™
-

-

TU3M

I
f
|
f
-

-

—
-

| Lmi.m

28.10.2016



r Ceromm\E\
. Tema 1. MATHUTH e

Fr"
ﬂ.;rr'(
arH THbIe BsaMMop,eMCTBM
aKOH bno-CaBapa-Jlanna




K nojg
T EC A




1.1. MarHuTHbIe B3anmoaeuncTBus

B npocTpaHCcTBe, OKpyXakLiem
HaMarHM4yeHHble Tena, BO3HUKaeT MazHUMmMHoe
rnoire.

MomellleHHas B 3TO nore ManeHbkKas
Ma2HUMHasli cmpesika yctTaHaBnmBaeTcs B
KaXk[,0M ero Touke BrosiHe onpeaerieHHbIM
obpa3om, yka3biBass TeM caMbIM HanpaBrieHue
nons.

TOT KOHeL, CTpenKu, KOTopbi B MarHUTHOM
none 3eMnu yKkasbiBaeT Ha ceBep, Ha3bIiBaeTcs
cesepHbIM, a NPOTUBOMNOSIOXHbIN — FOXKHbIM.



lpu omkOHeHUU Ma2zHUMHOU cmpeJsiKu
Oom HarpaeJsieHuUsi Ma2HUMHOR20 roJisl, Ha
cmpersiky deucmeyem

mMexaHu4eckuu kpymsuuu momeHm M .
NPONOPLMOHanNbHbIN CUHYCY Yrna OTKIOHEHMS O I
CTPEMSALLMNCS NOBEPHYTb €€ BOOSMb YKA3aHHOIO
HanpaBneHus.

[1lpn B3anmMoOoencTBMn NOCTOAHHbLIX MAarHUTOB OHW UCMbITLIBAOT
pe3ynbmupyrow,utl MOMeHmM cuJsi, HO He cuny.

[TogoOHO 3nNeKTpUYecKoMy AUNOS, MOCTOAHHLIA MarHuT B
OOQHOPOOHOM MoOfe CTPEMUTCHA MOBEPHYTLCA MO MO, HO He
nepemMeLlaTbCs B HEM.



OTnnyme NoCcTOAHHbIX MarHUTOB OT
OneKkTpunyeckux AUnonen 3akno4yaeTcs B
cneayoLeM:

AreKTpU4eCcKnn aMnonb Bcerga CoCTouT U3
3apsanoB, paBHbIX MO BeJfIMYMHE U
NMPOTUBOMNOJIOXKHbLIX MO 3HAKY.

[loCcTOAHHLIN XXe MarHuT, byay4mn paspesaH
nonorsiam, npesBpalljaeTcs B ABa MeHbLUINX
MarHuTa, KaxabIn N3 KOTOPbIX UMEeT U CeBEepPHbIN

U IOXKHbIU NOJoCca. N S
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[loaBoOs UTOrn
CBeJeHuUsiM 0 MarHeTu3me,
HakonneHHbIM K 71600 2.,

1 aHasiuuckKuU y4eHbIu-
‘8 pusuk Yunbsim Nunbbepm
Hanucan TpyAa

« 0 mMac2HuUme,
Ma2HUMHbIX meJsiax u
60/1IbWIOM Mac2HUMe —
3emMmsiey
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MarnmuTnoc Moae PATHOWMOHUWX NONKICOS.



» B cBoux Tpyaax Y. l'mnbbepT BbiCcKkasan
MHEHWe, YTO, HECMOTPSI HA HEKOTOPOE BHELLIHEE
CXO[CTBO, fipupoOa 3aJ;IeKmpu4ecKux u
Ma2HUMHbIX sieJ/IeHUU pa3Jiu4dyHa.

- Bce xe, kK cepeagnHe XVIII Beka, okpenno
ybexaeHne o Hasiu4uu mecHoOU c8s13U MeXOoy
aslekKmpu4ecKkuUMU U Ma2HUMHbIMU
sieJsIeHUsIMU.



» B 1820 r. X. Opcteq OTKpbIT MarHUTHOE Morsie
ANIEKTPUYECKOro TOKa.

