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UCTOYHUKOB. Te TOYKM MONS B KOTOPbIX AUBEPreHUUst MOMOoXUTeNbHa Ha3blBalTCA
ucmoYHUKaMu Nons, a B KOTOPbIX OTpULaTenbHa — cMoKaMu BEKTOPHOIO MONS.

Wcnonb3yst Teopembl CTokca u [aycca, MOXHO NpPeacTaBUTb MOJIHYIO
cucmemy  ypaeHeHuli Makceenna e  OuggpepeHyuansHol  ¢hopme
(xapaKTepu3yLLMxX nosie B KaXx4on To4ke NpoCTpaHCTBa):

rotE:—a—B
ot
divD=p
rot H =] +8£
ot
divB=0

ypaBHeHl/Iﬂ MakcBenna He CUMMempu4Hbl OTHOCUTENbHO 3NTIEKTPUYECKOro u
MarHWTHOro nonem. ATo CBA3AHO C TEM, YTO B npupoae CyuwecTBYOT 3fieKTpudeckme
3apagbl, HO HET 3apAa0B MarHUTHbIX.

Tak, Hanpumep, ypaBHeHue diVD:p SIBHO  [E€MOHCTPUPYET, 4TO

WCTOYHUKAMKN 3MEKTPUYECKOr0 MOMsi SIBMSIOTCA TMOJNIOXUTENbHBIE 3NEKTpUYeckne
3apsgbl, a CTokamy — oTpuuaTenbHble 3rekTpuyeckue 3apsibl. YpaBHeHue

div B =0 oTpaxaeT TOT (haKT, 4YTO He CyLLEeCTBYET UCTOYHUKOB 1 CTOKOB MarHUTHOrO
nonst — "MarHuMTHbIX 3apsgoB".

B cnyyae ecnu 3apsiabl v TOKM pacnpeferneHbl B NPOCTPaAHCTBE HEMPepbI8HO,
To 0be hopMmbl ypaBHeHMI MakcBenna — uHTerpanbHas n anddepeHumansHasa —
aKeusaneHmHbl. OQHaKo eCnm MMEKTCS 108epxXHOCMU pa3pbiéa — NOBEPXHOCTM, Ha
KOTOPbIX CBOWCTBA Cpefbl UMK Nomnen MeHsTcs ckaykoobpasHo, To UuHmeeparbHasi
¢opma ypasHeHul sienssiemcsi bonee obwel.

Onsa Toro 4ytobbl 3TM ypaBHeHuss MakcBenna B auddepeHumnanbHon dopme
ObIiNn cnpaBeanvBbl U Ha rpaHvUax cpen, rae BEenuuUHbI, BXOASLIME B ypaBHEHUS,
MEHSII0TCS ckauykoobpasHo, HeobxoanMo O0MoIHUMb 3TN YPaBHEHUS epaHUYHbIMU
ycnoeusiMu, KOTOPbIM [OIKHO YAOBMETBOPSiTb MarHUTHOe Mone Ha rpaHuue
pasgena OByx cpef. OTv COOTHOLLIEHMS ObiNMM pacCMOTPEHbI paHee:

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

(nepBoe 1 nocnegHee ypaBHeHWs! BbiBeAeHbl ANsi Crydasi, Korga Ha rpaHuue
pasgena HeT HU cBoBOAHbIX 3apsia0B, HU TOKOB NMPOBOAMMOCTM).

YpasHeHusi Makceenna — Haubonee obujue ypasHeHusi Ons
S/1IeKMPUYECKUX U MagHUMHbIX ronel 6 mnokoswuxcs cpedax. OHu
uepatom 8 y4eHuU 06 3reKkmpomMasHeMuU3Me Makyto e Porib, KaK 3aKOHbI
HbromoHa e mexaHuke.

A.H.Orypuos. flekyuu no gusuke.
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Maz2HumHoe none

1. OCHOBHble 0COGEHHOCTU MAarHUTHOrO NOJIS.

B 19 Beke OMbITHbIM MyTem ObiMM uccneAoBaHbl 3aKOHbI B3aMMOAENCTBUSA
NMOCTOSIHHBbIX MarHUTOB WM MPOBOAHWMKOB, MO KOTOPbIM MPOMYCKancs 3MeKTPUYECKUn
ToK. OnbITbl nokasanu, 4To NOAOGHO TOMY, Kak B MPOCTPaHCTBE, OKpYXaloLiem
aneKTpuyeckve 3apsiabl, BO3HUKAeT anekTpocTaTudeckoe nmone, Tak U B
NPOCTPAHCTBE, OKPYXaloLeM TOKM W MOCTOSIHHbIE MarHuTbl, BO3HWKAeT CUIoBoe
rore, KOTOpoe Ha3biBaeTCsd Ma2HUMHbIM.

Bbinu ycTaHOBNEHbI ABa 3KCMEpUMEHTanbHbIX dakTa:

1) mazHumHoe none delicmgyem Ha 08uwxXyuwjuecsi 3apsiobl;

2) dsuxyuwuecs 3apsidbl co3d0arom MacHUMHOE rore.

OTUM MarHWTHOe Momne CyWeCTBEHHO OT/IMYaeTCs OT JNIeKTPOCTaTU4ecKoro,
KOTOpOe OeNCTBYeT Kak Ha ABUXYLUMECS, TaK U Ha HEMOABWXKHbIE 3apsabl.

MaeHumHoe rone He delicmgyem Ha Mokosiwuecs 3apsobl.

OnbIT nMokasbiBaeT, YTO XapakTep BO3AEWCTBMA MarHUTHOTO MONs Ha TOK
3aBuUcUT OT (1) ghopmbI NPOBOAHMKA, NO KOTOPOMY TeYeT TOK; OT (2) pacrosioxeHus
npoBoAHuKa 1 oT (3) HarnpasieHusi Toka.

2. Pamka c TokoM. HanpaBneHne MarHUTHOro Nons.

AHarnorMyHo TOMY, Kak MpU WCCNedoBaHWU 3NeKTPOCTaTUYECKOro Mons
UCMOSb30BasICsl TOUEYHbIM NPOGHbLIA 3apsd, NMpyU UCCNEAOBaHUM MarHWTHOTO Mofist
UCTONb3YeTCs 3aMKHYMbIl MI0CKUU KOHMYP C MOKOM (pamka C MoKOM), MUHENHbIe
pa3Mepbl KOTOPOro Marbl MO CPaBHEHWIO C PacCTOSIHUEM [0 TOKOB, 06pasyoLumx
MarHuTHoe nore.

OpuveHTaumsi KOHTypa B TMNPOCTPaHCTBE XapakTepu3yeTcsl HanpaBreHUuem
HOpMasnu 7 K KoHmypy.

B kayecTBe MosioxumesbHO20 Harnpaerie-
Hus HOpManu TNPUHUMAeETCs  HampaBsrieHue,
CBSI3aHHOE C TOKOM MpasusioM fpaeo2o eUHMa
(npasusnom 6ypaeyuka):

3a _ronoxumersnsHoe HanpasneHue HopMalsu
npuHUMaemcsi HarpaesieHue MocmynamesibHo20
08UXXeHUSI Mpaso20 8UHMA, 20/106Ka KOMOPO2o
epawaemcsi 8 HarnpasefeHUU mokKa, mekyuje2o 8
pamke.

MarHuTHoe none okasblBaeT Ha pamKy C
TOKOM OpUEHTUpYIOLLEE AENCTBUE, MOBOpaYvBas

Ky R .
N \ p. /1 € onpedeneHHbIM obpa3oM. JTO CBOMWCTBO
J{ ucronb3yetcss  Ansi  Bblbopa  HanpaeneHusi
N/ MazHUMHO20 rosis.

3a HanpaeneHue Ma2HUMHO20 mons 8
OaHHOU moYKe npuHUMaemcsl HarnpasneHue, 800/lb KOMOPO20 pacriofazaemcs
rnonoxumersnbHasi Hopmarnb K C80000HO M008eWeHHOU paMKe C MOKOM, WNn
HanpasrneHune, coBnagarollee C HanpasneHneMm Curbl, ENCTBYIOLWEN Ha CeBepHbIn
nontoc (N) MarHUTHOWM CTPENKW, NOMELLEHHbIA B AaHHYIO TOYKY MOns.

A.H.Orypuos. flekyuu no gusuke.
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Ona Toro, 4tobbl 9Ta cucTeMa ypaBHEHWI Obina MosiHolU ee HeobGXxoaMMo
OOMONMHUTL  TakUMW  COOTHOLUEHUSIMW, B KOTOpble BXOAMNU Obl  BENUYUHDI,
XapakTepusylowme MHAMBUAYaNbHbIE CBOWCTBA cpenbl, B KOTOpoW BO36yxxaatTcs
ANeKTpuyeckne W MarHuTHble  nomnsi.  3TWU  COOTHOLIEeHWs  Ha3sblBaloTCH
MamepuanbHbIMU COOMHOWEHUSIMU

D=¢g;eE, B=u,uH, j=v,
roe 80 n ‘Uo — COOTBETCTBEHHO 3neKTpuyeckasd u MarHMTHas NoCTosAHHbIEe, €
M [l — COOTBETCTBEHHO AM3MEKTpUYEecKas M MarHUTHasi NpPoHULAemMocTn, ¥ —

yAaenbHasi NpoBOAMMOCTb BELLECTBa.

M3 ypaBHeHun MakcBenna cnefyer, YTo

— UCMOYHUKaMu 3NeKTPU4eckoro nons sBnsoTca nnbo anekTpuyeckue
3apsgbl, MMG0 M3MEHSIOLLMECS BO BPEMEHN MarHUTHbIE NOns,

— MaeHumHble nons  Moe2ym  803byxOambcsa  nvbo  ABUXYLLMMUCH
3NEeKTPUYECKUMmn 3apsgamum (anekTpnyecknmmn TOoKamu), nnéo
nepeMeHHbIMU 3NEKTPUYECKUMU MOMAMM,

— TMepeMeHHoe MarHuTHoe norne BCerga c¢8g3aHo C MNopoXdaembiM UM
3MNeKTPUYeckUM rMorem, a rfnepeMeHHoe JarekTpudeckoe rone Bceraa
CBSI3aHO C NOPOXAAEMbIM M MarHUTHbIM, T.€. 3MEeKTPUYECKOe N MarHUTHOe
nonsi Hepaspbi8HO CBSA3aHbl APYr C OPYroM — OHW obpasylT eavHoe
aslekmpomaz2HUmMHoe roiie.

[ns emayuoHapHbix nonel (E =const n B =const) ypasHeHus Makcsenna

UMeLT BUA,

ifEﬁ:O; ii;Dﬁ:q; §I:Id7=l; :ﬁEZS:O
L s L s

B amom Crnydae JaneKkTpuyeckne U MarHutHble nona He3aeucumMbl Opyr OT
Zpyra, 4To Nno3BosseT udy4atb 0moAesibHO NOCTOSHHbIE 3MEKTPUYECKOE Y MarHUTHOE
norne.

Bocronb3yemcsi M3BECTHbIMW M3 BEKTOPHOrO aHanvaa Teopemamu CTokca u
laycca (cm. cTp.1-31):

§21E - jrot Ads,
L S

§ AdS = J'divde
S vV

Mo onpepenenuto, dueepaeHyueli 1 POMOPOM BEKTOPHOIO Moss As OaHHon
Toyke M HasblBalOT cnepywuimne npomssoaHbIe nNo 06'béMy:
§ Ads § [4,dS]
divA(M) = lim S—— rot A(M) = lim &——,
r—0 V=0 V

rae uHTerpansi EfAdS u §[A,dS] €CTb, COOTBETCTBEHHO, CKaJIIPHbIU W
S s
8eKMOpPHbIU NOTOKW BEKTOPHOIO MOJs Yepes3 3aMKHYTYI MOBepxHOCTb S, koTopast
OKpY)XaeT AaHHyto Touky M , oxBaTbiBas 06nacTb ¢ o6bémom V.

[unBepreHumnss ecTb Mepa ucmoYHuUkoe nonsi. Ecnu B HekoTopol obnacTu
[OVBepreHuMsi paBHa Hymn, TO BEKTOpHOe Morne B 3ToW obnactu cBoGogHo OT
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Ecnu B kakom-nnbo NPOBOAHWMKE MMEETCS MNEPEMEHHbIA TOK, TO BHYTPU
NPOBOAHMKA CyLLEeCTByeT MepeMeHHoe arnekTpudeckoe none. [loaTtomy BHyTpuM
NpOBOAHMKA MMEETCA M TOK NMPOBOAMMOCTU, U TOK CMELLEHWS U MarHutHoe none
NpOBOAHMKa onpeaensaeTcsa CyMMON 3TUX ABYX TOKOB.

MakcBenn BBen NOHATUE NOJIHOIO TOKA, PaBHOrO CyMMe TOKOB MPOBOAMMOCTY
1 cMmeleHnus. lMnomHocmb NO/THO20 MOKa

= _ - + aD
/ ot

MonHbIA TOK Bcerga 3aMkHYT. Ha koHLax NpoBOAHMKOB OOpbIBAETCs NULLb TOK
NpoOBOAMMOCTU, @ B OUANEKTpuke (Unu B BaKyyme) Mexay KOHLaMu MNpOBOAHUKA
MMEETCS TOK CMELLIEHMS, KOTOPbIN 3aMblKaeT TOK MPOBOAUMOCTM.

M3 Bcex @usmyecknx CBOWCTB, NPUCYLUMX TOKY npoBoanmocTu, Makcsenn
npunucan TOKy CMELLEHMs NMULWb 0OOHO — CMOCOBHOCTb COo34aBaTh B OKpyXKaloLlem
NPOCTPAHCTBE MarHUTHOE rorie.

MakcBenn o6o6wmun Teopemy O UMPKynsauuMu Bektopa H , ucnonb3oBas
NOSHbIN TOK:

JI'IOHH

17 = BD
fHdl=£ JHoops

0O606ueHHasi meopema O YUPKYsiyuu eekmopa H npegcrtasnsieT cobon

BTOPOE YpaBHEHWE CUCTEMbI YpaBHeHWIn Makceenna onsa anekTpoMarHUTHOro nonsi.
45.MonHasa cuctema ypaBHeHui Makceenna.

TpeTbe ypaBHeHME cCUCTEMbl ypaBHeHM MakceBenna gns anekTpoMarHUTHOro

nons ato Teopema [aycca pana nons D. [ns 3apsga, HemnpepbiBHO
pacnpeeneHHOro BHyTpY 3aMKHYTON MOBEPXHOCTU C OGbEMHOW MIIOTHOCTLIO P, 3TO

YpaBHeHWe nmeeT BuAa:

ffﬁﬁ:jpdl/
N vV

quBeDToe YpaBHEHUE Makcsenna — 3T1o Teopema Faycca angd I'IOJ'IHE .
55 BdS =0
S

Takum obpasom, cucmema ypaeHeHul Makceenna e uHmMezpasibHOU
¢ghopme

3B
fEdl =—!§d5;

§DZ§=deV

S Vv

o - oD
fHdl:_S'- J+5, S
§Eﬁ=o

N

A.H.Orypuos. flekyuu no gusuke.

