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UCTOYHUKOB. Te TOYKU MONSA B KOTOPbIX AUBEPreHUUs MONOXUTENbHA Ha3blBaKOTCSA
UCMOYHUKaMU NOrs, a B KOTOPbIX OTpULAaTENbHA — CMOKaMU BEKTOPHOO NONS.

Wcnonbsyss Teopembl CTokca M [aycca, MOXHO NpeACTaBUTb [TOJIHYHO
cucmemy  ypaeHeHuill  Makceenna e OugepenyuansHol  ¢opme
(xapakTepu3sylLLMX NONe B KaXA0W TOUKE NPOCTPaHCTBA):

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

ypaBHeHVlSl Makceenna He CUMMemMpU4YHbl OTHOCUTEJIbHO 3NTEKTPUYECKOro n
MarHWTHOro nonein. 310 CBA3aHO ¢ TEM, YTO B npupoae CywecTBYOT 3NeKTpuieckmne
3apsagbl, HO HET 3apA40B MarHUTHbIX.

Tak, Hanpumep, ypaBHeHUe div5=p AIBHO  [JAEMOHCTPUPYET, 4TO

UCTOYHUKAMMN 3MNEKTPUYECKOro MONns SABNAIOTCA MONOXUTENbHbLIE 3MEKTPUYECKUE
3apsgel, a cTokamm — oOTpuuaTenbHbie 3MeKTpUuyYeckue 3apsabl. YpaBHeHWe

div B =0 oTpaxaeT TOT hakT, UTO He CyLLEeCTBYET UCTOUHMKOB U CTOKOB MarHUTHOO
nona — "MarHuTHbIX 3apsaoB”.

B cnyyae ecnu 3apsiabl M TOKW pacnpeneneHbl B NPOCTPAHCTBE HENpepbi6HO,
To 06e opmbl ypaBHeHW MakcBenna — uHTerpanebHas v guddepeHumanbHan —
aKeusaneHmHbl. OfHaKo eCnu UMEITCH T08ePXHOCMU pa3pbiéa — NOBEPXHOCTH, Ha
KOTOPbIX CBOWCTBA cpeAbl UMK MNonei MEHSIOTCA ckaukoobpasHo, To uHmeazparsnbsHas
opma ypasHeHull senaemcs bonee obuwied.

Ona Toro uToGbl 3TV ypaBHeHua Makceenna B auddepeHumansHoit dopme
Obiny cnpaBeAnvBbl U Ha rpaHuLax cpef, rae BeNUUuHbl, BXOASLUME B YPaBHEHUS,
MEHSIIOTCS cKavykoobpasHo, Heobxoaumo AoronHUMb 3TU YpPaBHEHUS 2paHUYHbIMU
ycsioeusiMu, KOTOPbIM [OMKHO YAOBNETBOPATb MAarHUTHOE Mone Ha rpaHuue
pasfena ABYX cpeh. OTU COOTHOLIEHWS GbIny paccMOTpeHbl paHee:

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

(nepBoe u nocnefgHee ypaBHEHWs BbiBeAEHbl ANS Cryvas, Korga Ha rpaHuue
pasgena HeT HU cBoBOAHbIX 3apAA0B, HA TOKOB NMPOBOANMOCTY).

YpasHeHuss Makceenna — Haubonee obuwue ypasHeHus 0ns
S/IEKMPUYECKUX U MasHUMHbIX nonell e nokoauwuxcs cpedax. OHu
uzspaiom 8 y4eHuu 06 anekmpomMazHemu3me makyro Xe posib, Kak 3aKOHb!
HbtomoHa e MexaHuke.

A.H.Orypuos. flekyuu no ¢husuke.
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Maz2HumHoe none

1. OCHOBHble 0COGEHHOCTU MAarHUTHOrO NOnsi.

B 19 Beke OnMbITHbIM MyTem ObiNM UccneAoBaHbl 3aKOHbI B3aMMOAENCTBUSA
NMOCTOSIHHBbIX MarHUTOB WM MPOBOAHWMKOB, MO KOTOPbIM NPOMYyCKarcs 3feKTPUYECKUi
Tok. OnbITbl Nokasanu, 4TO0 NOAOGHO TOMY, Kak B MPOCTPaHCTBE, OKpYXaloLiem
aneKkTpuyeckne 3apsiabl, BO3HUKaeT arnekTpocTaTtnyeckoe mnofne, Tak M B
NPOCTPaHCTBE, OKPYXaloLeM TOKA M MOCTOSHHblE MarHuTbl, BO3HWKAeT CurioBoe
rore, KOTopoe Ha3blBaeTCH Ma2HUMHbIM.

Bbinu ycTaHoBNEHbI ABa 3KCNepyMeHTanbHbIX dakTa:

1) mazHumHoe none delicmgyem Ha 08uxXyuwjuecsi 3apsiobl;

2) dsuxyuwuecs 3apsidbl co3d0arom MacHUMHOE rore.

OTUM MarHWTHOe Mofie CyWEeCTBEHHO OTIMYaeTCs OT 3MEeKTPOCTaTUYecKoro,
KOTOpOe AeWCTBYEeT Kak Ha OBUXYLUMECSH, TaK U Ha HEMOABWMXHbIE 3apaabl.

MaeHumHoe rone He delicmgyem Ha Mokosiwuecs 3apsobl.

OnbIT nMokasbiBaeT, YTO XapakTep BO3AEWCTBUS MArHMTHOrO MNOMs Ha TOK
3aBucUT oT (1) hopmbl NPOBOAHMKE, MO KOTOPOMY TEYET TOK; OT (2) pacronioxeHus
npoBoAHWKa U OT (3) HarnpaesneHuUs Toka.

2. Pamka c TokoM. HanpaBneHne MarHUTHOro NOns.

AHarnorMyHo TOMY, Kak MNpU WCCNedoBaHWU  3NEKTPOCTaTUYECKOro Mons
UCMOSb30BasICsl TOUEYHbIM NPOGHBIN 3apsid, NpU UCCMEAOBaHUM MarHWTHOTO Mosist
UCTIONb3YeTCs 3aMKHYMbIU MI0CKULU KOHMYP C MOKOM (pamKka C MOKOM), NMUHENHbIE
pa3Mepbl KOTOPOro Marnbl MO CPaBHEHUIO C PacCTOsiHUEM OO0 TOKOB, 06pasyoLumx
MarHuTHoe nore.

OpuveHTaumsi KOHTypa B TNPOCTPaHCTBE XapakTepusyeTcsl HanpaBreHuem
HopManu 7 K KOHmypy.

B kayecTBe Mosi0KumesiIbHO20 Harnpaerie-
Hus HOpManu TNPUHUMAeETCs  HanpaBsrieHue,
CBSI3aHHOE C TOKOM MpPaeusioM MpPaso2o eUHMa
(npasusnom 6ypaeyuka):

3a _ronoxumersnsHoe HanpasneHue HopMmaisu
npuHUMaemcsi Harpas/ieHue MocmynamesibHo20
08UXeHUsI Mpaso20 8UHMA, 20/108Ka KOMOPO2o
epawaemcsi 8 Harnpas/ieHUU moka, mekyuje2o 8
pamke.

MarHuTHoe none okasblBa€T Ha pamKy C
TOKOM OpWEHTUpYlOLLlEEe AENCTBMUE, MOBOpayvBas

Ky R .
N \ p. N1 €€ onpedeneHHbIM obpa3oMm. JOTO CBOWCTBO
J{ ucronb3yetcss  Ansi  Bblbopa  HanpaeneHusi
N/ MazHUMHO20 rosis.

3a HanpaeneHue Ma2HUMHO20 Mo 8
OaHHOU moYKe rpuHUMaemcsi HarnpassieHue, 800/b KOMOpOo20 pacriosiazaemcs
rnonoxumersnbHasi Hopmarnb K C800600HO M008eWeEHHOU paMKe C MOKOM, WNn
HanpasrneHune, coBnagatollee C HanpasreHVeM cunbl, AeNCTBYIOLWEN Ha CeBepHbIn
nontoc (N) MarHUTHOWM CTPErikM, NOMELLEHHbIV B aHHYHO TOYKY NOMs.

A.H.Orypuos. flekyuu no ¢u3suke.
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Ona Toro, 4tobbl aTa cucTtema ypaBHEHWI Obina MosHOU ee HeobGXoauMMo
OOMONMHUTL  TakUMW  COOTHOLUEHMSIMW, B KOTOpble BXOAWNIM Obl  BENUYUHDI,
XapakTepusylLwne vHAVBUAYyanbHble CBOWCTBA cpefbl, B KOTOpoW BO36yxxaatTcs
ANeKTpuyeckne W MarHuWTHble  nonsi. OTWM  COOTHOLIEHWs  HasblBaloTCs
MamepuanbHbIMU COOMHOWEHUSIMU:

D=¢g;eE, B=u,uH, j=v,
roe 80 n ‘Uo — COOTBETCTBEHHO 3NeKTpu4eckas n MarHMTHasa NoCTosAHHbIEe, €
M [l — COOTBETCTBEHHO AM3MEKTPUYECcKast U MarHUTHasi MpoHULAemMocTn, ¥ —

yAaenbHas NpoBOAMMOCTb BELLECTBa.

M3 ypaBHeHun MakcBenna cnefyet, YTo

— UCMOYHUKaMu 93NeKTpUYecKoro nons sBnalTca nubo anekTpuyeckue
3apsabl, MMG0 M3MEHSIOLLMECS BO BPDEMEHW MarHUTHbIE MOMs,

— MaeHumHble fond  mMo2ym  8036yxdambcs  nmMbo  ABUXYLLMMUCA
3NEKTPUYECKUMU 3apsgamu (anekTpuyecknummn TOoKamu), nnéo
nepeMeHHbIMW 3NEKTPUHECKMMU NONAMM,

— TMepeMeHHOoe MarHUTHoe none Bcerga C8f3aHo C MNOpoXAaeMblM UM
3MNeKTPUYeckuM rnonem, a rnepeMeHHoe arneKkTpuyeckoe nomne Bcerga
CBSI3aHO C NOPOXAaeMbIM UM MarHUTHbIM, T.€. 3NEeKTPUYECKOe N MarHUTHOE
nonsi Hepaspbi8HO CBA3aHbl APYr C OPYrOM — OHW 06pasylT eavHoe
aslekmpomaz2HUmMHoe roiie.

[na ecmauuoHapHbix nonell (E =const v B =const ) ypasHeHus Makceenna

UMeLT BUA,

§Eﬁ:0; §Dﬁ:q; §Hd721; §§Z§:O
L s L s

B amom Cliydae 3nekTpuyeckne n MarHUTHble nona He3aeucumMbl Opyr OT
Zpyra, 4To No3BosseT udy4atb 0moAesibHO NOCTOSHHbIE 3NEKTPUYECKOe U MarHUTHOE
norne.

Bocnonb3yemcsi M3BECTHbIMW M3 BEKTOPHOTO aHanv3a Teopemamu CTokca u
laycca (cm. cTp.1-31):

§ Adl = j rot AdS,
L S
§ AdS = J'divde
N Vv
Mo onpenenexuto, dueepaeHyuel 1 POMOPOM BEKTOPHOIO NONs As OaHHon
Toyke M HasblBaloT cnepyouine npomsBoaHbIe no o6bémy:
Ads §4,ds1
div A(M) = lim5—— rot A(M) = limS———,
V-0 y—o )

roe uvHTerpansi §AdS u ff[A’dS] €CTb, COOTBETCTBEHHO, CKaJIsIPHbIU 1
s S
8eKMOpPHbIU NMOTOKN BEKTOPHOrO MOJS Yepes3 3aMKHYTYI MOBEPXHOCTb S, koTopast
OKpY)XaeT AaHHyto Touky M , oxBaTbiBas 06nacTb ¢ 06bémom V.

[unBepreHumnss ecTtb Mepa ucmoYHukoe nonsi. Ecnu B HekoTopol obnacTu
[OVBEepreHuMsi paBHa Hymn, TO BEKTOPHOe Mnore B 3Toi obnactn cBoGogHO OT

MarHeTtunam
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Ecnn B kakom-nunéo npoBOoOHWKE WMMeEeeTCA I'IepeMeHHbIVI TOK, TO BHYTPK
NpoBOAHMKA CyWleCTByeT NnepemMeHHOe JdIeKTpuyeckoe none. |_|03TOMy BHYTpU
NpoBOAHUKA MMeeTCAa U MmOK l'lpOGOdLlMocmu, N MOK cMeweHUsi 1 MarHnTHoe
none npoBogHWKa onpenendaeTca CyMMOI7I ITUX OBYX TOKOB.

MakcBenn BBen NOHATVE NOJIHOrO TOKa, paBHOINo cymme TOKOB NpoBOANMOCTHU
1 cmelleHus. lromHocme MNosIH020 moka

.]HOHH .] at

MonHbIA TOK Bcerga 3amkHyT. Ha koHUax NpoBOAHMKOB OOpbIBAeTCs NuLb TOK
NpoBOAMMOCTKW, @ B AMANEKTpUKe (MM B Bakyyme) mMexay KOHLaMu NpoBOAHUKA
MMEETCS TOK CMELLEHNS], KOTOPbIN 3aMbIKaeT TOK MPOBOAUMOCTMU.

M3 Bcex uanyeckux CBOWCTB, NPUCYLLMX TOKY npoBoaumocTun, Makceenn
npunucan TOKy CMELLEHMs NMULb 0OOHO — CMOCOBHOCTL Co34aBaTh B OKpYXKaloLlem
NPOCTPAHCTBE MarHUTHOE More.

Makcenn o6o6wmn Teopemy O UMpKynsiuMu Bektopa H , ucnonb3oBas
NOSHbIN TOK:

~— o~ 3D
inz:{ﬁg S

O606uweHHasi meopemMa O UUPKYnsuuu eekmopa H npeacrasnsieT cobon

BTOpOE YpaBHEHWE CUCTEMbI ypaBHEHU MakcBenna aAns anekTpomMarHMTHOro Monsi.
45.MonHasa cuctema ypaBHeHun MakcBenna.

TpeTbe ypaBHeHVE cuCTEMbl ypaBHeHu Makceenna Ans anekTpoMarHUTHOro

nons ato Teopema [laycca pgns nons D. [ns 3apsga, HenpepbiBHO
pacnpeeneHHOro BHyTPY 3aMKHYTOW NOBEPXHOCTU C 0GLEMHO MIIOTHOCTLID P, 3TO

YpaBHeHWEe nmeeT BuUA:

ffﬁﬁ:jpdl/
N vV

quBeDToe YpaBHEHUE Makcsenna — aT1o Teopema Faycca angd I'IOJ'IHB .
55 BdS =0
S

Takum obpasom, cucmema ypaeHeHuli 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 ¢u3suke.