» A. AMnep yctaHOBUI1 3aKOHbl MArHUTHOIO
B3aMMOOENCTBUA TOKOB.

»  AMNep 0ObACHUN MarHETU3M BELLLECTB
CYLLeCTBOBaHMEM MONEKYNAPHbIX TOKOB.



OublT 9pCcTeia.



OTKpbITUE JpcTeaa.

[1pn nomMeLleHNn MarHMTHON CTPENKU
nocpeancrtBeHHon Gnm3ocTun ot
NPOBOAHWKA C TOKOM OH ODHapyXus, 4To npu
NpoTeEKaHUN NO NPOBOAHUKY TOKa, CTPErkKa
OTKITOHSIETCS; NOCNE BbIKMIOYEHUS TOKa CTperka
BO3BpallaeTcsl B UCXOOQHOE MNOMoXeHne (pwc.
1.1).

N3 onncaHHOro onbiTa —_—

IpcTeq genaeT ebieoo:
BOKpYr NpsAMOSIMHEUHOrC
NPoOBOAHUKA C TOKOM
eCTb MarHMTHoOe norne. 5




e OOLLMI BbIBOA: BOKPY2 8CSIKO20 MPOBOOHUKA
C MOKOM ecmb Ma2HUMHoe rojie.

* Ho 6e0b MoK — amo HaripaeJsieHHoe O8UXXeHUE
3apsidoe.

* OnbIimbl noomeepxoarom: MagHUMHoe rorsie
M10S18/1I9€MCS 80OKPY2 3/1EKMPOHHbLIX My4YKO8 U
8OKpYy2 riepemewjarouiuxcs 8 ripocmpaHcmee
3apPSXKEHHbIX merl.

 Bokpya ecsiko2o deuxxyuwe20cs 3apsioa
MOMUMO 3JIeKMPUYECKO20 oJis
cyuwiecmeayem euwje U Ma2HUMHOe.



qV=const

; iOFIBﬂS’-IGTCFI

MarHUTHOE NOJIE



Bokpye ecsiko20 deuxyuje2ocs 3apsioa
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MarHmTHoe none martepuanbHO.
[TogobHO anekTpuyeckomy Norsito, OHO
obnagaeTt aHepruen n, cnegoBaTesibHo,
MaCCOMW.

OnpeneneHne MarHUTHOro rnons:
Maz2HuUmHoe nosie — amo mamepus,

cesi3aHHasi ¢ dsW)Xyuw,umucs 3apsidamu
u obHapy)xuearowasi cebsi no
delicmeuro Ha Ma2HUMHbIe CMPEeJIKU U
deuwxyuwuecsi 3apsiobl, MIOMeW,eHHbIe 8
3amo rnoiie.




Bo3bmeM Takon KoHmyp ¢ mokom | » NOMEeCTUM €ro B
MarHMTHoOe none.

OCcHOBHOEe CBOMCTBO MarHUTHOro NONA —
CNOCOOHOCTb AeNCTBOBaTb Ha ABMXYLUMeCH
aneKTpunyecKkue 3apsanbl C onpegerieHHon CUnou.

B marHnTHOM none KOHTYp ¢ TOKOM byadeT
OPUEHTUPOBATLCSA onpeaeneHHbIM 0bpa3om.

OpueHTauunto KOHTypa B NPOCT-

paHCTBe DyOem XapakTepuso- i

BaTb HanpaBfieHNEM HopManu , Gb[ @[
CBSA3aHHOW C OABWMXXEHUEM

TOKa rpasusiom rpaeozo fi
8UHMa usnu @1 @]

«rpasuriom bypasyuka»



»  KoHmyp opueHmupyemcsi 8 0aHHOU MOYKe roJsisi
MmoJIbKO OOHUM crnocobom.

o [IpumeM nosioKuUMesIbHOe HanpaesieHue Hopmasu
3a HarnpaeJieHuUe Ma2HUmMHo20 rnoJsia 6 0aHHoU
movke.