3. BekTOp MarHMTHOM MHAYKLUMUW.

BpaliatoLimit MOMEHT CUI 3aBUCUT Kak OT CBOMCTB NONsA B JaHHOW TOYKe, Tak U
OT CBOMCTB PaMKn C TOKOM U onpenendaeTcda BEKTOPHbIM Npon3BejeHNeEM:

e M =[p,.B],

roe  p, — 6eKkmop Ma2HUMHO20
MOMeHma pamku ¢ TokoM, B — eekmop
r vl B MazHumuol uHOyKyuu — cwunosas
> XapakTepucTuka marHutHoro nons. [lo
f: = 5§ onpefernieHnto BEKTOPHOTO Mpov3BeeHus

PpE—— cKkarnsipHasi BENu4uHa MoMeHTa:

M =p,Bsino,

rae O¢ — yron Mexziy BekTopamu p, 1 B.
[lnsi NNOCKOro KOHTypa ¢ TOKOM I MarHUTHbIN MOMEHT onpeaenseTca:
p,, =181,
roe S — nnowaab NOBEPXHOCTU KOHTYpa (pamMku), 7i — eOuHUYHBIN BEKTOP
HopMasnu K MoBEPXHOCTM paMku. B aTom criyyae BpalLatoLmii MOMEHT M= IS[ﬁ,E].

Ecrmn B OAHHYK0 TOYKY MarHMTHOro nona nomMmewatb paMKu C pasfinyHbIMU
MarHMTHbIMM MOMEHTaMu, TO Ha HUX p,eIZCTByPOT pas3nunyHble Bpauwawwne MOMEHTHI,

max

Pm
AHasIorM4Ho TOMy, Kak CWSIOBasi BEKTOPHAs XapakTepucTuka arekTpoctaTtude-
CKOTO MO — HaMpsPKEHHOCTb — OMpeaensanacb Kak cuna, AencTByloLas Ha
NPoBHbLIN 3apsad, cusoeasl xapakmepucmuKa MazHUMHO20 MoMsi — MazHUMHas

uHdykyusi B — onpedensemcsi MakcuMasnbHbIM — 8paualouUuM  MOMEHMOM,
delicmeyrOuWUM Ha paMmKy C MagHUMHbIM MOMEHMOM, paseHbiM eduHuue, Kozda
HOpMarib K paMKe rneprneHOUKyspHa HarnpaeneHuro rnors.

padhmyeckn MarHUTHOe nore, Tak e Kak 3rekTpuyeckoe, n3obpaxalT
MOMOLLBIO JIUHUU Ma2HUMHOU UHOYKUUU — TNVHWA, KacaTefnbHble K KOTOpbiM B

Ka)XKOoM Touke coBnagatoT HanpasneHnem BeKTopa B.

JluHuu macHumHoU UHayKuUU scezda 3aMKHymbl W OXBaTbiBalOT NPOBOAHUKN C
TOKOM, B TO BpeM4d, KaK JITUHUU 3/1eKmpocmamu4ecKoco roJjid — Pa3oMKHymbl (OHI/I
HaYMHAKTCA Ha NOJIOXUTESNbHbIX N 3aKaH4YMBaAKOTCA Ha OoTpuUaTesibHbIX 3apﬂ,qax).

HO OTHOLUEeHne OnA BCeX KOHTYpPOB OOHO U TO Xe.

4. MakKpOTOKU U MUKPOTOKMU.

B panbHeinwem Mbl OyaeM pasnuyaTb MakKpoOCKoMu4eckue mOKU, T.e.
ANeKTpUYeckMe TOKW, NpoTekawLlime no MNPOBOAHMKAM B 3MEKTPUYECKUX Lensx u
MUKpOCKOnu4Yeckue Mmoku, 06yCINOBMNEHHbIX ABWXEHWEM 3MIEKTPOHOB B aTomMax M
Mornekynax.

HaMarHM4eHHOCTb MOCTOSIHHBIX MAarHUTOB SBMSIETCS CreaCcTBMEM CyLLECTBOBA-
HUEM B HUX MUKPOIMOKOS8.

BHewHee marHMTHOe Mnorne okasblBaeT OpWeHTUpYylollee, YynopsaounBarollee
OEeNCcTBME Ha 3TM MUKPOTOKW. Hanpumep, ecnv BOMM3W Kakoro-to Tena noMecTuTb
NPOBOAHMK C TOKOM (MaKpomok), TO oA [AeWCTBMEM €ro MarHWTHOro nons
MUKPOMOKU BO BCEX aTOMax onpeaefieHHbIM 00pa3oM OpUEHTUPYIOTCS, co3aaBas B
Tene 0ornosIHUMesIbHoe MarHuTHoe nore.

MarHeTnam
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BekTop MarHWTHOW MHAYKUMM B xapaKTepusyeT pesy/ibmupyouee MarHuTHoe
rnorne, co3gaBaemMoe 8ceMu Makpo- U MUKDPOMOKaMuU.

MoaTomy, NMpu O0QHOM U TOM Xe MaKpOTOke, BEKTOp B B pasnuyHbiX cpeaax
GyaeT MMeTb pasHble 3Ha4YeHusI.

MarHuTHoe rone MakpoTOKa OMNUCLIBAETCS BEKIMOPOM HarnpshkeHHocmu
mazHumuozo nonsi H .

B cpene marHuTHOE More MakpOTOKOB YCUIMBAETCS 3@ CYET MOMs MUKPOTOKOB
cpeapl.

5. CBA3b mexay ELI:I.
[na ogHOpoAHOW N3OTPOMHOM CPebl BEKTOP MarHUTHOM MHOYKUUN:
B = uH,
rae pl, — MarHutHas noctosiHHasa (cM. n.12), U — Ma2HumHas npoHu-
yaemocmsb cpedsbi (n.39), 6e3pa3mepHasl BENUUMHA, NOKasbiBalOLLAs, BO CKOJSbKO
pa3 MarHWTHOe nosie MakpoTokoB H ycununBaeTcsl 3a CHET MONs MUKPOTOKOB cpefbl.

6. Mogobue BEKTOPHbLIX XapaKTePUCTUK 3INEKTPOCTAaTUY4ECKOro U MarHUTHOro
nosnemn.

BeKTOp MarHMTHOMN WUHAOYKUMN B — ananoe BEKTOpa HanpsaXXeHHOCTU 3N1EeKTPO-

ctatndeckoro nonst E. 3T BENUYMHBI onpenenaknT cunoBbie OencTBNs 3TUX nonemn
N 3aBUCAT OT CBOWNCTB cpenbl.

AHasozom BEKTOpa J3JIeKTPUYECKOro CMelleHna D saBnsaetca BEKTOp

Hanpsa>XeHHOCTn H MarHMTHOIo nong.

Ons MarHUTHOrO Mosisl, Kak M AnA 3MeKTpUMYeckoro, cripaeednue npuHyun
cynepno3uyuu:. MarHMtHaa WHAOYKUUA pe3ynbTupyrowero nond, co3gaBaemMoro
HECKOJIbKUMX TOKaMun uUnn AOBUXYyLWMMUCA 3apdafamMu, paBHa BeKTOpHOI;I cymme
MarHUTHLIX WHOYKUAA MOMeil, CO34aBAaeMblX KaXObiM TOKOM WM ABWKYLMMCS
3apagoMm.

7. 3akoH Bno-CaBapa-Jlannaca.

OneMeHT NpoBOAHUKA di c Tokom I cospaeT B
HeKoTOopoW Touke A MHAYKUMIO Nons:
- I[dl 7
dB: :u'O:u [ 35 ]
ar r

roe 7 — pagvyc-BeKTOp, MPOBEAEHHbIN W3 aremeHTa
dl npoBopgHwuKa B Touky A .

Hanpaenenve dB nepneHaukynsipHo dl v 7, n
coBnagaet C KacaTenbHOW K JIMHUM  MarHWTHOW

uHaykumu.  Mogaynb  BekTopa dB onpenensieTcs
BbIpaXkeHUeMm:

dB = Uott Idlsino
ar  ?

)

roe o — yron Mexay sektopamu dl u 7 .
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3pecb u B AanbHENWEM Mbl ncnonbdyemMm 4acTHyo I'IpOI/ISBOD,HOIZ Nno BpeMeHHU,
NOCKOJIbKY B obwem Crydae 3areKkTpudeckoe nosrne Moxet ObITb HeoaHOopOoAHbIM, U
MOXET 3aBUCETb HE TOJIbKO OT BpeMeHN, HO 1 OT KoopAauHarT.

Takum obpasom, uMpKynsiuMs BekTopa £E; He paBHa Hymo, T.e.

3/1leKmpu4ecKkoe noneEB, 6036y)K6aeMoe nepemeHHbIM MacHUMHbIM [1oJ/ieM, Kak un
CaMO MarHUTHoe norne, ABNAeTCA euxpesbiM.
CymmapHoe AneKkTpuyeckoe none cknagbiBaeTtCcA W3 3NEeKTpu4yeckoro nond,

co3aaBaemMoro 3apagavu Eq N BUXPEBOro 3NeKTpu4yeckoro nonsa EB' nOCKOJ'Ibe

LUMpKynaums Eq paBHa HymHo, TO LIMPKYNSLUS CYMMaPHOro Mons:
L 0B —
§ Edl = —j—ds
i 5 ot

370 — [NepBOe YpPaBHEHUE CUCTEMbI ypaBHEeHUN MakcBenna pgns
ANeKTpoMarHMTHoOro nons.

44.ToK cMeLeHus.

MakcBenn npegnonoXun, YTo aHanorMyHo MarHUTHOMY MOl U ecsiKkoe
usMeHeHue 3/1eKmpuYecKo20 nonsi  ebi3bieaem e OKpYyXarouwem
npocmpaHcmee euxpesoe Maz2HUMHoe mosie (BTOPOEe OCHOBHOE MOJIOXEeHWe
Teopum Makceenna).

MockonbKy MarHUTHOE None ecTb OCHOBHOW, 06si3aTenbHbI NMpU3HaK BCSKOro
ToKka, TO MakcBenn Ha3Ban nepemMeHHoe 3MIeKTPUYECKOe NMorie TOKOM CMeLLeHusl, B
OTNM4YMe OT TOKa NMPOBOAMMOCTU, OGYCINOBIEHHOTO ABMXKEHNEM 3apsiKeHHbIX YacTuL,.

Hapgo ckasaTb, YTO TEPMUH MOK cMew,eHuUsl He siBnsieTcs yaadHbiM. OH umeeT
HEKOTOpOE OCHOBaHWE B Cllyyae [AWSMEKTPUKOB, TaK Kak B HUX AENCTBUTENbHO
cMelLaloTes 3apsabl B aToMax M Monekynax. OgHako MOHSATME ToKa CMeELLEeHUst
NPUMEHsIETCS U ANS Monen B Bakyyme, rOe HUKaKux 3apsifoB, a criefoBaTenbHO U
HMKAKOro WUX CMeLleHUst HeT. TeM He MeHee 3TOT TEPMUH COXpaHuICs B Cuny
NCTOPUYECKUX TpaauLmi.

lTnomHocmb moKa cMeuleHusl.

Jen =75
CrieflyeT NOAYepKHYTb, YTO TOK CMELLEHUs OnpeaensieTcss Npou3BOAHOM
BekTopa D, HO He camMum

A.H.Orypuos. flekyuu no gusuke.

. BekTopoM D . Tak, Hanpumep, B
none MIOCKOro  KoHaeHcaTopa
BekTop [ Bcerga HanpasrneH OT
" —" NOMOXMWTENbHOM  MAacTWHbl K

oTpuuaTtensHon. Ho B cnydae,
ecnm aneKTpnyeckoe none

Bospactaet, To 0D/dt, a

cnepoBsaTtenibHO U TOK CMeLleHUA
HanpasrneHbl TakK, KaK nokasaHo Ha

pucyHke (a). Ecrn xe anekTpudeckoe none ybbiBaeT, TO aD/at HanpaeneHo oT

oTpULATENbHON NNACTUHBI K NOSIOXUTENBHOW, U MarHUTHOE Morne NPOTUBOMOMNOXKHO
(puc. (6)) No cpaBHEHUIO C NEPBLIM CIy4YaeM.

MarHeTnam
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MpuynHa Takoro NOBeAEHMS B TOM, YTO Npu TemnepaTtypax Huxe Touku Kiopu
deppomarHeTvk pasbneaeTca Ha GONbLIOE YUCIO MUKPOCKOMUYECKMX obracten —
domMeHOo8, CaMOMNPOU3BOSIbHO HaMarHUWYeHHbIX [0 HacbiweHus. HanpaBneHue
HaMarHu4yeHus noomeHa onpeaeneHHbIM

T T
V N/ A NN & 06pa3soM CBS3aHO C pacrorioXeHneM aToMoB B
XS OCHX XN pagsl Mocron (Ha  prUCYHKE  CXeMaTUHecKu
N+ / yd \ + nokasaHbl JOMeHbI B KpucTanne xenesa). MNpu
OO - /XX OTCYTCTBMM  BHELHEro MarHMTHOro  nons
X+ XN \ + X 4 MarHuTHble MOMEHTbI OTAeflbHbIX [AOMEHOB
+ X+ / Ve / + ) OPUEHTUPOBaHbI Xa0MUYECKU W KOMMeHCU-
+ N pytom ppyr pgpyra. [103TOMy —CyMMapHbilil
\ / \ \ / \ # A MarHuTHbIi MOMEHT beppomarHeTMka paBeH

+ N + 4 HYNIO 1 heppoMarHeTUK He HamarHU4eH.
1 ? 1 1

BHellHee none opueHTUpyeT Mo nonto
He MarHWTHble MOMEHTbl OTAEMbHbIX aTOMOB (Kak 3TO MMeeT MecTo B crnyyae
napamarHeTUKoB), @ MaeHUMHbIE MOMeHMb! Uyernbix obnacmeli CNOHTaHHON
HamMarHW4eHHOCTM, NPUYEM JOMEHbI MOBOPAYMBAKOTCS MO MO0 CKAYKOM.
dopmupoBaHve JOMEHOB 0BYCNOBMEHO KBAHTOBBIMW CBOMCTBAMU 3IIEKTPOHOB.
deppomarHMTHbIMKM cBoOMCTBamMM obGnagalT BellecTBa, B aToOMax KOTOPbIX €CTb
HeAOCMPOEHHbIE BHYTPEHHWE 3NEKTPOHHbIE OBONOYKN C HECKOMMEPHCUPOBaHHLIMU
cnuHamu. B aTom crnyyae MoryT BO3HMKaTb OOMEHHbIE CUIbl, KOTOPbIE BbIHYXAAOT
CMVHOBbIE MarHWTHbIE MOMEHTbI 3NIEKTPOHOB OPUEHTUPOBATLCS MapasiesibHo Apyr
apyry. 3To NpyBOANT K BO3HUKHOBEHMWIO 06nacTei CNOHTaHHOTO HaMarHU4YeHus:.
CyuecTByloT  BellecTBa, B  KOTOpPbIX OOMEHHble  CWUMbl  Bbi3blBAOT
aHTMNapannenbHyl OpWEeHTauMlo CMMHOBLIX MOMEHTOB  3MeKTPOoHOB. Takue
BellecTBa HasblBalOTCs aHmMudheppoMazHemukamu. [ins HUX Takke cylecTByeT
aHmugeppomazHuUmHas moyka Kropu (moyka Heernsi), Bbille KOTOPOW paspyLuaeTcs
MarHUTHoe ynopsigodeHve 1 aHTUeppPOMarHeTk NpeBpaLlaeTcs B napaMmarHeTuk.

