24 ENNIEKTPOMAIHITHE
MOJE

§ 24.1. OcHoBHi noJ10:keHHs Teopii MakcBes1a

Jlo 1860 p. Oymu BUBYEHI YOTHPH OCHOBHI 3aKOHH €JIEKTPOMAarHeTU3MY:

1. Teopema OcTtporpajacbkoro-I'aycca st eJIeKTPUYHOIO MOJIsA, SIKa BCTAHOBIIIOE TOU-
HE CITiBBIJJHOLICHHS MiX IIOTOKOM HaIpy>XeHOCTi @D eeKT-
PUYHOTO NOJISI Yepe3 3aMKHYTY IOBEPXHIO 1 CyMapHUM 3apsi-

JIOM ZQi BCEpeNHI I1i€i OBEpXHi:
D, = §E.ds‘ = &, (24.1)
o

TOOTO IOTIK HANpPYKeHOCTI Pp EIEKTPUYHOTO IOJs 4Yepe3

Puc. 24.1 3aMKHYTY TTOBEPXHIO JIOPIBHIOE TTOBHOMY 3apsiay Z Qi , po3-

MIIIEHOTO BCEPEANHI 1Ii€l MOBEPXHi, MOAICHOro HA &, (AUB.
dopmyiy (17.13)), abo

[Hill )
none E ~ 108He Hucao ainii _ do, . (24.1, )
niowa ds

2. Teopema OcTporpaacbkoro-I'ayca ajist MarHiTHOro 1moJist :
@, = §é.d§ = 0. (24.2)

Bowna BinoOpakae Toi Qaxr, 1m0 i3 3aMKHYTOr0 00°€MY BUXOAUTH CTUIBKH CHIIOBHX JIHIN 1HITYKIIT
MAarHiTHOI'O TOJIS, CKUIBKM BXOIUTH B HHOTO. Lle pe3ynpTar TOro, mo MarHiTHUX 3apsiiB He
icHye. CuioBi JIiHIT 1HIYKIii MarHiTHOTO 1OJIsl HENEPEPBHI; Y
MAarHiTHOTO CTEpP)KHS, HAIPUKIIa/, 1HAYKIi MardHiTHOTO IOJIs

" B icHye sk 330BHI, TaK i B CepeInHI HBOT'O, i CHJIOBI JIiHIT Mar-
== e, < .
HiTHOrO moiist B BOPIOIOTE 3aM 1 xoutypu (puc. 24.2).
s YTBOP KHYTi KOHTYpH (p )
— \.‘—/ B3 A60
noeme Yyucao Ainiu do,
v none B = =—2, (24.2, a)
niowa ds

Puc. 24. i mBa 3aKOHM BITHOCSTHCS IO CTATUYHHX CHTyaIliid. B

He. 2% TepMiHax JIiHil OISl BOHM 3B’ A3YIOTh EIEKTPUYHI 1 MarHiTHi
oJIs 3 X HEPYXOMUMHU JpKepenamu. JIiHiT eleKTpUIHOTO TOMsI TOYHHAIOTHCS Ha TOJATHUX 3a-
pAAax i 3aKiHYYIOTHCS Ha Bix eMHHX. OCKUTFKYA MarHITHHUX 3apsjIiB HE iCHYE, TO K YK€ BiIMi-
YaJIoCh BUIIE, JiHIi MATHITHOTO TIOJIS TIOBHHHI OyTH HETIEpPEPBHUMH.

3. Tpertiii 3axoH, BiakpuTniit ®apameem, e 3aKOH €ICKTPOMATHITHOI IHAYKITIT
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24. EnexmpomaeHimue none

&= fE-di abo & =% (24.3)
dt

3rigHo 3aKoHy exexTpoMarHiTHOI iHaykiii @apazes (§ 21.3) 3MiHa MArHITHOTO OIS TIPH-
3BOJIUTH JI0 HOSIBY €JIEKTPUYHOTrO 1oiist (prc. 24.3). MakcBeIuT BUCIOBYB Tilmo-
Te3y. OCKUIbKH CIIpaBEJIMBE BHILE c(hOPMYIIbOBaHE, TO MOBUHHO OyTH crpa-
BEVIMBUM 1 3BOPOTHE — 3MiHA eJIEKTPUYHOI0 IOJIsI MOBHHHA CYNPOBOIKY-

BATHCS BUHHKHEHHSIM MArHiTHOIO MOJIS.
4. 3rigHo 4eTBepPTOro 3aKOHY, KUl OyB BCTAHOBJIEHUI AMIIEpOM, 3aM-

N KHYTI JIiHIi MarHiTHOTO TOJISI CTBOPIOIOTHCSI PYXOMHUMH €NIEKTPHYHUMH 3apsi-
5 JaMH, TOOTO exeKTpraHIM cTpyMoM (puc. 24.4):
B §B.d| = 11 abo Y B-Al = pl. (24.4)

S Lli yorupu piBusHHA (24.1 — 24.4) pazom Oynmu po3riisiHyTi MakcBen-
JIOM, JI¢ BiH BHSIBHB €IIEMCHTH CUMETPIl MiX eJie-
KTPUYHUMH | MAarHiTHUMH TOJSIMU. AJIe CUMETpis I
Oyna He 1MoBHA. 30KpeMa, SIK YK€ BigMidanoch, B B
NIPUPOJIi HE ICHy€ MarHiTHUX 3apsiiB, a TOMY He

Puc. 24.3

ICHye MarHiTHUX CTpyMiB. B 1uX piBHSHHSX € 11
OJIHa IporajiHa. Tpere pIBHSHHS OIKCYE MPOLECH, sIKi BiOyBalOTh-
sl TIpH 3MiHI B 4aci MarHiTHOrO NOJIA. AJie B PIBHSHHSX HEMa€ Bil-
TIOBIZIHOTO WJICHA, KW OMMCYBaB OW MpoOILECH, sIKi BiAOYBaOTHCS Puc. 24.4

I 3MiHI B 9aci enekTpudaHoro moist. I[Ipo 1o TpyaHicTs i muraxu ii mogonaHas MakcBemioM
MOBa IIi/ie B HACTYITHOMY Taparpadi.