Afi

< @
O ©




BpaliaroLwmm MOMEHT NpAMO
nponopuuoHaneH BENMYMHE Toka /, nnowagn

KOHTYpa Sul/l CUMHYCY yrna mexay HarnpaslieHUneM
MarHMTHOW® MO U HopManu EI)

M ~ [Ssin(1,

s3gecb M — epawarowiuu MomMeHmMm, ik MOMEeHm
cusbl,

IS=P, - MaeHumelu MOMEHM KOHTypa
(aHanorquo gl = — Q3NEKTPUYECKUA MOMEHT
aunons).

i o



HanpaeneHue eekmopa Ma2HUMHO20
MOMEeHma coernadaem ¢ NoJsiIoXumesibHbIM
HaripaesieHUeM HopmMarsu:

P =Ph

& @
© ©



OmHoweHuUe MoMeHma cusbi K Ma2aHUmHomy momeHmy M

P
0519 0aHHOU MOYKU MazgHUMHOo20 [0/ 6yOer77
OOHUM U meM Xe U MoXem CryXumek
xapakmepucmukou Ma2HUMmMHo20 o714,
Ha3geaHHOU Ma2HUMHoOU UHOyKyueuU:.

— B_ My

P sin(i1, B) N

EI — 8EKMOP Ma2HUMHOU UHOYKUyuu, coenadarouwuli ¢ HOpMasibHo 1n

[lo aHanormm ¢ aNeKTpUYeCcKNM norem | Stk



MazHumHas uHdykyuss B xapakmepusyem
cusiogoe delicmeue Ma2HUMHOR20 IoJi1sI Ha MOK
(aHanorn4Ho, EI XapaKTepU3yeT CUIIOBOE OENCTBUE
9I1EKTPMYECKOro nosid Ha 3apan).

— CUII0Bas XxapakTepucTmka MarHMTHOro nons, ee
MOXXHO N300pa3nTb C NOMOLLbIO Ma2HUMHbIX CUS1I08bIX
JIUHUU.

[lockonbky M — MOMEHT cunbl - P — MarHUTHbIN
MOMEHT ABNSAITCA XapakTepucTMkamm BpallaTteribHoro
OBWXEHUSA, TO MOXHO NpeanonoXutb, YTO Ma2zHUMHoe

rnoJsie — euxpeegoe.
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YcnoBunmcb, 3a HanpaBneHne ig' MPUHMMATb
HanpaBreHNne CEBEPHOro KOHLIA MarHUTHOW CTPENKM.

Cunosebie JITUHUU 8bIX00SIM U3 Ce8epHO20
rnoJsiroca, a xo0ssm, coomeemcmeeHHO, 8 FOXKHbIU
rMnoJsIroC Ma2HUMa.

[na rpadpuyeckoro naobpaxeHus nonen yaodbHo rnosib30BaTbCH
CUNOBLIMU NUHUAMMN (JTUHUAMU Ma2HUmMHouU UHOyKuuu).

JluHusiMu Ma2HUMHOU UHOYKUUU Ha3bl8atomcs Kpuehble,
KacamersibHble K KOmOopbIM 8 KaxK0oU mo4yKe cosrnadarom ¢
Haripaes/ieHuUeM eekmopa t;' 8 3Mou moukKe.




KoHurypauuto o foonnis
CUMOBBIX JWHWIA  JIErKO ~ =i ot e
YCTaHOBUTb C MOMOLLIbIO - 7:- it s it il
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Tpu cnocooa 3a0amev 6eKmop MaZHUMHOU
unoykuuu B




Bo3bMeM koHmMyp ¢ mokom | v noMecTum ero B
MarHMTHoe none. B MarHNTHOM nose KOHTYp C TOKOM
OyneT opMeHTNPOBATLCSH, Tak YTOObI BEKTOP
MarHMTHOroO MOMeHTa KoHTypa P 1 Hopmanu
coBrnagan c Bektopom B BHelLHero nons.

HanpasneHne HopmMmanu u BekTopa \d
MarHMTHOro MoMeHTa Pm

CBAA3aHHO C ABWMXEHWUEM ToKa Mno
KOHTYPY «rpasuiom bypasyuka» @ [

[TOBOPOT KOHTYpa O3HA4aeT, YTO Ha Hero
OeNCcTBYET MexaHN4YeCckun MomMeHT M




Bpauwatowimm momeHT M npamo nponopunoHarneH
BENMYMHE TOoKa /, nnowaan KoHTypa S, eekmopy B n cCnHycy

yrna mexay HanpaBneHnem MarHMTHOro nond n Hopmanu n.