Cucmema ypaeHeHuli Makceenna 0nsi aneKmpoma2HuUmHoO20 noJisi. I

43.BuxpeBoe 3neKkTpuyeckoe nore.

Ons 06bACHEHWS BO3HMKHOBEHMUS! WHAOYKUMOHHOTO TOKa B  HEMOABMXKHbIX
npoBofHukax (BTopoii onblT ®dapages) Makceenn npeanonoxusl, Ymo ecsikoe
nepemMeHHOe MazHUMHoOe fosie 8o36yx0aem & OKpyXxarowjem npocmpaHcmee
anlekmpuyeckoe rosie, KOTOPOEe W SABMSETCA MNPUYMHON  BO3HWUKHOBEHUSA
MHAYKUMOHHOTO TOKa B KOHTYpe (MepBoe OCHOBHOE NornoxeHue Teopun Makceenna).

Linpkynauusa sektopa HanpsbkeHHocTu E ,aToro nons

L Ao
fEBdl::fEB,dl:—E

Mo onpeneneHnto NOTok BeKTopaE: b= _[E’dS, oTKy[a crefyer:

A.H.Orypuos. flekyuu no gusuke.
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8. MarHutHOe nose NPAMOro Toka.
Tok TeyeT No npsAMoMy npoBoay OeckoHeuyHoW AnuHbL. B

o Ka4yecTBe NMOCTOSIHHOW UHTErpUpPOBaHUs BbIGEPEM yron o .
4 R rdo
dl rdo N3 pucyHka r=——, dl=——.
\ sino sino
r
1
da, CnepnoBaTenbHo dB = ﬂoﬂ sinocdo
l Q 4nR
] R Yron o [Ons Bcex 9rieMeHTOB MpsIMOro  MpoBoja
,  vamensetcs ot 0 fo 7. Mo npuHumMny cynepnosuumu:
B! 1 21
A58 B:JdB:M— sin ada—M— N
' 4 R 0 4 R PR
al \\
Ecnu Tok TeveT no otpesky nposo,qa (cM. pucyHok), To: IA \_@ _
Mot 1 ("R 7B
——(cosal cosQ,) /
4
OTa dopmyna nepexogut B copmyny ans 6eckoHeyHoro ,
ANnHHOro npoBoaHuka npu o, =0, o, =7 . ot
a
9. MarHuTHOe nosne B LeHTpe KpYroBoro Toka. ] ?
B JaHHOM cryyae CrOXeHWEe BEKTOPOB MOXHO 3aMeHUTb
dl CrOXeHWeM Ux moaynen, yunteisasa sinoc =1, r =R:
1
7] dB = lio—‘uR— dl, oTKyaa
’ T

de “O“ ! J'dl M—MR ,uO,U
ar

MoxHo nokasaTb, YTO Ha paCCTOHHVIVI r oT u,eHTpa BUTKa Bp,OJ'Ib OCU BUTKa
MarHMTHoe none 6y,ueT:

uou IR?

(\/R2 +r )3
HanpsikeHHOCTb MarHUTHOrO Monsi, CO34aBaeMoro KpyroBblM TOKOM, Ha
GOIbLLIOM PacCTOSIHUM OT BUTKA C TOKOM (7 >> R):
I yo B _IR® _IR*-2m _20-mR® _2IS _2p,
£, ol 20 272w 4w Tam? 4w
rae p,, = 1S — MarHuTHbI MOMEHT BUTKA C TOKOM.
CpaBHuMm 3Ty  dopmynly ¢ copmynon  ans
3MEeKTPUYECKOro Nons Aunons (C 3NeKTPUYEeCKUM AUMOSbHBIM
MOMEHTOM p, ) Ha ocu gunons (cm. 3—n.13):
! D=¢geE =¢,€ ! 2];‘? = 2pe3
4mese 1 4nr
OueBngHoe nogobue atux opmMyn OOBLACHAET, MOYEMYy 4acTO FOBOPSAT, YTO
KOHTYp C TOKOM nogoGeH "MarHUTHOMY AMNOS", UMeLWweMy PaBHbIN C KOHTYPOM
MarHuTHbIA MOMEHT.

MarHeTnam
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10.3akoH AMnepa.
[enicTBre MarHWTHOroO Mons Ha pamKy C TOKOM — 3TO NpuUMep BO3OENCTBUSA

MarHuTHOrO Mofs Ha MPOBOAHWMK C TOKOM. AmMnep yctaHosun, uto cuna dF , ¢
KOTOpPOM MarHUTHoe nosfie [AeicTBYyeT Ha anemMeHT nposoaHuka dI C TOKoM,
HaxoAsiLierocsi B MarHMTHOM MoJsie, paBHa:

dF =1[dl, B],
roe d — BEKTOp MO MOAymio paBHbll dl 1

COBMafawLWmii Mo HanpaeneHWio C TOKOM, B — BekTop
MarHUTHON MHAYKLMWN.

HarnagHo HanpasneHue cumbl AMmnepa MPUHATO
onpenensaTs No npaseusty neeoll pyku: ecriu 1adoHb f1eeoll

PYKU pacronioxums mak, 4mobbi 8 Hee 8xodus1 eekmop B,
a yembipe 6bIMSHYMbIX fanbuya pPacrofioXums 1o
HanpaeneHulo moka @ MPOBOOHUKE, MO O0MO2HYMmbil
6osbwWol naney nokaxem HarnpasneHue cusbi AMnepa.

11.B3aumogencTBmMe napannenbHbIX TOKOB.

3akoH Amnepa NpuUMeHsieTcs Ansi onpefeneHus cunbl B3auMoaencTBusl OBYX
TOKOB.

[Ba napannenbHbIXx NPOBOAHVKA C Tokamn [, u [, HaxopAaTcs Ha paccTosHUM

R ppyr ot ppyra. Hanpaenenne cun dF; v dF,, ¢ kotopbimn nonst B, u B,
[efiCTBYIOT Ha MPOBOAHWKM C Tokamu [, W [;, onpedensioTcst no npasuIly NeBoi
pyKm.

B =HMH2L e gl
1} 4T R
Otciopa: dF| = MzIélzdl . AHanorunyHo
4t R
B, =‘i°—“%, dF, = 1,B,d,
T
4 dF, = M%cﬂ. Takum obpasom:
B, R 4t R
dF, = dF, _gF = Mot 211,
4t R

MpoBogHUKM C TOKamu 00UHaKo8020 HanpaBneHua rnpumsauearomecs, C TOKaMu
pa3Hoco HanpaslneHna — ommarsnkuearomcs.

12.MarHuTHasa NoCTOsiHHaA.

B cuctreme CW eavHuua uM3MepeHUs cumnbl TOKa — amrep — BMeCTe C
KMMorpaMmMoM, METPOM M CEeKyHOOW sBMsieTCA OCHOBHOM  eguHuuen. [o
onpeaeneHunio "amrnep ecmb cuna HeUSMeHsWe20css moka, KomopsbiU, npoxods no
08yM naparnesibHbIM  [PSMOMUHEUHbIM PO8OOHUKaM becKoHeYyHoU OnuHbl U
HUYMOXHO Masioeo Kpy208020 CEYEHUS, PacrofioXeHHbIM Ha paccmosHuu 1 Mmempa
00uH om 0Opy2020 8 BaKyyme, 6bi38asi bbl MexOy amuMu PO8OCHUKaMU Cusly,
pasHyto 2-10~" HbromoHa Ha Kaxoblii Memp OnuHbI".

A.H.Orypuos. flekyuu no gusuke.
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B otnnuve ot cnabomarHUTHbIX BELLECTB, Y J
KOTOpPbIX HamarHM4YeHHoCTb J nuHenHo J
nsmeHsietcss ¢ poctom H, y dgeppomarHeTukos, ‘'Hac
npu yeBenuyeHum H , HamarHMYeHHOCTb pacTeT
CHayana ObICTPO, a 3areM BbIXOAUT Ha
HacblweHune J, .

MarHutHasi npoHvuaemocTb (L deppomar-

DeppoMarHeTHK

MapamarHeTHk

HETUKOB [JocTUraetT OonbluMX 3Ha4YeHun (ans 7.1
xenesa — =5000, gnsa cnnaBa cynepmannos —
=800 000). Huamarnetux
B MarHutHas NpoOHMLAEeMOCTb W MarHuWTHasi

uHaykuma B deppomarHeTrkos 3aBucuT oT H .
B=u,(H+J) B cnabbix nonsx pacteT

6bicTpo ¢ poctoM H (yyactok 0—1-2 Ha pUCYHKe

(a)), a B cunbHbIX nonax, nockonbky J=J, .., B

pacteT ¢ yBenunyeHnem H nuHeinHo (yyacTtok 2-3).

0
B J
TBETCTBEHH =——=1+4+-— BHavan
K Co0TBETCTBEHHO 7 1+ avane
/tmﬂll #0

pacter ¢ poctom H (pucyHok (6)), a 3aTem,
[OOCTUrasi MakCUMyMa, HauMHaeT YMeHbLUaThCs,

CTPEMSICb B Crlydae CUMbHbIX Noneit K eanHuLe.
3aBMCMMOCTb  HamarHuyeHHoctm  J  oT
1 HamnpsOKEeHHOCTW  MarHuTHoro nons  H B
0 H eppomarHeTke onpegensieTcs  NpenbicTopuen

HaMarHu4eHus. Ot0  sBneHune Ha3blBaeTcs

5) MarHUTHbIM FMCTEePe3UCOM.
Ecnu cdeppomarHeTuk HamarHutuTb OO HacbiweHus (kpueas 0-1), a 3aTtem
yMmeHblwate H (kpusas 1-2), To npu H =0
B (heppomarHeTMke OCTaHeTCsl OcTaTo4yHas
HaMarHu4eHHocTb J .

OTo  sABRNEHWe  WUCMOMb3yT  Mpwu
N3roTOBMEHWUN MOCMOSIHHbIX MagHUMmos.

ana Toro YTOObI YMEHbLUUTb

4 HaMarHMyeHHOCTb [0 Hyns, Hago NPUNOXMTb

NPOTMBOMNOJIOXKHO-HaNpaBrieHHoe none

(Touka 3), ¢ HanpsbxeHHocTblo H -, koTOpas

HasblBaeTCcs KoapuutuBHaa cwuna. [lpu
AanbHewnem yBENM4eHUu
NPOTUBOMONOXHOrO nonsa  deppomMarHeTUk nepemarHuumBaeTca (kpusas 3—4),
JocTuras HacbllweHus (Tovka 4). 3ateM ero MoXHO OnsATb pasMarHUTUTb (KpmBas 4—
5-6) 1 BHOBb NepeMarHnTUTb A0 HacbiweHus (kpuBas 6—1).

Takum o6pasom, M3MEHEeHNe HamarHU4eHHOCTU onucbiBaeTcsa KpuBon 1-2-3-4-
5-6-1, kOTOpasi Ha3bIBaeTCs NeTns rMcrepesunca.

Ona «kaxgoro dheppomarHeTuka WuMeeTCsi oOnpederieHHas Temnepartypa,
HasblBaemask mo4kol Kropu, npu KOTOpPOW OH TEpSeT CBOM MarHUTHbIE CBOWCTBA.
Mpwn HarpeBaHun Bbiwe Toukn Kiopy dpeppomarHeTuk rpespawjaemcsi B OObIYHbIN
napamarHeTuK.

MarHeTnam
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41.YcnoBus Ha rpaHuue pasaena AByX MarHeTUKoB.

PaccmoTtpum noBepeHue BektopoB B v H Ha rpaHuue pasgena AByx
OOHOPOAHbIX ~ MarHeTMKOB ~ C  MarHUTHbIMU
n NPOHMLI@EMOCTSMW L, U [, NP OTCYTCTBUK Ha

AS rpaHvLe Toka NPOBOAUMOCTH.
Moctpoum  BGNM3M  rpaHuubl  pasgena
MarHeTukoB 1 1 2 nNpAMOW UMAMHAP HUYTOXHO
Marion BbICOTbl, OAHO OCHOBaHWE KOTOPOro
HaxoauTCA B MEepBOM MarHeTuke, Apyroe — BO
BTOPOM.
Cuutaem, 4To OCHoBaHus AS uunNUHApa
HaCTOMbLKO Manbl, YTO B Mpedenax Kaxaoro us

HUX BEKTOp B HeusMmeHeH.
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|
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Mo Teopeme Naycca
B,AS-B, AS=0,
(nockonbky 7i W 7’ npoTMBOHanpaeneHbl). C YYEeTOM COOTHOLLEHMS!
B = pn,uH , HopmanbHble cocTaBnsioLLme

nl

Hnl — &
H,

B6nusu rpaHmupbl pasgena marHeTmkoB 1 M 2 NOCTpoUM HeOOMbLUOW 3aMKHYTbI
npamoyronbHblil KoHTYyp ABCDA pnuHoii [ . CornacHo Teopeme o uupkynsauum H

Bnl =B

n2»

! fHdl=0
ABCDA
4 > B NOCKOMbKY TOKOB MNPOBOAMMOCTM Ha
K,y >2 rpaHvuax Het. OTclofa
| iy iiuigeiiaipully sl § H,l-H,l=0
D — c—-
—————————— (3Haku wHTerpanoe nmo AB u CD

pasHble, T.K. MNyTM  WUHTErpMpoBaHuUs
NPOTUBOMOSIOXKHLI, @ WHTerpansl no BC u DA GeckoHeyHo Marnbl). lMoaTomy,
TaHreHumarnbHble cocTaBnsoLme

H,=H, Da_Hh
7 S B -
. H
Takum o6Gpas3om, Mpu nepexoge Yepe3 rpaHuly pasgena AByX MarHeTukoB
HopMmarnbHas cocTaBnsiiollas BekTopa B W TaHreHumanbHas cocTaBnsioLas
BekTopa H n3MeHsATCs HEeMpepbIBHO, @ TaHreHUuManbHas CocTaBnsiolas BeKTopa
B v HopMmanbHas cocTaensowasi Bektopa H npeTepneBaloT CKayok.

