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1. EaexTpomaruniTHa inaykuis. 3akon ®@apajaest

Enexmpomacnimua inoyxyis

B3aemHuil 3B'430K €IEKTPUYHUX 1 MarHITHUX MOJIIB YCTAHOBUB aHTIINCHKUIMA
¢13ux M. dapaneit, EnekrpuyHi cTpyMu CTBOPIOIOTH HABKOJIO ce0e MarHiTHE MoJie,
A 4M He MOK€ MarHiTHE MoJie CIPUUYUHUTH €JIEKTPUIHUIN CTpyM?

Y 1831 p. dapaxneit ekcnepuMEHTATbHO BCTAaHOBUB, IO 31 3MIHOIO
Mar”iTHOTO TOTOKY, SIKHM TPOHH3yE€ 3aMKHEHUW KOHTYp, Y HBOMY BHUHHUKAE
eNeKTpuuHUN cTpyMm. lle sBuIle Ha3BadM EJIEKTPOMArHITHOIO 1HIYKIIIEO
(«1IHAYKIIIsD 03HAYAE «HABEICHHS»).

SBuie enekTpoMarHiTHOI 1HAYKUIT Papaneid JOCHIKYyBaB 3a JIOIOMOTOI0
JIBOX 130JIbOBAHUX OJHA BIJl OJHOI JPOTSHUX CIipajedl, HAMOTaHUX HA JIEPEB'AHY
kotymky. Ogny crmipaib Oyio 3'€IHaHO 3 rajbBaHIYHOIO OaTapeero, a APYry - 3
raJIbBAHOMETPOM, SIKUH peecTpye ciabki CTpyMdU. Y MOMEHTH 3aMHUKaHHS 1
PO3MUKaHHS KOJia MEPINOi CIipaii CTpijika TaJlbBAHOMETPA B KOJII JIPYTroi cripai
BIIXHWJISLIACE.

BukonaBmm 6e3nmiu  nocuifiB, ®dapaneil ycTaHOBUB, IO B 3aMKHEHHX
MPOBITHUX KOHTYypaxX EJNEeKTPUYHUN CTPYyM BHUHHUKA€ TITBKH TOJI, KOJU BOHU
pPO3MillleHI B 3MIHHOMY MarHiTHOMY I10JI1, HE3aJI€KHO BiJl TOrO, SIK 3MIHIOETHCS 3
4acoM TMOTIK 1HAYKIT MarHiTHOro moss. CTpyM, SKWA BUHUKAE 1]l 4Yac sIBUILA
CJICKTPOMArHITHOI 1HAYKI(li, HA3UBAIOTh 1HAYKIIHHUM. TOYHIIIE Ka)Xy4dH, i Jac
PYXy KOHTYPY B MarHiTHOMY TIOJIl TEHEPY€EThCS HE MEBHHUM CTPYM (SAKUH 3aJI€KUThH
BiZ omiopy), a neBHa EPC.

3axon @apaoesn
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Posrnsnemo, sx Bunwmkae EPC imaykmii, a oTxe, ¥ 1HAYKIIMHUN CTPYyM.
Hexait npoBimHUK 0€3 CTpyMy 3aBJOBXKKH / PYXa€ThbCs B MarHiTHOMY IOJ1 3i
mBUAKICTIO V' (puc. 1). MarniTHe mone omgHOpigHe. BekTop Mar"iTHOi iHAYKIIil
HaIMPSMJICHUHN TIEPIICHANKYJISIPHO J0 TUIOIIMHA PUCYHKA Bij HAC. SIKIIO MPOBITHUK
pyXaeTbCs NPABOpPYY, BUIbHI €JIEKTPOHHU, SIKI MICTATBCA B HBOMY, TaKOX
pyXaTUMyThCSl MPaBOPYY, TOOTO BUHHMKAE KOHBEKUIWHUNA cTpyMm. Hampsim nporo
CTpyMy oOepHEHUH 10 HAMpAMY PyXy €JIeKTpoHiB. Ha KoXHUI pyXoMHUil eeKTpoH
3 00Ky Mar”iTHOro noss aie cuina Jlopenua F,. 3apsn enekTpoHa HeraTuBHUMA. Tomy
cuia Jlopenna HanpsimieHa BHU3. [1i mi€ro 1i€i CUIn eNeKTPOHU MalOTh PyXaTUCs
BHU3, Y KOKHIM YacTHHI MPOBIJHUKA / HArPOMAJKYIOThCSI HETATUBHI 3apsiiv, a y
BEPXHIH - MO3UTUBHI. Y TBOPIOETHCS PI3HUIIS MOTSHITIATIB (P — P, Y MPOBITHUKY
BUHUKA€E €NEKTPUYHE TIOJIe HAIMpPYXKEHICTI0O FE, SKe TMEepenIKoKae TanbIIoMy
MEPEMIIIICHHIO €JIEKTPOHIB.
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Puc. 1

Y ™omeHT, konmu cuna F,, = eE, ska ngie Ha 3apsaad 3 OOKy I[bOTO
€JIEKTPUYHOIO M0JIs, JOPIBHIOBATUME 3a MOayJieM cuil F,; = eV B sin a, sika Jii€ Ha
3apsiiM 3 00Ky Mar”itHoro moiisi, Tooto npu eE = eVB sina, abo E = VB sina,
NepeMilleHHs 3apsAiB TPUITUHUTHCS.

