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1. Dj1eMeHTBI TeopuH

1.1. MarHuTHoOe 1moJjie B BaKyyMme

OMNBITHBIM MTyTEM YCTAHOBJICHO, YTO €CJIU PSAIOM C MIPOBOJAHUKOM, IO KO-
TOPOMY NPOTEKAET MOCTOSHHBIN ANEKTPUUYECKUN TOK, TOMECTUTh MarHuT WU
JPYroil MPOBOJHUK ¢ TOKOM, TO MOXHO YBHUJETh JOCTATOYHO 3aMETHO IPOSB-
JISIFOIIEECS UX B3aUMOJEHUCTBHE. JTO B3aUMOJICHCTBHE:

—  ONpPEJEICHHO HE AIEKTPOCTATUUECKOTO XapaKTepa,;

— ropaszzo 0osee CHIbHOE, HEXKENM TPaBUTALIMOHHOE, U OTJIUYAETCSA OT
HETO IO HAIPABJICHUIO;

— 3aBHCHUT OT BEJIMUMHBI M HAMPABJICHUS MPOTEKAHUS B3aUMOJICHCTBY-
IOIUX TOKOB, TO €CTh OIPEIENSICTCA ACHUCTBUEM ABWKYIIUXCS 3apsjoB Ha
JBWOKYIIMECS JK€ 3apsJIbl.

OOBbeAUHSAIONIMM C TPAaBUTALMOHHBIM U 3JEKTPOCTATUYECKUM BO3JCH-
CTBHEM SIBIISICTCS TO, UTO JCHCTBHE ITOM CHIIBI MIPOSBIIACTCS 0€3 KaKoro-imbdo
BUJIUMOTO TIOCPEIHMKA. TakuM 00pa3oM, MOXKHO CJIeJIaTh BBIBOJI O TOM, UTO MbI
HMEEM JIEJI0 ¢ HEKUM HOBBIM BO3aeiicTBHEM. OHO MOXKET OBLITH OIMCAHO C IIO-
MOIIBIO TIOHSITUSI «IT0JIE», KOTOPOE IO CBOMM CBOMCTBAM OTJIMYAETCS OT IPaBU-
TAllMOHHOTO U 3JIEKTPOCTATUYECKOI0. DTO TMOJie MOTYYUI0 Ha3BaHUE MACHUM-
HO20, TaK KaK W3JaBHa MPOSBIISIIOCH BO3JICUCTBUEM OJIHOTO MOCTOSIHHOTO Mar-
HUTA Ha JIpyroi. MarautHoe 1mojie — ogHa u3 GopM IPOSBICHUS dJIEKTpoMar-
HUTHOTO TIOJIS, KOTOPOE JNEUCTBYET HAa JABUXKYIIUECS DJICKTPUUYECKUE 3apsiJibl
(oAMHOYHBIE 3aps/ibl, JEKTPUUECKHE TOKA U MarHuThl). B cBoto ouepenb, Mar-
HUTHOE I0JIE CO3/1aeTCsl ABKYIITUMUCS 3apsJiaMH, a TaKKe IEPEMEHHBIM DJICK-
TPUUYECKUM TTIOJIEM.

Kak M0>HO 3aMETUTh Y€ U3 ONPEACICHUS, MATHUTHOE TOJIE€ — TOHSTUE
HECKOJIbKO MCKYCCTBEHHOE. DTO JIETKO MPOJEMOHCTPUPOBATH Ha CIEAYIOIIEM
npumepe. [lycts napaiensHo IpyT APYyTY IBUTAOTCS ABE YacTullbl 1 U 2 ¢ 3a-

psaamMu (1 ¥ (2 1 CKOPOCTSAMU Vi U V2 COOTBECTCTBCHHO. Torzxa MOXXHO YTBEp-



&KJaTh, YTO OJIHA U3 HUX (IIyCTh 1) OTHOCUTENHHO HEMOJBMKHOU CUCTEMBI KO-
OpAMHAT CO3JA€T MAarHUTHOE TMOJIe, KOTOPOE JEHUCTBYET Ha APYTyI0 YacTHUILy C
cunoit F,. Kpome Toro, Tak kak 00e 4aCTHIbl UMEIOT OTIMYHBINA OT HYJIS 3aps/l,
TO OHM B3aMMOJICUCTBYIOT JPYr C JAPYTOM C CHIIOH, ONMHCHIBAEMOW 3aKOHOM
Kynona (F«). OnHako 3Ty K€ CHUCTEMY JIBYX YAaCTHI[ MOYKHO PacCMOTPETh U B
JIpYyroil MHEpPUUAIBLHOM CHCTEME, KOTOpasl JIBUTaeTcs MapaiebHO YacTUIaM
CO CKOPOCTBIO Vi WK V2. B HOBOM CMCTEME MATHUTHOIO B3aMMOJICVCTBUS Ya-
CTHI] HE OyJeT, TaK Kak:

— 100 WCYe3aeT MAarHUTHOE ToJie (€CIM CKOPOCTh CHUCTEMBI OTCYETa
V1), TaK KaK B HOBOM CHCTEME YacTHuIla | MOKOUTCS,

— 100 Ha BTOPYIO YaCTHUIy MAarHUTHOE T0JI€ HE AEUCTBYET (€C/IU CKO-
POCTb CHUCTEMBI 12), TaK KaK B JJaHHOW CUCTEME YacCTHUIIA 2 MIOKOUTCS.

Tak kak BBIOOp CHCTEMBI KOOPJIWHAT — JAEN0 CyObEKTUBHOE, TO MOTyYa-
€TCs1, YTO 10 CBOEMY KEJIaHUIO0 Mbl MOXEM CO3/1aBaTh WM MPUBOJUTH K UCUE3-
HOBEHUIO JINOO CHJIBI BO3JICMCTBUSI CO CTOPOHBI MAarHUTHOTO TIOJISI HA JBHXKY-
IIyIOCsl 9acTuIily, JU00 caMO0 MarHUTHOE moje. B mobom cimyuyae ncuesaer u
SHEPrus moJig (Kak XapaKTepucThka paboThl CHUJIBI CO CTOPOHBI MOJIs). DHEP-
TS, KaKk ¥ Macca, sIBISICTCS OJHOM M3 OCHOBHBIX XapaKTEPHUCTHK MaTtepuu. Ta-
KHM 00pa3oM, UCUE3HOBEHUE CHUJIOBOW XapaKTEPUCTHKHU TOJIS NP W3MEHECHUH
CUCTEMBI OTCUYETa IKBUBAJICHTHO MCYE3HOBEHUIO MOJISI KaK MaTE€pUH, 4YTO MPO-
TUBOPEYNT (PYHIaMEHTAIbHBIM 3aKOHAM €CTECTBO3HAHHUS — 3aKOHAM COXpPaHe-
HUS MacChl M DHEPTHH.

