B MOMEHTLI €10 yBENMYeHUs

WA YMEHbLUEHWA WNW MpU  MepeMeLLeHUn KaTylek Apyr

oTHocuTenbHo Apyra. Mpu BKMKOYEHUN U BBIKMIOYEHWW CTpernka

OTKIOHAETCA B pasHble CTOPOHbI, T.€. 3HaK WHAYLMPOBAHHOW Kz
30C B aTux cryyasx pasnuyeH. Tako xe adpdekT — HaBeAeHME

B kaTywke K, 3OC pasnumyHoro sHaka — HabniogaeTcs npu

YyBEMWYEHUMN WINN YMEHbLUeHWM Toka B kaTywke Ky, npwu

cONUXEeHUM UNK yaaneHu KaTyLLek.

B onbitax Qapagess ObINo  OTKPLITO  SiesleHUe  dJieKmpomMa2HUmMHou
UHOYKyuu. OHo 3akroyaeTcA B TOM, YTO B 3aMKHYTOM MPOBOASILLEM KOHTYpe npu
W3MEHEHUN MOoToKa MarHUTHOM WHAYKLUMW, OXBaTbiBAEMOro OTMM KOHTYPOM,
BO3HMKAET 3MEKTPUYECKUIA TOK, MONYYMBLLNIA HasBaHWe UHOYKLUOHHO20.

OcHoBHble CBONCTBA MHAYKLMOHHOIO ToKa:

1. MHAYKUMOHHBIA TOK BO3HWKAeT BCerfja, Korja MPOUCXOAUT U3MeHeHue

CLeMNneHHOro ¢ KOHTYPOM MOToKa MarHUTHOW UHOYKYUU.
2. Cuna WHAYKUMOHHOIrO TOKa He 3aBWUCWT OT crocoba WSMeHeHua noToka
MarHUTHOM UHAYKLMW, a onpeAenseTca NLlb CKOPOCMbIO er0 USMEHEHWS.
OTKpbITUE SBNEHUA 3reKTPOMArHUTHOM MHAYKLIMK:
1) nokasarno B3aMMOCBSA3b MEXY SMEeKTPUYECKMM WU MarHUTHLIM MonemM;
2) npeanoxuno crnoco® nornyyYeHWs SNeKTPUYEcKoro Toka C MOMOLLbIO
MarHWUTHoOro nons.

27.3akoH Papages.

O6obwasa pesynbTaThl onbiToB, Papajen nokasarn, 4To BCHAKWMA pas, Koraa
NMPOUCXOAUT UBMEHEHME CLIEMMEHHOro C KOHTYPOM MOTOKa MarHUTHOW WHAYKUMW, B
KOHTYpE BOSHMKAET MHAYKLMNOHHBIA TOK.

BO3HWKHOBEHWE WHAYKLMOHHOMO TOKa YykasbiBaeT Ha Hanmuyane B Lenu
BMEKTPOABMKYLLEN CUMbI.

Ota O[C HasbiBaeTcs anekmpodeuxywieli cunmoll anekmpomMazHUmMHoU
UHOYKYUU.

3akoH ®apapes: O3[C snekTpoMarHUTHOM WHAYKLMN B KOHTYPE YWCNEHHO
paBHa M MNPOTMBOMOMOXHA MO 3HaKy CKOPOCTUM USMEHEHWUA MarHUTHOFO MOTOKa CKBO3b
NMoBEPXHOCTb, OMPaHUYEHHYIO 3TUM KOHTYPOM:

dd
‘ dt

[ns 3aMKHYTOro KOHTypa MarHuWTHbIi notok P ecTb He 4YTO MWHOe, Kak
notokocuennenne W atoro koHTypa. MoaToMmy B arekTpoTexHuWke sakoH dapages
YacTo 3anucbiBatoT B hopMe:

Coodr
HanpaBneHve WHAYKUMOHHOMO Toka onpegensetcs no fApaeuny fleHya: npu
B8CSIKOM U3MEHEHUU MagHUMHO020 [10mMoKa CK803b M08EPXHOCMb, HamsHymyro Ha
3aMKHymbil npoeolswull KOHMyp, 8 rnocrieéHeM 803HUKaem UHOYKUUOHHbIU MoK
makoeo HarnpaesieHusi, Ymo e20 MazHUmMHoe fnorne npomusodelicmeyem USMEHEHUIO
MaeHUMHO20 MToMoKa.

