TI'naea 3

JJIeKTPOMATrHETH3M

DJIeKTPOMATHeTH3M — pa3faen  (QU3UKHA, HW3YYANIUH  JJIEKTPOMArHUTHOE
JIBUKCHUE MaTepur, €€ MAarHUTHOE B3auMMOJICMCTBHE. MarHMTHOE B3aMMOJICHCTBUE
MPOSIBISIETC B BHJE CHJI JCUCTBYIOUIMX MEXAY IBWKYLIIMMHUCSA 3apsigaMH, U
BO3MOKHO TOJIBKO B MAarHUTHOM MOJIE.

3.1. MarauTHoOe moJjie

[IpoBOAHUK C TOKOM MPENCTABISIET COOOM ANEKTPUUECKH HEUTPATBHYIO CUCTEMY
3apsa0B, B KOTOPOM 3apsi/ibl OJTHOTO 3HAKa JIBUXKYTCS B OAHY CTOPOHY, a 3apsibl
JIpyroro 3HaKa - B IPOTHUBOINOJOXKHYIO (InOo mokostcs). CrenoBarenbHoO,
IIPOBOJHUK C TOKOM HE MMEET JJIEKTpUuecKoro mnoiisa. OIHAKO, €CIU MOMECTUTH
BOJIM3U NMPOBOJAHUKA MATHUTHYIO CTPEJIKY, TO OHA MOBEPHETCS U 3aUMET yCTOMUMUBOE
nonoxkenue. [Ipy n3smMeHeHnn HanpasJIeHUsI TOKA B MPOBOJHUKE MAarHUTHasl CTPEJIKA
IIOBOPAYMBAECTCS B POTUBOIOJIOKHYIO CTOPOHY.

BpamieHne MarHUTHOM CTpPEJIKM BO3MOYKHO TOJIBKO NPU JEHUCTBUU HA HEE CO
CTOPOHBI MPOBOJHUKA, KOTOPBIA 00pa3yeT BOKPYTr ceOsi CUIOBOE MOJIe, HA3bIBAEMOE
MAarHUTHBIM.

Mazcnumnoe none 0opazyemcs 08UNCYUWUMUCS 3APAOAMU U OOHAPYHCUBAEMCS NO
HOBOPONMY MACHUMHOU CIPEKU.

[Togo6HO TOMy, Kak JUisl MCCIIEJOBaHUS AJIEKTPUUYECKOrO

=1

MOJIS UCTIONB3YETCSl IPOOHBIN 3apsijl, TaK W YISl UCCIICIOBAHUS S
MarHUTHOTO TIOJSl TPUMEHSETCS 3aMKHYTBIM KOHTYP MallbIX
pa3mepoB ¢ TokoM | (mpoOubIit kKoHTYP) (puc.3.1.). MarauTtHoe
1oJie OKa3blBaeT Ha MPOOHBIH KOHTYp OpUEHTHUpYIOLIee i\_u
nercreue. KOHTyp ¢ TOKOM HOBOpAadMBAETCA IO BEKTOPY Puc 3.1
HOpMaJIU N, KOTOPBIM OMPENENAeTcs MO «npasuny Oypaguuxaxy
(nocmynamenvhoe 08udicenue OypasuuKa coenaoaem ¢ 6eKmopom N, pawamenbHoe
— C HanpasieHuem moKa 8 KoHype).

Hopwmaib, onpenenénnas no «mnpaBuily OypaBuHKay, Ha3bIBACTCS NOAOHCUMENLHOT
HOPMATIbIO.

[IpoOHBIII KOHTYp B MarHMTHOM IIOJI€ 3aHMMAeT YCTOMYMBOE MOJIOKEHHUE, B
KOTOPOM €ro BEKTOpP HOPMaJIM 1 COBMAAAET C HAMPaBJICHUEM MarHUTHOro nojsi. Eciu
KOHTYp TIOBEPHYTh Ha HEKOTOPBIA Yroys 0 OTHOCHTEIHbHO HAIMpAaBICHHUS TOJIA, TO

BO3HHMKAET BpaIllAlOIMMA MOMEHT M, BO3BpallalOIMii KOHTYp B MPEXKHEE
yCTOHUYMBOE MOJOKeHHe. MOy b BpAIAomero MoMenTa M 3aBHCHT OT yria o
MEXIy HOPMalIbl0 KOHTYpa W HANpPABJICHHEM TIOJIS, JOCTUTAas HauOOJBIIETO
3HaYeHUus M, npu o =7/2 (npu o =0 MOMEHT paBeH HYJIIO).

B onmHoit u TOW e TOYKE TOJISI Ha pa3Hble MPOOHBIE KOHTYPHI TIPH
(UKCHUPOBAHHOM YIJIe O JIEUCTBYET BpAlAIOIIMI MOMEHT, KOTOPBIA HE 3aBUCUT OT
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dbopMBI KOHTYpa , HO MPOMNOPIMOHAICH cwie Toka | B HEM u Twiomaam S.
CrenoBaTenbHO, JEWCTBUE MArHUTHOTO TMOJISI HA IUIOCKUKA KOHTYp C TOKOM
ompenensercss npousBeieHreM [-S, KoTopoe Ha3bIBACTCS OUNONbHbIM MACHUMHbIM
MOMeHmoM KOHTypa M o0Oo3Hauaercs P, (aHajoruyHo Bpallaroldii MOMEHT,
JNEUCTBYIOIIMKA B DJEKTPUYECKOM  TIOJE€  HA  JUIOJb, I[POHOPLHOHAIEH

IIEKTPHUYECKOMY MOMEHTY JUTIONSA p=(- | ).

Hunonvuviti MacHUMHBILL ~ MOMEHM — GEeKMOPHAS BeIUUUHA, COBNAOAIOWAs C
HanpasieHuem GeKmopa MNOJONCUMENbHOU HOPMANU KOHMYPAd U UYUCIEHHO DABHA
npouseedenuto e2o naowjaou S na mox I 6 Hém.

P =1-S:n, (3.1

Mopysib MArHUTHOTO MOMEHTa u3MepseTcs B [A-M?]

Ha npoOHble KOHTYpBI, pa3Iuyaonecs 3HaYeHUEM P, B 3sanannoii Touke moms
JNEUCTBYIOT pasHble MO MOIYJIIO Bpaujaromue MoMeHTbl M. OJIHako OTHOIIEHHE
MOJTyJIel ATHX BEKTOPOB OKa3bIBACTCS MpU (PUKCHPOBAHHOM yTJI€ O OJHUM U TEM Ke
U OIIPENENSIeT MOAYIb MACHUMHOU UHOYKYUU.

B — Mmax
P 2

m

(3.2)

rae M,.x — HauOoJblllee 3HAYEHHWE BPAIIAOIIEr0 MOMEHTa KOHTYpa, KOrja OH

TIOBEPHYT OTHOCHTEIHHO HATIPABIIEHHS MO HA yron O =T/2

Macnumnas  uHOYKYusi ecmvb  6eKMOPHAA — GeIUYUHA, MOOVIb  KOMOPOU
onpedensemcs 6vipaxceHuem (3.2), a HanpagieHue 3a0aemcsi pPAaGHOBECHbIM
NOJIOJHCEHUEM NONOICUMENLHOU HOPMATU KOHMYPA C MOKOM.

WNuaykuusa MarautHOro nodist B cucreMe CU u3zmepsiercs B [ Ti] — tecna.

Tecna — MHAYKIMS MarHUTHOTO IOJIS, KOTOPOE NEUCTBYET HA IUNIOCKUM KOHTYDP C
MATHHTHBIM MOMEHTOM P,=1 AM’ U CO3/aéT MaKCHMAIIbHBIIA BpAIIAOIIAN MOMEHT
M,,= 1Hm.

VYuuTsiBasi BEKTOPHBIN XapakTep BXOIAUIMX B COOTHOLIEHHE (3.2) BEIUYUH,
HaIIpaBJICHUE U MOJYJIb BPAIAIOIIETO MOMEHTA ONPEAEIAETCS COOTHOLIEHUEM

—

M=[B-B,|, M=B-P,_sina, (3.3)

rJIe O - Yroi Mekay Bektopamu P u B .
OnbIT MOKa3bIBAET, YTO I MarHUTHOTO MOJIA, KaK U ISl AJIEKTPUUYECKOrO,,

COPABEMJIUB  HNPUHYUN  CYNEpnosuyuu:  UHOYKYus  MasHumHnoz2o noas B,
00pA308AHH020 HECKONLKUMU (1) OBUNCYIYUMUCS 3apsaoamu (moKamu) 6 3a0aHHOU
MouKe nPpoCMparHcmed, pagHa 6eKMOpHOU cymMme UHOYKYuti noaeti B; , obpazosannbix
3apsadamu (moxkamu) 8 omoeaibHOCmu,
n
B-Y'B,
-1
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3.2 JIuHMM HHAYKIMH MATHUTHOTO TOJIS

Jlunusmu uHOYKYuU MACHUMHO20 N0 HA3bIGAIOM JUHUU, KACAMENbHble K
KOMOPbIM COBNAOAIOM C 8eKMOPOM UHOVKYUU MACHUMHO20 NOJIA.

JIuHUM WHIYKIUU TOMOTalT MPEJICTaBUTh KAPTUHY MAarHUTHOTO TOJS U
ONpeNeNuTh €ro BeJIWYMHY W HampaBlieHWe. Hampumep, JIHMHUM HWHIYKIUU
MAarHuTHOTO TIOJISl MPSMOJIMHEHMHOTO MPOBOJHUKA C TOKOM MPEACTABISAIOT COOOM
KOHIICHTPUYECKHUE OKPYKHOCTH, JIKAIIUE B TUIOCKOCTH, MEPIEHAUKYISAPHOM
MIPOBOJIHUKY, IIEHTP KOTOPHIX HAXOJAUTCS HA OCH IPOBOIHMKA (puc. 3.2).

L g
ot
SERE

B

N Puc. 3.2.

lin,
pingt

JInaun HHAYKIHUH CTPOAT TAK, YTO MX I'yCTOTA OIPCACIIACT BCINYHUHY BCKTOpPA

B B JIaHHO} TOYKE IOJIS. HamnpaBnenue CHIIOBBIX JTUHUN ONPEAEIAETCA N0 «IIPABUILY
OypaBurMka», B KOTOPOM IIOCTyHaTelbHOE JBW)KCHHE OypaBuMKa COBMAJaeT C
HampaBlIeHUEM TOKa, a BpalaTeIbHOE C HAIIPABJICHUEM CHIIOBBIX JIMHUM.

Baxxnoe cBOMCTBO TUHUI HHIYKIIUU COCTOHUT B TOM, YTO OHH BCETJa 3aMKHYTHI
WIH HUAYyT U3 OECKOHEYHOCTH W yXomaT B OeckoHedyHOCTh. llonme Takoro Twma
Ha3bIBAIOT guxpegvim. ClieJ0BaTENbHO, MACHUMHOE NOJIE - MO BUXPeBoe NoJle.

MaruutHoe 1osie  MOXET ObITh  OJHOPOJHBIM U  HEOAHOPOJHBIM,
CTaI[MOHAPHBIM U HECTAI[MOHAPHBIM.

OonopooHoe none — smo none, UHOYKYUS KOMOPO20 B0 B6CeX MOUKAX
NPOCMpanHcmea O0O0UHAKO8A, A JUHUU UHOVKYUU NPpeOCmasisiom npsimvie O00HO2O
HanpaeieHus pacnoloHCeHHble Ha 0OHOM PAcCMOoAHUU Opy2 om Opyad.

Heoonopoonoe none — smo none, B KOTOPOM OT TOYKHM K TOYKE MEHSETCA
aGCOTTIOTHAS BETMYNHA U HAMPABICHHE BEKTOpa B .

Cmayuonapnoe macHumnoe nojie — 3TO NoJIe, MAarHUTHAsI HHYKLIHS KOTOPOIO
HE 3aBUCUT OT BPEMEHH.

Hecmayuonapnoe maenumnoe nonie — 3TO TMOJE, MarHUTHas WHIYKUUS
KOTOPOTO 3aBUCHT OT BPEMEHHU.
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Bonpocol u 3a0anus oarsa camonpoeepku

B uem nposiBisieTcst MarHUTHOE B3auMoecTeue?

Kak onpenensiercss HanpapiieHMe HHAYKLIUUA MAarHUTHOTO MOJIS B 3a/laHHOM Touke?

OT Kakux mapaMeTpoB 3aBUCUT MOJyJIb BEKTOpa MHIYKIIUU MarHUTHOTO I0JIsA?

Jaiite onpeneneHre MarHUTHOIO MOMEHTa KOHTYpPa C TOKOM.

OrmpezenTe MOMEHT CHIT AHCTBYIONMX Ha PaMKy ¢ TokoM / =1 A u mromasio S=1m B

Nk W=

MarauTHOM T10J1e ¢ B=1Tn, korma yroa Mexmy Bektopamu 71 u B cocrasnser 30°.

Hpumepvl peuwmenun 3aoau

3amaua 3.1
[lnockass karymika, cocrosimas U3 N = 20 BUTKOB IUIOLIAJbIO S=0,3cM’> KaxKIblii,

pacronio)keHa B MarHuTHOM mosie ¢ uHaykuued B=0,5 Tu. III0CKOCTh BUTKOB KATYIIKH

0 o~
cocraBinsier yron o=135" ¢ BekropoM HHAYKUuH. Onpenenuts BpallalOUMil MOMEHT,
JEUCTBYIOIIMI HA KaTyIIKy, €CJIM Yepe3 BUTKH TeueT Tok [=0,1A.

Jano: N = 20;
S=0,3cm* =03-10"m?; P
a=135"; % 5 . B
I=0,1A. = =
Haiitu: M. B
Karymka ¢ TokoM [ cO3maeT MarHUTHBINA 7
MOMEHT P_=1-SN, KOTOPBIN HaIlpaBJIeH

MEePIEeHIUKYISIPHO TIOCKOCTH BHUTKOB KaTymIKH. Ha KaTymiKy cO CTOPOHbI MarHMTHOTO TMOJIS
JEHCTBYET Bpallarouuii MOMEHT M = [Pm ‘BJ.

Moaynb Bpanjaromero MOMeHTa
M=P_-B:sinf=1-S-N-B-sin(a—90), (1)

rae B=a—90 - yrom Mexay BEeKTOpamu PnuB.
Otser: M =1-SNBsin(a—90)=21,2-10"H ™ .

3agaya 3.2
o 2
MarHuTHBIi MOMEHT KaTywmku paseH P = 0,2Am". Onpenenurs cuiny TOKa B KaTyLIKE, €CIIU
oHa conepxut N=20 BUTKOB quameTpom d=4 cMm.
. _ 2

Hano: P, =0,2Am

N=20;

D= 4cm=0,04Mm.
Haiitn: 1.
MarHuTHbBIII MOMEHT BCEeM KaTyIIKH I€OMETPUYECKH CKIIAJbIBAETCSI U3 MAarHUTHBIX MOMEHTOB

€ro BUTKOB f)B
N
PKaT = ZPE ‘ (1)
i=l1

Tak Kak MarHUTHbIE MOMEHTHI BCEX BHMTKOB HAlpaBJICHBl COIJIACHO IMpaBWIy “OypaBuuKa’
BJIOJIb OCH KaTyIIKH, TO Gopmyiy (1) MOXKHO 3amucaTh B CKQJISIPHOM BHJIC
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PKaT =iPB :PE N
i=1

CornacHo ¢opmyinbl (3.1) m.3.1 mMarHuTHBIH MOMEHT ofgHoro BuTKa P,= IS, rme S- miomanp
KoHTypa BuTKa. Torna Py, =N-1-S, 4yTo no3BosiseT onpeaenuTs CUIIy TOKA B KaTyIlIKe

P
I: Kar (2)
N-S
HOI[CTaBI/IM B q)OpMy.Hy (2) BMECTO S ee 3HAYCHUC, BBIPAKCHHOC UYCPC3 AUAMCTP BUTKaA
S=xnD*/4

4PK3.T
=X )

4p
OtBer. [ = "‘”2 SA
N=nD

3.3. 3akon buo-Casapa — Jlamuiaca

Kan buo n ®@enuxc CaBap B 1820r mpoBenu uccieoBaHUsS MAarHUTHBIX MOJIEH
POBOJHUKOB C TOKOM. Jlamnac mpoaHanu3upoBall SKCIEPUMEHTAIIbHBIE TaHHBIE U
YCTaHOBWJI, YTO MHAYKIIMSI MAarHUTHOTO TOJISl JIFOOOT0 MPOBOJHUKA ¢ TOKOM | ecTh
BEKTOPHAs CyMMa MHAYKIUH mojieil dB, co31aBaeMbIX OTAEIbHBIMU dJIEMEHTAPHBIMU
Yy4acTKaMH HPOBOJHUKOB dI (2JIEMEHTAMH TOKa), M COOTBETCTBYET NPHHIIUITY
cyneprno3unuu (puc. 3.3).

Puc. 3.3

Jlns BekTopa MHAYKUMM MarHuTHoro mnonss dB u ero moamyns  Jlammacom
nojydeHa GpopmyJiia, KOTopas HOCUT Ha3BaHue 3akoHa buo-Casapa — Jlannaca:

o lldI -] p,ldlsina

dB= 3 5>

, dB= (3.4)

A r At r
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rae Idl — snemeHT Toka, T — pamMyc-BEKTOp, IPOBEICHHBIA OT 3JEMEHTa TOKa B

pacueTHyIo Touky A; A - MarHUTHAs TOCTOSIHHAS; 0 - yroa Mexny Bektopamud] u

V' (puc.3.3).
Vcxonas w3 TpUHIUINA CYNEPIO3WIMH, I ONpEACIICHUS WHIYKIHA

MATHUTHOTO IONS B 3aJaHHOil TOYKE OT BCEro MPOBOJHHKA C TOKOM JUIMHON [
HEO0OXO0IMMO MTPOUHTETPUPOBATH BKJIAAbl MHAYKIUN OT 3JIEMEHTOB TOKA!