§ 24.2. CtpyMm 3mileHHs

TpyaHiCTh, TPO SAKY HIuTa MOBa B KiHi § 24.1, BUHHKAE, KOJIU EICKTPUYHE KOJIO 3MiHHOTO
CTpyMY MICTHTH KOHZAEHcaTop. Komm ctpyM 3apsimkae KOHASHCATOp, HABKOJIO IMiJIBIAHUX IPO-
BITHUKIB, IO SKUX TE€YE CTPYM, iCHYIOTh CHIIOBI JiHIl MarHiTHOrO moins. OmHaK, B IIPOCTOPI

MDXK OOKJIaJMHKaMH KOHJEHCATOpa CTPYM INPOBIIHOCTI BiACYT-

B Hill. CTpyM IIpOBiIHOCTI Ha OOKJIAAMHIN KOHJEHCATOpa 0OpHBa-

€TbCsl. TakuM 4MHOM, CTPYM TIPOBITHOCTI, SIKWH Tede IO MpOBija-

HUKY, 110 3’€IHy€ OOKIIaIMHKN KOHAEHCATOPa, BUSBUTHCS PO3IM-

KHYTHM. 3TiTHO 3aKOHY AMIIepa B TOMY BUIIISIL, SIK BiH chopmy-

— JHOBAHUH, B TPOCTOPI MDX OOKJIaAMHKAMH KOHJEHCAaTopa He

Yoy iy MIOBUHHO OYTH HISIKMX JIiHIH MarHiTHOTO mmojst. Taka pi3ka 3MiHa

MarHiTHoro moist 0yna 6 nmporunpupoaHa. OCKiNbKH B mporeci

3apsIKH KOHJEHCATOpa eNeKTPUYHE IMojie MK Horo oOKiIaauH-

KaM¥ 3MiHIOE€ThCS, MaKCBENI IPUITYCTHB, IO 11€ 3MiHHE €JIeKT-

Puc. 24.5 pHYHE TT0JIe eKBiBaJIeHTHe EIEKTPHIHOMY CTPYMY, SKHH BiH Ha3-

BaB cTpymom 3mimenHst |p. HaBkono crpymy 3milueHHs (3MiHHOTO €IEKTPHYHOrO TONS), SIK 1

HABKOJIO CTPYMY IPOBIJHOCTI, BUHUKA€ MarHiTHe mojie (puc. 24.5). BpaxoByroun 1ie, 3aK0H Amiie-
pa 3apa3 MOXKHa 3aliCaTH y BUTIISAI

§é-d|"= po (1 +15). (24.5)

Ctpym 3MiteHHs |p MOKHA BHpa3uTH Yepe3 3MiHHE SIEKTPHYHE ITOJIe MidK 00K THHKAMH
KOHzeHcaTopa. Skmio BpaxysarH, 1o 3aps Q Ha xoHneHcaTopi nopiBHoe Q = CU, me U — pis-
HHLS [OTEHLaiB MiXk 00KJIaIMHKaMul KoHzieHcaropa, C — iioro emuicts, U = Ed, a C =¢,S/d,
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8 24.2 Cmpym 3miwgenns

ne E — HanpyKeHICTh eeKTPUYHOro Mot MiXk 0OKJIauHKaMu KOHjeHcaTopa, d 1 S — Biamnosi-
JTHO BiJICTaHb Mi’K OOKIJIAJITHKAMH 1 TUTOITA KOXKHOI 13 OOKJIaIMHOK KOHJICHCATOPa, OTPUMAEMO:

Q=CU =803Ed =¢,SE.
d
Sxmio 3apsq Ha OOKIIAAWHKAX 3MIHIOETHCS, TO BIIIIOBITHO 3MIHIOETHCS 1 HATIPY)KEHICTD T10-

151 IpoaudepennitoBaBIm ocTaHHIi BHpa3, OTPUMAEMO:

dQ dE

_ = 80 _

dt dt
ne dQ / dt — mBuaKicT HarpoMaKeHHs1 00 3MEHIICHHS 3apsay Ha OOKJIaIUHII KOHIICHCATO-
pa. [Hakme, e cTpyM, 110 BTikae B KOHAeHcaTop abo BUTIKae 3 Hboro. Lleit cTpym i € crpymom
3MimeHHS |p Misk OOKIaAMHKAMM:

dQ dE
I, = — = h— 24.6
D at €o at ( )
abo
do
I, = £ 24.7
p =~ %o at ( )

ne @ = SE — motik Hanpy:keHoCTi eJeKTpuaHOro mossi. Bpaxosyroun (24.7), uerBepre pis-
wsaHs ((24.4), 3akoH Amriepa) HaOyjie TAKOTO 3aKiHYCHOTO BUIJISALY:

§|§ ol = gl + yoé‘o&. (24.8)
dt

TakuM 4MHOM, 3MiHHE €JIEKTPUYHE IT0JIe B KOHJICHCATOP1 IMPU3BOANUTH JJO TAKOTO K CaMOr0
pe3ynbTary, mo i CTpyM y 3’ €IHYBaJIbHOMY NPOBiAHUKY. JIiHii MarHiTHOro Mo, sIKi OXOIUIIo-
I0Th 3a30p KOHZEHcaTopa, OyIyTh TAKUMH 3K, K 1 HABKOJIO IMiJBIHUX MpOBiTHUKIB. DPopmyrta
(24.8) orpumana Juis 4aCTKOBOTO BHIIAJIKY, aJi¢ BOHA CIIPABE/JIMBA 1 [UIsI 3aTaJIbHOrO BHIIAJIKY,
X04 CTPYM 3MilleHHs qy)Xe Manuid. Ilopsi i3 MOHATTSIM CTpyMy HPOBITHOCTI Ta CTPyMY 3Mi-
IIeHHS MakcBeJUT BBIiB B PO3IJISA] HOHATTS MOBHOIO CTPYMY, T'YCTHHA SIKOTO BU3HAYAETHCS SIK
TeOMETPUYHA CyMa TYCTHHH CTPYMY IPOBIAHOCTI 1 TYCTHHHU CTPYMY 3MIIIICHHS |

JT = jnp + JTsM' (249)

IMoBHMIT CTPYM 3aBXKIU € 3aMKHYTUM, TOMY T'yCTHHA CTPYMY IIPOBiTHOCTI 1 TYCTHHA CTPY-
My 3MIIICHAS OJHAKOBI, OJTHAKOBI 1 1X HATIPSMKH, a II¢ O3HAYAE, IO MTOBHUI CTpyM OIS TIOBEp-

= - XOHb OOKJIAJMHOK KOHJICHCATOpPa HE TEPIIUTh
/___ff!’ 3MmiH (puc. 24.6).
GKE TaxuM YMHOM, MOYKHA BBAXKATH, L0 CTPYM

B 3MilleHHs ONUCYE MEBHI pealibHi BIACTHBOCTI
€IIEKTPOMArHITHOTO 1oJist. 3rigHo rimote3m Ma-
KCBeJIJIa CTPYM 3MillleHHsI CTBOPIOE B Tpoc-
TOpi, IO HHOro 0TO4Yy€E, MarHiTHe MoJjie TaKe

Puc. 24.6 K, SIK i MarHiTHe moJie eKBiBaJEHTHOIO
cTpymy nmpoignocTi (puc. 24.6).

OpHak CTpyM 3MIIIEHHS €KBiBaJEHTHUH CTPYMY HPOBIIHOCTI TiJIbKH Y BiJJHOLICHHI yTBO-
proBaTH MarHiTHe mosie. Y BCiX IHIIMX BIZHOLIEHHSX CTPYM 3MIIIEHHS HE MOXe OyTH ymomio-
HEHUI CTpyMY NPOBIAHOCTI, HANPHUKIIAM, IIPY MPOXOHKEHHI CTPYMY 3MIIICHHS HE BUIIISIETHCS
JIHI-IKOYJIeBa TEIIOoTa.
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24. EnexmpomacHimue none

§ 24.3. EnekTpoMarHiTHe noJie

3 HaBeJEHOI B TonepeqHpoMY Taparpadi rinoresn MakcBemia cTpyM 3MiIIEHHS, K 1 CTpyM
MIPOBIZHOCTI, YTBOPIOE MarHiTHE nosie. OfHAK, CTPYM 3MiLIEHHSI BUHUKA€E TUIBKH TOJI, KOJH € B
HasIBHOCTI 3MiHHE B 4aci eJeKTpUYHE Nosie. TakuM 4MHOM, MU IPUXOANMO JI0 BUCHOBKY, L0
Oyab-sike 3MiHHe B 4Yaci eJIeKTPHYHe I0J1e 3B’513aHO0 3 HASIBHICTIO MATHITHOTO TOJIS.

ExcrieppuMeHTanbHO iCHYBaHHS MarHiTHOTO MOJSL CTPYMY 3MIIIEHHS OyJO BHSIBJICHO Y
1903 p. pociiicekum ¢izuxkom O.0. EiixenBanbaom (1864 — 1944).

EnexTpocTaTiune mose, TOOTO 1ojie HEPYXOMHUX 1 HE3MIHHHX 3@ BEJIMYHMHOIO 3aps/iB, i€
TIJIBKU HA CNEKTPUYHI 3apsiTH 1 HisIKMX MAaTHITHUX Aiid He BUsABige. OMHAK, SKIIO 3apsan pyxa-
I0TbCSI OZTMH BIAHOCHO OHOTO a00 3MIHIOIOTHCS 3@ BEIMYMHOIO, TO 3MIHIOETHCSI 1 CTBOPIOBAHE
HUMH €JIEKTPUYHE I10JIe, 1 TOJi BHHUKAIOTH ITOPSI/T 3 eJICKTPUIHIMH 1 MarHiTHi Jii. OCKUTBKA 3MiHHE
eJIEKTPHYHE II0JIC 3aBXKIU Ma€ 3MiHHY HOXIHY IO Yacy, TOOTO CTBOPIOE 3MIHHHI CTPYM 3MillleH-

N Hsl, TO 3B1JICH BUILIMBAE, 1[0 1 MATHITHE IIOJIE,
L, g—? sIKe BUHHKA€ TPH [bOMY, TAKOXK 3MiHHE B Ya-
ci. TakuM 9MHOM, TIPOCTIp, 3aMIOBHEHUH 3Mi-
. ~ HHHUM EJEeKTPUYHHM II0JIEM, OIHOYACHO 3a-
B B HoBHenwit i sminmMM MarHiTHEM TONEM. Ha-
C@ @@ JBII PO3TyMH ITOKA3YIOTh, 11O i 3MiHHE Mar-
HITHE TI0JIe B CBOIO Yepry 0OyMOBIIIOE YTBO-