3. BekTOp MarHUTHOW UHOYKLUUW.

BpaliatoLimii MOMEHT Cun 3aBUCUT Kak OT CBOMCTB MO B JaHHOW To4ke, Tak U
OT CBOMCTB PaMKNM C TOKOM U onpefendaeTca BEKTOPHbIM Npou3BejeHNeEM:

e M =[p,.B],

roe  p, — 6eKmop Ma2HUMHO20
MOMeHma pamku ¢ TokoMm, B — eekmop
r vl B MazHumuol uHOyKyuu — cunosas
> XapakTepucTuka marHutHoro nonsi. [lo
f: = 5§ onpefenieHnto BEKTOPHOMO Npov3BeeHus

PpE—— cKkansipHasi BENu4uHa MOMeHTa:

M =p, Bsino,

rae 0. — yron Mexziy BekTopamu p, 1 B.
[nsi nNockoro KOHTypa ¢ TOkoM / MarHUTHbI MOMEHT onpeaenseTcs:
P, =151,
rae S — nnowaab NOBEPXHOCTU KOHTYpa (pamku), 7i — EAUHUYHBLIA BEKTOP

HOpManu K NOBEPXHOCTU pamku. B aTom cryyae Bpawatowmin momeHt M = IS[7, B].

Ecrm B AAHHYKO TOYKY MArHMTHOro nona nomMmewatb paMKu C pas3ninyHbIMU
MarHMTHbIMM MOMEHTaMM, TO Ha HUX p,eIZCTByPOT pas3nunyHble Bpalarumne MOMEHTHI,

max

P
AHasIorM4HO TOMy, Kak CWIoBasi BEKTOPHas XapakTepucTuka afiekTpocTaTude-
CKOTO MOJSIi — HaMpsPKEHHOCTb — OMpedensnach Kak cuia, AenCTBywas Ha
NPoBHbLIN 3apsaa, cusloeasi xapakmepucmuKka Ma2HUMHO20 oSl — MazHUMHas

uHAykyusi B — onpedensemcsi MakcuMmasbHbIM — 8pauarouUuM  MOMEHMOM,
OelicmeyrOuUM Ha paMmKy C MagHUMHbIM MOMEHMOM, paseHbiM eduHuue, Kozda
HOpMarb K pamke neprieHOUKYspHa HarpasieHuUto roJis.

padhmyeckn MarHUTHoe nomne, Tak XXe Kak 3neKkTpuyeckoe, n3obpaxarT C
MOMOLLBIO JIUHUU Ma2HUMHOU UHOYKUUU — TNVHWUA, KacaTefnbHble K KOTOpbIM B

Ka)XKOoM ToYke coBnaaroT C HanpasneHnemM BeKTopa B.

JluHuu mazHumHou UHayKL(UU scezla 3aMKHymbl N OXBaTbIiBalOT NPOBOAHUKN C
TOKOM, B TO BpeMA, KaK JIUHUU 3r1ieKmpocmamu4eCcKo20 noJsid — Pa3oMKHYymMbI (OHI/I
HaYMHAKTCA Ha NOJIOXUTENbHbIX N 3aKaH4YMBaKOTCA Ha OoTpulaTesribHbIX 3apﬂ,qax).

HO OTHOLUeHne OnNnsA BCeX KOHTYPOB OHO U TO Xe.

4. MaKpOTOKU U MUKPOTOKM.

B panbHenwem Mbl O6yaem pasnuyatb MakKpoCKonu4Yeckue mokKu, T.e.
AneKTpuYeckMe TOKW, MpoTekalwmne No MNPOBOAHWKAM B 3fIEKTPUYECKUX LUensax u
MUKpoOCKonu4eckue moku, obyCrnoBnEHHbIX ABUXKEHWEM 3NEKTPOHOB B aToMax M
Monekynax.

HaMarHM4eHHOCTb MOCTOSIHHBIX MarHUTOB SIBNSIETCS CNeACTBUEM CyLLECTBOBA-
HUEM B HUX MUKPOIMOKOS8.

BHewHee marHWTHOE Mnorne oOkasblBaeT OpUeHTUpYyloLlee, ynopsaounBarollee
OeWcTBMEe Ha 3T MUKPOTOKW. Hanpumep, ecnv BOMM3W Kakoro-to Tena NoMecTUTb
NPOBOAHMK C TOKOM (Makpomok), TO NoA [AeWCTBMEM €ero MarHWTHOro nons
MUKPOMOKU BO BCEX aTOMax onpeaefieHHbIM 00pa3oM OpUEHTUPYIOTCS, co3aaBas B
Tene 0ornosiIHUMesibHoe MarHuTHoe rnone.

MarHeTtunam
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BekTop MarHUTHOW MHAYKUMM B xapakTepusyeT pesy/ibmupyouee MarHuTHoe
nose, cosgaBaemMoe 8CemMu Makpo- U MUKPOMOKamu.

MoaTomy, NMpu OQHOM U TOM XX€ MaKpOTOKe, BeKTop B B pasnuyHbix cpeaax
OyneT UMeTb pasHble 3HaYEHMS.

MarHuTHoe rofnie MakpoTOKa OMUCLIBAETCA 6EeKMOoPOM HarpsiKeHHOCmu
mazHumHozo nosnsi H .

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

5. CBaA3b mexay EAH.
[na ogHOpoAHOM N30TPOMNHOW Cpeabl BEKTOP MarHUTHOW MHAYKUNN:
B = uH,
rae pl, — MarHutHas noctosiHHasa (cM. n.12), U — ma2HuUmHasi npoHu-
yaemocmsb cpeodsbi (N.39), 6e3pa3mepHas BenuunHa, NokasbiBaoLllasl, BO CKOJSIbKO
pa3 MarHUTHOE Norie MakpoTokoB H ycunvBaeTcs 3a CYET Mosisi MUKPOTOKOB Cpeapbl.

6. Mogobue BEKTOPHbIX XapaKTePUCTUK 3NEKTPOCTAaTU4ECKOro U MarHUTHOro
nosemn.

BeKTOp MarHUTHOM MHOYKUMn B — ananoe BEKTOpa HanpsaXXeHHOCTU 3NeKTPo-

cTatndeckoro nonst £ . 3Tn BENUYUHBI onpenenarT CunoBble OencTBUS 3TUX nonen
N 3aBUCAT OT CBONCTB cpeapbl.

AHasnozom BEKTOpa OJJIeKTpU4eCKoro cmelleHuna D aBnsetca BEKTOp

Hanpsa>XeHHOCTn H MarHMTHOro non4.

[Ons MarHMTHOTO Mosisl, Kak WM Ans 3MeKTpMyeckoro, cripaeedsue npuHyun
cynepno3uyuu:. MarHUTHaa WHOYKUWA pe3ynbTUpylowero nond, co3gaBaemMoro
HECKOJIbKUMW TOKaMW uUnn OBWXYWKMMUCA 3apdafamMu, paBHa BeKTOpHOIZ cymme
MarHUTHLIX MHOYKUMA MOMei, CO3AaBaeMblX KaXObiM TOKOM WM ABWKYLMMCS
3apagoMm.

7. 3akoH Bno-CaBapa-Jlannaca.

OnemeHT NpoBOAHMKA dl ¢ Tokom I co3faeT B
HEeKOTOpOW Touke A VMHAYKLMIO NOMst:
- I[dl 7
dB::u'O:u [ 35 ]
ar r

roe 7 — pagvyc-BeKTOp, MPOBEAEHHbIN M3 anemMeHTa
dl npoBopgHwuKa B TOUKy A .

Hanpaenenvne dB nepneHaukynsipHo dl w 7, u
coBragaet C KkacaTefbHOW K JIMHUM  MarHWTHOW

uHaykumu.  Mogynb  BekTopa dB onpenensieTcs
BbIpaXkeHUeMm:

dB = Uott Idlsino
ar  ?

)

roe o — yron Mexay Bektopamu dl w7 .
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3pecb u B AanbHENWEM Mbl ncnonb3dyem 4acTHyr I'IpOI/ISBOD,HOIZ Nno BPpEMEHMH,
NOCKOJIbKY B obLwem criydae 3arneKkTpudeckoe norne mMoxet ObITb HeogHOPOAHbIM, U
MOXEeT 3aBUCETb HE TOJIbKO OT BpEeMEHU, HO U OT KooOpAMHaT.

Takum obpasoMm, uupkynsumsi Bektopa E, He paBHa Hymo, T.e.

3/leKmpu4ecKoe riorie EB' 6036y)K6aeMoe nepemMeHHbIM Ma2HUMHbIM r1oJsieM, Kak 1

CaMoO MarHMUTHoe none, ABndeTcAa euxpesebIM.
CymmapHoe ANeKTpu4eckoe nosne ckKnaabiBaeTcAaA U3 3NEeKTpu4yeckoro nongd,

cosnasaemoro 3apsaamn E, v BuxpeBoro anektpudeckoro nonsi Eg. TMockombky

LUMpKynaums Eq paBHa HyMH0, TO LIMPKYNSILUS CYMMapPHOro nons:
_— 0B —
§ Edl = —J—dS
L S at

370 — nepBOe ypaBHEHWE CUCTEMbI ypaBHeHui MakcBenna pgns
ANEKTPOMAarHUTHOro nons.

44.Tok cmelueHms.

MakcBenn npegnonoXxun, 4t1o aHanorM4HoO MarHUMTHOMy nonk WU ecsiKoe
uUu3MeHeHue AJIeKmpuU4eCcKo20 nosns 8bi3bleaem 8 OKpyxaruw,eMm
npocmpaHcmee euxpeeoe Ma2HUMHoe roJie (BTODOG OCHOBHOE NosnoxeHune
Teopun Makcsenna).

|_|OCKOJ'Ibe MarHMTHoe nosie ectb OCHOBHOVI, obsa3aTenbHbIN NPU3HaK BCAKOro
TOKa, TO MakcBenn HasBarn nepeMeHHoe aneKkTpuyeckoe nosie TOKoOM cmegeuvm, B
OTnin4Me OT TOKa NpoBOANMOCTMH, 06yCJ‘IOBJ‘IeHHOI‘O ABMXEeHNEM 3apAaXXeHHbIX YacTuu,.

Ha,qo CKa3aTb, YTO TEPMUH MOK CMeW,eHUs1 He ABNAeTCA yaa4yHbIM. OH nmeet
HEeKOTOpoe OCHOBaHWe B cnyqae AN3BNEKTPUKOB, TaK KaK B HUX J:leI7ICTBVITeJ'IbHO
CcMelwlarTca 3apdadbl B aToMax U MoneKkynax. O,ElHaKO NMOHATNE TOKa CMelleHuA
npumMeHaeTca n ana nonen B Bakyyme, rage HuUKakumx 3apanos, a cnegoBaTtesibHO U
HUKaAKOro unx cMelweHua Hert. Tem He mMeHee 3TOT TEPMUH COXpaHwUrca B CI/II'Iy
NCTOPUYECKNX TpaJJ,MLI,MVI.

MnomHocmb moka CMeuWweHus .

Jen =75
CrieflyeT noAuvepkHyTb, 4YTO TOK CMELLEeHUs ornpeaensieTcss npou3BOAHON
BekTopa [, HO He camMum

A.H.Orypuos. flekyuu no ¢u3suke.

. BekTopoMm D . Tak, Hanpumep, B
none NMoCKOro  KOHAeHcaTopa
BekTop D BCcerga HanpaeneH oT
" — TMONOXMWTENbHOW  MnacTuHbl K

oTpuuaTtensHon. Ho B cnydae,
ecnm anekTpuyeckoe none

Bospactaet, To 0D/dt, a

cnepoBaTtesnibHO U TOK CMeLlleHudA
HanpasrneHbl Tak, Kak nokasaHo Ha

pucyHke (a). Ecrn xe anekTpuueckoe none ybbiBaeT, TO BD/Bt HanpaeneHo oT

oTpULLATENbHON NNACTUHBI K MOMOXUTENbHOW, M MarHUTHOE Mone MPOTUBOMOJSIOKHO
(puc. (6)) No cpaBHEHWIO C NEPBLIM CIyYaeM.

MarHeTtunam
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MpuynHa Takoro NoBeAeHUs B TOM, YTO MpW TemnepaTypax Hwke Touku Kiopu
deppomarHeTuk pasdunBaeTcst Ha GONbLIOE YUCIIO MUKPOCKONMUYECKUX obnacten —
domMeHOo8, CaMOMNPOU3BOSIbHO HaMarHWYeHHbIX [0 HacblweHus. HanpaBneHue
HaMarHu4yeHus nomeHa onpeaeneHHbIM

T T
V N/ A NN & 06pa3somM CBA3AHO C PacronoXeHNeM aToMOB B
XS OCHX XN pagsl Mocnon (Ha  puUCYHKE  CXeMaTUHecku
N+ / yd \ + nokasaHbl JOMeHbI B KpucTanne xenesa). Mpu
OO - /XX OTCYTCTBMM  BHELLHEro MarHMTHOro  nons
X+ XN \ + X 4 MarHuTHble MOMEHTbl OTAerlbHbIX [AOMEHOB
+ X+ / Ve / + ) OPUEHTUPOBAaHbI XaOMUYECKU W KOMMeHCU-
+ N pytom ppyr pgpyra. 103TOMy —CyMMapHbilil
\ / \ \ / \ # A MarHuTHbIii MOMEHT eppomMarHeTMka paBeH

+ N + 4 HyNto 1 heppomarHeTvk He HamarHu4eH.
1 ? 1 1

BHellHee none opueHTUpyeT No nonto
He MarHWTHble MOMEHTbl OTAEmNbHbIX atoMoB (Kak 3TO MMeeT MecTo B crnyyae
napamarHeTMKoB), @ MagHUMHbIe MOMeHMbI Uerbix obnacmeli CnoHTaHHOM
HamMarHW4eHHOCTU, NPUYEM JOMEHbI MOBOPAYMBAOTCS MO MO0 CKAYKOM.
dopmupoBaHre oMeHoB 0ByCnoOBNeHO KBAHTOBBIMW CBOWCTBAMU 3NEKTPOHOB.
deppomarHMTHbLIMM CBOWCTBaMU OOnNagalT BellecTBa, B aTOMax KOTOPbIX €CTb
HeAOCMPOEHHbIE BHYTPEHHWE 3NEKTPOHHbLIE OBONOYKN C HECKOMMEPHCUPOBAHHLIMU
cnuHamu. B aTom crnyyae MOryT BO3HMKaTb OOMEHHbIE CUMbl, KOTOPbIE BbIHYXAAOT
CMVHOBbIE MarHWTHblE MOMEHTbI 3TIEKTPOHOB OPUEHTUPOBATLCS MapasiesibHo APYr
apyry. 310 NpvBOAUT K BO3HUKHOBEHMWIO 06nacTell COHTaHHOrO HaMarHU4eHusl.
CyulecTBylOT  BellecTBa, B  KOTOpPbIX OOMEHHble CWUMbl  BbI3blBAOT
aHTMNapannenbHyl OpWeHTauuilo CMUHOBLIX MOMEHTOB OMEKTPOHOB. Takue
BellecTBa Ha3sblBalOTCH aHmMudgeppoMazHemukamu. [Ins HUX Takke cyllecTByeT
aHmugeppomasHumHas moyka Kropu (moyka Heensi), Bbille KOTOPOW paspyLluaeTcs
MarHUTHoe ynopsifodeHre n aHTUdeppoMarHeTUk NpeBpaLlaeTcsl B napamarHeTuk.