HanpysxeHiCTb eIeKTpUYHOTO0 N0JiA £ B pyXOMOMY IPOBITHUKY 3aBIOBKKHU [
1 pI3HULA TOTEHIIATIB (1 — (P, TIOB'SI3aH1 MK COOOIO CITIBBIIHOIIICHHSIM

1 — @, = El
abo
@1 — @, =VBlsina.

SIKI10 Takuil NpOBIHUK 3aMKHYTH, TO IO KONy NPOXOoAUTUME cTpyM. OTxe,

Ha KIHIIX TpOoBigHUKA 1HAYyKyeThes EPC
&y = VBlsina.

JloknazHille BUBYEHHS EJEKTPOMArHiTHOI 1HAYKUIli moka3ano, mo EPC

IHAYKUIT B AKOMY-HEOYIb 3aMKHEHOMY KOHTYpl JIOPIBHIOE IIBUAKOCTI 3MIHU



MAar"iTHOTO IIOTOKY 4YCpPC3 ITOBCPXHIO, AKa oOMexeHa MM KOHTYPOM, B3ATY 3

MPOTWICKHUM 3HaKOM. OTxke,
dd
giH,q = - E
OcraHHE CIMIBBIIHOILICHHS BUPAXa€ 3aKOH €JIEKTPOMArHiTHOI 1HAYKIii abo
3akoH Papanes:
EPC iHaykiii JOOpiBHIOE WIBUJKOCTI 3MIHM MArHITHOTO TIOTOKY 4Yepes
MOBEPXHIO, 0OMEKEHY KOHTYPOM.

2. Enexkrpopyuiiina cuna ingykuii. Ilpasusio Jlenna

EPC inoykyii

EnextpopyiiiHa cuiia B KO - [[e pe3ynbTar Jii CTOPOHHIX CHJI, TOOTO CHII
HEEJIEKTPUYHOI0 MOXOKEHHA. Y TIPOLEC] pyXy NPOBITHUKA B MArHITOMY IOJI1 POJIb
CTOPOHHIX CWJI BUKOHYye cuia JlopeHla, mia Ji€r0 SKOi 3apsaud pO3IUISIOTHCA,
BHACJIIJIOK YOr0 Ha KIHIMX TPOBIJHUKA BWHUKAE pi3HMI mnoreHmianiB. EPC
IHIYKIT B MPOBITHUKY XapaKTEPU3Y€E pOOOTY IMOJ0 TMEPEMIMICHHS OJUHUYHOIO
MO3UTHUBHOTO 3apsly B3/I0BXK MPOBIIHHUKA.

k1o 3aMKHEHUH KOHTYpP Mae N MOCTIA0OBHO 3'€IHAHUX BUTKIB (HAPHUKIIA],

KoTymIka abo conenoin), To EPC innykuii qopiBaioe cymi EPC koxxHOro BUTKA:!
do
giH,Z[ = —N E
SIKo 3aMKHEHHMM MPOBIHUKA KOHTYp Mae€ omip R, TO cuia 1HAYKLIHHOTO
CTpyMY BU3HAUYa€THCS 3a GOPMYJIO0

giHa
Ly = —22,
iH/ R
HpI/I IbOMY B KOHTypi IIPOXOaUTH KUIBKICTH CIICKTPUKU
40 dd
= R .

SBuIlle €NEKTPOMArHiTHOI I1HAYKINT JIEKUTh B OCHOBI Jii €JIEKTPUYHHUX
reHepaTopiB. Ko piBHOMIpHO oOepTaTd APOTSHY paMKy B OJHOPIIHOMY
Mar”iTHOMY I0JIi, TO BUHUKA€E THAYKOBAaHUMN CTPYM, KU NIEPIOIMYHO 3MIHIOE CBI1f
HanpsM. HaBiTh ogMHMYHA paMKa, siKa 00€pTAEThCA B OJHOPITHOMY MArHiTHOMY
[0JIl, € TEHEepaTopoM 3MIHHOTrO cTpyMmy. CKiajHilll TeHepaTOpu 3BUYANHO €
MOJIINIIIEHUMHU BapiaHTaMU TaKOTO MPUCTPOIO.