A.H.OrypuoB. flekyuu o ¢pusuxe.
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34. B3anMHas UHAYKLMUA.

BsaumHOW uHAYKUMEN HasbiBaeTCs

7 < 2 aBrieHVe Bo3GyxaeHus OSOC anekTpo-

~ - ~

b= < __ =7 MarHuTHOR MHAYKLAM B oAHOM
7 S9neKkTpUYeckon Lenn npu  U3MEHEeHUN

3reKTpUYEecKoro Toka B APYroi Lienu unm
MPU UBMEHEHUN B3aNMHOTO PacroNnoXeHUs
3TUX ABYX Lienei.

PaccmoTpum  ABa  HemMoABWXHbIX
koHTypa 1 u 2 ¢ Tokamu I, wn I,,
PacronoXeHHBIX J0CTaTouHO GrusKko Apyr
oT Apyra. Mpu npoTekaHW B KOHTYpe 1 Toka /; MarHWTHBIA MOTOK MPOHW3bIBAET

BTOPOW KOHTYp:

®,, =L, 1, ananornuHo @, =1,1,.
KoaddumeHTsl nponopumoHansHocTm L, wu L, paBHel Apyr Apyry

Ly, = L, = L v HasbIBalOTCA B3aVMHOW NHAYKTVBHOCTbLIO KOHTYPOB.

Mpy UsMeHeHWN cunbl Toka B OJHOM W3 KOHTYPOB, B APYroM WHAYLMpyeTcs
a4c:

@iz:_akp21 _dn dy, __ dl,

dt dt dt dt
BsaumHasi UHOYKMUBHOCMbL KOHMYypO8 3asucum om eeomempuyeckol ¢hopmbl,
pasmepos, 83aUMHO20 PaCITONIOXEHUSI KOHMYpPOo8 U om MagHUMHOU npoHuyaemocmu
OKpyXarouwiell KOHMypbl cpedbl.
Ons npuvmepa paccyumaem 83aUMHYr0 UHOYKMUBHOCMb O8YyX Kamyulek,
HamomaHHbIX Ha mopoudarsbHbil cepOeyHUK.

I'IepBaﬂ KaTylwka C 4YUCrOM BUTKOB Nl N TOKOM Il co3jaeT none

> 0,=-

N, T
B=u ,u#. MarHuTHbIA NMOTOK CKBO3b OAWH
o

N, I
BUTOK BTOpON kaTywkn P, =BS = uou%S ,
rae [ — AnvHa cepheydHvka Mo cpefHel fnHUA.
Toraa MNOsHbIA MarHUTHbIA NnoToK
(noTokocLenneHune) CKBO3b BTOPUYHYIO
0BMOTKY, cofiepxallyto N, BUTKOB:
NN,
Y=0,N, =11 SI, . Nockonbky notok ¥ cospaetcsi Tokom 1, To
¥ NN
L=—=pu—-28
A !

[JaHHoe ycTpoicTBO ABNSeTCA NpUMEPOM TpaHcopMaTopa.

35. TpaHchopmMaTopbl.

MpUHUMN AelCTBUSA TpaHCEOpMaTopoB, MPUMEHSEMBIX AN MOBLIWEHWUS UMK
NOHWKEHWS HanpsHKeHUs MNepeMeHHOro Toka, OCHOBaH Ha SBMEHUM B3aUMHOM

uHAYyKUMK. [epemeHHbI Tok I; cospgaeT B MepBMYHON OBGMOTKE mMepeMeHHoe

MarHeTusm
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33. TOKU Npu pasMbIKaHUM U 3aMbIKaHUU LEMNN.
Mpn BCAKOM U3MEHEHUM CUNbl TOKa B MPOBOASALLEM KOHTYpe Bo3HukaeT 3[C
CaMOVHAYKLUMW, B pesynbTaTe Yero B KOHTYpe NOSABNATCA AOMNONTHUTENBHBLIE TOKW,
HasblBaeMble IKCmpamokamMu caMoUuHOYKYUU.
Mycts B Uenu conpoTuBreHnem R "
MHAYKTUBHOCTBIO L Moa aeiicTBrem BHelwHen 3OC © I

