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MazHumHoe none

1. OcHoBHble 0cobEeHHOCTH MarHWTHOro Nong.

B 19 Beke OMbITHLIM MyTemM ObINA WCcnNeoBaHbl 3aKOoHbl B3auMOOedcTBUA
NOCTOAHHLIX MarHWTOB W NPOBOOHWMKOB, MO KOTOPLIM MPOMNYCKancA 3nekTpudeckuni
ToK. OnNbITel NOKaaanua, 4To nogobHO TOMY, Kak B NPOCTPAHCTBE, OKpPYMXarLlem
ANEeKTpUYEeCKMe 3apAfdbl, BO3HWKAET 3NeKTpocTaTudyeckoe none, Tak W B
npocTpaHcTBE, OKpyXawlem TOKWM W MNOCTOAHHLIE MarHWThbl, BO3HWKaeT CUIoBOE
none, KOTOpOe Ha3blBAETCA MagHUuMmMHbIM.

Beinu ycTaHoBNeHk! ABa aKcnepuMeHTansHbIX dakra:

1) mazHumHoe none delicmayem Ha deliKylWuecA 3apAdbI;

2) dewxywjuecA 3apAadel cozdarom MazsHUMmHoe none.

OTMM MarHuTHOe none CcyWecTBeHHO OTNWYaeTcA OT 3NeKTpocTaTUYeCcKoro,
KoTopoe OedcTBYeT Kak Ha OBWKYLMECH, Tak U Ha HeNOABWKHLIE 3apAbl.

Maznumyoe none He delcmayem Ha NOKOAWUeCcH 3apAdk!.

OnelIT NoKasblBaeT, 4YTO XapakTep BO30eWCcTBMA MarHWTHOMO NOMA Ha TOK
aaBucuT oT (1) ghopmMel NpoOBOOHUMKA, NO KOTOPOMY TedeT TOoK, OT (2) pacrnonoxeHus
NPOBOOHWKA W OT (3) HarpaeneHUdA TOKa.

2. Pamvka c TokoM. HanpaenedHwe MarHMTHOro nons.

AHanoryHo TOMY, Kak npu WCCNefoBaHWM 3neKkTpocTaTUYeckoro nonsA
WUCNONL30BANCA TOYEeYHLIW NPODHLIM 3apAg, NpW WMccnegoBaHWKM MarHWTHoro nonA
WCMNONL3YETCA 3aMKHYMLIO MAOCKUD KOHMYP © MOKOM (pamMKa c mMoKoM), NMHENHbIE
pasMepkbl KOTOPOro Mansl MO CpaBHEHWHD C paccTOAHWMEM [0 TOKOB, obpasyrolmx
MarHuTHoE none.

OpWeHTaunA KOHTypa B NPOCTPaHCTBE XapakTepu3yeTcA HanpasneHwem
HOpManu 1 K KOHmypy.

B kayecTBe monoXumeneHo20 Hanpaesne-
HUA HoOpManu nNpWHUMAaETCHA  HanpaeneHwe,
CBA3aHHOE C TOKOM fpaeusioM npaeoz2o euHma
(npaeunom Bypaeyuka):

3a_noaoxumensHoe HanpasneHue Hopmanu
npuHUMaemcsa HarnpaeneHue nocmynamensbHozo
delKeHUA Mpaso2o euHma, 20/108Ka KOMmopoao
gpawaemcd 8 HanpasfesHuu moka, mekyujezo e
pamke.

MarHuTHoe none oOKasblBaeT Ha pamky c
TOKOM OpWEeHTUpYHLWee OedcTBWe, NoBopadvBan
ee onpefeneHHeIM obpazoMm. 3T0 CBOWCTBO
ucnone3yeTcA  OnA  Bolbopa  HanpaeneHusA
MazHUMmMHo20 NnonA.

3a HanpaeneHue MazsHUMHO20 MofA 8
daHHOUO moyYyKe MpuUHUMaemcA HafnpaeneHue, edofnk Komopoao pachiofazaemca
rnonoxumensHad HopMans K ceobodHo rnodeelueHHOU pamMke C MOKOM, WNW
HanpaeneHwe, coBnajakllee ¢ HanpaeneHWeMm CWUnbl, AeWCTBYLWER Ha CeBepHLI
nonwc (N) MarHUTHOA CTPEenkW, NoMelleHHbIA B JaHHYH TOUYKY NonA.
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3. Bektop MarHWTHOW MHOYKLUMWW.

Bpawatowmin MOMEHT CWUMN 3aBUCWUT Kak OT CBOWCTB NOMA B JaHHOW TOYKe, Tak u
OT CBOWCTB pamMKku ¢ TOKOM W onpefenAeTcA BEKTOPHLIM NPOU3BedeHUeM:

) M=[p,.B],
rie P, — 8eKmop  MazHUMHOz20
S S iy MoOMeHma paMkW ¢ TokoMm, B — eekmop
— w| f ——= MazHUMHoOU UHOYKYuUu — cunoeasn
XapakTepucTuKa MarHutHoro nonA. [Mo
s S A S onpefeneHuio BEKTOPHOTO NMpou3BedeHuA
S —— Pr———— cKanApHas Benv4MHa MOMEHTa:

M=p Bsno,

rae ¢ — yron Mexay Bektopamu p,. W B
[1NA NNOCKOro KOHTypa ¢ TOKOM / MarHWTHbIA MOMEHT onpeaenaeTca:
p,, =ISn,
rae S — nnouwaab NOBepxXHOCTH KOHTYpa (paMmkWu), # — eQWHWYHLIR BeKTop

HOPMarnW K NOBEepXHOCTH pamku. B aTom cnydae spawaowmin Moment M = IS[n. B].

Ecnu B gaHHyH TOYKY MarHWTHOrO MonA nomellarte paMkd ¢ pasnuyHbiMW
MarHWTHEIMW MOMEHTaMK, TO HA HUX OEeNCTBYIOT pasnuuHble Bpaularuime MOMEHTSI,

M___
HO OTHOLLEeHWe —=2£ nnA BcexX KOHTYPOB OOHO U TO Ke.

P
AHanorMyHo TOMy, KaKk CcWnoBasA BEKTOPHAaA XapakTepucTuKa anekTpocTatude-
CKOro MonA — HanpAXeHHOCTe — OonpefenAnack Kak cuna, OelcTeylllasa Ha
NpoOHLIM 3apAn, cusoean xapakmepucmuka MazHUMHO20 Nona — MasHUMHas

uHOykyua B — onpedensemca MakCUMAanbHLIM — 8palaruuM  MOMEHTOM,
delicmeyuWuM Ha paMKy C MasHUMHBLIM MOMEHMOoM, pasHbiM eduHule, Kozda
HOpMarns K pamMKke nepneHOuKynapHa HanpasneHuo Morns.

[pachMyeckn MarHWTHOe none, TaK e Kak anekTpudeckoe, usobpaxalwT ¢
MOMOLLLI JUHULG MazHUMHOU UHOYKUUU — TNWHWA, KacaTenbHble K KOTOpbIM B

KaXJ0W TOYKe COBMafalT ¢ HanpaeneHuem Bektopa B .

Jluruu MazHumArol UHOYKYULU 8ceada 3aMKHYIMbI N OXBaTLIBAKT NPOBOOHWKW C
TOKOM, B TO BPeMA, Kak UKL 3MeKmpocmamuyecko20 Mofid — pa3oMKHYmbl (OHW
HaYWHAKTCA Ha NONOXKWTENbHLIX U 3aKaHYMBaKITCA Ha OTPULATENLHLIX 3apAaax).

4. MakpoToOKWM 1 MUKPOTOKM.

B panbHeiwem wmbl Oygem pasnuuyate MakpocKonu4yeckue moku, T.e.
aNeKTpUJeckne TOKW, MpoTeKawlive No NPOBOAHWKaM B 3MeKTPUYecKMX Lensax u
MUKpocKonuYyeckue moku, oGycnoBneHHbIX ABWXeHUWeM 3MeKTPOHOB B artoMax M
MOMeKynax.

HamarHu4eHHOCTbL NOCTOAHHLIX MarHUTOB ABMAETCA CNefcTBMEM CYLIecTBOBa-
HUEM B HUX MUKPOMOKOE.

BHellHee mMarHWTHOE Mone oKasbiBaeT OpWMeHTWpYILLee, YNopAaoYMBallLee
OeicTBME Ha 3TW MUKPOTOKW. Hanpumep, ecnu BONW3W Kakoro-to Tena NnoMecTUThb
NPOBOOHWK C TOKOM (Makpomok), TO nof [AedWcTBMeM ero MarHWTHOro nons
MUKPOMOKU BO BCEX aToMax onpefeneHHbIM 0bpasom opueHTUPYIOTCA, CO3aBan B
Tene dononHuUMensLHoe MarHuTHoe none.
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BekTop MarHMTHOW WHOYKUMKM B XapakTepuayeT pesynbmupyowee MarHuTHoe
none, coagaBaeMoe eceMu Makpo- U MUKPOMOKaMU.

MoaToMmy, NpyY OOHOM W TOM e MaKkpoToke, BekTop B B pasnuuHbiX cpefax
OygeT UMeThb pasHble 3HaYeHWs.
MarHMTHOoe none MakpoTOKa OnMUChLIBaeTcA eeKmopoM HanpsxeHHocmu

MazHumHozo nona H .
B cpege marHWTHOE none MakpoTOKOB YCWUNMBAETCHA 3a cYeT MoNA MUKDOTOKOB
cpeqbl.

5. Ceasb mexay 5w H .
[nA oAHOPOOHOW M30TPONHOW Cpefbl BEKTOP MarHUTHOW MHOYKLIMK:
B=lguH,
roe Mg, — MardutHaa nocTosAHHas (cMm. n.12), U — MasHuUmHas npoHu-
uaemMocmb cpedsbi (n.39), beapasmepHan BenWYMHa, NOKasbiBalLWan, BO CKONbLKO

pai MarHUTHoe none MakpoToKoB H YCUNMUBaeTCA 3a CHeT NonA MUEPOTOKOB cpelbl.

6. Mogobue BeKTOPHbIX XapakTepUCTUK 3NeKTPOCTATUYEeCKOro M MarHUTHoro
noneu.

BekTop marHuTHON MHOYKUMW B — ananoz BekTopa HanpAXeHHOCTW 3MeKTpo-

cTaTudeckoro nona £ . 3TW BENWUKHGI onpegenAwT CUMNoBLle OeWCTBUA 3TUX Nonen
W 3aBMCAT OT CBOWCTB cpeabl.

AHanozom BekTOpa 3nNekTpudyeckoro CcMeLleHus D AensAetca BeKTOpR

HanpsXeHHocT A MarHMTHOro nons.

[InA marHuTHOTO MONA, Kak W ONA 3NeKTpudeckoro, crpaeednue npuHUUN
cyneprosuyuu: MarHWTHas WHOYKUMA pe3ynbTUPYIOLLEero nons, co3gaBaemMoro
HECKONBbKAMW TOKaMWM WNKM OBWAYLMMWCA 3apAfaMy, paBHa BeKTOPHOW cyMMme
MarHWTHbLIX WHOYKUWA Monei, co3gaBaeMblX KakObiM TOKOM WM OBWKYLUMMCA
3apAnoM.

7. 3akoH Buo—CaBapa-Jlannaca.

3nemeHT nposogHuka d! ¢ Tokom [ cospgaeTt B
HEKOTOPOW ToYKe .4 MHAOYKLWIO MOns:

o I[df‘.r']
iar

roe ¥ — paguyc-BekTop, NpoBefeHHLI W3 3neMeHTa
¢dl npoBoaHMKa B TOuky A .

dB =

Hanpasneuwe dB nepnengukynapHo df v 7, w
coBnagaeT ¢ KacaTenbHOW K JIMHWKM  MarHUTHOM

uHOykum.  Mogyne Bektopa dB  onpegensetcs
BhIpaKeHWeM:

JB— Uott Idi six1a |
4w 7o
roe o — yron mexay sektopamun di w7 .




8. MardHutHoe none NPAMOro TokKa.

Tok TeyeT no npAMOMY NpoBoOY OecKOHeYyHoW OnWHel. B
KayecTBe NOCTOAHHON MHTErpPUPOBaHWA BeIDepem yron o

R rdo
M3 pucyHka r=——, dil=——.
sinot Sin o
N7
CnepopaTtenkHo dB = Hof sind do

Yron o OnA  BCceX SMeMeHToB  MpAMOoro nposoja
uameHaAeTcAa ot 0 go 7. Mo NpUHUMNY Cynepro3nLmK:

r 1 NIy
BszB f ﬂ‘i jsmﬂ:dﬂ: _Holt 22 "\
4 RU 4T R ,a'\

Ecnu Tok TeyeT no oTpesky npoeoaa (CM. PUCYHOK), TO: IA : \\:@ _
oo r, . FrTT0-° E
= Mot —(cosoy — cos,) R /
AT R /!

Jta dopmyna nepexogut B dopmyny anAa DBecKoHeYyHoro i

ANWHHOTO NpoBOdHKMKa npu o =0, &, =T . )

s
9. MarHuTHOE None B UEHTPE KPYroBoro ToKa. j -
B gaHHOM cnydyae ChNoXeHWe BeKTOPOB MOMHO 3aMeHWTb
di CroXeHnem ux Mogynei, yuuTelean sino =1, r=R:
Mopt 1
= dB = —dl, oTKyOAa
dBB am R‘
I Mot I Mol
—1;? R? 4;?

MoKHO NoKasaTb, YTO Ha paccTOAHWW 7 OT LUEHTpa BWTKa BOOMb OCWM BWTKA
MarHWTHoe none dyaeT:

_ Hou  IR?

7 7
(ﬁf'R‘ +r° )j
HanpsKeHHoCTb MardWTHOrO TONA, CO3JABAeMOro KpYroebiM TOKOM, Ha
BONbLIOM PaccTOAHWM OT BUTKA € TOKOM (7" >> R)
2 2 2 :
B IR~ IR -2mr 2I-mR 218 2p,

H= - - _ _ |
ot 217 277 2m 4w’ 4w’ am?

rae p,, =15 — MarHMTHBIA MOMEHT BUTKa C TOKOM.

CpaBHMM ATy thopmyny C dhopMynon ana
ANEKTPUYECKOro NonA aunons (¢ aNekTpU4eckrMm OUnonbHbIM

: : MOMEHTOM p_) Ha ock gunona (cm. 3—n.13):

= |ald 1 2 2
pmla D=¢g,eE =¢,¢ ‘1;*: p‘;
dmeq,e 1 4mr

OueemgHoe nogobue aTux chopmyn ODBLACHAET, NoYemMy 4YacTo FOBOPAT, YTO
KOHTYp C TOKOM noaobedH "MarHUTHOMY OWMNonk”, UMekLleMy paBHbI ¢ KOHTYPOM
MarHMTHLIA MOMEHT.