42. DeppoMarHeTMKM U UX CBOUCTBA.

Momumo criabomacHUMHbIX BeWECTB — aAva- 1 napamMarHeTukoB, CyLleCTBYIOT
CuUllbHOMazcHUMHbIe BellecTBa — qbeppOMaeHemm(u — BellecTBa, obnagatwowme
CrMOHMAaHHOU HaMazgHUYEeHHOCMbI, T.e. OHU COXpPaHAKT HaMarHM4eHHOCTb npu
OTCYTCTBUM BHELLUHET0 MarHUTHOIoO Nons.
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B Bakyyme (U =1) cvna B3aumopaencTBus Ha eAnHULY ANVHBI TPOBOAHMKA

dar _ uop 211,
dl 4r R
dF 7
npu I, =1, =1An R=1m: E=2-10 H/m. Otcropa
H I'n
=4r-107 —=47-107 —
Hy Az M

roe reHpm (FH) — egmHuMua MHAYKTMBHOCTN — ByaeT onpegenexHa nosgHee.
13. EQMHULbI MarHUTHOW MHOYKUUM U HanpPshKeHHOCTU MarHUTHOro nons.
MycTb anemeHT npoBofdHuka dl c Tokom I nepneHAauKynsipeH HanpaeneHuto
marHuTHoro nonsi. 3akoH Amnepa dF = IBdl , otkyna
1 dF
1 dl
EaMHMua marHuTHou uHaykumm B — Ttecna (Tn) — MarHuTHas MHOYKUUS

Takoro 0AHOPOAHOIO MarHWTHOrO MOJis, KOTOpoe AencTByeT ¢ cunon 1H Ha Kaxabiv
METp ANUHbI NPSIMOMMHENHOIO MNPOBOAHUKA, PaCMONIOKEHHOTO NEPNeHAUKYNSPHO

H
HanpaeieHUIo NOJIA, eCNU NO 3TOMY NPOBOAHMKY npoxoaut Tok 1A: 1 Tn=1 Aowm
‘M
B
W3 copmynel B = uH B Bakyyme (U =1) nonywum H = —.
Hy
EavHMua HanpsikeHHOCTU MarHuTHoro nons H — amnep Ha meTp (A/M) —

HaMNPSKEHHOCTb TAKOrO MO, MHAYKLMSI KOTOPOTo B Bakyyme pasHa 47 - 10~ T .

14.MarHuTHOe nosne cBo60AHO ABUXYLIErocs 3apsaga.
MPOBOAHMK C TOKOM CO34aeT BOKPYr cebst MarHUTHoe norne. OrneKTpUYecknin Tok

— 3TO ynopdaao4YeHHOe OBWXEeHUe 3NeKTpU4eCcKnx 3apAanos. MarnuTtHoe none B
TOYe4YHoro 3apspa ¢, cBoboaHO OBUXKYLLLErocss ¢ NOCTOSHHON HepensaTUBUCTCKOM

ckopocTbio U (U << ¢):

- 0,7 v .
B:.UO.UCI[3 ]’ B='u0‘uq—251na
T r 4 r
rae ¥ — paguvyc-BeKTOp, MPOBeAEHHbI U3 3apsiaa ¢ K Touke HabmoaeHus,
o —yronmexagy U v 7.
15.Cuna JlopeHua.

Tak Xe Kak M Ha MPOBOAHWMK C TOKOM, MarHUTHOe Mofie OEeUCTBYeT U Ha
OTAENbHbIN 3apsa, ABWXKYLLMIACA B MarHUTHOM More.
Cwvna, geicTByloWas Ha ANEKTPUYECKUIA 3apaa ¢, ABMXKYLLMACA B MarHUTHOM

none B co ckopocTbio U, HasbiBaeTcs custoll JlopeHya:
F =4q[v,B]
wnm F =gquBsina,

roe o — yronmexagy U un B.

A.H.Orypuos. flekyuu no gusuke.
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CBofHas Tabnuua.

[MpoBOAHMK C TOKOM Cso60gHO ABMXYLIMIACS 3apag
= Mo 111 7] 5= Mok 4lU.7]
MarxuTHoe none T4 2 Ar 3
3akoH bno—CaBapa—Jlannaca
_ Cwuna, dF =1[dl,B] F=q[v,B]
AencTeylollan Ha cvna Amnepa cuna JlopeHua

HanpaBneHme CUnbl J'lopeHu,a, TaK Xe KaK ”n

F cunbl AMnepa, onpegensieTca Mo fpasusny seeol
pyku. Cuna JlopeHua Bcerga nepneHaMKynsipHa

CKOPOCTY ABWXKEHUS 3apSHKEHHON YacTuubl. MoaTomy

v W OHa M3MEHSIeT TOMbKO HampaBneHue 3TON CKOpPOCTH,

He wu3MeHsis ee Mogaynsi. CnepoBaTenbHo, cuna
JlopeHua paboTbl He coBeplLuaeT.
F lMocmosiHHOe MaecHUMHOe rone He cosepliaem
pabombl Had Oswxywelcss 8 HeM 3apsKeHHoU
yacmuuel u KuHemuy4eckasi SHepaus 3mol Yacmuybl npu 08UXEHUU 8 MagHUMHOM
rore He U3MeHSIemcsi.

L2
L

[BmxeHne 3apsga, Ha KOTOpbIA KPOME MarHUTHOrO Monsi C uHaykuven B
[eNCTBYET U 3MeKTPUYECcKoe Mosie C HanpshKeHHOCTbio £ onuckiBaeTca dpopmynon
NopeHua:

F =qE +¢[V,B]
16.[1BMxeHune 3apsHKeHHbIX YacTUL B MarHUTHOM none.

Cuutaem, 4TO MarHuTHoe mnore OOHOPOOHO W Ha YacTuubl He AeNCTBYHT
anekTpuyeckme nons. PaccmMoTpum Tpu BO3MOXHbIX Cryvas:

1. GHB — 3apsbkeHHas YacTuua OBMXKETCS B MarHUTHOM Mofie BAOMb fNHWRA

MarHuTHOM MHAYKUMK (yron o mexay Bektopamu U u B pased 0 wnu 7).
Cuna JlopeHua paBHa Hynto. MarHUTHOe Mnofie Ha 4yacTvuy He AeUCTBYET U OHa
[BUXETCS pagHOMEPHO U MPSIMOIUHEUHO.

2. D1B — 3apskeHHasi 4YacTuua ABWKETCA B MarHUTHOM Mone nepreHamKy-
MAPHO NUHMSAM MarHUTHOWM UHAYKUMK (yron ot =7/2).
Cuna JlopeHua F =qUB: noctosHHa no Mopynio ¥ HopmanbHa K TpaeKkTopuu

YyacTuubl. Yacmuya 6ydem deuzambcsi M0 OKPYyXHOCcmu pagunyca R c UeHTpo-

2 2
mv

(%
CTpPEeMUTENbHbIM YCKOPEHUEM a, = ? W3 BTOporo 3akoHa HbtoToHa qUB = ——

R
mv 2R 2mm
nosly4yaem paguyc okpyxxHoctu R = —— v nepvog Bpawerust 7' = ——=——.
qB v qB
3. BapsikeHHasi vacTuua [ABWXETCS Nog YoM O K JNWHWSIM - MarHUTHOW

WNHOYKLUMN.
[BWXeHNEe YacTULbl MOXHO NPeACTaBUTb B BUAE CYMMbI O8yXx G8UKeHUU:
1) paBHOMEPHOIO  MPSIMOSNIMHEMHOTO  ABWXEHUS BOOSIb MNOMS CO  CKOPOCTbLHO
1)” =VCOoSK;

2) paBHOMEPHOro ABMXEHNA MO OKPYXXHOCTU B NITOCKOCTH, I'IepI'IeHLLVIKyJ'IFIpHOVI nonto.

A.H.Orypuos. flekyuu no gusuke.
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MarHUTHbI MOMEHT 3TOro CYyMMapHOro Toka MUWKPOTOKOB BHYTPWU MarHeTuka

P=IS :I'STI :I'?, raoe V — o6bem marHeTuka.

P I
Mo onpeaeneHnio HaMarHUYeHHOCTb MarHeTuka J = ; = 7 crnepfosarernbHO
’
B =u,J
Unn B BEKTOPHOMN dhopme
-, -
B=pu,J

CnepnoBaTtenbHo,

EZ#O(I:[+j):uO(1+Z)ﬁ-
BespasmepHas BennuunHa
B
B,
Ha3biBAETCS MarHUTHOW MPOHMLAEMOCTbIO BellecTBa. VIMEHHO 3Ta BenuyuHa
MCNOMb30Banack paHee B COOTHOWEHNM B = L1y (LH .
Ana duamacHemukoe [l <1, dns napamacHemukoe [l >1.

40.3aKOH NOSIHOro ToKa ANl MarHUTHOTO Nons B BelecTBe.

OTOT 3akoH ABnsAeTcs 000OLIeHMEM 3aKoHa MOMHOrO ToKa AN MarHUTHOro
nons B Bakyyme (ctp. 4-10).

Lupkynsayusi eekmopa MagHUMHOU UHOYKUUU 10 Mpou380IbHOMY 3aMKHYMoMy
KOHmMypy paeHa aneebpaudeckoli cyMMe MmOKO8 rnpoeoduMOCMU U MOJSEKYIISIPHbIX
MoKo8, 0Xxeambl8aeMbIX 3MUM KOHMYPOM, YMHOXEHHOU Ha MacHUMHY
MMOCMOSIHHYO:

§BE =§B,d1=y0(1+1’),
L L

roe [ n I’ — cooTeeTcTBeHHO anrebpanyeckne CyMMbl MakpOTOKOB (TOKOB
NMPOBOAMMOCTU) M MUKPOTOKOB  (MONEKYNsIpHbIX  TOKOB),  OXBaTblBaeMbIX
MPOW3BONbHBLIM 3aMKHYTbIM KOHTYPOM L .

Mpu 3TOM UMPKYNAUMS HamarHuyeHHocT J Mo MPOWU3BONbHOMY 3aMKHYTOMY
KOHTYpY L paBHa anreGpavyeckoit CyMMe MOJIEKyNspHbIX MOKO8, a LMPKynsums

BEKTOpa H — CyMMe TOKOB NMpOBOAMMOCTU, OXBaTbiBA€MbIX 3TUM KOHTYPOM:

ffj@:]', §Hdi=1
L L

MocnepHee BblpaXxeHune npeacraenaeTt cobon Teopemy o UMpKynauumm

BekTopa H .
C yuyeToM TOro, Yto cuna Toka [ CKBO3b MOBEPXHOCTb S, OXBaTbiBAEMYHO

KOHTYpOM L, ABNAETCA NOTOKOM BEKTOpa MIIOTHOCTU TOKa 4Yeped 3Ty NOBEPXHOCTb,

1= J.jﬁ (cTp.3-22), Teopema O LUMpPKyNsaLuumM BeKTopa H OyneT nmeTb BUA:
S

fidi=[ s
L N

MarHeTnam
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BUTOK ByaeT BblTankMBaTbCs U nepemMeLtatbesi B obnacte 6onee cnaboro nonsi.
MoaTomy napamarHeTUku emsizuearomcsi B obnacTb CUMbHOTO MOfs, B TO

BpPEMS, KaK AMamMarHeTMkM eblimasikuearomcs U3 3Toil obnacTtu.

39. HamarHuyeHHocTb. MarHuTHoe none B BellecTBe.

Mono6bHo TOMY, KaKk Anda KOnn4yeCTBE€HHOro onucaHuna nondapusadunu
AN3NEKTPUKOB Oblna BBEAeHa nonAapn3oBaHHOCTb, ANA KONMMYEeCTBEHHOro onucaHua
HaMarHmyeHna MarHeTukoB BBOOAT BEKTOPHYKO BelN4nMHYy — HaMarHU4eHHOCTb,
onpegendaemMmyo MarHMTHbIM MOMEHTOM € JUHULLbI obbema marHeTuKa:

G P 2P
V V
roe P, = Zﬁa — MarH1THbIN MOMEHT MarHeTuka, paBHbIi BEKTOPHON CymMMme

)

MarHUTHbIX MOMEHTOB OTAEJIbHbIX MOJEKYyI.

B HecunbHbIX NONAX HaMarHUYEeHHOCTb nponopunoHanbHa HanpaXeHHOCTU H
nond, Bbi3blBakOWero HamarHn4eHue. I'IoaTomy, aHanorn4Ho ,EI,I/ISJ'IeKTpI/I‘-IeCKOVI
BOCNPUMMYMBOCTUN, MOXHO BBECTU NOHATHE MasHUmHoU _8ocrnpuumyusocmu
sewecmea y .

J=yH,

X — GespasmepHas BenmuuHa.

Ons  guamarHeTMkoB )} oTpuuatenbHa (Mofie  MOJIeKyNsipHbIX — TOKOB
NMPOTUBOMONOXHO BHELUHEMY MOM0), ANs NapamarHeTVKOB — MONoXuTenbHa (none
MOTEKYNAPHBIX TOKOB COBMaAaeT C BHELLHUM).

ABCONIOTHOE  3HayYeHWe MarHUTHOW  BOCTPUMMYMBOCTM  ONst  Ava- #
napamarHeTUKOB O4YeHb Mano — nopsigka 104 — 1076,

MarHuTHoe none B B BellecTBe cknagblBaeTcs U3 [ABYX MOMei: BHELUHErO
nons B,, CO3AaBaEMOro HaMarHMYMBalWMM TOKOM B Bakyyme, v nons B’
HaMarHW4eHHOro BeLlecTBa:

B=B,+5B,
rae By = H .
[Ons onucaHWs Mons, CO30AaBaeMOro MOSEKYNSIPHbIMU TOKaMu, PacCMOTPUM
MarHeTMK B BMAE KPYroBOro LMNMHApa ceyeHus S W AnuHbl [, BHeceHHoro B

OAHOPOJHOE BHELLHee MarHUTHOe rMone C UuHAyKuuen B

napannensHoe ocu uunuHapa. Ecnu paccmotpeTb noboe
cevyeHMe UMNMHAPA, MNeprneHauKynspHoe ero ocu, To BO
BHYTPEHHUX Yy4yacTKkax CeYeHUs MarHeTMka MOreKynspHble
TOKM COCeaHUX aTOMOB HarnpaBrieHbl HAaBCTpeYy Apyr Apyry u
B3aMMHO KOMMeHcupyloTcs. HeckoMneHcupoBaHHbIMK  ByayT
JMWb MONEKYNAPHbIE TOKWU, BbIXOASLWME Ha MOBEPXHOCTb
uunuHapa.

MarHUTHyI0 MHIOYKUMIO Toka I, TeKyLuero no GoKOBOW NOBEPXHOCTY LMMMHAPA,
BbIUMCTIUM (cumTas Ans npocTothl U =1) no dopmyne ans coneHoupga ¢ N =1

(coneHoma 13 0gHOro BUTKA):

B'=M
[
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CymmapHoe [nBwkeHue 6yOer OBUXEHWEM Mo
cnupanu, ocb KOTOpPOW nNapannenbHa MarHUTHOMY
nonto. War BuHTOBOW NHUK h=vHT=vTcosoc, roe

2R mv
T =—— — nepuop BpaLleHnsa YacTmubl, 1 R =——:
v qB
b= 2mmv coso
qB

Ecnu marHMTHoe none HeoAHOPOAHO MU
3apsPKEHHas Yactuua OBMKETCS NoA YoM K NIMHUSM
MarHUTHOro TMOMsi B HanpaBfeHWUM BO3pacTaHusl

nonsi, To BenuuMHbl R M h yMeHbwalTca ¢ pocTom B. Ha 3Ttom ocHoBaHa
(hOKyCMpOBKa 3apsKEHHbBIX YAaCTUL, MarHUTHLIM MOSMEM.
17.3 eKT Xonna.