—— e o sma

TeueT NocTosHHbIN Tok [, = O/ R. B MOMEHT BpeMeHM 2
t=0 ebIKmoYUM WCTOYHMK Toka. BosHukaet 3[C
di
camMmouHAYKLMN O, = —Ld—, npensaTcTByoLLas
t

YMeHbLLEHWIO Toka. TOK B LieMnn onpeaersieTcsi 3aKkoHOM
dl dl R
Oma [R=0, wwm IR =—Ld—. Pasgensem nepemMeHHble: 72——6[[, 7]
t
1 Rt
uHterpupyem no I (ot I, ao I)mnno f (ot 0 go ¢): lnl—z——, unm
0

I=1,exp _L ,
T

L
rae T:E — MNOCTOAHHAaA, HasblBaeMaA BpeMeHeM pernakcaLnn — BpeMA, B

TeuYeHVe KOTOPOro cuna Toka yMmeHbllaeTcs B € pas.
Taxkum 0bpa3om, npu 8bIKTOYEHUU UCMOYHUKa moKa curna moka ybbieaem 1o
OKCITOHEHUUanbHOMY 3aKOHY (@ He ME@HOBEHHO).
OueHum 3HaveHve OOC caMOMHAYKLUMM NpU  MIHOBEHHOM YBeEnuueHUn
conpoTtvereHus ot R, no R:
(C] Rt dl R Rt

I=—exp|—— | oTkyaa O, =—L—=—0exp| ——
R, P L Y dt R, P L

T.e. Npu pe3koM pasmbikaHuu koHTypa (R>>R,) O[C camouHaykumm O,

MOXeT BO MHOro pas MnpeBbicUTb ©, UTO MOXeT MPUBECTU K MPoBolo M3oNALMA 1
BbIBOAY M3 CTPOSI USMEPUTENBHBIX MPUGOPOB.
Mpu__3aMbikaHUu _Lien noMumo BHewHed 3AC © BosHukaer J[C

dr
camouHAyKumn O :—LE, npensTcTBYlOLWan Bo3pacTaHuto Toka. Mo sakoHy Oma,
t

dil
IR=0+0,, v IR=0- L;. Mo>HO MnokasaTb, YTO peLleHne 3Toro ypaBHEHWSA
{
vMeeT BUA:

1—-exp _L ,
T

roe I, = E — YCTaHOBUBLLUWICA TOK (Mpw [ —> oo).

Takum o6pa3omM, NMpu eKMoYeHUU UCMOYHUKE moKa cuila moka eospacmaem
110 3KCrIOHeH UabHOMY 3aKOHY (a He M2HOB8EHHO).

A.H.OrypuoB. flekyuu o ¢pusuxe.
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3[C aneKkTpoMarHUTHOW MHAYKLMUW BblpaXaeTcH B BOSbTax.
dd]_B6_Ta-m®> _ H-m> _ Jxk _A-Bc
dt c c A-Mm-c Ac A-c

28.3[1C MHAYKUMU B HEeNOABWXKHbLIX MPOBOAHUKAX.

CornacHo 3akoHy ®apages, Bo3HUkHOBeHWE 3[C arekTpoMarHUTHOW UHAYKLUN
BO3MOXHO W B Criy4ae HernodsuXxH020 KOHTYpa, HaxXxOASLIEerocsi B epemMeHHOM
mMarHuTHoM none. OpgHako cuna JlopeHua Ha HemnoABWXHbIE 3apsfbl HE AENCTBYeT,
MosTOMY B JaHHOM Cry4ae eto Henb3s 06 bACHUTL BO3HWKHOBEHWE SOC MHAYKLMM.