10.3akoH AMnepa.

[eicTBUE MarHUTHOMD MNOMA Ha paMmky ¢ TOKOM — 3TO NMpUMep BO3OeWcTBUA
MarHMTHOIMo NONA Ha NPOBOAHWMK C TOKOM. AMMep ycTaHOBWMM, 4YTO cuna dF, c
KOTOPOW MAarHWUTHOEe rone AedcTBYeT Ha anemeHT npoBoaHuka dl ¢ Tokom,
HaxoaALerocs B MArHUTHOM Mone, paBHa:

3 dF = I[dl.B],

roe al — BEKTOp MO MOOYM0 paBHbid df w©

coBnafjatluid Mo HanpaBneHuw ¢ TokoM, B — BekTop
MArHUTHOM MHOYKLAW.

HarmagHo HanpaBnenHue cunbl Amnepa nNpUHATO
onpenenATsL MO Npaeuny feeoll pyku: ecnu nadoHe neeoll

f* PYKU pacrnonoxume mak, 4mobsl 8 Hee exodun eexmop B,

d Yembipe 6bliMARYMBIX nNafbla pacnonoxums no
HanpasneHurw moka € [poeodHUKe, Mo OMmMoaHymelU

bonswol naney nokaxem HanpaeneHue cuns! AMnepa.

11.BsavmogecTBME NapannenbHbIX TOKOB.

3akoH AMnepa NpUMeHAeTcA ANA onpefeneHus CUnbl B3auMoaeicTBUA OBYX
TOKOB.
[lBa napannenbHbIX MPOBOAHWKA C ToKaMu [, W I, HaxodATcA Ha pacCTOAHUM

R ppyr ot gpyra. Hanpaenedwe cun dF n dF_, KOTOpPbIMKW MONA Bl n Bz
AEeACTBYIOT Ha NMPOBOAHWKW ¢ Tokamu [, W I;, onpedenAlTcA Mo npaBwuny neBoi
PYKM.

21
B =t gp=r1BAl
I AT R :
topt 21,1,
Otctoga: dF; —‘[Jri "2 dI . AHanormuHo
T
I 21,
° 4m R -
Lot 21,1,
dF, = Bl 2235 1 Tam obpasom:
A R A
) * Mopt 2041,
dFy =dF, =dF = dl

4

[NpoBOAHUKKM C TOKAMKW 00UHaKOB020 HANPAaBNEHWA MApLIMAauearomcH, ¢ TOKamn
Pa3Hoz20 HanpaeneHWA — ommankKuearmcH.

12.MarHuTHaa NnocTOAHHAA.

B cucteme CW eguHMua WM3MEDPEHWA CWUNLI TOKA — aMnep — BMecTe ¢
KUnorpaMmmom, MeTpoM W CEeKyHOOW ABMAETCA OCHOBHOW  efuwHuued. [lo
onpeneneHuo "aMiep ecms cula HeUu3MeHAUe20Cqd MmokKa, Komopell, Npoxodsa no
deym napannenbHsIM  IPAMONUHelHBIM  MpogodHuKaM beckoneyHoll  OnuHLl U
HUYMOXHO Maloz0 Kpy208020 CeyeHUA, pacllonoXeHHbIM Ha paccmoaHuu 1 mempa
oduH om dpyaozso & eakyyme, aesl3san bkl Mexdy smumMu NpoeodHUKaMU cuiy,
pasHyr 2-107 7 HBIOMOHA Ha KaX kIl Memp GnuHL!".
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B Bakyyme (U =1) cuna BaauMofeicTBUA Ha eAWHWLLY ANWHLI NMPOBOAHWKA
dF_ ugu 21,1,
di 4m R

dF
npu I, =1, =1An R=1m: — =2-10"" H/m. OTcropa
b dl

o In

H
— =4 -10
A~ M

roe reHpu (MCH) — egMHULA MHOYKTUBHOCTW — DyOeT onpefeneHa No3aHee.

Uy, =4r 107

13.EQWHULUBI MarHUTHOM MHOYKUMW U HANPSXeHHOCTM MarHMTHOro nons.
MycTk anemeHT npoeogHuka dl ¢ Tokom [ nepneHaukynApeHd HanpasneHuo
MarHuTHoro nonA. 3akod Amnepa dF = IBdl . oTkyna
1 dF
I dl

EOMHMUA MarHWUTHOW MHOYKUMKM 5 — Tecna (Tn) — marHWTHaA WHOYKUWA
Takoro oQHOPOAHOro MarHUTHOTD NMOMNA, KoTopoe AeWcTeyeT ¢ cunon TH Ha KawabIn
METP OMNWHBI NPAMONWHEWRHOMND MNPOBOAHWKA, PACNONOKEHHOTD NepneHOWKyNApHO

H

A-um

HanpaBneHuo NonA, ecny No 3ToMy NPOBOAHMKY NpoxoduT Tok 1A: 1Ta =1

B
W3 chopmynel B = [, 1tH B Bakyyme (t=1) nonyumm H =—.
Hy
EOMHMUA HanpaxeHHOCTW MarHuTHoro nonsa A — amnep Ha meTp (A/Mm) —

HanNpPAKEeHHOCTL TAKOro NMonA, MHAYKUWMA KOTOporo B sakyyme pasHa 4r -107 T .

14. MarHMTHoE none cBoboAHO ABMHKYLWEroca 3apaga.
[MpoBOOHWK ¢ TOKOM co3faeT BOKpyr ceba marHWTHoe none. 3NekTpUJYecknin ToK

— 3T0 ynopAfoYeHHoe [BWKEeHWe 3nekTpudeckux sapagoe. MarHwtHoe none B
TOYeYHOro 3apsina ¢, cBODOAHO ABWXKYLIErOCcA ¢ NOCTOAHHOW HepenATUBWUCTCKOW

cKopocTeio U (v << c):

- U U glur U agu .
g:ﬁf[__%]__ p=toH 4V o
dr  r G
rme r — paauyc-BeKTop, NpoBefeHHbllt U3 3apAna ¢ K Touke HabnogeHus,

O — yronmexay U wu .

15.Cuna JlopeHua.
Tak #e Kak W Ha NpPoBOJHWK C TOKOM, MardMTtHoe none AeWcTByeT WM Ha
OTAenNbHLIA 3apAn, ABMAKYLWWACA B MarHMTHOM none.
Cuna, gefcTByOWAA Ha 3NeKTPUYECKWA 3apad ¢, ABWAKYLLMACA B MarHUTHOM
none B co ckopocTeio U, HasbiBaeTcA cusod JlopeHua:
F =g[u.B]
unn F = quBsino |

e o — yronMexay U u B
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CeogHana Tabnuua.

[MpOBOOHWK C TOKOM CeobogHO OBVKYLLIWACA 3apan

: s - Ul g[u.r
g5 = Mokt 1ld! 7] 5= Mot g[V.7]
MarHuTHoe none A 3 AT ,3

3akoH buno—CaBapa—Jlannaca

_ Cuna, E:I[E.B] F =g[v.B]
AencTByloWan Ha cuna Amnepa cuna JlopeHua

HanpaeneHwe cunbl JlopeHua, Tak xe Kak W
cunel Amnepa, onpegenAeTcA N0 Apasuny neegoll
pyku. Cwuna JlopeHya Bcerga nepneHauKynapHa
CKOPOCTU ABWAEHUA 3apAMeHHOW YacTuukl. [MoaTtomy
OHa MaMeHAET TONMbKO HanpaeneHWe 3TOW CKOPOCTM,
He WameHAA ee moaynAa. CnepoBaTenbHO, cuna

B INopeHua paboTel HE COBEpLUAET.
E lMocmoAHHDe MasHUMHoe none He cogepLuaem
pabomel Had dJdelwxyuweldcA & HeM 3apsaxeHHoU
yacmuued U KuHemuyeckasa aHepaud 3modl yacmuysl npu 0euXeHuu e MagHUuImHom
rnone He U3MeHAemcA.

[BuKeHWe 3apAna, Ha KOTOPLIM KpOMEe MarHWTHOro MonA ¢ WHOykuwein B

OeACTBYET W aNeKTpUYecKoe none ¢ HanpAmeHHocTe £ onucbiBaeTcA dhopMynow
NopeHua:

/!

(-1
i

L

F =gE + ¢[v.B]
15.ﬂEHH{EHHE JapAXeHHbBIX YacTHUU B MarHUTHOM NOnNe.

CunTaem, 4yTo MarHWTHOe none odHOPOJHO W Ha JacTWlbl He [OeWCTBYIOT
anekTpuyeckne nona. PaccMoTpum TpK BO3MOMXHLIX Chy4Yan:

1. LFHB — 3apsAxeHHan JacTuua OBMMETCH B MArHWTHOM none BAOMb TUHMWIA

MarHWTHOM MHOYKUWK (yron ¢ mexny Bektopamu U v B pased 0 wnm ).
Cwuna JlopeHua paBHa Hynw. MarHWTHOe Mone Ha JacTWly He OeWCcTByeT W OHa
[OBWKETCA paeHOMepPHO U NPAMONUHEUHO.

2. U1lB — 3apsmxenHan dacTuua OBWMMKETCA B MarHWTHOM Mone nepneHguky-
NAPHO NUHWAM MarHMTHOR MHOYKUKMK (yron o =7 /2).
Cuna JlopeHua F =gUE: NOCTOAHHA NO MOOYNK W HOpManbHa K TpaekKTopuW

yacTuubl. Yacmuya 6ydem deuzambcsa nNo okpyxHocmu paguyca R ¢ LUeHTpo-
) bl

v mu-

CTpemMuTeneHbLIM yekopeHwem @, =—. W3 BToporo sakoHa HewoToHa quB =
R

R
mu 2R 2mm
nony4yaem paguyc OKpyxHocTW R =—— v nepwof epawleHna I = = .
gB U qB
3. 3apAkeHHana dacTuua [OBWeTcA nod Yrnom & K NWHUAM  MardHWTHOM

MHIYKLWMN.
OeuxeHWne YacTULbI MOXHO NpedcTaBUThL B BUOE CYMMbI deyx deuxeHul:
1) paBHOMEPHOTO  MPAMONWHEAHOTO [OBWKEHWA BAOMb MNONA CO  CKOPOCThLHD

U, = UCOSU |
2) paBHOMEpPHOro ABMXEHUA N0 OKPYKHOCTU B NNOCKOCTK, NeprneHOuKynApHOM Nomo.




CymmapHoe OpueHwe OyoeT OBWXKEHMEM Tno
CNUpany, ock KOTOPOW napannensHa MardHUTHOMY

non. War euHToBOR nuHum /1 =v, T = vT cosa, rae

2R mu
= — Nepuof BpalleHua YacTuubl, 1 R =—:
U gB
; 2mmucosd
j' =V
gB

Ecnn MarHiTHoe  none HeoOHOpOOHO M
3apAxeHHaA YacThua ABKeTCA nod yrnom K NMHUAM
MardHMTHoro nonAa B HanpaeneHdy Bo3pacTaHWA
nonAa, 10 BeNW4YWHLI R wh YMeHbeLWAawTCA C POCTOM B . Ha atom ocHoBaHa
(POKYCWUPOBKa 3apAXeHHbIX YacTUL, MarHMTHLIM Nonem.

17. 3chehekT Xonna.

3dpchekT Xonna — 3mMo 803HUKHOBEHUE 3TeKmpuUYecko20 Mofda 8 npogodHuUKe
unu MonynposodHUKe ¢ MOoKOM Mpu NoMeweHult e2o 8 MazHumH+oe noJe.
Jdhpekt Xonnma — cnefcTBWe BAWAHWA cunel JlopeHua Ha [OBWXEHWE

HocuTenen Toka. B marHuTHom none B npu npoTekadin Yeped rnpoBodHWUK TOKa C

NMOTHOCTBK j ycTaHaBNMBaeTCcA 3MNeKTPUYecKoe MNomne ¢ HanpAXeHHOCThHO
» E=R[B.]].
/ roe R — nocmosHHas Xonna.

MycTe, Hanpumep, MeTannuyeckasn
NNacTMHKA ¢ TOKOM  pacnonoxeHa B
MarHWTHOM none nNepneHOuKyNnApHOM TOKY

J (cwm. pucydok). Cuna JlopeHua npuBoguT K
NOBLILEHWD KOHUEHTPALWW HOCUTENEN ToKa
— 3MNeKTPOHOB — Y BepxHero Kpasa
nnacTiHk.  [lpy  3TOM  BepXHWMA  KpaW
3apAgUTCA  OTPUUATENBHO, a  HWKHWA,
COOTBeTCTBEHHO — nonoxuTensHo. CTauwoHapHoe pacnpegeneHue aapanos dyaet
OOCTUMHYTO, Korga AelcTBMe CO30aHHOro Takum o0Dpa3oM 3NeKTPUYECKoro nonsA

A
ypaBHoBecuT cuny lNMopeHuya: eFE = e—tp = euB , unn A =vBa , rane a — wmpuHa
a
nnacTWHKW, € — 3apAg anekTpoHa, A — nonepevyHas (xonnoeckas) pasHocmbe
nomeHyuanoe.
Mockonbky cuna Toka [ = jS=nevuS (5S=ad — nnouwagb nonepeyHoro

CeYeHWA NNacTUHKK TONWMHOA d W LWWPWHOR @, B — KOHLEHTpaUWA 3NeKTPOHOB,
U — CpeaHAsA CKOPOCTb YNOPAAOYEHHOTO ABWKEHUA 3MeKTPOHOB), TO

nead en d d

Ap =

u ] u
3HaK nocToAHHoW Xonna R =— coBnagaeT CcO 3HAKOM HOCHUTENeW TOKa,
en

nostomy acpdpekT Xonna ucnonbayT AnA onpeaeneHua Npupoasl HocUTenen ToKa B
BelllecTBax W onpedeneHna WX KOHLEHTPaLMW.
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18. Teopema o UMPKYNALWY BEKTOPA B.

LUupkynaunen BekTopa B no 3afaH-

——
B HOMY 3aMKHYTOMY KOHTypy L HasbiBaeTcA

jig'afﬁ = g?g{(ff
L L

fA— - -
[ \%J CNeayioLLMiA MHTErpan no 3ToMy KOHTYPY:
\ \ - rae dl — sneMeHT ANMWHBI KOHTYpa, HanpaBheHHbIN
L ~ BOOnL obxofa koWTypa, B, =Bcose — cocTasrslLas
k \ ~ BekTopa B B HanpaBneHWW KacaTenbHOW K KOHTYPY, C Y4eToM
~— BLIOpAHHOTrO HanpaeneHws obxogja; «f — yron Mexay

>  BexTopamu B u dl .
TeopeMa 0 UMPKYNAUWMKM BekTopa B (3aKOH NONMHOro MarHMTHOro Nons B

BaKyyMe): UMpKynAuuA Bektopa B no npouaBonbHOMY 3aMKHYTOMY KOHTYpPY paBHa
NPOW3BeeHN0 MarHWTHOW MOCTOAHHOW [, Ha anrebpanyeckyld cymMmy TOKOB,

OXBaTblBaeMblx STUM KOHTYPOM:
- . " - i
$Bdl =4 Bydl =y Y I,
L L k=1

rae B — uJMCNO NPOBOOHWKOB € TOKaMW, OXBaTblBABMbIX KOHTYpom L
NpoW3BoONbLHOW (hopPMEIL.