B=[dB, (3.5)

3.4 MarnuTHoe 1moJie NPSIMOJIMHEHOT0 MPOBOJHUKA

IIpsmMonuHeliHble MPOBOAHUKM HMMEIOT CaMO€ IIMPOKOE pPaCIpOCTPAHEHUE.
Bcerpedaroress KOpOTKME W JUIMHHBIE IIPOBOAHMKHM. B mepBoM ciyyae juiMHa
IIPOBOJHMKA, KaK IIPaBUJIO, 3a/aHa, BO BTOPOM — HE OIPENEICHAa M CUYUTACTCS
6eckoneyHor. Haliném MHIYKIMIO MarHUTHOTO TOJISI B TOUKE A, PacloioXeHHON Ha
PACCTOSIHUM a OT NMPSMOJMHEWHOTO IPOBOJIHMUKA C TOKOM [ 1 juinHoOM /.

a) 6)

Eun ceepxy

vell

Puc.3.4.

Beiienum B mpoBogHuKe 3yeMeHT Toka (puc.3.4) um mo 3akony buo—CaBapa—

Jlarmaca onpeaenuM UHAYKIWIO MAarHUTHOTO TIOJISL OT HETO B TOUKE A

B = w,Idlsina
duar?

(3.6)

Tak kak B Touke A Bce B mumeror onunaxosbie Hampapmenus (puc.3.46), To
WHAYKIUST MArHATHOTO TIOJS 10 BCEW JJWMHE  MPOBOJHHKA OMpEaeNseTcs
uHTerpupoBanuem dB

[lsina-dl
B=|dp =t 22 (3.7)
1

4wy 1
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BrIpazum usMmensronpecs Benuunnbl r U dl gepes oxHy yrioByro mepeMeHHYIO
o . Beugy manoctu yria do, JiMHA meprieHIuKyIspa b, TpoBeIEHHOTO U3 KOHIIA
JJIeMEeHTa TOKa Ha paguyc-BeKTop T, paBHa: b=rda. W3 mnpsMoyroiabHOro

Tpeyroiaprauka ABC mMonynb paanyca BeKTopa r = ﬁ (puc.3.4a). Torna

dl=—0_; q1= 14 _ ada
sina, sino.  sin’a
[ToncTaBum nostyyeHHbIe 3HaUYeHUS B hopmyy (3.7):
(0 ) ; a
_pJl ra-sina-sinada  p I V2. ol
B= 4‘;t th o aéi)n (ilsm ado = 47‘;3 (cosa, —cosa, ). (3.8)

Jlist GeckoreuHoro nposoaauka ¢, — 0", a o, — 180" u, crenoBaTenbHO, B TOUKE
A VHIYKIUS MarHUTHOTO TOJISt

1ol 0 oy _ M2l _ pol
B= 0% —cos180") = = . 3.
4ma (cos c0s ) 4na 2ma (3-9)

3.5. MarauTHoe 1moJie Ha 0CH K0JbIa C TOKOM

KpyroBble TOKM BCTpeyaroTcs B KAaTyIIKax WHIYKTUBHOCTH W 3JIEKTPOMOTOPAX,
r7ie TMPOBOJHUKU YIOXKEHBI B (opme kosen. OcoObli WHTEpEC MPECTaBISIOT
BEJIMYMHA U HAIMPaBJICHUE BEKTOPA MHIYKIIMA MAarHUTHOTO TOJISI HA OCH OTACIIBHOTO
KOJIblIa C TOKOM B TOUKE A, y/IaJIecHHOU Ha paccTossHuM d OT ero neHTpa (puc.3.5).

Puc.3.5

Beigenum Ha konble pagnycoM R cHMMeETpUYHBIE 3JIEMEHTHI TOKA Idl' u Idl".
[To 3akony buo — CaBapa — Jlammaca omnpenenum B TOUuke A MOAYJIb BEKTOpPA
WHJYKIIMA MAarHUTHOTO TIOJISL OT JIEMEHTA TOKA Idr

IB'— woldl'sina _ w, Idl'

2 2

4nur dmr
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IJIe IOl @ MEXKIYy BEKTOPAMH I' W Idl' pasen 90°. Takoe ke 3HAYEHHE 10 MOLYIIIO
UHAYKIUS MArHUTHOTO MOJISt B TOUuke A OyJeT UMETh OT 3JIEMEHTa TOKa Idl".

BekTopsl dﬁ' u dﬁ" COBIAJAIOT C KACATEJbHBIMU K JMHUAM UHIYKIUU MAarHUTHOTO
nojis ot snementoB Toka Idl' wu Idl", mpoBemenusiMu uepes Touky A. Ilpoekummn

BekTopoB dB' m dB"Ha ocs OY mo abcomoTHON BeIMYMHE paBHBI U OOpaTHBI 1O
3HaKy, W TOJTOMY TIpU CIIO)KEHWH OHH B3aWMHO KOMIICHCHUPYIOT JpYT JpyTa.

CrnemoBatesibHO, CKIAIBIBAIOTCS TOJIBKO Mpoekiuu BekTopoB dB' u dB'" nHa ocs OX.
Torga MOIyJab MHIAYKIIMMA MarHUTHOTO TIOJNsl B TOYKe A ompenensercs
MHTETPUPOBAHUEM I10 BCEH JUTMHE | KombIIa:

l-cosp _I-p, 2R pl-2nR - cosP
= dl==¢ :
nr’ 4qr’ cosp £ 4mr’

B=[dB, =[dB-cosf =2TR “Olj
1 1 0

R
13 puc.3.5 cnenyer, 9to cosp=—,a r’ = R* +d’. Toraa HHAyKINS MATHUTHOTO
r

IT10JIAA Ha OCH KOJIbIIa C TOKOM:

_ WD IR wR
4R +d)” 2R+ 2n(R+d?)” |
B LHCHTPC KOJIblIa C TOKOM, KOI'Id d = O , AHAYKOWSA MAroHuTHOI'O I10JIA
Hol _ MoPy
B ==
TR (3.11)

3.6 MarautHoe moJie Ha OCH COJIEHOM/IA KOHEYHOM JJTHHDI

PaccmoTtpum cosleHOMA € 4YMCIIOM BUTKOB N, paguycoM R W JJIMHOW L, 1o
KOTOPOMY T€YeT TOK [. Bpraenum Ha COJNEHOMIE Ha PACCTOSHUM X OT €ro JIEBOTO
Kpast 6ECKOHEYHO y3K0€ KOJbIo mupuHoi dX (puc 3.6).

HHHEDHEEEHEEEEED)

Puc.3.6
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N

Yucmo BuTkOB B 3TOM Koiblle dN=ndx, rme 1 = — IIJIOTHOCTH BHTKOB

L
conenouna. Cuna toka B Beutenennom koapie dI = IdN = Indx |
Hamnpasum oce OX B10JIb OCH COJIEHOU/ 1A, BEIOpaB Hauaao koopauHat O Ha JIeBOM
Kparo cojeHousa. B Touke A ¢ KOOPAMHATOU X,, KOTOpasi OTCTOUT OT BBIJICIICHHOTO
koJsbIia ¢ TokoM dI Ha paccTostHUM (x1 — X), MOJ1yJIb MAarHUTHOW MHIYKIIMW COTJIACHO
3.10.
u,dIR?

dB(x,) = -
2(R* +(x,—x)*)?

[Tocie moncranoku dl = Indx | MOJTYYUM

1, InR*dx
3
2(R? +(x, —x)*)?

dB(x,) =

Mozyab BEKTOpa MarHMTHOW MHIYKIMH B(X) B TOYKE A Ha OCH COJIEHOWZA
onpenenseTcs naTerpupoBanuemM dB(X;) o Bceil JiIMHE COIEHOUAA:

B(Xl):_L[dB(xl):j. IR dx -

V2R 4 (x, - (3.12)

2 | Jx2+R? \/(xl—L)2+R2 2
TJIe 0 M B - yIJIBI MEXJy OCHIO COJIEHOMIA U PajMyC-BEKTOPOM, TIPOBEICHHBIM W3

paccMaTpuBaeMOl TOYKH K KOHIIaM coJjieHouzaa (puc.3.6).

L
B cepenune MJIMHHOTO COJICHOUIA X, = ) IpH JJIUHE L>>R,

_ Koln X, x, —L _ Woln

(cosP —cosa).

B=p,nl,

Bonpocwl u 3a0anua ona camonpogepku

B uém 3akmrouaTcs NPUHIUIT CYNEPIO3UIUH JJI1 MATHUTHOTO TOJIST?

Omnpenenure NOHITHE HIEMEHTA TOKA

Hanwummre B BekTopHOH 1 cKassipHO# (hopme 3akoH bruo-Caapa-Jlamnaca.

Kak ompenensercs MoAyiab BEKTOpa MHIYyKUMHM MAarHUTHOTO MOJIA JUJISl AJIEMEHTa TOKa U

IIPOBOJHMKA C TOKOM?

5. Ompexnenute MociaeA0BATEIbHOCTh pacuy€Ta MHIYKIUU MAarHUTHOTO IOJSI OT MPOBOJIHUKOB
KOHEYHOH M OCCKOHCUYHOM JJIMHBI.

6. Omnpenennute 3aBUCUMOCTh MOJYJISl MHIYKIIMM MAarHUTHOTO MOJIA KoJiblla paauycoM R=1 m
u TokoM I=1 A ot pacctosiHus d mo ero ocw.

7. Ompenenure MHIYKIUIO MarHUTHOTO 1o B(X) Ha ocu conmenounaa mist x=2L (puc. 3.6)

b
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Ilpumepwvl pewienusa 3a0au

3agada 3.3
JIBa mapajuieNbHBIX OECKOHEYHO J/JIMHHBIX NpoBoaHMKAa ¢ TokoM I, =1, =60A omHOTrO

HalpaBJIeHUsl pacroyiokeHbl Ha paccTosHuM d=10cMm. Omnpenenuts MHAYKLUIO MarHUTHOTIO
noJsis B B Touke A, oTcTOSAIIEH OT IPOBOJHUKOB HA PACCTOSHUM I'1= 5 cM, 12=12 cMm.

Hano: I= 60A;
d=10 cm=0.1mM;
=5 cm=0.05m;
=12 cmM=0.12m.
Hanu: B.

OnpenenuM HampaBiIcHHWs BEKTOPOB MHIAYKUuM B uB,
HOJ'IGfI, cO31aBacMbIX KaXIbIM MMPOBOJHUKOM B

OTIENBHOCTH, U clokuM, B =B, +B,. Moxyns Bekropa

MHAYKUMKA B HalnéM 1o reopeMe KOCUHYCOB:

B =B +B?-2B,B, cosp )

3nauenue uHaykuuu B, u B, onpenenstorcs Tokamu [, [, B mpoBoAHMKAX U PACCTOSHUSMU I'] U

I I
I2 OT IPOBOJIOB JI0 TOUKK A: B, = Hoy ,B, = Mol

2 - .
27, 27,

[oncrasnsist By u By B popmyiy (1) u BeiHOCS ;L—O 3a 3HaK KOPHs, ITOJIy4YUM
n

r oLl
B=t0 |22 912 0o )
2n\1~ 1, Ir,

Borunicnum  cosf. U3 reomerpuueckux mnoctpoeHuid yron [ =180—a, cremoBaTenbHO

cosf} = —cosa koTopslid U3 Tpeyroiapbauka ADC paBeH:
2 2 2
41, —d
cosoq=—"—2—— (3)
2nr,
[Tocne nmoxcTanoBkU B popmyity (2) BMecTo cosf 3HaueHue -cosa (3) mosyyaem
_ KMy
2T,

\/Ifrz2 +Dr? +Illz(rl2 +r, —d’ )

Otser: B = — \/Ifrzz +0r] JrIIIZ(rl2 +1; —dz): 31-107° T
2mr,t,

3agaua 3.4
Onpenenutb MHAYKUMIO MarHuTHOro mnojisi B B touke O, cozmaBaemoro tokoM |=80A, B
JUTMHHOM M30THYTOM MPOBOJHUKE (puc). Paanyc KpuBU3HBI M30THYTOM yacTh rpoBoga R =10cm
Hano: 1 =80A;
R =10cMm =0,1m.
Haiitu: B.
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MarHuTHYIO HHAYKLHUIO B B touke O HaiizieM, UCIIOJIb3Ysl IPUHIIMIT CYTIEPIIO3ULIMY MAarHUTHBIX
noneit B = Zﬁi . Pa3o6beM NpoBOJHMK Ha TPHU YacTH: JBa NPSIMOJIMHEHHBIX MPOBOAHUKA 1 U 3, U
nyry 2 paguycom R . Torma

B=B,+B, +B,,
rue ]§1,]§ , U B , - MarHuTHble MHAYKIMU nons B Touke O,

CO3/1aBaeMble TOKOM, TEKYIIUM COOTBETCTBEHHO Ha KaXJa0M
y4acTKe IPOBOHUKA.

Tak xak Touka O JI€XKWUT HA OCH NIEPBOTO MPOBOJHMKA, U O, U
a,= 0, To onpenensas B, no ¢opmyne (3.8), noayuum B, =0.
Torma

— =

B=B, +B,.

YuureiBas, 4YTO BEKTOPHI ]§2 u B, Hampasinensl, B
COOTBETCTBUM C TMPAaBWIOM OypaBuMKa, TWEPIEHANKYJISIPHO IUIOCKOCTH 4YepTexa OT Hac,
F€OMETPUUECKOE CYMMHUPOBAHUE 3aMEHUM aIre0pandecKum
B=B, +B;.
MarauTHy10 MHIYKIUIO 101 B, HaineM, UCIOnb3ys BBIPAKEHUE [UIsi MATHUTHOM MHIYKIVH B
LIEHTPE KPYTrOBOI'O MIPOBOJIHUKA C TOKOM | C y4eTom TOro, YTo MarHMTHOE MOJI€ CO3AETCs AYToi 2

Bl

4R’

2

Marnuthyto uHayknuoo B, HalineMm, ucnonssys gpopmyiy (3.8)

I
B :u—o(cos o, —CoS az).
3 4ma

B namem ciydae a =R, q, zg (cosa, =0),0, =7 (cose, =—1).

Torna
M ol

4n R
Hcnoinb3ys HaliieHHbBIE BeIpakeHus uid B, u B, , nomyunm

> 77 4R 4R 4R

3

(m+1) (1)

I
Otser: B=- (n+1)=331-10°Txn
4T R

3angava 3.5
Ha conenoupn nnunoit L=40cm n nuamerpom D=4cM HaMoTaH ofuH ciiod U3 N BUTKOB MEIHOM

npoBosiokn quamerpoMm d=0,5mMMm. CosleHOHT TOIKITIOYMWIA K HUCTOYHUKY TOKAa C HAMPSIKCHHEM
U=10B. Onpenenuts UHAYKIUIO B MarHUTHOrO Mol B IIEHTPE Ha OCH COJIEHOHJA. YAENbHOE
conporusienue meqr p=1,7-10°0Om- M.
Hano: U =10B;

L=40cm=0,4M;

D=4cm=0,04M;

d=0,5mMm=5- 10'4M;
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p=1,7-10°0OM M.
Haiitn: B.

MHykimst MAarHUTHOTO OISl HA OCH COJICHOW/IA, YUYUThIBasi cooTHoIeHue (3.12), paBHa:

w,In X x—L
B(x)= _ - : ()
D » D
\/x2+ \/(X—L) +—
4 4
L N L 1
rIe X =—, N = — — YHUCJIO BUTKOB HA CIUHHMIIC JITUHBI coieHonaa. Tak kak N = i TO N = s
Cuia ToKa B COJICHOU/IC OTIPEIENSIeTCS
U
[=—. 2
R ()
2
[MoxcraBnsiss B mocnenHow dopmyny R = pé, rie l=nD-N= mDL , S= % , 1,p-nmna n

YILCJIBHOG COHpOTI/IBHeHI/Ie MGI[HOf/i HpOBOJIOKI/I, HOJIy‘II/IMI
ud’®

I= . 3
4p DL )

. 1
HOI[CTaBI/IM HaAauJACHHOC COOTHOIICHUEC MAJIsA CUJIblI TOKA U IIJIOTHOCTH BHTKOB N = E B (bOpMyHy

. L
(1) m HalimeM MHIYKIMIO MATHUTHOTO TIOJISl HA OCH COJICHOUA MPU X = E

:uOUd2 L2 L2-L :uoUd{ 1 . )
8pDL| [12 D2 L 2 D2 4D |JL?+D?
4 s Yty
u,Ud? 1

OtBeT: B= =29-10"Tu.

4pD . N1 +D?

3.7. Hupkyasuusi BEKTOPA HHAYKIMHA MATHUTHOTO MOJIsI.
3aKO0H MOJHOI'0 TOKA

Wurterpan $Bdl HasbBaeTcs yupkyasiyuei 6ekmopa uHOYKYUU MASHUMHO20 NOJs

N0 3aMKHYMOMY KOHMYDY.
Jns omnpeneneHyus MAarHUTHOM HHIAYKIMU C CHUMMETPUYHBIM PACHOJIOKEHUEM

BUTKOB C TOKOM BBIYHCISCTCS HHTerpan $Bdl mo 3aMKHYTOMY KOHTYpY BEKTOpa
VHJIYKIIMA MAarHUTHOTO oISt B .

Haiinem wunterpan §Bdl mast xonTypa [ mMpoOW3BOJIBHON (OPMBI, JESKAIIETO B

TUIOCKOCTH, IEPIIEHANKYJISIPHON K OECKOHEUHOMY JINHEWHOMY TTPOBOJTHUKY C TOKOM
(puc. 3.7a)
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Bdl = §§1 dl = j;Bcosa dl,
1 1

| =S

rae B, - mpoekius BekTopa B Ha HampaiieHWe 00X0/a MPOBOJHHMKA C TOKOM Ha
yJacTKe KOHTypa dl.

a 0
Puc. 3.7
dl rd
13 puc. 3.7a cnenyer dl=—=>—= ? ,tae dly =rde, T.x. yron d¢ - GeckoHEYHO
cosa  cosa
MaTBII.
Torpa

- - rdq) 27'[“1 MIZTE l"’I
Bdl =¢{B =¢{Brdo = [ =2 1rdo="> [do=="2-2n=p,I.
jf jlg COS8 Cosa :f rdo =] P 2n£ P=og

§BAT =yl (3.13)
1

Pesynbrar mHTErpUpoBaHuUs §B dl me 3aBucur or Gopmbl KouTypa. Hampumep,
1

JUIS KOHTypa B BHIC OKpYKHOCTH paaumycoM R (puc. 3.70) mupkymsius BEKTOpa
WHYKIMY MarHUTHOTO TOJISI TPSIMOJIMHENHOTO MPOBOJIHUKA C TOKOM [ paBHa

S I I I
del:fBl dlzf;‘)Rdl: Ho jfdlz “OR.anzuol_

2n R 2n

[Tycth Tenmepb MpOW3BOJIbHBIN KOHTYp | OXBaThIBaeT n MPOBOJHUKOB C TOKaAMU
pasznuyHoro HampasiaeHus (puc. 3.8),
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®I;

Puc. 3.8

=

B stom ciryuae, §Bdl =§> B,dl = §B,dl+...+ §Bdl=p L, +...+ o, =1, 2 I,
1 1 1 1=1

i=1
fﬁdl :“ogli ZMOIHOHHa (314)

rae B, - nmpoekuus BeKTOpa MHIYKIMHA MArHUTHOTO IIOJIL OT N -TO IMIPOBOJHUKA C

n

TOKOM Ha y4actke KoHrypa dl, Zli =lim - mHONHBI TOK, OXBAaTHIBaEMBIil
=1

KOHTYpOM 1.