M = ISBsin(i B) =[Pm, B]

%

~Jl Fa B

= P - Ma2HUMHbLIU MOMEHM KOHTYpa



OmHoweHuUe MOMeHma cursnbl K MacHUMHOMY MOMEeHmy %
P

0519 0aHHOU MOYKU MazgHUMHOo20 [0/ 6yOeﬁ%7
OOHUM U meM Xe U MoXem CryXume
xapakmepucmukxkou Ma2HUMHo20 [10/14,
Ha3gaHHOU Ma2HUmMHou uHoykyueu B:

— g:%ax

P sin(1, B)

ﬁ'—eekmop Ma2HUMHOU UHOYKUuuUu,

coernadarowuu ¢ HOpMaJsibio n )
] F

[lo aHanoruu ¢ anekTpuyecknm nornem | — —

q

p




Bmopou cnoco6 no cune Amnepa.

Cuna Amnepa neiicteyer Ha mposoguuk dl ¢ toxom I,
IOMEIICHHBI B MAarHUTHOE moie B3, mampapiena mneprieHmKyispHo
gextopam dl © B W omnpenensercs 1O IpPaBUITY
IIPOU3BCIACHHNA BCKTOPOB. Ha6J_HOJIaCMOG CO CTOPOHLbI

KOHIIa BekTopa dF BpaimecHue BekTopoB dl u B Ha

HAaUMEHBIIUN YToJ1, MPOUCXOIUT IPOTUB YACOBOUM CTPEIIKHU.

dF=[ldl,B] unu F=[JI,B]
B=Fmax / JI



Idi



Tpemuu cnocob6: no cune JlopeHya

Cuiia, 0€MCTBYIONIAA HA SJCKTPUUCCKUM 3apsi]
g BO BHCIIIHEM MarHUTHOM II0JI€, 3aBUCUT QML
cKkopocmu__e20 _osudiceruss V. 1 BEeIUYNHBI
MHIYKIIUA MAarHUTHOTO noJis B(x,y,z).

F = q[V,B].



BbipaxeHune ans cusbl ObI10 Mony4YeHo
ITopeHuem nytem 0006LLEHNA ONbITHBIX
OAHHbIX

F = q[V,B].
Bektop B 4aBnaeTca CUNoBbiM BEKTOPOM
N HE 3aBUCUT OT BENUYUHBbI N OBUXKEHUS
3apaga g, OH XapakTepusyeT TOMbKO
MarHMTHOE rore, B KOTOPOM ABUKETCH

3apsag d.
B=F_ /(qgV)

max



1.2. 3akoH bno—CaBapa-Jlannaca

B 1820 r. qopaHLUy3ckue dpusnkm
KaH batnct buo n ®enukc Casap,
npoBenn uccrnegoBaHUsa MarHUTHbIX
Nnoren TOKOB pasnMiHOU opMbl. A
dopaHuysckmn  matrematuk  [lbep
INlTannac o0o0oLWmN 9TU

nccnegoBaHuS.



.

[bep-CuMOH Jlamaac (23 mapra
1749 — 5 mapra 1827) —
BiAaOMMiic PpaHUY3ICKHH
MATEMATHEK, PHIHK H ACTPOHOM;
H3BecTeH padoTaMHu B 00.1aCTH
HebecHol MeXaHHKH.
ndpepenunasubix

YPABHCHUMN, 0/1HH W3 co3aTeei
TEOPHH BePOS THOCT €I,

~



qV=const

; iOFIBﬂS’-IGTCFI

MarHUTHOE NOJIE



3akoH bno-CaBapa—Jlannaca

Anemenm moka dnuxbi dl cozdaem
rnosie ¢ MacHUMHoU UHOYKUueuU:

[dl




3neck: [ —ToK: 4B — kLil

dll'l— BEKTOP, coBnagatoLmm c
afleMeHTapHbIM Y4acTKOM TOKa
N HanpaBneHHbIW B TY CTOPOHY,
Kyaa TeYeT TOK; 7

%‘I — paanyc-BeEKTOP,
NpoOBEOEHHbIN OT ANIEMEHTA
TOKa B TOYKY, B KOTOPOU Mbl
onpenenseMm dJB;

I — MOOyNb paanyc-BeKTopa;
K — KO3 PULMNEHT
NponopLMOHaNbLHOCTH,

3aBUCALLUN OT CUCTEMBI
eaNHULL.




