14 Maraurhnoe moJie

14 MarauTHoe 1moJie

14.1 MaruauTHoe B3auMo/eiicTBue TOKOB. MaruutHoe I1oJie.

B nawuase IIPOIIJIOIO B€Ka aKTHBHO MCCJI€eJ0BaJIMChb Mal'HUTHbIC BSaHMOﬂeﬁCTBHH. PaCCMOTpI/IM
KaK 9TO MOIVIO IIPOUCXOJUTD.

e Ounir ['anca Xpucruana Dpcrena(1820)

(BuzeosxcriepumenT a) [IporycTum 110 1poBOIHUKY TOK. [lomMecTrM OKOJIO HEr0O MArHUTHYIO
crpesiky. OHa OPHEHTHPYETCs ONpejie/IeHHbIM 0b6pa3oM. Ecim ybpaTh TOK, TO CTpeKa OpUeH-
TUPYETCH B MArHUTHOM I10JIe 3eMJIN.

s

SHaYUT CTpesIKa pearmpyer Ha MarHUTHOE T10J1e, KOTOPOe IMMOPOKIAeT BOKPYT CcebsT dJIEKTPUIe-
CKUI TOK.

e Omprr Anpu Ammepa (1820)

(Bumeoskcnepument a)

Ecnu 661 B3anMo ieiicTBIEe HOCHIIO 9JIEKTPUIECKHUI XapaKTep, TO BCe JOJIZKHO OBLIO ObI MIPOUC-
XOJINTH HAOOOPOT.

Bzanmogevictene npoBogHUKOB C TOKOM HOCUT HE 3JIEKTPOCTATUYECKUI XapaKTep.
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14.1 MaruuTHoe B3anMoJieficTBIe TOKOB. MaruuTHoe 1oJie.

Def.

3blBAalOT MarHUTHbIMW CUJ1aMW.

Cunbl B3aVIMO,£I,eﬁCTBVI$I Mexay npoBogHMKaMn C TOKOM, TOKaMN N MarHNTamMum Ha-

Hammame 9TUx ci1 rOBOPUT O TOM, UTO JIBUZKYIIINECS 3aPAIbI CO3/IAI0T BOKPYT ce0st 0coOoe ToJTe,
gepe3 KOTOPOoe TepelaeTes JefiCTBUE MATHUTHBIX CUJI. DTO IM0JI€ HA3BIBACTCH MATHUTHBIM.

Def.

MarHnTHoe nosie 3To 0CobbIfi BUA MaTEpUU, KOTOPLIA CyLLECTBYET BOKPYr ABUXKYLLNAXCS

3apAO0B N ABNAETCA NOCPEAHNKOM MArHUTHBLIX CUL.

MoKHO cKa3aTh, 9TO y4YeHbIE UCKYCCTBEHHO BBEJIM MOHATHE MAHUTHOTO IOJIS JIJIA OObACHEHUS
spjenuii. Ha camMoM ke jiejie cyIecTByeT eJIMHOe 3JIeKTPOMarHuTHOE T0JIe.

yﬂOpH,QO'-IeHHOG ABVXKEHNE 3apsa[4oB - 3TO d)M3M'—IECK06 SABJIEHNE KOPEHHbLIM O6,Da3OM OTJ/INHHOE OT
SJIEKTPOCTATUYHECKNX SIBJIEHWIH, T.K. OHO CBSI3aHO C rOSIBJAEHUEM ocoboro Bunga mMarepnn - MarHUTHOrro

noJis.

VcTOYHUKOM MarHuTHOro nosisi MoXeT ObITb MOCTOSAHHbIN MarHuT, HO npupoga ero MarHNUTHoro rnoJs

CBA3aHa C SJIEKTPUNHECKUMU TOKAMMU.

14.1.1 CpaBHeHUe 3JIEKTPUIECKOIrO U MAarHUTHOIO I10JIsI

DJIEKTPOCTATIIECKOE IT0JIE

Maruurnoe moste

MarepuaabHo, pacupocTpaHsgeTcsd ¢ KOHEYHO
CKOPOCTBHIO

MarepuaabHo, pacupocTpaHgeTcd C KOHEYHOI
CKOPOCTBHIO

Cosmaercst HEIOIBUKHBIMI 3P TaMI

Cozmaercst MOIBUKHBIMI 3aPSTaMI

CwutoBoe, JIeficTBYeT ¢ HEKOTOPOI CUJION Ha 3JIeK-
TPUYECKUN 3apdl

CutoBoe, OHO JIEHiCTBYeT ¢ HEKOTOPOil CUJIoi Ha
IIOCTOAHHBIC Mal'HUTBI, IIPOBOJHUKMU C TOKOM, 2Ke-
JIC3HDBIC OIUJIKYU, OTACJIbHDBIC IBUZKYIINACCA 3apA bl

[TorennuaanaO

Henorenmumansao

CuioBble TUHUN He 3aMKHYTbI

JImnnnm NHAYKIUN 3aMKHYTbI

[IpobHuKOM sIBJIIETCS TTOJIOKUTEIBHBIN 3apsiT

Pamka 1o koTopoit TedeT TOk

14.1.2 IIpoOGHUK B MAarHUTHOM IIOJIe

P = IS

[NonoxuTensHasi HopMasib - BEKTOP, HanpaBJeHNE KOTOPOro CBS3aHO
C HanpasJEHNEM TOKA NPaBUJIOM MPaBON PYKN: €CIN KOHTYP 0bXBaTUTb

Def. [lpobHukoM B MarHUTHOM Mose ABASETCA pamMKa Mo KOTOPOUi TEYET TOK.
BBe,HeM IIOHATNNE MalrHUTHOI'O MOMEHTaA.
=) —_—
n @n

JIEHNE HOPMAJIN.

npaBoii PyKoWi MO TOKY, TO OTOrHYTbIN GO/ILLLION NMaseL NOKaXXeT Hanpas-

OcHOBHbBIM CBOICTBOM PaMKW ABJIAETCA TO, YTO OHA NOBOPA4YNBaET-

cA (OpMEHTMpyeTCFI) B MarHWUTHOM T[10J1€.
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14.1 MaraurHoe B3auMo/eiicTBre TOKOB. Maruurtoe moJte.

14.1.3 Ilapa cun

Def. [lapa cun - gBe napannensHble NPOTUBOMONOXHO HANPaBAEHHbIE CUJIbl, UMEIOLLNE OfUHA-
KOBble BENINYUHbI

F; M:M1+M2:F1d1+F2d2:F(d1+d2):Fd, d:d1+d2

d - Ievo maphI - Kpardaiinee pacCTOSTHIE MEK/Ty JTUHUSIMU JIeHCTBUS
Fy cut
Boxkpyr kaxoit Toukn Oy/eT BpaIaThbCs TEI0, €CJIU OHO He 3aKPEeIICHO?

F,= F,=F HeszakpenneHHoe Teno BpalyaeTcs BOKPYr LEHTPA Macc

[lpn nosopoTe Tena MOMEHT napbi yMeHbLIAETCs. Ho MoMeHT napbl He
TOJIbKO MPUBOAUT TEJIO BO BPALLEHNE, HO U JEPOPMUPYET €rO.

5

dy<d d=0, M=0

o

iyl
<+

Korga M=0, To BpawjeHnsi HeT, eCcTb TOJIbLKO Aeghopmauns

Ha pamky B MarHuTHOM nosie [efiCTBYeT napa Cua. 3a HanpaBAeHNE MarHUTHbLIX JINHUGA MPUHUMAOT
HanpaBieHNE MOJIOKUTENLHON HOPMAJIN KOHTYPa C TOKOM, HaxXOASLLErocsi B paBHOBECUM. DTO HanpasJe-

Hne CoBnaja€eT C HarnpaeJ/EHNEM CEBEPHOro oJitoca MarHUTHOM CTPEJIKN, HaxXo4ALEerocsa B paBHOBECUN B
MAarHUTHOM roJie
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14.2 HVagyknusd MarHATHOTO TTOJIs

14.2 HWuaaykuymda MAarHUTHOIO IIOJIS

JLnst m3o0parkeHuss MAarHUTHBIX T10JIefl, TaK »Ke KaK B 3JIeKTPOCTATUKE, UCIOIb3YIOTCA CIIeIna b=
Hble JITHUH, (OpMa KOTOPBIX CBsI3aHa C OJHON M3 XapaKTEPUCTUK MATHUTHOIO II0JIsd, a UMEHHO UH-
dykuuets Ma2HUMMH020 NONA.

Def. MaruuTHas nuHUsS UAN NUHUS MHAYKLANM MArHUTHOTO MOJIs- 3TO JIMHWS, KacaTeslbHas K
KOTOPOIl B KaXXZOW TOYKE COBMAJAET C HaMpaB/fEeHWEM BEKTOPA WHAYKLWW MarHUTHOTO
nonsi(B).

OrnpeiesiuM, 9TO Ke TaKoe UHOYKUUA MA2ZHUMH020 NOoAA. BCIIOMHNM OIBIT ¢ ITOBOPOTOM PaMKH B
MarauTHoM 1ojie. OT 9ero 3aBUCUT BPAIAIONIUH MOMEHT.

M apee = f(I, S, Maru.moss)

Bpatyatolymnii MOMEHT HE 3aBUCUT OT (hOpMbI MPOBOAHMKA.

—

Miapes ~ ISsina, o= (B,n)

T
. M yaps = BISsina
B\
7z
I

/

B - K03(hbgbuLmMEHT, KOTOPbIK XapakTepu3yeT 3aBu-
CUMOCTb KPYTSILLErO MOMEHTA OT rnoJisi u cpegbl. Ero
Ha3Basn UHAYKLNENR MArHUTHOro MoJis.

—»

SN
7

Y100bI BBIABUTH (DUBMIECKHI CMBIC/T 9TOW BEJTUYUHDI, TIEPEIUIIIEM 9TO TaK:

a=90° = sina=1 = Myuw=BIS =

M, M, M,
B — max — max B — max
IS DPm 1S

Def. VHaykuusi MarHuTHOro Mosi MOKa3bIBAET, KAKO MaKCMMasibHbIN BpalLatoWwuii MOMEHT
[eliCTBYET CO CTOPOHBI MarHUTHOIO MOAS Ha KOHTYP miowagsio 1m?, no koTopomy TeyeT
ToK B 1A.

MH,quL{M}? MAarHUTHOr O 110Jis 3TO BEKTOPHAsA BEJINHUNHA.

Def. HanpaBneHme BEKTOPa MHOAYKUNN MAarHATHOINO noJjiad coBnafaeT C HanpaBaE€HUEM MNOJTOXKU-
TeNbHOl HOPMasn KOHTYpa C TOKOM, HaxXogALWErocsa B paBHOBECUN B p,aHHOI7I TO4YKE Nnons.
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14.3 Cwuna Amnepa. Exunnia cuibl Toka.

Eannnna nsmepenns:

[B] = Tn(Tecna)

1Hwm B H
AMmZ  Am

1Tn =

Def. 3a eavHuuy mMarHuTHOW MHAYKLUUM NPUHUMAETCS NHAYKLUNS TaKOrO OL4HOPOAHOIO MAarHuT-
HOrO MOJISi, KOTOPOE COODLLAET KOHTYPY EAMHMUYHON MIOLWAAmN, MO KOTOPOMY TEYET TOK B
1 A, MmakcMManbHbIi Bpalwatowmnii MoMeHT 1H - m

14.3 Cuna Amnepa. Egmanna cuiibl Toka.

14.3.1 Cuga Amnepa

Hoquy B MarovTHOM II0JI€ IIOBOpavdYnBaeTCd paMKa C TOKOM. ! I/ITaK, Ha ITPOBOJHUK B MalrHUTHOM
I10J1€ ,ZLGP'ICTByeT CHJIa. BHepBbIe €e nusyvaJi 1AMHep7 IIO9TOMY 39Ta CUJIa Ha3bIBACTCHA CIJION AMHepa.

Def. Cuna, ¢ KOTOpOii MarHUTHOe noJie AEACTBYET Ha MPOBOAHWK C TOKOM, MOMELLEHHbIA B
JaHHOE Mnone, HasblBaeTcs cunoli Amnepa.

[ B

o8 i — A——=

Ecim IIPOBO/IHUK Ha pbIdare HaXOJUTCA B PaBHOBECUM, TO BBLIIIOJIHAECTCA IIPaBUJIO MOMEHTOB!:

mgl,
ly
Mengs cuty TOKa, MarHUTHOE T10JIe, JUIMHY ITPOBOJHUKA B MArHUTHOM II0JI€ U YTOJI MEXKJLy TOKOM
U HaIllpaBJIeHWEM BEKTOpPa MArHUTHOM WH/IYKITNN, MOYKHO YCTAHOBUTH 3aBUCUMOCTD:

Flll = Fglz = mgl1 = FAlQ = Fy,=

FA:f(Ival7a)> Og:(f,g)

OIBIT TOKA3BIBAET, UTO
Fy~Ilsina

B kauectse KOS(i)(bI/ILII/IeHTa IIPOIIOPIUOHAJIBHOCTH BO3bMEM BEKTOD MarHUTHOI NUHAYKIWN, TOTda
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14.3 Cwuna Amnepa. Exunnia cuibl Toka.

Fy = Bllsina

IJie (v - YrOJI MEXK/Iy HAIllPpABJICHUEM TOKA U HAIPABICHUEM BEKTOPA MATHUTHON WH/LYKIIHH.
[Tocnenusist popmysta onpeesisieT TOJBKO BEJIUINHY CUIbI AMITepa, HO P 9TOM HUYEro He Io-
BOPHUT O HAIPABJICHUN.

Hanpasnenne cunbi Amnepa onpegensercs imbo u3 BEKTOPHOrO npoussBeseHuns, ambo no npasuiy
JIEBOI PYKU.

Fa=1[I, B]

[IpaBuio JsieBoit pyku: HanpaBum HeTbipe nasibua A€BO PYKM MO TOKY, TakK 4TOObI MarHUTHbIE INHNN

BXOAWAN B 1afJOHb, Toraa bosbLLIOi OTOrHYThIN Nanel NMOKaXeT HanpasJeHue AeicTBUS cuibl AMepa.