Tok cuwWTaeTcss TOJIOKHUTEIBHBIM, €CIM HANpaBICHUE JMHUA WHIYKIUH €T0
MarHUTHOTO TIOJISI COBMAJAET C HAIMpaBJICHHEM 00X0Ja KOHTypa M OTPUIIATEIHHBIM,
eciu He coBmajaer. B ciyuae, ykazanHoM Ha puc. 3.8

§B>d_1’ =u, (I, =1, +15).
I

CootHomienue (3.14) Ha3bIBAIOT 3aKOHOM NOJHO20 MOKA.

Ecmu xoHTyp / oxBarbiBaeT N TPOBOJHHMKOB C OJWHAKOBBEIM TOKOM I, Torma B
COOTBETCTBHH C paBeHCTBamHu (3.13)

L. I 2n I
fBai =22 4o :%-mzuom, (3.15)

3.8. MarauTHoe 1oJjie JJIHHHOTO COJIEHOH/1a

PaBencTBo (3.15) MOXHO NPUMEHUTH ISl ONPEAEICHUS WHIYKUWA MarHUTHOIO
noJisl B IIEHTPE JUIMHHOTO cojieHouAa, koraa ero anuua L>>R (puc 3.6.).
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000000000 J

jAB
5
G COO00CCCO0000 ‘\

\ I /
\ 7/

A B

Puc. 3.9

[Tycth N,, - 4HMCIIO BUTKOB Ha ydacTke AB cojeHoupaa (puc 3.9), mo KoTopomy

teder TOK I. J[y11 BBIUMCIEHUS WMHAYKUMM MAarHUTHOTO MOJS BHYTPHU COJIEHOMZA
3aIMUIEM 3aKOH MOJIHOTO TOKA ISl IPSIMOYTOJIBHOTO 3aMKHYTOro KoHTtypa ABCDA,
UCIIONB3Ys cooTHomIeHue (3.15)
§BAT = N 1. (3.16)
ABCDA

HNurerpan fdeT MOYHO IPEJICTaBUTh B BUAE CYMMbI MHTEIPAJIOB II0 y4aCTKaM
ABCDA

koHTypa ABCDA
§Bdi = [Bdl+ [Bdl+ [Bdl+ [Bdl:
ABCDA AB BC CD DA
[lepBbiii wHTErpan B 3Tol cymme paBeH Blag, re /ap — anmHa yvactka AB

KOHTypa. BTOpol W 4eTBEpTHIM HWHTErpaibl PaBHbl HYJI, TaK Kak BEKTOp B
TIEPIEHAUKYISIPEH BekTopaM dl,.,dI;, . TpeTuii MHTErpam MOKHO CUUTaTh PABHBIM

HYJIIO, TTOCKOJBKY BHEIIHEE MAarHUTHOE MOJ€ JJIMHHOTO COJICHOMJIA MPAKTUYECKU
oTcyTcTByeT. Torma

§1§di =Bl,,. (3.17)

ABCDA

N3 cpaBuenust paBeHcts (3.16), (3.17) cnenyer, 4To
Bl = p N ;I
Pemas nocieinee ypaBHeHUE, OTHOCHTENBHO B, momyunm:

AB

B=p, I:HOHI, (3.18)
AB
'€ n - YUCJIO BUTKOB HAa € ANMHHNIIC AJIMHBI COJICHONAA.
Cﬂe,[[yeT OTMCTHUTD, YTO BCIMYHMHA HHAYKIHWKW MAIHUTHOI'O IIOJIA HC 3aBHCHUT OT

MOJIOKEHUS] TOYKU BHYTPH COJICHOMA, TaK Kak oTpe3oK AB He 00s3aTenbHO T0KEH
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JCXKaTb Ha OCH COJICHOHAA. ITone BHYTPU JIMHHOI'O COJICHOMJIa OJHOPOAHO, HC
3aBUCHUT OT (bOpMLI BUTKOB, a HaIIPpaBJICHUC €TI0 HWHAYKOUHN IapaJllICIbHO OCH
COJICHOnaa.

3.9 MarHuTHOe 1oJjie CTepPKHs ¢ TOKOM

B crepxHe panrycom R TedeT MOCTOSHHBIN TOK ¢ paBHOMEPHO pacIpeaesieHHON
[0 CEYEHUIO IJIOTHOCTHIO TOKa j . OmnpeaenuM 3aBUCUMOCTh MHAYKIIMM MarHUTHOIO
MOJISI OT PACCTOSIHUS @ OT OCU CTEPHKHSI.

Yuutsias, uto j = 1I/S, S = nR* 3anuiem NomHbIi TOK B CTEpKHE

: 2
I=jmR".
BbruucniM MoayIiib BEKTOpa WHAYKIIMIO MarHUTHOTO

nons B BHyrpu crepxkus. s 3TOr0 paccMOTpUM
KOHTYp MHTETPUPOBaHUS B  BHJIE OKPYXHOCTH
pamuycoM r <R (puc.3.10). 3aK0oH OJIHOTO TOKa

§B,dl=p,[jds (3.19)

Si

" Puc. 3.10

rae dS- 3JIeMEHT IUIoIAan S MOMEPEYHOTO CEYEHHUS CTEPIKHS
PanyCOM T.

[Tocie uHTErpupoOBaHUs JIEBOM U NPABOW YacTM PABEHCTBA C Y4YETOM TOTrO, YTO
IJIOTHOCTH TOKA HE U3MEHSIETCS, a UHAYKIUSA B B KaXK101 TOYKE KOHTYpa MOCTOSIHHA
10 MOJLYJIIO

B2nr=p,jur’,

gt _ Ko L
2 2 7wR?
BHyTpu CTEp:KHS MAarHWTHOE II0JI€ YBEJIMYUBAECTCA C PACCTOSIHUEM OT OCH IO
HHHeﬁHOMy 3aKOHy, J0CTUT'asl MAKCUMAJIbHOT'O 3HAYCHUS HA HOBerHOCTI/I.
Jlns  pacuera MarHUTHOM MHIAYKIMHA BHE CTEPKHSA BO3BMEM  KOHTYD
UHTETPUPOBaHUsA [, B BHUJE OKPYKHOCTHM paanycoM a>R. 3akoH MOJHOro TOKa
3aIlIMIIEM B BHUC

B, 0=l

Iy

§B12 dl=B2ma  tak xak mamykums B B kaxoif Touke KOHTYpa lp, mocTosHHa 110

L

Moo, cienoBarensio B2ma =p I a
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Mol

Y (3.20)

N3 cpaBHenus cootHomenui (3.20) u (3.9) cneayer, 4TO BHE CTEP)KHSI MarHUTHOE
M0JIE OKA3bIBAETCSl TAaKUM, KaK €ciu Obl MOJIHBIA TOK MPOTEKad MO OCH CTEPKHS.
3aBUCUMOCTH MOJYJSI UHAYKIIMU MAarHUTHOTO TIOJISE OT PACCTOSIHUSI OT OCH CTEPKHS
npeacTaBieHa Ha puc. 3.10.

Bonpocot u 3a0anusa 0aa camonpoeéepku

1. Uto Ha3bIBAIOT LIMPKYJISAIKEH BEKTOpA UHAYKIIMA MArHUTHOTO TMOJIs1?

2. laiiTe onpeesieHne 3aKOHa II0JHOTO TOKA.

3. 3anuiunTe 3aK0H MOJHOTO TOKA JIJIsi KOHTYPa, OXBAThIBAOIIETO MPOBOJIHUK n pa3?
4. 3anuiunTe 3aKOH IOJHOTO TOKA JJIs KOHTYpa, OXBAThIBAIOLLETO N IPOBOAHUKOB?

5.0mnpenenure LUPKYJIALHIO del 10 3aMKHYTOMY KOHTYpY B BUJE

PaBHOCTOPOHHETO TPEYTOJIBHUKA, B IEHTPE KOTOPOTO, HAXOAUTCS MPOBOJHUK C TOKOM .
6. CocTaBbTe aNrOpUTM pacueTa MHIAYKLHUHA MarHUTHOTO I10JISI C TIOMOLIBIO

BBIUMCJICHUS HHTErpaja del .

7. Onpenenurte 3aBUCUMOCTb MHIYKIUA MarHUTHOTO TOJIS OT
paccTosiHUS OT OCU CTEPKHs paguycoM 10 cm, o kotopoMy Te4ET Tok [=1A.

Hpumepot peuwienusn 3adau

3agauya 3.6

ITo obmoTke TOpomma Oe3 cepaeunmka, cogepxkameir N = 2000 ButkoB, Teuér Tok [ = SA.
Onpenenuts MoAyidb B BekTopa MarHMUTHOM HMHIYyKIWU HAa CpPeAHEW JMHUM TOPOHUAA, €CIHU e
muametrp D=30 cm u B Toukax C u A BHYyTpHU U BHE TOPOUAA.

Hano: D = 30cm=0,3m;
N =2000;
I=5A.

Haiitu: B.

Jlna onpeneneHuss MHIYKUUW MAarHUTHOTO MOJS Ha Ir
CpeIHEe! JINHUKA TOPOU/Ia BBIYMCIIMM LIUPKYJISALAIO BEKTOpa \

B Bnoms cpenHed NTUHUH, O00O3HAYEHHON Ha PHUCYHKE
IIYHKTHUPOM.

W3 ycnoBusi CHMMETpUU ClEAYET, YTO JIMHUM UHIYKIIUH
MarHiTHOTO IIOJISI BHYTPU TOPOWJIA MPEACTABISIOT COOOU

OKPY’KHOCTH, a MOAYTh B B Kakmoil Touke IMHUI ecTb
MOCTOSIHHAS BEJIMYMHA.

nD
§}§dT=BJ’d1=nDB, (1)
0
B cootBercTBHU ¢ hopmyiioit (3.15)
§BdI = p,IN . ()

[IpupaBuuBas cootHomenus (1) u (2), momyunm:

144



DB =p, IN.
PemmM nocnennee ypaBHeHHE OTHOCHTENBHO B,
1IN

B=
D 3)

Jliga onpeneneHus MHIYKIUU MarHuTHOro mojist B Touykax C M A BBIYMCIUM LUPKYJISLUIO
BEKTOpa B 10 KOHTypaM, B BUJE OKPYKHOCTEH, panuycamu Iur,. LIUpKyJIAnusa o OKpy:KHOCTH
paaMycoM I, paBHa HyJIIO, TAaK KaK BHYTPH KOHTypa HET TOKOB. II0 OKpy>XHOCTH paauycoM T,

unpxynaumﬂédi =u Ozli (3.14), rume Z [, =NI+(-NI)=0,r.k. B ceueHUH OOMOTKH TOpPOHMA

TOK MEHsIeT HampaBiieHue. PaBeHCTBO MHTerpaina del HYJII0 BO3MOXXHO TOJIBKO B TOM ClIydae,
ecnu B=0 Ha BceM KOHTYype UHTErpUPOBAHUSI.

1IN —
OTtBeT: Ha cpeHel JIMHUKM TOPOUIa B= D =13,3-10 "Ta B oukax C u A B=0.
T

3amgaua 3.7
" . 6 2 o
[To ceueHuio NMPOBOJHMKA PaBHOMEPHO pacmpeleiéH TOK IIOTHOCThIO j=2:10° A/m”.Haiitu
MOZyJIb MHyKIIMM MAarHATHOTI'O I0JIs1 B B TOUKaxX HAa OKPYKHOCTH paanycoM R=5MM, Haxopsmencs
BHYTPU IIPOBOJIHUKA.

Jlano: j=2-10° A/m?;
R=5MM=5-10""m.

Hawntu: B.

LIMpKyYJISIHS BEKTOpa HHAYKIMA B 110 KOHTYPY OKPYKHOCTH PajiiycoM
R (3.19).

3

|

rae S — mowaab ceyeHus pagauycom R.
WHTerpan no oKpy>KHOCTH paguycoM R, ¢ yyeTom Toro, 4to MHIYKIHS

B Ka)KI[OfI TOYKE €€ IMOCTOAHHA 110 MOAYJIHO paBCH
2nR

[Bndl=B-27R. )
0

BT =y, [ids =p,js, (1) T

gl

-

[IpupaBusiem paBenctBa (1) u (2), MOACTaBUM 3HAYCHHE ILIOIIATN

cedenust S =R’ u pemum ypaBHeHHE OTHOCUTEIBHO B
n,jS=B-2nR, pu,jrR* =B-2nR,
2

Ko R

OtBeT: B = =6.28-10"Tn
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3.10. Cuna Jlopenua

ONBITHBIM IyTEM YCTAaHOBJIEHO, YTO Ha 3apsi/ (, IBMXKYILIHICSI CO CKOPOCTBIO ¥ B
MAarHUTHOM I10JI€ C UHAYKIUEH B , ICUCTBYET CUJIa
F, =q[v-B] . (3.21)

Dra cuia ObUTa HasBaHa cuoii Jlopenya. Monyis BekTopa cubl ) onpenensercs
F = ‘q‘u B-sina, (3.22)

IJIe a- YroM MEeXIy BEKTOpaMu v i B .

N3 ypaBuenuii (3.21) u (3.22) cimeayeT TpU BaXKHBIX BBIBOJIA, CBSI3aHHBIX C
BEJIMYMHON U HAIlpaBJICHUEM CUIIBI F, :

a) cuia JlopeHiia B MAarHUTHOM TI0JI€ JCHCTBYET TOJIBKO Ha 08UMNCYUUECs 3apsobl,
T. €. ecyu 3apsn q nokoutcs (v=0), To F,=0;

0) cuna Jlopenua F, Bcerma nepnenouxyispua eéekmopam ® W B, T.e. F, L,
F 1B (puc. 3.11). Bektoppl © u B. IexXar B IUIOCKOCTH S, a cuia F,
NEepIeHINKYIApHA 3TON MockocTu. Hanpasnenue cunvl F, 3asucum om 3HAKA
3apsda ¥ OT B3aUMHOTO PAacIoIOKEH s BEKTOPOB & M B. M3MeHeHMe 3HaKa 3apsia
NPUBOJUT K CMEHE HalpaBlieHus CHIIbI JIopeHIia Ha MPOTHUBOMOIOKHOE.

Fr
/kgg?)/
e““?"%-
/s 7 1
e

Puc. 3.11

B) MOAYJIb CUbl JIOpeHIa 3aBMCUT OT yIila o MEXIY BEKTOpaMH b U B, F, ~ sino
(puc. 3.12). B yvactHoCTH, €cH o =0° Uiau o =180°, To F, =0. DTO O3HAYaET, UTO HA
3apsbl, ABUKYIUECS BIOJIb JIMHUM MarHUTHOTO 10JIs (U || B), He melicTByer cua F, .

Macnumnoe none Oeticmgyem MOAbLKO HA 3apsobl, OBUdNCYUUECs NOO HEKOMOPbLIM
VeloM K €20 TUHUAM UHOYKYUU.

Puc. 3.12
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Hanpasnenue cumnbl JIopeHIia MOKHO OTNPEACIUTD 1O NPABULY JIe8OU PYKU: JIe8VI0
PYKY pacnonazarom mak, YmooOvl Cuiosvle AUHUU UHOVKYUU BXOOUTU 6 JIA0OHb,
yemolpe GbIMAHYMbLX NATbYA YKA3LIBANU HANPABIEHUE 08UINCEHUS ROJIOHCUMETbHO20
3apsda, moz0a omoznymoiti na 90° 6onvbuioli naney yKazvieaem HanpasieHue Cuibl
Jlopenya (puc.3.13).

Puc. 3.13

3.11. 3akon AMmepa

Ecnu nmpoBogHUK ¢ TOKOM | HaXOIWUTCS B MAarHUTHOM IIOJIE, TO HA KaXIbIi €ro
AJIEKTPOH (HOCHUTENb TOKA) AecTBYyeT cuia JlopeHa

e

FH:—e-[ﬁ-E],

rIe € — MOAYJb 3apsiaa JJCKTPOHAa, U — CKOPOCTh HANpPaBJIEHHOTO JBUKCHHS
AJIEKTPOHA B JIEKTPUUECKOM T0JI€ MPOBOTHUKA.

Cuna JlopeHua, JEWCTBYsS Ha HOCUTEIIM TOKa B
MPOBOJHUKE, TEpEeMEIIaeT €ro B MarHUTHOM TIOJIE.
Haiinem HanpaBieHne U MOy Ib 3TOW CUIIBL.

Boimenum B mpoBogHuke ¢ TokoM [ (puc.3.14.)

aneMeHT Toka dl, a cumiy, ACHCTBYIOIIYIO Ha HEro,
peACTaBUM B BUJIC

dF=-S-dl-n-e-[5-B)

1€ S — oAb MONEPEYHOr0 CEYEHUsT IPOBOJHHUKA, N-
YHUCJIO HOCUTENEH TOKAa B €IuHUIE 00beMa MPOBOJHUKA,
S-dl'n — yucno HocuTenel Toka B 00beMe MPOBOAHMKA ATMHOM dl.