PEHHSI 3MIHHOTO €JIEKTPHUYHOTO OIS,

TakuM 4MHOM, SIKIIO 3MiHHE MarHiTHE MO-

JIe IPU3BOJIUTH 110 MOSIBU €JIEKTPUYHOTO T10-

Puc. 24.7 Puc. 24.8 JI51, TO ENIEKTPHYHE T0JIe TAKOXK Oy/ie 3MiHIO-

BaTHCs. L5 3MiHa eeKTPUYHOTO TIOJIS IPH3-

BE/I€ B CBOIO YepTy JI0 MOSIBH 3MIHHOTO MarHiTHOrO mofs i T. 1. OOuiBa 3MiHHI MOJST — €JIEKT-
pHUYHE 1 MarHiTHE — HE3MIHHO 3B’A3aHi O/THE 3 OJJHUM 1 YTBOPIOIOTH €JIeKTPOMAarHiTHe 1MoJie.

EnexTpoMarHiTHe 10J¢ HOCHTh BHXPOBHii (3aMKHYTHii) xapakTep. [loie MEBHOro Bek-

Topa A Ha3WMBaIOTh BUXPOBHM, SIKIIO B HHOMY iCHYIOTh JIBi TaKi HECKIHUCHHO OJIM3BKI TOUKH,

B SIKUX BEKTOp A Mae NMPOTHIIEKHI HAIPSIMKH.

PosrisiHeMo criepiry BUXpOBHIT XapaKTep MarHiTHOro 1ojisi. B MarHiTHOMY moji cTpymiB
3MIIIEHHS JIiHIi MATHITHOI HAPY>KEHOCTI MAIOTh TaKUH K€ BUIIIA, 11O 1 MOOJIN3Y aHATOTIYHHX
CTPYMIB IIPOBiAHOCTI, TOOTO BOHM 3aMKHYTI 1 OXOIUTIOIOTH JiHii CTpyMy. SIKIIO B TpaHuLi MU
nepeieMo 10 TOYOK, PO3MIIICHUX HECKIHYEHHO OJIHM3bKO 10 TiHil ctpymy (puc. 24.7), To Kpu-
BH3HA JIHIM MarHiTHOi HAIPYKEHOCTI OyJe HECKIHYEHHO BEJWKa, i, 3HAYNTh, MOXKHA 3HAUTH
JIBI HECKIHUCHHO OJIM3bKiI TOUKH, B SKHUX HANpPYKEHICTh MAarHITHOTO IOJISI Ma€ MPSMO IPOTHU-
JISKHI HAPSIMKH.

EnexTpuune mone, sike CTBOPIOETHCS 3MIHHMM MAarHiTHHUM IIOJIeM, TaKOXX Ma€ BHXPOBHH
xapakrep. Hexail B meskiii Toumi icHye 3MiHHE MarHiTHe roje, sike Ha puc. 24.8 300paxkeHo

Bexropom 0B/ dt . SIxmo orountn dB/dt 1poBiZHEM KOHTYPOM, IUIOMMHA SKOFO PO3MilIeHa

nepreHaukyisipao 10 dB/dt, to B Hpomy Bunukue EPC iHmyKiii, HanmpsAMoK sKOI BU3HAYa-
eTbes 3a npaBwioM Jlenna. Ongnak, BunnkHeHHss EPC innykuii 3000B’s13aHe iCHYBaHHIO €JIEKT-

PHYHOTO IT0JIsI, HANpPYXeHicTh E sKoro B koxHiH Toumi cniBnangae 3 HanpsiMkoMm EPC. 3Ha-
YWTh, JIiHIT HATPYXKEHOCTI E eIeKkTpudHOro moisi yrBOpromTh HaBKOIO BekTtopa 0B/dt xom-

LEHTPUYHI Kousa. JIJisi TOYOK, HECKIHYEHHO OJIM3BKHX JI0 BEKTOpa dB/dt, KpPHBH3HA Kill Oyne
HECKIHYECHHO BEJIMKa, 1, 3HAYUTh, OyIyTh iCHYBAaTH TakKi AB1 CyCiJHI TOUKH, B SIKUX BEKTOpPH Ha-
MIPY’KEHOCT] EIEKTPUYHOTO IOJIs PSMO MPOTHIICKHI. TakuM YMHOM, eJeKTPUUHe IoJe, siKe
CTBOPIOETHCS 3MIHHHM MATHITHHM T0JIeM, TAKOX Ma€ BHXPOBHIi xapakTtep. Moro mimii

340



8 24.4 Pienanna Maxceenna

HaNpy)XEHOCTI 3aBXIH 3aMKHYTi. L[IM BOHO CyTTE€BO BiApI3HSAETHCA BiJ €IEKTPOCTATUYIHOTO
TIOJIS. HEPYXOMHUX 3apsiliB, JIiHIT HANPY>KEHOCTI SIKOTO HE 3aMKHYTIi: BOHH ITOYHMHAIOTHCS HA JI0-
JIATHUX, a 3aKIHIYIOTHCSI Ha Bil’€MHHX 3apsaax. MaraiTHe mosie 3aBX /1 HOCUTh BUXPOBHUH Xa-
paxrep.