Kaxymeecss mpoTuBopedrie CHUMAETCsl TeM (DaKTOM, U4TO TIPH MEPEX0JIe
U3 OJTHOM CHCTEMBI OTCUETA B APYTYIO MCHIETCS HE TOJIBKO cwiia Fy, cBs3aHHas
C TIOHATHEM «MarHUTHOE TOJIe», HO M CHJIA AJIEKTPOCTATUYECKOTO B3aMMOICH-
CTBUS YaCTHII, TIPUYEM 3TO M3MCHCHUE KOMIICHCHPYET M3MCHCHHE CHIIBI Fy.
OOmiasi cuia AEWCTBUSA OAHOW 3apsHKEHHOW YacTHIBI Ha JAPYTYI0 OCTaeTcs
Hen3MeHHOU. Takum o0pa3om, ¢ GU3NIECKON TOUKHU 3pEHUs OoJiee OMpaBIaHHO

T'OBOPUTH 00 OJICKTPOMAroMuTHOM IIOJIC U 00 QJICKTPOMAariuTHOM BOBI[CﬁCTBPIH



OJTHOM 3apsDKEHHOM YacTHUIBI Ha IPYTYI0. [Ipu HEKOTOPBIX YCIOBUSAX dTa MaTe-
pust (JIIEKTPOMarHUTHOE TOJIE) MPOSBIISET ceOsl MO0 KaK PacCMOTPEHHOE pa-
Hee AJICKTPUUYECKOE ToJIe, IN0O KaK cpeia, o CBOMM CBOMCTBAM OTJIMYHAs OT
HET0, KOTOPYIO MBI Ha3BAJIM MAarHUTHBIM TOJIeM. BHe 3THX yclioBUi neneHne
Ha JIEKTPUYECKOE U MATHUTHOE TI0JIE CMBICIIA HE UMEET.

Brigenenue 4ucTo MarHUTHOTO TOJISI MOXKET OBITh OCYIIIECTBIICHO B CITY-
Jae pacCCMOTPEHUS 3apsKCHHBIX YACTHII, IBUTAIONIUXCS PABHOMEPHO M TIPSIMO-
JUHEHHO, TO eCTh 0€3 YCKOpPEHHS, WM B CIydae CTAI[MOHAPHBIX WA TOYTH
CTaIlMOHAPHBIX (KBa3WCTallMOHAPHBIX) TOKOB. B 3TOM ciiydyae W3 B3aumojei-
CTBUS YaCTHII MOKET OBITh BBIJICJICHA COCTABJIAIONIAS, KOTOPAs XOPOIIO OITH-
CBIBAETCSl C YyUYETOM MPEJCTABIEHUS O PEAIbHO CYIIECTBYIOIIEM BHJIE MaTepUU

— MAardmMTHOM IIOJIC.

1.2. Cuna JlopeHuna. MarHuTHasi MHHAYKIHS

OneITHI, MPOBOJIUMBIE C MAarHUTAMH W TOCTOSHHBIMH TOKaMHU (OTIBITHI
I'. Opcmeoa, A.@. Hogge, A.A. Diixensanvoa), mOKa3au, 4To:

1) cuna nefcTBHS MAarHUTHOTO TMOJIA Ha JBMXKYIIYIOCS YaCTHUILY OIpejie-
JIAETCS TOJIBKO MEPIICHANKYJIIIPHON IO OTHOLICHUIO K HEW COCTABJISAIOLIEN CKO-
pocTH YacTuIibl (V) );

2) otnomienue F,/(qv,) He 3aBHCHT OT HMapaMETPOB YaCTHIIBI, TO €CTh
SBJISICTCSI KOHCTAHTOW TIPW HEM3MEHHBIX TMapaMeTpax UCTOYHUKA TOJIS; TaKUM
o0pa3oM, 3Ta KOHCTaHTa — CHJIOBas XapaKTePUCTUKAa MAarHUTHOTO TIOJNS H
HasbIBaeTCs urdykyuetl B maenumnoeo nons;

3) ecnu ke MCHSTH HAIIPaBJICHHE CKOPOCTH JIBMIKEHUS YaCTHUIIBI IIPH BCEX
OCTAJIbHBIX HEM3MEHHBIX MapaMmeTpax, To cuia F, OyJaeT u3MeHSThCS OT Mak-
CUMAaJILHOTO 3HA4YCHUS (IIPHU MEPIICHIUKYIIPHOM OTHOCHUTEIBLHO CHJIBI HaIlpaB-
JIEHUU CKOPOCTH) A0 HYJIs (IpU U3MEHEHUHU HarpaBieHus Ha 90 rpaaycoB).

O060011as Bce ATO, MOJIy4aeM, 4To

E, = q|?,B]. (1.1)



HaHpaBJIeHI/Ie CUJIbl OIIPCACIICTCA PE3YJIbTATOM BCKTOPHOI'O IIPOU3BC-

neuns U u B («rmpaBas TpoiiKa BEKTOPOBY) WJIH MO «IIPABUILY JEBOU PyKW».
Ecnu Ha yacTuily K TOMy € €IIe CO CTOPOHBI IPYTHUX 3apsI0B IEUCTBY-
€T 2JIeKTpHuecKas cuia (YacTvlla HaXOJMUTCS, TOMUMO MAarHUTHOTO, B 3JIEK-
TPUYECKOM TI0JI€), TO, IPUHUMAs HE3aBHCHUMOCTb 3THUX CHJI (COOTBETCTBYET
JKCIIEPUMEHTAJIBHBIM JTaHHBIM O HE3aBUCUMOCTHU JCHCTBUS JIEKTPUUECKOrO U

MarHuTHOTO MOJIel), Il CyMMapHOW CUJIbI MOXKEM 3aIUCaTh:

- -

F, = qE +q|v, §] (1.2)
Cuiia, onpezensieMas o JaHHOU (opMyrie, Ha3bIBaeTCs cunou Jlopenya
(BeBen X. Jlopenmr B 1895 r.). B mampHelinem, Tak Kak Mbl pacCMaTpUBaeM
MarHuTHOE 1oJje, moj cuion Jlopenia OyjaemM NOHUMATh TOJIBKO €€ MarHUTHYIO
COCTaBJISIONIY IO, ONpeesieMyto cootHomeHuem (1.1).
CunoBasi XapaKTepUCTHKa MAarHUTHOTO TIOJISI — 8eKIMOp UHOYKYUU B, mo-
IyJb KOTOPOTO PABEH OTHOIICHHID MAaKCUMAaJbHOW CUIIbI F4y, JAEHCTBYIOLIEH
Ha OTPE30K MPOBOAA JUIMHOW / MpU MPOTEKaHUU N0 HEMY TOKa [, K Ipou3Bee-
Huto I1:

Fmax

11

BcerioMmorarenpHONW XapakTEpUCTUKOM MAarHUTHOTO TIOJISL SIBISIETCS GeK-

B =

— —

mop Hanpsixcennocmu H. Ero Ha3HaueHUE aHAJIOTMYHO BEKTOpy D miid snek-
TPUYECKOTO MoJisi. B Bakyyme HanpsskEHHOCTh MAarHMTHOTO TIOJI COBHAIAET C
BEKTOPOM MAarHUTHOW WHAYKIMU C TOYHOCTBKO OO MATHUTHOM ITOCTOSHHOM:
B H
B =p,H.