JTa Teopema cnpasefivea moskbKo 97149 Nonfd e eakyyMme, NOCKONLKyY Ons nons
8 gewjecmse Hano YJUTeIBaTe MOMAeKYNapHele moku. KaxObll TOK y4WThIBAETCA
CTONMBKO  pas, CKONMBLKO  OH  OXBAaTbIBASTCH KOHTYpPOM.
[MoNnoMWTENBHLIM CYMTAeTCA TOK, HanpasleHWe KOTOpOro CBA3aHo B
C HanpaeneHWemM obxofa no KOHTYPY fMpasuiom npasozso euHma.

Mpumep: MarHUTHOE Nomne NPAMOro ToKa.
3aMKHYTEIA KOHTYP NpedcTaByMM B BUOE OKPYKHOCTW paguyca 7. B ,...--""-‘

Ka ol TOUKe 3TON OKPYKHOCTW BekTop B ofuHaKkos no mogynwo u /

HanpasneH no KacaTenbHOW K OKPYAHHOCTK: { / r 1
. } ) :
§ B,dl = § Bdl = B§di = B2 = 1,1, otciona 5= Mol \ )
2mr \ /
L L L ,
\.____,r,,

CpasHUM ebipaxerud dng yupKynauuil sexmopos E i 3.
_— P "
$EdI=0,  §Bdl=4,) I,
L L k=1
lNpuryunuansHoe paanudve Mexay 3TUMK hopMynamMK B TOM, YTO LUWMPKYNAUWA

BeKTOpa E ANeKTpocTaTUYEeCKoro NonA aceada pasHa Hymo. Takoe none ABNAETCA

nomeHuyuansHeiM. LMpkynAumua BekTopa B MarHWTHOro NMONA He pasHa Hymo.
Takoe none HasbIBAETCA euxpesbIM UMW coJleHoUdaIbHbIM.

19.MarHuTHOE None coneHonaa.

ConeHoudoM HaabIBAeTCA CBEPHYTLIA B CNMparns W30NMPOBaHHLIA NPOBOAHMK
No KOTOPOMY Te4yeT 3MeKTPUYeckuidi TokK. PaccMmoTpum conedoug anuvHon [,

umewowmidn N suTkoB. UvpkynAauna Bektopa B no zameHyToMy KouTypy ABCDA

oxBaTbiBaolWemy sce N BWTKOB, paBHa ﬂ:Bf_df = NI
ABCDA
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Ha wyuyactkax 4B w CD KOHTYP
nepneHaukynAped NUHUAM MAarHUTHONR WHOYKUWMK,

cneposatensHo B, = 0. MoxHo nokasaTb, 4TO BHe

DecKoHeYHoro corneHowga MarHutHoe none B =0
(ynanue yuactok CB Ha 0OecKoHeuyHoCTb, rae
MarHMTHoe Trone coneHouaa paBHO  HYM,
MOCKONMbKY MarHWTHOE TMomne  Kamooro  BUTKa

CONeHoMaa YMeHbLIAeTCA C paccTOAHMeM ~ 71 ).
Ha yuyactke DA KoHTyp coBnagaetT ¢ INUHWEN
MarHUTHOM MHOYKLWK, BHYTPU coneHoupa none ogHopogHo (B; = B'), noatomy

J'Bidf = Bl = 1, NI
D4
MarHuTHaa MHOYKUMA (becKoHeuyHoro) coneHonaa B Bakyyme:

B= yﬂ;’ﬁ

20.MarduTHOE none Topouaa B BakyyMe.

TopoudoM — HasbiBaeTCA KONbLEBaA KaTyllka c
BUTKaMW, HAMOTaHHLIMKU Ha CcepaeYHUK, UMeloLLWiA hopMy
TOpa, No KOTOpOW TeueT TOK.

MarHvTHoe none oOTcyTcTBYeT BHe Topowaa, a
BHYTPW €ro OHO ABNAETCA OOHOPOAHbLIM.

NMUHAKM  MarHUTHOA  WHAOYKUWK, Kak chneayet M3
COODpaXeHUn CUMMETPUKM, €CTb OKPYHKHOCTH, LEHTPI
KOTOPLIX pacnonoxeHsl Ha OCKU Topouaa.

B kKauyecTee KoHTypa Bblbepem oOfHYy Takyw
OKPYKHOCTL paguyca 7. o Teopeme 0O UWMPKYNALMK

Blmr = u,NI, rge N —uuncno sutkoB Topouaa. OTclona
o NI
2mr

B=

21.MoToK BEKTOPAa MAarHUTHOW MHOVKUMMA.

MomokomMm eekmopa MazHUMHOLU UHOyKUUU (MAarHUTHBIM NMOTOKOM) uepes
nnowaaky dS HasblBaeTca ckasAapHas uandeckan BenuumHa, pasHas

d®, = BdS = B,dS

rae B, = Bcost! — npoekunAa BekTopa B Ha Hanpaenenwe Hopmanu # K

nnowanke dS, of — yron Mexay BekTopamu # W B ds — BEKTOP, MOAYMb
KOTOPOTO paBeH dS, a HanpaeneHWe coBragaeT ¢ HanpabBrneHWeMm HopManu 1 K
nnowaake.

Momokx eexmopa B wMoxeT ©OblTb Kak [(ONOXUMENLHLIM,  MmaK U
ompuyamensHbIM B 3aBUCUMOCTH OT 3HaKa COS .

MoTok Bektopa B CBA3LIBAKT € KOHTYPOM MO KOTOPOMY TeuyeT TOK.
MNonoxuTenbHoOe HanpaBneHWe HOpPManu K KOHTYpY CBA3AHO ¢ HanpaeneHWem Toka
Mo Npasuny nNpasoro BUHTA. [No3aToMy MazHumHLIL Nomok, co3dasaeMbil KOHMYypPoM
C MOKOM Yepes o8epxXHOCML, O2PaHUYeHHYI0 UM caMuM, BCeraa NnonoxuTeneH.




12

MNoToK BeKTOpa MarHMTHOWM MHAOYKLUWKM Yepe3 NPOM3BONEHYH NOBEPXHOCTb 5
b= J Bds :J B,dS
5 S
Ecnu none ogHopogHOo W NepneHOWKyNAPHO emMy pacnonoxeHa nnockan
NOBEPXHOCTL C Nnowaabi S, To
b, =8S
EomHuua marHuTHoro notoka — Bedep (BO): 1BO — marHMTHLIA MOTOK,
NPOXOAALMIA CKBO3b MMOCKYK) MOBEPXHOCTb MMOLWaAblo ‘1M”, pacnonoxeHHyH
nepneHaukynApHO OAHOPOAHOMY MarHUTHOMY MOND, MHAYKUWA KOToporo paeHa 11n
(1 BB6=1Tn-m").
22.Teopema Maycca gnsg MarHUTHOro NONs B Bakyyme

lMomok esekmopa MazHUMHOO UHOYKUUL CcKeo3bk by  3aMKHYMYy
MOBEPXHOCME PaseH HYIo:

chBaTs‘:D
5

3Ta TeopeMa oTpaxaeT (hakT OTCYTCTBAA MarHWTHLIX 3apAnoB, BeneacTBue
Yyero NUHWKM MAarHWTHOM MHOYKUMK He MMEelT HM Hadana HM KOHUAa WM ABNAITCA
3aMKHYTHIMM.

23.MoTokoCUENNEHNE,

MarHMTHLIA MOTOK Yepes MOBEepPXHOCTb, OMPaHUYEHHYID 3aMKHYTLIM KOHTYPOM,
HaablBaeTcA momokocyenneduem Y atoro konmypa.

MoTokocuennexdne KoHTypa, obycnoBneHHoe MardUTHLIM NoneM TOKa B Camom
3TOM KOHTYpe, HasbiBaeTCsH NOTOKOCLENMNEHWEM CaMOMHOYKLMHA.

Hanpumep, Haigem noOTOKOCUenneHWe caMoWHOYKUMKM coneHoupga
CepaeYHMKOM C MarHWTHOW MPOHMUAEeMOCThio [ . MarHWTHbIM NOTOK CKBO3b OOMH

BUTOK coneHowga nnowagbio S paBeH ¢1:BS'. [MONHBLIA MAarHWTHBIA MOTOK,
CLENMNEeHHLIW CO BCEMW BUTKaMK CONeHoW4a paBeH:
5

Lo MNT NI _
VY =O,N=BSN= Hol¥ s = ol TS
MoTokocuennexue KoHTypa, oByCnoBNeHHoe MarHMTHLIM Nornem Toka, UayLlero
B APYroM KOHTYpe, HasblBaeTcA NOTOKOCLLeNIeHnem B3aWMHOA WHAYKLUWW 3TUX [BYX
KOHTYpOB.

24.PaboTta no nepemMelleHno NpoBogdHUKa ¢ TOKOM B MarHUTHOM None.

MpoeoaHuk anuHon [ (oH mMoxeT cBoBogHO Mepemellatbcd) ¢ TOKoM [
HaxoOQWTCA B OAHOPOOHOM MarHWTHOM none (cMm. pucyHok). lMone HanpaeBneHo
nepneHauKynApHO MNOCKOCTU pUCYHKa — W3-3a yepTexa. Cuna Amnepa F =IB/.

MNon ee geicTBMeM NPOBOOHWK NMepemMecTUncA M3

I I_.QE.. nonoxeHua 1 B nonoxeHne 2.
P .-!. " - Paﬁef, cOBEplUaemasn MarHUTHLIM Nosem:
c oo oF ~ dA = Fdx = Idx[l],B)] = IBldx = IBdS = IdD
F |1 Wcnonb3oBaHbl COOTHOLLEHWA:
¢ o0 e dS=Ildx — nnowags, nepecekaemasn
e o * o NPOBOAHWKOM MPKU ero NepemMeLieHM B MarHUTHOM
. none; BdS =dd — noTok BekTopa MarHWTHOM

I 2
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MHOYKLWW, NPOHU3LIBAKOLWA 3Ty nnowaas. TakuMm obpasom,

d4d = Idd
Paboma no nepemewjeHur0 NPo8o0HUKA ¢ MOKOM & MasHUMmHOM none pasHa
npou3eedeHU CuUbl MoKa Ha MazsHUMHLIL MNomokK, nepeceyeHHbIl 08Ky uumcs
MApPoBoaHUKOM.

25.PaboTta no nepeMelleHUIO KOHTYPA ¢ TOKOM B MarHUTHOM none.

MarHuTHoe none HanpaeneHo nNepneHOuKyNnAPHO MIA0OCKOCTU pUCYHKa — 3a
yeptex. PaBora d4 cun Amnepa npu nepemelwleHun koutypa ABCDA paeHa
cymMmme paboT no nepemMelleHno NpoBOAHWKOB

ABC (d4,)wn CDA (d4,), Te.
dd = dd4, + dA4,

MNpn nepemeweHnn ydactka CDA4 cunbl
AMnepa HanpaBneHbl B CTOPOHY nepemelleHns
(obpa3yoT ¢ HanpaeneHWeM nepemMellleHnsa ocTpble

yrmel), noatomy d4, >0
dd, =I(dD, +dbd,)

Cunel, peicTBytlowme Ha yvacTok ABC KoHTypa, HanpaBneHbl NpPOTUB
nepemelleHua (0OpaayioT ¢ HanpaeneHueM nepemMelleHna Tynble YIMbl), NosToMy

d4, <0

B cymme
dd=1(dP, —dd,), vim A=JAD wnn 4=I1(Y, -¥,)

Paboma no nepeMelweHu0 3aMKHymoao KOHmypa ¢ MOKOM & MazHUmHOM
none paeHa MpouseedeHur Cunbl MOKa 8 KOHMYpe Ha U3MeHeHUe MazHUMmHO20
nomoka, cUenneHHo20 ¢ KOHMYPOM (Unu Ha e20 NomoKocUenneHue).

3nekmpomazHUmMHasa UHOYKUYuUS.

26.0nbiTel Qapanen.

OneIT 1.

ConeHou NoAKNKYeH K ransBaHoMeTpy. Ecnu B coneHoua
BOBUraTe (UMW BbIOBUIaTb) NOCTOAHHLIA MarHAT, TO B MOMEHTHI
BOBUTAHWA  (MNW  BbIABWraHuA) HabnwgaeTcA  OTKNOHEHWe
CTpenku ransBaHoMeTpa, T.e. B coneHovnae nHayuupyetca 30C.

HanpaBneHwe OTKNOHEHWA CTPerikM nNpu BOBWraHMM W
BbIABUraHWM MPOTWUBOMNOMOXHLL. ECNKM  NOCTOAHHBLIA ~ MarHuT
pa3BepHyTb Tak, 4YToObl Nonca MNOMEeHANWUCE MecTamu, To W |M
HanpaeneHue OTKIMOHEHWA CTPEnkn M3MEeHUTCA Ha -
npoTueononoxHoe. OTKNOHEeHWEe CTpenkn rankBaHoMeTpa Tem
tonbwe, 4yem Oonble CKOPOCTL  ABWMMKEHWA  MarHuta
OTHOCWUTENEHO coneHoupa. Takow xe adphekt ©yoer, ecnu
NOCTOAHHBIA MArHWT OCTaBWTb HENOOBWKHBLIM, @ OTHOCWUTEMNLHO -
ero nepemellark coneHona.

[
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OneiT 2. + Ky
OguH coneHoupg (K;)  NOOKNKOYEH K WCTOYHWUKY TOKA. T

Hpyroid coneHowng (K:) NOOKMWYEH K rankBaHOMETPY. E_L
OTKMNOHEHWE CTPENKW ransBaHomeTpa HabnwgaeTcA B MOMEHTEl

BKMHYEHWA UMK BEIKMIOYEHWA TOKa, B MOMEHTEI €ro YBenu4eHua

UMW YMEHLLUEHWA WNW NpU  NEPeEMELLEHUM  KaTyllek apyr

OTHOCWUTENEBHO Apyra. [py BKNHYEHUW W BLIKNKYEHWK CTPErNKa

OTKMOHAETCA B pa3Hble CTOPOHLI, T.e. 3HAK WMHOYUWPOBAHHOW Kz
I[C B 3TMX cnydyanax pasnudeHd. TakoWn xe 3dpekT — HaBeneHne

B KaTywke K. 3[C paznuuyHoro 3Haka — HabnwogaetcA npwu

YyBEMWUYEHUM WNKW  YMeHLLIEHWW ToKa B KaTywke K npu

CONMAKEHWM UMK YOANEHUW KaTyLLEK.