Prc 3.14
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[TpousBeneHre BEIUYHH —N-€-V - €CTh IUIOTHOCTh TOKAa j, KOTOpas IO MOIYJIO

paBHa 3apsay, NPOTEKAIIEMY 4Yepe3 €AMHUYHOE CEYEHHWE MPOBOJAHUKA B CIUHUILY
BpeMeHHU. B CBA3M ¢ 3TUM MOCieAHEE PABEHCTBO MOXKHO 3aIlMCATh B BUJIE

dF =sdi[j-B|

- —

Tak xak HampaBiaeHHMs BeKTOpoB J u dl coBmajgaroT u, CclIeA0BaTENbHO,
dl-j=j-dI, 1o
dF =Sj |dI-B|=1.|d]-B, (3.23)
rae [ =jS mo omnpeneneHuo MIOTHOCTH TOKA.
CootHomienue (3.23) yCTaHOBJIEHO AKCHEPUMEHTATIBHO AMIEPOM U HOCUT Ha3BaHHE
saxona Amnepa. Cina dF  HaspIBaeTCst CHIION AMriepa n 0603HAYAETCS dF, .
Moynb BekTopa cuisl Ammepa
dF, =1-dl-B-sina, (3.24)
TJ€ 0 - YTOJl MEXKIY BEKTOpAMU dl u B .(puc.3.14)
DnementapHas cuna dF, HampaBieHa MepIEHANMKYIAPHO MIOCKOCTH, B KOTOPOIL

aexar BekTtopel dl m B. Cwma, neiicTByromas Ha TPOBOJHHUK JITHHOH |1,
onpesensercsa B pe3yibTaTe uHTerpuposanus dF, 1o Bceil IMHe IPOBOTHUKA

F, = [dF, .
|

Hampasnenue cuiibl AMriepa MOXKHO ONPEICINUTD 1O HPAGUILY JIe8OU PYKU.

Jlesyro pyky pacnonaecarom max, u4mooObl CUNOBble JTUHUU MASHUMHO20 NOJIs
BXO0UNU 8 JIAOOHb, Yemblpe GbIMSHYMbIX NAIbYA VKA3bIBANU HANPAGIEeHUe MOKA 6
npoeoonuxe, moz0a omoznymuiti Ha 90° Gorvwioli naney ykazvieaem HanpaeneHue
cunvt Amnepa (puc. 3.15).

A

Puc. 3.15
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3.12. MarauTHOe B3aMMO/IeiiCTBHE NAPAJIeJIbHbIX IPOBOAHUKOB C TOKOM

MarnutHoe B3auMOJIEHCTBUE TTPOBOJHUKOB C TOKOM BIIEpBbIe 0OHapyxwi1 B 1820
rony ¢ppaniy3ckuid pusuk Aunpe Mapu Ammnep (1775-18361.)

PaccMoTpyM  B3aMMOJEHCTBHE JBYX MapauIeNbHbIX OECKOHEYHO JIJTMHHBIX
IPOBOJHUKOB ¢ Tokamu I; u I, Haxoasmuxcs Ha pacctossHuM r (puc.3.16).

[ 4

Puc 3.16

Eciun npomycTuTh dYepe3 NPOBOJHMKA TOKU OJHOTO HAmNpaBieHUs, TO OHU
nputsaruBatoTcs. [IpOBOAHMKM OTTAJIKUBAIOTCS, €CIM B HUX TEKYT TOKH Pa3HOTO
HaIpaBJICHUS.

B3auMmogeiicTBue NpOBOAHUKOB OOBSACHSETCS JEHCTBUEM MArHUTHOTO TIOJIS
OJIHOTO TIPOBOJIHMKAa Ha TOK BTOoporo. Cuia, AEHCTBYIOIIas Ha y4acTOK IEpPBOTO

TIPOBOIHUKA JUTMHOH | CO CTOPOHBI BTOPOTO

_ l’lolz 'Il 1
2 T , (3.25)

YI‘H/ITLIBaﬂ, qTo I/IH,Z[YKHI/IH MArgymTHOT' O IIOJIA OT HpOBOI[HI/IKOB C TOKOM Il nu Iz paBHa
W1, B w1,

T AT dopmyy (3.25) MOXKHO TPEJCTaBUTH B

COOTBETCTBEHHO B, =

0osee 00I1IEM BUIE:
F,=B,-I, 1-sina,
F,, =B, 1, -1-sina.

rne F, uF,, —cunpl, gelicTByromue Ha y4acTOK MEPBOrO M BTOPOrO IMPOBOJHHUKOB

JUTMHOM 1, o—yrojq Mexay HampaBieHUSMH MHAYKIIMM B M TOKa B IPOBOJHHKAX,

KOTOpPBIM B TaHHOM city4ae paBeH 90°.
Cuna B3aumopeiicteusa F,, F, |, npuxonsmascs Ha eqUHUIYY JUIMHBI KaXIOTO W3

napayyieIbHBIX MPOBOJIHUKOB, KaK IMOKA3bIBAET OMBIT, IPOMOPIIMOHATFHA BEIMYMHAM
TOKOB B HUX [, U 1, 1 0OpaTHO MPOMOPIIMOHATIEHA PACCTOSIHUIO T MEXTy HUMU
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(3.26)

rae C= ;L—; - K03 (HULKUEHT TPONOPIIMOHATHLHOCTH.

Ha ocnoBanum cooTHomeHust (3.26) ycTaHaBIMBAeTCAd €IWHUIIA CHJIBI TOKa —
AmMrmep u onpenensTca 3HaYeHUe MArHUTHOM MOCTOSIHHOM.

Ooun Amnep — cuna NOCMOSIHHO20 MOKA, KOMOPbIU, NPOX0Os. HO KAXCOOMY U3
08YX NApaninienbHblX NPAMOIUHENHbIX  NPOBOOHUKO8 OEeCKOHeYHOU  ONUHbl U
OEeCKOHEeUHO Malo2o Kpy208020 CeYeHUs, DPACHONONCEHHbIX HA pPAcCmoaHuu r=Im
00UH om O0py2020 6 BAKYyMe, 6bl3bleaem MeHcoy IMUMU NPOBOOHUKAMU CUTY

F=2.107 2 na kaocowui Memp OUHbL.
M

Jlns Toro 49ToOBI HAWTH YHCIOBOE 3HAYCHHE MATHUTHOM IOCTOSHHOM L,

BOCITOJIb3YEMCS COOTHOIIIeHHEM (3.25)
F2nr

Ll
Ipu I, =1, =1A, r=1m, F=2-10"H, I=1m, moayunm
_F2rnr 2107 -4x-1 H

= = :471?'1077—2:
-1 2111 A

Ko

H
1,26-107° —.
Ho ’ A®>

3.13. /IBu:KeHMe 3apSKEHHBIX YACTHI B MATHUTHOM I10J1€
4 g
3apsUKEHHbIE 4YacTUIbl B MAarHUTHOM IIOJIE JIBHDKYTCS  I10
KPUBOJIMHENHBIM TpaeKTOopusaM. HacTuna ¢ 3apsiioM q U CKOPOCTBIO
U B OJHOPOJHOM MArHUTHOM IIOJIE C MHAYKIUMEH B JBMKETCS T10
OKPY)KHOCTH, eciiid v L B (puc. 3.17).
B cooTtBerctBumM co BTOpHIM 3akOHOM HproTona, cuia JlopeHna,
JEUCTBYIONIAsl HA YaCTULLY, Puc 3.17
FJ'I =m- an b
2

: )
‘q‘v Bsina = mE , (3.27)

e a=90", m,

q\— Macca ¥ MOJIyJb 3apsifa 4acTulibl, R — pagnyc OKpy>KHOCTH,
2

v
a, = R~ HOPMAIbHOE yCKOpeHHe.
Pemast mocneinee ypaBHEHHE OTHOCHTENBHO R, HalijieM paguyc OKpyKHOCTH
my
R=—0- (3.28)
alB

Cuna  JlopeHua, SBISASICh  LEHTPOCTPEMHTENBHOM  CHUJION,  HampaBieHa
NEPIEHAUKYJIIPHO JIBIXKCHHUIO YaCTUIIBI U, CIIEJOBATENIbHO, HE COBEpIIAeT padOThl B
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OJHOPOJHOM MArHUTHOM ToJie. [[BH>KEHHE 3apsiKEHHOW YaCTHUIbl B MATHUTHOM I10JI€
nepuoanueckoe. Ilepron NBUXKEHHS 4YaCTULBI MO OKPYKHOCTH ONPEAEISETCS U3
COOTHOIIICHUSI
_2rR _ 2nm
) ‘q‘B
[leprion NBUMKEHUSI YACTUIBI B MATHUTHOM IOJIE HE 3aBUCUT OT €€ CKOPOCTH U
pagdyca TpPAaEeKTOpUH, a OMNPEACISeTCsl MacCoM U 3apaaoM. OTO CBOMCTBO
WCIIOJIB3YETCS B YCKOPUTENSAX 3aPSIKEHHBIX YACTHII.
Ecin yactuma BieTaeT B MAarHUTHOE IIOJI€ TOJ YIJIOM O K BEKTOPY WHIYKIHUU
MarHuTHOTO MOJIsl, TO OHA JIBMYKETCS 110 BUHTOBOM TpaekTopuH (puc. 3.18).

T

(3.29)

Puc. 3.18

BunToBas TpaekTopus mojiydaeTcsi B pe3yJbTaTe OJJHOBPEMEHHOTO JIBH)KCHUS IO
OKPY>XHOCTH U BIOJIb OCH X. [[BHDKEHHE MO OKPY>XKHOCTH OOYCIJIOBJICHO JICHCTBUEM
MarHMTHOIO II0JIs Ha YaCTHILy, ABMXKYLIYIOCS 110 OCH Z CO CKOPOCTBIO v, =V SINL .

Panuyc BUHTOBO# TpaekTopuu corjiacHo (3.28), onpenensieTcs U3 COOTHOIICHUS

mo sino
R -

~ |qB

[ITar BuHTORBOM TpaekTopuu h ompenensercs MpoeKIuel BEKTopa CKOpocT U Ha
och X v, =V COSOL.

h=v, -T=M=2chtga ) (3.30)
v-sina
lllacom eunmogoti mpaekmopuu h Hazvlgaemcs paccmosHue, Komopoe
npoaemaem yacmuya 600Jb CUNOBOU JUHUU MACHUMHO20 NOJISL 3d 00UH Nepuood ee
0BUIICEHUS.
Ha 3apsin, OBYOKYIIMICS OJHOBPEMEHHO B DJICKTPUYSCKOM M MArHUTHOM IIOJISIX,

NEHCTBYET CHJIa, KOTOpas Ha3bIBaeTcs 00001meHHoM cunoit Jlopenia
F, =qE+ q[U-B],
rae E — HanmpsbkeHHOCTH aekTpudeckoro mois, F, = qE - cuma Kymnona (1.21)

HampaBnenue 06061menHoN cuibl JIopeHiia onpeensieTcsi BEKTOPHBIM CIOKEHUEM
JIBYX CHIL
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Bonpocot u 3a0anus 0nsa camonpoeepku

HazoBure ycnoBust BO3SHUKHOBEHMSI cuiibl JIopeHma.
Kak onpenensiercst HanpasiieHHe U MOAyJb cuiibl Jlopenua?
BriBenute popmyisl 11 cuiibl Amnepa.
Kak onpenenuts HanpaBieHue U MOIyJIb cUiibl Ammnepa?
Kaxue Tpaekroprn BO3MOXKHBI PU ABMXKEHUSAX 3aPSKEHHBIX YaCTULl B MATHUTHOM 110J1€?
Hcnonb3ys mnonsTue 00001eHHON cuibl JlopeHla, ompenenure TPAaeKTOPHIO JIBUKEHUS
OTPULIATENILHO 3apsyKEHHOW 4YacTULIBl BO B3aUMHO MEPIEHIUKYJSIPHBIX JJIEKTPUYECKOM U
MarHuTHOM MOJISIX.

7. Omnpenenurte cUly AEUCTBYIOUIYIO Ha €IMHUILY JJIMHBI IBYX MEPHEHAUKYJIISIPHBIX OECKOHEYHO
JUIMHHBIX [TPOBOJIHUKOB C TOKOM I, HAXOsIMXCs HAa pACCTOSIHUU T PYT OT JApyra

SN o

Hpumepot pewienusn 3a0au

3angaua 3.8
B omnoponHoM marHuTHOM mojie ¢ uHaykuuedn B =0,2MTn neprneHIuKyIsipHO €ro JIMHHUAM

MHIYKIIMU JIBUKETCS DJIEKTPOH 10 OKPY’KHOCTH paanycoM R =8cm. OnpenennTs KHHETHYECKYTO
sHepruro E, snekrpona.

Jano: B=02MTn=2-10"Tum;
R=8cM=8-10"mM;

m=9,1-10""kr;
e=1,6-10"Kn.
Hantu: E, .
2
Kunernueckas sneprus anekrpona E, = m;) ,

rZie V - CKOPOCTh JBHKEHHS 3JICKTPOHA MO0 OKPYKHOCTH, M - Macca 3ekTpoHa. /i onpeneneHus
E, HEoOX0oauMO HalTH CKOPOCTb.

B marauTHOM IOJIE Ha QJICKTPOH MNCPIICHAUKYJIIAPHO €TO0 CKOPOCTHU ﬂeﬁCTByeT CHJIa HopeHua,
2

v
49TO U OIpCACiIICT €ro ABHIKCHUC IIO OKPYIKXHOCTH € YCKOPCHHEM a =E. B cooTtBercTBHU CO

BTOPbIM 3aKOHOM Hrrorona 3anumiem

) )
ev-Bsina =m—.
R

T
YLII/ITI)IBaSI, qTo O = E MMOJIy4YrM COOTHOIICHHUE JIs1 CKOPOCTHU U SHCPIrUU:

v="BR,

m
2D2p 2

g, -SBR
2m

2D2p 2
Ortger: E, = e];’—R ~3,6-107"% [k
m
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3apaua 3.9
DNEeKTpOH, YCKOPEHHBIM pa3HOCThi0 moreHmuanoB U =250B, Bieraer B omgHOpOAHOE

MarauTHoe moJie ¢ mHaykimuedn B =0,51Tn mox yrmom o =60° k Bekropy B. Haiitm mar h
BUHTOBOM TPAEKTOPUH, 10 KOTOPOH JBHIKETCS AJIEKTPOH.

Hano: U =250B; + T -

B=0,51Tm; i

o=060"; v. F v

¥
m, =9,1-10"kr; T e
|

e=1,6-10"" Ko {:;:U m m

Haiitu: h. ] 7 . ./
v, X
KuHetndeckass SHepPrus 3JIEKTPOHA Ha BXOJE h

B MarHUTHOE I0JIE€ paBHA paboTe KyJIOHOBCKOM
2

m_v
CuIIbI 3eKTprueckoro nois el = °2 . I3 aTOr0 paBeHCcTBa ONPENEINM CKOPOCTh AIEKTPOHA

2eU
_m .

€

v =

CKOpOCTb 3JIEKTPOHA B MArHUTHOM I10JI€ NMPEACTaBUM B BUJE MPOEKLUUH Vy, U, BJIOJb oceid X
u Y. Ilo ocu X 3I€KTPOH JBHXKETCS CO CKOPOCTBIOL, =V-COst, a M0 Y - v, =v-sina. lpu
JIBIDKEHUU 1O OCH Y Ha DJJIEKTPOH JeicTByeT cuia JlopeHia, KoTopas co3faeT HOpMajbHOE

v’sin’a .
yckopenne a, =————. Ilo ocu X 2NEKTPOH ABIDKETCS PAaBHOMEPHO M HpsAMONMHE#HO. B
R

pe3yJbTaTe CIOXKCHHS THX ABYX IBH)KCHUH DJIEKTPOH IMEpPEMEIaeTCsl 10 BUHTOBON TPAEKTOPUH C
marom h.

B cootBeTcTBUM O BTOpPBIM 3aKOHOM HbIOTOHA 3anuiueM:

Fn = mean >
: v’sin’a
eBv-smoa=m_ -——,
R
rae R - paguyc BUHTOBOW TPaeKTOPUH.
M3 mocieHET0 COOTHOLICHHUS MTOJTyYHM:
v .
B-e=m_ —sina. (1)
R
I'Zle pailyC BUHTOBOM TPacKTOpUU
m_ vsino
Be
Ilepron nBUKEHUS 3IIEKTPOHA
2nR
T=—¢—.
vsina

ITocre MMOACTAHOBKH B ITOCJICAHEE COOTHOUICHNEC 3HAUYCHUC pagrnyCca R MoJIyuYnm

2nm,

B-e
B cooTBeTcTBUY € onpeiesicHueM 1ara BUHTOBOW Tpaektopuu h = Tv - cosa,

T=
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2eU 2m-m, 2n 2m U
h= [— - —F%.coso.=— - COSOL
m, B-e B e

2n [2m U

OTBerT: mar BUHTOBOM TPAaeKTOPHHU AJIEKTpoHa h = — -coso. =3,3-10"m.

€

3.14. MarauTHbIA MOTOK.

B rmmaBe 1 (m. 1) BBeOeHO MOHATHE TMOTOKA BEKTOpa HANPSHKEHHOCTH
3IEKTPUYECKOrO Mo E. AHAIOIMYHO Ajis MArHUTHOTO IO OIPENENISeTCs OTOK
BEKTOPa UHAYKIHMU B, KOTOPBIA HAa3bIBACTCH MASHUMHBIM NOMOKOM M 0003HAYAETCS
yepe3 .

DleMeHTapHbI IOTOK dd BeKTOpa MAarHMTHOW MHAYKIMM B uepes
AJIEMEHTApHBIN YU4aCTOK MOBEPXHOCTH C TUIONIaAbio dS paBeH

dd =B-1i-dS=B-dScosa,

r7ie 1 —€IMHUYHBIM BEKTOP BHEIIHEW HOpMalM IIomanku dS, o - yroia Mexmy
BEKTOPOM HOPMAJIM M MHAYKIUEH MATHUTHOTO IO B .

MarsnuTHbli TOTOK Yepe3 MPOU3BOJIbHYI0 HE3aMKHYTYIO MOBEPXHOCTh S (pHcC.
3.19) HaxoaUTCA UHTETPUPOBAHUEM

dD:I E-ﬁ-dS:J B - dS cosao.
S S

Puc. 3.19

MarHuTHbIN IOTOK Y€pe3 3aMKHYTYI0 TOBEPXHOCTh S
§B-n-ds=0.
S

Jt1o cnenayeT u3 Teopemsbl ['aycca (mnasa 1 n.LIT) ayist 3aMKHYTBIX TUHUN UHAYKITUA
MarHUTHOTO MOJIsl MPYU OTCYTCTBUM MarHUTHBIX 3apsiOB.
JIns OTHOPOHOTO MAarHUTHOTO TOJISI U TJIOCKOW TMOBEPXHOCTH C IUIOHIAABI0 S
(puc. 3.20); MarHUTHBIN MMOTOK
®=B-Scosa (3.31)
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)
i) .
&

Puc. 3.20

OueBunHO, uTto npu 0 =90° ®=0, T.e. HU OJIHA JUHUA UHIYKIUU HE MEPECEKAET
IJIOCKOCTh KOHTYpa (puc. 3.21).