Kak u B ciydae 3JIEKTpPOCTaTUKH, MATHUTHOE TOJI€ MPEICTABIACTCA Kap-

TOW TOJIsl, KOTOpasi CTPOUTCS C TMOMOIIBIO CuUn06bIX AuHutl (TUHUL MACHUMHOU

UHOYKYUuu), B KOKJI0H TOUKE KOTOPHIX BEKTOp B HampaBiieH no kacatenbHou. O

—

BCIIMYMHC BCKTOpaA B MOXHO CYIUTb 110 TYCTOTC CHJIOBBIX JIMHUH. OI[HaI(O, B

OTIIMIHUC OT JJICKTPOCTATHYCCKOI'O IIOJIA, JIMHUHU MarHUTHOM HHAYKIOWH BCCra



3dMKHYTBI: OHM HUI'AIC HC HAYNMHAIOTCA U HUI'AC HC 3aKAHYUBAIOTCA. OTO OTIIH-
quc 06}’CJ'IOBJ'IGHO OTCYTCTBUCM MAIHHUTHBIX 3apAd0B KaK HCTOYHHUKOB MAarHuT-
HOT'O IIOJIA.

MarsuTHoOe 1oJie B BBIHCHCHHOﬁ obOnacTu IMPOCTPAHCTBA HA3BIBACTCA O/~

—
HOPOAHBIM, €CJIM BO BCCX TOYKaAX IPOCTPAHCTBA BCKTOP B umeer OJHO M TO K€

HaIIPpaBJICHUC U BCIIMUYNHY. B IMPOTUBHOM CJIy4ac I10JIC — HCOAHOPOIHOC.

1.3. 3akon Ammnepa

MaruauTHast coctaBitomas cuibl JIopeHna omnpeaensier BO3ACKUCTBUE
MardHUTHOIO IOJS HA €AWHWYHBIN ABMKyIIuiics 3apsa. OnHako OObIYHO Ha
IPaKTUKE MBI MMEEM JEJI0O ¢ OOJBIIMM KOJMYECTBOM JBIKYIIUXCS 3apsaoB
(o7ekTpruUecKMMHU TOKaMu). 110 ommpeaeeHuio CHiIbl M3 MEXAHMKH 00IIee BO3-
IEMCTBHE MAarHUTHOTO IIOJS HAa BCIO COBOKYITHOCTH 3apsiIOB OIPEICIIIETCS
reOMETPUYECKAM CYMMHUPOBAHHEM OTAEIBLHBIX BO3IEHCTBHIA.

Boigenum MeicierHHo snemedt dl nmpoBoxnuka. Cuia, qeicTByromas Ha
STOT DIIEMEHT, YCPEAHEHHAs 110 HOCUTEISM TOKa, OyIeT paBHa

(F) = e[(# + 1), B], (1.3)
rae (V) u (U) — cpeaHre 3HAYEHHUsI BEKTOPOB CKOPOCTH XA0THYECKOTO U YIIOPS-
JOYEHHOTO JBUKEHUS COOTBETCTBEHHO.

B cocrosHuM TEIIOBOro pasHoBecHs (V) << (u), mosromy (VU + U)=

= (V) + (i) ~ (u). Torna seipakenue (1.3) mpumer By
)= @)

B anemente dl conepkutcs nSdl nocurenecit Toka. Torna cuna dF i

CTBYIOIIIAsl HA DJIEMEHT ITPOBOJHMKA, Oy I€T paBHA
dF = (F)nSdl = [en(il), B]Sdl.
B sToM BeIpakeHun en(il) = J — 5T0 BEKTOP IJIOTHOCTU ToKa. C ydeTom

9TOro MnmoJjgy4dacm

dF = [j, B]sdl = [jsdl, B). (1.4)



Beenem o6o3nauenue jSdl = [ dz), rae dl — 3JIEMEHTApPHBIA BEKTOP, CO-
HanpaBJIeHHbIH ¢ BekTopoM J. Torna (1.4) npumer Buz
dF = I[dl, B]. (1.5)
Beipaxkenue (1.5) sBusercs zaxonom Amnepa, a cuna dF B ero nesoii
4acTH — cuou Amnepa 13A.

Ecnu e nmMeeM NMpoBOJHUK MPOU3BOIBHON (HOPMBI KOHEUHOU JITTUHBI, TO

O6HIaH CuJia OIIpCaACIBICTCA KaK
Fo=1 j [dl, B]. (1.6)
l

B wactHOCTH, UIS TIPSIMOJIMHEHHOTO MPOBOJHKMKA ¢ TOKOM | mmmHOM |
(puc. 1.1):
F, = IlBsinaq, (1.7)
7 IZI€ 0L — YTOJI MKy HalpaBJI€HUEM TOKa (BEKTOPOM
/Iv IUTOTHOCTH TOKA ) 1 BEKTOpoM B.

-/ JUisi TpOBOJHMKA MPOU3BOJIBHOW  (OPMBI,

HaxXogAmeroca B OAHOPOIHOM MArHUTHOM IIOJIC,

3Ha4YeHUE CHJIbl AMIIepa HE 3aBUCHUT OT €Tr0 (hOPMBbI,
Prc. 1.1 a ompenensieTcs Toabko ero mmunou l. [eiicTu-

TCJIBHO:
ﬁA=1j[dT,§]=1 jdi x B = I[L,B). (1.8)
l l

B 1820 r. A. Amnep ycCTaHOBWJI, YTO MHapajUieJIbHbIE MPOBOAHUKH C
ANEKTPUUYECKUMHU TOKaMH, TEKYIIMMHA B OJTHOM HalpaBJICHUH, TPUTITUBAIOTCS,
a B MPOTUBONOJIOKHBIX — OTTAJIKMBAIOTCI. PaccMOTpuM B Bakyyme J1Ba IIpO-
BOJIHUKA OONbIION IUHBI [ Ha paccTosHuu d (d<<[) npyr ot npyra, 0 KOTO-
pbIM TeKyT TOkH [ u I, (puc. 1.2). Cuna, geiicTByIoIast Ha TPOBOJAHUK C TOKOM
I, co cTOpOHBI MPOBOAHUKA C TOKOM /;, OyJIeT paBHa

F21 ES Ilell



rae By = py I/ (2nd).