AddekT Xonna — 3mo 803HUKHOBEHUE 3/1I€KMPUYECKO20 10151 8 MMPOBOOHUKE
usnu rosyrnpoe8ooHUKe C MOKOM MpuU MOMEWeHUU e20 8 MagHUMHoe rorie.
Odpdpekr Xonna — cneactBue BnusAHUA cunbl JlopeHua Ha OBWXeHue

HocuTeneit Toka. B marHuTHOM none B npu npoTekaHnn 4epes3 NpoBOOHUK TOKa C
NNOTHOCTbIO j YCTaHaB/IMBaETCA 3JeKTpUYeCcKoe nosie ¢ HanpAa>XeHHOCTbHO

d E = R[Baj] ’
roe R — nocmosiHHasi Xonna.
= nyCTb, Hanpumep, MeTannunyeckas

nnactmHka C  TOKOM pacnonoXxeHa B
MarHMTHOM none nepneHgukynapHOM TOKY

A.H.Orypuos. flekyuu no gusuke.

| >

v == J (cM. pucyHoK). Cuna JlopeHua npuBOAUT K

MOBLILLEHMIO KOHLEHTPaLUUM HocUTENen Toka

— 9neKTpOHOB — y BEpXHero kpas

nnactmHki.  [pu  3TOM  BepxHUiA  Kpawn

3apAANTCH  OTpULAaTenbHO, &  HUXKHUIA,

COOTBETCTBEHHO — MosoXuTensHo. CTaunoHapHoe pacnpefeneHune sapsgos yaet

[OCTUrHYTO, KOorga [AEeWCTBME CO34aHHOrO0 TakMM 06pasoM 3MeKTPUYEecKoro nons
A

ypaBHoBecuT cuny fopeHua: eE = e—(p =eVB, wm Ap =vBa, roe a — wupuHa
a

NNacTUHKW, e — 3apsif anekTpoHa, AQ — monepeyHasi (xos/108cKasi) pa3HoCMb

nomeHyuanoe.

Mockonbky cuna Toka [ = jS=nevS (S=ad — nnowanb nonepeyHoro

CeYeHUs NNaCTUHKN TOMWMUHON d W LIMPUHOM @, N — KOHLUEHTpaLUWsl 351eKTPOHOB,
UV — cpefHsisl CKOPOCTb YNOPsiA0YEHHOTO ABMKEHUS SNIEKTPOHOB), TO

y 1 y
3Hak noctosiHHoM Xonmna R =-— coBnagaeTr co 3HAKOM HoOcUTenel Toka,
en

noaTomy adppekT Xosna Ucronb3aytoT AMns onpeaeneHns NpupoLsl HoCUTENen Toka B
BELLECTBaX W ONpefeneHns UX KOHLeHTpaLmu.

MarHeTnam
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18.TeopemMa 0 LMPKYNsaUUN BeKTopa B.

Linpkynsauuvei Bektopa B no 3apaH-

E HOMY 3aMKHYTOMY KOHTYypy L Ha3sbiBaeTcs §Bdl=§31dl

f O Jf ™ creayloLmit MHTErparn No 3TOMY KOHTYpY: L L
\ roe dl — anemeHT [ONWHbI KOHTYpa, HamnpaBleHHbI
L BOonb obxoaa koHTypa; B, =Bcoso — cocTaBnsiowas
\ \I BekTOpa B B HaNpaBNeHUM KacaTeNbHON K KOHTYpY, C y4eToMm
~—/ BbiGpaHHOro HanpasneHus obxoga; O — Yyron mexagy

BekTopamu B n dl.
Teopema 0 UMPKYNsSIUMKN BekTopa B (3aKOH MOSIHOrO MarHUTHOro Nons B

BaKyyMe): LMpKynsuus Bektopa B no npou3BoSibHOMY 3aMKHYTOMY KOHTYpY paBHa
NPOU3BEEHNI0 MarHUTHOM MOCTOSIHHOW LI, Ha anrebpanyeckylo CyMMy TOKOB,
0XBaTbIBAEMbIX 3TUM KOHTYPOM:

fézhifB,dl:uOki}lk,

rae n — YUCNO MPOBOAHUKOB C TOKamu, OXBaTbiBaeMbIX KOHTypom L
NPOn3BOSIbHON (POPMBI.

OTa Teopema crnpaseanvea moJsibKo 0115 Mo/ 8 8aKyyme, NOCKONbKY 071 rnosis
8 gewecmee HafoO YYuTbIBaTb MOJSIEKYNApHbIE MOKU. Kaxabll TOK y4nTbiBaeTcs
CTONbKO  pa3, CKOMbKO OH  OXBaTbiBAaeTCsd  KOHTYpOM. .
[MonoxuTenbHbIM cYMTaeTCa TOK, HanpaBneHWe KOTOPOro CBA3aHO B
C HanpaeneHvem o6xoaa No KOHTYPY r1pasusioM rpagoeo euHma.

lpumep: MarHMTHOE None NPSAMOro Toka.
3aMKHYTbI KOHTYP NPeACTaBUM B BUAE OKPYXXHOCTM paauyca 7. B ,/—"\

KaXXZOW TOUKE 3TOWM OKPYXKHOCTW BEKTOp B oauHakos no mogynio u /7
HanpaBseH Mo KacaTenbHOW K OKPYXHOCTU: /

| \
!
§B,dl=§Bdl:B§dl:BZ7rr:u01, oTcloaa B:LO[ \\ /
L L L 2nr \ ,/
~ -
-

r
1

CpasHum ebipaxkeHus1 05151 UUPKYIsuUl 8eKmopos E uB.
. — n
§Edi=0,  §Bdi=u, I
L )3 k=1
lMpuHyunuanebHoe pasnuune Mexay 3TMmMu bopMynamm B TOM, YTO LIMPKYNSLmUs

BEKTOpa E ANEeKTpocTaTn4yeCckoro nonsa scezda pasHa HyIm. Takoe none siBnsieTcH

nomeHyuasibHbIM. LlI/IpKyJ'IFILI,I/Iﬂ BEKTOpa B wmarnutHoro nonsi He paesHa HyIo.
Takoe none Ha3blBaeTcs euxpesbiM Unun cosieHoudasbHbIM.

19.MarHuTHOE none coneHouaa.

CosreHOUOGOM Ha3bIBAETCS CBEPHYTHIN B CnMparb M30NMPOBaHHbIN NPOBOAHMK
No KOTOPOMY TeyeT 3nekTpuyeckun Tok. PaccmoTpum coneHoup AanuHow [,

umetowwmin N BuTkoB. Lupkynauus Bektopa B no 3amkHyTomy koHTypy ABCDA,

oxBaTbiBatolemMy Bce N BUTKOB, paBHa §Bldl =u,NI
ABCDA

A.H.Orypuos. flekyuu no gusuke.
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Bl op6ume npeueccuu c yenosoti ckopocmsio Q.

MpeLeccuoHHOe [OBMXEHUE INEKTPOHHbIX OpPOUT 3SKBUBANEHTHO KPYroBOMY
MUKPOTOKY. Tak Kak 3TOT MUKPOTOK MHAYLMPOBaH BHELUHUM MarHUTHbIM Nonem, To,
cornacHo npasuny JleHua, y artoma nMOSIBNSETCS Ma2HUMHbLIU MOMeHm,
HanpaBeHHbIA MPomue eHewHe20 MoJisl.

HaBefeHHble cOCTaBnsAlOWME MarHUTHLIX MONEe aToMOB CKNadblBalTcs W
obpasyloT cobcmeeHHOe MazHUMHOe r1ofe eewecmea, ocrabnawouee 6HeWHee
MagHumHoe rnose. AToT adhpeKT nonyymn HassaHve guamarHutHoro 3dhdekrta, a
BellecTBa, HaMarHW4YMBalLLMECS BO BHELHEM MarHUTHOM TMofe  NpOTUB
HanpaBsrieHusl Nons, Ha3blBaloTCA AuamarHeTukamu (Hanpumvep, Ag, Au, Cu...).

Tak kak AvamarHuTHbIn  3dcpekT oOycnoBneH [OeWcTBUMEM  BHELLHEro
MarHWTHOro Monsi Ha 3NeKTPOHbl aTOMOB BELLECTBa, TO AMaMarHeTM3aMm CBOWCTBEH
BCEM BeLLecTBaM.

Hapsgy ¢ avamarHWTHbIMK BeLLeCcTBamy CyLLECTBYIOT M NapamMarHUTHble —
BELLEeCTBa, HaMarHM4MBaloLWMecs BO BHELWWHEM MarHWTHOM Mofie Mo HarnpaBfeHuto
nons (npumep: peakodemMerbHble MeTannsl, Pt, Al...).

Y napamarHWTHbIX BELLEeCTB MNpPWU OTCYTCTBUM BHELUHEr0 MAarHUTHOrO oS
MarHUTHble MOMEHTbl 3MEKTPOHOB HEe KOMMEHCUPYIOT Apyr Apyra, U MOnekynbl
napamMarHeTMkoB Bcerga o6nagatoT MarHWTHbIM MOMEHTOM (TakuMe MOnekyrsbl
Ha3bIBaOTCSA MONSPHBLIMM).

Bcneacteve TennoBOro  OBWMXKEHUS MOJSEKYNT WX  MarHWTHble  MOMEHTbI
OpUEHTUpOBaHbl GecrnopsaoyHO, MO3TOMY, B OTCYTCTBME MarHWTHOTO  MOns,
napamarHuMTHble BelllecTBa MarHUTHbIMK CBOMCTBaMM He 06ragatoT.

Mpu BHECEHUN NapamarHeTUka BO BHELLUHEE MarHUTHOE rorie yCTaHaBnMBaeTcs
npeumMyuiecmeeHHasi OpyeHTaunsi MarHUTHbIX MOMEHTOB aTOMOB (MOrekyn) rno
nos1o (MOSNHOWM OpUeHTaLMmM NPensATCTBYET TENOBOE ABUXKEHNE aTOMOB).

Takum o6pasom, napamMarHeTUK HamarHMuMBaeTcsl, cosfdaBasi cobBCTBEHHOe
MarHMTHoe none, coenadaruwee MO HanpPaeneHur C 6HEeWHUM TIoNemM W
ycunusaoLwmm ero. 31oT addeKT Ha3biBaeTCs NapaMarHMTHbIM. Ecnv marHuTHbIN
MOMEHT aTOMOB (MOJIEKy) BENWK, TO NapamarHUTHbIE CBOMCTBa NpeobrapatoT Hag
OvamMarHuTHbIMU U BELLECTBO SIBNSIETCS NapaMarHeTUKOM.

Mapa- 1 gnamarHeTVkyn no-pasHomy BeayT cebsi B HEOAHOPOAHbIX MarHUTHbIX
nonsx.

PaccmoTpum  manblii  BUTOK C  TOKOM B
HEeOHOPOAHOM MarHWTHOM none (CM. pucyHok). Cunbl

dF', peiicTByloluMe Ha oOTAeSfibHble Y4acTKu BUTKa,
NepneHaMKYnsipHbl K TOKY UM K MarHUTHOMY MOfto.
Cocraensiowme dF,, napannensHele BUTKY, CO3aatOT
ycunusi, pactarvBalowme (Mnm CxuMarowmne) BUTOK.
CocraBnstowme dF,, nepnenavkynapHble K
MIOCKOCT BUTKA, CKMafblBasicb, OafyT HEKyl cuny
F', cTpemsulyiocs nepemellatb BUTOK B MarHMTHOM
none. [EcnuM  MarHuTHbIN ~ MOMEHT Toka P,
COHanpaBreH C BEKTOPOM MarHWTHOW uHAyKuMn B
(kak n300paxxeHO Ha pUCYHKe), TO BWUTOK OyaeTt
BTArMBaTbCA B 00nacTtb 6onee cunbHoro nons. Ecnu

Xe BeKkTop p, MpOTWBOHaNpaeneH Bektopy B, ToO

MarHeTnam
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MEXaHW4YECKNM MOMEHTOM UMMynbca L, , T.e. nogoGeH BomuKy:
L, =mar® =2mvS
rle @=27V — yrrioBas CKOPOCTb drekTpoHa, 7r° =S . Bektop L,

HasblBaeTCcs OpOWTanbHbIM _MeXaHW4YeckUM MOMEHTOM SMfekTpoHa. [lockonbky
HanpasrieHne BekTopa L, Takke onpedenserca Mo npaswuny npaBoro BWHTA, TO

HanpaeneHusi p,, W L, npomueononoxHel. Moatomy:

ﬁm :_izl :F.ZZ’
2m

e
roe BenuumHa I'=——| — | HasbiBaeTCA IMPOMAarHUTHBIM _OTHOLLEHWEM
2\ m

opbuTanbHLIX MOMEHTOB,

e
= =1,76-10" Ki/kr — yaenbHbIl 3apsy snekTpoHa.

m
Kpome opbuTanbHbiXx MOMEHTOB, 3NeKkTpoH obnagaeT CcoBCTBEHHbIM

MEXaHN4YeCKMM MOMEHTOM umnynbca L, HasbiBaeMbIii CAUHOM.
CnuHy 9amnekTpoHa COOTBETCTBYeT COOGCTBEHHbIV (CMWHOBLIA) —MarHWTHbIN

MOMEHT ]—7ms. npoeKLl,Vlﬂ CNMHa Ha HanpaelieHWe BEeKTopa B wmoxet npuHUMaThb
TOJIbKO OHO U3 crieayrwnx aByx 3HaYeHUI:

eh

Puss =iﬁ=iﬂ3,

e

h
rae h =2— (h — noctosiHHas MnaHka), Ug;— MazHemoH bopa, siBRsioLniics
n

eanHULLEN MarHUTHOTO MOMEHTA 3NEKTPOHA.
OOLWMIA MarHUTHBLIK MOMEHT aToMa MIM MOJEKYSbl paBeH BEKTOPHOW Cymme
MarHWTHbIX MOMEHTOB (OpOUTanbHbIX U CMMHOBBLIX) BXOAALMX B aTOM (MOnekyny)

3NEKTPOHOB:
ﬁa = Zﬁm + Zﬁms

MarHuTHble MOMEHTbI aTOMHbIX a0ep B TbiCAYM pa3 MeHbLle MarHUTHbIX
MOMEHTOB 3JIEKTPOHOB, MO3TOMY UMW KaK npaBuIio npeHe6pera10T.

38.0una- u napaMmarHeTUKu. y-1
Bcsikoe BelecTBO sIBNsieTCA MarHeTUKOM, T.e. CNocoOHO
noa [OEWUCTBMEM MarHWUTHOrO nonsi npuobpeTaTb MarHWTHbIN 2

MOMEHT (HamarHu4mMBaTbCs).