Cucmema ypaeHeHu(l Makceenna ons AJIEKMPOMacHUIMHO20 NoJis. I

43.BuxpeBoe 3neKkTpuyeckoe nore.

Ons 0ObACHEHWUS BO3HUKHOBEHUS WHAYKUMOHHOTO TOKA B  HEMOABMXKHbIX
npoBofHukax (BTopoii onbliT dapages) Makceenn Mpeanonioxusl, Ymo ecsikoe
nepemMeHHOe MazHUMHoOe fosie 8o36yxdaem e OKpyxarowem npocmpaHcmee
anlekmpuyeckoe rosie, KOTOpPOe W SBMAETCS MNPUYMHON  BO3HWUKHOBEHUSA
WHAYKUMOHHOTO TOKa B KOHTYpe (NepBoe OCHOBHOE nosioxeHue Teopun Makceensa).

Linpkynauusa sektopa HanpsbkeHHOCTU £, 3Toro nons

- — D
fEBdl=iLfEBldl=—E

Mo onpeneneHuto NOToK BeKTopaE’: o= deS, oTKyZa criegyert:

N
- 3B —
iEB 1=—£Eds

A.H.Orypuos. flekyuu no ¢u3suke.

8. MarHuTHOe nose NPSAMOro Toka.
Tok TeyeT nNo npsiMoMy npoBoAdy GeckoHevyHow AnuHblL. B

o KayecTBe NOCTOSIHHOW UHTErpUpOBaHWs BbiGepeM yron o .
4 R rdo
dl rdo N3 pucyHka r=——, dl=——.
\ sino sino
r
1
da, CnepoBaTenbHO dB = ﬂoﬂ sinocdo
l Q 4nR
] R Yron ¢ [Ans  Bcex OeMEeHTOB MpsMOro npoBoja
,  vamensietcs oT 0 fo 7. Mo NpuHUMNY Cynepnosmunm:
B! 1 21
A58 B:JdB:M— sin ada—M— N
' 4 R 4 R PR
0 al \\
Ecnu Tok TeveT no otpesky npoaoua (cM. pucyHok), To: IA \_@ _
Mot 1 ("R 7B
——(cosal cosQ,) /
4
OT1a dopmyna nepexogut B hopmyny ans 6eckoHeyHoro ,
AnMHHOrO NpoBoAHuKa npu o, =0, o, =70 . //
a
9. MarHuTHOe nose B LeHTpe KPYroBoro Toka. ] 2
B JaHHOM crny4yae CroXeHWe BEeKTOPOB MOXHO 3aMeHUTb
dl CINOXeHUeM X Moaynen, yuuteisasa sino =1, r=R:
1
7] dB = /'ZO—MR— dl, oTKyaa
’ T

de “O“ ! J'dl M—MR .Uoli
ar

MoxHo nokasaTb, 4YTO Ha paCCTOﬂHI/IVI r oT ueHTpa BUTKa BLI,OJ'Ib OCU BUTKa
MarHMTHoe none 6yﬂ,eTZ

uou IR?

(\/R2 +r )3
HanpsikeHHOCTb MarHUTHOrO nonsl, CO3[4aBaeMoro KpYyroBbiIM TOKOM, Ha
GOSbLLIOM PacCTOsIHUM OT BUTKA C TOKOM (7 >> R):
I qo B _IR* _IR*-2m _2I-mR* _ 2IS _2p,
2 ol 2% 23 2m 4w T4m? 4w
rae p,, = 1S — MarHuTHbI MOMEHT BUTKA C TOKOM.
CpaBHuUM aty  cdopmyny ¢ dopmyrnon  Ang
3MEeKTPUYECKOro Nomns AMMons (C 3NeKTPUYECKUM AUMOSbHBIM
MOMEHTOM p ) Ha ocu gunons (cm. 3—n.13):
=lqil 1 2 2
D=¢geE =¢,€ Pe - 2P
3 3
4mese 1 4nr
OueBngHoe nogobue atux opmyn obbACHSET, MoYeMy 4acTo FOBOPSAT, YTO
KOHTYp C TOKOM nogo6eH "MarHMTHOMYy AMMON", UMeLEeMy PaBHbIN C KOHTYPOM
MarHuTHbIA MOMEHT.

MarHeTtunam



4-6

10.3akoH Amnepa.
[enicTBMe MarHUTHOrO Mofsi Ha pamKy C TOKOM — 3TO NpuUMep BO3OENCTBUSA

MarHUTHOrO Monsi Ha MPOBOAHWK C TOKOM. AMnep yctaHoBui, 4uto cuna dF , c
KOTOPOM MarHuTHOe More [eicTByeT Ha anemMeHT npoeodHWka dI C TOKOM,
HaxoAsiLierocsi B MarHMTHOM MoJsie, paBHa:

dF =1[dl, B],
roe d — BEKTOp MO MOAYMio paBHbil dl 1

COBMafawLWmMii Mo HanpaeneHuio ¢ TOKOM, B — BeKTop
MarHUTHON MHAYKLMWN.

HarnagHo HanpasneHue cumbl AMmnepa MPUHATO
onpepensaTs no npasusy seeoli PyKU: ecriu 1adoHb 51egoll

PYKU pacronoxums mak, ymobbl 8 Hee 8xodusl eekmop B,
a yembipe 6bIMSHYMbIX fanbuya pPacroioXums o
HanpaeneHulo moka 6 [POBOOHUKe, MO O0MO2Hymbil
6osbLWol naney nokaxem HanpaesieHue cussl AMnepa.

11.B3aumogencTBMe napannenbHbiX TOKOB.

3akoH Amnepa npuMeHsieTcs Anst onpeaeneHns Cuibl B3auMoaencTBus ABYX
TOKOB.

[Ba napannenbHbIX NPOBOAHMKA C Tokamu [, U [, HaxopAaTca Ha paccTOsHUM

R ppyr ot ppyra. Hanpaeneuve cun dF, n dF,, ¢ koTopeiMu nons B, n B,
[EeNCTBYIOT Ha NPOBOAHMKW C Tokamu [, u I, onpeaensioTcA nNo npasuny nesou

pyKu.
i B, =M%, dF, =1,B,dI.
1

4r
Mol 21,1
4

Orciopa: dF, = %di . AHarorMyHo

B, =tk 2L e 1B,
4 R

Takum obpasom:

B, R

211
dF, =dF, = dF = P 2 gy
4t R
npOBOﬂHI/IKI/I C TOKaMn 00UHaK0B8020 HanpasneHuda rnpumsauearomcs, ¢ TokaMmun
pas3Hoco HanpaBneHua — ommarsnkuearomecs.

12. MarHuTHas NOCTOAHHAaA.

B cucreme CW eguvHuua msmMepeHusi cunbl TOka — amniep — BMeCTe C
KMnorpaMmoMm, MEeTPpOM U CeKyHOOW sIBNsieTCA  OCHOBHOM  eguHuuen. [Mo
onpeaeneHunio "amrnep ecmp cusa HeU3MEeHSIIoWEe20Cs MoKa, Komophbil, npoxods no
08yM naparnnesibHbIM PSMOUHEUHbIM PO8OOHUKaM beckoHe4YHoU OnuHbl U
HUYMOXHO Masioeo Kpy208020 CEeYEHUSs], PacrioioXXeHHbIM Ha paccmosiHuu 1 Mmempa
00uH om Opy2020 8 8akyyme, 6bi3sasi bbl MexOy amumu MPO8OOHUKaMU Cusly,
pasHyto 2-107" HblomoHa Ha Kaxdbiti Memp OnuHbI",

A.H.Orypuos. flekyuu no ¢u3suke.
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B oTnuume oT cnabomarHUTHbIX Bellects, y  J
KOTOpPbIX HamarHW4eHHOCTb J NUHeHo
usmeHsietcss ¢ poctom H , y cdeppomarHeTukos, rac
npu yeBenuyeHum H , HamarHU4eHHOCTb pacTeT DeppomMarHeTHk
CHayana ObICTPO, a 3aTteM BbIXOAMT Ha
HacsileHve J, . TMapamarsetik
MarHutHas npoHuuaemocTs U dpeppomar- N
HeTMKOB [JocTuraeT 6Gonblux 3HayeHun (ans H
xenesa — =5000, gna cnnaea cynepmannos —
=800 000). Huamarnetux
B MarHuTHasi NpOHMUAEeMOCTb W MarHuTHas
uHaykumst B deppomarHeTukoB 3aBucut ot H .
B=u,(H+J) B cnabbix nonsx pacteT
ObicTpo ¢ poctoM H (ydacTok 0—1-2 Ha pucyHke
(a)), a B cunbHbIX nonsx, nockoneky J=J,., B
0 pacTeT ¢ yBenuueHnem H nuHeiHo (yyactok 2-3).
B J
# CooTBeTCcTBEHHO [ =—— =1+ — BHauane
/tmﬂ:[) uOH H
pacteT ¢ poctom H (pucyHok (6)), a 3aTewm,
JocThras MakcuMyMa, HayvHaeT YyMeHbLuaTbCes,
CTPEMSChb B Cry4ae CUIbHbIX NOnen K eanHuue.
3aBuMCMMOCTb  HamarHuyeHHoctv J  oT
1 HanpsbkeHHOCTU  MarHUTHOro  nons H B
0 H eppomarHeTuke onpepensieTca npegbicTopyen

HaMarHu4eHus. Oto  gBrMeHne  Ha3blBaeTcs
5) MarHUTHbLIM r’MCTEPE3NUCOM.
Ecnu deppomarHeTuk HamarHuTuTb A0 HacblweHus (kpusas 0-1), a 3atem
yMmeHblwate H (kpusasa 1-2), To npu H =0
B (heppomarHeTVike OCTaHeTCsi ocTaTo4yHas
HaMarHu4eHHocTb J .

OT0  sBNEeHMe  Ucnonb3ywT  npu
W3roTOBMEHUW MOCMOSIHHLIX Ma2HUIMos8.

Ons TOro YTOObI YMEHbLUUTb

4 HaMarHM4yeHHOCTb A0 HyNs, Hago NPUNOXMTb

NPOTUBOMONOXHO-HaNpaBneHHoe none

(Touka 3), ¢ HanpsbkeHHocTbio F -, koTOpas

HasblBaeTCcs KoapuutuBHaa cwuna. [lpu
AanbHenwem yBEeNnM4eHuu
NPOTUBOMOMOXHOIO Nons  peppoMarHeTUK nepemarHuumBaeTca (kpuBas 3—4),
[ocTuras HacblleHus (Tovka 4). 3atem ero MoXHO OnsATb pasMarHUTUTb (KpuBas 4—
5-6) 1 BHOBb NepeMarHuTuTb A0 HacbiweHus (kpueas 6—1).

Takum 06pa3oM, M3MEHEHNE HaMarHUYeHHOCTU OnucbiBaeTcst KpuBon 1-2-3-4-
5-6-1, KOTOpasi Ha3bIBaeTCA NEeTNs rMcTepesnca.

Ona «kaxgoro eppomarHeTka WMeeTCs OnpeaenieHHas Temnepartypa,
HasblBaemasi mo4kol Kropu, npu KOTOPOW OH TepsieT CBOM MarHUTHbIE CBOWCTBA.
Mpwn HarpeBaHun Bbiwe Todkn Kiopy deppomMarHeTuk rpespawaemcsi B OObIYHbIN
napamarHeTuK.

MarHeTtunam
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41.YcnoBus Ha rpaHuue pasaena AByX MarHeTMKoB.

PaccMoTpuM rnoBefeHue BektopoB B w H Ha rpaHuue paspena Asyx
OOHOPOOHbIX ~ MarHeTMKOB  C  MarHUTHbIMU
n MPOHULIAEMOCTAIMA L, W [, NpU OTCYTCTBUU Ha
AS rpaHuLe Toka NPOBOAVMMOCTY.
Moctpoum  BOGMWM3M  rpaHuubl  pasgena

) MarHeTukoB 1 1 2 nNpAMOW UMAMHAP HUYTOXHO
K2 Manow BbICOTbl, OAHO OCHOBaHWe KOTOPOro
My i, >, ""_"_'__1 HaxoauTcsa B NepBOM MarHeTuke, gpyroe — BO

Iw
|

|
N

BTOPOM.
CuutaemMm, 4yTo ocHoBaHua AS uunuHapa
HacTOMbKO Marbl, YTO B Mpedenax Kaxmgoro us

HMX BEKTOp B HeusmeHeH.

|
1

o

Y

I
|
l

-

|
!
|
|
l
I

-,
n

Mo Teopeme Maycca
B,AS-B,AS=0,

(nockonbky 7i W /i’ nNpoTWBOHanpasneHbl). C  y4eTOM COOTHOLLEHUS
B = ,uH , HopmarnbHble cocTaBnsioLmne
Hnl — &
H,

B6nusu rpaHmupl pasgena marHeTmkoB 1 M 2 NoCTpoum HeOOMbLUOW 3aMKHYTbI
npamoyronbHbln KoHTYyp ABCDA pnuHoii [ . CornacHo Teopeme o umpkynauum H

Bnl =B

n2»

; Hdl=0
ABCDA
4 > B MOCKOMNbKy ~ TOKOB ~ MPOBOAMMOCTM  Ha
K, »— rpaHuuax Het. OTcloga
[y ihuibguigeiiiopuily il ¥ H,l-H,=0
D — c— -
—————————— (3Haku uHTerpanos no AB u CD pasHble,

T.K. MyTM WHTErpupoBaHWUs  MPOTUBOIO-
noxHbl, @ uHTerpansl no BC n DA 6eckoHe4uHo Manbl). MoaTomy, TaHreHUmanbHbIe
cocTasnsaLime

H,=H,, Zn-H
7 S B -
. H
Takum oGpasom, Npu nepexofe 4Yepes rpaHuly pasfena ABYX MarHeTuKoB
HopMmarnbHas cocTaersiolwlas BekTopa B M TaHreHuuanbHasi cocTaBnsioLas
BekTopa H M3MeHsoTCS HEenpepbIBHO, a TaHreHUMansHasi CocTaBnsiolas BekTopa
B v HopManbHas cocTaensoLwas Bektopa H npeTtepneBaloT cKayok.