_ A3 BA
]1‘12 ]le
) )

d
I, L

Puc. 1.2

AHaI0ru4HO CHJIa, ,HCP'ICTBy}OHIaH Ha IIPOBOAHUK C TOKOM I, co CTOPOHBI

MpOBOIHUKA TOKOM Ip, Oymer pasHa Fi, = I11B,, rne B, = p I,/ (2nd). Tlo

- -
TpeThbeMy 3akoHy HproToHa |F12| = |F21| = F. B urore noiay4aeM BbIPAKECHUE

JJIA CHUJIBI B3ElPIMOI[€I>iCTBPI$I ABYX IIPOBOAHHUKOB

Wo I1 1,
F =——2]. 1.9
21T d (1.9)

[Tonyuennas popmyna ucnonb3yercss B CU st yCTaHOBIICHHST YHCIICH-
HOT'O 3HAQUYEHHSI MArHUTHOM MOCTOSIHHOM . B cucreme CU 1 amniep — 310 cuna
MOCTOSTHHOTO TOKA, KOTOPBIM MPHU MPOXOKICHUU IO ABYM MapalICIbHBIM IPsi-
MOJIMHEHHBIM MPOBOIHUKAM OCCKOHEYHOW IJIMHBI U HUYTOKHO Majioil Tuiola-
I TIOTIEPEYHOTO CEYEHUsI, PACIIOJIOKEHHBIM B BaKyyMe€ Ha paccTosiHuu 1 Metp
OJIMH OT JAPYroro, BbI3Baj Obl HA KaXKJOM y4acTKe MPOBOJHUKA JJIUHON 1 mMeTp
CHIJIy B3auMozencTBus, paBHyto 2-1077 HproToHa. TakuM 00pa3oM, U3 MOIydeH-
HOM (DopMyJbl M ompenesieHus] amrepa ClaeayeT, YTO MarHuUTHas MOCTOSHHAs

B, = 4m- 1077 H/A? (umu Tu/m).

1.4. MarHuTHoOe 1moJjie pABHOMEPHO ABUKYLIErocs 3apsjaa.

Hpunuun cynepno3unuu. 3akoH buo — Casapa — Jlaniaca

[Iycte MeeM OJIMHOYHBIN 3aps]l (, PABHOMEPHO ABHXKYIIUICA C JIMHEU-
HOU cKopocThio V << ¢ (puc. 1.3). BekTop WHAYKIIMM MarHUTHOTO TIOJIS PaB-
HOMEPHO JABWXKYILErocs 3apsiia onpenessercs no popmye

R q[v, 7]

B=k (1.10)

)

’r'3
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rae K — ko3 UIUueHT IpOnopIHOHATILHOCTH, 3aBUCSIIMA OT CHCTEMbI €IMHHII
U3MEPEHHUS; T — PaJUyC-BEKTOP, IIPOBEAEHHBINA OT 3apsAaa K TOYKE HaOIIome-
HUS.

—

B B cucreme CHU
= o

| =
7 41
o 5
q v rae wo =4n-10"" 'n/M — MarHuTHasi TOCTOSIHHAS.

B cootBercTBum ¢ (1.10) BexTOp B HarmpaB-

Puc. 1.3
JIeH TEPIEHANKYIISIPHO K IJIOCKOCTH, B KOTOPOM

PACIIONOKEHBI BEKTOPEI U M 7. Bee Tpu BeKTOpa 00pas3yroT MpaBylO TPOUKY
(cm. puc. 1.3). DT0 BEIpa)KEHHUE HE BBIBOJUTCS U SABJSETCS 000OIICHIEM dKCITe-
PUMEHTAJIbHBIX JAHHBIX.

BekTop MarHUTHON WHIYKIIMU OT CHCTEMBbI JBHKYIIUXCS 3apsI0B MOXK-
HO ONPE/ICITUTh HA OCHOBE MPUHITUIIA CYIIEPIIO3UIIAN,  COTJIACHO  KOTOPOMY:
MazHumuoe noie, co30a8aemoe CUCMeMOl OBUNCYUUXCSL 3apsa008 (CUCeMOoll
MOKO0B), Onpeodensiemcs 2eoOMempuyeckol CyMmol 8eKmopo8 MAeHUMHOU UH-
OYKyuu noJietl, co30a8aemMblx Kanicovbim 3apsoom (MoKom) 8 OmoeabHOCHIU.

B marematnueckoii 3anucu
n
— —
B = B;, (1.11)
i=1

rac N — 9uciio 3JICMCHTOB p8,36I/I€HI/I$I CHCTCMBHI.

B CJlIy4dac IMpoOBOAHHUKA C TOKOM paCHYCT MHAYKIUHU CBOAUTCA K pa36I/IeHI/IIO

€T0 Ha 3JICMCHTAPHLBIC YUACTKH, Ka)K,Z[BII\/’I M3 KOTOPBIX CO3ACT MAaIrHUTHOC I10JIC

VHIYKIUEH dB. Torna HAYKIUSA PE3YIBTUPYIOLIETO MOJISI PABHA:

B = f dB. (1.12)
L
Opannysckue ¢pusuku K. buo u @. Casap (1820 1.) mpoBenu uccieno-

BaHHWE MArHUTHBIX MOJIEH TOKOB pa3inuuHOi (opmbl. OHU YCTAaHOBWIH, UTO
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MarouTHasa MHAYKIOWA BO BCCX CIyYaddX IIPOIIOPHOHUOHAJIbHA CHJIC TOKaA, CO3aa-
HOICTro MAaroHuTHOC I10JIC, 1 3dBUCUT OT PACCTOAHUA OO paCCManHBaeMOﬁ TOY-

K1 IIPOCTPAHCTBA.:

I
B~r—2.

Opanity3ckuit MaTeMaTuk U ¢usuk I1. Jlannac mpoaHaau3upoBajl dKCIIe-
pUMEHTaJIbHBIE JaHHBIEC, MMONy4YeHHbIe buo n CaBapoM, U MpHILEN K BBIBOLY,
YTO MarHUTHOE MOJIE JIIOOOTO TOKA MOXET OBITh BHIYUCIECHO KaK CYNEpIIO3UIIUs
MOJIEH, CO3/1aBAEMBbIX OTACIBbHBIMU YUYaCTKaMU TOKA.