Ha Bpawyatowmincst no opbuTe aNeKTPOH, Kak Ha 3aMKHYThI
TOK, B MarHMTHOM Mone AeWCTBYeT BpallatoLmii MOMEHT cun. B
pe3ynbTaTe MeKTPOH MosyyaeT AOMNOMHUTENbHOE PaBHOMEPHOE

BpalleHne, npu KoTopoM Bektop L 6yaeT onucblBaTb KOHYC
BOKPYF HanpaBrieHus WHAyKuMM B ¢ HekoTopoW yrnosow
ckopocTbio 2. Takoe ABMXEHVE Ha3biBaeTCs NpeLeccue.

Teopema Jlapmopa: Jelicmeue Mac2HUMHO20 10/ Ha
3/1IEKMPOHHY 0pbumy MOXHO ceecmu K coobweHuo amol

A.H.Orypuos. flekyuu no gusuke.
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TN Ha yuactkax AB wn CD  KoHTyp
———— N, -
r’ Ve SO\ Y MEpneHAVKYnSpeH MIMHUSM - MarHuUTHOW  MHAYKUMM,
d a"_——“~‘\ ] _
\ [l ~J\y /  cneposatensHo B, =0. MoxHo nokasaTb, UTo BHe
\ AW 1, 7
o 22 BECKOHEYHOTo ComneHouaa MarHuTHoe none B =0
P S
’/(’( WY, (ymarme yuactok CB  Ha 6eckoHedyHoCTb, rae
AN 2/ '\ wmarHuTHoe rone  coreHouga  PaBHO  HyIHO,
\ ~ “/[ /) nockorbky ~MarHMTHOe monie  KaXaoro - BUTKa
AN p ,
" ~———eT f, CONEHOMA YMEHBLIAETCS C PaccTosHueM ~ 7).

Ha yyactke DA KoHTyp coBnagaeT ¢ InUHUWEN
MarHMTHOM MHAOYKUMW, BHYTPW coneHonaa none ogHopoaHo (B, = B'), noatomy

[ Bdl = Bi = NI
DA

MarnuutHas nHaykums (6eckoHe4Horo) coneHonga B Bakyyme:
NI
gt

20.MarHuTHOE none Topouga B BakyyMme.
TopoudomM — Ha3blBaeTCA KonbLEBas KaTyllka C
\l> BUTKaMW, HAMOTaHHbLIMW Ha CepAeYHUK, UMEoLLMI hopmy
S?E TOpa, Mo KOTOPOI TeYeT TOK.
D, j\ MarHuTHOe norne OTCYTCTBYeT BHe Topouza, a
BHYTPW €0 OHO SIBNSIETCS OAHOPOAHbIM.

! r JIHUM  MarHWTHOW WMHAYKUMW, Kak crnegyeT w3
COODpaXeHNi CUMMETPUU, €CTb OKPYXKHOCTW, LEHTPbI

< ’ KOTOPbIX PAcrnonoXeHbl Ha OCK Topouaa.
SSS B kayecTBe KOHTypa Bblbepem OfHy Takyto

OKPYXXHOCTb paguyca r. [lo Teopeme 0O UuupKynauumm
B2mr = uyNI , rne N —uucno sutkoB Toponga. Otcioaa

B= U NI
2nr

21.MoToK BeKkTOpa MarHMTHOW UHOYKLMW.
lMomokom eekmopa Ma2HUMHOU UHOYKYUU (MarHUTHbIM NOTOKOM) 4epe3
nnowaaky dS HasblBaeTcs ckasispHas (Puandeckas BenuumHa, paBHas

d®, = BdS = B,dS

roe B, = Bcosot — npoekunsi Bektopa B Ha HanpasneHue HopManu 7 K
n

nnowanke dS, oo — yron mexay Bektopamu 77 U B, dS — Bektop, Moaynb
KOTOporo paseH dS, a HanpaBereHve coBnagaeT C HanpasBreHnem Hopmanu 7 K
nrowagke.

MMomok eekmopa B MoxeT ObiTb Kak [0[0XUMEbHbIM, maK U
ompuuamesibHbIM B 3aBUCUMOCTM OT 3HaKa COSC. .

MoTok BekTopa B CBA3bIBAOT C KOHTYPOM MO KOTOPOMY Te4YeT TOK.
MonoxwuTensHoe HamnpasneHWe HopManu K KOHTYpY CBSI3aHO C HarnpaBfeHWeM Toka
Mo npaswusy NPaBoro BUHTa. MoaToMy MagHUMHLIL MOMOK, co3dasaemMbili KOHMYPOM
C MOKOM 4Yepe3 1o8epxXHOCMb, 02PaHUYEHHYIO UM caMUM, BCEraa NONOXUTENEH.

MarHeTnam
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MoTOK BEKTOpPA MarHWTHOM MHOYKUMM Yepes MpOou3BOSIbHYO NOBEPXHOCTL S :
®, =[Bds=B,ds
S N

Ecnn none opHOpoOHO M NepneHauKynspHO eMy pacnorioxeHa nsrockas

NOBEPXHOCTb C Nnowaabio S, To
o, =BS

EavHuua marHuTHoro notoka — BeGep (B6): 1B6 — MarHuTHbIA NOTOK,
NPOXOASLUMIA CKBO3b MFIOCKYI0 MOBEPXHOCTb MNoWaabto 1M%,  pacronoXeHHyo
nepneHanKynspHoO 0gHOPOOHOMY MarHUTHOMY MOM, MHAYKUMA KOTOpOoro paesHa 1Tn
(1 B6=1 Tn-m?).
22.Teopema Maycca ansi MarHUTHOro nons B BaKyyme

lMomok eekmopa MazHUMHOU UHOYKUUU CK803b JI0BYH  3aMKHYmMyH
108ePXHOCMb PAaBEH HYII0:

§B¢TS=0
S

OTa TeopemMma oTpaxaer (*)aKT OTCYTCTBMA MarHUTHbIX 3apanoBs, BCnencrteue
Yero JNIMHUN MarHUTHOMN NHOYKUMXW He MMEeKT HWU Havana HUM KOHua n ABNnAKTCA
3aMKHYTbIMWU.

23.lMoToKocueneHme.

MarHUTHBIN NOTOK Yepe3 NMOBEPXHOCTb, OrPaHUYEHHYI 3aMKHYTbIM KOHTYpPOM,
Ha3sbiBaeTcs momokocuyenneHuem ¥ atoro konmypa.

MoTokocuenneHne KoHTypa, 06yCnoBNeHHOEe MarHUTHLIM MofieM TOKa B CAMOM
3TOM KOHTYpE, HasblBaeTCs NOTOKOCLENIEHNEM CAMOUHAYKLIMK.

Hanpumep, Haiigem MNOTOKOCUENneHne CaMOWHAYKUMM — corneHoupga ¢
CEPOEYHUKOM C MarHUTHOW MPOHWLIAEMOCTbIO (L. MarHWTHbIA MOTOK CKBO3b OAWH

BWTOK coneHoupa nnowaabto S paseH @, =BS. MonHbI MarHUTHLIA MOTOK,
CLeNMeHHbI Co BCeMU BUTKAMI COmneHouaa paBeH:

2
‘I’=<DIN=BSN='u°fﬂNISN=,uO,u¥S

MoTokocuensieHve KoHTypa, 06YCNOBNEHHOE MarHUTHLIM NONeM Toka, AYLLEro
B OPYrOM KOHTYpe, Ha3bIBaeTCsl MOTOKOCLIENNEHNEM B3aUMHON UHAYKUMU 3TUX OBYX
KOHTYpOB.

24.PaboTa no nepemeLlleHMI0 NPOBOAHMKA C TOKOM B MarHMTHOM More.

MpoBogHuK AnuHoi [ (OH MOXeT cBOGOAHO nepemMellaTbesi) ¢ Tokom [
HaxoauMTca B OQHOPOAHOM MarHMTHOM nosfe (CM. pucyHok). lNone HanpaeneHo
nepneHaMKyNApHO MIOCKOCTU PUCYHKa — u3-3a vepTexa. Cuna Avnepa F =1BI.

Mon ee pencTBuem NPOBOAHMK MEepemMecTurica u3

dx
I t"‘" nonoxeHuns 1 B Nonoxexue 2.
T o . PaGOE, coBepLIaemast MarHuTHeIM rornem:
c o of dA = Fdx=1Idx[l ,B] = IBldx = IBdS = Id®
— F |1 Wcnonb3oBaHbl COOTHOLIEHUS:
¢ o0 dS=Ildx — nnowagb, nepecekaemas
e & o 0 o | NPOBOAHVKOM MPU €ro NepPeMeLLEHNN B MarHUTHOM
o ; é none; BdS =d® — notok BekTopa MarHuWTHOM
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MaruutHoe none ANWHHOIO coneHovaa OAHOPOAHO UM COCPEAOTOYEHO BHYTpU
Hero, NO3TOMYy 3HEeprna 3akn4yeHa B obbeme coneHonga u pacnpegerneHa B HEM C
06BeMHOU NI0MHOCMbIO

W B*  uuH® BH
W=s——=———=-——=—
Voo 2u,u 2 2
OTU COOTHOLUEHMS HOCAT OOWMiA Xapaktep W crpaseanuBbl W Ans
HEeOAHOPOAHbLIX Monen, HO TONbKO Ans cpef, ANs KOTOpbIX CBA3b mMexpy B v H
nMHenHas (T.e. ANa napa- u AMamarHeT1KoB).

BblpameHme ana 06BbEMHOW NNOTHOCTN 3Heprnm MarHUTHOro nona aHanorn4Ho
COOTBETCTBYKOLLIEMY BbIpaXXeHuto ona obbemHon NNOTHOCTU Heprnmn
2
W _e,eE°  ED y y
3NeKTpocrtatnuyeckoro nona: w=-—=-———=——, C TOU pa3Huuen, 4To

V 2 2

AneKkTpuyeckne Benmm4nHbl 3aMeHeHbl B HEM MarHUTHbIMI.

MazHumHble ceolicmea eewjecmea.

A.H.Orypuos. flekyuu no gusuke.

37.MarHMTHble MOMEHTbI 3JIEKTPOHOB U aTOMOB.

Oo cux nop BnuaHMe cpenbl Ha MarHUTHbIE ABMIEHUA YYUTbIBAIOCh cbopmaano
BBEJEHMEM MarHUTHOM npoHuuaemoctn U . Ona Toro, 4TOObI pa306paTbc;| B

MarHUTHbIX CBOWCTBAX CPed U WX BIUSAHWU Ha MarHWTHYK WMHOYKUMIO, HEOOGXOAMMO
paccMoTpeTb AEUCTBME MArHUTHOIO MO HA aTOMbl Y MOFEKYTbI BELLECTBa.

Bce BelecTBa, nNOMeELLEHHble B MarHUTHoe norne, HamarHuyMBarTcs,
MOCKOmNbKy B JOGOM Tene CyllecTBYOT MMKPOCKONMYECKUe TOKM (MUKPOTOKM),
06ycroeeHHbIe O8UXEHUEM 3/IEKMPOHOB 8 amoMax U MOJIeKyrax.

Ona MHoOrux uenen, B TOM 4ucrne M Ans OObACHEHUS MHOTMX MarHUTHbIX
SIBMIEHWI, MOXHO UCMOMb30BaTb KB8a3UKIAcCU4YecKkylo Mooeslb, B  KOTOPOW
npeanonaraeTcs, YTo aToOM COCTOMT M3 MONOXUTENBHO 3apshKEHHOro siApa, BOKPYr
KOTOpOro 06palLatoTCa SMEKTPOHbl MO KPYroBbIM WU SMMUMNTUYECKUM opbutam,
nofo6GHO naHeTam CONHEYHOW cUCTEMbI (NNaHeTapHas Moaerlb aToma).

Takne 9nekTpoHbl, oObGpalatowmecs no opbutam, npeacTaensawT cobon
3aMKHYTble 3NeKTpUYECKUEe TOKM, U MNO3TOMY E€CTECTBEHHO MpPeanonoXnTb, 4TO
VWMEHHO OHMW SIBMSIOTCS MMUKPOTOKaMU (CyLLECTBOBaHWE KOTOpbIX Nnpefnonaran eule
AMnep), OTBETCTBEHHLIMW 3a HAMarHM4YMBaHVE BELLECTBA.

Ecnu anekTpoH coBepluaeT V 06OpPOTOB B cekyHay, To cuna Toka [ =eV.
Op6uTanbHbI MarHUTHbIA MOMEHT 3JIeKTPOHA, [ABMXYLLErocs Mo KpyroBown
op6uTe, nnowaabto S':

-

Py Pn= IS=evS

‘ Ji Ecnu SNEKTPOH ABWMXEeTCA No yacoBou CTpernke, TO
—— TOK HanpaefeH NPOTMB YacOBOW CTPENKU U BEKTOP ﬁm (B

12\
U

~
«Q

COOTBETCTBUM C MpaBUIIOM MNpPaBOro BWHTA) HanpasBneH
nepneHAnKYNspHO NIIOCKOCTU OpOUTLI SMEKTPOHA.

Tak kak aneKkTpoHaMm MpuUcyLl, He TOSbKO 3apsd, HO
ele W Mmacca, TO Kaxabll opbuTanbHO OBWXYLLMACS
3NeKTPOH 06nagaeT He TONMbKO MarHUTHbLIM MOMEHTOM (Kak
MW BCSKAN 3aMKHYTBbIN TOK), HO elle W onpeaeneHHbIM

e}

L

MarHeTnam
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MarHuTHoe none. 3To Bbi3biBa€T BO BTOPUYHON 06MOTKe nosisneHne 3C B3aumMHom
nHAyKuun. MNpn aTom:

N
0,=- 2@1,
N
rae N, v N, — uucno BUTKOB B MEPBUYHOW U BTOPUYHOM OBMOTKaX,

COOTBETCTBEHHO.

N. .
OTHoleHNe k =—2, rnokasblBaiollee, BO CKONbKO pa3 O[IC BO BTOPUYHOI

1
ob6MoTKe TpaHcdopmaTopa Oornblue (MK MeHbLUE), YeM B NEPBUYHON, Ha3biBaeTCA
KoadbdumLMEeHTOM TpaHcdhopMaLmu.

Ecnm k>1, 10 TpaHcopmatop — noeblwarowul, ecnm k<l —
MOoHWXarouwud.

36.3Heprua MarHMTHOro nons.

MpoBOAHUK, NO KOTOPOMY MNpPOTEKaeT JNEKTPUYECKUA TOK, BCErAa OKPYXEH
MarHuTHbIM nonem. MarHMTHoe nose NosiBNSIeTC U UCYe3aeT BMECTE C MOSIBIIEHUEM
U McYe3HOBeHUeM Toka. MarHuTHoe mnone, nofobHO 3neKkTpudeckomy, siBrsieTcs
HOCUTENeM 3JHeprun. JSHepaus MasHUMHO20 rofis paseHa pabome, KOMOPYH
3ampayusaem mok Ha co30aHue 3moeo noJis.

PaccMoTpUM KOHTYP UHAYKTUBHOCTLIO L , MO KOTOpOMY TeyeT Tok [/ .

C [aHHbIM KOHTYPOM cLenfieH MarHuTHbIl notok d = L7 .