Ilpasuno Jlenya

. : Ao .
3nak MiHyC y popMyi &y, = — = Bi1oOpakae npasuio JleHua:

IHIYKIIHHAN CTPYM 3aBXKJIM HAMMPSIMIICHUH TakK, 110 HOTO JIisl MPOTHJICKHA dii
MPUYHUHH, KA BUKITUKAE CTPYM.
SIK1110 MarHiTHUM MOTIK 3pPOCTAE:



do
E > 0, TO Einp < 0,

10610 EPC 1HAYKIIIT CIPUYHHIOE CTPYM TAaKOT'O HANPSIMY, MPU IKOMY HOTO MarHiTHE
10JIe 3MEHIIY€ MAarHITHUM MOTIK Yepe3 KOHTYP.

SIK1110 MarHiTHUN NOTIK 3MEHIITYETHCS:

dd
I < 0,710 &y, > 0,

TOOTO MarH”iTHe MoJie 1IHAYKUIHHOTO CTpyMYy 30UIbLIY€E CMaJHUNA MarHiTHUN MOTIK
yepe3 KOHTYP.

3. Camoinaykuis. [HAyKTHUBHICTH

Camoinoykyis

Posrnsitnemo kono (puc. 2), sxe ckiagaetbcs 3 Oartapei E, peocrata R,
KOTYIIKH 1HAYKTUBHOCTI L, ragpBanometpa /1 kimoua K.

k110 K0JI0 3aMKHEHE, TO IO TajJbBaHOMETPY /1 KOTYIII 1HAYKTUBHOCTI L
OPOXOAUTh EIEKTPUYHUN CTpyM. Y MOMEHT pPO3MHKAaHHS KoJla CTpLIKa
raJlbBAaHOMETPA PI3KO BIIXHIAETHCS y MpOoTUiSKHUN Oik. [IprunHa nporo B Tomy,
00 NpH PO3MUKAHHI KOJA MArHITHUA TOTIK Yy KOTYIILI 3MEHIIYEThCS,
cupuunHioroun B HiW EPC camoinaykmii. Ctpym camoiuaykiii I, 3a 3aKOHOM
Jlenia, nepemko/kae CrnajlaHHi0 MarHiTHOTO MOTOKY, TOOTO BiH HANpSIMIICHUN Y
KOTYIIIl TaK caMo, SIK 1 caguuii ctpyM /2. Lell cTpyM HUJIKOM IPOXOAUTH Yepe3
rajJbBaHOMETp, aJile MOr0 HANPSIM MPOTWICKHUN HANpsAMY /;. SIBUIllE BUHMKHEHHS
1HIYKOBAHOTO CTPyMYy B KOJII BHACIIJOK 3MIHM CTPyMY B HbOMY Ha3WBAIOTh
CaMOIHJTYKIIIEIO.

Puc. 2

CamoiHAYKIIS - 1€ OKPEMUI BUIMAIOK SIBUIL €IEKTPOMATHITHOT 1HAYKITII.

3'icyemo, Bia yoro 3anexkutb EPC camoinaykuii. [naykiis B nponopiiiitHa
CWJII CTPYMY B KOTYIIL, TOMY MarHiTHUH MOTIK, SIKK BUHUKAE B KOTYLII, TAKOX
MPOTIOPLIMHUYN CUIIl CTPYMY:



d = LI.
Koedimient npornopitiiHocTi L Ha3UBaIOTh 1HAYKTUBHICTIO KOHTYDY.
[3 3MiHOI0O BIACHOIO MArHITHOTO TMOTOKY B KOHTYpl, 3TAHO 3 3aKOHOM
€JICKTPOMArHiTHOI 1IHyKIIi1, BuHnkae EPC caMoinykiii:
do
-
[lincraBuBmm y octanHii Bupa3 popmyny & = LI, 3naxoaumo, mo EPC

Ei =

CaMOTHAYKIIT TPOIOPIIiiiHA IMBUAKOCTI 3MIHUA CHJIH CTPYMY:
dl
Eq = —L a
Inoyxmuenicme
3 ocTaHHBO1 (OPMYJIM BUILUIMBAE, 110 1HAYKTUBHICTS - 11€ (h13UYHA BEITUYHHA,
ska yrcesbHo qopiBHI0e EPC camoinayKiii, ska BUHUKAE B KOHTYPI1 MPH 3MiH1 CHIIHA
ctpyMy Ha 1 A 3a 1 c. [HAyKTUBHICTD L KOHTYpPY 3aJI€KUTh B1J HOr0 r€OMETPUYHOT
dbopmu, poO3MIpiB 1 MAarHiTHUX BJIACTUBOCTEH CepeloBUINA, B SKOMY BIiH
po3Miienuit. Hanmpukian, uist cojaeHoina 3aBA0BKKHY / 1 IIIONICI0 Tepepi3y BUTKA S
y Bakyymi abo MoBiTpi
#oN?S

L=~
l )

ne N - 3arajibHa KUIbKICTh BUTKIB COJIEHOI/1a; |4y - MAarHiTHa cTaa.