B onwtax dapages ObiNO  OTKPLITO fAeneHUe 3nNekmpomMasHuUmHou
uHAykyuu. OHO 3aKmoyaeTcAa B TOM, YTO B 3aMKHYTOM NpPOBOOALLEM KOHTYpe npw
M3MEHEHWM MNOTOKA MarHUTHOW WHOYKUWKM, OXBaTbIBAEMOro 3TUM  KOHTYPOM,
BO3HWKaAET ANEeKTPUYECKWIA TOK, MONYyYMBLUWIA HaszBaHWe UHOYKUUOHHOZ0.

OCHOBHLIE CBOWCTBA MHOYKLMOHHOID TOKA:

1. MHOYKUMOHHEIA #TOK BO3HWKAET BCEerga, Korga MNpoMCXOOWUT U3MeHeHuUe

CUENMNEHHOI0 ¢ KOHTYPOM NOTOKAa MAarHWTHORW UHAYKULIU.
2. Cvwna WHOYKUWOHHOIO TOKa He 3aBWCMT oOT cnocoba WaMeHeHWA MoToKa
MarHWTHOW MHOYKUWK, a onpefenAeTcA NWLlbL CKOPOCMbLH €ro N3MeHEHWA.
OTKPLITUE ABNEHWA 3NEKTPOMATHUTHON MHOYKUWMK:
1) nokazano B2auMOCBA3bL MeXy 3NeKTPUYECKMM U MarHUTHEIM Nonem;
2) npeaonoxuno cnoco® MonyyeHWA 3MNeKTPUYecKoro ToKa ©  MNOMOLLULD
MarHWTHOro NonA.

27.3akoH @apanes.

Obobuwan peayneTaTel OonkITOB, Papafel nNokasan, 4To BCAKWMWA pas, Korga
NPOWCXOOWT W3MEHEHWE CUENMEHHOMND ¢ KOHTYPOM MOTOKA MarHUTHOW WHOYKUWW, B
KOHTYpE BO3HWKAET MHOYKLUWOHHLIA TOK.

Bo3HWMKHOBEHWE WHOYKUMOHHOIO TOKA VYKA3biBAET Ha HalMyve B LEenu
ANEKTPOABMAKYLLER CUMBI.

31a 3[C HasbiBaeTca anekmpodeuxywield cumnol 3nekmpomMazHuUmHol
UHAyKUUU.

3akoH @apagesn: 3[0C 3neKTpoMarHATHOW WHOYKUWW B KOHTYpPE YWCIEHHO
paeHa W NPOTHUBONONOKHA MO 3HAKY CKOPOCTH U3MEHEHWA MAarHWTHOIMO NOTOKA CKBO3b
NOBEPXHOCTL, OMPAHUYEHHYH 3TUM KOHTYpPOM:

O, :_ﬁ
dt
[nA 3aMKHYTOrO KOHTYpa MarHWTHod noTok @ ecTb He 4yTo MHoe, Kak
notokocuennenve Y atoro kodTtypa. MNoaTomy B 3neKTpoTexHuke 3akoH dapanen
yacTo 3anucbiBaloT B hopme:

o =2

dt

HanpaBneHwe WHOYKUWOHHOMO TOKa onpefenAeTcA no npaeuny IeHuya: npu
BCAKOM U3MeHeHUU MAasHUMHO20 MOMOKa CKeO3b M08EpPXHOCMb, HaMAHYMYH Ha
IaMKHYmMbIO nposodAwuld KoHmyp, 8 nocnedHemM 803HUKaem UHOYKUUOHHLID MoK
makozo HarnpasfieHusA, Ymo e20 MazHumHoe rnone npomusodelicmayem UaMeHeHUo
MazHUIMHO20 MomokKa.
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3[C 3nekTpoMarHUTHOW MHOYKUWKA BbIPaXaeTCA B BONbTAX.
~ 2 2
db| B6 Tawm H-m Ix A-B-c

dt C ¢ A-wumM-c A-c A-c

28.30C nHAYKUWKW B HENOOABWHKHBLIX NPOoBOOHWKaX.

CornacHo 3akoHy dapafien, Bo3HWKHOBeHMe 3[1C anekTpoMarHUTHON MHOYKLWK
BO3MOMHO W B ClNydae HenodeuXHO20 KOHTYpa, HAaXOAALWErocA B NepeMeHHOM
MarHuTHoM none. OaHako cuna JlopeHua Ha HenoOBWxHLIE 3apAfkLl He NelCcTBYET,
NO3TOMY B [JAHHOM ClNydYae ek Henb3A 0DBACHWTE BO3HWKHOBeHWe 3 C MHOYKUWK.

Kpome Toro, onelT nokaswiBaeT, 4yro 3[C wHOyKUWMWM He 3aeucum oOT poga
BelllecTBa NpPOBOAHWMKA, OT COCTOAHWMA MPOBOAHWMKA, B 4acTHOCTW, OT €ro
TeMmnepaTtypkl, KoTopaAa MOMeT OblTk HeOAWHAKOBOW BOOMb MNPOBOOHWKA.
CnegoeaTenkHO CTOPOHHME CUMBI, MHOYUMPYEMBIE MAarHWTHEIM MONEM, HE CBA3aHLI C
W3MeHeHWEeM CBOWCTE NPOBOAHWMKA B MAarHWTHOM none, a obycnoBnNeHel camum
MAarHUTHLIM NMoNem.

EJ
il
NIy

> D

B

Makceenn ana obbAcHeHwa 30C wHOYKUWK B
HEMOABWMKHLIX  MPOBOAHMKAX NpeanonoXun, JTo
nepeMeHHoe MazHUmHoe none eo3bywdaem e
oKpyXarouem npocmpaHcmee euxpeegoe
afMekmpuYyecKkoe nofie, KOTOpoe W ABMNAETCA
NPUYMHOA BO3HWKHOBEHWA WHAYKLUWOHHOIO TOKa B
NPOBOOHKUKE .

Ha pucyHke npuBegeH npuMep BUXpPeBOro

- INeKTprUYeCcKoro nosmA, BO3HUKaKOLWEro npw
E BO3pacTaHWuK MarHMTHOroO nNonA.
Buxpegoe anekmpuyveckoe rnose He AgNAemca anekmpocmamuYyeckum.
CUnoBele NWHAKW 37eKmpocmamuyecko2o NONA BCerga pPasoMKHYTbl — OHW

HauMHAaKTCA W 3akaHJYMBAaKTCA Ha 3NeKTpuyeckux 3apagax. MmeHHo noatomy
HanpAaxedue Mno 3aMKkHyTOMY KOHTYDY B 3MNekTpocTtath4eckKom none Bcerja paedHo
HYIK, 37O Mofe He MoXeT nogdepAuBaTe 3JaMEHYTOoS [OABWAEeHWEe 3apAhafdoB W,
cnefoBaTenbHO, HEe MOMET NPUBECTH K BOZHWKHOBEHWHD 3NEeKTPOABVKYLLEN CHUNbI.

HanpoTtue, anekmpuyeckoe none, ao3byxdaemoe UIMeHeHUAMU MazgHUmMHo20
rnomnA, UMeeT HernpepbiBHLIE CUNOBLIE NWUHUKW, T.e. nNpedcTaBnAeT cobol BUXpeBOoe
none. Takoe none Bbi3blBaeT B NPOBOAHUKE OBWAEHWE 3MEKTPOHOB MO 3aMKHYThHIM
TPaeKTOPUAM W NPUBOAWUT K BOZHWKHOBEHMKD 3[C — CTOPOHHUMK cUNnamn ABMNAKTCA
CHIbl BUXpEeBOro 3NeKTpyu4eCcKoro nona.

LivpkynAauma Ep 93Toro nonA no nwbomy kKoHTypy L npoBogHuka

npeactaenaeT cobon 3[C 3nekTpoMarHUTHOW MHOYKLWA:
- —  dd

0, =¢Ezdl=———

7 dt

29.BpaweHue paMKky B MarHUTHOM none.

ABneHve 3MNeKTPOMArHUTHOW WHOYKUMWM NpUMeHAeTcA OnA npeobpasoBaHvA
MEXaHMYeCKOM 3HeprMM B 3SHEpPrui  anekTpudeckoro Toka. [nsa 2Toi  uenwu
UCTIONB3YIOTCA 2eHepamopbi, MPWHLIAN AeACTBUA KOTOPLIX pAacCMOTPUM Ha NMpuMepe
MNockoi paMku, BpallaklleicA B oqHopoaHoMm (B = const) MarHUTHOM none.
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[MycTe pamka BpallaseTcA pPaBHOMEPHO C YIMOBOW CKOPOCTBK () = CONST.
MarHWTHLIA MOMEHT, CUENMNeHHbIA ¢ pamMKon
nnowageso S, B NoboOR MOMEHT BpemMeHWn f
paBeH
&b =B, 5=BScostx = BScosof

roe & =¢f — yron noBopoTa pamku B
MOMEHT BpEMEHW [

Mpy BpalleHWM paMKW B HEel BO3HWKaeT
nepemeHHan 3[C nHOYKUMK:

O. = —ﬂ = BSwsinmrt
dt

MakcumansHoe aHadeHne 30C nHOyKUMM E)max =BSw . Torpa
0.=0_ sinot

lpu pasHoMepHOM 8paleHulu paMKu 8 00HOPOOHOM MazHUMHOM none 8 Hell
803HuKaem nepemerHas 3[C, uameHArLWaACA N0 2apMOHUYECKOMY 3aKOoHY.

MNpouecc NpeBpalleHUa MexaHW4Yeckol 3Heprin B anekTpudeckyld obpatum.
Ecnu no pamke, NOMELLEHHOW B MarHUTHOE NONe, NPOMycKaTk AMEKTPUIECKUI TOK, TO
Ha Hee DyOeT OelcTBOBaThL BpaLaOWMWA MOMEHT M= IS[n. B] W paMKka HadHeT
BpawaTecA. Ha 3ToMm NpyvHUMNe ocHoBaHa paboTa anekmpodeuzamened.

30.Buxpesbie TokM (Tokn DQyKo).

MHOYKUMOHHBIA TOK BO3HWKAET He TOMNbKO B NMUHEWHLIX NMPOBOOHWKAX, HO W B
MaCcCUBHbLIX CMMNOLWHLIX NPOBOAHMKAX, MOMELLEHHLIX B NEpeMeHHoe MarHuTHoOE none.
JTW TOKM 3aMKHYTbLlI B TOMLIE MNPOBOAHWMKA W Ha3biBAWOTCA euxpeebiMu unu
mokamMu Pyro.

Tokn @yKo TaKKe nMNOoOYMHAKTCA npaewny JleHua: wWx MarHWTHoe none
HanpaeneHo Tak, 4T0Dbl NPOTUMBOOEWCTBOBATE WM3MEHEHWH) MAarHWTHOMo noToKa,
MHOYUMPYHLEMY BUXpeBble TOKW. [1o3aToMy MaccHBHbLIE NPOBOOHWKW TOPMO3ATCA B
MarHMTHOM none. Kpome TOro, BUXpeBble TOKW BbI3LIBAKOT CWMMNBHOE HarpeBaHue
NpOBOAHWKOB. B a3nekTpuyeckux wmMaluHax, anA Toro 4tobkl MWHWMW3WPOBAETL
BNUAHWE TOKOB @yKO, CcepasyHUKK TpaHcopMaTopoB W MAarHWTHele  Lenu
ANEKTPUYECKMX MaLIMH cobuparT W3 TOHKWMX NNacTuH, W30NWMPOBaHHLIX Opyr OT
apyra cneunanbHbIM Nakom U OKanuHom.

[:xoyneeo Tenno, Beligensemoe Tokamu Pyko, UCNonb3yeTcA B MHOYKLUWOHHBIX
MeTannypryyeckmx nevax.

BaanmogencTEMe BUXPEBLIX TOKOB C BbICOKOYACTOTHBIM MATHMTHBIM MNOMem
NPUBOOWMT K HEepaBHOMEPHOMY pacnpefeneHuid MarHUTHOMO MOTOKAa MO CeYEeHWH
MarHWUTONpPOBOOOE —  BbITECHEHWE  MarHMTHOro rnotoka w3 obbema B
NPUNOBEPXHOCTHLIE 0bnacTu NpoBOAHWKA. 3TO ABMNEHWE Ha3blBAeTCA Mag2HUMHbIM
CKUH-3thchekmom.

BuxpeBble TOKM BO3HMKAKOT M B CaMOM MNPOBOAHWUKE, MO KOTOpOMY Teuer
nepemMeHHell TOK, 4YTO NPUBOAWT K HepaBHOMEepHOMY pacnpeferneHvi Toka no
CeYEeHWH NPOBOOHWKA — BbITECHEHWE TOKOB BbICOKOW 4acToTkl B MPWNOBEPXHOCTHLIE
obnactm npoBodHWKA. 3TO ABMEHWE Ha3sblBaeTcA 3SMeKmpu4YyeckuM CKUH-
ahhexkmom.

31.MHOVKTUBHOCTE KOHTYPA.

JNeKTpU4eckMd TOK, TEeKYLWA B 3aMKHYTOM KOHTYpe, co3faeT BoKpyr cebn
MarHWTHoOE Mone, WHOYKUWMA KoToporo, no 3akoHy buo-Caeapa-Ilannaca
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nponopuWoHansHa Toky. [lo3aToMy cuUenneHHbId ¢ KOHTYPOM MarHWTHbIA MNOTOK
nponopuroHaneH TOKY B KOHTYpe:
b=1T,
rae kKoauUWeHT NponopuUnoHansHocT L Ha3biBaeTcA UHOYKMUEHOCMbH
KOHMYypa.
MpuMep: MHAYKTWBHOCTL ANMHHOIO coneHonaa.
[NoToKocuenneHuwe coneHouaa (NONHeLIM MarHUTHEIA NOTOK CKBO3k CONEeHoMa):

4
Z

NI
¥ =BSN =u,u T.S‘ , oTKyOa:

-~
m T

4

L=puyu

rme N — uucno BWTKOB coneHowda, [ — ero agnwHa, S — nnowagb, M —

MarHWTHasa NPOHULIGEMOCTL CepAedHWKa.

MHOYKTUBHOCTE KOHTYpa B 0DLLeM crnyyae 3aBUCHT TOMLKO OT reoMeTpudecKon
(hOpMbI KOHTYpa, ero pasmepoB U MardHMTHOW NPOHUL@eMOCTH TOW cpefbl, B KOTOPOI
OH HaxoguTCA.