Kpome Toro, onbIT nokaseiBaeT, uto 30C wHAyKUMM He 3aeucum oT poja
BellecTBa MpPOBOAHWKA, OT COCTOSHUSA MPOBOAHWMKA, B 4acTHOCTW, OT ero
TemnepaTypbl, KoTopas MOXeT OblTb HEOAWHaKOBOW BAOMb  MPOBOAHUKA.
CrnepoBaTenbHO CTOPOHHWE CUMbl, UHAYLMPYEMbIE MarHUTHBIM MorfeM, He CBA3aHbl C
W3MEHeHMeM CBOWCTB MPOBOAHWKA B MarHUTHOM Mone, a obycrnoBneHbl camum

=B

MarHMTHbIM norfem.

Makceenn ans o6bvacHenna 30C wHaykuun B
HEMOABWMXHbLIX  MPOBOAHWUKAX  MPEAMONOXWM,  YTO
nepemMeHHoe MasHUmMHoe roJsie 8036yxdaem e
OKpYyXarowem npocmpaHcmee euxpesgoe
anekmpu4decKoe fosie, KOTOpoe U  fABnsAeTCH
MPUMNHOW BO3HMKHOBEHUSA WHAYKLUMOHHOTO TOoka B
NMPOBOAHUKE.

Ha puvcyHke npuvBeaeH npuUMep BUXPEBOIO
BNEKTPUYECKOrO nons, BO3HUKalOLWEro npv
BO3pacTaHWUW MarHUTHOro Mons.

Buxpeeoe anekmpuyecKoe rioJie He sigfissemesi d/IeKmpocmamuy4yecKum.

CuroBble NUHWUN 31EKMPOCMamuUYecKo20 Momnsi BCeraa PasoMKHYTbl — OHW
HauMHalOTCA U 3akaHYMBalOTCA Ha drnekTpuyeckux sapsgax. VIMeHHo noaTomy
Hanps)XeHWe Mo 3aMKHYTOMY KOHTYpY B SrieKTpocTaTU4ecKoM rore Bcerja paBHO
Hynto, STO MoNe He MOXET MNOAAEPXMBATb 3aMKHYTOE JABUXEHWE 3apsijoB WU,
crnepoBaTenibHO, He MOXET NPUBECTU K BOSHUKHOBEHUIO SMEKTPOABMKYLLEN CUMbI.

HanpoTuB, anekmpuveckoe rone, 8036yxoaemMoe USMEHEHUSMU MagHUMHO20
rof1s5, UMeeT HenpepbiBHbIE CUMOBbLIE NUHWUW, T.€. NMpejcTaBnsAeT cobol BUXpeBoe
none. Takoe nomne BbI3bIBAET B MNPOBOAHUKE ABUXEHWE SIEKTPOHOB MO 3aMKHYTbIM
TPaeKToOpUAM U NPUBOAUT K BO3HUKHOBEHWIO OC — CTOPOHHUMM cunammn SiBMsOTCA
CUIbl BUXPEBOTO 3reKTPUYECKOro Mnons.

Lnpkynsaumsa E‘B aToro nomA no JnwboMy KoHTypy L npoBofHuUKa
npeacTtaensaeT cobon 3C aneKkTpoMarHUTHON UHAYKLMN:

0, :§EBE:—%)

29. BpauleHne pamMKu B MarHMTHOM none.

flBNeHWe anMeKTPOMarHUTHOM WHAYKUMM MpUMeHsieTcs Ansi npeobpasoBaHus
MexaHWYeCKo SHepruM B SHepruo anekTpudeckoro Toka. [Ans aTol  Lenu
UCTIONb3YTCA 2eHepamophbl, NPUHLMN AeACTBUSA KOTOPbIX PaCCMOTPUM Ha NpumMepe
MMOCKOM pamMKkK, BpallaoLencst B ogHopogHOM (B = COnSt) MarHUTHOM rore.

MarHeTusm
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MMycTe pamka BpallaeTCA paBHOMEPHO C YINOBOW CKOPOCTBIO () = CONSE.
MarHUTHBIA MOMEHT, CLEMIEHHBIA C paMKOWn
nrowagsto S, B Nobon MOMEHT BpeMeHu |
paBeH
®=B,S=BScost = BScoswrt

rae O =@@! — yron nosopoTa paMku B
MOMEHT BPEeMeHMU [ .