Paccmotpum 3meMeHT mpoBoOJHUKA dl T10-
m@aaeko nomnepeyHoro ceuenus S (puc. 1.4). Cpen-
HEE 3HAUCHHE WHAYKUUM MArHUTHOTO MOJs, CO-
3/1aBa€MOT0 CBOOOJHBIMHU 3aps/ilaMH, HAXOJSIIU-
MUCS B 9TOM 00bE€MEe Ha PACCTOSHUU 7 OT DIIEMEH-
Ta dl, onpenensercs kak [cm. (1.8)]

L o el(D + 1), 7]
(B) = 7—

[IpoBeneM paccyKIeHUs, aHAJIOTUYHBIE II. Puc. 1.4

(1.13)

r3

1.3. B pe3ynbrare MHIYyKIUS dB mnoms, cosnasae-

Moro sremeHToM dl mpoBoIHKKa, paBHA

=z _ W e[(u),FInSdl _ p, [en(ii)Sdl, 7]
dB = (B)nSdl = 7———— B a—
C yuetoM (opmyisl J = en(iU) moayyaem
Ho USdl) ?]
Am 13

dB =

> -
3amenuB JSdl = Idl, nonyunum oKoHYaTeIbHOE BbIpaxeHue zaxkona buo — Ca-

sapa — Jlannaca:

a5 = P !l4L7] (1.14)

4nm r3
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B CKaJLIPHOM BHIC!:

_ Holsina

dB = > ——dl, (1.15)

e 0, — yroj Mexay Bekropamu dl u 7 (cm. puc. 1.4).
NHayKInio mossi, CO3/1aBaéMOr0 BCEM MPOBOIHUKOM, OMPENCITUM ITyTeM
MHTErPUPOBAHMS 110 3aMKHYTOMY KOHTYDPY, TaK KaK JIMHUM BEKTOpA | B CIIydae

IMOCTOSAHHOI'O TOKAa 3aMKHYTBI:

§=fd§

1.5. Teopema I'aycca aas BekTopa B

B oTanuune ot QJICKTPOCTATUYCCKOI'O IIOJIA Cuioevle JTUHUU MACHUMHO20

-

nons 3amkHymsl. Torga moTok BeKkTopa B 4depe3 MpOU3BOJBHYIO 3aMKHYTYIO
MOBEPXHOCTh OyJeT paBeH Hyo. TakuM oOpaszom, Teopema [aycca st mar-

HHUTHOTO ITOJISI ITPUMCT BHUA
f§d§= 0. (1.16)
S

Eme onHuM cieactBueM U3 Teopemsl ['aycca siBisieTcsl TO, YTO 6 npupo-
0e Hem MA2HUMHbBIX 3aps008, AaHATIOTUYHBIX AJIEKTPUUECKUM 3apsiiaM — UCTOY-

HHUKaM 3JICKTPUYCCKOI'O I10JIA.

1.6. Teopema 0 HMPKYJIAUMH BEKTOPA Be BaKyyMe (3aKOH

MOJIHOT0 TOKA)

JI71st 3IeKTPOCTaTUUECKOTO MO LUPKYISIHUS BEKTOpa E no IPOU3BOJIb-
HOMY 3aMKHYTOMY KOHTYpY OOpariaercs B HOJb fﬁr Edl = 0, uro sBnsercs ox-
HOU 13 HOopM OmnpeeeHs €ro NOTEHIUAIBLHOCTH.

B cimydyae MarHuTHOTO NOJSL YUPKYAAYUS BeKIMOPA B no npOU3E0JIbHOMY

koumypy I paena npouszsedenuro [y Ha aneedpaudeckyio Cymmy moxos, 0xXed-

muvl8aemuvlxX KOHNYPOM.
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n
7€§di= “Ozli' (1.17)
r i=1

[Tpu cyMMHpOBaHHM TOK CUMTAETCS MOJIOKUTEIBHBIM, €CJIM €r0 HaIpaB-
JeHue obpa3yeT ¢ HampaBieHHEM 00X0/1a KOHTypa MPAaBOBHUHTOBYIO CHUCTEMY.
Takum 00Opa3oM, MAarHUTHOE MOJIE, B OTJIMYUE OT 3JIEKTPOCTATHYECKOIrO, HE SIB-
JSIeTCsl MOTEHIMAIBHBIM. Takoe 1MoJie Ha3bIBACTCS BUXPEGLIM U COJIeHOUOANb-

HbIM.

1.7. JIBH:KeHMe 3apslZKEHHbIX YaCTHI] B OAHOPOAHOM

MArHUTHOM I10J1€
[IpeanonoKuM, 9To 4acTHIa, OOIaJaromas HadalbHOM CKOPOCTHIO U,

I0MaJaeT B OQHOPOAHOE MATHUTHOE TI0JIE ¢ MHAYKIUeN B tak, uro B 1 ¥ (puc.
1.5). JIBuxkeHue noj AeMCTBUEM MOCTOSIHHON MO MOIYJIIO IIEHTPOCTPEMUTEb-
HOW CHJIBI €CTh JIBUKECHHUE N0 OKPY>KHOCTU. Painyc I 3TOM OKpYy>KHOCTH OTIpe-

ACICTCA YCIIOBHUEM

7
muv?
m
OTKyJa

mv

r=—-.
la|B

KpyroobpasHoe JBMKEHHE 3apsiKEHHBIX Puc. 1.5

YaCcTHI] B MAarHUTHOM TI0JI€ 00J1aaeT BaXXHOU OCOOCHHOCTBIO: MepHro o0pa-

IMCHUA T He 3aBHCHUT OT OHCPI'MHU 9aCTHUIbI:

_— 27r _ 2mm
v |q|B

Eciu HavanbpHas CKOPOCTh U YaCTHIBI COCTABIIAET HEKOTOPKIA yroj o C

-
HanpasjeHueM Bektopa B (puc. 1.6), To B 3TOM ciay4ae ymoOHO Pa3iioKHUTh

BEKTOP U Ha JIBE€ COCTaBISAMIINE, OJHA M3 KOTOPHIX U, IapajeibHa BEKTOPY

B,a Apyras U, NepIeHIuKyISpHa K BEKTOPY B:



b

Puc. 1.6

Ha uactuny neiictByer cuna JlopeHia, oOyciOBII€HHAs COCTABIISIONIEH

Uy, ¥ 9aCTHUIIA JIBIKETCS 110 OKPYXKHOCTH PaJiyCOM

_my, mvsina
lqlB ~ 1q|B °

r

JeXallen B INIOCKOCTH, MEPIEHIUKYIISIPHON K MOJIIO.