42. DeppoMarHeTMK1M U UX CBOMCTBA.

Momumo criabomacHUMHbIX BelecTB — ana- u napamMarHeTukoB, CyLleCTBYIOT
CullbHOMacHUMHbIe BelecTBa — qbeppOMaeHemm(u — BellecTBa, obnagatowme
CrIOHMaHHOU HaMa2HUYEHHOCMbK, T.€. OHU COXpPaHAKT HaMarHM4YeHHOCTb npu
OTCYTCTBUM BHELLUHET0 MarHUTHOro nons.

B Bakyyme (U =1) cvuna B3aumopencTeBus Ha eAMHNLY ANUHBI NPOBOAHMKA

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

roe reHpu (FH) — egmHuMua MHAYKTMBHOCTM — BydeT onpegeneHa nosgHee.
13.EQUMHULbI MarHUTHOW MHAYKLUUM U HaNnpPsHKeHHOCTU MarHMTHOro NMons.
MycTb anemeHT npoeofdHuka dl ¢ TokoM [ nepneHauKynsipeH HanpaeneHuto
marHuTHoro nons. 3akoH Amnepa dF = IBdl, otkyaa
1 dF
1 dl
EaMHMua marHUTHon uHAaykuum B — Tecna (Tn) — MarHuTHas vHOYKUus

Takoro 04HOPOAHOIO0 MarHWTHOrO Mons, KOTopoe AeNUCTBYeT ¢ cunon 1H Ha Kaxabiv
METp AMUHbI NPSMOMMHENHOIO MPOBOAHUKA, PACMONIOXKEHHOrO NeprneHauKyNspHO

HanpaBneHuto NoJsis, ecriv no 3ToMy NpPoBoAHUKY npoxoaut Tok 1A: 1 Tn=1 A—
‘M
B
W3 chopmynel B = uH B Bakyyme (U =1) nonywum H = —.
Ho
EavHMUa HanpsiXkeHHOCTUM MarHUTHoro nons - — amnep Ha MeTp (A/m) —

HaMPSKEHHOCTb TAKOFO MONISI, MHAYKLUMSI KOTOPOTo B Bakyyme pasHa 47 - 107 T .

14.MarHuTHOe nosne cBo604HO ABWXYLUErocs 3apsaga.
MpPOBOAHMK C TOKOM CO3aeT BOKPYr cebs1 MarHTHoe nosne. QnNeKTpUYECKUin ToK

— 3TO YNOPSOOYEHHOE [ABWXEHWE 3MEKTPUYEeckUx 3apsaoB. MarHuTHoe none B
TOYEYHOro 3apsiaa ¢, CBOBOAHO ABWXKYLLErocsl C MOCTOSHHOW HEPeNnATUBUCTCKOM

ckopocTbio U (0 << ¢):

B‘:.uo.u q(v,7] Bzuouﬂsina
b
ar 3 a2

roe 7 — paguyc-BeKTOp, MpOBefdeHHbl U3 3apsiaa ¢ K Touke HabniogeHus,
o —yronmexagy U u F.
15.Cwuna JlopeHua.

Tak xe Kak ¥ Ha NPOBOAHMK C TOKOM, MarHUTHOEe rofie AercTByeT W Ha
OTAenNbHbIN 3apsa, ABWKYLUMIACA B MArHUTHOM rorne.

Cwvina, AeincTByIOLLAas Ha aNeKTPUYECcKUn 3apag ¢, ABUKYLUMIACA B MarHUTHOM

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

roe o — yronmexagy U u B.

A.H.Orypuos. flekyuu no ¢u3suke.
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CBofHas Tabnuua.

[MpOBOAHUK C TOKOM CB060OAHO ABVXYLLMIACS 3apsa,
4B = Mot 11dl 7] = Hott 410.7]
MaruutHoe none ar P 4 53
3akoH buo—Casapa—/lannaca
_ Cuna, dF =1[dl,B] F=q[v,B]
aevicTeytolas Ha cvna AMnepa cuna JlopeHua

HanpaBneHme CUnbl J'IopeHu,a, TaK Xe KaKk "

F cunbl AMnepa, onpefensietca no fpasusny seeol
pyku. Cuna JlopeHua Bcerga nepneHaMKynsipHa

CKOPOCTY ABWKEHUS 3apsHKEHHOMN YacTuubl. Mo3aTomy

v W OHa M3MEHSIeT TOMbKO HampaBneHue 3TON CKOPOCTH,

He wu3MeHsis ee Moayns. CnepoBaTenbHo, cuna
JlopeHua paboTbl He coBepLuaeT.
F lMocmosiHHoe MagHUMHoe rosne He cosepwiaem
pabombl Had Oswxywelcss 8 HeM 3apsikeHHoU
yacmuuel U KuHemu4eckas 3Hepausi amoul Yacmuubl npu 08UXEHUU 8 MagHUMHOM
rore He U3MeHSIemcsi.

L2
L

[BxeHne 3apsga, Ha KOTOPbIA KPOME MarHUTHOro nomsi ¢ uHAaykuven B
[eNCTBYET U 3NeKTpUYecKoe MNore ¢ HanpshkeHHocTblo E onucbiBaeTcs (oopMynon
NopeHua:

F =qE +¢[V,B]
16. ABvxKeHUe 3apsKeHHbIX YacTuULl B MarHUTHOM none.

Cuutaem, 4TO MarHuUTHoe none OOHOPOOHO W Ha 4YacTuubl He AeNCTBYHOT
anekTpuyeckme nons. PaccmoTpmum Tpy BO3MOXHbIX Cry4yas:

1. GHB — 3apshkeHHas YacTuua OBWMXKETCS B MarHUTHOM Mofie BAOMb fNHWR

MarHuTHOM MHAYKUMK (yron ¢ mexay Bektopamu U u B paseH 0 unu ).
Cuna JlopeHua paBHa Hymo. MarHWTHoe nomne Ha Yactuly He AeWCTBYET U OHa
[BUXETCS pa@HOMEPHO U MPSIMOIUHEUHO.

2. U1B — 3apskeHHass 4YacTuua ABWKETCS B MarHUTHOM Mofie nepreHamKy-
MAPHO NUHMSAM MarHUTHOWM UHAYKUMK (yron e =7 /2).
Cuna JlopeHua F =qUB: noctosiHHa Mo MOAyno UM HopmanbHa K TpaeKkTopuu

yacTuubl. Yacmuya 6ydem deu2ambCsi MO OKPYXHOCMU paguyca R ¢ UeHTpo-

2 2
mv

v
CTPEMMUTENbHbLIM YCKOpeHueM a, :?. M3 BTOpOro 3akoHa HetoToHa qUB = ——

R
mv 2R 2mm
nosly4yaem paguyc okpyxHoctm R = —— v nepvog Bpawenms T = ——=——.
qB v qB
3. BapsikeHHasi vacTuua [OBWXKETCA Mo4 YrMOM O K NUHWUSIM - MarHUTHOW

VNHOYKLNN.
[BWXeHNe YacTuLbl MOXHO NPeACTaBUTb B BUAE CYMMbI 08yX O8UXeHUl:
1) paBHOMEPHOIO  MPSIMONIMHEMHOIO  ABWXEHUSI BAOMb MOfSi CO  CKOPOCTbLHO
1)” =VCOoSK;

2) paBHOMEPHOro ABMXEHUA MO OKPY>XHOCTU B MJTOCKOCTH, nepneHn,VlenﬂpHon nosnto.

A.H.Orypuos. flekyuu no ¢u3suke.
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MarHUTHbI MOMEHT 3TOro CYMMapHOro Toka MUWKPOTOKOB BHYTPU MarHeTuka

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

P ISl r
HamarHuyeHHocTb MarHeTuka J = — = —— = —, criejoBaTenbHO
VoV o1
B =u,J
Unu B BEKTOpHOU hopme
B =u,J

CnepnoBaTtenbHo,

B:.UO(H"'J):/JO(H'Z)H-

BespasmepHas BenuumHa

B

B,

Ha3biBAETCS MarHUTHOW NPOHWMLAEMOCTLIO BelecTBa. VIMEHHO 3Ta BenuuuHa
ucnornb3oBanack paHee B COOTHoweHUn B = i U .

Ana duamacHemukoe [l <1, dns napamacHemukoe [l >1.

40.3aKOH NOJSIHOro TOKa ANl MarHUTHOro Nons B BellecTBe.

OTOT 3aKkoH sABnsieTcss 0606LLEHMEM 3aKOHa MONHOrO TOKa ANs MarHWTHOro
nons B Bakyyme (ctp. 4-10).

Lupkynsayus eekmopa magHUumHoU uHOyKyuU o npou3eosibHOMY 3aMKHymomy
KOHMypy paeHa anzebpaudeckoll CyMMe MOKO8 rposoduUMOCMU U MOJIEKYSPHBIX
mMoKo8, 0X8ambl8aeMbiX 3MUM  KOHMYPOM, YMHOXEHHOU Ha MazHUMHY
MMOCMOSIHHYO:

§BE =§B,d1=y0(1+1’),
L L

roe { n I’ — cooteeTcTBeHHO anrebpanyeckine CyMMbl MakpOTOKOB (TOKOB
NMPOBOAMMOCTM) M MUKPOTOKOB  (MONEKYMSAPHbIX  TOKOB),  OXBaTblBaeMbIX
NPOW3BONbHLIM 3aMKHYTBIM KOHTYpPOM L .

Mpu 3TOM UMPKYNAUMS HamarHudeHHocT J Mo NPoWU3BONbHOMY 3aMKHYTOMY
KOHTYpYy L paBHa anreGpanyeckoil CymMe MOJMIEKYNsipHbIX MOKOo8, a LMPKynsaums

BEKTOpa H — CyMMe TOKOB NpOBOAMMOCTU, OXBaTbIBAEMbIX 3TUM KOHTYPOM:

SGJE:I', Hdl=1
L L

MocnepHee BblpaxeHune npeacraendaeTt cobon TeopeMy O LMPKYNsUUK

BekTopa H .
C yuyeToM TOro, YTo cura Toka I CKBO3b MOBEPXHOCTb S, OXBaTbiBAEMYHO

KOHTYpOM L , ABNAETCA NOTOKOM BEKTOpa NNIOTHOCTU TOKa Yepes3 3Ty NOBEPXHOCTb,

1= J.jﬁ (cTp.3-22), TeopemMa 0 LUMpKynsaumMmn BekTopa H OyneT umeTb BUA;
S

fidi=[ s
L N

MarHeTtunam
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BUTOK ByZeT BblTankMBaThbCs M nepemMeLLaTbecs B 06nactb 6onee cnaboro nonsi.

MoaTomy napamarHeTuku emsizuearomcsi B obnacTb CUMbHOrO Monsi, B TO
BpEMSs, Kak AuaMarHeTuku eblmaJsikuearomcesi U3 3To obnacTtu.
39.HamarHuyeHHocTb. MarHuTHOE None B BellecTBe.

Mono6bHo TOMY, KaK AaOna KOnn4yeCTBE€HHOro onucaHua nondapusadnu
AN3NEKTPUKOB Obina BBeAeHa nonapn3oBaHHOCTb, ANA KONMMMYEeCTBEHHOIo onncaHuna
HamMarHmyeHna MarHeTukKoB BBOOAT BEKTOPHYH BeNUYMHY — HaMarHU4eHHOCTDb,
onpegendaemMmyo MarHMTHbIM MOMEHTOM eANHULbI obbemMa MarHeTuka:

A
14 vV
roe P, = Zﬁa — MarH1THbIN MOMEHT MarHeTuKa, paBHbIi BEKTOPHON CyMMme

MarHUTHbIX MOMEHTOB OTAEJ1IbHbIX MONEeKy-n.

B HecunbHbIX NONAX HAMarHUYEHHOCTb nponopuuoHanbHa HanpaXeHHOCTU H
nond, Bbi3blBakOWeEro HamarHm4veHue. |_|03TOMy, aHarnorn4Ho LI,I/ISJ'IeKTpI/I‘-IeCKOVI
BOCNPUMMYMBOCTU, MOXHO BBECTU NOHATHE MasHuUmHou _eocrnpuumyugocmu
sewiecmea y .

J= xH,

X — GespasmepHas BenmunHa.

Ona avamarHeTvkoB )y ompuyamesnbHa () <0 norne MonekynsipHblX TOKOB
NPOTMBOMONOXHO BHELUHEMY MOM), ANs napamarHeTUKOB — MOJIoXumesibHa
(x >0 none MonekynsipHbIX TOKOB COBMNAAAET C BHELLIHUM).

AGCOMIOTHOE  3HaYeHWe MarHUTHOW  BOCMPUMMYMBOCTM AR Aua- U
napamarHeTUKOB O4YeHb Mano — nopsigka 10~ — 107°.

MarHutHoe none B B BelLECTBE CKrafbiBaeTcs U3 OBYX Moneii: BHELUHEro
nonsi BO, CO3[jaBaeMoro HamarHuuMBamwyM TOKOM B Bakyyme, W Mons B
HamarHM4yeHHOro BeLLecTBa:

B=B,+FH,

rae B, = uyH .

Ona onucaHusi nons, co3gaBaemMoro MOMEKYNSAPHbIMU TOKaMu, PaccMOTPUM
MarHeTUk B BWAE KPYroBOro LunuHapa cedeHuss S v AnvHbl [, BHECEHHOro B
OOHOPOJHOE BHELUHee MarHuUTHoe nofie C WHAyKuuewn BO

napannensHoe ocu uunuHgpa. Ecnu paccmotpeTb no6Goe
ceyeHve UMnuHOpa, nepneHauKynspHoe ero ocu, To BO
BHYTPEHHUX Yy4YacTKax CeYeHWs MarHetTuka MOIeKynsipHble
TOKM COCEAHUX aTOMOB HanpaBmneHbl HAaBCTpeYy Apyr Apyry v
B3aWMHO KOMMEHcHpytoTcsl. HeckomneHcupoBaHHbIMKU  GByayT
NUWb  MOMEKYNSPHblE TOKW, BbIXOAALWME HA MOBEPXHOCTb
UMnuHgpa.

MarHuTHyI0 MHAyKuMio Toka I, Tekyliero no GoKOBOW NOBEPXHOCTY LIMMMHAPA,
BbIYMCIIMM (cuuTasi Ans npoctotel [ =1) no dopmyne ans coneHoupa ¢ N =1

(coneHoma U3 ogHOrO BUTKA):

Bz:.uol,
/
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CymmapHoe [OBwkeHue 6yaeT OBWXEHWEM Mo
cnupanu, ocb KOTOpOW napannenbHa MarHUTHOMY
nomto. War BuHTOBOM NMUHWUK /i =UHT =vT cosc, roe

2nR mv
T = —— — nepwopg BpaleHust Yyactuupl, U R =——:
() qB
b= 2mmv coso
qB

Ecnu marHuTHoe none HeoAHOPOOHO MU
3apsPKEHHas YyacTuua ABWKETCS Mo YrioM K IMHUSIM
MarHUTHOro TMOMsi B HanpaBfeHWM Bo3pacTaHusl

nons, To BenuYMHbl R W K yMmeHblualoTcs ¢ pocToM B. Ha atom ocHoBaHa
(hOKYCUPOBKa 3apPSHKEHHBIX YACTUL, MarHUTHBIM MOMEM.