Mpwn BpalleHUM paMKM B He BO3HWUKaeT
nepemerHas 30C nHaykUmM:

0, - 4P BSwsinwt
dt

MakcumanbHoe sHaveHne 3OC vHayKUMK @max =BSw . Torpa
0,=0,_, sinwt
lpu pasHomepHoOM spaweHUU pamKku 68 0OHOPOOHOM MagHUMHOM rosne e Hell
803HUKaem rnepemeHHasi SLC, usmeHsrOWAsICs M0 2apMOHUYECKOMY 3aKOHY.

Mpouecc npeBpalLeHNs MeXaHWYecKol SHeprumM B SrekTpudeckyio oGpaTum.
Ecnu no pamke, nomMeLLgHHON B MarHUTHOE Morie, NponyckaTh SreKTPUYecKUin TOK, TO

Ha Hee GyaeT fencTBoBaThb Bpalatowmin momeHt M = IS[7,B] v pamka HauHeT
BpawaTtsca. Ha aTom npmHUmMne ocHosaHa paboTa afnekmpodeuzamenell.

30. BuxpeBble TOKU (TOKU DYKO).

NHAYKUMOHHBIA TOK BOSHWMK@ET He TOSbKO B FIMHEVHbIX MPOBOAHMKAaX, HO U B
MaCCUBHBIX CMIOLUHBIX MPOBOAHUKAX, MOMELLEHHbIX B MepeMeHHoe MarHuTHoe nore.
OTW TOKM 3aMKHYTbl B TOMWE MPOBOAHWKA W  HasbiBAlOTCH eUxpesbiMu Unu
mokamu Pyko.

Tokn ®yko Takke noguvHATCA npasBuny JleHua: wx MarHWTHoe none
HanpaBrneHo TakK, 4ToObl MPOTMBOAEWCTBOBATbL W3MEHEHMIO MarHWTHOro mMoToka,
VHAYLMpPYOWEeMYy BUXpeBble TOKW. [ToSTOMYy MaccuBHbIE MPOBOAHWUKA TOPMO3STCA B
MarHutHoMm none. Kpome Toro, BUXpeBble TOKW BbI3bIBAIOT CUNbHOE HarpesaHue
npoBoAHMKOB. B anekTpuyecknx MawwuHax, ANA Toro 4tobbl MUHUMWUSUPOBAaTbL
BNMAHVe TokoB ®Pyko, cepAeYHVKM TpaHcopMaTopoB W MarHWTHble Lenu
3MeKTPUYECKNX MalluMH cobupaloT U3 TOHKUX MNacTWH, WUSOMNMPOBaHHBIX APYr OT
Apyra cneLuanbHbIM Nakom U okanuHon.

[hxoyneBo Tenno, Bblaensemoe Tokamu Pyko, UCMONB3YETCA B UHAYKLUMOHHBLIX
MeTannypruiecknx nevax.

BsavmoaeincTBMe BUXpPEBLIX TOKOB C BbICOKOYACTOTHBIM MarHUTHBIM MOMeMm
NPUBOAUT K HepaBHOMEPHOMY pacnpeferieHU0 MarHUTHOro MoToka Mo CeYeHuro
MarHuTONpPOBOAOB —  BbITECHEHWE  MarHWTHoro rnoToka K3 obbema B
NMPUMNOBEpPXHOCTHbIE 0BNacTW NPoBoAHWKa. OTO ABMNEHWe HasbiBaeTCa MasHUMHbIM
CKUH-3¢hchekmom.

BuxpeBble TOKM BO3HMKAIOT WU B CaMOM MPOBOAHUKE, MO KOTOPOMY TeudeT
nepemMeHHbIA TOK, YTO MPUBOAUT K HEepaBHOMEPHOMY pacnpeieneHuio Toka Mo
CeyYeHuIo NPOBOAHMKA — BbITECHEHWE TOKOB BBICOKOW 4acToThl B NPUNOBEPXHOCTHLIE
obnactu npoBofgHUKa. 3OTO SBMEeHWe HasbiBaeTCH IEKMPUYECKUM CKUH-
aghhekmom.