~a° = T
4=90" P=0 __4

T
/_ -
£ &
w SN

Puc. 3.21

Maruutasli otok B cucreme CH, B coorBerctBUM c Qopmynon (3.31),

m3mepsiercs Tn-m”.ITa eaMHUIA HOCUT HaszBaHue BebGep (BO) B decTh HEMEIKOTO
yuenoro B.D.BebGepa.

3.15. PaGoTa ciJ1 MATHUTHOIO TOJIS

Ha ABWOKYIIHUCCA 3apsAdbl B MArHUTHOM II0JIC HeﬁCTByeT CHJIa HopeHua, KOTOpad
BCCraa IICPICHAUKYJAPHA  CKOPOCTH  ABHKCHHA 33p$[)1(€HHOﬁ qaCTulbl H,

— = = T
CJIe0BaTeNbHO, ee nepemenieHutodr . [looatomy, dA =F dr = FndrCOSE =0.

Ha npoBoAHMK ¢ TOKOM B MarHUTHOM IoJi€e AeicTByeT cuia Amnepa. CoBepiiaer
au paboTy 3Ta cuna? PaccMoTpuM NpsSMOTMHEHHBIN MPOBOAHUK JTMHOM | 1 TokoMm I
B OJHOPOAHOM MarHutHoM moje (puc. 3.22a). PabGora cunsl Amnepa mpu
NIEPEMEIICHUH MPOBOJHUKA HAa pacCcTOSTHUE dX BIOL HAIIPABJICHHUS CHITBI

dA=F, -dx-cos0’ =1-1-B-dx =1-BdS;

rape l-dx =dS - 1mIom@anab, KOTOPYIO OYEPUYMBACT IIPOBOAHUK IIPH JIBUKECHUH,

BdS=d® - marauTHbIN TOTOK MPOHU3BIBAIOLINN ATy TUI0ma k. Clie1oBaTebHO,

dA=Td®, (3.32)
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Puc.3.22

anemenmapHas paboma, cogepuiaemas cuiolu Amnepa, pagHa npouzeeoeHuo moka 8
nposoonuxe I Ha macnumuwiti nomox d®, nponuszvigarowuli nNiIOWAOL, KOMOPYIO
ouepyugaem npogoOHUK npu ceoem osudicenuu. 1Ipu nepemMelieHn NpoBOAHUKA Ha
KOHEYHOC pacCTOSAHHE X, MojrydaeM: S=1-x, ® =B-S u

Py
Ay, = [1d® = 1D (333)
0 X

Ecniu mepemernienne mpoBOJHUKA MPOUCXOAUT B
IPOU3BOJIBHOM HampaBiieHuH (puc. 3.226), To
dA=F,dxcosa=11Bdxcosa,

rae & - yroia Mexay F A 1 dX WM, 4TO TO XK€

camoe, MEXIy B M i, Tak Kak FA 1B, a nldx. Ho

1dx=dS, BdScos a =d®, Tak yto no-npexuemy dA=IdD. Puc.3.23

Ha xoHTYp ¢ TOKOM B MarHMTHOM IOJI€ JCHCTBYET cuia Amrepa F, KoTopas
Bpamaer ero BOkpyr ocu (puc. 3.23). UtoObl HaliTh paboOTy, COBEpIIAEMYIO IIPHU

KOHCYHOM BpalICHUCM KOHTYpA4, HCO6XO,Z[I/IMO IMMPOUHTCIPUPOBATE COOTHOIICHHUC
(3.32).

L)
A, =T [dD=1-(D,-D)=1-AD,

@
1
rac (Dl 141 CI)2 IMIOTOKH, IIPOHU3BIBAOINUC KOHTYP B €0 HAYAJIbHOM M KOHCYHOM

ITIOJIOKCHUU.
Bonpocwvt u 3a0anusa 0a1a camonpoeéepku.

1. JlaiiTe ompeaeneHne MarHUTHOIO MOTOKAa M HA30BUTE CIIydyad KOrJa OH MAaKCHUMAaJbHBIA W
MHUHHUMAJIbHBIHA.
Yemy paBeH MMOTOK B OJTHOPOJITHOM M HEOJHOPOIHOM MarHUTHBIX TOJISAX ?
Uemy paBeH MOTOK Yepe3 3aMKHYTYIO M HE3aMKHYTYIO ITOBEPXHOCTH?
B kakux egununax B cucteMe CU u3MepseTcss MarHUTHBIN MOTOK?
BriBenute Gpopmyity Jutst pabOThI CHIT IO TIEPEMEIIEHUIO POBOAHUKA B MAarHUTHOM TI0JIE.
Kakas cuna coepiiaet paboTy B MAarHUTHOM T10JI€?
Bynet nu coBepiiatbes paboTa Mpu IBUKEHUU 3aPsKEHHOM YaCTHUIIBI B MATHUTHOM MoJie?

NNk WD

156



Ilpumepsl pewenus 3aday

3amgaua 3.10
Kpyrogoii nmpoBonounslif BuTok auamerpom d=10cm, mo kotropomy TeueT Tok [=20A Haxomutcs
B PaBHOBECHOM I0JIOKEHUH B OJJHOPOJIHOM MarHuTHOM nosje ¢ uaaykuueit B=16mMTn. Onpenenutsb

T
paboty A, KOTOPYIO HY>KHO COBEPIIUTH, YTOOBI MOBEPHYThH €r0 HA IO O = ) OTHOCHUTEIILHO OCH,

COBIIAJAIOLIEH C AUAMETPOM.

Hano: B
[=20A; —F 7
d=10cm=0,1M ; fi Ii 7
B=16MTux; = % -
a="2, — F X B

2 — — — —+#, B

Haiitu: A.

PabGota cuin MarHUTHOTO MOJIS ONMPEAETSETCS. COOTHOLIEHUEM
A=IAD,
rne AO=®,-®,, &, u @, - MarHUTHBIC IIOTOKU IPOHU3BIBAIOIIUE KOHTYP B HA4YaJIbHOM H
KOHEYHOM I10JIOKEHUAX.
Pa0ota BHENIHUX CHUJI paBHA 110 MOJYJII0 pabOTe CUII OJIsS U IPOTHBOIMOJIOKHA €H 110 3HAKy
A, =I(® -D,).

B HavanpHOM IIOJIOKEHUH BCKTOp MarHuTHOM HHAYKOHUU B COBIAAACT C HAIIPABICHUCM
2

—

o
HopMmauu U ciegosarensHo @, = BS, rae S= — IUTOIAdb BUTKA.

T
B KOHEYHOM IOJIOKEHUU O = 2 und,=0.

Torna Aﬂzl-cblzl-Bszgl-B-dz., (1).

B

Oteer: A, :%1-B-d2 =2,5-10" Tk

3agaya 3.11

B onHolt miockocTH ¢ OECKOHEUHO AJMHHBIM IPSAMBIM IPOBOJOM, IO KOTOPOMY TEUYET TOK
[=50A, pacnonokeHa NpsAMOYrojbHas paMmKa TakK, 4TO JIB€ OOJIbLIME CTOPOHBI €€ JUITMHOM
L =60cM napamnenbHbl NMPOBOAY, @ PACCTOSHUE OT MPOBOAA 10 OMIDKalIIed W3 3TUX CTOPOH
paBHoO ee mupuHe. OnpeaeanTs MarHuTHEIA MOTOK @, MPOHU3BIBAIOIINN PAMKY.

Hano: 1 =50A; I
L=60cm=0,6Mm. —
Haiitn: @.

MarauTtHeii 1mOTOK @  4yepe3 MNOBEPXHOCThb

pPaMKH C Iomaapo S onpeaensercs mo Gopmyie
o= jddb = jB(x)dS-cosa,
S

() B(x)

ai e
rae B MHAYKUHS MarHUTHOTO MOJIS 06pa3OBaHH0r0 / / / / / / / i
TOKOM Ha pacCTOSIHUU X OT IIPOBOJHUKA
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|
B(x) = 1o
2n X
JIJIs BBIYMCIICHHST MArHHTHOTO IIOTOKAa OMPEICIIMM TIOTOK Yepe3 JJICMCHTAPHYIO IUIOMIAJKY
dS=L-dx
I-L-d
d® = B(x)dScoso. = Roo =70
2n X
rone =0 u coso =1.

[Tpounrerpupyem d® B mpenenax X, =a 10 X, =2a.

2a
o [ap— [lL i L plL ]
2n X 2n 7 X 21

Otser: ® = ”021—’L1n2 —41-10°B6.
T

3.16. MarauTHOE 1M0JI€ B BelleCTBE
3.16.1. MarHuTHbIM MOMEHT JJIEKTPOHA U aTOMA

BemectBo cOCTOMT M3 aTOMOB, a aTOMbl U3 JJIEKTPOHOB M sep. OJEKTPOH,
BpaIIasich MO 3aMKHYTON OpOUTE BOKPYT siApa, 00pasyeT OpOUTAIbHBIN (JIUIMOIBHBIN)
MarHuTHeIi MoMeHT P (cm. 3.1). KpoMe TOro, sieKTpoH 001agaeT cOOCTBEHHBIM

MCXaHHYCCKHUM MOMCHTOM f’s ) Ha3bIBACMBIM CNUHOM. CHI/IHy QJICKTpOHA

COOTBETCTBYET CIIMHOBOM MAarHUTHBIM MOMEHT P, . MarHuTHbII MOMEHT aroMa P

aTr

IrCOMCTPHUYCCKN CKJIAAbIBACTCA U3 Op6I/ITaJ'H)HBIX MAaroHuTHbIX MOMCHTOB €TI0

n
DJIEKTPOHOB P, = ZPm , TI€ n—YHCJIO 3JICKTPOHOB B aTOME.
i=1

3.16.2. HamarunyuBanue. BeKTop HAMarHM4eHHOCTH
BHellHee MarHUTHOE IONE ¢ MHAyKuued B, Biomser Ha MarHuTHBIE MOMEHTHI

aTOMOB BCHICCTBA U CO34AaCT B HCM JOIIOJHUTCIHBHOC MAarHMTHOC IIOJIC. DTO sIBJICHUE
Ha3bIBACTCA HAMAarHM4YMBAaHUCM. I/IHILYKIII/IH MAargmMTHOTI'O ITIOJIAA B BCIICCTBC

B=B,+B, (3.34)

Tac B'- HWHAYKOUA MAargmMTHOI'O I10JI4, 06p3,30BaHHOFO B PE3YyJIbTATC
HAMAZCHUYUBAHUAL.

OTtnuunre MarHUTHOIO IIOJIS B BCHICCTBC E OT MHAYKIOHWHU BHCHIITHCTO MArHnuTHOI'O
ITOJIA Eo OIIpCACIISACTCA OTHOCHUTEJIBbHOM MArHUTHOM MNpOHNINACMOCTBIO CPCABI U .

Maenumnas nporuyaemocms noxKasvleaeni, 60 CKOJIbKO pa3 USMEHAENICA MAcHUNHOe
none 6 eseujecmee nNOo CPpA6HEHUN C GHEeUHUM MAZCHUNIHbIM NOJIEM. Beanunna u

HaxoauTCsa U3 COOTHOIICHUA
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p=—

HamaranunBanne BeniecTsa onpenensieTcs BEKTOPOM HAMarHn4eHHOCTH J :
N -
— zl Pa’l'
— =
J = v
rae Y P, - CyMMapHbIii MArHMTHBIA MOMEHT N aTOMOB B BEIECTBE 00BEMOM V.,

Kak moxaspIBaeT OMBIT, 7151 OOJBITUHCTBA BEIIECTB M CIIA0BIX IMOJICH, MAarHUTHOE
1oje B’ MpONOpIHMOHATIEHO BEKTOPY HAMATHUYEHHOCTH M OIPENENAETCS KaK

B =p,J.

YuutsiBas, uro B =uB, paBenctso (3.34) MOXHO 3amucaTh B BUJIE:

Fl]_éo = Eo + “oj 5
(L-DBy =p,J, (3.35)
a BCKTOPp HAMaroHn4€cHHOCTH
j:(u_l)_OZX'_Oa (3.36)
Ho Ho

rIc y=u —1 - MarauTHasa BOCIIPUUMYHNBOCTD BCIICCTBA.

3.17. HanpsizkeHHOCTh MATHUTHOTO MOJIA

3anuireM 3aK0H ITOJIHOT'O TOKa AJIA HHOYKIIMY MAIrHUTHOTI'O I10JI1 B BCIICCTBC

del:uO(znzIaT), (3.37)
r7ie B= ]§0 +1od; X1 — anrebpamueckas cyMmMa TOKOB IIPOBOIUMOCTH,
OXBAaTBIBAEMBIX KOHTYpPOM HHTerpupoBanms 1, a Y1, — anreGpauueckas cymma

KPYTOBBIX 3JIEKTPOHHBIX TOKOB aTOMOB, OXBaThIBAEMBIX ATHM XK€ KOHTYpOM. (pHC.
3.24)

DJIEKTPOHHBIE TOKHM aTOMOB OJIHOPOJIHOI'O BEIIECTBA BCIICACTBUE BIUSAHUSA HA HUX
BHEIITHETO MArHUTHOI'O TOJIS UMEIOT OAMHAKOBble HamparieHus (puc. 3.24). Toku
BHYTPHU BEIIECTBAa KOMIIEHCUPYIOTCS, UMESl pa3Hble HampaBieHus. Ha moBepxHOCTH

TOKU CYMMHPYIOTCS ¥ CO3Jal0T TOK HAMarHuIuBaHus I; = ZIM :
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Puc. 3.24

3anuiieM paBeHCTBO 3.37 B BUjIE

JBotupl)dl=p (S1+X 1, )
[TpeoOpazyem nocnez{Hee1 PaBEHCTBO

fﬁodi + 1, f deZHOZI + o2 Iygp

141 y‘lTéM, 4TO COTJIACHO 3aKOHY ITOJIHOI'O TOKa

fBydT =1, X1
Tor/:[a HWHTCTpAJI BEKTOpa HAMAarHM4CHHOCTHU
JId1=31,,=1.

-
—

UnTerpan jEBodl , yautsiBas, uto B =By —1yJ | 3anumem B Buzme

1
§ B_Moj}d_f:zl

K,

O0603HauMM BBIpAKEHHE B CKOOKaX
B—-p,J
Ko

BGKTOp H naswiBaetcs HaNpsHKCHHOCTBIO MATrHUTHOT O I10JIA.

H =

(3.38)

(3.39)

(3.40)

(3.41)

Hanp}ZOfceHHOCWIb Ma2HUmMHo20 noaa H - BEKMOPHAs 6elUHUHA, XapaKkmepu3yrouias

Ma2HumHoe noie, 006pa308aHHOE MOJILKO MOKAMU NPOBOOUMOCHU (NPOBOOHUKAMU C
MOKOM).

3aKOH IOJIHOT'O TOKa AJIA HAIIPSAXKCHHOCTU MATHUTHOT'O ITOJIA 3allMIICTCA B BUIC

fHAI=I.
1

(3.42)

N3  dopmyner (3.42) cregyer, 4TO HaNpsHKEHHOCTh MarHuTHoro mois H

A
U3MEPSIETCA B — .
M
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N3 paBenctsa (3.41) MoxeM 3anucatb COOTHOIICHUE

wH=B-p,J. (3.43)

—_—

CpaBnuBast paseHctBa (3.35) u (3.43), U yuuThIBas, 4TO B = uBo, momyunm

CBA3b MCIK/Y BCKTOpaMH B nu H .
Bo - H()I:)I ’
B =y uH (3.44)

—

Bekrop HanpsoKEHHOCTM  MAarHUTHOIO MO H  aHAJIOTM4YeH  BEKTOPY
AIIEKTPUYECKOW MHAYKIMU D B 3JIEKTPOCTATHKE, KOTOPHIA OOYCIIOBIEH TOJBKO

-

CBOOOJIHBIMM 3apsgaMu. Bektopsl J, B aHaJOrMYHbl BEKTOpaM MOJSPU3ALUUA U
HanpsDKECHHOCTH DJICKTPHUYCCKOTo noJisdt P U E.

3.18. MarauTHble CBONWCTBA BEllECTB

MaruuTHble CBOWCTBA BeIIECTBA OOBSCHSIOTCS KBAHTOBOM TEOPHIEH JBYIKCHUS
3JIEKTPOHOB B aTOME, COIJJACHO KOTOPOW, B aroMaX CYMMAapHbIA MEXaHWYECKUU
MOMEHT (OpOUTATBHBIN U CIIMHOBBIN) U CBA3AHHBIM ¢ HUM MarHUTHBIA MOMEHT BCEX
AIIEKTPOHOB MOXKET OBITh KaK OTJIMYHBIM, TaK W PaBHBIM HYINIO. DTO MO3BOJIIET BCE
BELIECTBA [0 MAarHUTHBIM CBOMCTBAM Pa3JIEIUTh HA OUAMACHEeMUKU, NApaAMeSHemuKuy,
GeppomazHemuxu.

B ouamaecnemuxax “coOCTBEHHBIN MarHUTHbIA MOMEHT aTOMOB IPU OTCYTCTBHH
BHEIIHETO MArHATHOTO TOJISI paBeH Hymro. [Ipu momenieHun IuaMarHeTuka BO
BHEIIHEE MArHUTHOE TIOJIE Y JJIEKTPOHOB MPOUCXOAUT npoyeccus, B PE3yJIbTATE
KOTOPOM  TOABJISIETCS MAarHUTHBIA MOMEHT  aTOMa, OPUEHTUPOBAHHBIA IIPOTHUB

HaIpaBJICHWA BHCIOHCTO I10JIA. BeKTOp HaMaroHm4€¢HHOCTH J B AJuaMarHe€TukKax

HaIIpaBJICH IPOTUBOIIOJI0KHO HAMarHUYMBAOIIEMY TOJIIO B.