[IpoBepka KOppEKTHOCTH:

MaayKimumio MarHuTHOTO TIOJIg MBI Y2Ke OIPEJIeIN/IA Yepe3 BPAIAIONINil MOMEHT, JaBaiiTe mpoBe-
PUM KOPPEKTHOCTD OIPEJIC/ICHUS, T.€. YTO KOI(MDMPUITMEHT MIPOIOPIIUOHATHLHOCTU 3TO JICHCTBUTETHHO
BEKTOP MArHUTHON WHIYKIIAH.

Cityqail mpsiMOYTOJIbHOM PaMKH:

a=90° M=Mypw= = Muypnw =Fad=Blldsina=BIS = L 3
B = Minaa : Qn IIL
18 F® d Ff
Pamka rnpousBosibHO (hOPMBI:
B

M = Z AF;ar; = Z BIAl;sin ayr;

All sin Q; = Ahl

M = BIZAhm- = BIZASZ- = BIS

Mma:c
IS

MowmenT OymeT MakCUMaJbHBIM B CIydae, eC/IH IIOCKOCTh paMKu OyzeT mapaJiiebHa CHJIOBBIM
JIMHUSIM MArHUTHOTO 10Jis. B 9TOM citydae 11edo rmapbl Oy/ieT HauOOJIBIITNAM.
Bparmenmne pavku 1o gefictBueM cuibl AMIiepa 9acTo MCIOIb3YeTCsT B TeXHUKE:

B =

L SﬂeKTpO,ZLBI/IFaTe.HI/I IIOCTOAHHOI'O TOKa - MOJEJIN

B QJIEKTPO/IBUT'ATEIIAX B Ka9€CTBE NCTOIYHUKa MAaI'HUTHOI'O I10JIA UCIOJIB3YIOTCA HE ITIOCTOAHHDbIC
MarHMTbI, a KaTYIIIKHN C TOKOM.
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14.3 Cwura Ammepa. EquHuna cuiibl TOKA.

e [Ipubopbl MArHUTOIIEKTPUIECKOI CHCTEMBI

K pamke npuKpemvieHa CTpeJKa U CIUpPAJIeBUJHAs NPY’KUHA, KOTOpasi BO3BpAIIAeT CTPEJi-
Ky(paMKy) B HCXOJIHOE TIOJIOXKEHHe.

Crpesika OTKJIOHSIETCS JI0 TeX TOp MOKa CUJjIa YIPYTOCTH He YPAaBHOBECUT CUIy AmIiepa.

Fyup ~
Fy~1 = JInHeiiHas IKaJja + Ipudbop u3MepseT TOK §
Fa= Fynp

B upenenax yupyroit gedopmariun MOXKHO IOJIYUUTH
JIMHEHHYIO IIKaJLy.

OObsicuenne ombiTa Amiepa:

B ombire Ammepa co B3anmMmojieificTBHEM ImapaJiiesib-
HBIX TOKOB, IIPUTSAKEHUE UM OTTAJIKUBaHUE IIPOBOJHUKOB
MOXKHO OObsACHUTD JieficTBreM cujibl Amrepa. Ha niepsbrit
IIPOBOJHUK JEUCTByeT MarHuTHOE II0Jie BTOPOr'o IIPOBO/I-
HUKa, & Ha BTOPOH IIPOBOJAHUK /JICHCTBYET MarHuTHOE I10JIe
[IEPBOTO MTPOBOIHNKA. KCIm c/iesiaTh pUCYHOK I OJHOHA-
IIpaBJICHHBIX TOKOB U BOCIOJIL30BaTLCH IIPABUJIOM IIPABOM
PYKH JIJIsI IPSIMOTO TOK&, TO MOYKHO OOBbSICHUTD MPUTSIZKE-
HUE U OTTAJIKUBAHUE IIPOBOJHUKOB IIPU HPOTCKAHUU OLHO-

Cxema sonsTHeTpa

HallpaBJIECHHBIX WJIM Pa3HOHaIIPpaBJIEHHBIX TOKOB.
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14.3 Cwuna Amnepa. Exunnia cuibl Toka.

14.3.2 EauHuia cuiabl TOKa.

Pacmosioxum BMecTO MarfHumTa - IIPOBOJHUK N IIOBTO-
PUM SKCIIEpDUMEHT.

[r—

Memnsis CUJIy TOKa B II€PBOM KM BTOPOM IIPOBOJHUKAX U PACCTOAHHA MEXKAY HUMU 7", MOZKHO y6e—
AUTbCA, 9TO

FN[1[2
F~l

T

Ecim xe menarn JJINHY aKTUBHOI'O y9aCTKa IIPOBOJHHUKOB, TO MO2KHO YBUJIETH, 9YTO

F~1
Torma

IEEY, L 15l
LN 112

F~ F=k,

r

AHaJIOrMYHO, KaK U B 3JIEKTPOCTATUKE, BBEIAEM MA2ZHUMHYIO NOCTMOAHHYIO
_ _ -7
po = 27k, = 47 - 107" I'u/m

MaruntHas NOCTOsIHHAaA, HapaBHE C FpaBMTaL{VIOHHOﬁ n 3/76KTPVI‘-I€CKOV7 MOCTOAHHBLIMW, OT-
HOCUTCA K dJyH,aneHTaﬂbelM d)VI3M’-I€CKVIM KOHCTAaHTam.

B urore nonyuaem dhopmyiry

I I
Fy= Hol1 ol
2rr

[Tocnenusst popmyna, siBjiseTcs OnpeeeHreM st Toka B 1A.
Eannuna cuibl Toka:
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14.3 Cwuna Amnepa. Exunnia cuibl Toka.

Def. 1 Awmnep - 3To Takoil TOK, Mpu MNPOTEKAHWM KOTOPOrO MO [ABYM MNapasienbHbIM
GecKoHeYHbIM MPOBOAHMKAM PaCMOJIOKEHHBIM B BaKyyMe Ha pacCcTosiHun 1 MeTp, Kax-
Abl X MeTp B3aumoaeiicTeyeT ¢ cunoit 2 - 10~"H

14.3.3 IIpumepsl 3aga4

1. PamMKka ¢ TOKOM HaXOJUTCd B OJIHOPOJIHOM MarHUTHOM Iojie. V3BecTeH BEeKTOp MArHUTHOM WH-
JLyKITUH, CUJIA TOKA, JIJINHA IIPOBOJHIKA, Macca IpoBojHuKa. CYuTaeM, 4To Maccoil 0b/1aaeT TOIbKO
HI2KHAA 9aCTh PaMKH. OHpe,Z[eIH/ITb Ha KaKoil YI'OJI OTKJIOHUTCA paMKa OT BEPTUKaJIN.

T - cuna peakmum paMKn

f—i—mﬁ—i— _)A:[_); B
§/\ A
"x” i Fy =Tsinf . ~
77ya7:mg:Tcosﬁ = FA_mgtg/B F, T
A Q
BII-1 DI GRS
B = arctg mg
mg
H- Mm-A-Mm
[tg B] = =1

M2 A-kr-wm/c?
3aMeTuM, UTO eCcJIu MbI OyJeM 3HATh YIOJI, TO UCIIOJIb3Ysl PEIlleHre JaHHOW 3a/1a4uu, MOXKHO OIpe-
JICIUTH 3HaYeHUEe MArHUTHOM WH/IYKITMHU, T.€. MOXKHO OIIPEJICIUTh MAarHUTHOE II0JIE.
2. Ha HaKJIOHHOM INIOCKOCTH C YIVIOM Q¢ < Olppen JICZKUT IPOBOJHUK Maccoil m. Koaddunuent
Tperns . Cucrema HaXOIWTCs B BEPTHUKAJIBHOM MarHuTHOM mosie B. Kakoit MuHMMAIBbHBIN TOK

HEOOXOIMMO TPOITYCTUTH IO MIPOBOJHUKY, YTOOBI OH Hadaj CKOJb3UTh BHU3! KakuMm 10/2KHO OBITH
HallpaBjeHrne ToKa?

T

I)ﬁ "x" t Facosa+mgsina — Fy, =0
N M, :

A" Yy’ : N+ Fasina —mgcosa =0

FTpAHOK MAX = FTp.CK = NJN

Fycosa+mgsina — pmgcosa + pFysina =0

FA:mg(ucosa—sina):B[l N I:mg(ucosoz—sinoc)

cosa + prsin a Bl(cos a + psin o)

3ajiata uMeeT pereHne Ipu YCIOBHUH:
pecosa >sina = tgQppes = > tga = @ < Qupen

3. Pemuth nepByto 3ajiady, cuuTasd, YTO Maccoil 00/1a/[aeT BECh IMPOBOJHUK, ITPUYEM Macca pac-
npesiesieHa PaAaBHOMEPHO IO BCell paMKe.
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14.4 CnekTpbl MAarHUTHBIX TOJIEH

14.4 ChnekTpbl MAarHUTHBIX MOJIEi
14.4.1 TIlone npsiMmoro Toka

[Tocmorpum, Kak MOYXKHO M300pa3UTh 1OJIE TPAMOro Toka. Jlrs
9TOro OyJ/ieM IPOIYCKATh TOK, & B IJIOCKOCTH TEPIIEeHIMKYJ/ISIPHON TO-
Ky pa3MeCcTHM MeTa/IMIeCKHe OIHMIKU, KOTOPbIe OY/IYT BBIIOJIHATD
POJIb MAJIEHbKIX MarHUTHBIX CTPEJIOK.

OIbIT MOKAXKET, YTO IIPU IPOIIYCKAHIH TOKA OIUJIKA BBICTPOSATCS
OIIPEJIEJIEHHBIM 00PA30M.

B onbiTe ¢ iByMs mapaJsiie/IbHBIMU ITPOBOJIHIKAMU C TOKOM, Pac-
CMOTPHUM IIPOBOJIHUK 2 B IOJIe TIPOBOAHUKA 1 u 3amuriem cuiay Awm-
nepa, JeUCTBYIOILYIO Ha BTOPOU IIPOBOJHUK:

11[21 N B— @ﬁ

Bylly = pg =
27r 2rr
MarauTHoe 1oJie B Cpejie U3MEHSIETCsI, BBEIEM MA2HUMMHYI0 NPOHUUAEMOCTD CPEDDL:
B
U= 7
By

MarnutHas NMPOHNLIAEMOCTb CPEALI NOKaA3bIBAET BO CKOJIbKO pa3 MarHNUTHasA MHAYKLUWA B AaHHOﬁ cpege
OT/INYAETCS OT MAarHUTHOM WHAYKUWWN TOIro XKe 0Jid B BaKyyMEe.

Torg:;a UHAYKIUAA Mal'HUTHOI'O I10JId IIPAMOI'O TOKa 6}7)1€T PaBHa:

— — o I
<SP ‘ 2 r
B Crout obpaTuTh BHUMaHUE, Ha TO, UTO IOJIE MPSIMOTO TOKa yObIBaeT 00-
PaTHO HPOIOPIMOHAIBHO KpaTJYaiIlieMy PacCTOSHUIO 0 IIPOBOIHUKA B IIEPBOit

CTEIICHU.

Def. Tone npsimoro Toka MOXHO M30bpa3nTb B BUAE KOHLEHTPUYECKNX
oKpy>HocTeii. [pn aTom, Yem banxe K TOKYy, TEM MeHblle paccTo-
SHUE MEXAY OKPYXXHOCTSIMU.

Hanpasyienre MarHuTHBIX JIMHUN TTPIMOTO TOKA MOXKHO OIPEIETUTH ITPABUJIOM TTPABOM PYKH:

Def. Bonbuwoli naney npaBoil pyku HanpaeuTb MO TOKYy U YeTbIpbMsi NanbLaMu 0bxBaTWUTb
NPOBOAHMK, HanpaBfeHne obxBaTa yKaXKeT HanpaB/ieHNe MarHUTHbIX JIMHWIA.
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14.4 CnekTpbl MAarHUTHBIX TOJIEH

14.4.2 3akoun Buo-Casapa-Jlamnaca.

CymiecTByeT 3aKOH, KOTOPBIN Oy/1yun TpUMeHeH K IIPOBOJIHIKAM Pa3-
JINIHO#M (POPMBI, MO3BOJISIET PACCUUTATH BEKTOP MAHUTHON WHJLYKITUU.
3aKOH SMIIUPUIECKUiL, T.e. KaK JI0 Hero JOra Ia/iCh - HEM3BECTHO, HO PAC-
4Jer 1o (popMysIaM COBIAJIAET C SKCIEPUMEHTAJILHBIMA JTAHHBIMUA.

PaccmoTpuM poBOTHUK TPOU3BOJILHO# (hopMbl. Bhitesinm Ha Hem 3J1e-

menT Al;. AL

InemeHT npoeoga Al;, no KoTopomy TeqeT Tok |, co3paeT B HeEKOTO-
POV TOYKE MAarHUTHOE MOJIE, MHAYKUUS KOTOPOro obpaTHO NponopLymuoHasabHa

KBaApaTy pacCTOsiHWUS OT JaHHOM TOYKU [0 snemeHTa Al; A]_B’ _
i
AB, — fupo LAl sin o o dﬁzwl[dl—;ﬂ
Ar r2 4 3

Hanpaenenne BekTopa dB onpesensercs n3 BEKTOPHOIrO MPON3BELEHUSI.

14.4.3 MaraunrTHoe moJjie BUTKAa C TOKOM.

HOBTOpI/IM OIIBIT C OIIMWJIKaMH JJIsd KPYIrOBOI'O TOKa. OHI/IJIKI/I TaK2Ke BBICTPOATCA OIIpeJC/ICHHBIM
obpaszoM.

Ucnonw3ys 3akon buo-Casapa-Jlamiaca, Haiijiem BeTUIrHHY UHTYy KT MAIHATHOTO OIS B TIEHTPE
BHUTKa ¢ TOKOM. BozbMeM BUTOK pajimyca R, 110 KOTOpOMY TedeT TOK | 1 orpeiesiuM BEKTOp MarHuTHOM
MHIYKIUU B IIEHTPE BUTKA.

AB; = Hito TAl; ’
A7 R?
ol ,u,uol poitol
B = AB; = Al; =

Zi: 4m R? Z 4 R? 2mit = 2R

ol

B pum
2R
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14.4 CnekTpbl MAarHUTHBIX TOJIEH

i onpejiesieHnsT HalpaBJIeHUT MArHUTHBIX JIMHUM BHYTPU BUTKa IPUMEHSIETCS CBOE IIPABUJIO
IPaBOil PyKU:

Def. Yetbipbmsi nanbuammn npasoii pykun obxBaTuTb BUTOK MO HanpaBJIEHWUIO TOKa, TOrAa OTo-
FHYTbIZ OONBLION Nanew, MOKaXXeT HaMpaB/IeHNE MarHUTHbLIX JIMHUVA BHYTPY BUTKA.