31. AHAYKTUBHOCTb KOHTYpa.

OneKkTpuYecknin Tok, TEKYLLUMA B 3aMKHYTOM KOHType, cosfaeT Bokpyr cebs
MarHWTHoe Mone, WHAYKUMA KoToporo, Mo 3akoHy bBuo-Casapa-Ilannaca

A.H.OrypuoB. flekyuu o ¢pusuxe.
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npornopuuoHarnsHa Toky. [1oSTOMy CLEMNMeHHbI C KOHTYPOM MarHUTHBIA MOTOK
NpornopLMoHareH ToKy B KOHTYpe:
d=11,

rae KosUUMEHT NponopLUoHansHocTU L HasblBaeTcs UHOYKMUGHOCMbIO
KoHmypa.

MpvMep: MHAYKTUBHOCTL ANWHHOIO CorleHoMaa.

MoTokocuenneHve coneHonaa (MOomnHbIA MarHUTHLIA NMOTOK CKBO3b COMNEeHOUA):

2

Y =BSN= ‘uo‘uyS, oTKyAa:

NZS
L:,Uo,UTv

rae N — uucrio BuTkoB coneHouga, [— ero gnuHa, S— nnowags, MU —

MarHUTHas MPOHMLAeMOCTb CepieyHuKa.
NHAYKTUBHOCTL KOHTYpa B o6LLEeM Criyyae 3aBUCUT TOMbKO OT reoMeTpudeckoi
¢popMbI KOHTYpa, ero pasmepoB U MarHUTHOW NMPOHULIAEMOCTU TOW Cpebl, B KOTOPOW
OH HaxoauTcs.
B aTomM cmbicnie uHOYKmMuUeHOCMb KOHMypa — aHaso2 anekmpuveckol
eMKOCMU YeJVHEHHOro MNPOBOAHMKA, KOTopas TakkKe 3aBUCUT TOMbKO OT (hOpMbl
NMPOBOAHMKA, EM0 PasMepoB U AU3NEKTPUYECKON NMPOHULIAEMOCTU Cpeabl.

32. CamMouHAYKUNA.

Mpy UsMeHeHUM curbl Toka B KOHTYpe ByAeT MBMEHSATLCA U CLEMNTEHHbIN C HUM
MarHWUTHbIA MOTOK, a 3TOo, B CBOKO ouepeAb OyaeT uwHAyuuposaTb OC B STOM
koHType. BosHukHoBeHne 3C MHAYKLUMM B MPOBOASILLEM KOHTYPE MPU U3MEHEHUM B
HEM CUrbl TOka HasblBaeTCs caMoUuHAyKyued.

EavHMUa MHAYKTUBHOCTU — reHpu (MH): 1TH — WHAYKTUBHOCTb TakKoro
KOHTYypa, MarHWTHbIA MOTOK CaMOWHAYKUMW KoToporo npu Toke B 1A paBeH 1B6
(1MH=1B6/A=1B-c/A).

dd

W3 sakoHa Papages S[C camouHaykumm O, = —? = _di(LI) .
t t

Ecnn KoHTYp He aedopmMupyeTcss U MarHUTHasi NpPOHUL@eMocTb cpefbl He
nameHsietcs, To L = const n 3LC camMonHAYKUMK:

dI
o,=-1L%
dt
rae 3Hak MUHYC, OGyCJ']OB.I'IeHHbIIZ npaBunom ﬂqua, nokKasblBaeT, YTO Hanunvume
MHAYKTUBHOCTU B KOHTYpEe NPUBOAUT K 3amMeOlrneHuUro USMEHEHUSI ToKa B HEM.
Ecrnn TOK CO BpemMeHeM BoO3pacTaeT, TO 63 <O, T.e. TOK CaMOUHAYKUWK

HanpaBneH HaBCTpPeYy TOKYy, 06YCrNOBMNEHHOMY BHELUHUM UCTOYHUKOM, U 3amMeAnsieT
ero BospacTraHve.
Ecnm Tok co BpemeHeMm y6biBaeT, To O, >0, T.e. Tok caMOUHAYKUMM UMeeT

Takoe Xe HanpaBneHue, kak U yOblBaloWMA TOK B KOHTYpe, W 3ameansieT ero
yobiBaHWe.

Takum obpasom, KOHTyp, obrnajgas onpeAeneHHON  WHAYKTUBHOCTLIO,
npuobpeTaeT SMeKTPUYECKYIO "MHEPTHOCTL".
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