Bekmop
Maz2HUMHoU
UHOyKUUU dB
HaripaesreH
rneprneHOUKYrsipHO
r/10cKkoCcmu,
rpoxoosiuwet 4epes dll'I
U MOYKY, 8

Komopou
8bI4UCIISeMCcH
riose.




[1one ameMeHTa IPOBOIHMKA C TOKOM

. i

r 4
dB

dB =10 . . -sina

4 1




HanpaBrneHue dB cBsizaHo C HanpaBreHmnem dl
«ripasusiom bypasyuka»: HaripaerieHue

gpalWleHuUs1 20/108KU BUHMa 0aem HaripassieHue

; nocmynamendﬁloe dsUXXeHuUe sUHmMa

coomeemcmeyem Haripas/ieHUo mokKa 8
arnemMeHme.

kiki

y




3akoH buo—Casapa—/lannaca
ycmaHaernusaem e8esiudUHy U HaripaerneHue
gekmopa dﬁ 8 r1poU380/IbHOU MOYKeE
2HUMHOR20 r10/14, c030aHHO20 MPOBOOHUKOM
MOoOKoMm |.

MoOyrnbe eekmopa oripedesiaemcsi COOMHOWeHUEM:

iR — & Id/sina |

2
r

roe a - yron mexay drn %"l; K — KOO(PPULINEHT
NPONOPLMOHASIbHOCTM.



3akoH bno—CaBapa-Jlannaca gns
BaKkyymMma MOXHO 3anucaTb Tak:

g — Mo IdIlsino

2 9
AT r

rae u, = 4n -10= HafmMutHas
NOCTOSIHHaS.



dl 0

/

dB o Ssing

sinf®d=1 sin3®¢ =05
sin0P=0



MazaHumHoe rnione nobo2o moka Mmoxem
bbimb 8bI4UCIIEHO KaK 8eKMmMopHas cyMmMma
(cyneprnio3uyusi) rnosieu, coloasaembix
omoesibHbIMU 3rieMeHmapHbIMU
yyacmkamMu moka:

B=Y"B.



1.3. MarHutTHoe none
ABUXYyLLerocs sapsaga

JJ/ieKmpu4vdeckuu
MOK — yrnopsiOo04YeHHoe
dsuxxeHue 3apsidos,

a, Kak Mbl JOKa3anu
TONbKO YTO, Ma2HUMHOeE |
rnoJsie nopo)xoaemcsi
deuwXywumucs
3apsidamul.

langem MarHUTHoOeE norne,
co3JaBaemMoe OAHUM

ABUXYLLUMCA 3apAAoM
(puc. 1.5). (puc. 1.5)



(1
B ypaBHeHUU dB k ][C%fj’zgl/leHMM TOK /

3
v

Ha |S, rae j — NNMOTHOCTb TOKa.

N
Bektopbl u) diveroT oguHakoBoe

HarpaBJi€HNE, 3HA4YUT.

1dl = Sjdl.



Ecnu Bce 3apsaabl ogMHaKkoBbl U UMEIOT 3apsa g,

B 'jJ: anUI (1.3.1)

roe n — 4Yncno HocuTteneu 3apsana B eanHuLe

o0beMa;
5'ApeiichoBas ckopocTb 3apsioB.