14.4.4 MarauTHoe 110Jie IpsiMoro Toka 4epe3 Buo-Casapa-Jlarmaca.

R
= [l = Rctga
sin «
14
o= ]-%Cia dl
sina sin®« o do
T
=Y ap = ol [Tomad _pl [ snasiad rp
; At J_o 1P dr ) R2
o 1

(cos0 —cosm) = ——

ppol [T sinasit*aRdo pupiol /7T , fupiol
= = sin ada =
0 2r R

- 4m ), sinPaR?  4nR ATR

14.4.5 Teopema o MUPKYJIAIUN BEeKTOpa B

[IpocToit mpumep TOKa MOKa3bIBAET, 9TO pacdeT 1o 3akony b-C-JI Texuudeckn cioxken. [lomoraer
TeopeMa O IMUPKYIAIUN BEKTOpa MATHUTHON WH/TYKIIAH.

Paccvorpum mipstmoit Tok. OKpy?KUM €0 TPOU3BOIBHBIM 3aMKHY THIM
KOHTYpOM. Bbraeaum va konrype 3ement aaunbl Al;. [lyers B) - npoex-
s BEKTOPa B ua HalpaBJIeHNe 3jieMeHTa KOHTypa Al;.

Cymma mipousseienuii Y | BjAl; - upKysisnus BeKTOpa MarHUTHON HH-

OYKIUX 110 38JaHHOMY KOHzTypy.

B)Al; = BAlcosa;  Alcosa =rAgp

I IA
B/Al; = BrAyp = 'l;ﬂrAgo = M}JOQ—SO
o T

[Ipocymmupyem 1o BceMy KOHTYDY:

Z BAl; = 'u;il Z Ap = ppol

Law-} Uunpkynsyms BekTopa MarHUTHOW WHAYKUWW MO 3a-
MKHYTOMY KOHTYPY MpPsIMO [pONoOpLNOHa/IbHA TOKY,
MPOHN3bIBAIOLLEMY KOHTYP.

OTO ABJISIETCHA aHAJIOTOM TeOpPEMbI Faycca B JIEKTPOCTATUKE.
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14.4.6 Ilosne karymiku (cosieHOUIA)

HOCMOTpI/IM Telnepb Ha MalrHUTHOE I10JIe CO31aBaeMoe K&TyHIKOfI C TOKOM.

Def. KaTyUJKa 3TO NocnenoBaTeNlbHO COEANHEHHbBIE BUTKW.

[TosTomy moJie KaTymku Oy/1eT HAIIOMUHATD I10JIe BUTKA, [IPU STOM BHYTPH KATYIIKU MArHUTHBIE
JIMHUA OyJIyT TPAKTHIECKN TTapaJIe/IbHbI, T.e. BHYTPH KATYIIKNH 00pa3yeTcs OJHOPOTHOE MarHUTHOE
ToJIe.

Def. lNone Ha3bIBaeTCA OOAHOPOAHbIM, €CJIN €ro BEJINHNHA N HanpaBJIEHNE BO BCEX TOYKaX O4uN-
HaKOBbI.

BHyTpu kaTyiuku obpa3syeTcsi O4HOPOJHOE MAarHUTHOE MOJIe.

[Ipu sTOM CcTOUT OTMETUTH, UTO II0JIe BHE KATYIIKKA Oy/IeT 3HATUTEIbHO MEHbIIe 110 BeJUYINHE.
[TosToMy KaTyIIKy OOBIMHO HCIOJIL3YIOT JJIs CO3JIaHUs CUJIBHOIO OJHOPOIHOTO MATHUTHOIO ITOJIs,
0CODEHHO B COYETaHUH ¢ (PePPOMATrHUTHBIMU CEPJICIHUKAMU.

000000
S

IIIIIIIIIIIIIIII
Ty el ol o II

VAVAVAVATAVAYA

Beigenmv koutyp ABC/I. Bektop wHAyKIUM MArHuTHOTO

I@ OJoJololoJoJoJorolololo 0JIA JaCT IPOEKIINIO Ha HAIIPaBJIeHHe 00X0/1a TOJBKO HA YIacT-
> ke BC Torya
e > BiAlL; = B|BC| = ppoly = pijoI N’

®® XX XXX XX XXX ,

_______________ rje N’ - KoJIM4ecTBO BUTKOB, IPOHU3BIBAIOIINX KOHTYD AB-

A D CII.
g — PoIN" _ ppoI N _ e
|BC| l 0

rae N - KOJIM9eCTBO BUTKOB Ha €IUHUIY JJIMHBI UJIX IIJIOTHOCTH HAMOTKHM KaTYyHIIKH.

B = ppoln

OTCTyHJIeHI/Iei I/IHTepeCHO BbIACHUTDH (1)H31/I‘{GCKI/II>JI CMbICJI HUPKYJIAIIUU JJId JIEKTPOCTATUIECKOI'O

I10JI<.
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q
A3JI

q

A JJId MarrHUTHOI'O I10JI4A, IIOTOK 9€PE3 JIIO6yIO 3aMKHYTYIO IOBEPXHOCTHb PaBE€H HYJIIO, T.K. JIMHUA
3aMKHYTbBI, 1 9Y1CJIO BXOJIAIINX JII/IHI/Ifl, 6y,ueT PaBHO YHUCJIO BBIXOJANIINX JIMHU.

=0

DJIEKTPOCTATUIECKOE T10JIe MaruauTHOe 110J1€
Teopema laycca Teopema T'aycca
Op = —"“;g(jp ®p =0
Teopema o mupkynanum | Teopema o MUPKYIATINN
Z EZAZZ =0 Z BZAZZ = /L[LQIBHyTp

ITU COOTHOLLIEHNSA ABJISIIOTCA OCHOBHBIMU B KJ1CCUYECKO SJ/IEKTPOANHAMUKE. OHu ONnpeLESIAT OC-
HOBHbIE CBOVICTBA S/IEKTPUHECKUX N MATHUTHbBIX nosien.

HaHpI/IMep PaBE€HCTBO HYJIIO IIOTOKa BEKTOPa MHAYKIHWN MarHUTHOI'O IIOJI I'OBOPUT O TOM, 4YTO B
Ipupoae He MOXKeET 6BITb MarHUTHBIX 3apgA/J10B 1 JIMHUU WHAYKIIUHA MarHUTHOT'O II0JIsA 3aMKHyTbI( T.C.
[0JI€ HEMOTEHIUATBHO)
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14.5 Cuna Jlopenia

Cumra Ammepa JeficTByromas MPOBOJHUK C TOKOM B MarHUTHOM II0JIE€, MOYKET OBITh BbIparKeHa
qepe3 CUJIbI, JIEHCTBYIONINE Ha OTJIeIbHbIE 3apsi KeHHbIE YACTHIIDI.

[IycTh KOHIIEHTpaIIUs HOCUTEIeH CBODOTHOIO 3apsijia B IIPOBOIHUKE €CTh N, & ¢ — 3apsij] HOCUTE/IS.
Torma npoussegenne nqus, Tje v — MOY/Ib CKOPOCTHU YIIOPSIOUEHHOTO JIBUYKEHIS HOCUTEIeH 110 Tpo-
BOJHUKY, a S — IJIOIIA b TOMEPETHOTO CeIeHNUsT ITPOBOIHUKA, PABHO TOKY, TEKYIIEMY 110 TTPOBOTHUKY:

I =qnvS

TOI‘,IL& BbIpa2zKeHue IJ1d CHUJIbL AMHepa MO2KHO 3alliCaTb B BHUJEC:

Fy=gnSAlvBsina

Tax kax mosHoe uncao N HocuTe el ¢cBOOOIHOIO 3apsijia B MPOBOAHNKE JAanHoi Al 1 cedenueM S
pasuo nSAIl, To cruita, IedCTBYIONMAsT Ha OJHY 3apsi?KEHHYIO YaCTHILY, PaBHA

F5 = Bqusina

DTy cuity Ha3bIBaIOT cuiioit JIopenta. Yros oo - yros Mexk/1y BEKTOPOM
CKOPOCTU U MAarHUTHON WHTyKIIUH.

Cuna JlopeHya - cuna ¢ KOTOPOH MarHNTHOE Mose JEViCTBYET HA ABUXY-
wjeiica 3apsg.

Hanpasneuune cunel JlopeHya, feficTByroLLeli Ha NOIOXNTENBLHO 3aPsiXKEH-
HYIO 4acTuLy, TaK Xe, KaK U HanpasieHue cuabl AMnepa, MOXeT bbITb Haii-
JEHO o npasuly JIEBOV PYKU.

— —

v B v B
X V{L X X X Y+ X X
Fe— F

X X X X X X

Cwuta Jlopenria HampaBjieHa epIEeHIUKYISAPHO IOCKOCTH, COJEPZKAINEN BEKTOPa CKOPOCTH U Mar-
HUTHOU WHIYKIIAHU, TTO3TOMY

[Npyn fBUXKEHNN 3aPSIXKEHHON 4aCTULbl B MarHUTHOM noje cuna JlopeHuya pabotsi He cosepiuaet. [lo-
3TOMY MOZY/Ib BEKTOPA CKOPOCTY NPU ABVXXEHUN HaCTULbl HE N3MEHSETCS.

Ecnn 3apsizkeHHast 9acTUIQ ABUKETCA B OJTHOPOTHOM MArHUTHOM
roJie 1oJ, JeficTBueM cuiibl JIopeHnia, a ee CKOPOCTb JIEYKUT B ILIOC-
KOCTH, NIEePIEHINKY/ISIPHOI BeKTOpY B TO dacTuiia OyJeT JBUTaThCs
110 OKPY?KHOCTHU Pajuyca

muv A A A

- o b
! e
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14.5 Cura Jlopenna

Cuta Jlopertia B 9ToM ciiydae UTPaeT PoJib IEHTPOCTPEMUTE b

HOI CHJIBI.
[Tepuom obparlieHns: 9acTUIbI B OJHOPOTHOM MarHUTHOM II0JIE pa-
BEH
e 2R 2mm
v qB

ITO BbIpaxeHne MOKa3bIBAET, YTO AJIsl 3aPSKEHHbIX 4acTUL 3af4aHHOM Maccbl m nepuoj obpalyeHns
He 3aBUCUT OT CKOPOCTU V 1 paguyca TpaekTopumn R.

HcnopTuTh 9Ty 3aBUCUMOCTDb MOXKET TOJIBKO YBEJINYeHNEe MaCcChl YaCTUIIbI IIPU ITPUOJINKEHUN CKO-
POCTH K CKOPOCTHU CBETA.

14.5.1 IIpumenenue cuianl Jlopernna

HHukiorpoH

LnknoTpoH — ynkanHecknii ycKopuTesb HEPENSTUBUCTCKNX TSKENIX 3aPSKEHHbIX HacTuL (MPOTOHOB,
MOHOB).

YacTuibl B NMUKJIOTPOHE JBUTAIOTCA B IOCTOSIHHOM U OJHOPOJHOM MATHUTHOM II0JI€, KOTOPOE
obecrieunBaeT UX JBUKEHUE 10 OKPY?KHOCTU B BBICOKOYACTOTHOM JIEKTPUIECKOM I10JI€ HEUM3MEHHOM
JaCTOThI, KOTOPOE Pa3rOHSET YaCTHUIIbI.

VryioBasg CKOPOCTh JBUKEHUA 3aps?KEHHON JacTHUIIbI 110 KPYTroBOil TPAeKTOPUM

v wvgB ¢B

wWw=—=
R mu m

HA3BIBAETCsI IUKJIOTPOHHO# YacToToil. [{lukjIoTpoHHAs YacTOTa HE 3aBUCHT OT CKOPOCTH (CJieI0Ba~
TEJILHO, U OT KHHETHIECKOI SHEPIHUN ) YACTHIBI. DTO 0OCTOATEIBCTBO UCIIOIB3YETCs B IIMKJIOTPOHAX —
YCKOPHUTEJISIX TSZKEJIBIX JacTull (IPOTOHOB, HOHOB). [IpuHInIMambHast cxeMa [UKJIOTPOHA TIPUBE/IEHA
Ha PUCYHKE.

Mezk 1y mosTIocamMy CHIBHOTO 3JIEKTPOMArHUTa MTOMEITAETCs BaKy-
yMHas KaMepa, B KOTOPOil HaXOJdTcsd JIBa 3JEKTPOJa B BUJE HOJIBIX
MeTaJIJIMIeCKUX MOy IuIuHIPOB (fayanToB). K jmyantam mpuiokeHo
IIepeMEHHOE 3JIEKTPUYECKOe HalIPsizKeHne, 4acToTa KOTOPOr'o paBHAa
[UKJIOTPOHHOI 4YacToTe. 3apsKEeHHbIE YACTUII UHKEKTUPYIOTCH B
IIEHTPe BaKyyMHOII Kamepbl. JacTHIbI YCKOPSIOTCS JIEKTPUIECKAM
IIOJIEM B IIPOMEXKYTKE MEKJy JyaHTaMd. BHYyTpH JyaHTOB YacCTHIIBI
JIBUZKYTCH TIOJT, IeficTBUEM CUJIbI JIOpeHIia 110 MoJTyOKPY2KHOCTSM, Pa-
JUYC KOTOPBIX PacTeT 110 MepPe YBeJIMYeHUs] SHEPIUU YacCTUIL,

Bpemsi BHyTpu fyaHTa He 3aBUCUT OT CKOPOCTU 4YacTULbI.

Kazkiprit pa3, Korja 4acTuiia MmpoJieTaeT depes 3a30P MeXKIy J1y-
AHTaMU, OHa YCKOPAETCA JIEKTPUUECKUM ToJieM. Takum obpasoM, B
IUKJOTPOHE, KaK M BO BCeX JPYIUX YCKOPUTEJIAX, 3apsKECHHAd da-
CTUIIA YCKOPSETCS JEKTPIUIECKUM II0JIEM, & YVAePXKUBaETCsS HA TPAeKTOPUN MAarHUTHBIM 11oJieM. [{uk-
JIOTPOHBI TIO3BOJIAIOT YCKOPATH IIPOTOHBI JI0 sHepruu nopsaka 20 M3B.