VYpaxyBasmu, 110 00'eM conenoina V = [S,an = N/l - KUIbKICTh BUTKIB, 5IK1
IPUNAAAI0Th Ha OJUWHHULIO JOBXHHH, OCTAHHIO (DOpMYINly MOXHA IMEpEenucata y
BUIJIS1

L = pyn?v.
3 popmynu @ = LI BunnuBae, mo L = ?. 3 ui€i popmMyiM MOKHA BUSHAUUTH

OJIMHHUITIO THAYKTUBHOCTI - reHpi (I'n):
1T = 1B6/A = 1B-/A.

Sk BUIUIMBAE 3 JOCIHIJIIB, 1HAYKTUBHICTh YCSIKOIO KOHTYPY 3aJIEKUTh BIJ
BJIACTUBOCTEN CEpellOBUINA, B SKOMY pPO3MINICHUH KOHTYp. Y IbOMY MOXHa
BIIEBHUTHUCH HA JOCIIl, CXEMY SIKOTO 300pakeHO Ha puc. 2. SKmo B KOTyHIKY L
BHECTH 3aJIi3HE OCEPJIsi, TO CUJIa CTPYMY CaMOIHIYKIIil 3pocTae B 6araro pasis. Lle
CBIJTUYUTH PO T€, 110 301IBIINUIACH 1THAYKTUBHICTh KOTYIIKH.

Benuuuna, sika JOpIBHIOE BIAHOUIEHHIO I1HAYKTUBHOCTI L KOHTYpY B
OJTHOPITHOMY CEpPEeIOBHUIII J0 1HAYKTUBHOCTI Ly KOHTYPY y BaKyyMi, € MarHiTHOIO
IIPOHUKHICTIO CEPEIOBHIIIA:



MarsiTHa IPOHHMKHICTb, SIKa XapaKTEPU3y€ MArHiTHI BIIACTUBOCTI PEYOBUHU,
- BelM4YMHA 6e3p03MipHa. 3 OCTaHHIX (OPMYJI BUILIMBAE, WO L = ppyn?V.

4. B3aemoinaykuisi. Tpancdopmartop
SIK110 KOHTYD, KU CKJIAJIa€ThCA 3 TPOBIAHUKA, IOMICTUTH TOOJIU3Y KOHTYPY 13
CTPYMOM, III0 3MIHIOETHCS 3 4ACOM, TO B TIPOBIIHUKY MU 3apEECTPYEMO 1HyKOBAHE
CIEKTpPUYHE TMoje. SIBUIle BUHUKHEHHS 1HIYKOBAHOTO EJNEKTPUYHOTO TOJIA B
IPOBITHUKAX, PO3MINICHUX MMOOJM3Y I1HIIMX MPOBITHUKIB, MO SKUX MPOXOIUTH
3MIHHUW y dYaci eNeKTPUYHHA CTPYM, HA3WBAIOTh B3aeMHOIO iHAyKIlieo. EPC

B3a€EMHOI 1HIYKI[l1 BU3HAYUMO 32 3aKOHOM €JIEKTPOMAarHiTHOT 1HyKIIii:
21 =~ -
dt

VY mit popmyni dd,; - MOTIK MarHiTHOI 1HAYKIli, SKHA CTBOPIOETHCS
Mar”iTHUM TIOJIEeM CTpyMy /;, 1O MPOXOAUTH MO KOHTYPY i NMPOHHU3YE ILIOILY
MOBEPXHI, SIKY OXOIUIIOE KOHTYP.

MarnitHuii notik d®,; TpomOPIIHHUN CTpyMy [;, MO NPOXOAUTH IO
NePIIoMy KOHTYPY:

©y1 = Ly 1.

Koedimient mpomopiiiinocti L,; Ha3WBaIOTh B3a€EMHOIO 1HAYKTHBHICTIO
KOHTYPIB; L, 3aJ€XUTH BiJl pO3MIpiB, FTeOMETpUYHOI (OpMH, BITHOCHOT MarHiTHOT
MIPOHUKHOCTI CEPEIOBHIIA 1 B3AEMHOT'O PO3MIIIEHHS KOHTYPiB. 3 dopmyn @ = LI 1
®,, = Ly;1; BUOHO, MmO L,; BUMIPIOIOTH THUMHU CAMUMU OJMHUISMH, 10 H
IHIYKTUBHICTh, TOOTO B TeHpi (['H).

Ha sButi B3aeMHOT iHAYKIIT IPYHTYEThCS i TpaHchopMaTopa - MPUCTPOIO,
MPU3HAYEHOTO JIJIs1 IEPETBOPEHHSI HATIPYTH 1 CUITU 3MIHHOTO CTPYMY.