Ecnu 3apsabl NONOXUTENbHbIE, TO U
MMEIT OOHO HanpasneHue (puc. 1.5).
[Togctasme (1.3.1) B (1.2.2), nony4unm.

dgz ad Sdlnqg[H’H. (1.3.2)

41t A




O6o3Haumm  dN = Sd/n — yncno
HOCUTENEWN 3apsaga B oTpe3ke Pasgen
(1.3.2) Ha 3TO YMncno, NoslyYynM BblpaxkeHue
ANA UHOYKUUU Ma2HUMHOR20 roJisi,

co3daeaemMo20 OOHUM 3apﬂ%?M,
OBWXKYLLIMMCS! CO CKOPOCTbHO

El d_B Ho 4 [JUIH

dN 4n

(1.3.3)



B ckansipHon popme UHOyKuUs
Ma2HUMHOR20 oJisi 0OHO20 3apsioa B
Bakyyme onpeaensercs no doopmyne:

. L
v sin(U, T
I 2( u)- (1.3.4)
4 r

OTa opmyna cnpaBeasiMBa MNpu CKOPOCTAX
3apsKEHHbIX YacTul, D << ¢



1.4. HanpsAXXeHHOCTb MarHUTHOro
nons

MazaHumHoe riorie — 3mo o0Ha U3
QOpPM Mpos8rieHUs
31EKMpPOMa2HUMmMHo_20 riorsis,
OCODOEHHOCTbIO KOTOPOro ABMAETCS TO,
4YTO 3MoO noJsie delicmayem MmoJibKO
Ha dsuW)XXyuwuecsi Yacmuuybl U mena,
obnadarowue asrieKmpu4eCcKum
3apsiooM, a makxxe Ha
HaMa2HU4YeHHbIe merna.



MaaHumHoe rosie co3oaemcs rnpos8ooHUKaMu
C MOKOM, O8UXKYUWUMUCS 3r1eKmMpuU4eCcKUMU
3apsXKeHHbIMU YacmuuyamMu U mesiamu, a makxe
rnepemMeHHbIMU 3/1IEKMpPUYECKUMU MOSISIMU.

Cusnoeou xapakmepucmuKou MacHUmMHO20
MoJis1 CJZIYXKUM 8eKmop Ma2HUMHOU UHOYKUUU
r1os19 c030aHHO20 OOHUM 3aps00M 8 8aKyyMe:

B — Ho Q[%LH

An 7>




®dU3nueck1u CMbICH
MarHUTHOW MHAYRLUUN

I F
qVsina
Tn=H-c/Knm




Hanpsi>xeHHOCMbIO Ma2HUMHOR20 MoJis
Ha3bliearom 8€KMOPHY 8€JIUYUHY ,
Xxapakmepu3yrouwyro Ma2HUMHoe roJie u
oripedesisieMyro criedyrowum obpa3om:

HanpsaXeHHOCTb MarHUTHOro nong 3apsaa q,
OBWXYLLIErocd B Bakyyme paBHa:

|:| [ l_q 3akoH buo—

H = Caeapa-
A P Jlannaca ons




[lo;te mpsAMoOro ToKA




1.5. MarHnTHoe none nNpaAMoro
TOKa

PaccmoTpum
MarHUTHoe none

NPSAMOro Toka




[TyCcTb TO4YKa, B KOTOPOW onpeaenaeTcd
MarHUTHOE nose, HaxoauTcs Ha
paccTtosaHun b ot npoBoaa. M3 puc. 1.6
BUOHO, YTO:

i b dl:rda:bda

. ) : : '
SINO SINO smz(x

[loacTtaBuB HAMOQeHHbIe 3Ha4YeHud r n d/ B
3akoH buo—CaBapa—Jlannaca, nony4um:

W, Ibdasinasin‘a  p, I

=T 5 sinao dao.
4t sin“o-b 4nt b

dB



[na KkoHe4YyHO20 NPoO8OOHUKa yron d
M3MeHsAEeTca oT O, , A0 Ol,.

) %) ] L)
TOI',EI,a. B = de = JSIHOLdOL = COSOLI COSOLz )
7I

B = My (cosa, —cosa, )

47th




[Inss 6eckoOHeYHO OSTUHHO20 rNMPOBOOHUKa

a (11 Hlﬂl;l,a az = 7T

B:H&L]u B:'UOZI,
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1.6. MarHuTHOE none KpyroBoro
TOKa

PaccmoTpum none, co3gaBaeMoe TOKOM |,

TEKYLLMM NO TOHKOMY NMpoBoay, MMetoLLemMy
doopmy oKpyXHOCTKU paanyca R (puc. 1.7).
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sinf = — dB, = dBsinp

r

T.K. yron mexay d[ W %‘J O — NPSIMOWN,
TO sing =1, TOr4a nomnyvunm:

R p, Idl R

4 47tr2r

dB, =dB =



Moactasue B (1.6.1) = A+ 2
NMPONHTErPUPOBAB N0 BCEMY KOHTYPY [ = 271R
Nofy4ynMm BblpaXXeHne O HaxoXaeHus
Ma2HUMHoOU UHOYKUUU Kpy208020

MOKa: (1.6.2
2R 27'L'R

2 R°1
j dB, = ’“‘0 j T P W

PU, x =0 NOJTy4YUM MaaHumHym
UHOYKU U 8 UeHmpe Kpy208020 MOKa:

2R



[losie B eHTpe KPYroBoro Toka
==




Ha paccmosiHuu x om 2RI
KoJsibUa nosay4um — o
Ma2HUMHYI0 UHOYKUUO 4 (R2 L )A

B_auo

lMpu x>>R, m.e., Ha 27'L'R2[
6os1bWIOM paccmosiHuu om i
Kosibya rnosiyyum Al 5

B=1



3aMeTuMm, 4to B Yncnurtene (1.6.2)

InR* = IS=NPArHUTHbIA MOMEHT KOHTYpa.
orga, Ha 6OsIbLIOM PacCTOAHUM OT
KOHTYpa, Npu , MAarHUTHY K< x
MHOYKLUUIO MOXHO paccyuTaTb 4Yepes
MarHMTHbIN MOMEHT P o cpopmyne:

B = Ho 2PM, (1.6.4)
A x°




Cunosble NNMHUX MarHUTHOro Nons
KPYroBOro Toka XxopoLio BUAHbLI B ONbITe C
XenesHbiMu onunkamu (puc. 1.8).
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MaramTHOe noJe
CIIH paJiy






OmnpenencHue MoToKa
BEKTOPAa MATHUTHOU MHIYKIUH

& B

add = BdScosx



1.7. Teopema lNaycca gns
BEeKTopa MarHUTHOU MHAYKLUN

[Tlomok eekmopa @, Yyepe3 3aMKHymyHo
rnoeepxHocmsb Q0JKeH 6bImb paseH HYJIHo.

Takum obpasom:
@, ={BdS=0
" (1.7.1)

3Imo meopema laycca Ons @B
(B UHTErpanbHOn oopMe). Momok eekmopa
Ma2HUMHoU UHOYKUuuu 4yepe3s 1iobyro
3aMKHYymMyro rnoeepxHoCmb paseH HYJIHo.



B npupode Hem macHUMHBbIX 3apPsi008 —
UCMOYHUKOB8 Ma2HUMHOR20 r0Jisl, Ha
KOTOPbIX HAYMHANUCb U 3aKaHYUBaANUChb Obl
FINHUM MAarHUTHON UHAYKLUUMN.

3aMeHUB NOBEPXHOCTHbIN nHTerpan B (1.7.1)
0ObEMHbIM, MOSTYYUM:

j VBdV =0
(1.7.2)

G0 b (G
i A an—Joge aTtop Jlannaca.



MazHumnHoe nosie o6rradaem mem
ceolucmeoM, Ymo e20 dusep2eHUuUs1 8CHOOY
paesHa Hyso:

div B 21 VB =0.

(1.7.3)

ONEeKTpoCTaTUYECKOro nNonst MoXeT ObITb
BblIpaXXEHO CKansipHbIM NOTEHUMaNom ¢, a
Ma2HUMHoe roJsie — suxpeasoe, Usnu
cosieHoudaJsibHoe



OcCHOBHBbIC YPABHEHUS MATHUTOCTATUKH

 (OcCHOBHbIE YpaBHEHNS MArHUTOCTATMUKK ONA MarHUTHbIX
nonew, co3gaHHbIX MNOCTOAHHBLIMU MOTOKaMU 3apsaaos,
3anncaHHble B AnddepeHumnansHon popme, UMeKT BUA

IlepBoe u3 3THX
YPABHEHUU F'OBOPHUT, YTO
d : EI . O IMBepreHnus Bekropa B
1V - pPaBHA HYJIO (CHJIOBBIE
JIMHUU - 3AMKHYThbI).