6 oxTs6psa 2025 T. 16 (©physics.spb.ru


https://physics.spb.ru

14.5 Cuia Jlopenna

[lpenmyLyecTBa UMKAOTPOHA: Maoe NPOCTPAHCTBO, U3MEHEHNE PA3HOCTU MOTEHLMNASIOB MPONCXO[UT C
MOCTOSIHHOM 4acCTOTOM.

HuktoTpoH OBLT TPUIyMaH aMepuKaHCKuM (usukom DpHectoMm Jloypercom B 1929 roay n cKoH-
ctpyupoBaH B 1931 romy.

Oprnecm Jloyperc u nepeviti UuUKAOMPOH.
Domo c catimos nuclphys.sinp.msu.ru u www.scienceclarified.com.

[TepBoiit MUKJIOTPOH OBLT PazMepoM HEMHOro 0oJibiuM deM 10 ¢M B guamMeTpe U MOT Pa30rHATh
npotonbl 10 sHeprun 80 k3B. Ho yxke k koure 1940-x rogoB ObLiu co3paHbl MUKJIOTPOHBI Ha 100
M5B u 60s1ee. DT0 IPUBEIO K TOMY, YTO CKOPOCTU YACTHUI CTAJIM TAKUME, ITO 3aKOHBI KJIACCHIECKO
dusnKn, B KOTOPOil HE YUUTHIBAJIOCH U3MEHEHNE MACChl C POCTOM CKOPOCTH, IlepecTaBan padboTaThb
JUTs pacdeTa IUKJIOTPOHHON YacTOThI. B TaKMX YCKOPUTEISX, YacTOTYy U3MEHEHUS JJIEKTPUIECKOTO
1I0JI8 TPUXO/UJIOCH TIOJICTPANBATh B 3aBUCUMOCTHU OT CKOPOCTH YaCTHII.

184-drwtimoswiti yuraompor 6 Ynusepcumeme Beprau ¢ Kaaugopruuio.
@omo c catima elementy.ru
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Macc-cnekTporpad

O tHOPOTHBIE MATHUTHBIE TTOJI UCIOJIB3YIOTCS BO MHO-
rux upubopax ¥, B YACTHOCTU, B MAaCC-CIEKTPOMETpax
m — YCTpOHCTBaX, C MOMOIILI0O KOTOPBIX MOYKHO U3MEPITH

e >E MacChl 3apsAKEHHBbIX YaCTUI[ — MOHOB WJIU sJIep Pa3/Ird-

ﬁn e > . | ﬁen HBIX aTOMOB. Macc-CIieKTpOMEeTPhI UCIIOJIb3YIOTCH JIjI pa3-
< " »  JleJIeHUs W30TONOB, TO €CTh HAJep aTOMOB C OJNHAKO-
A\ - BBIM 3apsJIOM, HO pa3HbiMu Maccamu (Hampumep, 20Ne u

A Poe - 22Ne). Ilpocreiimmuii Macc-CIIEKTPOMETp ITIOKA3aH Ha DPU-

r ) cyuke. VloHbI, BbLIETAIONINE U3 UCTOTHUKA S, TIPOXOIAT e~

e } ’ pPe3 HEeCKOJIBKO HEOOJIBINX OTBEPCTHil, (DOPMUPYIONTUX Y3~

~ diF . i [ KUt My90K. 3aTeM OHU IMOTaIal0T B CEJIEKTOP CKOPOCTE(l, B

KOTOPOM YaCTHUIIbI ABUXKYTCA B CKPEIIECHHBIX OJHOPOAHBIX

L] * L] L]
¢ 9JIEKTPUIECKOM 1 MATHUTHOM TIOJISAX. DJIEKTPUIECKOE TI0JIe
. . . CO3JIaeTCd MEK/Iy IJIACTUHAMHU ILIOCKOTO KOHJIEHCATOPA,
B MarHuTHOE I0JIe — B 3a30pe MEXKJIY TOJIIOCAMH 3JIEKTPO-
. . . . . Mar”HuTa. HaanIBHaH CKOPOCTDb 3apsAKEHHbIX YaCTHIl Ha-

IpaBJieHa TepIeHInKyasapHo BekTopam E u B
Ha gacruity, ABMKyILyI0Cs B CKPEIIEHHBIX JIEKTPUYe-

CKOM U MArHUTHOM IIOJISAX, AeHCTBYIOT 3JIeKTprIecKas Cijia U MaruuTHas cuia Jlopenna. [Ipu yeso-
BUU I/ = v B 3TU cUJIbl TOYHO yPABHOBENIUBAIOT JIPYT JIpyra. e 310 ycjioBue BBIIOJIHAETCH, YACTU-
1a Oy/ieT JBUTaTbCsl pPABHOMEDHO W IPSIMOJIMHENHO 1, IIPOJIETEB Uepe3 KOHJIEHCaTOp, MpOoiiaer depes
oTBepcThe B 3KpaHe. [Ipu 3ajaHHBIX 3HAYEHUAX JICKTPUIECKOI'O U MAIHUTHOTO IO/l CeJIeKTOP BbI-
JIQJINT YaCTHUIIB, JIBUXKYIIHEC CO CKopocThio v = E / B.

Jlajiee 9acTHIIBI C OJHUM U TEM Ke 3HaUeHHeM CKOPOCTH MOITaIal0T B KaMepPy MacC-CIIEKTPOMETPA,
B KOTOPOI1 CO3JIaHO OJIHOPOJIHOE MAIHUTHOE 110J1e HaCTUIIbI ABUKYTCS B KaMepe B IJIOCKOCTH, TIePIIeH-
JIMKYJISIPHON MarHUTHOMY TIOJTIO, TIOJT JielicTBreM cuJibl Jlopenna. TpaekTopun 4acTurr mpejacTaBiisgior
coboit okpyzkHOCTH pajmycoB R = mv / qB’. 3smepsst pagnycbl TpaeKTopuii IpH W3BECTHBIX 3HAYe-
HUsIX vV 1 B’ MOXKHO onpejiesinTh orHomenue  / m. B ciaydae uzoronos (ql = ¢2) macc-criekrpoMerp
[TO3BOJISIET PA3/e/IUTh JaCTHUIbI C PA3HBIMU MaCCaMHU.

q v

m  RB

CoBpeMeHHBIE MACC-CIEKTPOMETPBI TO3BOJIAIOT U3MEPSITh MACChl 3aPSKEHHBIX YACTHUIL ¢ TOYHO-
crbio Boie 10 4.

3akperlieHnue:

YacTuma ¢ 3apsa/i0M ¢ 1 Maccoil m BjieTaeT B IOCTOSTHHOE OJTHOPOIHOE MATHUTHOE TI0JIe C WHTYK-
nueit B 1o yrioM o K ciyioBbIM JuHUAM. 1o Kakoit TpaekTopuu OyAeT ABUraThCsa YacTHIa’?
v|| = const, T.K. cuia Jlopenna B1o/b nojis He Jeiicryer. Takum

B .
> obpa3oM TpaeKkTopueil JIBUKeHUs OyJ/IeT sBJIATHCS CIUPAJIb.
Vi, M Pannyc crimpasn:
- >
RZCN @ O mu? . :

Vil . = Bqusina, v, =vsina =

»- R Y

mu sin «

R = Bq
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[Iar crimpasm

2TR 27Tmu sin o cos o
h = v T = vcosa—; = -
v sin Bgsina
MU COS
h=21r—m—
qB
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14.6  ZBnenue 31eKTPOMArHUTHON WH/LYKITUN.

14.6 4BneHue 3JIeKTPOMATHUTHOMN WHTYKITUN.
14.6.1 IloTokK BekTOpa MHIYKINN MAarHUTHOTO MOJIsI.

PaccmoTpuM oiHOpPOIHOE MATHUTHOE T10J1€, WX €CJIU T10JIe HEOJIHOPOJIHO, TO TAKOM y4aCTOK ITPO-
CTPaHCTBA B KOTOPOM II0JIE MOXKHO CHHTATH OJHOPOIHLIM. Bo3bMeM IIOMAIKY, KOTOpas pacIloJIo¥xKe-
Ha B TPOCTPAHCTBE TaK, UTO MOJOKHUTE/IbHAs HOPMaJIb K 9TOH IJIOMAJJKe HaIIpaBaeHa 1O/ YTJIOM (1
K BEKTOPY MHJYKIIMU MarHATHOI'O IIOJId.

B by = BScosa

a = (B,7)

TOF,ZL& MO2KHO OIIpEeJC/JINTDb TaKOe IIOHATHEe, KaK Mal'HUT-
HBIII MOTOK MJIHN IIOTOK BEKTOpa MHAYKIIUNU MarHUTHOTI'O I10-

:yg\ <
YYVYYVYY

JIA.

[loTokoM BEKTOpPA MHAYKLUN MArHUTHOIO MOJIS HYepes NaoLaaKy S Ha3blBaeTCs MPON3BELEHNE BEKTOPA
VHAYKUMW Ha MAoWaab S M Ha KOCUHYC yria Mexay BEKTOPOM UHAYKLUUM MArHUTHOIO MOJsl M HOPMAN K
nsowjagke.

Epnauiia n3amepeHuss MarHUTHOTO ITOTOKAa: MaruuTnolii IoTOK u3MepsieTcs B Bebepax

[®] = B6

14.6.2 DJieKTpOMAarHUTHAsT WHIYKITUS

Ecnnm sekTprmdecKnii TOK MOYKeT MMOPOXKIATH MAarHUTHOE ITOJIe, TO BO3MOXKEH I OOPATHBII ITpoTiecc,
KOI'JIa MArHUTHOE TI0JIe OyJIeT OPOXKIATh JIEKTPUIECKUN TOK.

17 okTsabpsa 1831 ropa anrnuiickuit pusuxk Maitkia Papajieii oCTaBUI SKCIEPUMEHT, B PE3YJIb-
TaTe KOTOPOro OBLJIO OTKPBITO SIBJIEHUE 3JIEKTPOMATHUTHON WH/TYKIIAH.

(Buyieoskcnepumenr )

[Ipu nepemerieHny MOCTOSTHHOIO MATHUTA OTHOCUTEILHO KATYIIKU, TaIbBAHOMETD PErUCTPUPYET
HaJIMIre TOKa B rienu. [Ipudem BemauHa TOKa Oy/1€T 3aBUCETH, OT TOr0, KAK OBICTPO TMOJHOCUTH WJIN
youpars maraut. [Ipum 9ToM u3 omnbita OygeT BUIHO, UTO IIPU MOHECEHUN MATHUTA K KATYIIKE, TOK
OysieT TeUb B OHOM HAIIPABJICHUH, & €CJIN YOUpaTh MATHUT, TO B JIPYTOM.

Ecin »xe MaruuT mpocTo Bpaliarh BHYTPU KATYIIKU WK OCTABUTH €0 B COCTOSHUU TIOKOSI, TOKA
He OyJier.
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14.6  ZBnenue 31eKTPOMArHUTHON WH/LYKITUN.

Paccmotpu ycosepiiencTBoBannblii onbIT Papajiesd. B nem 3aMeHUM MOCTOAHHBIN MarHuUT Ha Ka-
TYHIKY, TOJAKJIIOYEHHYIO K UCTOYHUKY U PEOCTaTy.

Ecnm momecTuTh 0JIHY KaTyIIKy BHYTPb JIPY-
roifi u Jlajiee HAYaTh MEHATH TOK, 3aMbIKas- +
pa3MblKasl KJII0Y WK [lepeMeltiast oJI3yHOK Peo-
crata, TO B 3TU MOMEHTBI, raJbBaHOMETD Oy- )
JeT PerucTprupoBaTh TOK BO BTOPUYHON KaTyIIl-
Ke. Ecm BHYTpeHHIOIO KaTYIIKy HavaTh BBIHU-
MaTh WU BCTABJIATL IPU MPOTEKAHUU TOKA TIO
Hell, TO pe3yJIbTaT OYJIeT TOYHO TAKUM Ke, KaK
B OIIBITE C TIOCTOSTHHBIM MarHUTOM.

DTOT OMBIT TOKA3BIBAET, UTO BayKHO WMEH-
HO M3MeHEeHNe MAarHuTHOI'O MOTOKa, TPOHU3bIBa-
TOIIETO KATYINKY, MOJKIIOUEHHYIO K Ta/IbBAHOMETPY.

Er

Dapageii 0bHapy)Xna, 4TO NEPEMEHHOE MArHUTHOE M0JIe CIOCOOHO MOPOXAATL /EKTPUYECKOE MOJIE.
[lpy BCSIKOM M3MEHEHUN MArHUTHOIO MOTOKA, MPOHU3bIBAIOLLErO KOHTYP 3aMKHYTOro MPOBOAHNKA, B HEM
BO3HUKAET UHAYKLUNOHHbIN TOK, CyLECTBYIOLNIT B TEHEHNE BCErO BPEMEHUN U3MEHEHNSI MAarHUTHOIO NMOTOKA.

Tok BO3HI/IK3['OLL{I/H>7 B 3aMKHYTOM KOHTYPE€ BCNEACTBNE USMEHEHUA MArHUTHOIO MNOTOKA, NMPOHN3bIBAKO-
Ljero KOHTyp, NPUHATO Ha3biBaTb MHAYKLUWOHHBLIM TOKOM.

IIpaBuso Jlenna

B 1833 romy poccuiickuit dpusuk Ivumauit Xpucruanosud JIenr chopmyanpoBasl IpaBUiIo Ha
OCHOBE KOTOPOT'O MOKHO OIPEJIC/INTh HAaIlPpABJICHUE WHTYKITHOHHOT'O TOKA.

Paccemorpum omwit (Bujieoskenepunvent (). Bozbmenm jsa Koiib-
Ia Ha MepeKJIajuHe, CJeJaHHble U3 AJIOMUHUS (HEMATHUTHBIA Me-
raji1). OHO KOJIBIO Oy/IeT 3aMKHYTBIM, & BTOPOE PA30MKHYTBIM. By-

JeM IIOJHOCUTD IOCTOSHHBIA MAIrHUT 110 o4depe i K KazK/IOMY KOJIBILY.
OubIT IIOKa2zKeT, 9TO IIpU II0OJHECEHUN MalHuTa K 3aMKHYTOMY KOJIb-
Iy OHO Ha4YUHa€T OTTaJIKUBATHCA OT Mal'HUTA. HpI/I IIOIIBITKE Y6paTB
MaruyT OT 3aMKHYTOI'O KOJIbIla, OHO 6y,ILeT IpUTAruBaThHCA K Mar-
HUTY. Ecim xe maranr IIOJJHOCUTH K Pa30MKHYTOMY KOJIBILY, TO OHO

6y,ZLeT ABUTaTbCA TOJIBKO 3a CYeT JABU2KEHHUA BO3/1yXa BMECTE C Mal'HUTOM U IIPaKTUYECKU HE 6yﬂeT
repeMeniaTbes.