CocrapJisiiolas Uy He BbI3bIBAET MOABJICHHS J00aBOYHOM CHIIBI, TOTOMY
B HaIpaBJIEHUH TOJISI YaCTULIA IBUYKETCA paBHOMEPHO. B pe3yinbrare cioxeHus
o0oMX NBHKEHUH yacTulia OyneT JBUraThCs MO LMIMHIAPUYECKON crupain pa-

JAYyCOM I, Iar KOTOPOM paBeH
mv cos o

h=vT =21
' lq|B

1.8. Ilpumenenue 3akona buo — CaBapa — Jlamaca k pacuery

MATHUTHBIX IOJICH

I/IHoyKl(u}l MACHUMHO20 ROJIA RPAMO2O npoeoduuka C MOKOMm

PaccMoTpyUM AIMHHBIN PSIMOJIMHEUHBIN ITIPOBOAHUK, 110 KOTOPOMY TE€UYET
MOCTOSIHHBIN TOK cuiiot [ (puc. 1.7, a). OnpenenuM MHAYKIWIO MarHUTHOTO
NoJIs B TOYKE, PACIONIOKEHHOW Ha pacCTOSHUM b OT mpoBoAHMKA. byaem cum-
TaTh, YTO KOHIIbl MPOBOJAHMKA YAaJIEHbl OT paccMaTpUBaeMOl TOUYKU Ha OOJIb-

MEC PaACCTOSHUA.
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Puc. 1.7
Briienum O€CKOHEUHO Mallbli AJEMEHT MPOBOAHUKA JJIMHOW dl Ha pac-
CTOSSHUU » OT paccmarpuBaemoi Touku. CornacHo 3akoHy buo — Capapa —

Hannaca, HMHAYKOHWA I1I0JIA dB , CO3JaBacMasd TaKUM 3JICMCHTOM, paBHa

_ Mo ldlsina
C4m rz

BrIpasuM MOIyJIb paadyca-BeKTopa ¥ M3 NPAMOYTOJIBHOIO TPEYrOJIbHH-

dB (1.18)

Ka:
b
r=— (1.19)
sina
Taxoke U3 Ipyroro NpsiMOYTrOJILHOTO TPEYTOJbHUKA CIEAYET, YTO
rda bda
dl = —=——, (1.20)
sina  sin‘a
rie do — yriioBas mupuHa diaementa dl.
[Toncrasnsiem (1.19) u (1.20) B Beipaxkenue (1.18):
Isina-sin? a bda I
dB = fo = ﬁ—sin ada. (1.21)

41t b? sinfa  4mb
WHIYKIHMIO MATHATHOTO TI0JISA, CO31aBAEMOT0 BCEM MPOBOIHUKOM, OIIpE-

JCITUM ITyTeM UHTEeTrpupoBanus BeipakeHus (1.21) mo Beeit aymHe L:

B=de.
L
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B cnyuae mpoBojHHKA KOHEUYHOW JJIMHBI Yrojl oo OyJeT M3MEHATHhCS B
npenenax (puc. 1.7, 6)
o S a<ay.
Torna

_ Mol

B=—
41th

Jaz' da = 2oL ) 1.22
. sinada = 7—-(cos ay — cos &), (1.22)

B ciyuae 6eckoHeuHO JIMHHOTO MpoBoAHUKA oy = 0, o, = 1. Torna

Kol
B =" 1.23
2nb (1.23)
HHoykyua mazHumno20 noasa 08yx 0€CKOHeUHO OTUHHBIX NPOBOOHUKOG
c moxkamu

B CcJIyqyac IBYX OCCKOHEYHO JJIMHHBIX IIApaJIJICJIbHBIX IIPOBOJHHUKOB C TO-

—

Kamu [} ¥ [, BEKTOp MHAYKUMHA B MAarHWTHOTO IOJS B NMPOU3BOJIBHOW TOYKE
IIPOCTPAHCTBA OIPEAEIIAETCA 110 IPUHLIMILY CYIIEPIIO3ULINU TIOJICH:
— — —
B = B; + By,
— P
rae By, B, — BEKTOpPbI MHIYKIMA MAarHUTHOTO TOJIsI, CO31aBAEMOT0 B OTAEIb-
HocTH TokamH |1 u |, coorBeTcTBeHHO (pHc. 1.8).
ComnacHo ¢opmyie (1.23):

Holq 2
B, = — i
12 = (1.24)

r7e UHACKCH 1 1 2 COOTBETCTBYIOT HOMEPY BBIOpaH-

HOI'0 TOKa.

Nunykuuro B pesynpTupyromero noss MOXHO
Puc. 1.8 HaWTH, UCHOJIb3YsI TEOpeMy KOCHHYCOB (CM.

puc. 1.8):

B = \/Bf + B + 2B, B, cos a. (1.25)
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B stom BBIPAXKCHHUH COS A TAKXKC MOXXHO OIPCACIUTHb IO TECPEME KOCH-

HYCOB, HO JUTSl TPEYTOJILHUKA, 00pa30BAaHHOTO OTpe3Kamu I, I, u d:

cosa =

Hnoykyus MazHumno20 nona Ha OCU U 6 yeHmpe Kpy208020 moxa

OnpenenuM MHAYKIMIO MarHUTHOIO TOJS, CO3aBa€MOI0 KPYIOBBIM
MIPOBOAHUKOM PaJNYyCcOM R ¢ TOKOM /, HA OCH NPOBOJHUKA Ha HEKOTOPOM pac-
cTostHuU A ot neHtpa (puc. 1.9). Beigeaum O€CKOHEYHO Majbli 3JIEMEHT MpOo-
BOJHUKA JUIMHOM d/ Ha pacCTOSHUU r OT paccMmarpuBaemMol Touku. CoriacHo
3akoHy buo — CaBapa — Jlamuaca, uHayKuus nojs dB, co3gaBaemasi TAKUM 3Jie-
MEHTOM, PaBHa

_ Mo ldlsina  pg Idl
T4 r2 4Amr?

B stoM BbeIpaxkeHuum sina =1, Tak Kak

dB (1.26)

a = 90°. IlpeacrtaBum BEKTOp dB B BuIe CYMMBI
JBYX COCTaBJISIFOIIMX: d§|| — MapayIeIbHOM IJI0C-
KOCTH KPyTOBOTO MPOBOAHMKA U dB | — HepIeH/IH-
KYJIIPHOM K 3TOM IJIOCKOCTH, T. €.
dB = dB, + dB,.
Torma BekTop B MHIYKIHMH Pe3ylIbTHPYOLIC-

ro 1noJjs OyaeT paBeH

. . . . Puc. 1.9
L L L
B cuity oceBoit cummerpuu mosist § d§" = 0, Torna
B = jé dB, = jé dB cos B. (1.28)

L L

W3 puc. 1.9 Bugno, uto cosp = R/r, r =V R? + W,
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B urore HWHAYKIOHUA MAIrHUTHOTO ITIOJISI Ha OCH KPYT'OBOI'O TOKa OIIPCACIIA-

CTCA TakK:

B:f”o fal Rt IR fdl. (1.29)

J 4m(R? + )Rz + 12 A4 (R2 + hz)g/2 /

WuTerpupoBanue Boipaxkenus (1.29) mo Bceit nune L=2nR npoBoaHuka

Ja€T OKOHYAaTCIIbHO

u,IR?
B = - (1.30)
2(R2 +#2)**
WHIyKIMsS MarHUTHOTO 1MoJIst B IieHTpe (4 = 0) KpyroBoro Toka paBHa
Mol
B=-C. 1.31
T (1.31)