17.9ddekT Xonna.

AdhekT Xonna — 3mo 803HUKHOBEHUE 37IEKMPUYECKO20 107151 8 MPOBOOHUKE
usnu rosyrnpoe8ooHUKe C MOKOM Mpu roMeuweHuuU e20 8 MazHUmHoe rore.
Odpdpekr Xonna — cneacteue BnusHWMA cunbl JlopeHua Ha OBWKeHue

HocuTenei Toka. B marHuTHOM none B npu NpoTekaHun Yepes NPOBOAHMK TOKa C
MIOTHOCTBIO ] YCTaHaBNMBAETCs 3MeKTPUYECKOe NOMe C HanpshKeHHOCTbIO
N E=R[B.]],
rone R — nocmosiHHas Xonna.
MycTb, Hanpumep, MeTannuyeckas

nnactmHka C  TOKOM pacnonoxeHa B
MarHMTHOM none nepneHaunkynapHOM TOKY

A.H.Orypuos. flekyuu no ¢u3suke.

(cm. pucyHok). Cuna JlopeHua npuBOauT K
MOBLILLEHUIO KOHLIEHTPaLUMKU HOCUTerei Toka
— O9NeKTPOHOB — Yy BEPXHEro kpas
nnactmHki.  [pu  3TOM  BepxHUin  Kpamn
3apsaauTCs OTpUUATENbHO, a  HWKHUNA,
COOTBETCTBEHHO — MoSoXuTenbHO. CTaumoHapHoe pacnpenerneHue 3apanos yaet
[OCTUrHYTO, KOorga [AEeWCTBME CO34aHHOro TakMm 06pasoM 3MeKTPUYECKOro Mons
A
ypaBHoBecuT cuny lopeHua: eE = e—‘p =eVB, uin Ap =vBa, rge a — wupuHa
a
NNacTUHKW, e — 3apsia anekTpoHa, AQ — nonepeyHas (xos10eckasi) pa3Hocmb
nomeHyuanoe.
Mockonbky cuna Toka [ = jS=nevS (S =ad — nnowadb nonepeyHoro

CeYeHUs NNaCTUHKA TONMMHON d W LUMPUHOM @, N — KOHUEHTPaLUWsl 3M1eKTPOHOB,
UV — cpefHsisl CKOPOCTb YNOPSAOYEHHOIO ABMXKEHMWS SNIEKTPOHOB), TO

y 1 y
3HaKk nocTtosiHHOM Xonmna R =-— coBnagaeTr co 3HAKOM HocuUTeneil Toka,
en

noatomy achdpekT Xornna UCNonb3yoT AMs onpeaeneHns NpupoLsl HoCUTENen Toka B
BELLECTBaX W ONpefeneHns UX KOHLeHTpaLumu.

MarHeTtunam
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18.Teopema 0 LIMPKYNsALMU BEKTOPA B.

Linpkynsiumen Bektopa B no 3apaH-

E HOMY 3aMKHYTOMY KOHTypy L Ha3sbiBaeTcs §Bdl=§Bldl

f O JT ™ crneqayloLLmii MHTErpar No ATOMy KOHTYpY: L L
\ roe dl — aneMeHT [ONWHbI KOHTYpa, HanpaBleHHbI
L BOonb obxoga koHTypa; B, =Bcosxx — cocTaBnsiowas
\ \I BekTOpa B B HanpaBMEHUM KACATENbHON K KOHTYpY, C y4eToMm
~—/ BblOpaHHOro HanmpasneHuss obxopa; O — yron Mexay

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

BaKyyMe): LuMpKynsums Bektopa B no nNpou3BoSfibHOMY 3aMKHYTOMY KOHTYpY paBHa
MPOM3BEEHNI0 MarHUTHOW MOCTOSIHHOW (I, Ha anrebpanyeckylo CyMMy TOKOB,
OXBaTbIBAEMbIX 3TUM KOHTYPOM:

fé;l=:fB,dl=uoglk,

roe n — YUCNO MPOBOAHUKOB C TOKaMW, OXBaTblBAeMblX KOHTYypoM L
NPON3BOSIbHON (POPMBbI.

OTa Teopema cnpaseanunea mosibko Oris 11015 8 8aKyyme, NOCKONbKY Orid rnosis
8 gewecmee Hafo YyunTbiBaTb MOJIEKY/sIPHbIE MOKU. Kaxabll TOK y4mTbiBaeTcs
CTONMbKO  pa3, CKOMbKO OH  OXBaTbiBaeTCsd  KOHTYpOM. .
[MonoxuTenbHbIM cYMTaeTCs TOK, HanpaBfieHne KOTOPOro CBA3aHO B
C HanpaeneHvem obxoaa no KOHTYpPY r1pasusioM npagozo 8UHMa.

lpumep: MarHUTHOE Nore NPsSIMOro ToKa.
3aMKHYTbIA KOHTYP NpeacTaBuM B BUAE OKPYXHOCTM paauyca 7. B ,/—"\

KaXXZOW TOUKe 3TOW OKPYXKHOCTU BEKTOP B ofuHakoB no mogynio u /7
HanpaeseH Mo KacaTellbHON K OKPY>KHOCTK: /

| \
!
§B,dl:§Bdl:B§dl:BZWZu01, oTcloaa B:LOI \\ /
L L L 2nr \ ,/
~ -
-

r
1

CpasHuM ebipaxeHusi 051 UUPKynsauul 8eKmopos EuB.
. — n
§Edi=0,  §Bdi=u, I
L L k=1
MMpuHyunuansHoe pasnuyve Mexay 3TUMKU (hopMyraMmn B TOM, YTO LIMPKYNSLUS

BEKTOpa E ANeKTpocTaTnyeckoro nona gcezda pasHa HyI. Takoe none siBNsieTcH

nomeHyuasibHbIM. Ll,l/lpKyJ'IﬂLl,Vlﬂ BeKTopa B wmarnutHoro nons He pasHa HyIo.
Takoe none HasbiBaeTcst euxpesbiM Unn cosieHouOdasbHbIM.

19.MarHuTHOe none coneHouaa.

CosreHOUOGOM Ha3bIBAETCS CBEPHYTLIN B CnMparb W30NMPOBaHHbIN NMPOBOAHMK
No KOTOPOMY Te4yeT aneKkTpuyeckuini Tok. PaccmoTpum coneHoua pgnuHon [,

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

oxBaTbiBatollemy Bce N BUTKOB, paBHa ifB,dl = uyNI
ABCDA

A.H.Orypuos. flekyuu no ¢u3suke.

4-23

Bl op6ume npeueccuu c yenosoii ckopocmsio Q.

MpeLeccuoHHOe [ABWXEHUE SMEKTPOHHbIX OpPOMT 3KBMBANEHTHO KPYroBOMY
MWUKPOTOKY. Tak Kak 3TOT MUKPOTOK MHOYLMPOBAH BHELIHUM MarHWTHbIM MOMeM, TO,
cormacHo npasuny JleHua, y artomMa nOSBNSETCH Ma2HUMHbIU MOMeHM,
HanpasneHHbIN Mpomue eHewHez20 MoJis.

HaBepeHHble cocTaBrsitoliMe MarHWTHbIX MOSielt aTOMOB CKNaablBaloTCst U
obpasyloT cobcmeeHHOe MazHUMHOe riofe eewecmea, ocnabrnsouee 6HeWHee
MagHumHoe rnosne. JTOT apdekT Nonyynn HasBaHve guamarHutHoro addekra, a
BElecTBa, HaMarHuyvMBalluMecs BO BHELUHEM MarHATHOM Mone npoTuB
HanpaBsrieHusl Nons, Ha3blBaloTC AuamarHeTukamm (Hanpumep, Ag, Au, Cu...).

Tak kak AguamarHuTHbIi  3adbcdekT 0oOycnoBneH [[encTBUEM  BHELLHEro
MarHMTHOro Mofsi Ha 3NEKTPOHbI aTOMOB BeLLECTBA, TO AMaMarHeTu3M CBOWCTBEH
BCEM BeLLeCcTBaM.

Hapsigy ¢ AvamarHMTHbIMU BeLLlecTBamy CyLLECTBYIOT ¥ NapaMarHuUTHble —
BelllecTBa, HaMarHM4MBalwLMECs BO BHELUHEM MarHUTHOM MOfie MO HanpaBneHuto
nons (npumep: peakosemernbsHble metannsl, Pt, Al...).

Y napamarHuWTHbIX BEeLeCTB MNpW OTCYTCTBMU BHELUHErO MAarHUTHOrO Mons
MarHMTHble MOMEHTbI JMIEeKTPOHOB HEe KOMMEHCUPYHT ApYyr Apyra, U MOJSeKyIbl
napamarHeTMkoB Bcerga o6nagaltoT MarHWTHbIM MOMEHTOM (Takue MOMeKynbl
Ha3bIBaOTCS MONSPHBLIMM).

BcrnegcteMe TennoBoro  ABMXKEHUS MOMEKyn WX  MarHUTHble  MOMEHTHI
OpUeHTMpOBaHbl  GecnopsiAoyHO, MNO3TOMY, B OTCYTCTBME MAarHUTHOTO Mons,
napamarHuTHbIE BelLeCcTBa MarHUTHbIMU CBOMCTBaMM He obraaatot.

Mpwn BHeceHUW napamarHeTuka BO BHELUHEE MarHUTHOE MoJie yCTaHaBnnBaeTcs
npeumMyujecmeeHHasi OpueHTauus MarHUTHbIX MOMEHTOB aTOMOB (MOnekyn) fo
oo (MOSIHOWM OpUeHTaUMn NPENATCTBYET TEMMOBOE ABMXKEHUE aTOMOB).

Takum o6pasom, napamarHeTUK HamarHudyvMBaeTcsi, co3fgaBasi cob6cTBeHHoe
MarHuTHoe norne, cosnadarmwjee 0 HafpaeneHur C 6HEeWHUM TOonemM U
ycunueawmm ero. OToT 3dpheKT Ha3biBaeTCs NapaMarHUTHbIM. Ecnv marHuTHbIN
MOMEHT aTOMOB (MOJeKyrn) BEeNWK, TO NapaMarHuTHble CBOMCTBa NpeobnagarT Hag
AvMaMarHuTHLIMU U BELLECTBO SBNSIETCS NapamarHeTMKOM.

Mapa- n aMamarHeTvku no-pasHomy BeayT cebsi B HEOAHOPOAHbLIX MarHUTHbIX
nonsix.

PaccmoTpum  manblii  BUTOK € TOKOM B
HEeOHOPOAHOM MarHUTHOM norne (CM. pucyHok). Cunbl

dF', peiicTBylolMe Ha oTAeflbHble Y4acTKU BUTKa,
NnepneHaMKynsipHbl K TOKY W K MarHUTHOMY MOfto.
CocraBnsiiowme dF,, napannenbHble BATKY, CO34al0T
ycunusi, pactarvBalowme (Mnm CxuMarowmne) BUTOK.
CocraBnsiowme dF,, nepneHanKynsipHble K
MAOCKOCT BUTKA, CKMagblBasicb, OadyT HEKyw cuny
F', cTpemsuwylocs nepemellatb BATOK B MarHUTHOM
none. [EcnuM  MarHuTHbIi  MOMeHT Toka P,
COHanpaBrieH C BEKTOPOM MarHUTHOW uHaykuum B
(kak wn300paxeHO Ha pucyHke), TO BWUTOK OyaeTt
BTArMBaTbCA B 00nacTb 6onee cunbHoro nons. Ecnu

)Xe BekTop p, MpOTUBOHaNpaBneH BekTopy B, ToO

MarHeTtunam
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MEeXaHW4YeCKMM MOMEHTOM umnynbca L, , T.e. nofo6eH Bonuky:
L, = mvr = mar® =2mvS

) -

rae @W=27TV — yrrnoBasi CKOpocTb 3nekTpoHa, 7r” =S. Bektop L,
Ha3blBaeTCs OpGWUTanbHbLIM _MeXaHW4YeCkMM MOMEHTOM 3neKTpoHa. [lockonbky
HanpaeneHue BekTopa L, Takxe onpefensieTcs no npasury MpaBoro BUHTA, TO

HanpaeneHusi p,, W L, npomueononoxHel. Moatomy:

P =evS=—§lj, =T-L,

e
rge BelnYunHa r=—5 — Ha3blBaeTcA [MPOMArHNUTHbIM OTHOLLUEHUEM
m

opbuTanbHbIX MOMEHTOB,

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

m
Kpome opbutanbHbIX MOMEHTOB, 3NneKkTpoH obnagaeT COOCTBEHHbIM

MEXaHN4YeCKUM MOMEHTOM UMNynbca L, HasblBaeMblii CMMHOM.
CnuHy 9mnekTpoHa COOTBETCTBYET COOCTBEHHbIV (CMWHOBLIA) MarHWUTHbIN

MOMEHT ]—7ms. ﬂpoeKLl,Vlﬂ CfMnHa Ha HanpaslieHne BeKTopa B wmoxert npuHUMaTb
TOJIbKO OJHO U3 crieayrLwnx asyx 3HaYeHUI:

eh

Puss =iﬁ=iﬂ3,

e

h
rae h =2— (h — noctosiHHas MnaHka), z— MazHemoH bopa, siBnsiowwmiics
n

eavHULEN MarHUTHOTO MOMEHTa 3IEKTPOHa.
OOLWMIA MarHUTHBLIK MOMEHT aToMa WM MOJeKyrbl paBeH BEKTOPHOW Cymme
MarHWTHbIX MOMEHTOB (OpOuTarnbHbIX M CMMHOBbLIX) BXOASALWMX B aTOM (MOmnekyny)

3NEKTPOHOB:
ﬁa = Zﬁm + Zﬁms

MarHuTHble MOMEHTbI aTOMHbIX A0ep B ThbiCA4YM pa3 MeHblle MarHUTHbIX
MOMEHTOB 3JIEKTPOHOB, NO3TOMY MMM KakK NpaBuiio npeHe6pera}0T.

38.0uma- u napaMmarHeTuKu. y-1
Bcsikoe BelecTBO siBNsieTCA MarHeTUKOM, T.e. CrocoOHO
noa [AOEWCTBMEM MarHUTHOrO nonst npuobpeTaTb MarHWTHbIN 2

MOMEHT (HaMarHn4mMBaTbCs).

Ha Bpawatowimincst no opbuTe aNeKTPOH, Kak Ha 3aMKHYTbIV
TOK, B MarHMTHOM rore AeWCTBYeT BpallaloLmin MOMEHT cun. B
pe3ynbTaTe SMeKTPOH NoslyyaeT AOMNOSHUTENBHOEe paBHOMEPHOe

BpalleHne, npu KoTopoMm BekTop L OyaeT onuchbiBaTb KOHYC
BOKPYI HanpaBrieHus WHAYKUMM B ¢ HekoTopoi yrnosow
ckopocTbio 2. Takoe ABUXEHWE Ha3bIBAETCS MpeLieccue.