HpI/ILH/IHa OTTaJIKUBaHUA 3aMKHYTOI'O KOJIbIla CBsdA3aHa C TEM, 9YTO IIPU USMEHEHUU MarHUTHOT'O I10-
TOKa ITPOHU3BIBAIOIIETO KOJIBIIO B HEM BO3HUKAET MH/LYKIIMOHHBIN TOK. [IpuTsKenune u orrajkuBaHme
CBSA3aHO C PA3HBIM HallpaBJIEHHEM BO3HHUKAIOIIErO TOKA.

E» —
vHA ( BI/IH ,
L .

Tok, BO3HUKAIOLMI B PE3YNbTATE SIBAEHUS] SJIEKTPOMArHUTHON WHAYKUUW, UMEET TaKoe HanpasJ/e-
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14.6  ZBnenue 31eKTPOMArHUTHON WH/LYKITUN.

Hue, 4TO0bbI CBOMM MAarHUTHBIM [0JIEM npenAaTcTBoBaTb U3MEHEHUKO MArHUTHOrMO NOTOKA, KOTOPOE €ro
nopoagnsaio.

Paccmorpum pabory npasmita Jlenta Ha mpuMepe OmbITa ¢ AByMs KaTyIIKaMu. PaccMoTpum cty-
Yaif, KOrjia BO BHYTPEHHEH KaTyIIKe TOK YBEJIMYUBACTCA W TeJeT MPOTUB YAaCOBOI CTPEJIKHU, eCc/in
CMOTPETh CBEpPXY. DTOT BO3pACTAIONIMil TOK [; OyIeT co3jaBarTh BO3pacTalonlee MarHuTHOE 1ojie B
BHYTPHU KaTYIIIKU, HAIIPaBJIeHHOe Ha Hac (110 npasumwiy "mpasoit pyku").

BUA CBEPXY BUA CBEPXY

BHELUHAA KaTyLlKa BHELUHAA KaTyLlKa

BHYTPEHHSA KaTyllKa BHYTPEHHSIA KaTyLlka

TOK I, pacter TOK [, ybbiBaeT

[Toste By Oy/ieT mpoOHU3BIBATH BHEITHIOK 3aMKHYTYIO KATYIIKY U MAUHUTHBIN ITOTOK CO3aBAEMbIi
9THM II0JIEM dYepe3 BHEITHIO KaTyIIKy, Oyaer pactu. [losTomy Bo BHelIHeil KaTyIlllke B pe3y/ibTa-
TE ABJICHUA SJIeKTpOMaFHI/ITHOfI NHAYKIOWUN ITOABUTCA I/IH,Z[yKL[I/IOHHbeI TOK, HaHpaBJIeHHbHU/I TaK, 9TO-
Obl MarHUTHOE II0JI€ MHIYKIIMOHHOI'O TOKa [y, MPENATCTBOBAJIO 9TOMY HapacTaHuio. T.e. BEKTOD
EHHA ™ El. B pesysibraTe MHIYKITMOHHBIN TOK Oy/ET HAIPABJICH 10 YaCOBOM CTPEJIKE, €CJIU CMOT-
peThb CBEpXY.

ITpumep 3agaunm: B kakux ciydasax B 3aMKHyTOM KOoHTYpe ABC'D Oyaer BO3SHUKATH WHILYKITH-
OHHBIN TOK?

I/IH,ZLyKHI/IOHHbIIU/I TOK 6y,£[eT MOABJIATBHCA IIPU U3MEHCHUNW Mal'HUTHOI'O IIOTO-
Ka IIPOHU3BIBAIOIIETO ﬂaHHbeI KOHTYD. McrounnkoM MarHuTHOIO MOJIS 31€eChb
ABJdeTcd HpHMOﬁ TOK. COOTBeTCTBeHHO n3MeHeHue MaIrHMTHOI'O IIOTOKa MO-

A B JKeT MPOUCXOJUTH TOJHKO MPU W3MEHEHUH BEJTUIUHBI WHIYKIINA MArHUTHOTO
[OJIsT ¥ ee HalpaB/IeHUsT OTHOCUTEIBLHO KOHTypa, T.K. KOHTYp ABCD wumeer

A (UKCHPOBAHHYIO TLTIOIATb.
CoOoTBETCTBEHHO JI/1sT M3MEHEHUsT MAarHUTHOTO TIOTOKA MOYKHO JINOO MEHSTH
D C  Besmumny ToKa B MPOBOIHUKE, U6 VAAIATH HITH IPHOINZKATE KOHTYD K IIPO-

BOJIHUKY, JIN0OO BpalliaTh KOHTYP BOKPYT BEPTUKAJILHOM OCH, TIPOXOJIAIIEil yepes
IEHTP KOHTYPA.
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14.7 3akoH 3JIEKTPOMATIHUTHON WH/TYyKITAU.

14.7 3akKoOH 3JIEKTPOMATHUTHOMN WHIYKITNN.

Bo Bcex omnbiTax Ha sIBJIEHHE 3JIEKTPOMAIHUTHON MHIYKIMUA Mbl HAOJIIOMA/M, YTO BEJMYNHA HMH-
JIYKIIMOHHOI'O TOKA, 3aBUCUT HE OT BEJIMYNHBI MAIHUTHOI'O IIOTOKA, & OT TOIO KaK OBLICTPO OH MEHSIeTCSI,
T.€. OT CKOPOCTU M3MEHEHMs MArHUTHOIO ITOTOKA

Benmunna MHIYKIIMOHHOTO TOKa B 3aMKHYTOM KOHTYype, onpeaenserca D/C uupykium, B cOOT-
BeTrcTBHU ¢ 3akoHOM OMa.

Eung,

R

]I/IH;L =

rie R - conpoTuBjieHne 3aMKHYTOIO KOHTYpA.

[TockobKy TOK 3TO cjeicTBue, a npuanHa 310 I/IC, B 3aKOHE 3JIEKTPOMATHUTHOW WHIYKITUN
peub uaer umento 06 D/1C umyKINN.

3aKoH JIEKTPOMATHUTHON WH/IYKITUHN

9,HC WHAYKUWN, BOSHNKaOLWasa B 3aMKHYTOM POBOAHUKE, MPAMO NMPOrnopLnoHasibHa CKOPOCTU N3ME-
HEeHUs MarHUWTHOro rnoToKa, I7pOHl/I3bIBaI'OLL[MV7 ,anHbIﬁ 3aMKHyTbIV7 npoBO4HUK.

A
Ry

Ecan marauTHBIN TIOTOK MEHsIETCs HEpaBHOMEPHO, TOT/Ia MOYKHO 3allicaTh MITHOBEHHOE 3HAYEeHHe
9/IC muayKIun, KaK MepByo MPOM3BOIHYIO 110 BPEMEHU OT MArHUTHOTO ITOTOKA

Eana(t) (1)

Kosadbdunmenrom npornoprimonaisuoctu B cucreme CU sgBisiercss k = 1, 910 Ge3pazmepHasi BeJiu-
unHa. HemHOro HuKe, MBI IIPOBEPUM COTJIACOBAHHOCTH €JIMHUIL U3MEPEHMSI.

[Tomumo, KoapduIMenTa MpONOPIMOHAJIHLHOCTH, €ellle HeOOXOIUMO yYeCTh HAaIPaBJICHUE BO3HU-
KAIOIEero MHJYKITMOHHOTO TOKa. T.K. HalpaBJeHue onpeje/sercs npaBuaoM Jlenma, B 3aKoHe 3J1eK-
TPOMATrHUTHOW WHIYKIIUK TOABJIsieTCs "MUHYC KOTOPBI 1 OYJeT Onpee/isTh TO, UYTO WHTYKITMOHHBIH
TOK, IIPEIATCTBYET U3MEHEHUIO MarHUTHOTO IIOTOKA, KOTOPbIE €ro CO3/1a.l.

B urore nosyyaem B 001IIeM cirydae:

Cunalt) = (1)

Ecim MaruuTHBIN TTOTOK BO3pacTaeT, TOT/Ia

dd
@(t)T¢E>O = Eung <0

a ecj yObIBaeT

dd
<I>(t)¢:>ﬁ<0 = Eung >0

N3 3akoHa 3/IeKTPOMArHUTHON MHIYKIIMU MOYKEM OIPEJICTUTh €IUHUILY U3MEPEHUT MarHUTHOIO
rnoroka. /[yt aToro paccMOTpuM paBHOMEPHO MEHSIIOIIUICS MAarHUTHBIN ITOTOK

IAD| = |e]At = 1B6=1B-1c
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14.7 3akoH 3JIEKTPOMATIHUTHON WH/TYyKITAU.

3a eguuuyy marHuTHOro notoka, T.e. 3a 1 Bebep, npuHumaetcsi Takoil noTOK, Npu paBHOMEPHOM
ybbiBaHumn KoToporo fo Hynsi 3a 1 ¢ B koHType Bo3Hukaet 3/JC nHgykymm pasHas 1 B

CoryacoBanue eauHui; B cucreme CU

M, H-wm
B: max B:
IS = [B] A M2
®ma:c
®=BScosa = B= g a=10
IB6 B¢ Jx-c  H-m  H-m
M2 M2 _K.H~M2_M2~K.H/C_A~M2

PasmeprocTn cornacyorcsi, mo3ToMy KOI(MD@MUIMEHT B 3aKOHE 3JIeKTPOMATHUTHONW WHIYKIIUNA -
Oe3pa3MepHbIil.

OcuHosHOe ornpeaeJsjieHne eJuHUIlbl U3MepeHnd MHAYKIUA MarHuTHOI'O ITOJIA

3a equHuLy u3MepeHus NHAYKUUN MarHUTHOIO MoJisi MPUHUMAETCS UHAYKUYUS TAKOro OfHOPOZHOMO
MarHUTHOrO MoJIsl, KOTOPOe CO3AaeT MakcuMasbHbiii noTok B 1 B6 yepes naowanky 8 1 m?

14.7.1 TI'paduyeckoe onucaHme

[Ipu rpacdudeckom omucanuu, HEOOXOIUMO YIUTHIBATh, 9T0 D/ C MHIYKIIUN BO3HUKAET, TOJIHKO
[P U3MEHEHUH IIOTOKa M yInThiBaTh 3HaK DJIC, B coorBeTcTBHE ¢ TIpaBUjioM JIeHIa.

DA
+O
3t 4t ot
0 t 2t t
Sund A
+2¢
TeT 3t 41 5t
0 F ‘ >~
e 1 2t ¢
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14.8 BuxpeBoe 371eKTpIYecKoe T0JIe.

14.8 BuxpeBoe 3jieKTpuUdeckoe IIoJie.

PacemorpuMm mipocToit onbiT. Bo3bMeM J1aMIIOUKy, 3aMKHYTYIO Ha KaTyIIKy, U HaJleHEM ee Ha
JIpDYTYIO KaTYIIKY, KOTOpas OyIeT MOJIKJ/II0UYeHa K UCTOYHUKY IIepeMeHHOro Toka ¢ dacroroit 50 ['m.
OmnbIT OKaKeT, 9To JIAMIIOYKa ropuT. [IoHATHO, 9TO 9TO IPOUCXOUT
Ostarojiapst IepeMeHHOMY MarHUTHOMY TIOJIIO0, KOTOPOe OYIeT CO3TaHO
IIepeMEeHHBIM TOKOM BO BTOPO# KaTyIke. Ecin TaMIouka ropuT, Cie-
JIOBATETLHO Yepe3 Hee TedeT TOK, T.e. CBOOOHBIE 3aPsIbl JIBUXKYTCS
YIOPSI0YEHHO, IIPUYEM 110 KPYToBoil TpaekTopuu. V1 n1BUTraThcs onn
MOT'YT TOJIBKO 3a CUeT JeHCTBUs 3jieKTpudeckoil cuibl. Ho Tak Kak
OHU JIBUZKYTCS 110 KPYTOBOI TPAEKTOPUM, CJIETO0BATETHHO JJIEKTPU-
JecKasd CUJIa U 3JIeKTPUYECKOe II0JIe MEHSAIOT CBOe HallpaBJIeHHe II0
KPYTy. DTO COBCEM He TOXOXKe Ha IJIEKTPOCTATHIECKOE T10JIe, T.K. CU-
JIOBBIE JIMHUM JIEKTPOCTATUYECKOI'O 1OJI He 3aMKHYThI.

Lnsa obvsicnenns BosumkHoseunsi IC nHagykumm B HenogeuxkHoM nposBogHuke Makcsenn npegmno-
JIOKUJI, HTO MEHSIIOLLEECS] MarHUTHOE M0Jle CO34aeT B OKPYXaroLyeM MpPOCTPaHCTBE 3/IEKTPUYHECKOE MOJeE,
KOTOPOE M NPUBOANUT B ABUXEHNE CBObOAHbIE 3apsiAbl NPOBOAHNKA, CO34aBasi NHAYKLUMNOHHbIN TOK.

Kaxwue 6y/1yT ocHOBHBIE OCOOEHHOCTH Y 3TOT'0O 3JIEKTPUIECKOIO 110~
>
B as? TlepBoe — 9TO TO, YTO OHO He CBA3AHO C JIEKTPUUCCKUMU 3apsi-
dB JJaMU; BTOPOE — 3TO TO, UTO €r0 CUJIOBbIE JIMTHUN 3aMKHYTHI.

=>0

dt

3/7eKTp1//L/eCKoe noJsie, CUaoBbIE€ JINHUN KOTOPOIro 3aMKHYTbl, HAa3bl-
BAEeTCsA BUXPEBBLIM OJIEM.