HHoykyua MazHumno20 noasa Ha OCu COJEHOUOA
Conenouoom Ha3bIBACTCS WIMHAPUYECKAs KaTyIllKa, COCTOSIIAs W3
OOJIBIIIOTO YMCJIa HAMOTAHHBIX BIUIOTHYIO JIPYT K JAPYTYy BUTKOB NMPOBOJHHKA,
10 KoTopomy ujieT ToK. COJIGHOU]T MOXKHO paccMaTpuBaTh Kak CUCTEMY MOCJIE-
JIOBATEIbHO COEAMHEHHBIX KPYTOBBIX TOKOB OJMHAKOBOIO Paguyca, UMEOLIUX
00111yt0 0Cb. MaruuTHOE MoJjie COJICHOUIa aHAJIOTMYHO TOJII0 MTOJIOCOBOTO Mar-
HUTAa. BHYTpH cojlleHOWJAa JUHUM WMHIYKIUU OPOXOAST MPAKTUYECKH Iapai-
JIEJTLHO €r0 OCHU, PABHOMEPHO pacIpeAeisisich 1Mo ceueHuro. Takum oOpazom,
MarHuTHOE T0JIE BHYTPU COJICHOUJA (B LEHTPaIbHON YacTH) MOXKHO CUUTATh
OJTHOPOJTHBIM.
CornacHo popmyne (1.30), unaykius B MarHUTHOTO TOJIsA, CO3/1aBAEMO-
ro OIHUM KPYTOBBIM TOKOM, B TOUke A (puc. 1.10) Ha ocu coneHonma paBHa
B — ol R?
1= 2(R2? + [2)3/2'

(1.32)
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LI CI I CICICICICICICICICILICIIILII LI &

L

o -
<« '

Puc. 1.10

MBICTIEHHO BBIJIEITUM 3JIEMEHTApHbIA CJION dl coleHoua, Ha KOTOPBIH
IPUXOANUTCS ndl BUTKOB (1 — YUCJIO BUTKOB Ha €IWHUILY JUIMHBI COJICHOW]IA),
CO3/IAI0IINX B TOYKE 4 MAarHUTHOE TOJIE, UHIYKIIUEH

ol R?
2(R2 + 12)3/271
U3 puc. 1.10 BugHo, uto r = VR? + 12 = R/sina, l = R ctg a. Otkyna

R
dl = ————da.
sin“ o

dB = Byndl = dl. (1.33)

Torna Beipaxkenue (1.33) mpumer Bu

_ KIR*sin*a nR _ RIn
dB = — RS SinZ ad(l = —Tsmocda. (1.34)

[Ipounterpupyem Boipakenue (1.34) mo yriay o B quanasoHe OT 0 JI0 Olp:

HoIn % HoIn
B = de =-— J sinodo = 5 (cos oy — cosay). (1.35)
04 oq

Jns conenonpa WmMHOM L U paguycoM R B TOUKE HA PACCTOSIHUUA @ OT

Kpas:
L—a a

cos oy = ) COS Oy = ——. 1.36

' JRZ + (L — a)? ’ VR? + a? (1.36)

ConeHonsi MOXXKHO CUHMTATh Oeckorneyno Oaunubim, ecnu L>>R. Torma
cosay = 1, cosa, —» —1. B urore uHAYKIMs 1OJIs HA OCU OECKOHEYHO JIJTUH-
HOT'O COJICHOMJIa C HEMarHUTHBIM CEPJACUYHUKOM paBHA

B = p,In. (1.37)
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1.9. IlpyuMeHeHHe 3aKOHA MOJHOI0 TOKA K pacuery

MATHUTHBIX IMOJIeH

®opmyny (1.37) qna pacuera MHAYKIMKA MarHUTHOTO TOJS Ha ocu Oec-
KOHEYHO JUJIMHHOTO COJICHOMJA MOKHO TaKKe IOJy4YHThb, MCIOJB3Ys 3aKOH
IIOJTHOTO TOKa. PaccMOTpuM NpsSMOYTOJIbHBIA KOHTYD L, pacnoIOKEHHBIN Tak,

9yTOOBI €r0 MMPOHU3BIBAJIM BUTKH cojieHouAa (puc. 1.11).

1

Puc. 1.11

]_II/IpKYJIHHI/II-O BCKTOpa B 1o 9TOMY KOHTYPY MOZKHO IIPpCACTAaBUTL B BUJIC

CyMMBI 4-X CJIaraéMbIX IO KaKJIOW U3 CTOPOH KOHTYpa:

2 3 4 1
fﬁdi:f §1dl+j §2dl+j §3di+j B,dl. (1.38)
L 1 2 3 4 '
0 0

Bropoe u ueTBepToe cnaraemeie B mpaBoii yactu (1.38) paBHBI HyIO, TakK

-
KaK paBHbI HYJIIO MIPOEKIMU BeKTopa B Ha cropoHsl 2-3 u 4-1 kontypa L. Tak
KAK JIMHUY MarHUTHOM UHAYKLWU 3aMKHYTBI, TO MarHUTHBIN IIOTOK 4€pe3 JIo-
OyI0 MOBEPXHOCTh, 3aKJIIOUEHHYIO BHYTPU COJICHOMJA M OTPAHMUYEHHYIO €ro

KOHTYpPOM, OYyJIET paBeH MOTOKY 4epe3 JII00YI0 BHEIIHIOK MTOBEPXHOCTS:
- > - -
(Blsl)BH = (B3S3) F# 00,
yTp BHELIH
Tak kak TIOIIAAb BHENIHEW IMOBEPXHOCTH HUYEM HE OTrpaHUYCHA, TO
ectb S3—0, To B3—0. [Tonydaem, uTto U3 Bceil cymMmbl B npapoit yactu (1.38)

0CTacTCA TOJIBKO IICPBOC CJIaracmMoc. YuurteiBas OOAHOPOJHOCTH IIOJII HAa OCH

COJICHOKN A, MOKEM 3aIIucarTh:

2—> - 2 -
-]- Bldl = BJ dl = BllZ'
1 1
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CornacHo 3dKOHY ITIOJIHOT'O TOKa

N
Bli; = 1o Z I;.
i=1

Tak Kak BOo BCceX BUTKaX CHJIa TOKAa OMHAKOBA, TO Bly, = HoNI. B urore
B = pyln,

rnen = N/l,.

2. JIabopaTopHBIA NPAKTHUKYM

JlaGopaTopHas pa6ora 2-7
N3y4yenne moJisi COJIEHOUAA € OMOIIbIO 0ALTMCTHYECKOTO

rajbBaHOMeTpa

Heab padoThl. SKCIIEPUMEHTATIBHOE U3YUYEHHUE pACIpPENICICHUS UHAYK-
U1 MAarHUTHOTO TIOJISI BJIOJIb OCH COJICHOUA.

IIpuGopsl M NMPUHANJIEKHOCTH. COJICHOUJ, U3MEPUTEIbHAS KaTyIIKa,
HMCTOYHUK TOCTOSIHHOTO HAMpPsDKEHHUS CO BCTPOCHHBIM MUJLTUAMIIEPMETPOM,
MepeKIroYaTe b HAMPaBJICHUS TOKA, OAJUIMCTUYECKUM 3e€pKAJIbHBIA TajbBaHO-

METP.