Teopema Jlapmopa: delicmeue Mac2HUMHO20 10/ Ha
3/1IEKMPOHHYK 0pbumy MOXHO ce8ecmu K COObwWeHuU0 3mol

A.H.Orypuos. flekyuu no ¢u3suke.
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TN Ha yuactkax AB wu CD  KoHTyp
———— N, o
r’ Ve SO\ Y MEpneHAVKYnSpeH NIMHUSM  MarHuUTHOW  MHAYKUMM,
d a"_——“~‘\ ] _
\ [l ~J\y /  cneposatensHo B, =0. MoxHo nokasaTb, 4YTo BHe
\ AW 1, 7
o 22 BECKOHEYHOTo CcomneHouaa MmarHuTHoe none B =0
P S
’/(’( WY, (ymarms yuactok CB  Ha 6eCKOHe4YHOCTb, rae
AN 4/ '\ wmarHuTHoe rone  corneHoupa  PaBHO  HyIH,
\ ~ “/[ /) nockorbky ~MarHMTHOe monie  KaXaoro  BUTKA
AN p ,
" ~———eT f, CONEHOMA YMEHBLIAETCS C PAccTosHMEM ~ 7).

Ha yyactke DA koHTyp coBnagaet C JuHUEN
MarHuTHOW UHAYKLMW, BHYTPU coneHoupa none ogHopopHo (B, = B'), noatomy

[ Bdl = Bi = NI
DA

MarnuutHas nHaykumsi (6eckoHe4HOro) conieHonaa B Bakyyme:
NI
gt

20.MarHuTHOe none Topouga B Bakyyme.
TopoudoM — Ha3blBaeTCs KonbLeBasi KaTyllka C
\l> BUTKaMW, HAMOTaHHLIMU Ha CepaeyHUK, MMetoLLMIn opmy
S?E TOpa, No KOTOPOIi TeYeT TOK.
D, j\ MarHuTHOe none OTCyTCTByeT BHe Topouza, a
BHYTPW €0 OHO SIBNSIETCS OAHOPOAHBIM.

! r JIVHUM  MarHWTHOW  WHAYKUMW, Kak crnegyet u3
COODpaXeHUn CUMMETPUM, €CTb OKPYKHOCTW, LIEHTPbI

< ’ KOTOPbIX PacnornoXxeHbl Ha 0cy Toponaa.
SSS B kayecTBe KOHTypa Bblbepem OfHy Takyto

OKPYXXHOCTb paguyca r. [lo Teopeme 0O UupKynaumm
B2nr = uyNI , rne N —uucno sutkos Topounaa. OTcioga

B= U NI
2nr

21.MoToK BeKTOpa MarHUTHOW UHAYKLMWN.
lMomokom eekmopa MazHUMHOU UHOYKUuUuUu (MarHUTHbIM NOTOKOM) uepe3
nnowaaky dS HasblBaeTcs ckasspHas pusndeckasi BenuumHa, pasHas

d®, = BdS = B,dS

rae B, = Bcosot — npoekuusi Bektopa B Ha HanpaBneHvWe Hopmanu 7 K

nnowanke dS, o — yron mexaoy Bektopamu i1 M B, dS — BekTtop, Moaynb
KoToporo paseH dS, a HanpaBsneHue coBnagaeT C HanpasreHMeM HopManu 7 K
nrowagke.

lMomok eekmopa B MoxeT 6blTb Kak [0[0XUMEbHbIM, maK U
ompuuamesbHbIM B 3aBUCUMOCTMN OT 3HaKa COSC .

MoTok BekTopa B CBSA3LIBAIOT C KOHTYPOM MO KOTOPOMY TeuyeT TOK.
MonoxwuTensHoe HanpaBneHWe HOPManu K KOHTYpY CBSI3aHO C HarpaBfeHWeM Toka
Mo npaBwusy NPaBoro BUHTA. [M03TOMY MagHUMHbIU MOMOK, co30agaemMbili KOHMYpPOM
C MOKOM 4Yepe3 ro8epxHOCMb, 02paHUYEHHYH UM CaMUM, BCEraa NonoxuTeneH.

MarHeTtunam
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MoToK BEKTOPA MarHUTHOM MHAYKLUMM Yepe3 NPOU3BOSbHYI0 MOBEPXHOCTb S :
®, =[Bds=B,ds
S N

Ecnu none oAgHOpPOAHO W NEPneHAMKYNSpHO €My pacnosfioXeHa nrockas

NOBEPXHOCTb C Nnowaabio S, To
o, =BS

EavHMua marHuTHoro notoka — BeGep (B6): 1B6 — marHuTHbIA NOTOK,
NPOXOASLUMI CKBO3b MMOCKYID MNOBEPXHOCTb MNOWAAbio 1M?,  PacronoXeHHyo
nepneHAnKynsapHO O4HOPOAHOMY MarHUTHOMY MOS0, MHAYKLUMS KOToporo pasHa 1Tn
(1 B6=1 Tn-m?).
22.Teopema Maycca Ans MarHUTHOro Nons B Bakyyme

lMomok eekmopa MasHUMHOU UHOYKUUU CK803b JH0bYH  3aMKHYmMYyH
108ePXHOCMb PAaBEH HYI0:

§B¢TS=0
S

OTa TeopemMa oTpaxkaet CbaKT OTCYTCTBUA MarHUTHbIX 3apAanoB, BCneacteune
Yero JNIMHUN MarHUTHOMN NHOYKUMXW He MMEeKT HU Hayana HUM KOHUa n ABNAKTCA
3aMKHYTbIMWU.

23.MoToKocuenneHme.

MarHUTHBIN NOTOK Yepe3 MOBEPXHOCTb, OrPaHUYEHHYID 3aMKHYTLIM KOHTYPOM,
Ha3sbiBaeTcs momokocyensaeHuem VY atoro koHmypa.

MoTokocuenneHne KoHTypa, 06yCrioBfeHHOE MarHUTHLIM MOSIEM TOKa B CaMOM
3TOM KOHTYpe, Ha3blBaeTCsi MOTOKOCLIENIEHNEM CaMOUHAYKLINN.

Hanpumep, HaiigeM NOTOKOCLENNeHWMEe CcaMOMHAYKUMM — coreHoupaa ¢
CEPOEYHUKOM C MarHWUTHOWM MPOHMLAeMOCTbio U . MarHUTHbBIA MOTOK CKBO3b OAWH

BWTOK coneHouga nnowaabio S paBeH @, =BS. TMonHblii MarHUTHBIA MNOTOK,
CLeNMeHHbI CO BCEMU BUTKAMU CONEHOoMaAa paBeH:

2
‘I’=<I)lN=BSN='u°fﬂNISN=,uO,u¥S

MoTokocLensieHe KOHTypa, 0ByCNoBNEHHOE MarHUTHLIM NMoNeM Toka, UAYLLEro
B OpPYroM KOHTYpe, Ha3blBaeTCsl NOTOKOCLENNeHMEM B3aUMHON MHAYKLUUM 3TUX ABYX
KOHTYpOB.

24.PaboTa no nepemMeLleHMI0 NPOBOAHUKA C TOKOM B MarHUTHOM norie.

MpoBogHuK AnuHoi [ (OH MOXeT cBoGOAHO nepemMellatbesl) ¢ Tokom [
HaxoauMTca B OL4HOPOAHOM MAarHUTHOM mnone (CM. pucyHok). lNone HanpaeneHo
nepneHaMKyNapHO NIOCKOCTU PUCYHKa — M3-3a YepTexa. Cuna Amnepa F =1BI.

Mon ee gencTBMem MPOBOAHWK MEPEMECTUNCA U3

dx
I t"‘" nonoxeHns 1 B nonoxexve 2.
T o . Pa(iol:?, coBepLIaemasi MarHUTHbIM norem:
c o o of dA = Fdx=1dx[l,B]=IBldx = IBdS = Id®
— F |1 Wcnonb3oBaHbl COOTHOLLEHUS:
¢ o0 dS=Ildx — nnowageb, nepecekaemas
e & o 0 o |  NPOBOAHMKOM MPU €ro NepPemMeLLeH B MarHUTHOM
o ; 5 none; BdS =d® — notok BekTopa MarHWTHOM
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MaruutHoe none AnWMHHOrO coneHovaa OAHOPOAHO M COCPEAOTOYEHO BHYTpU
Hero, N03TOMY 3Heprua 3akrnto4vyeHa B obbeme coneHovpa u pacnpeperneHa B HEM C
06BeMHOU NI0MHOCMbIO

W B*  uuH® BH
W=s——=———=-——=—
Voo 2u,u 2 2
OTW COOTHOLUEHMS HOCAT OOLWMI Xxapaktep W cnpaeBeanvebl U Ans
HEeOAHOPOAHbLIX Moreit, HO TONbKO AN cpef, ANs KOTopbiX CBs3b mexay B n H
nWHenHas (T.e. ANa napa- n AuamarHeTUKoB).

BblpameHme Aana 06BbEMHON MIIOTHOCTU 3Heprnm MarHUTHOro nona aHanorn4yHo
COOTBETCTBYHOLLEMY BbIpaXXeHuto ana obbemHon NNOTHOCTU Heprnmn
2
W _e,eE°  ED y y
3NEKTPOCTaTnU4ecKoro nonqa: W=—=——=——, C TOU pasHuuen, 4To

V 2 2

AneKTpuyeckme Benmm4nHbl 3aMeHeHbl B HEM MarHUTHbIMU.

MazHumHble ceolicmea seujecmea.

A.H.Orypuos. flekyuu no ¢u3suke.

37.MarHuTHble MOMEHTbI 3JIEKTPOHOB 1 aTOMOB.

[o cux nop BnunaHWe cpelbl HA MarHUTHble ABNEHNA Y4UTbIBANoCh cbopmaano
BBEJEHWEM MarHUTHON npoHuuaemocTn U. Ons TOro, 4TOOBI p8306paTbCF| B

MarHUTHbIX CBOWCTBaX Cpef W UX BMMSHUM HA MarHUTHYI0 MHOYKLUMIO, HEOGXOAMMO
paccMoTpeTb AEACTBUE MarHUTHOMO MOMS HA aTOMbl U MOJEKYMbl BELLECTBA.

Bce BelecTBa, nOMeLleHHble B MarHUTHoe Trorne, HamarHuyMBarTCs,
MoCcKOmnbKy B NOOOM Tene CylecTBYHOT MWUKPOCKONMYECKUEe TOKU (MUKPOTOKM),
06ycriosreHHble 08UXXEHUEM 3/IEKIMPOHO8 8 amoMax U MOJIeKyax.

Ona MHorux uenen, B TOM 4ucne v Anst OObACHEHWUS MHOTMX MarHUTHbIX
SIBMIEHWIN, MOXHO UCMOMb30BaTb  KB8a3UK/ACCUYEeCKylo Mooeslb, B  KOTOPOW
npeanonaraeTcs, YTo aTOM COCTOMT M3 MOMOXUTENbBHO 3apsKeHHOro siapa, BOKPYr
KOTOpOro 06pallatoTCs 3MEKTPOHbI MO KPYroBbIM WM SMMUMNTUYECKUM opbutam,
nofo6HO NnaHeTam CONMHEYHOWM cucTeMbI (NnaHeTapHasi Mogernb atoMa).

Takne 9nekTpoHbl, oObpalialowmecs no opbutam, npeacrTaensloT cobon
3aMKHYTble 3NeKTpUYeckme TOKW, M MOITOMY ECTECTBEHHO MpeanofiokuTb, 4TO
VMMEHHO OHMW SIBMSIOTCS MMUKPOTOKaMM (CyLLecTBOBaHME KOTOPbLIX Mpeanornaran eule
AMnep), OTBETCTBEHHbIMU 32 HAMarHU4YMBaHWe BELLECTBA.

Ecnu anekTpoH coBepluaeT V 0GOpPOTOB B CeKkyHAy, TOo cuna Toka [ =eV.
Op6uTanbHbIN MarHUTHbIA MOMEHT 3JIeKTPOHA, [OBMXYLLEroCA MO KPYroBown
op6uTe, nrowagbto S ':

-

P p,=1S=evS

[ / Ecnn anekTpoH [BWXETCS1 MO 4acoBOW CTpenke, TO
= TOK HamnpaBrieH NPOTUB 4acoBOIi CTPeNkv U BekTop p,, (B

12\
U

~
«Q

COOTBETCTBMM C MpaBMIIOM MNPaBOro BWHTA) HanpasBneH
nepneHAnKynsipHO NIIOCKOCTM OpOuTLI SNeKTpoHa.

Tak kak 3nekTpoHam NpUCYL, He TONbKO 3apsad, HO
elwle W Mmacca, TO Kaxabll opbuTanbHO OBWMXYLLMACS
3NeKTPOH 06nafjaeT He TONMbKO MarHUTHbIM MOMEHTOM (Kak
MW BCSKMN 3aMKHYTbIA TOK), HO elle W onpegeneHHbIM

e}

L

MarHeTtunam
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MarHMTHoe none. 3To BbI3biBA€T BO BTOPUYHON 06MOTKe nosieneHne 3C B3anmHom
nHAykuun. MNpn aTom:

N
0,=- 2@1’
N
rae N, v N, — uucno BWTKOB B MEPBUYHOW U BTOPWYHOM OBMOTKaX,

COOTBETCTBEHHO.

N. y
OTHoleHne k =—2, nokasbiBaloliee, BO CKONMbKO pa3 O[C BO BTOPUYHOI

1
0o6MoTKe TpaHcdopmaTtopa bonblue (MK MeHbLUE), YeM B NEPBUYHON, Ha3biBaeTCH
KoadbdumLMeHTOM TpaHchopmaLmu.

Ecnm k>1, 1O TpaHcopmaTop — moeblwarowull, ecnn k<l —
MOoHWXarouwud.

36.3Heprua MarHMTHOro nons.

MpoBoAHUK, MO KOTOPOMY MpOTEKaeT JMEeKTPUYECKU TOK, BCEraa OKPYXeH
MarHuTHbIM nonem. MarHMTHoe nose NosiBNAeTCs U UcYe3aeT BMECTE C MOosiBNIeHUeM
W McYe3HOBeHMeM Toka. MarHutHoe rnorne, nofo6HO 3neKkTpuyeckoMmy, siBMsieTcs
HocuTEeNneM 3Hepruu. JHepausi MasHUMHO20 r1ofisl pasHa pabome, KOMopYyH
3ampayugaem mok Ha co30aHue 3moeo roJis.

PaccMoTpuM KOHTYpP UHOYKTUBHOCTbIO L, MO KOTOPOMY TeYeT Tok 1 .

C [aHHbIM KOHTYPOM CLEenfieH MarHuTHbIA notok @ = L1 .