CsoiicTBa BHUXPEBOI'O 3JIEKTPUY€CKOI'O ITOJIA:

>

E ® JVICTOYHHUKOM dBJIFACTCA MEHAIOIECCA MalrHUTHOE II0JIC]

BHXp ® CHUJIOBbIEC JINMHUU 3aMKHYTDBI]

e paboTa BUXPEBOI'O MOJS 110 3aMKHYTOH TPacKTOPUU HE paBHa
HYJIIO, T.€. BUXPEBOE T10JIe HENIOTEHITUAIBHO;

® BEKTOD HAIPSAKEHHOCTH BUXPEBOI'O 3JIEKTPUIECKOIO HOJIs Tep-
NEeHUKYAAPEeH BEKTOPY MH/YKIIMU MAarHUTHOI'O I10JIA E1B.

PaboTta BUXPEBOro 3/IeKTPUUECKOr0 T0JIA DOJIBIIE TTOX0XKa HA pabOTy CTOPOHHUX CUJI B JIEKTPU-
YeCKOH 1enu, I103TOMY

3,ﬂC nHZyKynn 6y,£{€T NoKa3blBaTb, KaKyto pa60Ty COBEPLUAET BUXPEBOE 0J1€ MO NEPEMELLEHNIO €4N-
HUYHOro rnoJIOXKNUTEJIbHOIro 3apsafa rno 3aMKHYTOMY MyTU B HENOABUXXHOM POBO4HUKE.

IIpumenenue:

e reHepaTOp MEPEMEHHOIO TOKA.
e TpanchopMaTop

® YCKOPUTEJIA IJIEKTPOHOB.
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14.9 Toxu Pyxo.

14.9 Toku Pyko.

Ecsm cunmoBble JIMHIT BUXPEBOT'O 3JIEKTPUYECKOTO 110JIs1 3aMKHYTCS BHYTPU MeTaJljia, TO 3TO MOJIe
CO3JIACT BHYTPH IIPOBOJHUKA KPYTOBOW BUXPEBOI IJEKTPUUECKUII TOK. DTH BUXPEBbIE TOKU OYJIyT,
B CBOIO OY€PE/Ib, CO3/IaBATH CBOM MAUHUTHBIE TI0JIA, KOTOPBIE Oy/IyT B3aMMOJIEICTBOBATH C BHEITHUM
110JIeM, TIOPOJUBIIIAM BUXPEBOE IJIEKTPUUECKOE I10JIE.

Bl/lXpEBbIe TOKW BO3HUKaroLne B CrJIOLLHOM MPOBOAHUKE B C/EL4CTBUN ABJIEHNA 3ﬂeKTpOMaFHI/ITHOI7i
UHOYKUNN NMPUHATO HAa3blBATb TOKaMu (DyKO.

Buepeoie 9tu Toku ObLIM 0OHApYKeHBI (hppaHily3ckuM yaeHbiM Ppancya Aparo B 1824 romy B
MeJIHOM JIMCKe, PACIIOJI0XKEHHOM Ha OCH II0J Bpallafoleiicss MarHuTHON crTpesikoii. /luck 3a cuer
B3aMMO/IEHICTBUS MArHUTHBIX ITOJIeHl TTPUXOJ/IMJI BO BpallleHne. DTo sBJeHue ObL1o obbiacuHeno Papa-
JieeM Ha OCHOBE SIBJIEHUS 3JIEKTPOMArHUTHON wHAyKiun. Ho 1moipobHo Januble TOKU U3y JPYToit
dbpaniysckuit usuk 2Kan Bepuap Jleon @yko (n306peraress magrauka Oyko).

Pacemorpum JiBa 9bHeKTHBIX IKCIEPUMEHTA, JIEMOHCTPUPYIONNUX TOKU DyKO.

OmnbiT Dinmy Tomcona

OnbIT TpeIoKuT aMepukanckuii nHxkenep dimy Tomcon. (Bugeosrenepument ﬂ)

BoszbMmeM KaTymiky ¢ O0JIBLIIIM KOJTUIECTBOM BHUTKOB U
JUIMHHBIM cepjledankoM. Ha cepjiedHuk HajeHeM asioMu-
HUEeBOE KOJIBITO. [loKmounM KaTymKy K ceT mepeMeHHOrO
TOKa. B MOMEHT BKJIFOUEHMS KOJIBIIO B3JIETUT BBepx. lIpu
OIIpe/Ie/IEHHOI Macce KOJIbIla MOXKHO TTOJYYUTh 3aBUCAHNUE
KOJIbITa Ha CepIedHUKE.

[Ipu mocTossHHOM U3MEHEHWH HAIlpaBJICHUS TOKa Oy-
JIET CO3/IAHO MOCTOSHHO MEHSIOIIEecs M0 BeJIMUNHE W Ha-
[IpaBJICHUIO MAarHUTHOE II0JIe, KOTOPOoe OyIeT IOPOXKIAThH
B KOJIbIIE MEHSAMOIINCcs WHIyKIIMOHHBIN TOK. B Kaxkjoe
MI'HOBEHWE MAI'HUTHOE I10JIe, CO3/IaHHOE€ WHJIYKIITMOHHBIM
TOKOM, OyJIeT MPenaTCTBOBATh N3MEHEHUIO BHEIITHErO Mar-
HATHOTO II0JIs, 9TO OyJeT HPUBOIUTH K OTTAJIKHBAHUIO
KOJIbIIA OT KaTYIIKU ¢ MAarHUTHOM. KOJIbIIO IIpu 9TOM OyIeT
CYIIIECTBEHHO HArpeBaThCH.

OnpIT ¢ MAITHUKOM B MArHUTHOM IIOJI€.

PaCCMOTpI/IM KadaHue aJJIOMMHUEeBOI'O MadTHUKa B Mal-
HHUTHOM II0JIe, KOTOPOE CO3JaeT KaTyllKa B CepIcHHUKE.

S\
LT (Bugeoskcniepument a) Karymky moak/ioanm K 1ocTo-
'N"Lw AHNON pasuocTn noreHnmaaos. CooTBETCTBEHHO MATHUT-
R :
AP

Hoe 1oJ1e Oy1eT nmocTogHHbIM. [Ipu nmpubmkennn MasiTHU-
Ka K TOJIOKEHWIO PABHOBECHUS, U y/IaJeHIN OT Hero, Oy/ier
MEHSIThC MAarHUTHBIN MMOTOK, IMPOHU3BLIBAIOIINI MAasTHUK.
Eciun MagTHUK crutoniuoit, To B HeM Oy/IeT BO3HUKATH MH-

NN

JIKITHOHHBIN TOK M MarHUTHOE I10JIe, CBI3aHHOE C MHJIYK-

IIMOHHBIM TOKOM. B pe3y/ibrare B3anMOAEHCTBIA MAIHUTHBIX T0JIeil KoJiebanust MagTHUKA JI0CTaTO -
HO OBICTPO Oy/IyT 3aTyXaTh.

Ecin ke MagTHUK nMeeT n3pe3aHuyio hopmy, 3To Oy/IeT NPEesATCTBOBATH OSBIEHUIO CYIIECTBEH-

HBIX WH/IYKITHOHHBIX TOKOB ¥ MaATHHUK OyJIeT Ka4aThCsd, KaK eCJIn Obl KoJleOaHus ObLIIN CBOOOTHBIMU.
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14.10 9JIC B ABMAKYIIUXCSA TPOBOIHUKAX.

IIpumenenne TokoB PykKo:

o UHyKIMOHHBIE TI€YUN
e Topmoasinee JieiicTBue B 3JIEKTPOIIPUOOpAX

e HADOpHBIE CEPJIEYHUKN B KATYIIKaX, MPEMATCTBUE MAPa3UTHOMY JefcTBII0 TOKOB DyKO.

14.10 9/1C B ABMKYIIUXCS ITPOBOJTHIKAX.

PaccmoTpuM 110102KUTETBHYIO M OTPUIIATEBHYIO 3apsKEeHHbIE YaCTUIbI, KOTOPbIE JIBUKYTCS C
OJINHAKOBO#l CKOPOCTHIO B MarHuTHOM mojie. Ha mux Oyner meiicrBoBarh cusa Jlopenna B npoTuBo-
MTOJIOZKHBIX HAITPABJIEHUSX, U YACTUIIBI OYIyT Pa3/eTaThCd.

PaccemoTpuM Terepb MPOBOJIHUK, KOTOPBIHM JIBUKETCS B

X T::1 X g X — % MarmuTHOM noje. B merammmueckom mpoBoJHUKE CBOOOI-
HBIMU 3apsaMU SIBJIAIOTCH 371eKTpoHbl. Ha Hux Oyer neii-

CTBOBaTH cujia JlopeHra co CTOpOHBI MATHUTHOTO TI0JIsT, Ha-

X V X XV X npasyieaHas BJeBo. [lo jieiicTBreM 3TOM CUJIBI 3JIEKTPOHBI
Ha4YHYT IlepeEMEIAThCS BJIEBO, M HA JIEBOM KOHIIE ITPOBOJI-

HUKa 00pa3yeTcs U30bITOK 3JIEKTPOHOB, & Ha IPABOM — MX

X X HEJOCTATOK, T.€. TOJIOKUTETHHBIN 3apsiJl.

- + o
(.)- F‘_@_'l_f +> Kak ToJIbKO 1epBbIil 3JIEKTPOH CMECTHTCS BJIEBO, IIO-

>< X >< ABUTCHA IJICKTPUIECKOE II0JIE, CBA3aHHOE C II€PEMCHHbIMA
_.l
\

3apgaiaMi, KOToOpoe OyIeT HaeificTBOBaTh Ha 3JIEKTPOHBI B
CTOPOHY, IMPOTUBOIOJJIOXKHYIO cuie Jlopenna, u Oyer mpe-
[SITCTBOBATH JaJIbHEHIIeMy pa3/IeeHIio 3apsiIoB.

Fyn = Bqusina

Cuna Jlopenna OyeT ocTaBaThCsl MMOCTOTHHOM, €CJIM MArHUTHOE I10JI€ OJHOPOIHO U CKOPOCTh JIBH-
KeHUud HpOBO)_IHI/IKa HE MEHJAETC.
Ay

FSH_qE_qT

DyleKTpuUecKas cujia OyjeT pacTu B IPOIECCe PacIpeie/ieHns 3apsioB, T.K. OyJIeT BO3pacTaTh
9JIEKTPUYECKOE I10JIe CO3JaHHOe TUMU 3apdiaMu. V depe3 HeKoTopoe BpeMs OT HadaJa JIBUXKEHUS,
CHJia QHGKTpH‘IGCKaH n CuJla ﬂopeHua CpaBHHIOTCH.

Ap

Fp=Fan = qusmoz—qT

Paznenster 3apsaapl B JIBUKYIIEMCS TPOBOIHUKE CTOPOHHASA HedJIeKTpudeckad cuia - cuia Jlo-
penna. Korma pacipegenerne 3apsioB IpeKpaliaeTcs, Toka B IpoBoaanke HeT. CiegoBaTeIbHO JIBU-
JKYIINNA T30JIMPOBAHHBIN ITPOBOJHUK, MOYKHO IIPEICTABUTh KakK UCTOUHUK DJIC 6Ge3 BHeIIHei Iemnn.
Torna

Emnn = |Ap| = Bulsina rie o= (B,7)

3aMKHEM Telepb 9TOT HNCTOYHUK Ha BHENIHU IIPOBO/JIHUK.
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14.10 9JIC B ABMAKYIIUXCSA TPOBOIHUKAX.

X X B X
B MmomenT 3aMblkanud HadHeT Tedb TOK. PaBHOBecue
x X X CUJT HAPYIINTCA, U cuyia JIopeHIa mpojIo/KUT pas/ie/leHre
3apaoB. Torna
~ . i ACTOp FJ‘[ -1 qu sina - {

gI/IH,U\ = =

q q q

><V

Emn = Bulsina, tne a = (B,7)

dz

To ecTh moywaercs Takast ke gopmyna. Jlamee ecm npecTaBuTh CKOPOCTh, Kak v = T

TOL'JIA,

—_

dr  B-dS-cos(B.i dd
auHﬂzBlsina-—x: 5 - cos(B, )

dt dt o dt

B,ILer CTOUT OTMETUTDH CJICAYIOoIIce Hpeo6pa3OBaHHe YIJIOB:

(B, #t) = (E,U)—i—%za—kg = sina = —cos(B,7)

Takum 0O6pa3oM MBI HOJIYYUIN 3aKOH 3JEKTPOMATHUTHON WHAYKIUUA, CHOPMYJIUPOBAHHBINA JIJIs1
HETIOJIBUZKHOT'O TIPOBOJTHUKA.

Ecan HeﬂO,qBM)KHbIﬁ 3aMKHyTbIﬁ NMPOBOAHNK HAXo4WUTCA B NEPEMEHHOM MArHWTHOM 0OJiI€, TO B HEM
BO3HUWKAET l/lH,quL{VIOHHbIIZ ToK. Ecnn oH ABUXKETCA B NOCTOAHHOM MAarHUTHOM [10J1€, TO PE3YJ/IbTaT Ta-
KOU XKe. Cﬂe,qOBaTeﬂbHO, PE3YNbTAT HE 3aBUCUT OT TOro, B KaKoWi CUCTEME OTCHETA Mbl PaccMaTpuBaem
SABJIEHNE.

Takum 0bpasom, CyLjeCTBYET €4UHOE SJIEKTPOMArHUTHOE MOJIE, KOTOPOE Mbl OMUCLIBAEM B Pa3HbIX
CUCTEMAxX OTCYETA MO Pa3HOMY. DNEKTPOMArHUTHOE MoJe Hukorga He ucdesaer. [lpu nepexoge mexay
Pas/INYHbIMU CUCTEMAMU OTCHETA MEHSIIOTCS S/IEKTPUYECKAS M MArHUTHAsi COCTaBJISIFOLYMUE ITOrO MOJIS.

F= F;H —I—ﬁﬂ = const B NCO

Cocrasasitowmne 31eKTPOMAarHNTHOIO MOJISi MOTYT MEHSITbCS, HO 3/IeKTpoMarHuTHeie seaerns 8 ICO
byayT NpoTekaTb OAUHAKOBO.

ITpunnun oTHOCUTEILHOCTH DWHIITETHA

Bce ¢usnyeckne npoueccobi B MHEPUMAIbHBIX CUCTEMAX OTCHETA MPOTEKAIOT OANHAKOBO.