B 2TOM cMbicne UHOYKMUSHOCME KOHMYypa — aHamnoz 3nekmpuyecKoll
eMKOCMU Ye[JMHEeHHOro NPOBOJHWKA, KOTOpas Takke 3aBUCUT TOMNMbKO OT (DOpPMbI
NPOBOAHWKA, €ro pasMepoB U AW3NeKTPUYECKON NPOHULAeMOCTH Cpeabl.

32.CamovHOVKLUWA.

Mpwn M3MEHEHWW CUMBI TOKA B KOHTYPe DyOeT MAMEeHATLCA W CUENMNEeHHLIR ¢ HUM
MarHWTHEIN MOTOK, a 3T0, B CBOW ouyepens byoetr wHOoyuyupoeate 3[0C B 3TOM
KoHType. BoaHukHoBeHWe I[C MHOYKUWMK B NPOBOOALLEM KOHTYPE NPU W3MEHEHWW B
HEM CWNbI TOKA Ha3blBaeTcA caMoUHOyKuued.

EoMHuua WHAOYKTMBHOCTHM — reHpu (MTH): 1TH — WHOYKTMBHOCTL Takoro
KOHTYpa, MarHWTHbLIA NOTOK caMOWHOYKUWW KoToporo npv Toke B 1A paseH 1BD
(1TH=1B6/A=1B-c/A).

dd d

W3 3akoHa dapanen 3AC camouHaykumn O = —? = _T(Lﬂ .
t dt

Ecnu_KOHTYp He fediopMuMpyeTcdA W MarHMTHaa NpPOoHWLEAeMOoCTb cpefbl He

uameHaetca, To L =const v 3[C caMouHOyKLKUK:

dl

O, =—L—

dt

rae 3HaK MUHyc, oBycnoBneHHsIn npasrnom JeHua, rnokassisBaeT, YTo Hanuume
WHOYKTUBHOCTK B KOHTYPE NPUBOOWT K 3aMedesuto U3MeHeHusa TOKa B HeM.

Ecnu Tok co BpemeHem Bo3spacTaeT, To O, <0, T.e. Tok camOMHOyKUUM

HanpaeneH HaBcTpedy TOKy, 0DycnoBNeHHOMY BHELUHMM MCTOYHWKOM, W 3ameqnaeT
ero BoapacTaHue.

Ecnu Tok co BpemeHeMm ybbiBaeT, To O, >0, T.e. TOK camMOMHOYKUMWN UMeeT
TAKOE Me HanpasneHwe, Kak W yDblBAOWWA TOK B KOHTYpe, W 3aMmefnAeT ero
yDObIBAHWE.

Takam obpasom, KoHTyp, obnagad onpefeneHHOW  WMHOYKTWBHOCTLHD,
NpUobpeTaeT INeKTpUYeCKy "MHEPTHOCTL" .




18

33. Toku Npy pasMbIKaHWKM W 3aMbIKaHWW LLENW.

[MpW BCAKOM W3MEHEeHWUW CUIMbl TOKa B NPOBOAALLEM KOHTYpe BoaHuKaeT 3[1C
CaMOMHOYKUWMW, B peaynbTaTe Yero B KOHTYpe NOABNAKTCA OONOMHWTENLHLIE TOKMW,
HaablBaeMble 3KCMpamokaMu caMoUuHAyKUuU.

MycTb B  UenM  conpoTWMBIEHWEM R n I
WHOYKTMBHOCTRID L nop gedctevem BHelwHen 30C © A

TeyeT NocToAHHLIA ToK [, = ©/R . B MOMEHT BpemeHu
=0 eblkIYUM WCTOMHWK Toka. Boanukaetr 3[1C

dl
CaMONHOYKLKMK O, = —Ld—; npenATcTBYHLAaA
f‘ -
yMeHbLUEHWH ToKa. ToK B Lilenn onpeaenaeTca 3aKoHoM !
dl dI
Oma [R=0O_, wwum [R=—L—_ PasgenaeMm nepemeHHole. —=——df, W
. dt I L
_ 1 Ri
wHTerpupyem no { (ot [y go /)uno 7 (ot0po 7): ln}—z——, WM
0
t
I=1,expl —— |,
T
roe T :E — MNOCTOAHHAaRA, HasblBaemas BpemMeHeMm penakcauuy — Bpems, B

TeYyeHWe KOTOPOro cuna ToKa yMeHLLIAaeTCcA B € pas.

Takum obpazom, Npu ebIKMOYEHUU UCMOYHUKA MoKa cuna moka ybsigeaem Mo
KCMOHEeHUUANEHOMY 3aKOHY (a He M2HOBEHHO).

OueHum  3HadeHue 3[]C caMOMHOYKUWMKW MpWU  MIHOBEHHOM  YBEMWYEHWKW

conpoTueneHna oT R, fo R:

() Rt dl Rr
I =—expl —— | oTKyOa ) =—L—=—Be‘(
R, P L] Rda : dt R, P~

T.e. npu peskoM pasMbikaHuu koHTypa (R >> R,) 30C camomHaykuum ©

MOXEeT BO MHOMo pas npeBblicTh O, yTo MOXKeT NpuBecTW K Npobol M3oNALWMK W
BbIBOY W3 CTPOA M3MePUTENLHLIX NpUbopoB.
[pW__3aMbikaHuu __lleny noMumo BHelwHeid 30C © poadukaer 3[C

camouHaykumun O = —L?, NpenATCTBYOLWAA BoapacTaHuMio Toka. Mo 3akoHy Oma,
} t
IR=0+0_,vm IR=0 - LT MoHO NokasaTk, YTO pelleHue 3TOro ypasHeHWA
dt
MMeeT BUA;

[=1,1-exp| -~
T

S
rae [, = 2 yCTAHOBMBLUMIACA TOK (NpW 1 — o).

Takum obpa3zom, Npu eKMOYeHUU UCMOYHUKA MOKa cuna moka eo3pacmaem
10 3KCMNOHeHUUanbHOMY 3aKOHY (a He M2HO8EHHO).
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34.B3savmMmHaa MHOYKLUWA.

BaavmHOW WHOVELWMER HasblBaeTcA
7 ~—__ 2 ABneHwe Bo3bywxaoeHwa 3OC anekTpo-

by~ =g MArHUTHOW _ MHAyKuK B OOHOW
— 7 3NeKTpUYecKon uend npu  M3MeHEeHWK
—_ N T ANeKTpUYecKoro TOKa B OPYrod Uenn Mnu
NpY M3MeHEHUW B3aMMHOIo pacnonoweHua

_'_‘:j___ 3TUX ABYX Lenen.
— PaccmoTpum  OBa  HEMOOBMMHBIX

KoHTypa 1 wn 2 ¢ Tokamm I, wu I,,
pacnonoXeHHbIX OCTaTOYHO Druako apyr
oT fpyra. lNpu npoTekaHnn B KoHType 1 Toka J; MarHWTHbLIA MOTOK NPOHU3bIBAET
BTOpPOW KOHTYP:
&,, =L,,/,, ananornuvo P, =L,1,.
KoadbduumenTsl nponopumoHansHocTh L, wu  L;, paBHel Opyr Opyry

L, =L,; = L v Ha3biBalTCA B3AUMHON MHOYKTMBHOCTLIO KOHTYDOB.

MpW M3MEeHEeHUWW CUNbl TOKa B OJHOM W3 KOHTYPOB, B OpPYroM WHAyUMpyeTcA
3C:

9?’] - - — L, B:’l :_dd}ll =-L dj?
dt dt dt dt
BaaumHaa uHOYKmMuU8HOCME KOHMYypPoa 3asucum om 2eoMempuyeckol ¢hopmesl,
paamepoes, ezaluMH020 PACONOXEeHUS KOHMYPoea U 0m Ma2HumHol npoxuyasmMocmu
OKpYyXanujel KOHmyps! cpeob.
OnA npumepa paccyumaem e3auMHYK UHOYKMUBHOCIME 08X Kamylliek,
HaMomaHHeIXx Ha mopoudansHeIl cepoeyHuK.

[lepBaA kaTyluka € YMCIIOM BMWTKOB ;'Vl H TOKOM ir-l co3faeT none

T

;I'i'-lfl

B=pu,u . MarHWTHEIR NOTOK CKBO3b OOWH

NI
BWTOK BTOpOI KaTywkn @, = BS = u u ; Ls

roe [ — gnuHa cepeyHuka no cpegHei NMMHWA.

Torpa MOMHLIA MarHMTHLIA NoTOK

(noToKocuenneHue) CKBO3b BTOPWUYHYIO

0BMOTKY, coflepKaLlyro N, BUTKOB!

NN,
VY =d, N, = uyu———=S5I, . NMockonbky notok ‘¥ cospaetca Tokom I, T0
= < IIF
‘¥ NN
L=—=p,u——%s

I [

[laHHoe yCcTpoicTBO ABNASTCHA NPpUMepoM TpaHcdopMaTopa.

35. TpaHcdhopmMmaTopbl.

MpuHUMN OedcTBUA TpaHcOpPMAaTOPOB, NMPUMEHAEMbLIX ONA MOBbLILLEHWA UMK
MOHWKEHWA HanpsKeHWs MNepeMeHHOro TOKa, OCHOBaH Ha ABMEHWM B3auMHOMN

WHAYKUMKM. TepeMeHHbIi TOK [, co3gaeT B MNepBUYHOl 0DMOTKe nepemeHHoe
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MarHWTHOE none. 3T0 BhI3LIBAET BO BTOPWYHOW 0bMoTKe noAenenue 3[C BaanmMHoOR
MHOYKUWK. [py 3TOM:

J.?"ll';rj
9-. - — = 91,

A .-'I|'.T

M1
roe Ny m N, — uucno BWTKOB B MEPBMYHOR M BTOPWYHOA 0OMOTKaXx,

COOTBETCTBEHHO.
N, .
OTHoWweHWe k = v NnokassblBakllee, BO cKoNbko paz 3[1C Bo BTOPWUYHON
!

0bmoTKe TpaHcchopmaTopa bonsle (MNW MeHbLLE), YEM B NepBWYHOW, Ha3bIBAeTCA
KoadhdruMeHTOM TpaHchopMaunn.

Ecnv k>1, 1O TpaHcdopmatop — noebiwarwuld, ecnu k<l —
MOHUXarowull.

36. JHEpPrua MarHUTHOro NMons.

MpoBOAHMK, MO KOTOPOMY MPOTEKAeT SMeKTPUYECKMA TOK, BCeraa OKpYKeH
MarHuTHeIM nonem. MarduTHoe none noABnNAeTCA U UcyesaeT BMecTe ¢ NoAsneHnem
W MCcyesHoBeHMeMm Toka. MaruwTHoe none, nofgobHO 3MNeKTpUYecKoMmy, ABNAeTCA
HOCUTENEM 3Hepriv. OHepaus Ma2HUMHO20 [ofd _pasda pabome, KOmopyro
3ampayueaem mok Ha co3faHue 3Mmozo Mons.

PaccmMOTPUM KOHTYP MHOYKTUMBHOCTE L, MO KOTOpOMY TedyeT ToK 1 .

C JaHHbLIM KOHTYPOM CLenneH MarduTHelid notok O =11

MpKn U3ameHeHnn Toka Ha d] MardHWTHBIA NOTOK MameHaeTeA Ha dd = Ldl .

[NA Takoro WaMeHeHWa MarHUTHOro MoToka HeobXoguMOo coBeplunTbL paboTy
d4=Idd=LIdl .

Torpa paboTa no cozgaHnio MmarduTHoro notoka @ Gypet paBHa

I .
. LI’
A:lﬂﬁz——
5
. 2
SHepeun MazHUMHOZ20 nNonA, CBA3GHHON C KOHTYPOM,
LI’
="
2

Ha npumepe ogHOpPOAHOrO MarHMTHOMO MOMNA BHYTPW AMNWHHOTO coneHouaa
BbIDA3MM 3HEPTU MarHWTHOMO MOMA Yepes BeNMUWHEl, XapakTepusyloLllve 3To none
B OKpYKalLLeM NpocTpaHcTee.

_ N-S 1 N-I®
MHayKTMBHOCTE coneHomaa: L = ,uﬂ,uT_ OTtciopa: W =S Mot —S.

/

1o LUNT Bl
ﬁ_ Otcwpa: [ =——.
HoUN

[lo onpegeneHUo BEKTOpa HanpAMeHHOCTW MarHMTHOro Nona B :JUGJUH.
Mcnonbkaya aTu COOTHOLLIEHMA

MarHuTHas WHOYKUWA nonsa coneHoupga: B =

w=2"_p_BHy
2 2

roe S/ =V — obwem coneHounga.
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MarHuTHoe none ONMMHHOTO coneHouaa OJHOPOAHO W COCPedoTOYMEHO BHYTPW
Hero, NoaToMy 3Heprus 3aknoyeHa B obbeme coneHouga W pacnpeferneHa B Hem ¢
06beMHOU NAIOMHOCMbIO

L. _ B _pouH®_ BH
Voo 2uyu 2 2
JTW COOTHOWEHWA HOCAT o0DWWA XxapakTep W chpaBednMBel W ONA

HEOOHOPOAHLIX MONel, Ho TONbLKO ONA cpeq, ONA KOTOpbIX cBA3b mexay B n H
NWHerHaA (T.e. ONA Nnapa- 1 AMamMarHeTUKOB).
BreipaxeHne onA 0bbeMHOW NNOTHOCTW 3HEPTMW MArHWTHOIO NOMNA aHanorMyHo
COOTBETCTBYHOLEMY BhIpaXEeHWH  anAa 00 BLEMHON NNOTHOCTH AHEPTUK
- 2
W e, cE” ED
anekTpocTaTMdeckoro nonfg: WwW=—=———=——
V 2 2

INekKTpudeckne BelnM4YMHL! 3aMeHeHbl B HEM MarHMTHLIMIA.

TOW pasHUUeRr, JTo

MazHumHbIe ceolicmea seujecmsa.

37.MarHuTHble MOMEHTBI 3NEKTPOHOB U aTOMOB.

[o cux nop BNUAHWE CPekl Ha MarHUTHLIE ABMEHUA YYNThIBaNock hopMansHo
BBEOEHWEM MarHUTHOW npoHWuyaemocT . [nA Toro, 4tobbl pasobpaTbcA B

MarHATHLIX CBOWCTBAxX cped W WX BIWAHWW Ha MarHWTHYH WHOYKUWMO, Heobxogumo
paccMoTpeTb AeACTBME MarHWTHOMO NOSIA Ha aToMbl 1 MONEKY bl BellecTea.

Bce BewecTtBa, nNOMELleHHble B MarHMTHOE Mone, HamarHu4MeBarTCA,
Nockonbky B nMobom Tene CcywecTByHT MWKPOCKONUYECKWE TOKW (MWKPOTOKM),
obycnoeaneHHLIe d8LKeHUEM 3MeKMpoHoe 8 amoMax U Momnekynax.