Mpu n3ameHeHun Toka Ha dI MarHUTHLIN NOTOK U3MeHsieTcs Ha d® = Ldl .

[ns Takoro M3MeHeHWsi MarHUTHOrO MoToka HeoBXOAMMO COBepLUUTL paboTy
dA=1d® = LIdI .

Torpa paboTta no co3aaHunio MmarHuTHoro notoka ® Gyanet paBHa

1 2
LI
A= J.LIdI ==
: 2
3Hepau;1 Ma2HUMmMHOoR0 MnoJisi, CBA3aHHOIo C KOHTypOM,
LI?
w="0
2

Ha npumepe oOHOPOAHOrO MarHWTHOrO MOMs BHYTPU ANMHHOIO coneHouaa
BbIpa3nM 3HEPIMI0 MarHUTHOTO MOJISi Yepe3 BENWYUHbI, XapakTepuaylowwme 3To none
B OKpY’KaloLeM NpOCTPaHCTBE.

N’S 1 NI
NHpykTuBHOCTL coneHoupa: L = ,uo,uT. Ortcropa: W = E,uo,ufS.
1 B
MarHuTHas MHayKums nonsi coneHovaa: B :LO‘MN . Otcropa: [ = Bl .
l iy

Mo onpefeneHnio BEKTOpa HaNPsHKEHHOCTY MarHMTHoro nona B = 1, U .
Mcnonb3ys 3T CoOTHOLLEHMS
2
B BH
W=——"V=—1VF
2pop 2
rne SI =V — obbeMm coneHouaa.
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WHAYKLUMW, NPOHM3bIBAIOLWMIA 3Ty nrowasb. Takum obpasom,
dA = 1d®
Paboma no nepemeuieHuto MpoeodHUKa C MOKOM 8 Ma2HUMHOM rorne pasHa
MpousgedeHUro Cuslbl MoKa Ha MagHUMHBbIU 1OMOoK, nepecevyeHHbil O8UXYWUMCS
rPO8OOHUKOM.

25.Pa6oTa no nepeMeLleHUI0 KOHTypa C TOKOM B MarHUTHOM norie.

MarHuTHoe none HanpasfieHo neprneHANKYNsSPHO MAOCKOCTU PUCYHKa — 3a
yepTex. Pabota dA cun Amnepa npu nepemeiieHun koHtypa ABCDA pasHa
cymme paboT Mo NepeMeLleHulo MPOBOAHMKOB
ABC (dA) v CDA (dA4,), T.e.

dA=dA, +dA,
Mpu nepemewieHun ydyactka CDA  cunbl

AmMnepa HanpasrneHbl B CTOPOHY MepeMeLLeHus
(o6pasyloT ¢ HanpaBeHNeM NepemeLLeHuUst ocTpble

yrrbl), noatomy dA, >0
d4, =1(d®, + dd,)
Cunbl, pencteylowme Ha yydactok ABC  KoHTypa, HanpaBrneHbl NpoTUB
nepemMelleHns (06pasyloT C HanpasfieHMeM nepemelleHnst Tymble Yribl), No3ToMy

dA4, <0

d4, =-1(d®, +dd,)
B cymme
dA=1(dD, —d®,), vin A=IAD, nim A=I1(¥,-"¥,)
Pa6oma no nepeMeweHuo 3aMKHymoao KoHmypa C MOKOM 8 MazHUMHOM

rnone paeHa I'lpOU36666HU.‘O CUIlbl MoOKa 8 KOHmype Ha U3MeHeHue MazgHUMHO20
rnomoka, cyersieHHo20 ¢ KOHmMypom (LU7U Ha eeo I'IOI’TIOKOCL(GI'U'IGHUG).

AnekmpomazHUmMHasi UHOYKYusl.

A.H.Orypuos. flekyuu no ¢u3suke.

26.0nbITbl Papages.
OnbIT 1.
ConeHona NoAKMOYEH K ransBaHoMeTpy. Ecnn B coneHoug, B

BABWUraTb (UM BblaBUraTb) MNOCTOSIHHLIA MarHWT, TO B MOMEHTbI
BOBUraHus (Unu  BblgBUraHus) HabnoJaeTcss  OTKIOHEHWe
CTPEnK/ ranbBaHOMeTpa, T.e. B corneHouae nHayumpyetcs 34C.

HanpaBneHne OTKIIOHEHUsI CTpPenku npu BABUTAHUM W
BbIABUraHUM MPOTMBOMONOXHbI. ECnM  NMOCTOSIHHBLIA ~ MarHWT
pas3BepHyTb TaK, 4TOObl Nofca MOMEHSNUCL MecTaMu, TO U

HanpaBneHue OTKIIOHEHMSI CTpenku N3MeHUTCSt Ha
NpoTMBONONoXHoe. OTKIOHEHWE CTPenKku ranbBaHOMETpa TEM
Gonblie, 4em Gonblle CKOPOCTb  ABWXEHWS  MarHuta
OTHOCUTENBHO corneHompaa. Takon xe adpcpekt OygeT, ecnum

NOCTOSAHHbIN MArHUT OCTaBUTb HEMOABWXHbBIM, @ OTHOCUTENBHO
ero nepemeliaTtb coneHoung.

f——

MarHeTtunam
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Onwit 2. + K,
OpuH coneHoup (Ky) NOAKMHOYEH K WUCTOYHMKY TOKa. T

Opyron coneHoup (K2) nopknoyeH K ranbBaHOMETpY. 5_{__
OTKMOHEHWe CTPenkun ranbBaHoMeTpa HabnogaeTcs B MOMEHTbI

BKITIOYEHNS UMW BbIKIMOYEHNS TOKa, B MOMEHTbI €70 YBENWUYEHUS

UMM YMEHbLUEHWUSI WNW MpU  NEepeMELLEeHUU KaTyliek Aapyr

oTHOCUTeNbHO Apyra. Mpu BKMIOYEHUN U BBIKIMIOYEHUU CTpeska

OTKIIOHSIETCA B pasHble CTOPOHbI, T.€. 3HaK WMHOYLMPOBAHHON Kz
O[C B aTux cnyyanx pasnuyeH. Takou xe adpekT — HaBeaeHve

B kaTywke K, OOC pasnuyHoro 3Haka — HabniopaeTtcs npu

YyBENUYEHUN WNW  yMeHbLUeHUM Toka B kKaTywke Ky npwu

CONKXEHUN UNW yOANEeHNN KaTyLUek.

B onbitax ®apagess ObiNo  OTKPLITO sie/leHUe 3reKmpomMaz2HUMHoU
uHOykKyuu. OHO 3aKn4aeTcs B TOM, YTO B 3aMKHYTOM MPOBOASILLEM KOHTYpe Mnpu
M3MEHEHWN TOTOKA MarHUTHOW WHAYKUWMKW, OXBaTbiBAEMOTO 3TUM  KOHTYPOM,
BO3HMWKaET 3MEKTPUYECKUIN TOK, NOMYYMBLUMIA Ha3BaHUE UHOYKYUOHHOZ2O.

OcCHOBHble CBOWCTBA UHAYKLUMOHHOIO TOKA:

1. VIHOYKUMOHHBIA TOK BO3HMKaeT BcCerfa, korga NpoOWCXOAUT U3MeHeHue

CLIENMEHHOro C KOHTYPOM MOMokKa Ma2HUMHOU UHOYKYUU.
2. Cuna WHAYKUMOHHOTO TOKa He 3aBMCUT OT crnocoba M3MeHeHUsi rnoToka
MarHUTHOM UHAYKLMW, @ ONpeaensieTcs Nuilb CKOPOCMbIO €0 U3BMEHEHUS.
OTKpbITUE SABNEHUSI ANEKTPOMArHUTHON UHOYKLUN:
1) nokasano B3aMMOCBS3b MEXAY 3NEKTPUYECKUM U MArHUTHbIM NONeM;
2) npeanoxuno crnocob nomnyyeHWsi SMEeKTPUYECKOro ToKa C  MOMOLLbIO
MarHUTHOro Morsi.

27.3akoH ®apapesi.

O6obwasa pesynbTaTel onbiToB, Papagert nokasan, 4to BCSKMA pas, Korga
NMPOUCXOAMUT U3MEHEHME CLEMNEHHOr0 C KOHTYPOM MOTOKa MarHUTHOW WHOYKUMW, B
KOHTYpe BO3HMKAET MHOYKUMOHHbIN TOK.

BO3HMKHOBEHWE WHAOYKLUMOHHOMO TOKa YKasbiBaeT Ha HanuuMe B Lenu
SMEKTPOABMXKYLLEN CUTbI.

Ota 3[C HasbiBaeTcs asekmpodsuxywieli cusioli 3sieKmpomazHUMHouU
UHOYKyuU.

3akoH ®apapges: O[C 3NeKTPOMarHUTHOM WHAYKLUUW B KOHTYpe YUCMEHHO
paBHa 1 NPOTUBOMOSIOXHA MO 3HaKy CKOPOCTUM U3MEHEHNS MarHUTHOTO NMOTOKAa CKBO3b
NMOBEPXHOCTb, OFPaHUYEHHYH 3TUM KOHTYPOM:

! dt
,D,J'Iﬂ 3aMKHYTOIo KOHTYypa MarHUTHbIM MNOTOK (I) €eCTb He 4TO WHOoe, KakK
noTokocuenneHne ‘P 9TOro0 KOHTYypa. I'I03Tomy B QNEKTPOTEXHUKE 3aKOH <Dapa,u,e$|
4acCToO 3anncbiBakOT B tbopme:

_a¥
' dt

HanpaBneHue MHAOYKUMOHHOTrO TOKa onpefensetcs no npaesusny JleHya: npu
8CSIKOM U3MEHEHUU Maz2HUMHO20 [10MOKa CK8O03b M0BEPXHOCMb, HamsHymyt Ha
3aMKHymbIl po8ooswull KoHmMyp, 8 nocrnedHem 803HUKaem UHOYKUUOHHbIU MOK
makoeo HarnpasseHus, Ymo e20 MagHUMmHoe rosne rnpomugodelicmgyem U3MeHeHUIo
Ma2HUMHOo20 Momoka.

A.H.Orypuos. flekyuu no ¢u3suke.
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34.B3anMHas HOYKUMUS.

B3avMHOW uHAyKUMEN Ha3blBaeTcs
aBneHne Bo30yxaeHns JOC anekTpo-
MarHMTHOn VMHOYKUUN B ogHon
9MeKTPUYecKon Uuenu npu  U3MeHeHun
3MeKTPUYECKoro Toka B APYron uenu unu
npu N3MEHEHUM B3avMHOIO PacrionoXeHns
3TWX ABYX Lienew.

PaccmoTpum  gBa  HemnmoABWKHbIX
koHTypa 1 n 2 ¢ Tokammu [, n I,,
pacnonoXeHHbIX A4OCTaTOMHO Gnnsko apyr
oT apyra. Mpn npoTekaHum B KOHType 1 Toka [; MarHWTHbIA NOTOK MPOHU3bLIBAET

BTOPOW KOHTYP:

®,, =L,,1,, aHanornyHo @, =L, 1,.
KoadhcpuumeHTsl nponopumonansHoctM  L,, u L, paBHbl Apyr Apyry

le =L21 = L v Ha3blBalOTCA B3aUMHOW MHAYKTUBHOCTbLIO KOHTYPOB.

Mpy U3MEHeHWM cumnbl TOKa B OOHOM M3 KOHTYPOB, B APYroM WHAyLMpyeTcsl
3AC:

952=_&=_Lﬂs 0, =- =
dt dt dt dt
B3aumHasi uHOyKmueHOCmMb KOHMYpPO8 3asucum om aeoMempuyeckoli hopMbl,
pa3mepos, 83aUMHO20 PacrofoXeHUsT KOHMYpPo8 U 0m Ma2HUMHOU npoHuUyaemMocmu
OKpyxarou,elti KOHmMypbl cpeokbl.
Ons npumepa paccyumaem 83auMHYyHO UHOYKMUBHOCMb O8yX Kamyuwex,
HamMomaHHbIX Ha mopoudasibHbIl cepdeyHUK.

I'IepBa;l KaTylwka C 4MCInoM BUTKOB Nl N TOKOM ]1 co3anaeTt none

do, __ di,

N, .
B=p,u ;- MaruTHsif noTok ci@oss oauk
NI
BUTOK BTOpOI KaTywkn @, = BS = uou—-1§,

roe [ — OnuvHa cepaeyqHvKa no cpegHen NUHUM.

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

[aHHOe yCTpOoNCTBO ABNSAETCA NpUMepoM TpaHcopmaropa.

35.TpaHcdopmaTopbl.

MpuHUMN gencTBusA TpaHCOPMATOPOB, MPUMEHSIEMbIX ONS1 NOBbILEHUS WK
MOHWXEHNS HanpPsHKEHUST MEPEMEHHOr0 TOoKa, OCHOBaH Ha SBMEHWM B3auMHON
nHOoykumn. lepemeHHblid Tok [, co3gaeT B MepBUMYHON 0BMOTKE nepemMeHHoe

MarHeTtunam
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33.Toku Npu pasmMbiKaHUM U 3aMbIKaHUU LieNu.
Mpn BCAKOM M3MEHEHWM Cunbl TOKa B MPOBOASALLEM KOHTYpe Bo3HukaeT J[C
CaMOUHAYKUMKN, B pe3ynbTaTe Yero B KOHType NOSIBNSANTCS OOMOMHUTENbHbIE TOKW,
Ha3blBaeMble IKCmpamokaMu caMOUHOYKyuuU.
Myctb B  Uenn  COMPOTUBIEHWEM R N
MHOYKTUBHOCTBIO L nop AdeiicTeueM BHeluHen JOC ©
TeyeT MOCTOsIHHbIN Tok [, =©/R. B MOMEHT BpeMmeHu Ik ——————

t=0 ebIKIOYUM WCTOYHMK TOKa. BosHukaet 3[C 2
dl
camouHayKLmK 0, = _LE' npensTcTByoLlas
YMeHbLUEHUIO Toka. TOK B Lienu onpeaensieTcs 3aKkoHOM t
dl dl R
Oma [R=0O,, wwm [R=-L—. Paspensem nepemeHHble: —=——dt, "
’ dt 1 L
I Rt
uuterpupyem no [ (ot [y go I)mno ¢t (ot10fo t): In—=——, unu
0
t
I=1,exp|—— |, (kpuBas 1)
T

L
raoe T=E — MNOCTOAHHadA, Ha3biBaeMada BpeMeHeM penakcauum — Bpemsd, B

TeYeHVe KOTOPOro cura Toka yMeHbLUAeTcs B € pas.

Takum 06pa3om, fpu BbIKIMOYEHUU UCMOYHUKA MoKa cunia moka ybbieaem o
9KCMOHEHUUaIbHOMY 3aKOHY (@ He M2HOBEHHO).