14.10.1 IIpumepsl 3ama4

1. PaccmoTpum Bonpoc-tiapaiokc.

[IpeanosioykuM, 9TO €CTh CaMOJIET, KOTOPBI MOXKET JIBUTAThCA OECITYMHO C TOCTOSTHHOIN CKOPO-
CTBIO U Y KOTOPOT'O HET MJLTIOMUHATOPOB. [locTaBuM B cajione 3TOro camosiera raJbBaHOMETD U COEJIH-
HUAM €ero ¢ KOHIIAMH IIPOTHBOTIOJIO?KEHHBIX KPBLIBEB.
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14.10 9JIC B ABMAKYIIUXCSA TPOBOIHUKAX.

[Ipu mBukeHWU camojieTa B MArHUTHOM I10Jie 3eMJIn Ha
KOHIIaX KPBLIbeB Oy/IeT HaBOJNUTHCA PA3HOCTH ITOTEHIINA-
JIOB, BeJIMYMHA KOTOPOil OyJleT 3aBHCETh B OCHOBHOM OT
CKOpOCTH camoJieTa. BepTuKalbHYI0 COCTABJIAIONLYIO Mar-
HUTHOT'O IOJIS MOYKHO CINTATh HEU3MEHHOM Ha HEOOIhITIOM
ydacTKe MoJIeTa. DTy PA3HOCTH ITOTEHITHAIOB MOXKHO U3Me-
PUTH raJibBAHOMETPOM. ['aTbBaHOMETD /Take MOYKHO 3apa-
Hee TTPOrpaIynpOBAThH IO CKOPOCTHU. 1.€. COITOCTaBUTH €ro
MOKa3aHUs CO CKOPOCTBIO JIBU2KEHUs caMoJIeTa.

B pesynbrare mMbl nosyamin crocod, KOTOPBIH O3BO-
JISIeT HaM orpejiesinTh, asukercd ju CO, cBsa3anHas ¢ caMOJIeTOM MM HET, OTHOCUTE/IBHO JAPYTOit
NCO, ceasannoit ¢ 3emiteit. T.e. camouter, 3to yaukaabaas MCO. [TockombKy B COOTBETCTBUN € TIPWH-
IUIIOM OTHOCHUTEJILHOCTU DUHINTEHHA 9TO HEBO3MOXKHO, TIOJIydaeTcs mapajokc. [ae ommubka?

2. Ectb ucrounuk ¢ 9/0C € u BHyTpeHHNM conpoTuBiieHueM r. VICTOUHUK coe/inHEeH TTPOBOAMH,
COLIPOTUBJIEHUEM R ¢ TIPOBOIHUKOM JIJTUHOI [, KOTOPBIN JIBUKETCS B TIEPIEHIUKYIIPHOM OJTHOPOTHOM
MarHuTHOM ToJie ¢ uHiayknueir B. V3BecTHO, UTO B pe3ynbrare B 9TOi 1enu tedeT Tok [. Haiitn
CKOPOCTD JIBUZKEHUS TTPOBOTHUKA.

° . .
\
. ° . . ﬂ . . .
Er — E B
n
L] . L ] (] L] L] L[]
+]
° 0 ° ° / ° ° .
T_._ er 8Wl _'_¢
R

[Ipu pemntenun 1mo00HBIX 3a/ad, HY?KHO paccMoTpeTh, Kakad D/1C mHAyKInn HaBeJIeTCs B JIBH-
JKYIIEMCsI TIPOBOJIHUKE, U KaKasd y Heé Oyaer mojspHocTb. /laiee HeOOX0IMMO HapucoBaTh SKBUBa-
JIEHTHYIO 3JIEKTPUUECKYIO CXEMY.

[Ipumennm 3axkon Oma u popmyrny D/1C unpyKIMT 7711 ABUZKYIIETOCS TPOBOJIHUKA, B Pe3y/ibTaTe
TIOJTY IUM:

[ T Em e + Bul N I(r+r)—c¢
pr— = U:—
R+r R+ Bl
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14.11 4Bnenwue camomupykiuu. VHIyKTUBHOCTD.

14.11 4Baenme camomuaykiun. HIYKTUBHOCTbD.

JI10060i1 TPOBOJIHUK, IO KOTOPOMY UJIET TOK, CO3/IaeT MAarHUTHOE TIOJIE.
DTO T0JIe MOXKET BJIMATH HA JPYTHUe TPOBOJHUKHU, BO30OYXK/Iasd B HIUX TOK.
DTO sSBJIEHNE HA3BIBACTCS JIEKTPOMATHUTHON MH/IyKITHEH.

Ho moxker sin 970 110J1€ BAUATH HA TOT 2Ke MPOoBOAHUK! PaccMoTpum nz2
(Buyieoskcenepument (§). B Hem napasuienbHo ¢ JByMsl O/[MHAKOBBIMU

JIAMIIOYKaMM1 HaKaJIMBaHUA ITOAKJIIOYCHBI OOBLIYHBIH peocraT u KaTylika, \
HaMOTaHHad Ha CEPIACITHUK.

m R

OIbIT MOKA3BIBAET, YTO IIPHU 3aMbIKAHUU KJIIOYa JaMiiodka N2 3aropa- 14 m
ercs ¢ 3ara3apiBanneM. CJie/10BaTeIbHO TOK B Hell HapacTaeT MejIeHHee. Ve n2

Takum oOpa3zoM KaTyIKa, HAMOTAHHAs Ha CEPJIEYHUK MEIaeT BO3pacTa-
HUIO TOKA. DTO OUEHb MOXO0XKe Ha paBuiio JIeHa B SBICHUN 3JIEKTPOMAr-

HUTHOY WHJIYKIIUU.

Def.

$lBneHne, Nnpyu KOTOPOM MePEMEHHOE MArHUTHOE MOoJie, CO3AaHHOe
TOKOM B Kakoii-nunbo uenu, Bosbyxaaetr IAC nHaykumm B Toin xe
camoii uenu, HasbiBaeTcs camoungykumeii, a 9C - 34C camo-
VHAYKLNN.

Pacemorpum ere oaun (Buseoskenepumvent B) B Hem mapaJsuieabHo
BKJIIOUEHA KATYIIKa, HAMOTaHHAs Ha Cep/IeTHUK, U HeOHOBas Jamiia. HeoHoBast jaMiia JlaeT BCIIBIIIKY
cBeta 1pu paszHoctu norernuasioB 80 B. [Ipu stom Bes cxema 3anurana ot ucrounuka 4 B.

(M\80B
w

L

i

OImBIT MOKA3BIBAET, 9YTO IIPHU PA3MBIKAHUHN IEIN B KATYIIKE BOSHUKAET
HACTOJIBKO Oostbinasg I/IC caMOMHIyKInn, 9TO B HEOHOBOI JIAMITE ITOSIB-
JIIeTCA BCIBIIIKA CBeTa, T.€. B 9TOT MOMEHT Pa3HOCTh IOTEHIINAJIOB HAa
KOHTaKTax JiaMIbl cocTanjsger 80 B.

dd
Ecam — —
dt

ITocTosiHHBIN TOK B eIl HEU3MEHHOI'0 COoCTaBa CO3JacT IIOCTOAHHOE

MarfauTHOe 1oJie. B 9ToM ciiyuae u MOTOK, ITPOHU3BIBAIOININIL JIIOOYIO MOBEPXHOCTD, MOCTOSHEH.
JLnst J1I00BIX TPOBOJHUKOB U3 OINPEJICJICHIS TOTOKA CJICYET, UTO

b~ B

upu 5ToM u3 3akoHa buo-Casapa-Jlamaca ciaemxyer, 9aTo

IIO3TOMY

B~1T

d~B~1

Baenem ko3 dunumenT mponopiunoHaIbHOCTH

e L - NHAYKTUBHOCTDL, OTPazKaeT CIIOCOOHOCTD CO3JaBaTb Mal'HUTHOE IIOJIE.
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14.11 4Bnenwue camomupykiuu. VHIyKTUBHOCTD.

ATl Eeant
T e I
¢ Al |

MH,[{yKTVIBHOCTbI'O HA3bIBAETCA XaPaKTEPUCTUKA MNPOBOAHNKA, KOTOPAS MOKa3blBAE€T, KAKasd BO3HUKAET
3,ﬂC CaMOUHAYKUNN Ha KOHLAX MpoOBOAHNKA Ipu eAMHM'—IHOﬁ CKOPOCTU N3MEHEHNS TOKaA.

Ecim ToK MeHsieTcss HepaBHOMEPHO, TO

dI(t
Ecam = gc‘dM(t> = Ecam — _L%

Kax MoxkHO m3MennTh nHIyKTUBHOCTH! HyKHO m3MeHnTh hopMy MPOBOIHUKA.

It)] = TI'(t)<0 = ccan > 0 mOMOraer ToKy

L>0 = Ity = I'(t)<0 = ceau < 0 Mermaer TOKy

Eunaunpl nuamepenus: MHIYKTUBHOCTL uU3MepsieTcss B ['eHpH, Ha3BaHa B YeCTh aMEPUKAHCKOI'O
yuaénoro /[xx. 'enpun.

[L] =Tn

Def. WnpyktueHocTe B 1 H — 3TO MHAYKTUBHOCTb TaKOro MPOBOAHMKA B KOTOPOM Mpu MO-
CTOSIHHOI CKOpOCTW U3MeHeHusi Toka B 1 A/c BosHukaetr D[AC camonnpykuum pasHasi 1
B.

14.11.1 HWMBAYKTUBHOCTH KATYIIKH

N2IS
S — Ko

&=1"LI ®=NB ;

N2S
l

L = ppo

MoKHO 3aMeTUTh, UTO B (POPMYJIE CTOAT BEJIUYUHBI, OIPEJIE/ISIONINEe TeOMETPUIO KATYIIKU.

Ll l'm-m T'm
p=1 = Ho = "Nz2g = [uol = —5—=—

M M

14.11.2 llpumeHeHUe SIBJEHUSI CAMOUHIYKIIUA

Bpennas poabr 1. oOMOTKH renepaTopoB, jsurarejieii u rpancdopmaropos. [lpu pazMbikanum
BO3HUKAIOT OOJIBINNE UCKPBI B CJIEJCTBUE OOJIBINON MHYKTUBHOCTUA. UTOOBI PENITCTBO-
BaTh 3TOMY, UCIOJIb3YIOT MACJsIHbIE BBIK/TIOUATEN WA YMEHbIEeHNEe BEJTUINHBI TOKa C
MIOMOIIHIO PEOCTATA TTPHU BLIKIIOYEHIH

2. OudwuisgpHas HAMOTKA B 9TAJOHHBIX KaTyIIKaxX. BcTpedHblie TOKM CO3/AI0T MArHUTHBIE
[10JIg1, KOTOpBbIe KOMIICHCUPYIOT JPYT APyTa.

Ilone3nast posab pajumonpueM, TpanchopMaTop, JIpocceabHas KaTyIIKa
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14.12 DnHeprus MaArHUTHOT'O OJISA

14.12 DHeprusg MarHUTHOIO IIOJIS

Yro mokasbBaeT OMBIT ¢ HEOHOBOH Jamoukoit? OTkyna Gepercs sueprusi? Kyma 3anacaercs u
KaK ee MOCUYUTATD !

/7p1/l 3aMbIKaHNW LENn yBEJINHNBAETCA CUJIAa TOKA, KAaTyLUKa UHAYKTUB-

R
HOCTW 3arnaca€eTt 3Heprmo, MeLuas TOKy HapaCTaTb. I7pm yMeHbLUE‘HMM TOKa —
KaTyLUKa MELLaEeT TOKy y6bIBaTb, Ha 410 TpaTMT 3aI'IaC6HHny 3Hepl'l/IfO.
L m
Y Y YV |

I7pw paSMbIKaHl/II/I BCs 3arfaceHHas 3Hepl'l/lﬂ BbIAEJINTCA B BUAE TElJa.

[IycTh B HEKOTOPOIT KaTyIIKe TOK Bo3pacTaeT ot () 10 HEKOTOPOro 3Ha- > ‘-
JeHus [, KOTOpOMY COOTBETCTBYET MOTOK BEKTOPA MATHUTHOW WH/LYKITUN ZB:

®. B srom ciaydae B Karymke BosHuKaeT DC caMOMHIYKIMH KOTOpPas
MPEeNsITCTBYeT HapacTanuio Toka. CjiegoBaTe/IbHO, BHEITHII NCTOTHUK TO-
Ka CoBepIaeT paboTy MPOTUB HH/YITUPOBAHHOTO IO, B PE3y/IbTaTe Y4ero
SHEPTHUs UCTOYHUKA ITPEBPAITAETCHA B SHEPIUIO MATHUTHOTO TIOJI.

cam i LAI’L
WMH:Q:ZAQ17 Iizg -

R~ RAY

=  AQ; = I?RAt; = L[, RAt; = —LL;AIL

MHHYC IIOABJIAETCA U3-3a TOI'O, YTO TOK y6bIBaeT.

1 L @2
@, WMH: :—(D[:—:—
' ©=3 2 2L
LI?
0 AI| I I WMH - T

DTOi BeJTMIMHON TOJTh30BATHCS HE COBCEM YA00HO, T.K. OHA 3aBUCUT HE OT IOJIA,a OT IIPOBOTHUKA,
COBJIAIOIIETO 3TO TIOJIE.
Paccmorpum mpumMep KaTymikm:

— N2 B2 Wear  Wiar  B?
L=pmoss o W= 25l = wy = e o e
B = ppo= 2410 14 S 2ppo
B2
W =
v 24100

A eciu pedb BecTn 00 3JIEKTPOMATHUTHOM I10JI€, TOT/Ia €ro 00beMHAasl IJIOTHOCTH Oy/IeT paBHA

eeoB? B?
—+

W =Wg+Wp = 2 2
0
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14.12 Dueprus MAarHUTHOTO TIOJIS

14.12.1 T'eHepaTop MOCTOSIHHOTO TOKAa

1. Mogenb reneparopa
2. Ilpunnun peiictBus (2 crocoba)

3. Mexanusm paboThI

14.12.2 DuekTpoAMHAMUYECKNiT MUKPOQOH, JTUHAMUK

1. JIunaMuK 3TO yCTPOICTBO Mpeodpas3yIoliee JIEKTPUIECKUI TOK, MEHAIONUNCA CO 3BYKOBOI Ya-
CTOTOM, B 3BYKOBbIE BOJIHBL.

2. ycTpoiicTBO MUKPOMOHA U JUHAMUKA

3. TpUHIHT JIecTBUSA

LeHTpupytowas
wanoda

MarHmT

3BYKOBasd
KaTyLlKa

KepH

KOnbLIEBOM
noasec

KOHUYECKUMn
Andpysop
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14.13 MaruuTHbIe CBOiCTBA BEIIECTBA,

14.13 MaruuTtHble cBoiicTBa BellleCTBa
MBI y2Ke BBOAUJIA BEJIMINHY, XapaKTE€PUI3YIOILYIO BOS,ILGI‘/JICTBI/IG BelnieCTBa Ha MaIrHHUTHOE IIOJIe:

B
B
Maruntaast IIPOHUITAEMOCTDL ITIO3BOJIAET KOJIMYECTBCHHO OIECHUTH, HACKOJIBKO JaHHOE€ BEHIICCTBO
ycuimBaeT UJin ocJsiabisger MaroHuTHOE MHOJIe.