Enexrpomaruithe mose marepiasibie. Disuka 3uae 1Bi popmu Matepii — pedoBuHA (TBEp.a,
pinka, razononiGHa) i mose (rpaBitalliiine, €CKTPOMArHiTHE, siiepHe). MaTepianbHiCTh eneKTpo-
MarHiTHOTO HOJISL HiATBEP/KYETHCS THM, 1[0 BOHO € HOCIEM 1 nepeaarunkoM eHeprii. Lls enep-
Tist 3aBXIU B HASIBHOCTI, OCKIJIBKH, SIKIIIO BiJICMOKTATH HACOCOM PEYOBHHHY - MaTepiro, TO 3a-
JUIIATHCS, 32 BUCTIOBOM MakcBenia, HalTOHIIA MaTepis, sSKa 3/1aTHa NepeJaBaTy eleKTPUYIHI
a00 cBITIOBI mii.

§ 24.4. Pisusanusa MakcBeiia

Ha ocHOBI BuIIle BHKJIaJEHOTO 3apa3 MOXKHA 3alycaTd piBHAHHA MakcBea, sKi OIHcy-
I0Th €JIEKTPOMArHITHI SIBHIIA B OyIb-sIKOMY cepemoBHII. BoHN € pe3ynbTaToM y3arajabHEHHS
EKCIIEPUMEHTAIILHNX 1 TEOPETUYHUX PE3yNbTATIB JOCHKEeHb (Pi3uKiB mepmiol momoBrHN XIX
CT. i, Hacamriepen, mociipkeHs M. @apayes. OCHOBHI 3aKOHH eJIeKTpoArHaMiku MaxkcBemt chop-
MYITIOBaB y BHTJISII PIBHSHB, SIKi TOAaMO B HaWOINBII NPOCTIH 1 HAOYHIN iHTErpambHiA (opmi.
PiBnsnHs 6ysnu 3anucani MakcsennoM y 1865 poi. Ix wotupu. YV BijicyTHOCTI JlieIeKTpUKiB i
MAarHeTHKiB piBHSIHHSI MakcBenia MaloTh BUTIIS!

E-dS = Z—Q (24.10)
&o
§é.d§ =0, (24.11)
§E-df _ 4% (24.12)
dt
§E-o||~ = gl + yogod%. (24.13)

[epmi naBa piBasHHA MaxkcBemia — 1e Teopema Octporpancskoro-I'aycca BiAIOBiAHO is
enekrpuaHoro (¢-na (17.13)) i marnitHoro (¢-1a (21.2)) nonis. Tpere — 3aKOH eJICKTPOMArHiT-
Hol inaykuii ®apazes (bpopmyna (21.3)) i uerBepTe — 3aK0H AMmIiepa, y3aranbHeHui MakcBen-
1oMm (bopmyina (24.8)).

®i3nunmii 3MicT piBHsAHP MakcBesuia B HacTynHoMy: 1) y3aransreHuii 3akon Kyinona (24.10)
3B’SI3y€ EIEKTPHYHE ITOJIE 3 HOTO JUKEPENIOM, CIEKTPUYHIMHE 3apsilaMu; 2) MaTeMaTHYHE BUPaA-
JKeHHsI (DaKTy BiJICYTHOCTI i30JIbOBAaHMX MAarHiTHHX 3apsiliB. CHJIOBI JIiHIi MAarHiTHOTO OIS He-
nepepBHi (3amkHyTi) (24.11); 3) 3MiHAa MarHiTHOro MOJIS MIOPODKYE elaeKTpruHe mose (24.12);
4) MarHiTHE IOJIE CTBOPIOETHCS CTPYMOM a0 3MIHHUM EIEKTPHYHUAM MOJIEM.

Opnak, HaBe/ICHI BUINE PiBHSIHHSA MakcBeluta He BPaXOBYIOTh OyIOBY pEYOBHHH i B3aEMO-
10 eJIEKTPOMArHiTHOTO TTOJIS 3 YaCTHHKAaMH pedoBUHH. OCKUTBKY BIUIMB CEpPEOBHIIA HA elle-
KTPOMATHITHE TI0JI€ 33/1a€THCS Uepe3 eIeKTPOIPOBITHICTD, A1€IEKTPUYHY Ta MarHiTHY IPOHH-
KHOCTI, 710 piBHsAHb (24.10 — 24.13) cnin moxatu piBusuus (17.64), (18.24) i (20.5), siki Hazu-
BaIOTh MaTepiaJIbHUMH:

D =¢¢,E, (24.14)

j=of, (24.15)
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24. EnexmpomaeHimue none

B =uuH , (24.16)

Bonu onucyoTs HE TUIBKU BEIHMKE KOJIO SIBUI €IEKTPOANHAMIKH, ajie i ONTHKH, €IEeKTPO-
1 pagioTexHiky, actpodizuku Tomo. Teopis MakcBena He TiJIBKH MOSCHIIIA BioMi (akTH, ajie
1 mepeGaynia HOBI Ba)KJIMBI SIBHIIA, 30KpEMa MPUIYIIEHHS PO MArHITHI MOJS CTPYMIB 3Mi-
IIEHHS, SIKE 3T0/I0M 0YI10 OJIHMCKYyUe MiATBEpAKEHO EKCIIEPUMEHTAIIBHO.

PiBusHHS MakcBesuia BUpakaloTb OCHOBHI 3aKOHH eJIeKTpoMarHeTusmy. Bonu taxi x ¢y-
HIaMEHTAJIbHI, K 3aKOHHU PYXY 1 3aKOH BCECBITHROTO TSOKiHHS HEBIOTOHA B MEXaHIIII.