K nuamarseTukaM OTHOCSITCSI MHEpPTHBIE Ta3bl, OJIarOpOAHBIE METAJJIbl, MHOTHE
OpPTaHUYECKUE COSAMHEHUS, CTEKII0, Mpamop. JIJis TnaMarHeTHKoB p<1, x ~—107°,

MarauTHsle MOMEHTBI aTOMOB ITApaMarHeTUKa B OTCYTCTBUM MAarHUTHOTO MOJIS
OTJIMYHBl OT HYJsS, HO paCIpeleseHbl XaoTHYHO. B napamazcHemuxax BEKTOP
HAaMarHM4YE€HHOCTU HAIIpaBJIE€H BJOJIb BHEHIHEro mnouss. llpu HaloXeHuu BHENIHEro
MarHUTHOTO IOJISI NMPOUCXOAUT OpPHEHTAIMsl WX HampaBieHHi. YHCII0 MarHUTHBIX
MOMEHTOB, OPHUEHTHPOBAHHBIX IO HAIIPABJICHHUIO MArHUTHOTO IIOJSA, OKAa3bIBAETCS
npeodIaiarIuM. ITO MPUBOAUT K TOMY, YTO MOSBISETCS OTJIMYHBIN OT HYJIS BEKTOP
HaMarHMYE€HHOCTH, HAIIPABJIEHHBIN BJIOJIb BEKTOPA MHILYKIMHU MOJIs B .

MoMeHTBI aTOMOB P, NapamMarHeTHKa WMEET XAOTHYHOE HAIlpaBIEHHE IakKe B

ar

CHJIBHBIX MAardMTHBIX ITIOJAX, T.C. MOMCHTHI l3a ATOMOB ITapaMarHe€TuKka B CpCAHCM
JUIIb HCE3HAYUTCIBbHO OPHUCHTHUPYIOTCA IIO HAIIPABJICHHUIO BHCIIHCIO MAIHUTHOI'O
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ITO0JIA. HpH‘IHHOﬁ Xa0TUYHOCTH OPHUCHTALIMN MOMCHTOB Pa [mapaMardiCTukKa ABJIACTCS

X TEIUIOBOE pa3ymnopsiaodeHue. B pesynbTaTe KOTOPOTO MAarHUTHBIE MOMEHTBI
aTOMOB P, HENPEPBIBHO MEHSIOT CBOK OPUEHTALMIO. DTO IPOMCXOAMT TEM

WHTCHCHBHEE, YEM BBIIIE TEMIIEpaTypa mapamMarietuka. Jlake CuiIbHOE€ MarHUTHOE
MoJie€ HE OPUEHTHUPYET MAarHUTHBIE MOMEHTHI aToMOB. [lodTomMy mapamarHeTUKH
MIOYTH HE HAMarHUYMBAKOTCS.

[Tapamarnetukamu sBisitoress Na, K, Al H, Cs, Mg, Mn, Pt, O. [ns
ImapaMarieTukoB u, >1, 0<y <1.

B geppomacnemuxax MarHuTHBIA MOMEHT aTOMa OIPEICISIETCS CHUHOBbIM
MACHUMHBIM MOMEHMOM 3JleKmpoHa. MarHUTHbIE MOMEHTBI aTOMOB TPYIITUPYIOTCS
B OoMeHbl- Malible 00JIaCTH BEIIECTBA, B KOTOPHIX MarHUTHBIE MOMEHTBHI aTOMOB
UMEIOT OJIMHAKOBOE HallpaBlieHHe. B OTCyTCTBHE BHEIIHETO MAarHUTHOTO TIOJIS
BEKTOPbl ~HAMAarHMYEHHOCTH  JIOMEHOB  HaIpaBJIeHbl  XaOTMYHO W JIalOT
PE3YIBTUPYIONMIYIO  HAMAarHWYEHHOCTh  PaBHYK  HYJIIO,  0OCCIEUHBAIONIYIO
MUHUMAJIbHYO0 3HEpTHio (puc. 3.25).

[Ipn HamOXKEHWHM BHENIHETO MArHUTHOTO IIOJNS PAcTeT 00BEM TEX JIOMEHOB,
HaMarHUYEHHOCTh KOTOPBIX HapajUiejibHa BHEUIHEMY IMOJII0, U YMEHbIIAETCS 00beM
OCTaJbHBIX JOMEHOB. YBEJIHWYMBas BHEIIHEE MAarHUTHOE II0Jie, MOXXHO BCE TEJO
IPEBPATHUTH B OJJUH OOJBIIION JOMEH, T. €. HAMArHUTHTH TEJIO JI0 HACBIIIECHUS.

Puc. 3.25

Moayns BEKTOpa HAMAarHUYEHHOCTH (PeppOMarHeTMKa J  3aBUCUT  OT

HAIIPSDKEHHOCTH  MAarHUTHOIO I10JIA ﬁ(pnc. 3.26a). deppoMarHeTUKH CIOCOOHBI
OCTaBaThCsl HAMAarHUYEHHBIMU Ja)K€ MIPU BBIKJIFOYEHHOM BHEIIHEM MAarHUTHOM MOJIE,
B KOTOPOM OHM paHee HaXOoAuiaucb. DeppoOMarHETUKH COXPAHSIOT OCTATOYHYIO
HamarHudeHHocts J . . [losTromy nis pasmarHuumBaHus (eppoMarHeTHKa HYKHO
MIOMECTHUTH €r0 B MarHUTHOE 1oJie 0OpaTHOoro HanpasieHnus. Ha puc. 3.260 mokazana
KpuBasg | HaYaJIbHOTO HaMarHWYMBAaHHUS TeJa, 3aTeM KpuBas 2 oOpaTHOTO Xoja
3aucumoct J(H) mpu ymensmenuun H go Hyns. 31ech ke mokazaHa BeIMYMHA
HANPsHKEHHOCTU MarHUTHOTO 1ot H ., , HEOOXOaUMas JUIsl pa3MarHU4uBaHUs Tena,
Ha3bplBaeMasl KOSPUUTUBHOW cuioi. [lpu nanpHenemM yBeIMYEHUN HANPS)KEHHOCTH
noynisi H Teno HaunHaeT HaMarHW4YMBaThCS B 0OpaTHOM HampaBieHuu. Kpusas 3 Ha
PUCYHKE OTpaXkaeT 3aBUCUMOCTH J(H) TIpu cMEeHe 0OpaTHOro MoJjs Ha mpsiMoe. Takum
oOpazoM, moaydaercs  nemas  eucmepesuca  3aBUcUMocTH  J(H)  mpu
nepeMarnnuuBanuu  (eppomarHetuka. Ilpum HamarHmumBaHuu ¢eppoMarHeTHka
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BAKHA IMPEABICTOpUS HaMarHnuvBaHus Tena. I[lpy omHoM W TOM ke
HAMarHWYMBAIOIIEM II0JI€ TEJI0 MOXKET UMETh PA3HbIE 3HAUYCHUS HAMAarHUYEHHOCTH
J% u J% . JInib BeIMYMHA HAMAarHWYEHHOCTU HACBIIICHUS HE 3aBUCUT OT MAarHUTHOM

MpCaAbLICTOPUU TCJIA.

HACbIWEHHUE

Puc. 3.26

MaruuTtHasi TPOHMIIAEMOCTb (eppOMarHeTHUKa HE SBJISETCS KOHCTAHTOM: OHa
3aBUCHUT OT BEJIMYUHBI MPUIIOKEHHOTO MarHuTHOTro noJs (puc. 3.27).

MaruuTHble CBOMCTBAa (EpPpOMArHETHMKOB 3aBUCAT OT WX TEMIIEpaTyphl.
deppoMarHuTHBIE CBOMCTBA MOXKHO pa3pylIUTh, €CIM Harpetbh (eppoMarHeTuK
BBIIIIE HEKOTOPOM KpuTudyeckoud Ttemmepatypsl: T, (temmeparypa Kropu). Ilpu
temriepatype Kiopu u BbImie ¢GeppoMarHeTHK CTAaHOBHUTCS IapaMarHETHKOM, T.e.
MPAKTUYECKU TePSAET MarHUTHBIE CBOMCTBA U MIPUOOpPETAET UX CHOBA MPH MOHMKEHUU
temrneparypel. Temmneparypa Kropu s kene3a, HHKeNs, KoOaldbTa, paBHa
coorBeTcTBeHHO 770°C, 400 °C, 1100°C.

K ¢eppomarnerukam oTHOCATCSA Ke€J1€30, HUKEIb, KOOAJIBT, UX CIUIABBI, 1JIs1 KOTOPBIX

2 5
MarHuTHas IPOHHUIIAEMOCTh M >> 1 i Haxomutes B mpezenax: 10 — 10,

!// B -‘-__'_'_"‘—'—-—__

-j_i_ = e o e o —— ———

| — ama —— — H
Puc. 3.27

Bonpocet u 3ad0anua 0nsa camonpoeepku

1. Kak oOpa3yercsi MarHuTHOE I0JI€ B BELIECTBE?

2. Kak o0pa3yercss MarHUTHBIM MOMEHT 3JIEKTPOHA U aToma?

3. Jaiite ompenereHue MAarHUTHOM TPOHUIIAEMOCTH W MArHUTHOW BOCIHPUUMYHBOCTH B
BEIIECTBE.

4. Onpenenute CBs3b MEXIY BEKTOPOM HAMArHUYEHHOCTH M MHIYKIIMEW MAarHUTHOTO TIOJIS B
BaKyyMe.

5. Jlaiite omnpeneneHre MHAYKUAM MArHUTHOTO TOJISI B BELIECTBE M OIPEICIUTE €€ CBI3b C
BEKTOPOM HAMAarHMYEHHOCTH BEILIECTBA.
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6. UeM oTnmyaroTca JuamMarHuTHbIE, TapaMarHUTHBIE U (peppOMarHUTHbIE BellecTBa?

7. Hapucyiite TOMEHHYIO CTPYKTYpy (peppomMarHeTuka 10 U Mocje MOMEIEHHs ero BO BHEIIHEee
MarHuTHOE MoJe€.

8. CxemaTuyecku M300pa3uTe METII0 TUCTepe3uca (QeppoMarHeTHMKa M YKaKUTE Ha Hel
OCTaTOYHY0 HAMarHH4€HHOCTh U KOSPLMUTHUBHYIO CUITY.

Hpumepvl pemwenusn 3adau

3amgaua 3.11

3
0 M r
MosisipHas BOCTIPMMMYMBOCTL BUCMYTa ¥, =—2,7 107" ——, mMonspnas Macca M=209 ,
MOJTh MOJTb

KI'

mwioTHOCTH p =9,8-10° . BucmyT 00beMOM V' HAXOIUTCSl B MATHUTHOM MOJI€ HATIPSKEHHOCTBIO

—

A
H=10> . BbuHMCAUTH MOAYJh BEKTOPAa HAMATHHYEHHOCTH J, MArHHUTHYIO MPOHHI[AEMOCTH |L
M

BHCMYTa, MarduTHBIM MOMEHT PM MOJICKYJIBI BHUCMYTaA, 7% - MarHuTHasA BOCIPUHMMYHUBOCTL H

OIPCACIINTDb K KAKOMY TUITY MAarH€TUKOB OH OTHOCHUTCH.
3
o M
Jano: y, =-2,7-107"" ——;
MOITb

M=209 —-

3

MOJIb
3 KT
p=98:10"

H=105£.
M

Haittu: J,1, Py, x.

HamaramueHHOCTh BUCMYTa Oompenersiercs mno Gopmymne
N

P,
szz%, (1)

N
rae ZPm - CyMMapHbIi MarHUTHBIH MOMEeHT N Mouiekys BucmyTa B 00beme V. COOTBETCTBEHHO,
i=1

MOJIApHasA HAMarHM4€HHOCTb paBHA

N —
ZPm
1, =T )

. m
r7Ie V- 4MCI0 MoJiel BuCMyTa B oO0beMe V. Tak kak Mo ONpeneieHHuro v :M’ rae m=p-V-

Macca BUCMYTa B 00beMe V, TO COOTHOIIEHHE (2) MOXKHO 3alHucaTh B BUJE

N
>P,|-M
=L M

3
S : ©
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Bekrop HamarHudeHHOCTH J CBsI3aH ¢ HAINPSKEHHOCTbIO MAarHUTHOTO 1ojist H cooTHomeHueM
J=y-H, J =y, -H. loxacrasnsas stu paBeHcTBa B GhopMyity (3) moixydum pacdeTHble (HOPMYIIBI

s )] uoy.
J:Jv'p:Xv'H'p’ (4)
M M
M p
H=yH—, x=—"x, 5
x H=x , X=3 % (%)

MarnuTHas NpoOHUIIAEMOCTh L =147 .

N
JInst HaXOKJIeHUs MAarHUTHOI'O MOMEHTa MOJIEKYJIbl BUCMYTa y4TE€M, YTO ZPi =P_-N. Yucno

i=1

. m
MOJIEKYJ ~ BHCMyTa  MOXHO  HAWTH U3  CcOoOTHomeHMsa: N=v-N, = MN As  THE

1
N, =6,02-10® —— - uncno Aaraipo, m — Macca MOJIEKYJIbI.

MOJIb
Torma paBeHcTBO (1) MOXKHO 3amucaTh B BUJIE
J:PmN: P -N,p
\% M
rae P = I'M ) (6)
N,-p
H
Ortger: J:M:—IJIA/, xzﬁxv:—lﬁ-lO’S, p<l, Pm:ﬂ:4,5-10‘29A-M2,
M M M N,p

BUCMYT SBJIACTCA TUAaMAardHCTUKOM.

3agaya 3.12

®eppomarnetuk oobemoM V =10cm’ B MaruuTHOM nosie ¢ uHAyKimel B, =8-107Tn umeer
MarHuTHbI# ~ MoMeHT P, =0.8A-M>.  OmpenenuTb  MarHUTHYIO  NPOHHMIAEMOCTH [
(beppoMarseTHka.
Hano: V=10cm’;

B=8-10"Tu;

P, =0.8A -m".
Haittu: p.

MaruuTHas IPOHUIAEMOCTh BELIECTBA |l CBSI3aHHA C €r0 MAarHUTHOM BOCIPUUMYMBOCTBIO

COOTHOIIICHHUEM
p=l+y. (1)
MaruauTtHas BOCHPUUMYHUBOCTD OMpeeNseTcs u3 cooTHoueHus (3.36)
Mo '|J |
==,
|Bo

—

rae ‘J ‘ - MOAyJIb BEKTOpa HAMarHW4eHHOCTH, KOTOPbIil paBeH

=t
\%

Torna noce NoACTaHOBKY NMPHUBEIEHHBIX COOTHOIIEHUH B hopmyiy (1) momyuum
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P
Orser: p=1+-YE0 _125¢
VB

0

2)

OcHOBHBIE OJIOKEHHU A

e MarnuTtHoe nmoJjie

co3oaemcsi  ABWKYUIMMHCS — 3apslaMud U
MIPOBOJTHUKAMU C TOKOM;

oOHapy»XUBaeTcsi MO  B3aUMOJCIHCTBHIO  C
OBUOKYIIUMUCS  3apsaMd M 3aMKHYTBIMHU

IIPOBOJIHUKAMH C TOKOM;
usobpaxcaemcsi B BUIE 3aMKHYTBIX JIMHUUI
MHAYKUUU MarHUTHOTO MOJI,

xapakmepu3zyemcs BEKTOpaMU HMHIAYKIMH B u
HanpsbkeHHocThio H .

e HWHAYKHHMA  MATHUTHOrO  MOJS B-
BEKTOpHAas busnueckas BEJINYHHA,
ONpEeNIEAETCS:

6 eakyyme 1o 3akoHam buo — Caapa —

Jlamnaca
i Mo T dTF]

4it-1?

2

ITOJTHOTO TOKa,

§]§di =W, y L,
1 i=1
MPUHLNILY CYNEPIO3ULINU
B-Y'B,.
6 gewyecmee 3aBUCUT OT €r0 HaMarHWYMBaHUS U
OIpeIeNaeTcst
Bzﬁoﬂ,toj, Bz(l+x)-]§0, B:Han

rmue B, — uHoyKnus MAarHuTHOTO TIOJIA,
BbI3BIBAIOIIEE  HAaMarHW4WBaHue, J —BEKTOp
HaMarHW4YUBaHMS, Y — MarHUTHas
BOCITPUUMYHUBOCTb, W — MarauTHas

MIPOHUIIAEMOCTD BEIIECTBA.

o HanpsikeHHOCTH MArHUTHOTO TNOJS -
6eKmMopHas ¢buznueckas BEJIMYMHA,
XapaKTepu3yomas MarHuTHOE 1oJe,
o0pa3oBaHHOE TOJBKO TOKaMH MPOBOAMUMOCTH
OIIpeAEIAETCS U3 COOTHOLIEHUH:

B . -

=23 =2
Ko

Holt
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- B

0

H=—,

Ko

e 3aMKHYTHIi MNPOBOJHHK C TOKOM
(KOHTYP € TOKOM) XapaKTepU3yeTcsi:

MACHUMHBIM MOMEHNOM

£ﬁdT=I.

m — I . S . ﬁ .
rae S-— IUIoMaab KOHTYpa,
N — eMMHUYHBINA BEKTOP HOpMaJIH,

OTIpeIeNIIEMBIN TIO IPAaBUITY OypaBUMKa;
unoykyuel B, KoTopas Ha ocH KOHTypa B

€ro IEeHTpe U Ha paccTossHUU d OT meHTpa
paBHA COOTBETCTBEHHO

L.P B
B:“’O 1311,
2t R

B=
/2 29
on(R> +d? )
rne R — pamnyc xontypa.
e Ha KoOHTYp ¢ TOKOM B MarHHTHOM

nojie ¢ wMHAYKOMed B, pgeiictByer
BPALIAKOIIMIA MOMEHT CHJI
M=[p, B]
M=P,.Bsina,
I7I€ 0L — YTOJI MEXKIY BEKTOPAMHU 13m u B
o Ha jBuwxkymmiica 3apax q co

CKOPOCTBIO U B MATrHHTHOM TMOJie C
HHAYKIUen B aelcTByer cuna Jlopenya
F, =alv-BJ,

F, =q-v-B-sna,
rae O — yroj MeXay BEKTOpaMu V | ]§;

* Ha yuyacTtok npoBoaHuka JIuHOu dl u
TokoM | B MarHutHom moJjie ¢

HHAYKIHeH B AedcTBYeT cuna Amnepa
dF, = IT,dT B
dF, =1-dl-B-sina



rme dl -
HanpaBJIeHHEM

COBIAJAIOINUNA C
O—yroa  Mexay

BEKTOP,
TOKA,

HampaBJieHusiMu Toka u B .

e MarHuTHBI# NOTOK

0J151 NIOCKOUL NOBEPXHOCMU W OJHOPOTHOTO TTOJISI
®=B-S-cosa,

IJIE 0. — YIroJl MeXy BEKTOPOM HopMaiu 1 B .