OueHum 3HayeHne OJOOC camMOMHAYKUMM MPW  MIHOBEHHOM YBENUYEHUU
conpoTuenexus ot R, ao R:

[:gexp —& , oTKyda 0, :—Lﬂzi(aexp —&
R, L ' dt R, L
T.e. npy pe3kom pasmbikaHuu koHTypa (R >>R;) O[C camouHaykumn O,

MOXeT BO MHOro pa3 MpeBbicUTb @, YTO MOXeT MPMBECTU K MPOBOo M3onALUK 1
BbIBOAY M3 CTPOSI U3MEPUTENbHbIX NPUOOPOB.
Mpu 3ambikaHuu uenu noMuMo BHewHen OAC ©O BosHukaer JMC

dl
camouHaykunn O, = —Lz, NpenATcTByioLLAn BO3pacTaHuio Toka. Mo 3akoHy Oma,
t

dl
IR=0+0,,um IR=0 - L;. Mo>HO rnoka3saTb, YTO peLLUeHUE 3TOro ypaBHEHWUS
’ t
UMeeT Buz;

I=1)1-exp _t , (kpuBas 2)
T

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

Takum o6pa3om, Mnpu 6KMoYeHUU UCMOYHUKA MoKa cusia moka eospacmaem
10 3KCMOHEHUUaIbHOMY 3aKOHY (@ HEe M2HOBEHHO).

A.H.Orypuos. flekyuu no ¢u3suke.
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3[C anekTpoMarHUTHOW UHOYKUMW BbipaXaeTcsi B BOMbTAX.

l:d(l):l_]%_Tn-Mz _H-mM® Ik _A-B-c_g

; c c  A-mc A-c A-c

28.34C MHOYKLMKN B HEeNOABWXHbIX NPOBOAHMUKAX.

CornacHo 3akoHy ®apages, Bo3HMkHoBeHUe I C anekTpoMarHUTHOM MHAYKLMK
BO3MOXHO M B Cnyvyae HenoOdeUXXHO20 KOHTYpa, HaxoAsierocsi B rnepeMeHHOM
marHuTHoM none. OgHako cuna JlopeHua Ha HenoABWXHbIE 3apsiabl HEe AENCTBYET,
NMo3TOMY B JaHHOM clly4Yae eto Hemnb3s 06bACHUTb BO3HUKHOBEHME DOC UHAYKLMN.

Kpome TOro, onbIT nokaseiBaet, 4to SOC uHOyKUMM He 3asucum OT poja
BELlecTBa MNpPOBOAHMKA, OT COCTOSIHUS MPOBOAHWKA, B 4aACTHOCTW, OT €ero
Temnepatypbl, KoTopas MoOxeT OblTb HEOAMHaKOBOM BAONb MPOBOAHMKA.
CnepoBaTtenibHO CTOPOHHME CUSlbl, UHAYLUMPYEMbIE MArHUTHBLIM MOMEM, He cesi3aHbl
C uU3MeHeHuUeM ceolicme nPoeodHUKa B MarHUTHOM rose, a 06ycnoBneHbl cCaMum
MarHUTHbIM NOMeM.

B

MakcBenn ans obbsicHeHnss SAC uHAykuMn B
HEMnoABWXHbLIX ~ MPOBOAHMKAX  MPEAnonoXur, 4YTo
rnepemMeHHoe Ma2HuUmHoe nmnoJsie e036yxdaem e
OKpyXarouwem npocmpaHcmee euxpesoe
anekmpu4yeckoe roJjie, KOTOpoe U sBhsieTcs
MPUYMHON BO3SHUKHOBEHUS WHAOYKLMOHHOIO TOKa B
NPOBOAHUKE.

Ha pucyHke npuBedeH npuMep BUXPEBOIO

= ANEeKTpnu4ecKkoro nons, BO3HUKawLero npun
E BO3pacTtaHnm MarHMTHOro nong.
Buxpeeoe AJIeKmpu4yeckKoe roJie He seJissiemcs dJIeKmpocmamu4eCcKuM.
CvnoBble NUHWK 3/ieKmpocmamu4yeckoeo nona Bcerga pas3soMKHYTbl — OHU

HauMHATCA W 3aKaHYMBAIOTCA Ha IJNeKTpuYecknx 3apsigax. VIMeHHo noatomy
HanpspkeHWe Mo 3aMKHYTOMY KOHTYpY B 3I1eKTpPOCTaTMYeCKOM ronie BCerga paBHO
Hymnio, 3TO Mofie He MOXeT MOoAAEPXWBaTb 3aMKHYTOe [ABWXeHWe 3apsifoB U,
criefioBaTenbHO, He MOXEeT NMPUBECTU K BO3HUKHOBEHUIO 3MEKTPOABWIKYLLEN CUTbI.

HanpotuB, anekmpuyeckoe rnone, 8036yx0aemMoe UIMEHEHUSIMU MagHUMHO20
1107151, UMEET HEMNpepbIBHbIE CUIIOBbIE NMHUW, T.€. NMpeAcTaBnsieT coboi BMxpeBoe
none. Takoe Mnone Bbi3bIBAET B MPOBOAHUKE [ABWXEHME IMEKTPOHOB MO 3aMKHYTHIM
TPaeKTopusIM U NPUBOAUT K BO3HUKHOBEHUIO O0C — CTOPOHHMMU CUnamMu sIBRSKOTCSA
CUIbl BUXPEBOrO 3MEKTPUYECKOro nonsi.

Lmpkynsums E, oToro nons no nwo6omy koHTypy L  npoBogHuka
npeactaenset cobon 3C anekTpomMarHUTHON UHAYKUNA:

0, =fE,di=-22
i dt

29.BpalueHue paMKu B MarHMTHOM norne.
SBneHne aneKTpoMarHUTHOM WHAOYKUMM MpumeHsieTcs ansg npeobpasoBaHusi
MEXaHUYECKOW 3JHEprMM B 3SHEPIUI0 3MeKTpu4eckoro Toka. [na atom uenu

NCMONb3yTCA 2eHepamophbl, NPUHLUMM AeNCTBUS KOTOPbLIX PACCMOTPUM Ha Npumepe
MIiocKoi pamMku, BpalLaloLencsl B ogHopoaHoM (B = const) MarHUTHOM norne.

MarHeTtunam



4-16

MycTb pamka BpallaeTcsi paBHOMEPHO C YIMOBOW CKOPOCTbIO () = const.
MarHuTHBIN MOMEHT, CUEMMEeHHbI C PaMKon
nnowaapto S, B NoBON MOMEHT BpeMeHu ¢
paBeH

®=58,5=BScosa=BScoswt

roe o=@t — yron noBopoTa paMku B
MOMEHT BPEMEHN [ .

[Mpn BpalleHun pamMku B HEN BO3HUKaET
nepemeHHas 30C nHaoykumm:

do .
0, =———=BSwsinwt
dt
MakcvmanbHoe 3HaveHne OC vHaykumm © = BSw . Torpa

0,=0,,sinwt
lpu pasHomepHOM 8pawieHUU pamMKku 8 0OHOPOOHOM MagHUMHOM rosne 8 Hel
8o3HUkaem nepemerHas SC, uameHsowWascsi No 2apMOHUYECKOMY 3aKOHY.
Mpouecc npeBpaLLleHUsi MEXaHUYECKOW 3HEPrun B INEKTPUYECKYD obpaTum.
Ecnun no pamke, nomeLLeHHON B MarHUTHOE norie, NpornyckaTb 3NeKTPUYeCKUin ToK, To

Ha Hee OyneT AelcTBoBaTb Bpallawowmii MomeHT M = IS[7i,B] u pamka HayHeT
BpalyaTbca. Ha aTom npuHuune ocHosaHa paboTa anekmpodeuzamenel.

30.BuxpeBble TOkM (TOKM Pyko).

WNHAYKUMOHHBIA TOK BO3HMKAET He TOMbKO B JIMHEMHbIX MPOBOAHMKAX, HO U B
MaCCWBHbIX CMIIOLUHbLIX MPOBOAHMKAX, MOMELLEHHbIX B MePEMEHHOEe MarHUTHOE norne.
OTW TOKM 3aMKHYTbl B TOMWE NPOBOAHWMKA W  Ha3blBAlOTCA euxpeebiMu USU
mokamu ®Pyko.

Tokn Pyko Takke nOAYMHAIOTCA npaswuny JleHua: WX MarHWTHoe mnorne
HanpaBneHo Tak, 4ToObl MPOTMBOAENCTBOBATb WM3MEHEHWK MarHUTHOroO MoToKa,
WHOYUMPYIOLEMY BUXPEBbIE TOKU. [03TOMY MacCUBHbIE MPOBOAHWKN TOPMO3STCS B
MarHuTHoM none. Kpome Toro, BMXpeBble TOKM BbI3bIBAlOT CUIbHOE HarpeBaHue
NMPOBOAHMKOB. B anekTpuyeckMx MalumHax, Ansi Toro 4YTobbl MWUHMMWU3MPOBATb
BMMSHME TOKOB ®DyKo, CepaeyHMKM TpaHCOpMaToOpoB M MarHUTHbIE LEenu
3MEKTPUYECKUX MalUMH COBMPalOT M3 TOHKMX MMACTUH, U30MMPOBAHHLIX ApYr OT
apyra crneumanbHbIM TakoM U OKanvHoM.

[xoyneso Tenno, Bbigensiemoe Tokamu ®Oyko, UCNONb3yeTcs B MHOYKLMOHHBLIX
MeTannypruyeckux nevax.

BsavmopeiicTBne BMXPEBbIX TOKOB C BbICOKOYACTOTHbIM MarHUTHbIM MOMeM
NpUBOAUT K HEPaBHOMEPHOMY pacnpefefieHnto MarHUTHOro MOTOKa MO CEeYEHUHo
MarHMTonpoBOoAOB —  BblITECHEHWE MarHMTHOro noTtoka M3 obbema B
NPUNOBEPXHOCTHbIe 06NacT NpoBoAHUKa. JTO SIBNEHWE Ha3blBaeTCsl Ma2HUMHbIM
CKUH-3¢hghekmom.

BuxpeBble TOKM BO3HWKAKOT M B CaMOM MNPOBOAHMKE, MO KOTOPOMY TeueT
NepemMeHHbIn TOK, YTO MPWUBOAWUT K HEepaBHOMEPHOMY pacnpeferneHunto Toka no
CEYEHMI0 NPOBOAHMKA — BbITECHEHWE TOKOB BbICOKOW YaCTOThbl B NMPUNOBEPXHOCTHbIE
obnactu npoBodHWKa. JTO ABMEHWE HA3bIBAETCH 3JIEKMPUYECKUM CKUH-
aghghekmom.

31.MHAYKTMBHOCTb KOHTYpa.

OneKkTpuyeckuii TOK, TEKYLUMA B 3aMKHYTOM KOHType, co3gaeT BOKpyr cebsi
MarHuTHoe none, UHOYKYusi Komopoz2o, no 3akoHy bBuo-Caeapa-Jlannaca

A.H.Orypuos. flekyuu no ¢u3suke.
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npornopyuoHanbHa mokKy. [103TOMy cyernseHHbIl ¢ KOHMYPOM MarHUTHbLIN NOTOK
NponopLMoHaneH ToKy B KOHType:
o=7],

rae KoadhdULMEHT NponopumoHansHOCT L Has3biBaeTCs UHOYKMUBHOCMbIO
KOHmMypa.

Mpnmep: MHAYKTUBHOCTb AMMHHOIO CONEHOMAA.

MoTokocuenneHne coneHonaa (MOMHbIV MarHUTHBIM NOTOK CKBO3b CONeHouA):

2

Y =BSN = No##s’ oTkyda:

N°S
L:/v‘o,UT~

roe N — uucno BuTKoB coneHoupa, [ — ero gnuea, S — nnowadb, U —

MarHntHasa nNnpoHULaemMocCTb cepaedHuka.

WNHOYKTUBHOCTb KOHTYpa B 06LLEM CryYyae 3aBUCUT TOMbKO OT FEOMETPUYECKON
(bOprI KOHTYypa, ero pasmepos 1 MarHUTHOM NpoHUUaemMoCcTun TON cpenbl, B KOT0p0|7|
OH HaxoguTC4.

B atom cMmbicne uHOYKMUBHOCMb KOHMypa — aHano2 3rekmpuyeckoll
eMKocmu yeOWHEHHOro MNPOBOAHUKA, KOTOpas Takke 3aBUCUT TOMNbKO OT (POopMbl
NPOBOAHMKA, ero pa3MepoB U OUSNEKTPUYECKON NPOHMLIAEMOCTH cpeabl.

32.CamouHaykuma.

Mpy n3mMeHeHUn cnnbl Toka B KOHTYpe ByAeT M3MEHATLCA U CLENMEHHBIA C HUM
MarHWTHbI NOTOK, a 3TO, B CBOK oyepedb OyaeT uHayuuposaTb OC B 3TOM
KOHTYype. BosHukHoBeHne 3C uHAyKUMM B MPOBOASALLEM KOHTYpE Npu U3MEHEHUU B
HeM cuIbl TOka Ha3blBaeTCcsl caMouHAyKyuedl.

EpvHuua mHayktuBHoctM — reHpu (MH): 1TH — WHAYKTMBHOCTL Takoro
KOHTypa, MarHWTHbIA MOTOK CaMOMHAYKUMM KoToporo npu Toke B 1A paBeH 1B6
(1MH=1B6/A=1B-c/A).

W3 3akoHa Papagest 3AC camonHaykumm O = _622 = —%(LI) )
t

Ecnu koHTYp He pedopmupyeTcsi M MarHUTHasi NpoHMLAeMOCTb Cpedbl He
namensietcs, 7o L = const n 30C camomHayKkumm:

019
) dt
rae 3Hak MUHYC, oByCrOBMEHHbIV NpaBunom JleHua, nokassiBaeT, YTo Hanuuve
WHOYKTUBHOCTM B KOHTYPE NPUBOAUT K 3aMeONIeHUI0 U3MEHEHUS ToKa B HEM.
Ecnn Tok co BpemeHem BospacTaeT, To ©, <0, T.e. Tok camouHAYyKLUM

HanpasJieH HaBCTpe4y TOKY, 06yCJ'IOBJ'IeHHOMy BHELWHUM UCTOYHUKOM, N 3amMeansaeTt
€ro BospacrtaHue.
Ecnm TOK CO BpeMeHeM y6bIBaeT, TO Os >0, T.€. TOK CaMOUHOYKUMN nmeeTt

Takoe Xe HanpaBreHve, kak M ybblBalolWM TOK B KOHTYpe, M 3amefnsieT ero
ybbiBaHue.

Takum obpa3om, KOHTyp, oOnagas oOnNpeaeneHHoOn  WMHOYKTMBHOCTbLIO,
nprvobpeTaeT ANEKTPUYECKYHO "MHEPTHOCTL".

MarHeTtunam