[OnA MHOTMX Leneid, B TOM 4yuicne WM OnA OoOBLACHEHMA MHOIMMX MAarHWTHbIX
ABMEHWW, MOMHO WCMONb30BaTk KeasuKnaccuyeckKyw mModeslb, B  KOTOPOW
npegnonaraeTcA, YTO aToOM COCTOMT W3 MONOKWTENbHO 3apAMeHHOro Agpa, BOKpYr
KoToporo obpallaTcA 3NeKTPOoHbl MO KPYTroBbIM MMKW  3NNWMNTAYECKMM opbuTam,
noQobHO NnaHeTam CONHEYHOW CMCTEMLI (NNaHeTapHas MoLelNs atoma).

Takve 3nNekTpoHsl, obpawatwlneca no opbutaMm, npenctaenAlT coboi
JaMKHyTble 3NeKTpuyeckue TOKWM, W NO3TOMY eCcTeCTBEeHHO nNpednonoxWTb, 4TO
WMEHHO OHW ABMNAKTCA MWKPOTOKaMW (CyllecTBOBaHWME KOTOPLIX Npegnonaran ewle
Amnep), OTBETCTBEHHLIMKW 38 HaMarHun4MBaHwe BeLlecTBa.

Ecnu anekTpoH coBeplwaeT V' 0b0OpOTOB B CekyHOy, To cuna Toka [ =eV .
OpouTaneHeId MarHATHRIA MOMEHT 3MeKTpOoHa, [OBWMYUIErocA Mo KpYroBoW

opbuTe, nnowageo S :

-
P p, =IS=evS

I Ecnn anekTpoH [ABMXETCA NO 4acoBoii CTpenke, To

— TOK HanpasneH NPOTUB YacOBOW CTPENkW W BeKTOp P, (B

¢ COOTBETCTBMW C NpaBMNoM Npaeoro BWMHTa) HanpaeneH
nepneHanKkynApHo NMOCKOCTH 0pOUTEI 3NeKTPOoHa.

Tak KaK 3nekTpoHam Npucyll He TOMbKO 3apAg, Ho
elle W Macca, TO KawObld opbuTaneHO OBWAKYLLIWACA
anekTpoH obnagaeT He TONLKO MarHWTHLIM MOMEHTOM (Kak
W BCAKWA 3aMKHYTBIA TOK), HO elle W onpeaeneHHbIM
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MexXadHn4yeCKuM MOMEeHTOM MMMTYNBCa LI , T.e. nogobeH Bonuky:

,,
Ly =mawr~ =2mvSs

. .

rae @ =271V — YyInoBaA CKOPOCTb 3NekTpoHa, 7~ =S5. Bektop I;
HasbliBaeTcA OpOWTanbHLIM _ MexaHWYecKMM  MOMEHTOM 3MeKTpoHa. [MOCKONbKY
HanpaeneHWe BekTopa L; Takke onpefenseTcsa Mo npaeviy NpaBoro BUHTA, TO

HanpaeneHus p, W L, npomueononoxHbl. [103TOMy:

2m

l1{ e
roe BenuuumHa [ =——| — | HasbiBaeTcA rMpOMArHWMTHLIM _ OTHOLLEHWMEM

m

opbuTansHLIX MOMEHTOB,

e
—=176- 10" Kn/kr — yoensLHLIW 3apAa anekTpoHa.
m

Kpome opbuTankHblX MOMEHTOB, 3MNeKTpoH obnagaeT  coBCTBEHHLIM
MEXaHWYECKMM MOMEHTOM MMMYNLCA L_S ., HA3LIBAEMBLIA CNMHOM.

CnuUHy 3nekTpoHa COOTBETCTBYET CODCTBEHHBEIA (COWHOBLIA)  MarHWTHLIN
MOMeHT p, . [poekunAa cnuHa Ha HanpaeneHue BekTopa B moxert NPUHUMAETE
TOMNBKO OJHO W3 CNenyLLWX ABYX 3HAYEHWA:

eh
pm_rB:i,’ :iJuBJ
i

i

&

h

roe fi 22— (7 — nocTosHHanA MNnadka), Ulp— MazHemoH Bopa, ABNALWIACA
T

e[WHMLENR MArHWUTHOMO MOMEHTA 3NEeKTPOoHa.
OBLWKWA MarHUTHBIA MOMEHT atoMa WMWY MONEKYNbl paBeH BEKTOPHOW CyMMe
MarHWTHLIX MOMEHTOE (OpBWUTanbHLBIX W CMUHOBLIX) BXOOALLWX B aToM (MONekyny)

SNeKTPOHOB!:
Pa= ijm + zpms

MarHuTHele MOMEHTbl aTOMHbIX AOQep B ThICAYW pa3 MeHblle MarHWTHbIX
MOMEHTOB 3MEKTPOHOB, MO3TOMY UMK Kak npaewno npeHebperaioT.

38.0ua- W napamarHeTUKMW.

BcAkoe BellecTBO ABMNAETCA MarHeTMKOM, T.e. cnocofHo
noag OeWcTBMEM MAarHWTHOro nonA npuobpeTaTe MarHWTHBIA
MOMEHT (HamarHM4neaTbCA).

Ha epawaiyica no opbuTe 3NeKTPOH, KAk Ha 3aMKHYThIA
TOK, B MarHUTHOM None OeWCcTBYET BpallakwLlWMin MOMeHT cun. B
pesynkTaTe 3NeKTPoH Nony4aeT AoNONHUTENLHOE paBHOMEpDHOE

BpalleHWe, NMpW KoTopom BekTop L ©OyaeT onucbiBaTb KOHYC

BOKpPYr HanpaBneHua WHOykuMkm B ¢ HekoTopoW YrmoBoi

ckopocTeio L) . Takoe ABMXEeHWe Ha3LIBAETCA NpeLeccuen.
Teopema Jlapmopa: dedcmeue MazHUMHO20 [MONA Ha

ANeKMPoHHYK opbumy MoxHO ceecmu K coobljeHuro 3mod
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opbume npeueccuu ¢ yanosol ckopocmsto L2

MpeueccMOHHOE OBWHEHWEe 3NeKTPOHHLIX OpbUT 3KBUMBAMNEHTHOD KPYroBOMY
MUKPOTOKY. Tak Kak 3TOT MUKPOTOK WHOYUMPOBAH BHELUHWMM MarHWTHLIM MONem, To,
cornacHo npasuny  JleHua, Yy artoma nNOABNAETCA MasHUMHbILG MOMeHm,
HanpaeneHHLIA Npomue eHelWHe20 Nons.

HaBefeHHble CcOCTABMNAKLWWE MAarHWTHBIX MNONEW aTOMOB CKNAafbLIBaAKTCA W
obpaaywT cobcmeeHHOe MazHUMHoe Mnone eewjecmea, ocrnabndwujee eHelHee
MazHumHoe none. 3ToT addekT nony4yun HaseaHWe guamardutHoro adhhekTa, a
BelllecTBa, HaMarHWdMBawlIWecA BO BHELWHeM MarHWTHOM  none  npoTue

HanpaBneHWA NonA, Ha3biBalTCcA guaMmarHeTukamu (Hanpumep, Ag, Au, Cu...).

Tak Kak OuwamarHuTHel asdochbekt obycnoeneH OeWcTBMEM  BHELLHErD
MAarHUTHOMO MOMA Ha 3NeKTpPOoHbl aTOMOB BellecTBa, TO AWaMarHeTM3M CBOWCTBEH
BCEM BelLleCTBaM.

Hapagy ¢ auMamarHWTHLIMW BeLIeCTBAMK CYLLUECTBYOT M NapamarHUTHble —
BElllecTBa, HAMarHMYMBaKLWMECA BO BHELUHEM MarHMTHOM Mone Mo HanpasneHWH
nona (Nnpumep: pegkosemMenbHele metannsl, Pt, Al...).

Y napamMarHWTHeIX BeLIEecTB NPW OTCYTCTBMW BHELIHEro MarHWTHoro nonsa
MarHWTHEIE MOMEHTEI 3MEeKTPOHOB He KOMMEHCUPYT Opyr Apyra, U MONekynbl
napamarHeTWKOB Bcerga obnagarT MarHWTHBIM - MOMEHTOM  (TakMe MOMeKynbl
Ha3bIBAKTCA NONAPHLIMK).

Bcneoctene  TennoBoro [OBWWEHWA  MOMEKYN WX MarHWTHbIE  MOMEHTH
OpPUEHTWMPOBaHL DecnopAnoYHo, MO3TOMY, B OTCYTCTBME MAarHWTHOMO  MOMA,
napamarHWTHbIE BeLLleCTBa MarHMTHEIMW CBOMCTBaMK He 0bnanarT.

[Npn BHECEHWMW NAapaMarHeTWKa BO BHelLIHee MarHWTHOE None ycTaHaBNMBaeTcA
npeumMywiecmeeHHas OpWeHTaUWA MAarHUTHBIX MOMEHTOB aTOMOB (Monekyn) no
nonre (NONHOW OpUeHTaUUKU NPeNATCTBYET TENMNOBOE ABUMEHWE aTOMOB).

Takmm obpazoMm, napamarHeTWMK HamarHWd4WMBaeTcA, co3faBad cobcTBeHHDe
MarHWUTHOe none, coenadarljee M0 HanpasneHury C eHEeLUHUM T1onem W
yecunueawwmm ero. 31707 3ddekT HalbiBaeTCcA NapamMarHuTHbIM. Ecnv marHUTHBIA
MOMEHT aToMOB (MOMeKyn) BeNWK, TO NapamMarHWTHLIE CBOWCTBa nNpeobnagakT Haf
OWNaMarHMTHEIMKW W BELECTBO ABMNASTCA NapamMarHeTUKOM.

MNapa- 1 owamarHeTUKK no-pasHomy BefyT cebd B HEOOHOPOAHLIX MarHWTHLIX
NOMAX.

PaccMOTpUM  Manblii  BUTOK C  TOKOM B
HeOHOPOOHOM MarHMTHOM nore (CM. PUCYHOK). CUNbl

dF , neAcTBylOlWMe Ha OTAENbHbIE Y4YacTKU BUTKA,
nepneHauKYNApHLl K TOKY W K MardUTHOMY MOJI.
CoctaBnsiowme dF,, napannenbHble BUTKY, CO3aloT
YCUMWUA, pacTArMBalowmne (UNu cKUMalLue) BUTOK.
CocTasnawiue dF,, NepneHauKynApHele K

NNOCKOCTU BWTKa, CKNaAblBanach, OaayT HEKYl cuny
F ., cTpemAwyocA nepeMellaTs BUTOK B MarHWTHOM
none. [Ecnu  MarHuTHbIA ~ MOMEHT Toka P,
cOHanpaBneH ¢ BEeKTOPOM MarHUTHOW WMHOyKuwu B

(kaKk wW3obpakeHo Ha pUCYHKE), TO BWUTOK Oyaoer
BTArMBaTLCA B obnacTe Bonee cunbHoro nonda. Ecnu

e BeKTop p, MNpoTWBOHanNpaBneH BekTopy B, To
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BUTOK DyOeT BeiTankMeaTeCA U NnepemellatecA B obnacte Bonee cnaboro nona.
[MoaTomy napamarHeTMkm emsfzsuearomca B obnacTb CUNBHOMO NOMA, B TO
BpEMA, Kak QMaMarHeTUKW ebimankuearomcs na 3ToM obnacTu.

39.HamarHv4eHHocTh. MarHWTHoOE None B BelLecCTEBE.

Mogo6Ho ToMy, Kak [OnA  KONMWYECTBEHHOTO  OMWCAHWA  MONApW3aLuu
OWaNeKTpUKoB Obina BBedeHa NoNApPW30BaHHOCTL, ANA KONMMYECTBEHHOro onucaHus

HamMarHn4eHWA MarHeTWKOE BBOOAT BEKTOPHYH BeNMWYWMHY — HaMarHM4eHHOCTDb,
onpedenAfemMy MarHMTHeIM MOMEHTOM e dMHWMLUBI obbemMa MarHeTuka:
Lj — Pm — zpﬂ'
I V

roe P, = Epa — MarHWTHbIA MOMEHT MarHeTuKa, paBHblii BEKTOPHOR cyMMme
MarHMTHbLIX MOMEHTOB OTAeNbHbLIX MONeKyI.

B HeCcUnbHBIX NONAX HAMArHWYEHHOCTE NPONOPUWOHAaNEHA HaNPAXEHHOCTU H
Nonda, Bbl3blBalOwWwero HamarHudeHwe. [loaTomy, adHanorMyHo OuanekTpUudecKon
BOCMPUMMYMBOCT, MOXHO BBECTM [MOHATWE MasHUMHOLO eocnpuumyusocmu

geujecmsea y .

J=yH,
Y DeapasmepHan BenMUYMHa.
Ona pguamarHeTMKOB ¥ oTpuuatenbHa (none MoneKkynsApHbIX  TOKOB

NPOTUBONOMNOMKHO BHELWWHEMY NOMK), ANA NnapamarHeTMKOB — MONoXUTENbHa (none
MOMEKYNAPHLIX TOKOB COBNAAasT C BHELIHWM).

AbconwTHoe  3HAYeHWEe  MarHWUTHOW  BOCMPUMMYMBOCTM ONA  OMa- W
napamarHeTUKOB 04Y4eHs Mano — nopAgka 1 0% - 107%.

MarHuTHoe none B B BelleCTBe CcKnNagkiBaeTCcA W3 OBYX nonem:. BHELWHEro
nonA 3, co3fjaBaeMoro HamarHvm4yuBakwwikm TOKOM B BakyyMme, W NMonA .B-‘r
HaMarHm4eHHOIro BelecTsa:

B=B,+F,

re By = Uy H .

[INs onucaHWA MoMns, CO31aBaeMOoro MOMEKYNAPHLIMU TOKaMu, PaccMOTpUM
MarHeTMK B BWOE KPYrOBOro UMMMHOpPA ceuyeHuA S WM AnNWHbl | BHECEHHOro B
O[HOPOQHOE BHELUHEe MarHWUTHOe Mone ¢ MHAyKUMen By

napannensHoe ocW UWnuHapa. Ecnwu paccmoTtpeTs nwoboe
ceyeHWe UWNWHOpa, neprneHgukynapHoe ero ocu, TO BO
BHYTPEHHMX Yy4acTKax cedeHMA MardHeTka MoneKynspHble
TOKM COCeQHUX ATOMOB HanpaeneHbl HascTpedy ApYr Opyry u
B3AMMHO KOMMEHCUPYHTCA. HeckoMneHcUpoBaHHbIMK OyayT
MWL MOMNEeKyNAPHbIE TOKW, BbIXOOALIWE Ha MOBEepPXHOCTb
LMNMHAapa.