BaxnuBrum HactiIKOM Teopii eIeKTPOMArHiTHOTO 1ot MakcBella € BUHUKHEHHS eJ1eKT-
POMArHITHMX XBHJIb.

§ 24.5. EnekrpoMarHiTHi xpui

T'epy I'enpix Pyoonsgh (1857 — 1894) — nime-
yokutl izux. Hapoouscsi 6 I ambypsi. Buuecs ¢ Mion-
xencokomy i Bepaincokomy yHieepcumemax.

Haykosi pobomu gionocamecs 0o enekmpoou-
Hamixu. ExcnepumeHmanvuo niomeepous icHyeaH-
H5l eNeKMPOMACHIMHUX X6Ub MEeOPemMU4HO nepeo-
bauenux Maxcgenrom. Y 1887 p. cnocmepieag 306-
HIwHIl pomoeghexm, docniodncysae KamooHi npo-
MeHi. Bric senuxuil 6x1a0 6 po3eumox 3a2aibHoi meo-
DIl e1eKkmpoMacHImHUX AU 8 PYXOMUX MILAX.

Bume Oyso moka3aHo, 110 3MiHHE eJIeKTPUYHE TI0JIE TIOPOPKYE Y BUTBHOMY IPOCTOPI Mar-
HITHE TI0JIe, a 3MiHHE MarHiTHE I10JIe MOPO/KY€E €IEKTPUIHE Ione. AHANI3YI0UH A cBOi piB-
HSHHS, MaKcBesT NiHIIOB BUCHOBKY, II0 PE3YyJIBTATOM MOAIOHOr0 3B’ 3Ky 3MIHHUX TOJIB Oyze
MOsIBa XBHJIi, SIKA MICTHTh €IEKTPUYHE 1 MarHiTHE TOJIS 1 3/1aTHA MOUIMPIOBATHCS Y BUIBHOMY

npoctopi. MuUTTEBE 300pa)KEHHSI €IEKTPOMATHITHOI XBHJII
B nokasaHo Ha puc. 24.9. Bes 1 kapTHHA 3 4acoM pyxa-

€THCS BIPABO 31 MBHAKICTIO U . EsekTpomaruiTHi XBHi

BOJIOAIIOTh TAKUMH Ba)KJIMBUMH BIIACTHBOCTSIMHU:

1. Bexropu 3MiHHOTrO enekTpuyHoro E i marHitHo-

ro B momiB rmrockoi enekTpoMarHiTHOI XBUII BCIOIH B3a-

ooy
Ciy

emHo nepriesukyssipri (E L B).

2. HampsIMOK HOIIMPEHHS eJICKTPOMArHITHOI XBHJI
(HampsIMOK BEKTOpa U ) BUSHAYAETHCS 3 MPABHIIOM IIpa-
BOTO TBUHTA. XBIWIS HOLIMPIOETHCS B HANPSMKY MOCTYNAIBHOTO PyXy TBHUHTA, KOJIW TBUHT I10-

Puc. 24.9

BEPTAaETHCS B HANPSIMKY BiJl BEKTOpa E 1o BEKTOpa B (puc. 24.9).

3. ExexTpoMarHiTHI XBUIIi € MONEpeYHHMH XBHISAMU: Bektopyd E , B i v 3aBxau B3ae-

MHO IIepICHUKY/ISPH], TOOTO BeKTopi E i B KONMBAIOTHCS NEPICHIMKYISPHO 10 HATPAMKY
nommpenss (puc. 24.9).
4. IIIBMAKICT MOIIMPEHHS BCIX BHUAIB €IEKTPOMATHITHUX XBWIb Y BaKyyMi JOPiBHIOE
1 M
c=——=310"= (24.17)

v Ho€o ¢

1 B cepeIoBHIII
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8§ 24.5 Enexmpomacnimui xeui

_ ¢ _ 1
x/a \/go,uoglu,

e & 1 M, — BINNOBIJHO €NEKTPUYHA 1 MArHiTHA CTali, & 1 u — JieJeKTpUYHA 1 MarHiTHa

v

(24.18)

MIPOHUKHOCTI CepeIOBHUINA.
5. EntekTpOMarHiTHi XBHIIi IEPEHOCSTH SHEPTIO 1 KIIbKICTh pyXy (iMITy1bC).
ExcriepumenTH, sKi miATBEpIUIM nependadeHHss MakcBeiuia, Briepiie Oyiau BUKOHAHI MO-
noauM HiMenbkuM ¢isukom ['enpixom ['epuem B 1887 p., mpubmm3zno uepe3 25 pokiB micis re-
% penbadeHr MakcBesuia, HEBJOB31 Micis Horo cMmepti. Bin ckoHcT-
H"WM&, pytoBas npuiay (Bibparop I'epia), sikuii ckitagaBes i3 IBOX CTep-
% JKHIB 3 KYJIBKaMH Ha KIiHIIIX, PO3IIICHUX HEBEJIMKHM MPOMIXKKOM,

//—% B SIKOMY BUHHKAB iCKpoBHUi po3psin. [IpuitmaueM ciyxuB po3piza-

N\ . . . .
HUUW HABIUI JUITOJIb, JOBXXHWHA KO0 JOPIBHIOE€ IMOJIOBHUHI JOBXU-

Ig‘) Koty - HU XBWJi, PO3MIJICHUN IMOCEPEINHI MaJICHEKUM TOBITPSIHAM TIPO-
iH”yKTuB MiskkoM (puc. 24.10). B takwuii crioci6 epir B mepmux cBOixX Joc-
Hoep; 0 JiIax OTPUMAaB EIIEKTPOMATHITHI XBWJI 3 JTOBXKUHOK XBHII 1 M.