Mpu n3ameHeHUn Toka Ha dI MarHUTHLIN NOTOK M3MeHsieTca Ha d® = Ldl .

Ona Takoro W3MeHEHWUs MarHUTHOrO MOTOKa HeoBXoaWMOo COBepLIMTHL paboTy
dA=1d® = LIdI .

Toraa pa6oTa no cosgaHuto MarHutHoro notoka ® Gyaet paeHa

1 2
LI
A:ILMU:A——
: 2
3Hepeu;1 Ma2HUMmMHOoR0 MnoJisi, CBA3aHHOIo C KOHTypOM,
LI?
w="0
2

Ha npumepe oOHOpPOAHOrO MarHUTHOrO MOMsi BHYTPU AMWHHOMO coneHouaa
BbIPa3nM 3HEPTUI0 MArHUTHOTO MOMs Yepe3 BENUUMHbI, XapakTepuaylLime 3To none
B OKpY>KaloLeM NpPOCTPaHCTBE.

N? 1 T
MHaykTMBHOCTL corneHonpa: L = ,uo,uTS. Ortciopga: W = E,uo,uNTS.
1 B
MarHuTHas UHAYKUWS nons coneHouga: B _ HoHNT . Otctopa: [ = _BL .
l HoUN

Mo onpefeneHuto BekTopa HanpsHXKeHHOCTW MarHUTHoro nonst B = (UM .
Mcnonb3ayst 9T COOTHOLLIEHWS!
B? BH
W=——yV=—°V
201 2
rne SI =V — ob6bem coneHounaa.
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WHAYKLMW, NPOHM3bIBAKOLWMIA 3Ty nnowaab. Takum obpasom,
dA = 1d®
Paboma no nepemeuweHuU0 NposodHUKa C MOKOM 8 MasHUMHOM flofie paeHa
Mpou3gedeHUr0 CuMlbl MoKa Ha MagHUMHBbIU MOMOK, nepecevyeHHbili O8UXYWUMCS
rPO8OOHUKOM.

25.Pa6oTa no nepeMeLIeHm IO KOHTYpa C TOKOM B MarHMTHOM none.

MarHutHoe nofne HanpaBfieHo MNeprneHOMKYNAPHO MIOCKOCTUM pUcyHKa — 3a
yeptex. PaBota dA cun Amnepa npu nepemelieHun koHtypa ABCDA pasHa
cymme paboT Mo MNepeMeLleHulo  NPOBOLAHUKOB
ABC (dA) v CDA (dA4,), T.e.

dA=dA, +dA,
Mpu nepemelweHun yyactka CDA  cunbl

AmMnepa HanpasrneHbl B CTOPOHY MepeMeLLeHus
(o6pasyloT ¢ HanpaBreHNeM NepemeLLeHUst oCTpble

yrnbl), noatomy dA4, >0
d4, =1(d®, + dd,)
Cunbl, pencteylowme Ha yyvactok ABC  KoHTypa, HanpaBrieHbl MpOTUB
nepemeLleHnsi (06pa3yloT C HanmpaBneHWeM NepeMeLleHnsl Tynble Yrmbl), No3ToMy

dA4, <0

dA, =-1(dD, +dd,)
B cymme
dA=1(d®, —d®,), vin A=IAD,umm A=I(¥, -¥,)
Pa6oma 1o nepemMeweHur0 3amMKHymo20 KOHMypa C MOKOM & MazHUMHOM

rnone paeHa I'IpOLI36666‘HUiO CUJIlbl MOKa 8 KOHmMype Ha U3MeHeHue MacHUMHO2O
rnomoka, cuyerisieHHo20 ¢ KOHmMypom (LU7U Ha eco nomoxocuenneHue).

AnekmpomazHumMHasi UHOYKUUSl.

A.H.Orypuos. flekyuu no gusuke.

26.0nbITbl Papagesi.

OnbIT 1.

ConeHona NoaknoYeH K ranseaHomeTpy. Ecnv B coneHoung,
BABWUraTb (UM BblABUraTb) NOCTOSIHHLIA MarHWT, TO B MOMEHTbI
BABWraHUs (MnNu  BbigBUraHusl) HabnogaeTcs  OTKIOHEHUWE
CTPEernku ranbBaHoMeTpa, T.e. B coneHonae nHayumpyetcsa dC.

HanpaBneHne OTKIMOHEHUSI CTPeENky Npu BOBUFAHUM W
BblABUraHWM MPOTUBOMONOXHbLI. ECnM  MOCTOSIHHBIA ~ MarHuT
pasBepHyTb Tak, 4TOObl Momca MOMEHSINUCL MecTamu, TO U

HanpaBneHue OTKITOHEHUSI cTpersnku N3MeHUTCS Ha
NpoTMBOMNONoXHoe. OTKIOHEHME CTPENKW ranbBaHOMETpa TeEM
Gonblie, 4em Gonblle CKOPOCTb  ABWXEHWS  MarHuta
OTHOCUTENBHO coneHoupaa. Takon >xe addekt Oyget, ecnum

NMOCTOSAHHbIN MArHUT OCTaBUTb HEMOABWXHbLIM, @ OTHOCUTENBHO
ero nepemMellaTtb coneHoua.

MarHeTnam
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OnbIT 2.
OpuH coneHonp (Ky)  MOOKMIOYEH K WUCTOYHMKY TOKa. T

Opyron coneHoup (K2) mMogkmnyeH K ranbBaHOMETpY. 5_{__
OTKMOHEHWe CTPenkun ranbBaHoMeTpa HabniogaeTcs B MOMEHTbl

BKITIOYEHNS UMW BbIKIMOYEHNS TOKa, B MOMEHTbI €70 YBENUYEHUS

WM YMEHbLUEHWUA WM Mpu  NepeMeLleHun KaTylek apyr

oTHOCUTENbHO Apyra. MNpu BKMAYEHUN U BbIKMIOYEHUN CTpenka

OTKIIOHSIETCA B pa3Hble CTOPOHbI, T.e. 3HaK WMHOYLMPOBAHHON Kz
OMC B aTux cny4vanx pasnuyeH. Takon xe adekT — HaBeaeHve

B kaTywke K, OOC pasnuuyHoro 3Haka — HabnwopaeTca npu

yBENMYEeHUN UNN YyMeHbLUeHUM Toka B KaTywke Ky, npwu

CONWXEeHUN NN yaaneHun KaTyLuek.

B onbitax ®apagess ObiN0  OTKPLITO sIe/leHue  3leKmpomMaz2HUMHoU
uHOyKyuu. OHO 3aKnyaeTcd B TOM, YTO B 3aMKHYTOM MPOBOASILLEM KOHTYpe Mnpu
W3MEHEHNM MOoTOKA MAarHUTHOW WHAYKUMW, OXBaTbiBAEMOrO 3TUM  KOHTYpPOM,
BO3HMWKAET 3MEKTPUYECKUI TOK, MOSNYYMBLLUNIA HAa3BaHWE UHOYKUUOHHORZO.

OCHOBHble CBONCTBA MHAYKUMOHHOIO TOKa:

1. VIHOYKUMOHHBIN TOK BO3HUKaeT Bcerga, Koraa MNpPOWCXOAUT U3MeHeHue

CLeNMEeHHOro C KOHTYPOM MOTOKa MarHUTHOW UHOYKUUU.
2. Cvna WHAOYKUMOHHOTrO TOKa He 3aBWCUT OT crnocoba M3MEHEeHWs MoToka
MarHUTHOM UHAYKLMW, @ onpeaensieTcs Nuilb CKOPOCMbIO EF0 N3MEHEHUS.
OTKpbITUE SBNEHNS 3NEKTPOMArHUTHON MHOYKLUUK:
1) nokasano B3auMOCBSi3b MEXAY 3MEKTPUHECKUM N MarHUTHbIM MOneM;
2) npegnoxuno cnoco® nomyyYeHWst 3NEeKTPUYECKoro ToKa C  MOMOLLbIO
MarHUTHOro Morsi.

27.3akoH Papages.

O6obwasa pesynbTaTel onbiToB, Papagen nokasan, 4TO BCSKMA pas3, Korga
NMPOUCXOANUT U3MEHEHMUE CLEMNEHHOrO C KOHTYPOM MOTOKa MarHWTHOW WMHAOYKUMW, B
KOHTYpe BO3HMKAET MHAYKLMOHHbIN TOK.

BO3HMKHOBEHWE WHOYKLUMOHHOrO TOKa YyKasblBaeT Ha Hanudve B Lenu
SMEKTPOABMXKYLLEN CUTbI.

Ota 3[C HasbiBaeTcsi astlekmpodeuxyusell cusioli asieKmpomazHUMHouU
UHOYKyuU.

3akoH ®apapgen: J3[C sSnekTpOMarHUTHOW WHAYKUMM B KOHTYPE YUCMEHHO
paBHa 1 NPOTUBOMNONOXHA NO 3HAKY CKOPOCTU M3MEHEHMS MarHUTHOTO NOTOKa CKBO3b
NMOBEPXHOCTb, OFPaHUYEHHYH 3TUM KOHTYPOM:

0=
dt
,D,J'Iﬂ 3aMKHYTOlIo KOHTYypa MarHuTHeln notok @® ectb He uyTO MnHOEe, Kak
notokocuennenne VW atoro koHTypa. MoaToMy B aneKkTpoTexHuke 3akoH dapages
4acCToO 3anuncbiBakOT B cbopme:

d¥Y
' dt
HanpaBneHue WHAOYKUMOHHOIrO TOKa onpegensietcsa no npaeuny JleHuya: npu
8CSIKOM U3MEHEHUU Ma2HUMHO20 [0MoKa CK803b MOBEPXHOCMb, HamsHymyto Ha
3aMKHymbIU po8odsawull KoHmMyp, 8 rnocinedHem 803HUKaem UHOYKUUOHHbIU MOK
makoeo HarnpasseHusi, 4mo e20 MagHUMHoe rosne npomueodelicmeyem U3MeHeHUIo
Ma2HUMHOo20 Momoka.

A.H.Orypuos. flekyuu no gusuke.
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34.B3anMHas MHOYKUMSA.

B3avmHOM _umHAOYKUMEN Ha3sblBaeTcH
aBneHne Bo3byxaeHns OJOC anekTpo-
MarHMTHOMN VMHOYKUUK B ogHon
3NEeKTPMYECKON Lenu npu  U3MeHeHUU
3MEeKTPMYECKOro Toka B OPYron uenu unu
npv U3MEHEHUN B3aNMHOIO pPacrnosioXeHus
3TUX ABYX Lenen.

PaccmoTpyM  gBa  HEnoABWXHbIX
koHTypa 1 n 2 ¢ Tokammn I, wn I,,
pacnonoXeHHbIX AOCTaTouHO 6nm3ko gpyr
oT apyra. Mpn npoTekaHun B kOHType 1 Toka /; MarHWTHbIA MOTOK MPOHM3bIBAET

BTOPOW KOHTYp:

®,, =L,,I,, aHanorniHo @, =L,1,.
KoadhcpuumeHTsl nponopumoHansHoctm L, u L, paBHbl Opyr Apyry
L, =L,, = L v Ha3bIBaOTCSH B3aUMHON UHAYKTUBHOCTHIO KOHTYPOB.

Mpy U3MeHeHWU cunbl TOKa B OAHOM W3 KOHTYpPOB, B OpPYroM WHOyLMpyeTcsl
3AC:

952=_&=_Lﬂs 0, =- =
dt dt dt dt
B3aumHasi UHOyKmueHOCMb KOHMYpPOos 3asucum om eeomempuyeckoli hopMbl,
pa3mepos, 83aUMHO20 pacriofioXeHUst KOHMYpPo8 U om MagHUMHoU npoHuyaemMocmu
OKpyxaroueti KOHmMypbI cpedsbl.
Ons npumepa paccyumaem 63auMHyt0 UHOYKMUBHOCMb O08YyX Kamyuwex,
HamMomaHHbIX Ha mopoudasibHbili cepOeYHUK.

I'IepBaﬂ KaTywka C 4YuUCsioM BUTKOB Nl N  TOKOM 11 cosfgaeTt none
Nlll
/

do, __ di,

. MarHnTHbIM NOTOK CKBO3b OAWH

B=pou

BWTOK BTOpOIt KaTywku @, = BS = ,IJO,IJ#S,

roe [ — OnuvHa cepaeyqHvKa no cpedHen NUHUM.

Torpa MOSHbIN MarHUTHbI NnoToK
(noTokocuenneHne) CKBO3b BTOPUYHYIO
S 06MOTKY, coaepxaLLyto N, BWTKOB:
NN
Y=D,N, =u,u ll 2 S1, . NMockonbky notok ¥ cospaetcs Tokom 7, T0
b4 NN,
L=—=p,u S
1, /

[aHHOe yCTpOoNCTBO ABNAETCA NPpUMEpPOM TpaHchopmMaTopa.

35.TpaHcchopmaTtopbl.

MpvHUMN OencTBUS TPaHCOPMATOPOB, MPUMEHSEMbIX AMs MOBbLILEHUS UK
MOHWXKEHWSI HanpsPKEHWUs1 MepeMEeHHOro TOoKa, OCHOBaH Ha $IBMEHUM B3aUMHON

nHAoykumn. lepemeHHblid Tok [, cosgaeT B MepBMYHON OOMOTKe nepeMeHHoe

MarHeTnam
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33.Toku Npu pa3smMbiKaHUM U 3aMblKaHUM Lienw.

Mpn BCAKOM U3MEHEHMM CUMbl TOKA B NPOBOASLLEM KOHTYpe Bo3HukaeT J[C
CaMOUHAYKUMKN, B pe3ynbTaTe Yero B KOHTYpe NOSIBNSATCSA OOMNOMHUTENbHbIE TOKMU,
HasblBaeMble IKCmpamokamMu caMoOUHOyKUyuUU.