MarHuTHY MHOYKUMio Toka I, Tekylero no 6oKoBON NOBEPXHOCTW LIMNWHAPA,
BbIUMCIIMM (cuMTans ons npocToTel U =1) no dopmyne ana conedoupa ¢ N =1

(coneHowg W3 OOHOMO BUTKA):

5=l
]



25

MarHuTHbI# MOMEHT 3TOr0 CYyMMapHOTO TOKa MUKDPOTOKOB BHYTPWM MarHeTuka
_ Sl v
P=JS= IrT = I’T .roe ¥V — obbem marHeTuka.

P I
Mo onpegeneHuio HaMarHW4eHHOCTe MarHeTuka J :F = T cnegoeaTensHo
'r_
B =u,J
WM B BEKTOPHOW hopMe
., i
B =uyJ.

CnegoBaTernkHo,
B=u H+7)=p,(+ H.
beapaamepHana BenuumHa

Ha3blBAaeTCA MarHUTHOW MNpoOHMUAEMOCTbH BellecTBa. VMeHHO 3Ta BenuuuHa
ncnone3oeanack paHee B COOTHOLWeHUNn B = U UH .
Ana duamazHemukoe |l <1, dna napamazHemukoe [l > 1.

40.3aKoH NONHOro Toka ANA MarHUTHOro Nons E BellecTBe.

JTOT 3aKoH ABNAeTcA 0000WEeHWeM 3akKoHa NOMHOro ToKa ANnA MarHWTHOro
nona B Bakyyme (ctp. 4-10).

Lupkynayus seekmopa MazrumHol UHOYKUUL MO NPOoU360NLHOMY 3aMKHYMOoMYy
KOHMYpPY paeHa anzebpaudeckoll cyMMe MOKOoe MpoeoduMocmu U MONeKyIAaApHbLIX
MOKO8, oOxeamksl8aeMblX 3MUM  KOHMYPOM, YMHOMXEHHOU Ha MasHUMHY0
MOCMOAHHYH:

Efﬁ'dﬁ — Eﬁgfdf = uy(I1+1,

rae I n I’ — cooTeeTcTBeHHO anreBpanyeckre CyMMbl MakpOTOKOB (TOKOB
NPOBOAMMOCTM) WM MWKPOTOKOB  (MOMEKYNApPHbLIX  TOKOB),  OXBaTkiBAEMbIX
NPOWU3BONLHLIM 3aMKHYTEIM KOHTYpOM L .

MpW 3TOM UMPKYNAUWMA HamMardudeHHocTW J Mo MpoW3BONbLHOMY 3aMKHYTOMY
KOHTYpY L paBHa anrebDpavdeckoi cymMMe MOMeKynapHbIX MOKOE, a LMPKynaLua

BekTopa 4 — cymMMe TOKOB NMPOBOOMMOCTM, OXBaTbIBAeMbIX 3TUM KOHTYPOM:
TJ(H:II, cj:Hda':I
L L

[locnefHee BripaxeHWe nNpenctaenseT cobol TeopeMmy O UMPKYNAUWUK
BexkTopa H .

C y4yeTOoM TOro, 4To cuna Toka [ CKBO3b MOBEPXHOCTb S, OXBaTblBAEMYH
KOHTYpoM L , ABNAETCA NMOTOKOM BEKTOpa MMOTHOCTW TOKa Yepes 3Ty NOBEepPXHOCTh,

I = J;ﬁ (cTp.3-22), Teopema 0 UMPKYNALMA BEKTOpA H oynet umeTk BAO:
%

§H(fﬁ = j jds
L )
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41.¥YcnoBWA Ha rpaHuue pasgena AByX MarHeTUKOB.

PaccmoTpum noeefeHwe BekTopoB B w H Ha rpaHvue pasgena OByx
OOHOPOOHLIX  MArHETMKOE € MarHWTHLIMW
n NPOHULAeMoCTAMKA [, W [, NpU OTCYTCTBMW Ha

rpaHuLE TOKa NPOBOOWMOCTHI.

MocTpoum  BONMaW  rpanvubl  pasgena
MarHeTukoe 1 1 2 nNpAMOA UWMNWHOP HWYTOXHO
MAanoW BLICOTLI, OOHO OCHOBaHWE KOTOpPOro
HAaXoOUTCA B MEpBOM MarHeTuKe, Apyroe — BO
BTOPOM.

Cuntaem, 4to ocHoBaHuAa AS uunuHgpa
HACTONBLKO Mankl, Y4TO B Npefenax Kawaoro ua

HWX BEKTOP B HenameHeH.

_Hl—-—n'l—.—-l—i

Mo Teopeme [aycca
B ,AS—-B AS=0,
(nockonbky 7 W #  MpOTMBOHanpaeneHbl). C YYeTOM COOTHOLLEHWA
B = U uH , HopMankHble cocTasnawLmne
Hy _ M
Hu] Ju'l
Bbnuan rpaHuubl pazgena marHeTUkoe 1 1 2 NOCTPOMM HeDOoMbLUIOA 3aMKHYTEIR

Bﬁ‘l = Bu] *

NPAMOYronbHLIA KoHTYp ABCDA gnuHon [ . CornacHo Teopeme o Luprynauun H

_ ; . §Hdi=0
ABCDA
4 > B NOCKONbKY TOKOB MNPOBOAMMOCTM Ha
K, o2 rpanuuax HeT. OTcloaa
W~ oo —F H.,l-H, =0
— b T (3Hakum wHTerpanoe no 4B wu CD

—— — — — S S e —— — -

pasHble, T.K. NyTW  WMHTErpMpoBaHWA
NPOTUBOMONOXHLI, a WMHTerpanel no BC wn DA OeckoHeuyHo wmansl). NosTomy,
TaHreHUManbHble cocTaBnALWeE

Hr‘l:Hr}‘_' izﬁ_l
By, M
Takum obpasom, Npu nNepexofe Yepes rpaHWALy pasfena [OBYX MarHeTUKOB
HOpmMmaneHaa CcocTaenAland BeKkTopa B M TaHreHuWaneHaAa CcOocTaBnAwLwan
BeKTOpa H M3MeHAKTCA HenpepelBHO, @ TaHreHUWaneHaa COCTaBNAWLWan BekTopa
E M HOpMEaneEHaA COCTaBNAKLWLAaA BeKTopa H npetTepneealdT CKa4Y0okK.

42. DeppomMarHeTMKN U UX CBOWMCTBA.

MNomumo crabomazHUMHLIX BellecTs — Aua- W NapaMarHeTWKOB, CYLecTBYHT
cuUMbHOMazHUMHbLIe BelllecTBa — ¢hbeppoMazHemuKu — BelllecTea, obnagawwme
CIOHMAaHHOU HaMazHUYeHHOCMLIO, T.€. OHW COXPaHalT HaMarH4eHHoOCTL Mpu
OTCYTCTBMW BHELLHEro MarHMTHOro MOoJA.
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B oTnuune oT cnaboMarH1THLIX BellecTs, Y J*
KOTOpBIX ~ HamarHuyeHHocTe  J  nWHeiHo
nameHaetca ¢ poctom M, y (heppomarHeTUKos,
npu yBenuyeHun H | HamarHW4eHHocTb pacTeT
cHauyana ©OwblCTPO, @ 3aTem BbIXOOWT Ha
HacblleHne J_ .

MarHutHaa npoHvuaemocTe U dheppomar-

DeppomarueThk

IMapamarneTrk

HETHMKOB [OocTuraeT OonblWMX 3Ha4YeHWA (OnA .}}
#eneza — =5000, gonAa cnnaea cynepmannod —
=800 000). Huamarnerux

MarHMTHas npoHULEeMocTb W MarHuTHas
uHoykumwA B theppomarHeTkoB 3aBucuT oT H .

B=l,(H+J) B cnabelx nonax pacTeT
ObicTpo ¢ pocTtom H (ydacTok 0—1-2 Ha puCyHKe
(a)), @ B CWNbHLIX NonaAx, nockoneky J =.J B

Hac ?

pacTeT ¢ yBenudeHneMm H nuHerHo (yd4acTok 2-3).

J
=1+ — BHauane

CoOTBETCTBEHHO [ =
Mo H

pacter ¢ poctom H (pucyHok (6)), a aatem,
OOCTHUraA Makcumyma, HaduHaeT YMeHbluaTbeA,
CTRPEMACL B CNyYyae CUMBHLIX NOMNen K euHuue.

3aBMCMMOCTE  HaMarHWM4eHHOCTH J oT
HanpAXEeHHOCTK MarHUTHOro nonA H E
heppomarHeTuke onpegenAeTcA  npegbicTopuen
HamarHuJyeHuA. 3710 ABNEeHWe Ha3blBaeTcA
MarHWTHbIM TMCTEPE3IUCOM.
Ecnwn theppomarHeTMK HamMarHWTWTE 00 HackllleHuA (Kkpweaa 0-1), a 3atem
yMeHbwaTte H (kpueaa 1-2), To npun H =0
B (heppomarHeTMke OCTaHeTCA QCcTaTo4vHas
HaMarHu4eHHocTb J .

370 ABNEeHNe MCNONbL3YHT npu
W3roTOBNEHWW MOCMOAHHBIX MazHUMOS.

InA TOro yToDLI YMEHLLUUTL
HAMarHMYeHHOCTE 0 HYNA, HAO0 NPUNOXUTE
NpOTUBONONOXKHO-HANPaBNEHHDE none
(Touka 3), ¢ HanpAXeHHoCTL H -, KoTopasn

HasblBAETCA KO3PUMTUBHaA cuna. [lpu
AansHenLwem YBENWUYEHUN
NPOTUBOMNOMNOKHOIO nonA dQeppoMarHeTMK nepemarHMuveaeTcd  (Kpuweaa 3-4),
OocTUrasa HacklleHWA (Todka 4). 3aTeM ero MOXHO ONATe pa3MarHuTuTe (KpuBan 4—
5—6) W BHOBbL NepeMarHUTUTE 00 HackllleHWA (Kpueasa 6—1).

Takmm obpazoM, U3MEHEHWE HAMAarHWYEeHHOCTW ONUCLIBAETCA KpuBoW 1-2-3-4-
5-6-1, KoToOpanA HasblBaeTCA NETNA rMcTepeanca.

[OnAa kawpooro deppomarHeTMka WMeeTcA onpefenedHHas TemnepaTtypa,
HasbiBaemaA moykol Kropu, Npu KOTOPOW OH TepAeT CBOM MarHUTHbIE CBOWCTBA.
[Mpwn HarpeBaHWW Bhille Todkn Kiopw deppomarHeTuk apespawyjaemcd B 0DbIYHBIA
napamarHeTmk.
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[MpuuyrHa Takoro NoBefeHUA B TOM, YTO NpKW TeMnepartypax Huwe Todkn Kopu
theppomarHeTvk paszbueaeTtcA Ha Donblloe YWCNO MUKPOCKONWYECKMX obnactel —
domMeHo8, CaMOMpPOW3BOMbBHO HaMarHWYeHHbIX [O0 HackilweHwA. HanpaBneHue
HamarHuJeHus oomeHa onpegeneHHbIM

4 AN AN I A obpa3som cBA3aHO ¢ pacnonoxeHueMm aTtoMoB B
AN +3C+C+3N pAdbl W cnou (Ha pUCYHKEe cxemaTudecku
WO TN+ nokasaHbl JOMeHbl B KpUcTanne xenesa). [lpw
+ R XN - )R OTCYTCTBMM  BHELWHEro  MarHWTHOro  MonA
SV E + HKONOK N K+ X 4 MarHuTHble MOMEHTBI  OTAENbHbIX JOMEHOB
+ 3+ S A K + ) OpMeHTUMPOBaHbLl  Xaomuyecku W KOMIIeHCU-
XN + - XN pytom ppyr ppyra. [Mo3ToMy CyMMapHbIi
N K KN AN KN AF ) MariUTHBIA MOMEHT  (beppoMarHeTka paBeH
WA F AT S : + ' 4 HYM W (peppoMarHeTMK He HaMarHM4JeH.
1 1 i

BHellHee none OPWUEHTUPYET Mo Mo
HEe MAarHWTHbIE MOMEHTBI OTAENbHLIX ATOMOB (Kak 3TO WMeeT MecTo B chydae
napamarHeTWKOB), a MasHUMmHLIE MoOMeHmMb! Uensix obnacmeld CrNOHTAHHOW
HAMarHW4eHHOCTH, NPUYEM [OMEHLI MOBOPAYNBAKDTCH MO MOMK CKAYKOM.
dopMupoBaHMe NoMeHoB 0DYCNOBNEHO KBAHTOBLIMWU CEBOWNCTBAMM 3MEKTPOHOB.
dbeppoMmarHWTHEIMW CBOWCTBaMKM 0BnafalwT BelllecTBa, B aTOMax KOTOPbIX ecTb
HedocmpoeHHLIe BHYTPEHHWE 3MNEKTPOHHLIE 0DOMNOYKW C HECKOMNEPHCUPO8aHHEIMU
cnuHaMmu. B aToMm cnydyae MOryT BO3HUKATE ODMEHHLIE CUMLI, KOTOPLIE BLIHYXOAKOT
CMWHOBLIE MarHWTHLIE MOMEHTLI 3NEeKTPOHOE OPWEHTWPOBAaTLCA napannensHo Opyr
Opyry. 370 NPUBOANT K BOZHWKHOBEHWHD obnacTel CNoHTaHHOro HaMarHWJ4eHusA.
CylecTBYOT BellecTBa, B  KOTOpPbIX ODMEHHLIE CWMbl  BbI3LIBAKDT
aHTUNapannencHykd OpWeHTaUWK CMNWHOBLIX MOMEHTOB 3MEKTPOHOB. Takue
BellecTBa HasblBawTcA aHmudeppomMasHemukamu. [1nAa HAX Takke cyllecTByeT
aHmudcheppomazHumHEad moyka Kiopu (moyka Heensd), Bellle KOTOPOW paspyllaeTca
MarHWTHOE YNopaaoYeHne U aHTUdeppoMarHeTUK NpeBpallaeTcA B NapamMarHeTHK.

Cucmema ypasHeHuli Makceenna dnsa anekmpomMazHUMHO20 MOJIA.

43.BuxpeBoe 3NeKTPUYECKOE None.

OnAa oBbACHEHWA BO3HWKHOBEHWMA WHOYKUWMOHHOMO TOKa B HenoOBMMHLIX
npoeodHUKax (BTopor onelT $apanen) Makceenn nNpennonoXun, 4Ymo ecAKoe
nepeMeHHoe MazHUMHoe none eosbyxdaem e okpyXarwuwjeM npocmpaHcmee
INekmpuYecKkoe rnone, KOTopoe W ABNAETCA  MPWYMHOW  BO3HWKHOBEHWA
WHOYKLWOHHOIO TOKA B KOHTYpe (NepBo& OCHOBHOE NONOMXeHWe Teopuy Makceenna).