Jocnian I'epia moka3any, 1o oTpuMani HUIM XBHII y BCIX BiJHO-
Puc. 24.10 IICHHSAX CXOXI1 31 CBITJIIOBUMH XBWJISIMH, BiNIPi3HSIFOUUCH BiJ HHUX
nvmie OiNbIIOI0 TOBXKHHOIO XBHIIL.
IMpomecy, siki BinOyBatoThes y Bibparopi ['epua i JoBKoIa HHOro MOXHA ONHCATH TaK.
EnexTpomarHiTHI XBUJII BUHUKAIOTh 1 TIOIIMPIOIOTHCS 3aBISIKH MPUCKOPEHOMY PYXY €JeK-
TPUYHHX 3apsiB (31eOLIBIIOrO eNeKTPOHIB) i TOMY, 100 OTPHMATH EJIeKT- .

pPOMarHiTHi XBWJIi, HEOOXiJHO CTBOPHUTH TPHUCKOPEHUI pPyX EIEKTPOHIB. IT *

Takuii pyx eleKTPOHHU 3IiCHIOIOTh B KOJIHUBaJIbHOMY KOHTYPI (8§ 23.1). 1
Po3rIsiHEMO [TUIIONb, SIKUM CKIAJAEThCS 3 ABOX OBIUX MPOBIIHHUKIB (Me- —+

TaMiYHUX CTEPXKHIB), 3 KyIbKaMK Ha KiHisix. Takuii Anmoss-BibpaTop Ha3u- K 'S

BAIOTh BiIKPUTHM KOJHMBAJILHUM KOHTYPOM, B SIKOMY KOTYIIKa 3aMiHEHa

MPSIMHAM TIPOBITHUKOM, PO3/1IEHOTO TIOBITPSHIM IPOMIXXKOM MK KYyJTbKaMH. ®

SIKIIO TAKUi IATIONG T €HATH 10 TeHepaTopa 3MiHHOTO ctpymy (puc. 24.11),
TO €JIEKTPOHH, SAKi JI0 IBOro OYIHM PiBHOMIPHO PO3MOAINIEHI IO CTEPIKHAX -
JIUITIONS, TIOYHYTH 3/1HCHIOBATH IIBH/KI KOJMBAaHHA TaK, 10 B AWIOJI BUHHU- -
KHE eJIEKTPUYHHI CTPYM IYyX€ BHCOKOI 9acToTh. B pe3ynpraTi B mpocropi, U
10 OTOYYE IWTIONB-BIOpPATOp, MOKK iCHYE CTpyM, OyayTh BUHMKATH 3MiHHI Puc. 24.11
CNEeKTPUYHI 1 MarHiTHI IO, TOOTO ENeKTPOMATHITHI XBHWII, SIKi BiImi-

JISTFOYHCH BiJl TUMONA-BiOpaTopa 1 sIK CaMOCTIHHI YTBOPEHHS IOMIUPIOIOTECS B mpocTopi. Ha
puc. 24.12 moka3aHO TOCTIIOBHI KapTHHHU EIEKTPHYHOTO i MAarHITHOTO TOJIB, SIKi MOIIAPIO-
IOTBCSL Bijl TUIONSI-BiGparopa, 3’€IHaHOro 3 [KePEeoM 3MIHHOTO cTpyMy (rereparopom). Cu-

JIOBI JIiHIT €MEKTPUIHOTO TIOJIS TTOKa3aHi Ha PUCYHKY CYLUTPHUMU JIiHISIMHU, BEKTOp iHAYKIii B
MAarHiTHOTO TOJIS [TO3HAYCHUH 3HAYKOM & , KOJIM BiH HANpaBJICHUH MEPHCHANKYIISIPHO 10 TUIO-
LIMHU CTOPIHKK KHUTH (Bix ynTava) i O, KOJM BiH HANpPAaBJICHUH MEPICHANKYISPHO BiJl IUIO-
[IMHYA CTOPIHKA KHHUTH (JI0 YyMTaya).

ExcnieprMeHTyrOUYH Jalli 3 eIeKTPOMarHiTHUIMU XBWIIAMH, ['epir croctepiras iX BiOWBaH-
Hi, iIHTepQEPEHIIi0, MONIIpU3alifo. BiH BCTaHOBUB, IO MIBHU/IKICTh MOMIMPECHHS EIEKTPOMAarHi-
THHUX XBWIb JOPIBHIOE MIBHAKOCTI cBiTHa. Jlochiam ['epua 3irpany Benuue3Hy poib Y BU3HaHHI
Teopii MakcBena i ii yrBep/pkeHHs. Ycmig 3a ekcriepuMeHToM [epria Oy OTpuMaHi eJeKT-
pOMarHiTHi XBWJi 3 OUIBIIMMHK YacTOoTaMHu. BusBHIOCH, 10 MOXHA T'eHepyBaTH XBHWJI Oy/b-
SIKOT YaCTOTH, SKIIO MaTH CII0ciO 30yIKEHHS eNeKTPUIHNX 3apsi/iB 3 BiAMIOBIIHOIO YaCTOTOIO
konuBaHb. ChOromHI 100pe BiTOMO, 10 HeMae HiSKAX (Pi3MUHMX MEX, sIKi 6 oOMexyBaiH Jac-
TOTY EJIEKTPOMArHiTHUX XBHWIb, IIPOTE IOTPIOHO MaTH HEOoOXimHE IKepelno KOJIHWBaHb. 3a
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24. EnexmpomaeHimue none