A BTOpOE YPABHEHHUE
FOBOPUT, YTO MATHUTHbIE

- :
rOtB — “ OJ MOJIsl CO31AI0TCHA TOKAMM, a

MATHUTHBLIX 3aPA10B HCT.



»  BO3HMKaKOT MarHMUTHbIE NONS B NPUCYTCTBUM TOKOB U

SABMATCA BUXPEBLIMU MONSAMU B 006MacTu, rge ectb TOKM.
»  BekTopHaa pyHKLUMA BEKTOPHOro apryMmeHTa — pomop.
e3simasi om B, nponopuyuoHasibHa NJIoOMHOCMU MOKa

IRl L

rot B = G O
Cal O @

B, B, B.

= Ug ]

» MarHuTHble NMMHUM 0DPa3yIOT NETNU BOKPYr TOKOB.

» He nmesa HM KoHUA, HX Havana, nMHMKM B Bo3BpallatoTcs
B UCXOAOHYIO TOYKY, 00pa3ysl 3aMKHYTblE NETIIN.

» B ntoObIX, caMbIX CNOXHbIX criydaax nuHn B He ncxoas

N3 TOYEK.

*YTBEP)KOEHNE, YTO, divﬁ =0 cnpaBeanuso Bcerga.



CpaBHVIB YPAaBHEHUA MAarHUTOCTATUKH
rotB=p,j  divB=0

C YPABHEHUSIMH JIEKTP TaTd/IKI/I

1‘()t13I 0 div
&

MO>XHO 3aKJ/io4umb, 4mo

] MacHUMHOE rnoJsie suxpesoe U
co3daemcsi mokKamu a
Ma2HUMHbIX 3apsiooe8 Hem.

Jastlekmpu4eckoe rnoJse ecea0a
rnomeHyuasibHO, a e20 UCMOYHUKamMu
s18J1IIIOMCS 3/1IeKmpuYyecKue 3apsiobl.




Maz2HumHoe nosie 8 npocmpaHcmee He
rnomeHuuasbHO, a siesisiemcsi auxpeebiM. E20

cusioseble JIUHUU 3aMKHymbIl. E20 UCMOYHUKOM
CJ/lyXKam 3J71eKmpuy4yecKkue moku.
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" MarauTHOTo aHAJIOTA IEKTPHYECKOTO 3apsi/ia He
cyumiecrByeT. Her 3apsiioB, U3 KOTOPbIX BHIXOAAT JUHUH
BEKTOpPAa MATHUTHOM MHAYKIUHU B.

He nuMess HM KOHIIAa, HM HA4YaJ1a, JUHUU B Bo3Bpalmarnrcsa
B HCXOAHVIO TOUKY, 00pa3yd 3aMKHVYThIE METJIMN.



rotB = o] divB =0

rotjEI =() diVEl —
&

3 cpaBHEHHUS 3TUX YPAaBHEHMIU BBITCKACT, UTO
MCTOYHMKAMH 3JICKTPUYECCKOTO IIOJISI MOTYT OBITh
AICKTPUYECCKUE 3apsibl, a MarHUTHBIC MOJIs
MOTYT BO30Y>KIaTbCS JJICKTPUYCCKUMM TOKAMH.
OTH YPaBHCHUS HE CHMMETPUYHBI OTHOCHUTEIBHO
AIEKTPUYCCKOIO M MATrHUTHOIO IIOJIEM. IJTO
CBSI3aHO C TEM, YTO B MPHUPOAE CYIIECTBYIOT
AICKTPUUYECCKUE  3apsjibl, HO  OTCYTCTBYIOT
MArHUTHbIC



KomMmnbromepHasi Modesib Ma2HUMHO20
rnoJsissi 3emsiu, NoATBEPXKAAKOLLASA BUXPEBOU
XxapakTep, n3obpa)xeHa Ha puc.
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[lnasma B TOKAMAKe

Nuaykrop

TopounanbHbIe
KaTyLIKH

[Ima3sma MaruuTtHoe€ 1noJie

(MArHUTHOE YIEPKAHHE ILTA3MEL)
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