0713 He3amKHymou nogepxuocmu O = J-B -n-dS,
S

rae N — BHEIIHUI BEKTOD HOpMAaJIH
a7eMeHTapHOU mromanku dS
OJ151 3AMKHYMOU NOBEPXHOCTIU
®={B-ii-dS=0.
S
e Pa0ota B MATHHUTHOM moJje

cogepuiaemcsi CUION Amriepa, TepeMelIaroniei
MPOBOAHMK UTMHON | U Tokom I B MarHMTHOM
TI0JI€; onpeodesisemcs IPOU3BEICHUEM CUIIbI TOKa
B MPOBOJHUKE HA  MAarHUTHBIA  TOTOK,
MPOHU3BIBAIOIIMN  IJIom@aab  KOoHTypa  dS
OUYEPUEHHOT0 MPOBOJHUKOM IPHU €ro JBUKEHUU
3a UHTEpBaJl BpeMeHH dt

Azljdcp.
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e B MarHuTHOM MoJie BCe BelecTBa Ha
MATHUYUBAKTCS U JIeJATCS HA OJua -
MazHemuKu, — napamazHemuxu,  ¢eppo-
MazHemuKy OuamazHemuKy UMEI0T BEKTOP
HaMarHMYEHHOCTH, HarpaBJICHHBIN
MPOTUBOMOJOKHO  HaMarHUYMBAaIOIIEMY
nomto;(u<l).llapamacnemuxu HMEIOT
BEKTOP HAMAarHUYEHHOCTH, HaIlPaBJICHHBIH
BJI0JIb IPUJIOKEHHOTO MOIsi(u=>1);

¢eppomacnemuxuy  UMEIOT  JOMEHHYIO
CTPYKTYpPy HaMarHW4YuMBaHUs U OOJaaroT
BBICOKOU MarHAuTHOU BOCIIPUUM-

gnBocThi0 10° <y <10°.Ilpn TemmepaType

Kiopu u Bblle (eppomMarHeTuk TepsieT
CBOU MarHUTHBIEC CBOMCTBA.



O0o3Ha4eHus, HCNOJIb3yeMble B IJiaBe 3

N
B— BekTOp MHIYKIIMK MAarHUTHOTO TOJISL.

IR

H- BexTop Hanps>KEeHHOCTH MAarHUTHOTO MOJISL.
I

M— MOMEHT cul.

5

P — MarauTHBI MOMEHT KOHTYpPa C TOKOM.

IN

n— BEKTOp HOPMaJIH.

S—miomnaasr KOHTYypa.

W, —MarauTHas oCTOsTHHAA.
WL - MarHUTHas NPpOHULAEMOCTb.

X - MarouTHass BOCIpUUMYNUBOCTD.

N
J— BEKTOp HaMarHMYEHHOCTH.

N

J— TUIOTHOCTH TOKa.

q - 3aps]] YaCTHIIbL.

N

F»— cuna Jlopenna.

N

Fa—cuna Ammepa.

@ - MarHUTHBINA IIOTOK.

A - paboTa crJ1 MAarHUTHOTO TIOJIA.

[— ToK MpoBOAMMOCTH.

N—IIIOTHOCTh BUTKOB COJICHOHWIA.

d1- BexTop s7eMeHTa TOKa.
N-4nciI0 BUTKOB B COJICHOHJIE.

L- pgnuHa conmeHounaa.
[ - pAnvHA TPOBOJHUKA.

V- CKOPOCTb 3ap;1>1<eHH0171 qaCTHUIIBI.

—

E- HanpspkeHHOCTD IEKTPUYECKOTO TOJIA.
h—mar BUHTOBOM TPAEKTOPHH.

T-nepuon ABUKEHUS 3apSKEHHON YaCTUILIBI.
P. - MarHUTHBEIN MOMEHT aTOMa.

P s — CHIMHOBBIN MarHUTHBIM MOMEHT 3JIEKTPOHA.
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TecThbI JJIH JICKTPOHHOTI0O OK3aMEHaA
T3.1 Eciiu B marautHoe noJie ¢ uaayknuen 0,1 Tn  momMernena kBajgpaTHas paMka ¢ TOKOM 1A

U IUIOIIAABI0 25¢M’, TO BpAILIAIOLIMKA MOMEHT, JEHUCTBYIOIIUNA HA PaMKy IpPH yTiie 60° MEXITY
HOPMAaJIbIO K INTOCKOCTH pAMKH W HalpaBJICHUEM WHIYKIMHU, PABEH
1) 2172mH-m 2) 217MxkH-m  3) 250mMH-Mm 4) 125MH-Mm  5) 500H

T3.2 Ecnau miockocTs paMku muionaapio 40 oM’ rapasuieibHa CUJIOBBIM JIMHUSM MarHUTHOTO
IOJISL U 110 HEHM TeYeT TOK ¢ CUJIOW 1A, TO MArHUTHBII MOMEHT paMKH paBeH

1) 40A-M°  2) 20A-m” 3) 20-10° A-M> 4) 4-10°A-M° 5)4-10°H-A
T3.3 Eciiu mo AByM mnapauiebHbIM OECKOHEYHO JJIMHHBIM IMPOBOJAHUKAM, HAXOASAIIMMCS Ha
paccrosiHue lcM JApyr oT JApyra TedeT, TOK CHWJIOH 2A OJHOrO HallpaBlIeHHs, TO CHIIA
B3aUMOJICUCTBUS HA KKl METP JUTMHBI TPOBOJIHUKA paBHA

s 2 el 3y el 4y sq07H 5 gl
M

M M M M

T3.4 Ecay uHAYKIMS MarHUTHOTO TOJISL B JKEJIE3HOM CEpACUHUKE, HAXOJAIIEMCS BO BHEIIHEM
MarHuTHOM noJie ¢ uaayknuen 0,5Tn, paBHa SkTi, To MarHUTHAs MPOHUILIAEMOCTh CEPACYHUKA
paBHa

1) 10* 2) 0,1 3) 10 4) 10 5) 250
T3.5 Eciu MarHutHas BOCHPUHMMYHMBOCTh HeKoToporo BemectBa 100, TO MarHurtHas
MPOHUIIAEMOCTh PaBHA

1) 100 2) 0,1 3) 50 4) 101 5) 200
T3.6 Ecnu BeniecTBO ¢ MarHUTHOM MPOHUIIAEMOCThIO 101 HAXOAUTCS BO BHEIIHEM MAarHUTHOM
nosie ¢ uuaykuuent 12,6 T, To ero HaMarHM4eHHOCTh paBHA

T A
1) 11 2) 10Sé 3) 10°-2 4y 1002 5) 12,6-10° —
M M M M M
T3.7 Eciu HanpssKeHHOCTh MarHUTHOTO TOJISE paBHA 1072 é, TO €r0 WHIAYKUHUS B BELIECTBE C
M

MAarHuTHOM BOCIPUUMYHUBOCTBIO 24 paBHA
1) 25mTn 2) 24mTn 3) 2,47-10°Tn 4) mTn 5) 4mmTn

T3.8 Eciu 1o JIMHHOMY MPOBOJHUKY TEYET TOK C CHJION 2A, TO HampsKEHHOCTh MarHUTHOTO
TMOJIsl HA PACCTOSIHUU 2CM OT HETO paBHA

Died 21002 Dol 4 H2107L 520008
M M M M M

T3.9 Ecnu nBa AMMHHBIX TPOBOJHUKA, IO KOTOPBIM TEKYT TOKM OJMHAKOBOI'O HAIPAaBJICHUS C
cuioi 1A pacrmosoKeHbl ApyT OT Apyra Ha paccTossHUHM 10cM, TO MHIYKIMSI MarHUTHOTO TIOJIS B
cepeuHe MEeXy HUMHU OyJIeT paBHA

1) 4mxTn 2) 8mkTn 3) 40mTn 4) 25mTn 50
T3.10 Eciu aBa JAIUMHHBIX TPOBOJHUKA, MO KOTOPBIM TEKYT TOKM B MPOTHUBOIOJIOXKHBIX
HampaBJIeHUsX ¢ CuiIon 1A, pacmonokeHsl APYyT OT Apyra Ha PacCTOSIHUM 1M, TO HANPSYKEHHOCTh
MarHUTHOTO TOJISl B CEpeANHE MEXITy HUMHU paBHA

A A A
1)32:10°2  2)0  3)oed 40322 5)04-10°2
M M M M
T3.11 Ecnu npoBoIOYHBIN BUTOK, IO KOTOPOMY T€YET TOK € CHJION 2A, umeeT paauyc 4cm, To,
MHIyKIUs] MarHUTHOTO TOJISl B LIEHTPE BUTKA paBHA

1) 0,5-107°Tx 2) 7:10°Tn 3) 10°Tn 4) 0 5) 27107 Tn
T3.12 Ecnau mpoBONOYHBINA BUTOK C CHJION ToKa 1A nMeer paguyc 2¢M, TO MArHUTHBIA MOMEHT
BUTKA PaBEH

)4rz-10"AM° 2) 4-10°*AM> 3)2-107°AM° 4)4r7-10°A-Mm° 5)  4drz-m°
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T3.13 Ecou pusHBIE coneHoup coaepkHuT 100 BUTKOB Ha lcM ero UIMHBI M [0 HEMY
MPOMYCKAIOT TOK C CHJION 2A, TO MHAYKIMSI MATHUTHOTO TIOJISl B IIEHTPE COJICHOU A paBHA

1) 87Tn 2) 47-107Tn  3)8amTx H8r-10°Tn  5)0
T3.14 Eciniu B 1mmHHOM colieHOu ¢ ¢ mIOTHOCThI0 100 BuTKOB HAa 1cM ¥ TokoM 2A HaXOmUTCS
JKEJIE3HBIH CepJCYHUK C MarHUTHOM MPOHUIIAEMOCTHIO 10*, To WHAYKIHMST MarHUTHOTO TIOJISL B
Cep/ICUHUKE paBHA

1) 27Tn 2) 8xTn 3)4xTn 4)0,87Tn 5) 7Tn

T3.15 Eciu B coneHouze ¢ ioTHOCTRIO 100 BUTKOB Ha 1cM U TOKOM 2A HAXOIUTCS KEIE3HBIH
CEpJICYHHK, TO HAMPSKEHHOCTH MAarHUTHOTO TOJISI B LIEHTPE COJICHOUA paBHA

1)25-103é 2) 20-103é 3) 20-104é 4) 60-10“é 5) 2-102é
M M M M M

T3.16 Ecam  xKene3HbI CEpACUHUMK C MarHUTHOW BOCHPUHMMYHMBOCTBIO 10° TIOMEIIEH B
MarHuTHOE TIoJie ¢ uHayKimed 12,56 -107 Tir, To BeNMUYMHA BEKTOPA HAMATHMYEHHOCTH OyeT
paBHa

1) 7[-103é 2) 103é 3) 472-10’4é 4) 471é 5) 471-103é
M M M M M

T3.17 Ecau B MarHUTHOM TIOJI€ C MHIYKOUEH 6-10°Tn OBMOKETCS 3JEKTPOH O[] YIIIOM 30°
BEKTOPY UHAYKIIHU, CO CKOPOCThI0 600M/C, TO Ha HETO JCUCTBYET CHiia

1) 3-10°H 2) 6-10""H 3) 36-10""H 4)18-10™H 5) 9-10""H
T3.18 Eciii B MPOTHBOIOJIIOKHOM HAMPABICHHM MArHUTHOTO TMOJS ¢ MHAYKIUEH 6-10°Tx
JIBMDKETCSI IPOTOH €O CKOpocThIo 600M/c, TO crila JecTBYOIIAs Ha HETo, paBHA

1) 2-10H 2) 3-10"H 3) 4-10"°H 4) 5-10"H 5) 0
T3.19 Eciu 37eKTpOH €O CKOPOCTHIO 10'M/c TOMAAacT OJHOBPEMEHHO B JJICKTPUYECKOE H

. B A
MarHuTHOE IMOJIE€ C HANPSOKEHHOCTSIMU IMOJIEU COOTBETCTBEHHO 100— ¥ 100—, U OBMKETCA
M M

NapajuIeJIbHO WX CUJIOBBIM JIMHUSM, TO HA HETO IEUCTBYET cuja

1) 2-10"H 2) 22-10"H 3) 2-10°H 4) ,6-100"H 5)0
T3.20 Eciu 351€eKTpOH CO CKOPOCTBIO 10'M/c JBHIKETCS OJHOBPEMEHHO B DIEKTPHYECKOM H
MarHUTHOM MoJxX ¢ HanpspkeHHocTssMu 1000 B/mM u 100 A/M nepneHIuKyJISIpHO UX JIMHUSM, TO
Ha Hero Oy/eT 1eHCTBOBaTh CUila

1) 4.10"H 2) 26-10"H 3) 20-10"H 4) 16-10"H 5) 36-10"H
T3.21 Ecnu »aeKTpoH, MPOHAS YCKOPSIOUIYyI0 pa3HOCTh mnoreHuuanoB 100B, nemwkercs B
MarHUTHOM MOJIe C WHAyKIMeH 10*Tn MEepHeHANKYISIPHO ero JIMHUSIM HUHAYKIUH, TO HA HEro
JICUCTBYET CUja

1)95-10"H 2) ,6-10"H 3) 1,6-10"H 4) 59-10"H 5) 7,8-10™H

A
T3.22 Ecnu B MarHuTHOE IOJIE C HANPSYKEHHOCTHIO |(()— NEPNEHIUKYJSPHO €ro JINHUAM
M

WHYKIAW TOMECTUThH MTPOBOJHUK JJTMHON 1M 1 TokoM 1A, TO Ha HETO ACUCTBYET cuiia
1) 12,6-10"H 2) 3,1-10°H 3) 12,6-10°H 4)10°H 5) 10"'H

A
T3.23 Ecau B MarHUTHOM IOJIE C HAIPSDKEHHOCTBbIO 1()° — NEPHEHIUKYJISIPHO €ro JUHUAM
M

WHIYKIMA HAa TOHKOW HEMPOBOJSAIIEH HUTH BUCUT MPOBOAHMK JUIMHHOW lcm, maccoi 10r, u
TOoKOM 50A, TO Ha HUTH ICHCTBYET CHJIA

1)0,63-10'H 2)0,37-10"H 3)0,37-10"'H 4)1,0-10"H 5)1,63-10"H

A
T3.24 Eciu B MarHuTHOE 10JI€ ¢ HAIPSKEHHOCTHIO | 00— mapajuienbHO €ro JUHUAM UHAYKLINAN
M

IIOMECTUTH IIPOBOJIOYHBIN BUTOK PaJANyCOM SCM, TO MarHUTHBIN IIOTOK YEPE3 HETO PaBEH

1) 0,56MB6  2) 0,78MB6 3)1-10"'B6 4) 0 5)0,78B6
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A
T3.25 Ecnu B MarHuTHOE MOJIE € HANPSKEHHOCTBIO 500 — MEPHEHIUKYJSIPHO €ro JIMHUAM
M

WHIYKIIUYA TTOMECTUTh MPOBOJIOYHBIN BUTOK paguycoM 0,5CM, TO MarHUTHBINA MOTOK Y€pe3 HEro
paBeH

1) ImB6 2) 0,8mMkB6 3) 0,05mMxB6 4) 1mMmxB6 5)0
T3.26 Ecin npoBosoYHBIN BUTOK ¢ TOKOM A u paguycoM S5cM, HAXOAAIIUICS B MarHUTHOM

A
HoJie C HampsDKeHHOCThI0 00— mMmapaulelbHO €ro JIMHHSAM, IOBEPHYTh Ha yroa 60°
M

OTHOCHUTEJIBHO BEKTOpA MHIYKIMH, TO IIPU 3TOM HY>KHO COBEPILUTH paboTy paBHYIO
1) 0,8mx/x 2) 0,7mx  3) 0,5mk/[x 4) Imxx 5) 0,5 Ix

3amauu 11 KOHTPOJIbHBIX PadoT
3.1
ONEKTPOH, YCKOPEHHBIM DJIEKTPUYECKMM IIOJIEM C pa3HocTeio noreHnuanos U =0,5kB,
JBUKETCS] TapajuIeIbHO JJIUHHOMY MPSIMOJIMHEHMHOMY IMPOBOJHUKY Ha PAacCTOSIHMM I =1cM OT
Hero. Omnpenenuts cuity F, nelCTBYIONIyI0 Ha 3JEKTPOH, €CIM MO MPOBOAHUKY TEUYET TOK
[=10A.
3.2
[TpoToH, yCKOPEHHBIH 3JEKTPUUECKUM I0JIeM Ha paccTossHUU d = 1cM, IBHXKETCS B OTHOPOIHOM
MarHUTHOM TI0JI€ C MAarHuTHOW wuHAYKiued B=2mMTn, mo OKpPyXHOCTH C paanycoMm
R =1,6 M.Onipenenuth HanpsoKeHHOCTH E a5iekTpryeckoro mossi.
33
DIIEKTPOH, B OJHOPOJAHOM MarHUTHOM IOJI€ ¢ MarHUTHOW nHaykuue B =2wmTn, nBmxkercs no
KpyroBoit opoure paguycoM R =15cm . Onpenenuts MarHUTHBIN MOMEHT P, KPyTrOBOT'O TOKA.

34
DJeKTpoH, cO CckopocThio v =10°M/c, BreTaeT B OJHOPOJAHOE MAarHMTHOE TOJE C

HanpsxeHHocThio H=1.5kA/M mox yrioM o= 60°, K ero HalpaBJeHHIO 1 HAYMHAET JBUIATHCS
no crimpany. Onpenenuts mar h u paguyc R BuTKa crimpa.