Hanpsimox
MIOLITHPCHHS

Puc. 24.12

JTOTIOMOTOI0 €JICKTPHYHUX METOJIB MOXKHA TEHEPYBATH CICKTPOMATHITHI XBUJI 3 YaCTOTAMH
ax 10 10%2 I (A = 0,3 mm). Leit miamazoH 4acToT MOAUIAETHCS Ha PagiOXBHIII | YJILTPAKOpPoO-
TKi xBuai (ta6murg 24.1). PagioXBuili BHKOPHCTOBYIOTE B PaiOMOBIICHHI, TeJe0adyeHHi, moBi-
TPSIHOMY i MOPCBKOMY 3B’SI3KY. YJIBTPAKOPOTKI XBHJII BUKOPHCTOBYIOTH B pajioiokamii i pa-
JioperneitHoOMY 3B’ SI3KY.

Tabnuus 24.1
Bun BunpoMiHIOBaHHS Jiamason wacror, I'ny I[ian;tzzibzfohl:mHH
PanioBunpoMiHIOBaHHS 10%-10° 10° - 10"
VYIIbTpaKkopoTKi XBHIIL 10° - 10* 10" -10*
[adpauepBOHE BUNPOMiHIOBAaHHS 10" - 10" 10*-10°
Bunume cBiTiio 10%-10% 10 -107
VYibTpadioneroBe BUNIPOMiHIOBaHHS 10" - 10" 107 -10°
PenTreniBcbki mpoMeHi 10'® - 10% 10°-10"
I'amMma-BUNIpOMiHIOBaHHS 10%° - 10% 10 -10"
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8§ 24.5 Enexmpomacnimui xeui

Jl1st oTpuMaHHs €JIeKTPOMArHiTHUX XBHIIb 3 YaCTOTAMH, OUIBIINMX YIIBTPAKOPOTKOXBUIIBO-
BOTO Jiara3oHy, MpsiMi EJIEKTPUYHI METOAM YK€ HE TOAATHCA, 1 TYT 3aCTOCOBYIOTHCS METOIM
Ha aroMHOMY piBHi. Ile iH(payepBOHE TemI0OBe BUIIPOMIHIOBAHHS, BUJIMME CBITIIO, YAbTpadio-
JIETOBE 1 PEHTTeHIBChKE BUIIPOMIHIOBaHHs. MeXa 4acToT, SKi MOXKyTh T€HEpPYBaTHUCS Ha aTOM-
HOMY piBHi, nexuts 6ins 10% T, BunpominioBanus 3 wacroramu Gibme 102 Ty (y — Bumpo-
MIHIOBAHHSI) TCHEPYETHCS ATOMHUM SIIPOM 1 TIPU B3aEMOIIT YACTHHOK JIy)K€ BUCOKUX E€HEPTIii.

EsexTpomarHiTHI XBIIIi BCiX Jiaria3oHiB 32 CBOIM XapaKTEpOM CXO0XI1 Mi co0otIo, 1 Bizpi3-
HSIOTHCSI JHIIEe YacToToro. CaMe 4acTOTOIO 1 BU3HAYAETHCS CIOCIO B3a€MOJI] €1eKTpOMarHiT-
HHUX XBWJIb 3 PEUOBHHOIO. Hampukiaz, oKo 4yTiHBe JIUIIE 0 BUAMMOIO Jliala3oHy, a IIKipa
MOJKE Bi4yBaTH iH(ppaduepBoHe (TEIUIOBE) BUIPOMIHIOBAHHS. PaiOXBIIII HE IPOXOIATH Yepes3
TOHKY METAJIYHY IJIACTHHKY, TOl SIK PeHTTeHIBChKI 1 y— POMEH1 BUIFHO MPOXOIATh Yepes3 Hel.

Hacamkinerns, 3ayBakumo, 1o I'. 'eprr, 3aKkiHUMBIIN CBOI JOCTI/DKEHHS 3 €IEKTPOMArHiT-
HUMH XBHJISIMH, 3aITUCaB, 10 HE 0AYNTh MOJIMBOCTI MIPAKTHYHOTO BUKOPHCTaHHS eJIeKTpOoMa-
THITHAX BUIIPOMiHIOBAHb.

VY 1895 p. pociiicekuit imxenep-gocmianuk A.C. ITomos (1859-1906) Bunaiiios pasio, a B
1896 p. itamiitchkuit pagiorexuix I'. Mapxkoni (1874-1937)" cKOHCTpyIOBaB pryIaz /Ui 6e31po-
ToBoro Tenerpady. IIpo 3acToCyBaHHS pagiOXBIIIL CHOIOIHI He MPHXOIUTHCA TOBOPHTH: TIe Paii-
03B’S30K, pa/iiOMOBJICHHsI, TeIe0aYeHHs, PaIioNOKallisl, BKIIOYAIOUH 1 JIOKALO IUIAHET COHSY-
HOI CHCTEMH, TeJeMeXaHiKa, BKIIOYalo4H 1 YIPaBIiHHSI aBTOMATHYHAMH KOCMIYHAMH CTaHIIi-
SIMH, JTOCJIDKEHHS JaJeKNX KOCMIYHUX 00’ €KTIB.

“T. MapxkoHi 3a poOoTH 1o CTBOpEHHIO Oe3npoToBoro Tenerpady y 1909 p. npucymxeno Ho-
OeiBCBbKY IIpeMito 3 (Di3HKH.
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