Mycte B Uenum conpoTuereHnem R n 1
MHOYKTUBHOCTBIO L nop aevicteuem BHelwHen 0C © ) A
TeyeT MoCTOsIHHBINA Tok [, =©/R . B MOMeHT BpemeHU ° — 2

t=0 ebIKIoYUM WCTOYHMK TOKa. BosHukaetr 3[C

dl
camouHAOYyKumMn 0,=-L z , npenaTcTeyoLLas
t

YMEHbLLUEHMo Toka. ToK B Lenu onpeaensieTcst 3aKkoOHOM

Oma [R=0,, wunm IR:—Lg. Pasgensiem nepemMeHHble: #z—%dt, "
t

1 Rt
uuterpupyem no [ (ot [y Ao I)mno ¢ (o10p0 ¢): In—=——, unm
0

I=1,exp _L ,
T

L
raoe T=E — NOCTOAHHadA, Ha3blBaeMada BpeMeHeM penakcauun — Bpemsd, B

TeYeHue KOTOPOro cuna Toka yMeHbLUAeTcs B € pas.
Takum obpa3om, Mpu BbIK/IYeHUU UCMOYHUKA mokKa curna moka ybbieaem o
9KCIOHEHUUaIbHOMY 3aKOHY (@ He MeHOBEHHO).
OueHum 3HayeHne JOC caMoMHOYKUMM NpUM  MFHOBEHHOM YBENUYEHUU
conpoTuBneHus ot R, ao R:
(O] Rt dl Rt

R
[=—exp| —— |, oTKyOa O, =-L—=—0exp| ——
R, P L Y dt R, P L

T.e. npv pe3kom pa3mbikaHuu koHTypa (R >>R,) O[C camouHaykumm O,

MOXeT BO MHOrO pa3 MpeBbicMTb O, YTO MOXET MPMBECTM K MPoBo M3oNALUM 1
BbIBOZY M3 CTPOS U3MEPUTENbHbLIX NPUBOPOB.
Mpu 3ambikaHuu uenu nomumo BHewHen 3OC O BosHukaer I[C

dl
camouHayKumm O, :_Lj’ NpenATcTByioLLan BO3pacTaHuio Toka. Mo 3akoHy Oma,
t

dl
IR=0+0,,um [R=0 - Ld—. MoxHO rnokasaTb, YTO pPeLLUEHUE STOr0 YpaBHEHWUS
’ t
UMeeT Buz;

I =1, 1-exp _t ,
T

(C]
roe 1, = E — YCTaHOBMBLLMICA TOK (NpU ¢ —> o).

Takum 06pa3oM, Mpu EKIYEeHUU UCMOYHUKA moKa cusia moka eospacmaem
10 3KCMOHEHUUaIbHOMY 3aKOHY (a HEe M2HOBEHHO).

A.H.Orypuos. flekyuu no gusuke.
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S,D,C 3]'IeKTp0MaFHI/|THOI7I MHOYKUUN BblpaXaeTcA B BOJNbTax.

l:d(l):l_]%_Tn-Mz _H-mM® Ik _A-B-c_g

? c c  A-mc A-c A-c

28.34C nHayKuMK B HEMOABWXKHbIX NPOBOAHUKAX.

CornacHo 3akoHy ®apages, Bo3HukHoBeHNe J[C anekTpoMarHUTHOM MHAYKLMK
BO3MOXHO W B Cryyae HernoO8UXHO20 KOHTypa, HaxoAsLerocsi B r1epeMeHHOM
marHuTHoM none. OgHako cuna JlopeHua Ha HENOABWKHbIE 3apsabl He OEeNCTBYeT,
NMo3TOMY B JaHHOM clly4ae eto Hemnb3s 06bACHUTb BO3HMKHOBEHME OAC nHOYKUUN.

Kpome TOro, ombIT nokaseiBaeT, 4to OAC mHAoyKummM He 3aeucum OT poja
BELleCcTBa MNPOBOAHMKA, OT COCTOSIHAUS MPOBOAHMKA, B 4aCTHOCTW, OT €ero
TemnepaTypbl, KoTopasis MOXeT OblTb HeoaMHaKoBOW BAOMb  MPOBOAHMKA.
CnepoBaTtenbHO CTOPOHHWUE CUMbl, MHAYLMPYEMbIE MarHUTHBIM MOSIEM, HE CBA3aHbI C
M3MEHEHNeM CBOWCTB MPOBOAHWKA B MarHUTHOM none, a obycroBneHbl camum
MarHUTHbIM NOMeM.

B

MakcBenn gnsi o6bsacHeHns JOC MHAyKUMM B
HEMoABWXHbLIX  MPOBOAHMKAX  MPEeAnonoXur, 4YTo
nepeMeHHoe Ma2HUmMHoe nmfosie e036yxdaem e
OKpYyXarouwem npocmpaHcmee suxpesoe
anekmpu4yeckoe roJjie, KOTOpoe W sBnsieTcs
MPUYMHON BO3HWUKHOBEHWUSI WHAOYKUMOHHOIO TOKa B
NPOBOAHUKE.

Ha pucyHke npvBedeH npumep BUXPEBOIO

= ANEeKTpu4ecKkoro nons, BO3HUKaKOLLEro npun
E BO3pacTaHnn MarHUTHOro nons.
Buxpeeoe AJIeKmpu4eckKoe roiJie He sejsisemcs 3/ieKmpocmamu4ecKumM.
CvnoBble NUHUK 3/leKmpocmamu4yeckoeo nona Bceraa pas3oMKHYTbl — OHU

HaUMHATCA M 3aKaH4YMBAKOTCH Ha SnekTpudeckux 3apsifax. VIMeHHo noatomy
HanpsbkeHne Mo 3aMKHYTOMY KOHTYPY B 3IIeKTPOCTaTMYECKOM ronie BCerga paBHO
HYMio, 3TO Mofie He MOXeT MOoAAEePXWBaTb 3aMKHYTOe [ABWXeHWe 3apsifoB U,
CrefioBaTeNbHO, He MOXET NMPUBECTU K BO3HUKHOBEHUIO 3MEKTPOABMXKYLLEN CUTbI.

HanpotuB, anekmpuyeckoe rnose, 80306yx0aemMoe U3MEHEHUSMU MagHUMHO20
1107151, UMEET HeMpepbIBHbIE CUMOBbIE NMUHUW, T.€. NpeAcTaBnsieT coboit BuxpeBoe
none. Takoe nosne Bbi3bIBAET B NMPOBOJHMKE ABUXKEHUE 3MEKTPOHOB MO 3aMKHYTHIM
TPaEKTOPUSIM U NPUBOAUT K BO3HUKHOBEHMIO O1C — CTOPOHHMMM CMnamu siBRSIKOTCSA
CUIbl BUXPEBOrO 3MEKTPUYECKOro Mornsi.

Limpkynsums  E, 9Toro nons no nw6omy koHTypy L  nposogHuka
npegctasnset cobon 3C aneKTPOMarHNUTHOM MHOYKUMK:

0, =fE,di=-22
i dt

29.BpalieHue paMku B MarHUTHOM norie.
SBNeHne aneKTpoOMarHUTHOM MHAOYKUMKM MpumeHsieTcs onsa npeobpasoBaHust
MEXaHUYECKOW 3JHEprMM B 3JHEPIUI0 3MeKTpu4eckoro Toka. [Ons atom uenu

NCMONb3yTCA 2eHepamophbl, NPUHLMM AeNCTBUS KOTOPbIX PACCMOTPUM Ha NpumMepe
MIiocKoi pamku, BpallatoLeiics B ogHopogHoM (B = const) marHUTHOM nore.

MarHeTnam
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MycTb pamka BpallaeTcsi PaBHOMEPHO C YITNIOBOM CKOPOCTbIO () = const.
MarHuTHBIN MOMEHT, CUEMMEeHHbI C pamKon
nnowaapto S, B NGO MOMEHT BpeMeHu ¢
paBeH

®=58,5=BScosa=BScoswt

roe o=@t — yron noBOpoTa paMku B
MOMEHT BPEMEHN £ .

[Mpn BpalleHun pamknm B HEN BO3HUKaET
nepemenHas 30C nHaykumm:

do .
O, =——=BSwsinwt
dt
MakcumarnsHoe 3HadeHne 3C uHaykumm O, = BS® . Torpa

0,=0,,sinwt
lpu pasHoMepHOM 8pawieHUU pamku 8 0OHOPOOHOM MazHUMHOM rosne 8 Hel
8o3HUKkaem nepemerHass SC, uaMeHsAWasCs rno 2apMOHUYECKOMY 3aKOHY.
Mpouecc npeBpalleHUss MEXaHWYECKON SHEPTUM B 3NeKTpuyeckyto obpatvm.
Ecnn no pamke, nomeLLeHHOW B MarHUTHOE none, NponyckaTb aNeKTPU4EeCKUn ToK, TO

Ha Hee OyneT AencTBoBaTb Bpallawowmii MomeHT M = IS[7,B] n pamka HayHeT
BpaLlaTbca. Ha aTom npuHLUune ocHoBaHa paboTta asiekmpodeuzameneli.

30.BuxpeBble Toku (Tokn Dyko).

WNHAYKUMOHHBIN TOK BO3HUKAET He TOMbKO B JIMHEWMHbIX NPOBOAHMKAX, HO U B
MaCCUBHbIX CMIOLUHbIX MPOBOAHMKAX, MOMELLEHHbIX B NePEMEHHOE MarHMTHOE Mnore.
OTW TOKM 3aMKHYTbl B TOMWE NPOBOAHMKA WM  Ha3blBAlOTCA euxpeebiMU USU
mokamu ®Pyko.

Tokn ®Pyko Takke nNOAYMHAKOTCA npaBuny JleHua: ux MarHuTHOe none
HanpaBneHo TaK, 4ToObl MPOTMBOAENCTBOBATb WM3MEHEHWD MarHMTHOrO MOTOKa,
WHOYLMPYHOLLEMY BUXPEBbIE TOKW. [TO3TOMY MacCUBHbIE MPOBOAHWKN TOPMO3SITCS B
MarHuTHoM none. Kpome Toro, BMXpEBble TOKM BbI3blBAOT CUIbHOE HarpeBaHue
NMPOBOAHMKOB. B anekTpuyeckux MalumHax, Anst Toro 4tobbl MWHUMW3UPOBATb
BMMSHME TOKOB ®yKo, CepaeyHuKM TpaHCcOpMaTopoB U MarHUTHbIE LEnu
3MNEKTPUYECKMX MaLUMH COOMPAOT M3 TOHKUX MNacTWH, W3ONMUPOBAHHLIX APYr OT
apyra crneumanbHbIM TakoM UM OKarnvMHoOM.

[xoyneBo Tenrno, Bbigensiemoe Tokamm Pyko, UCMONb3YEeTCH B MHOYKLMOHHBLIX
MeTannypruyeckux nevax.

B3avmopeincTBre BUXPEBBIX TOKOB C BbICOKOYACTOTHBIM MarHUTHbIM MOMem
NPUBOAUT K HEPaBHOMEPHOMY PacnpenerieHnto MarHUTHOrO MoTOKa MO CEeYEHUHo
MarHMTONpoBOAOB —  BbITECHEHWE  MarHUTHOro noTtoka U3 obbemMa B
NPUNOBEPXHOCTHbIe 06nacTy NpoBoAHUKa. ATO SBNEHUE Ha3blBaeTCs Ma2HUMHbLIM
CKUH-3¢hghekmom.

BuxpeBble TOKM BO3HMKAIOT M B CaMOM MPOBOAHMWKE, MO KOTOPOMY TeuyeT
NepemMeHHbI TOK, 4TO MPUBOAWT K HEpaBHOMEPHOMY pacnpederneHunto Toka Mo
CEYEeHMI0 NPOBOAHUKA — BbITECHEHME TOKOB BbICOKOM YaCTOThbl B NMPUNOBEPXHOCTHbIE
obnactm npoBodHWKa. OTO sBMEHWE Ha3bIBAETCH 3I/IEKMPUYECKUM CKUH-
aghghekmom.

31.MIHOYKTUBHOCTb KOHTYpa.

OneKTpUYEecKkMin TOK, TEeKyLUMIA B 3aMKHYTOM KOHType, co3daeT BOKpyr cebs
MarHuTHoe nore, WHAOYKUMS  KoToporo, Mo 3akoHy bBuo-Caeapa-Jlannaca

A.H.Orypuos. flekyuu no gusuke.
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nponopunoHarnbHa TOKy. [1o3TOMy CLENNEeHHbIn C KOHTYPOM MarHWTHbIA MOTOK
NponopLMoHarneH TOKy B KOHType:
o=7],

roe koadpuumeHT nponopunoHanbHOCTU L HasbiBaeTcs UHOYKMUBHOCMbIO
KOHmMypa.

Mpumep: MHAYKTMBHOCTb AMWMHHOIO ConeHonaa.

MoTokocuenneHne coneHonaa (MOMHbIA MarHUTHbIV MOTOK CKBO3b CONIEHOUA):

2

Y =BSN = ﬂo##s’ oTkyga:

N°S
L:/v‘o,UT~

raoe N — uucno BuTKOB coneHouaa, [— ero ANnHa, S - nnowaap, U —

MarHnMtHasa npoHnUaemMoCTb cepaeYvHuka.

WNHOYKTUBHOCTb KOHTYpa B 06LLEM Cryvyae 3aBUCUT TOMbKO OT FEOMETPUYECKON
(bOprI KOHTYypa, ero pasmepos U MarHUTHOM NpOHNLAaemMoCcTn TON cpeabl, B KOTOpOI7I
OH HaxoguTC4.

B atom cmbicne UHOYKMUBHOCMb KOHMypa — aHano2 3rekmpuyeckoll
eMKocmu yeOWHEHHOro MNPOBOAHUKA, KOTOpasd Takke 3aBUCUT TOMbKO OT (hopMbl
NpOBOAHMKA, ero pasMepoB 1 ANINEKTPUYECKON NPOHNLAEMOCTI cpeapbl.

32.CaMmoMHAOYKUMS.

[Mpn n3ameHeHnn cunbl TOKa B KOHTYpe OyaeT M3MEHATBCA U CLENSIEHHbIN C HAM
MarHWTHbIA MOTOK, @ 3TO, B CBOKW ouvepedb 6ymeT wuHaoyumpoatb 3OC B 3TOM
KOHType. Bo3HukHoBeHne 3C MHAYKUMM B NPOBOASALLEM KOHTYpE Npu U3MEHEeHUM B
HEM CUIbl TOKa HasblBaeTcsi caMouHAykyuel.

EavHnua vHayktuBHoct — reHpu (MH): 1TH — WHOYKTMBHOCTL Takoro
KOHTypa, MarHWTHbIA MOTOK CaMOWHAYKUUW koToporo npu Toke B 1A paBeH 1B6
(1rH=1B6/A=1B-c/A).

W3 3akoHa Papagest 3C camonHaykumm O = —a;%) = —di(LI) .
t

Ecnu koHTYp He pedopmMupyeTcsl M MarHuTHasi MpOHWLEeMOCTb Cpefdbl He
nsmensietcs, 7o L = const v SC camonHayKumu:

S
’ dt
roe 3Hak MUHYC, 06YCroBMeHHbIN npasunoM JleHua, nokasbliBaeT, YTo Hanmuue
WHOYKTUBHOCTU B KOHTYPE NPUBOAUT K 3aMeOIeHUI0 U3MEHEHUS TOKa B HEM.
Ecnn Tok co BpemeHem Bo3pactaeT, To ©, <0, T.e. TOK caMOMHOYyKLMM

HanpasJieH HaBCTpe4y TOKY, OﬁyCJ‘IOBJ‘IeHHOMy BHELWHUM UCTOYHWUKOM, U 3amMenndeT
€ro Bo3pactaHue.
Ecnm TOK CO BpeMeHeM y6bIBaeT, TO ®s > 0, T.€. TOK CaMOUHOYKUMN nmeet

TaKkoe Xe HanpasneHue, Kak U yOblBalOWuii TOK B KOHTYpe, U 3amennsieT ero
ybbiBaHue.

Takum obpa3oM, KOHTyp, ob6nagas onpegeneHHon  WMHOYKTMBHOCTbLIO,
npruobpeTaeT aNeKTpUYECKYHo "MHEePTHOCTL".
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