LIMpkynAumWa BekTopa HanpsaxeHHocTH E g aToro nona

(= [ dd
Epdi=§Egdl =—"—
jj; B i Bl dt
Mo onpeneneHunio NoToK BexTepaB: b= JBE OTKyOa cnegyet:
5
R < OB —
§Ezdl =—[=ds
L 5 af
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30eck W B JankHedlleM Mbl UCMONb3yeM YacTHYH MPOM3BOOHON MO BpeMeHH,
NocKonbky B 0BLlEM cnydae 3nekTpudeckoe none MoxeT ObiTb HeOOHOPOOHLIM, W
MOXET 3aBUCETb He TONbKO OT BPEMEeHW, HO M OT KoOpauHaT.

Takum obpasom, UMpKynAuMA BekTopa Ep He paBHa Hynw, T.e.

anekmpuyecKkoe !TD}TEEB, go3bywdaeMoe fNepemMeHHbIM MazHUMHLIM MonemM, Kak u

caMo MarHuTHoe none, ABNASTCA euXxpecbiM.
CymmapHoe 3nekTpudeckoe none cknafgblBaeTcA W3 3NeKTPUYeckoro nons,

cosfasaemoro 3apsfamu E, u BUXpEBOro anekTpuyeckoro nons Eg. Mockosnbky

LIMPKYNALMA Eq paBHa HYM, TO UMPKYNAUMA CYMMapHOTo Nons:

s .—  rdB—
:}’:EdF:—J_—dS
T Sdr
JTo — nNepBoe  ypaBHeHWE cCcUCTeMbl YpaBHeHwd Makceenna anAa

INeKTpPOMarHUTHOroO nNonaA.

44. Tok cMmelleHUs.

Makceenn npeOnonoxun, 4YTo aHanorMyHo MarHWUTHOMY Monw W ecAKoe
U3MeHeHuUe SNeKmpuUYecKozo nonsa ebl3bleaem e OKpyHarouwem
npocmpaHcmee euxpegoe MasHUmMHoe none (BTOPOE OCHOBHOE MONOMEHWEe
Teopun Makceenna).

MNocKoNbKY MarHWTHOE none ecTb OCHOBHOW, 0DA3aTenbHbIA NPU3HAK BCAKOMO
Toka, To Makceenn Ha3ean nepemMeHHoe anekTpudYeckoe none TOKOM CMeLLeHWs, B
OTNUYME OT TOKa NPOBOOUMOCTK, 0DYCNOBNEHHOINO ABMXEHWEM 3apAXKEHHBLIX YACTWLL.

Hano ckazaTb, UTO TEPMWUH MOK CMeleHusa He ABNAeTCA yaadHbelM. OH MMeeT
HEKOTOpOE OCHOBaHWE B clNyd4ae OWSNeKTPWKOB, Tak Kak B HWX [JeACTBUTENLHO
CMelWawTeA 3apafbl B atomax W monekynax. OgHako NoOHATHE ToKa CMelleHWA
NpUMeHAeTCA W ANA Noner B Bakyyme, rie HUKakux 3apAfoB, a cnenoBaTenbHo W
HUKaKOro WX CMelleHWA HeT. Tem He MeHee 3TOT TepMWMH COXPaHWICA B CUNy
NCTOPUYECKUX TPAOWMLWA.

MnomHocmb MokKa cMeLlyeHUs:

. dD
Jow ==
e dt
CnegyeT MoO4yepkHYTb, 4YTO TOK CMelleHWs onpefenAeTcd MNpoWM3BOOHOM
Bektopa [), HO He camum

@ 1 p 1 / Bexktopom D . Tak, Hanpumep, B
{3 ) T none NMOCKOro  KOHOeHcaTtopa

A
— e
A ||'Iﬁm Bektop D Bcerga HanpaBneH oT
‘+ iU.‘u" + "!"H”l T — TMONOKWTENBHOW  MNacTUHel K
H — = -
A 7 oTpuuatenbHoii. Ho B cnydae,
/ / ecnm aneKTpuyeckoe none
4 7 sospactaeT, To dD/or, a
_...;..&g%" H% crenoBaTenbHO M TOK CMelleHWA

HanpaeneHbl Tak, Kak NoKaslaHo Ha
pucyHke (a). Ecnu e anekTpwueckoe none ybwiBaer, To dDfdf HanpaeneHo oT

oTpyLaTensHOW NNacTUHLl K NONOXUTENBEHOW, U MarHUTHOE Mone NPOTUBONOMOXHO
(prc. (D)) No cpaBHEHWK ¢ NepPBLIM CNydYaem.
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Ecnu B Kakom-nubo nNpoBOAHWMKE WMEEeTCA MepeMeHHLId TOK, TO BHYTPW
NPOBOAHMKA CYLIECTBYET nepemMeHHoe anekTpudyeckoe none. oaTomy BHYTPM
NPOBOAHMKA WMEeTCA W TOK NMPOBOAMMOCTM, W TOK CMELUeHMA W MarHWTHoe none
NPOBOAHWKA ONpefensaeTca CyMMON 3TUX JBYX TOKOB.

Makceenn BeBen NoHATUE NOMHOro TOKAa, PABHOMO CyMMe TOKOB NPOBOOMMOCTM
W cMmelleHuA. MnomHocmb NOHO20 MokKa

. _ -, D
--'FI'ID.':I-: -!F ar
MonHLIA TOK BCerga 3aMkHYT. Ha KoHuax NpoBoHWKOB 0DpLIBAETCA NULLL TOK
NPOBOAMMOCTW, @ B OW3NEKTpuKe (UNK B BakyyMe) Mexay KOHUaMW NpoBOOHWKA
MMeeTCH TOK CMELLIEHWA, KOTOPbLIA 3aMbIKaeT TOK NPOBOAWMOCTH.
M3 Bcex duandecknx CBOWCTB, NpUCYLLMX TOKy nposoawmocTH, Makceenn
NpUNUCcan TOKY CMeLlEHWA MWL OHO — cNOCODHOCTE CO30aBaThk B OKPYMAKLLIEM
NpOCTPaHCTBE MarHWTHOE None.

Makceenn obobwwn TeopeMmy O UWMPKYNAUMKM BekTopa /M, wcnonbzoBas
MOMHLIA TOK:

gai={|j+2 ks
ot

5

[ = oo

O6o6weHHaa meopeMa o Yupkynauyuu eekmopa H npeactaenset coboi
BTOPOE YpaBHEHWE CUCTEMbI ypaBHeHuin Makceenna ansa aNeKTPoOMarHUTHOro nomna.

45.MonHas cMcTema ypasHeHWA MakcBenna.
TpeTbe ypaBHEHUE CUCTEMBbI ypaBHeHWn Makceenna OnA 3NeKTPpOMarHMTHOro

nonAa aTo Teopema [aycca anAa nonAa D . [nA 3apAga, HenpepbiBHO
pacnpeneneHHoro BHYTPW 3aMKHYTON NOBEPXHOCTU ¢ 0BBLEMHOM NNOTHOCTLID P, 3TO

ypaBHeHWe UMeeT BU[;

§D(f.5" = J pdV
5 v

YeTeepToe ypaBHeHWe Makceenna — 310 Teopema [aycca ona I'IGJ'IFIB X
E}BdS’ =0
5

Takmm obpazom, cucmema ypaeHeHul Makceenna e uHmMezpansHoU
chopme
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InAa Toro, 4tobel 3Ta CUCTEMAa YypaBHeHWMA Dwina monHod ee Heobxogumo
OOMNONMHUTE  TAKMMW  COOTHOWEHWAMW, B KOTOpbIE BXOOMNKM Obl  BEMWYWHLI,
XapakTepuaylline WHOAWBMAOYalNbHLIE CBOWCTBA CPEfbl, B KOTOPOW BO30Y#WOAKTCA
ANEKTPUYECKME W MAarHWTHblE NOoMA. 3TW  COOTHOLWIEHWA  HasblBAKTCA
MamepuanbHbIMU COOMHOWEHUAMU:

D=¢gyeE, B=u,uH. j=vyE
rae £, U [, — COOTBETCTBEHHO 3NeKTpUYeckas U MarHUTHaA NocToAHHbIe, £
W I — COOTBETCTBEHHO AW3NEKTpUYeckad W MarHuTHaA MNpoHuuaemocTw, ¥ —

yaensHaa NpoBogMMOCTE BellecTBa.

M3 ypapHeHWn Makceenna cnefyer, 4to

—  UCMoYHUKaMu 3rNeKTpyuyeckoro nonA ABNAKTCA nWbDo anekTpuyeckue
3apAnbl, NMHO MaMeHALLIWECH BO BPEMEHW MarHWTHLIE NONA,

— Mazs2Humdsle nona  mozaym  eo3bywdamecAd  nubo  OBMKYLWMMMUCA
ANEKTPUYECKMMM 3apAagamMmm (aneKTpuyecKknmmn TOKamm), nubo
nepemMeHHBIMK 3NeKTPUYECKMMK NONAMM,

— MnepemMeHHoe MarHUTHoe none Bcerga ced3aqHo ¢ NopoxgacmbiM MM
ANEKTPUYECKMM NoneMm, a rMepemMeHHoe 3MeKTpudeckoe none Bcerga
CBA3AHO ¢ NOpPOXOaeMbIM UM MarHUTHbIM, T.€. 3NeKTPUYECcKoe W MarHUTHOe
NonA HepaspeieHO CBA3aHbl Opyr ¢ ApyroMm — OHW obpasyT eguHoe
anekmpomMazHUMHOE rose.

Ona emayuoHapHbix nonell (E =const w B =const) ypaeHeHma Makceenna

UMeKT B1A

$Edl=0: §Dds=q: §HdI=I: §Bds=0
L 5 L 5

B amom cnyyae anekTpuyecknMe W MarHWTHble MONA HesaeucuMbl OpYyr OT
apyra, 4To No3sonAeT uaydatb omoesisHO NOCTOAHHLIE ANEKTPUYECKDe W MarHUTHOe
none.

BocnonkayemcAa W3BeCTHbIMWM M3 BEKTOPHOINo aHanuia reopemamu CTokca w

[aycca (cm. cTp.1-31):

EME - jrmfiﬁ,
L 5
E}ZAE - jdix.-.,idr
Y I

Mo onpegenexunio, dueepzeHyueld 1 POoMoOPOM BEKTOPHOTO NomnA .4 B JaHHOMN
Touke M HasbiBaAKT cnegyollne NPou3BoAHbIe No o6LEMY:

j?gﬁ cjﬁ[fi.fﬁ]
div A(M) = lim &—— rot A(M) = lim&——
N R

roe WHTerpankel SEAdS W 5S[A.d5'] €CTb, COOTBETCTBEHHO, CKanApHbIU W
5 S
€eKMOopPHbIL NOTOKW BEKTOPHOIO NOMNA Yepes 3aMKHYTYH NOBepXHOCTE &, KoTopas
OKpy¥aeT gaHHylo Touky M |, oxBaTeiBad obnacTek ¢ obbémom V.
[lnBepreHUWMA ecTe Mepa ucmodHUkKkoe nonA. Ecnu B HekoTopoW obnacTu
OWBEpreHUWA paBHa Hymnw, TO BEKTOpHOEe none B 3ToW obnactu ceobogHo oOT
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MCTOYHUKOB. Te TOYKW MOMA B KOTOPLIX OMBEPreHUMA NONMOMWTENLHA Ha3blBAKTCA
UcmoYvHUKaMu NonaA, a B KOTOPLIX OTpULaTensHa — cmokaMu BEKTOPHOIo nons.

Mcnonbaya Teopemel CToKca W [aycca, MOMHO NpefcTaBUTb MOSHYHO
cucmemy  ypaeHeHuii Makceenna e  JudpipbepeHyuansHol thopme
(xapaKkTepuayLWKWX None B Kax QoW TOYKe NPOoCTpaHCcTea):

- B
rot £ = _r}_
ot
divD=p
.~ aD
rotH=7j +r—
dt
divB=0

YpaBHeHuss MakcBenna He cuMMempuYHbl OTHOCUTENbBHO 3NEKTPUYECKOro W
MarHMTHOTO Morei. 3To CBA3AHO ¢ TeM, YTO B NMPUPOAE CYLECTBYHOT aNeKTpudeckie
3apAfbl, HO HeT 3apAg0B MarHUTHbIX.

Tak, Hanpumep, ypaBHeHWe dix-'}j:p ABHO  [EMOHCTpPUpYEeT, 4TO

MCTOYHWKAMW SMEKTPUYECKOro MONA ABMAKTCA MONOXWUTENLHLIE 3SMeKTpUdYeckue
3apAfbl, a CcTOKamMu — oOTpuUaTenbHble 3MNekTpudeckue 3apsAfbl. YpaBHeHue

div B =0 oTpaxaeT TOT (hakT, UTo He CYLIEeCTBYET MCTOYHMKOB WU CTOKOB MarHWTHOro
nonA — "MarHWTHEIX 3apAnoB”.

B cnyuae ecnu 3apAagbl U TOKKM pacnpefenedsl B NPOCTPaHCTBE HenpepbigHo,
To ofe popMEl ypaBHeHMd Makceenna — WHTerpaneHaa v guddpepeHunansHan —
akeueaneHmMHsl. OOQHAKO ecnu UMeKTCA NogepxHocmu paapbkiea — NOBEPXHOCTU, Ha
KOTOPLIX CBOWCTBA cpedbl UMK NOMel MeHAKTCA ckaykoobpasHo, To uHmezpansHas
ghopma ypaeHeHul AaenAemcA Gonee obujed.

InAa Toro 4tobbl 3TU ypaBHeHWA Makceenna B gudpdpepeHunansHol dopme
ObINKW cnpaeeqnWBLl U Ha rpaHuuax cped, rae BeNWYWHLI, BXOOALIWE B YpaBHEHUA,
MEHAKTCA cKadkoobpazHo, HeobxogumMo AononHUME 3TU YpaBHEHWUA 2paHUuYHbIMU
ycroguamMu, KOTOPbIM [OOMKHO YOOBMNETBOPATE MarHATHOE Mone Ha rpaHuue
pasfena OByx cped. 3TU COOTHOLWEHWA DbINK paccMoTpeHkl paHee:

D,=D,,. E,=E, B,=B, H,=H,
(Nnepeoe W nocnegHee ypaBHEHWA BbIBEOEHbI ONA cnydad, Korga Ha rpadHuue
pasfena HeT HW cBOoDOAHLIX 3apAN0B, HW TOKOB NPOBOOWMMOCTHK).

VpasHeHua Makceenna — Haubonee obwue ypasHeHuda oOnNA
anekmpuYyeckux U MasHumHbIx noned e nokoAwuxcAa cpedax. OHuU
uzparom e yyeHuu ob anekmpomMazHemuamMe makyro Xe ponbk, Kak 3aKoHb!
HewomoHa e MmexaHuke.