35

DNeKTpOH B aToMe BOJOPOJAA MABWKETCS BOKPYT sApa IO KPYroBoil opOHTe pamuycoM
r=528-10""M wu ckopoctbiov =10° M/c.  OmnpenenuTh MATHUTHYIO MHIYKIMIO B mons,
C03/1aBa€MOT0 SIIEKTPOHOM B IIEHTPE Er0 KPYTOBOii OPOUTEL.

3.6

DJIeKTPOH JBMUKETCSA B OJHOPOIHOM MATHHTHOM Ioje ¢ MHAyKimeil B = 0,1Ti 1o oKpyXHOCTH.
Onpe/IeNIuTh YII0BYI0 CKOPOCTh () BPAIEHHs 2IEKTPOHA.

3.7

DNeKTpoH, co ckopocThio v =10°M/c, jBHKeTCS B OJHOPOJHOM MATHHTHOM TOJE
NEPNECHAUKYJIAPHO €T0 JIMHHUAM HWHAYKIHHU. OHpeIIeJII/ITI) HOPMAJIbHOC an 1 TaAHI'CHIIUAJIBHOC az_

YCKOPCHUEC JJICKTPOHA, €CJIM UHAYKIHUA MAarHuTHOTO ITOJISA B= 0,1 mTom.
3.8

B onHOpOIHOM MarHMTHOM M0JI€ MEPIEHIUKYIISIPHO €0 JIMHUSIM UHAYKIIUU JABUKETCS TPSIMOM
npoBoaHuK anuHoUW L= 40cm. Onpenenuts cuiny F, nedcTByromyro Ha CBOOOJHBIN 3JEKTPOH
MPOBOJIHMKA, €CJIM BO3HUKAIONIAs HAa €ro KOHIIAX Pa3HOCTh MOTEHIMAJIOB COCTaBIsieT AQ
=10mxB.

39

[TpsimoyronbHast pamka co ctopoHamu a =40cM u b = 30 cM pacnosio’keHa B OJTHOM TIIOCKOCTH ¢
OECKOHEUHBIM MpPSMOJIMHEHHBIM HpoBoJAOM ¢ TokoM I=6A. Omnpenenuts cuiny F,
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IPUTATUBAIOLIYIO PaMKY K IPOBOJLY, €CIIM OJIMKaiiiiasi K MpoBOy CTOPOHA PAMKH HaXOAMUTCS Ha
paccrosiHuu ¢ = 10cM, a TOK B HEH UMEET TaKOe KE HAIPABJICHUE U BEJINYMHY, YTO U B IIPOBOJIE.
3.10

[lo TOHKOMY MpOBOJIOYHOMY MOJyKOIbLy paauycoM R =50cM, pacnonokxeHHOMY B
MarHuTHOM Toie ¢ wuHAykiumedn B=1Tn, teder Toxk I=1A. Onpegemurp cuny F
PaCTATHUBAOILYIO OJYKOJIBIIO.

3.11

. BUT
Onpenenuts cuiny Toka | B karymike, JuinHOM /=10cM M IJIOTHOCTHIO BUTKOB N =8——
cM

paanycom R=2cwm, eciiu MarHuTHBIN OTOK uyepe3 Hee @ = 2,5 MkBO .

3.12
B onxHOpomHOM MarHMTHOM IIOJIE TIOMELIEHA KBaJapaTHas paMKa CO CTOpOHOM a =10cm.

[TnockoCTh paMKU COCTABIISICT C HANpaBIEHUEM MAarHUTHOrO nojs yroua = 60", a MarHUTHBIN
MOTOK, NpoHU3bIBatol i pamky @ = 0,6 B6. Onpenenuts HanpsikeHHOCT, H MarHUTHOTO OIS,

3.13
[Inomans MONEPEYHOrO cedeHHs coleHomaa S=1cm’, ero mmmHa 1=12,5¢M M MarHUTHBIA

MoMeHT p,, = 0,1 A-m°. OnpenenuTh HHAYKIMIO B MATHUTHOTO MOJIS B LIEHTPE COJIEHOUIA.

3.14

B onHoil miiockocTH ¢ NPSIMOIMHEWHBIM OECKOHEYHBIM MPOBOJIOM DPACIIONOXKEeHa KBaJpaTHas
paMka co ctopoHoil a =10cM. [[Be CTOpOHBI paMKH MapaJuiebHbI MPOBOY, & PACCTOSHUE OT
poBOjA 710 OJFDKaWIIe CTOpPOHBI paMKU paBHO d=5cM. MarHUTHBIA MOTOK, MPOHU3BIBAFOIINN
pamky, paBeH @ = 0,5MkB6 . OnpenenuTs crity Toka I B IpSAMOJIMHEHHOM TTPOBOJIC.

3.15

[Ipsimoii poBoy amuHON 1=20cM 1 ¢ TokoM [ = 5A, HaxoaAIMIICS B OJHOPOTHOM MAarHUTHOM
none ¢ uaayknuen B =0,1Tn, pacnonoxkeH nepneHauKyJIIpHO JUHUSIM MAarHUTHOW WHIYKIIMH.
Onpenenuts paboTy A cWI TONS, MOJA JSHCTBHEM KOTOPBIX INPOBOJHUK IEPEMECTUTCS Ha
paccrosinuu d=2cMm.

3.16

KBanparusiii mpoBoAsmuii KOHTYp, O KOTOpoMmy TeueT Tok [ =10A, cB0OOOIHO TOJBEIIEH B
OJIHOPOJIHOM MArHUTHOM I0Ji€e ¢ MarHuTHOM uuAykuued B =0,2Tn . [Ipu noBopoTe KOHTypa Ha

180° Bokpyr ocu, mepneHAMKYISPHON HANpPaBJIEHUK MATHMTHOIO IOJS, COBEpINEHa paboTa
A =0,16/]x . OnpenenuTs mIoWAAL S KOHTYpA.

3.17

B ogHOpogHOM MarHUTHOM mosie ¢ MarHUTHOM nHAyKIuel B = 0.2Tn HaxoauTtcs KBaapaTHBINA
MPOBOSIINN KOHTYP co cTopoHO# 1 =20cMm u TokoMm [ =10A . [110CKOCTh KOHTYpa COCTABISIET

¢ HarpasyienreM monst yron & = 30°. Onpenenuts paboTy A ynaleHHuss KOHTYpa 3a MPEIENbl
HOJIAL.
3.18
KpyroBoil npoBoasdmuii KOHTYp pajinycoM I =5CM HaXOAWTCS B MarHUTHOM IIOJE€ TaK, 4YTO
IUIOCKOCTh ~ KOHTYypa MEpIeHAMKYJsSpHa HampaBieHHIo nois. HampsbkeHHOCTh — mosnd

H=10kA/M. Tpu nosopore konrtypa ma 90° BOKpyr ocH, coBmanaomieil ¢ IUAMETPOM

KOHTYpa, coBepiieHa padora A =100mk/x . Onpenenuts TOK I, mpoTekaromuii Mo KOHTYpY.

3.19
B onHOpogHOM MarHMTHOM TOJie ¢ MarHUTHOM uHAykuued B =1Tn HaxoauTcs minockas
karymka u3 N=100 ButkoB paguycom r =10cm. [ImockocTh KaTylIKu ¢ HamnpaBiICHUEM IOJIS

cocraBisitor yron fB=60°. Ilo xarymke teder Tok [=10A. Onpenenuts: 1) Bpamarommi

MOMEHT M, naeHCTByIOLM Ha KaTywmiky; 2) pabory A Juid yJnaleHus 3TOM KaTyIIKU U3
MarHUTHOTO IOJIS.
3.20
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Kpyrias pamMka ¢ TOKOM M IUIomapio S =15cM” 3aKkperuieHa mapamiebHO MArHUTHOMY TIOJIO C
uaaykuuedn B =0,1Tn. Ha pamky peiictByer Bpamatomuid MoMeHT M =0,45MH-m.
Onpenenuts cuiny Toka | B pamke.

3.21

[To mpsiMOMyY TOPHU3OHTAIILHO PACTIOI0KEHHOMY TIPOBOTy mpornyckatoT Tok [1=10 A. Ilox Hum Ha
paccrossuun R=1,5 cM Haxoautcs mapajjieibHbId €My allOMUHUEBBIA MPOBOJ, MO KOTOPOMY
nporyckaroT Tok [,=1,5 A. Onpenenuth, KakKoW TOJDKHA OBITH TUIOMIAAb S MTOTIEPEUYHOTO CEUSHUS
QATIOMHUHHEBOTO MPOBOJIA, YTOOBI OH YACPKUBAJICS HE3aKPETIJICHHBIM.

3.22

JIBa OECKOHEUHBIX MPSMOJMHEHHBIX TMApPAJICIBbHBIX TPOBOJHUKA C TOKaMHU OJIHOTO
Hampasienust [;=I,=10A naxomsaTcs Ha pacctosare R ayr ot apyra. Ompenenuts padoty A,
pacCUMTaHHYI0 Ha EIUHHIY [JIMHBI MPOBOAHHKOB, KOTOPYIO HYXKHO COBEPIIUTH, YTOOBI
pPa3ABUHYTh UX Ha paccTtosHue 2R.

3.23

ITo koHTYpy M3 mpoBOJia B BUIE KBajapara co cropoHoil a=0,5 M TedeT Tok ¢ cuioit [=1A.
KouTyp pacnonoxeHn B 0JJHOM MIOCKOCTU C MPSIMOJIMHEHHBIM OECKOHEYHBIM MPOBOJIOM, TaK, YTO
JIBE€ €ro CTOPOHBI NapajieibHBI TMPOBOAY, a JEWCTBYIOIIas Ha Hero cwia - F=4 wmkH.
Omnpenenuts cuity Toka | B mpoBoje, eciu Ommkaiiiiias K HEeMy CTOPOHA KOHTypa HaXOIUTCS Ha
pacctostaun b=10 cm.

3.24

[To nByM OECKOHEYHO JJITUHHBIM MAPAJLICIBHBIM MPOBOJAM, HAXOSIIUMCS HAa PacCTOSTHMM R=
10 cm, texyT Toku [1=20A u [,=30A oaunakoBoro HampasiaeHus. OnpeneauTb MarHUTHYIO
WHAYKIHIO B moss, co3maBaeMoro TokaMu B TOYKaX, JISKANIUX Ha MPSIMOM, COeIMHSIONMEH 00a
poBoja: 1) Ha pacCTOSIHUU I'1= 2 CM JieBee MPaBoro MpoBoJa, 2) Ha PACCTOSHUU 1= 3 CM MpaBee
IIPAaBOro MPOBOAA, 3)Ha PACCTOSIHUM 3= 4 CM IIpaBee JIEBOTO IPOBO/IA.

3.25

[To nByM OECKOHEYHO NJIMHHBIM MPSMBIM TapaUICTBHBIM TPOBOIHUKAM, PACCTOSHUE MEKIY
kotopeiMu d = 20cm, TekyT Toku I} = 40A u I, =80A B omHom HampaBieHuu. OmnpenenuTsb
MarHuTHYI0 HHAYKIMIO B B TOuke, yJaJIeHHOW OT NEPBOro MPOBOAHMKA Ha r;=12cm, a oT
BTOPOTO - Ha 1,=16 cM.

3.26

[To nByM O€CKOHEYHO [IMHHBIM MpPSMBbIM MapajlieIbHbBIM MPOBOJHUKAM, PACCTOSHUE MEXKIY
kotopeiMu d = 15cm, tekyT Toku ;= 70A I,= 50A B TIpPOTHBOMONOXHBIX HANPABICHHUSX.
Onpenenutb MarHUTHYO UHIAYKLIHIO B B Touke, ynaneHHOM Ha r1=20cMm OT nepBoro u r,=30cM
OT BTOPOTO IIPOBOTHUKA.

3.27

HanpspkeHHOCTh MarHWTHOTO TOJIS B IIEHTpe KpyroBoro Butka H=150A/M, MarHuTHBII MOMEHT
pm=1,5A M. Onpenenuts paanyc R BuTka u cuity Toka I B HeM.

3.28

B omnopoaHoM MarHuTHOM mojie ¢ uHAyknued B = 1Tn HaxoguTcs KBagpaTHas pamka co
ctopoHoit a = 10 cm, no xotopoii Teuer Tok | = 4A. IlnockocTh pamMKu NEpHEHIUKYISIpPHA
JUHUSAM MarHUuTHOM mHAyKuuu. OnpeaenuTs paboTy A, KOTOpYI0 HEOOXOAMMO 3aTpaTHTh AJIs
MOBOPOTAa PAaMKH OTHOCUTEIBHO OCH, MPOXOJAIIEH uepe3 ceperHy €€ MPOTHUBOIMOJIONKHBIX
cropoH Ha yrusl: 1) 90° 2) 180° 3) 360°.

3.29

Tonkoe koip1o Maccoil m=10r, paauycom R = 8cmM HeceT 3apsia, paBHOMEPHO paclpeaesICHHbIN
¢ IHHeHHo# mioTHOCTHI0 T = 10HKI/M. Konblio paBHOMEpHO Bpamaercs ¢ 4actoToi v =15¢™
OTHOCHUTENILHO OCH, TMEPHNEHAUKYISIPHON IUIOCKOCTH KOJbIAa M MPOXOMSIIEH Yepe3 ero LEHTP.
Onpenenutb: 1) MarHUTHBII MOMEHT pPn KPYIOBOI'O TOKA, CO3/1aBa€MOI0 KOJIBLIOM; 2)

P
OTHOIICHUC Tm MAarouTHOIrO MOMCHTAa K MOMCHTY HUMITYJIbCa KOJIbLIA.
3.30



[IpuHuMast, 4yTO HJNEKTPOH B aToMe€ BOJOpPOAA JBUXKETCS MO KPYroBOW OpOUTE, ONpPENEeIUTh
P
OTHOIIIEHHE Tm MarHUTHOIO MOMEHTa KpPYroBOI'O TOKa K MOMEHTY HMMIIyJbCa OpOUTaIHHOTO

JIBUKEHMSI DJIEKTPOHA.

3.31

OnpenenuTh MarHUTHYIO0 MHAYKIHIO B mons, cozmaBaeMoro oTpe3koM OECKOHEYHO JUIMHHOTO
MPOBOJIA, B TOYKE PaBHOYIAJEHHON OT KOHIIOB OTPE3Ka M HAXOJSIICHCS Ha pacCTOSTHUM R=4cMm
oT ero cepeaunsl. [nHa oTpeska mposoja 1 = 20cm, a cuna Toka B nposojae [ = 10A.

3.32

[IpoBonouynas kBazpaTHass paMKa ¢ TOKOM [ m cropoHoi a = 15cM, co3gaer B LEHTpe
HanpskEHHOCTH MarHuTHOTO 1MoJIst H = 30A/M. Onpenenuth cuty Toka I B pamke.

3.33

OnpenenuTb MAarHUTHYO MHAYKLMIO B B IeHTpe KpyroBOro npoBOJIOYHOTO BUTKA paguycoM R=
10cMm, o koTopomy TeueT Tok [ = 1A.

3.34

OnpenenuTs MarHUTHYK0 HMHIYKOUIO B Ha OCHM TOHKOro INPOBOJOYHOIO KOJIBLA PAINyCOM
R=5cM, o kotopomy teder Tok I = 10A, B TOuKke , pacmonoxeHHoi Ha paccTossHur d=10cMm ot
LIEHTPa KOJIbLIA.

3.35

OnpenenuTs MArHUTHYIO MHIYKLIUIO By Ha OCHM TOHKOTrO MPOBOJIOYHOTO KoJibLa paanycoM R=10
CM B TOYKE, PacIoyio’keHHOH Ha paccTtostHud d = 20cM OT LIeHTpa KOJIbIla, €CIIU MPU MPOTEKaAaHUN
TOKA I10 KOJIBILY B €ro HeHTpe uHaykuus B = S0mkTo.

3.36

KpyroBoii Butok pammycom R = 15cM pacronokeH OTHOCHUTETHHO OECKOHEYHO IJIMHHOTO
IIPOBOJIA TaK, YTO €0 IJIOCKOCTh NapajuieiabHa npoBoay. IlepneHaukymsp, BOCCTaHOBIEHHBIN Ha
IIPOBOJ W3 LEHTPa BUTKA, SIBJSETCS HOPMAJbIO K IUIOCKOCTH BHTKAa. CHia TOKa B IPOBOIE

[,=1A, cuma toka B BuTKe I, = 5A. PaccrosHue ot meHTpa BuTKa J0 mpoBoga d = 20cwm.
Onpenenuth MarHUTHYIO MHAYKIHMIO B B IIeHTpe BUTKA.
3.37

B omHopogHOM marmuTHOM mnosie ¢ uHayknuedl B = 0,2Tn maxoauTcs npsMOM IPOBOJHUK
mmHou |1 = 15¢Mm, o xotopomy Teuer Tok I = SA. Ha npoBognuk neiictByer cuma F = 0,13H.
OnpenenuTs yroi o MeX/ly HalpaBICHUSIMH TOKa M BEKTOPOM MAarHUTHOW MHIYKIIUU.

3.38

Ilo conenouny mmamerpom D = 2cm, mmuuoint L = 3cM u yuciaom ButkoB N = 100 TeyeT TOk
[=2A. Onpenenuth U MOCTPOUTH 3aBUCUMOCTh HampsikeHHOCTH H = H(X) MarHuTHOrO MOJS OT

KOOPJIMHATHI X [0 OCH COJICHOU/1a, IPUHSIB €€ 3a KOOpAUHATHY0 och OX.

3.39

B marautHOM none, naaykius koroporo B = 50mk T, Bpamaercs crepxens jmuHon L=1M. Och
BpallleHUsl, NpOXOoAsiias dYepe3 OAMH U3 KOHLOB CTEpXKHs, MapajljielibHa HalpaBJICHUIO
MarHuTHOro nojs. OnpenenuTs MarHUTHBIA MOTOK P, mepecekaeMblil CTEPKHEM NP KaKJIOM
ero obopoTe.

3.40

BuyTpu conenouna ¢ xommuectBoM BUTKOB N = 200, mnmunoii 1 = 10cm u nuamerpom D=I1cm
NOMEIIEH JKeJe3Hbl  cepaeuHuk. Ompenenauts M NOCTPOUTH TIpadUK  3aBUCHUMOCTHU
@ = O([)MarHUTHOIO TOTOKA OT CUibl Toka B uHTepBasie 0<I<5A, ucrnone3ys rpadux

3aBucumocty B(H) mst sxenesa.
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