[To BenmumHe MaruuTHOI MTPOHUTIAEMOCTH, BCE BEIIECTBA MOYKHO Pa3/JAeUTh Ha 3 TPYIIIbL:

1. Juamaraeruku - p < 1, pug, = 0.999937, cepedpo 0.999981
2. Ilapamarseruku - i > 1, pp, = 1.000017, Bozmyx - 1.00000036, omoso 1.000004

3. PeppoMarHeTuKu - i1 >> 1, u # const kobanbr 174, nukenb 1120, craan 2180, Tpancd.craib
7500

[TonsiTHO, YTO /15T HAC ITapa W JAMaMarHeTUKH BOOOIEe He 00J1a/Ial0T MArHUTHBIMU CBOMCTBaMH,
TakKoe MaJjioe M3MEeHEHHe I0JIs He MOYyBCTBOBAThH, HO Pa3/indne B MOBEIEHUH ITUX BENIECTB MOXKHO
YyBHJIETH B cJiefytonieM onbite (Bugeoskcrnepmment a)

R Bi Mazrnummnoe noase svimaskusaem OuaMazHEMUK, U OH OPU-
NIESES N 3]s ENMUPYEMCA NEPNEHOUKYAAPHO MALHUMHOMY TONMO.

C 4geM ke CBSI3aHO, 9TO OJUH ra3, CKaykKeM, BOIOPOJI OCIa0,Is-
eT MarHUTHOE TI0JIe, a JPYTOoil - KUCJI0poI - yeuaubaet?! [Touemy
JKeJ1e30 TaK OTJIMIAeTCsd 110 CBOMM MArHUTHBIM CBOWCTBAM OT aJIIOMUHUSA !

OkonuaTesbHbIe OTBETHI HA TH BOIIPOCHI CMOIIA ObI JIATh TOJIBKO KBAHTOBAs T€OPUs, T.K. IMEHHO
OHa CMOTJIa O0'bSICHUTH CTPOEHHE aToMa. XOTd UIe0 00 9ToM paspaboTalt emie AMIiiep, a CJie Ty oIt
mar ObL1 caenan dppaniy3ckuM pusukoM [lostem JlamkeBenom.

Cospe/vreHHaﬂ JJ/IEKTPOHHasA TEOPUA MaArHETu3mMa OCHOBaHa Ha C/EAYIOLEM. B KaXXK4QOM aTOME BOKPYr
A4pa no 3aMKHYTbIM OP6MT8M ABUXKYTCA SJIEKTPOHbLI, TEM CaMbiM CO34aBasd Op6l/ITa/7belﬁ MarHuTHbIA
MOMEHT.

O
e}

op

Dops = 15T
INIEKTPOH BpaLLaeTcsi BOKPYr COOCTBEHHONM OCU(HE COBCEM KOPPEKTHO), MOSTOMY OH CO-
34a€eT JOMNOAHUTENILHOE MAarHUTHOE OJIE, €ro OMUCLIBAIOT CTUHOBLIM MarHUTHBIM MOMEHTOM: Dery

HpOTOHbI HE IMEIOT BO3MO2KHOCTHU ABUT'aTHCHA 110 OIIPpEJC/IEHHBIM TPaeKTOPUAM, IIO9TOMY Mal'HUT-
Hoe tioJie siyipa mpuMepto B 2000 pa3 MeHbIIIe CIIMTHOBOI'O M OPOUTAIBLHOTO. VM 00BIMHO TTPEeHEOPEratoT,
TOI/Ia MArHUTHBI MOMEHT aToMa OyIeT paBeH:

ﬁaTOMa = ZﬁCHHH + Zﬁ0p6

OK&3&J’IOCB, qTo y JuaMalrHeTUKOB ﬁaT = O, a y IIapaMalHETUKOB HET.

14.13.1 IlIpuposa mapamarHerusma

Ecsmm MarauTHBIII MOMEHT aTOMa He paBeH HYJIIO, TO 3TO HAIPaBJIEeHHbI BeKTop. Torma mapamar-
HETHUK MOXKHO M300Pa3nUTh CJIEYIONIUM 00Pa30M:

6 oxTs6psa 2025 T. 34 (©physics.spb.ru


https://rutube.ru/video/private/b42388af2b38217b1cb459789d603257/?p=a3aFC4hCelFhEnz-1eh9vA
https://physics.spb.ru

14.14 ®eppomarneTukun

-

B
G’> A ge_)e_)e_) HOI[‘ ,ZLGIU/ICTBI/IG BHEHTHEI'O Mal'HUTHOI'O IIOJIA Mal'HUTHBIEC MO-
¥ EQ SD (G_)G_) O_) MEHTbI aTOMOB OPHUEHTHUPYIOTCA B IIPOCTPaHCTBE, KaK Mal'HUT-
& (_O G.> O/—)_J HbIe CTPEJIOYKH. Ho IIOCKOJIbKY OCTae€TCd XaO0TUYIHOE ABU2KEHUE,

opueHTaIus OyJIeT He ITOJTHOM.

14.13.2 IlIpupoma amamMarHeTu3Ma

CuauaJia nCcxXoauM U3 TOro, 9To MAIHATHBIZ MOMEHT aTOMa, paBeH HYJIIO. HpI/I‘{eM 9TO CIIpaBe€I-

JINBO I KaXKJ0r0 aroMa. UTo IMPOMCXOJUT KOIJA TaKOe BEIIeCTBO IONaIaeT B MArHHTHOE IoJie?!
PacemorpuMm 9T0 Ha puMepe BoJIOPO/Ia.

DJIEKTPOH BpaIaeTcs BOKPYT sA/ipa 10 cTarmoHapHoit opoure. [Ipu nonatanmm B MarauTHoe 1oJie,
KpOMe KYJIOHOBCKOI CHJIbI, HA HEro HAYMHAET JIeficTBOBATh cuiia JIopeHra:

Fn=eBv

Ornpeiesium ee HAIIpaBJIEHUE:

— — —
v T U = U+ Unop
2
- = m¥
T.X. F' 1= ma, = m*- 1
CiieioBaTe/IbHO TOK, CBSI3aHHBIN C JBUKEHUEM 3JIEKTPOHA, YBEJIMIUTCSH, HO TOK CBI3aHHBIN C

ABU2KEHUEM IIOJIOZ2KUTEJIbHBIX YaCTHII. HOJ’IG, CO3JaBacMO€ TOKOM BHYTPHU CHJIbHEE, 9Y€eM CHapPyY>KU,

cJIe/I0BaTeIbHO, MMOJIe OcIabHeT BHYTPH CUJIbHEE, UeM yBEJUUINTCS CHAPYZKHA. DTO MOXKHO OObSICHUTD
o npasuity Jlenta.

D70 sAB/IEHNE BO3HUKAET BO BCEX Beljecreax—AnamMarHeTukax, Ho €cin y 4acrtuy BeLeCcTBa NMEETCA
OTJ/INYHBbIN OT HYyJ1A MarHuTHbIA MOMEHT, TO HacTtuybl pacnosiararoTcsa Taknum o6pa30M, 4TO UX MAarHUTHbIE
MOMEHTbl OPUEHTUPYIOTCA MO0 HANPaBJ€HNKO BHELUHErO MAarHUTHOrO rnoJiad n 3TUM YCUJINBarOT €ro.

14.14 ®deppomMarHeTukun

[IepeuncuM OCHOBHBIE CBOWCTBa (heppPOMATHETUKOB:
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1. p>>1
2. p# const, = f(By, HAMArHUIHEHHOCTH )

3. ¥V deppoMarHeTuKoB CyIIECTBYeT MarHUTHOE HACBIIMIEHHUE, T.e. COCTOSHUE, MPH KOTOPOM BCE
3JIeMeHTapHbIe TOKU OKA3bIBAIOTCS OPUEHTUPOBAHBI 110 BHEITHEMY MArHUTHOMY TIOJIIO.

4. O6agaroT 0CTATOYHON HaMarHHIeHHOCTHIO

5. Hajmmame Temmeparypsl, BBIIIE KOTOPOil B-BO TepecTaeT OBITh (heppOMarHETUKOM. JTa TeM-
neparypa HasbiBaeTcs Toukoir Kiopu. Hampumep touka Kropu: y xenesa 767°C, y kobaabTa
1130°C', y nukensa 360°C’

DeppoMaraeTusM o0bACHAETCS 0COOEHHOCTHIO KPUCTAJIIINIECKOTO CTpoeHNs. B pesynbraTe cuib-
HOT'O 9JIEKTPOMArHUTHOT'O B3aUMOJIEHCTBUS MEXK/Iy MOJIEKYJIAMI OHU TaK PacIoJIaraloTcs B KPUCTaJ-
JINYECKOM pereTke, 4YTo 00Pa3yIioT IeJible 00JIaCTH, CAMOIPOU3BOJIbHO HAMAIHUYEHHBIE JIO0 ITOJTHOTO
HAaCBIITEHUS.

DTH 06/1aCTH HABLIBAIOTCA JOMEHAMU, 1 UMEIOT XapaKTepHblil pasmep 1072 <+ 10~ 4em.

vv vvv M#LT
M

vy (o)

A A

A 4

Y

Hamaramunpanue deppomMaraeTuka OCyIeCTBISeTCs IIyTeM OPUEHTAIIMN 110 II0JII0, He OTAC/IbHBIX
TOKOB, a IEJIbIX JOMEHOB.

Ppacpu ju(B)

Pycckum dusukom Anekcanapom ['puropbesndem CToaeToBBIM OblLIa 3KCIIEPUMEHTAIBLHO IIOJIY-
JeHa CJIe/Iyiomas 3aBucuMocts 1 = f(By)

M A

1

0 >
BO
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B cpega B 0 + BHaM

e Byay - CYIIECTBEHHO 3aBUCUT OT BEJIUYUHBI BHEITHET'O MArHUTHOI'O ITOJId.

[Ipu MaJIbIX U OYE€Hb CUJIBLHBIX BHEIIHUX ITOJIIX 00pasell BeJieT cedsd, KaK mapaMarHeTuk.

14.14.1 MarauTHbI TUCTEPE3NC

Def. I'Ipou,ecc HaMarHm4mnBaHmMA CbeppOMaFHeTVIKOB 3aBNCUT OT npep,blp,yu.l,eﬁ NCTOpnN HaMmar-
HN4YnNBaHnNA BELWECTBA. JTO ABJIeHNE Ha3bIBAETCH F’MCTEPE3NCOM.

DKcIepuMeHTaIbHBIN IpadUK, COOTBETCTBYIOMIMI STOMY SIB-
JICHHIO, IPUHATO HA3bIBAThL HET/ell rucTepesuca.
" B BosbMeM pasMaramdeHHblil (beppOMarHeTHK, MOMECTHM €ro
BO BHeIIHee 1ojie By, KOTopoe HadHeM yBeIMIuBaTh OT HyJIeBOIO
D sHadeHus. [Ipy 9TOM MHIYKIMA MarHUTHOTO MO/ BHYTpH (ep-
B, poMarneruka OyJeT pacTé BMecTe ¢ yBejmaenueM By(ydacTok

AB).
JanbHeiimye Bo3pacTaHue MHIYKIMA HaMaTHMYUBAIONIETO

10JIsE He TIPUBOJUT K yBEJIMYCHUIO MHIYKIME 11019 B beppOMarHeTHKe, JOCTUIaeTCs HACBIIICHHe.

Hasee, ymMeHbInag BHENTHee MArHUTHOE TI0J1e By 10 HyJIs yBHIUM, 9TO (DEPPOMArHETHK COXPAHILI
ocmamounyro namaznusernocms - AC. YToObl HOJIHOCTBIO Pa3sMATHUTHTL (DeppOMarHeTHK, HaJI0
OyJeT IPUIOXKUTH IPOTUBOIOJIOKHO HAIPaB/IeHHOe BHEIHee MarHuTHOe I10JIe.

>
v

SHaveHre WHIYKINH, IPU KOTOPOil (hbeppOMarHeTuK pa3sMarHuInBaeTCs, Ha3bIBACTCA KOIPIUTHB-
HOW CHJION.

FEcmm natee cHoBa HavaTh yBe/JIMYNMBATH BHENTHEE MAarHUTHOE I10JI€, TO IPOIECC HaMarHUIWBa-
HYsA(TOJIBKO B JIDYTOM HAIIPABJIEHUM) CHOBA TIOBTOPUTCS.

®DeppomMarHeTuk C Masiofi KO3PUNTUBHON CUJION Ha3bIBAOT MAarHUTHO-MSFKUMU, a C boJbLIol -
MarHUTHO-TBEPAbLIMU.

B B

/

v
v

MarHUTHO-TBepAble MarHUTHO-MArkne

MarauTHO-MATKIE CTaJId IMPUMEHSAIOT B TpaHcopMaTopax, a MarHUTHO-TBEP/IbIE JIJI TTOCTOSIH-
HBIX MarHUTOB.
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14.14.2 MaruuTHasa 3aIuTa

VOUJI

\ 4

[loyTn nosiHoe yCTpaHeHUe MAarHUTHbLIX MO BHYTPU MPOCTPAHCTBA, OKPY)XXEHHOro ¢beppoMarHeTu-
KOM, Ha3bIBAETCS MarHUTHOW 3aLNTOM

[TpuMep MarHUTHOl 3AIUTHI MOXKHO [IOCMOTPETD B cJieiytomnieM omnbite (Bujeoskcnepument a)
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