Metoa 3kcriepuMeHTa

DnekTpuyeckas cxema 3KCIEPUMEHTANIbHOW YCTAaHOBKM INpPHUBEIECHA HA
puc. 2.1. Ha cxeme 0603HaueHbl: £ — peryaupyemMblii HCTOUHUK MOCTOSHHOTO
HaANpsDKEHUS] ¢ BBIXOAHBIM CONpoTuBIeHueM I; PA — munmuamnepmertp; Ly —
cojieHoU; SA — mepekiouaTeNb HanpaBlieHus Toka; L, — moaBuxHas uamMepu-
TenbHas Karymka; G — OaJTMCTUYECKUH 3€pKaJIbHBIN TrajJbBaHOMETP C BXOJI-

HBIM COINPOTHUBIICHHEM R.



22

PA

®

L G

Puc. 2.1

IIpu nojaue MOCTOSIHHOTO HAIpPSHKEHHUS HA MOCIEI0BAaTEILHO COCAMHEH-
Hble MuJTHaMIiepMeTp PA u conenoup Li mo nocieqHeMy HauMHAET MIPOTEKATh
MOCTOSIHHBIM TOK, KOTOPBIM CO3/1a€T BHYTPH COJIEHOHW]Ia MarHUTHOE mose. M3-
MepUTeNIbHas KaTyiika L, cBOOOJHO TMepeMeliaeTcss C MOMOIIBI CTEP)KHS
BJIOJIb OCH cojieHouAa. Pa3Mephl 3TOM KaTyIIKU MaJibl IO CPAaBHEHUIO C pa3Me-
poM cojieHouaa. IlocieaHee orpaHMYeHUE CBA3aHO C JKEJIaHHWEM IOJIYYHUTh B
npeaenax U3MEpPUTEILHON KaTylIKU OJHOPOJHOE MarHuTHoe mnoJie. Eciu mo-

CPEIICTBOM CIIBOCHHOTO TepekitouaTess SA N3MEHUTh HAlpaBJICHUE TOKA B IIe-

M1, TO U3MEHUTCS HaIMPaBJICHUE BEKTOPA B WHJYKIIUM MarHUTHOTO TIOJIsl BHYT-
pu conenoupa. CrienoBaTesibHO, U3MEHUTCS U BEJIMUMHA MAarHUTHOTO MoToka @
gyepes MoIepeyHoe CeUeHNEe N3MEPUTEILHON KaTymku Ly:
d® = SNdB, (2.1)
rae S — IUIONIaab OJHOTO BUTKA KaTymiku Ly, N — 9mciio BUTKOB KaTymiku L,
dB — u3mMeHeHre HHAYKIMK MATHUTHOTO TIOJIS.
[To 3aKOHY 3JIEKTPOMArHUTHOW WHIYKIHMH MPU U3MEHEHUU MarHUTHOTO

MOTOKA B U3MEpPUTENIbHOU KaTymike L, BozHukaet 3/JC nnayKuuu:
dod
dt’

ITo 3akoHy OMma cuia HHAYKIIMOHHOTO TOKa | Yepe3 MOJICOCTUHEHHBIA K

&; (2.2)

BUTKaM KaTyliku L, ransBaHoMeTp G ¢ BXOJHBIM CONPOTUBIIEHUEM R paBHa

& SNdB
| =—=—-

2.3
= (2.3)
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OTKyJla
Ridt = —SNdB.
VYyuuteiBas, uro idt = dq — 3apsij, NpoIIEIUINI Yepe3 ralbBaHOMETP 3a

Bpems dt, momydaem

dq = SNdB
q_ R "

Teneps Haiigem oOwmuit 3apsia |q|, mporreanvii Yepe3 ralbBaHOMETp MPH

N3MCHCHHHU HAIIPaBJICHUA CHUJIbI TOKA B IICIIN:

B
||_SN dB_ZSNB
a="7 ~ TR
-B
OTKyJa
lq|R
_ IR 2.4
B SN (2.4)

HpOTeKaHI/Ie 3apsaaa q 4cpe3 KaTyIKy 0aJUTHCTUYECKOTO 3CPKAJIIBHOTO
raJJbBaHOMCTpPaA BbI3bIBACT OTKIOHCHHUEC CBCTOBOI'O YKA3aTCJIA, IIPU 9TOM
lq|l = Ce, (2.5)
rae C — mocTostHHas OAJTMCTUYECKOTO TaTbBAaHOMETPA, () — YTOJ OTKJIOHEHUS
CBCTOBOI'O YKa3aTcCJIs.
Takum oOpa3zoM, BeIMYMHA UHIYKIIUA B MarHuTHOTO 1MOJISI HA OCHU COoJle-
HOH A IMPOIIOpHUOHAJIbHA YTy (p OTKIOHCHHA CBCTOBOI'O YKA3aTCJIA I'aJIbBAHO-

MeTpa:

R
=" _co. 2.6
B=3sn® (26)

[TpuBenem nokaszatrenbcTBO cooTHomieHus (2.5). B Oammmcruyeckom
raJIbBAHOMETPE UCKYCCTBEHHO YBEJIIMYEH MOMEHT MHEPLMH | MOJIBHKHOM CH-
cTeMbl, Onarogapsa yemy nepuoi 7' cBOOOJHBIX KOJIEOAHUM paMKH BENHK, T. €.

T>>1, Te T — JINTEILHOCTD HMITyJIbCa TOKA.
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[Ipy npoxoXXJAeHUU Yepe3 paMKy TalbBaHOMETpPa KpPaTKOBPEMEHHOIO
UMITYJIbCA TOKa | JUTUTCIIBHOCTBIO T OHA HE YCIIEBACT BBIMTH W3 ITOJIOKCHHSI

PaBHOBCCUS, a JIMIIb HpI/IO6pCTaeT HaYyaJIbHBI MOMEHT HMITYJIbCa
T
L= j- Mdt.
0

3necb M — MOMEHT cuil, AEHCTBYIOIIMX HAa PAMKY rajJbBaHOMETPA CO CTOPOHBI

BHCIIHECI'O MArHUTHOI'O TIOJIS .

M = iSNBy,
rae By — MHAYKIUS MArHUTHOTO MOJIsA, CO3/1aBA€MOT0 MOCTOSSHHBIM MarHUTOM
npubopa.
Torna

T
L = SNBy, j idt = SNB,,q.
0

C npyroi CTOpOHBI, MOMEHT UMITyJIbCa BPAIAIOIIEHCS PaMKHU paBeH L =
= [w, rae ® — yroBas CKOPOCTh BpallleHUs paMKH. Torna HadajibHas KUHETH-
YecKasi DHEPTHS CUCTEMBI PaBHA

Iw? L7 _ (SNByq)*

W == ———
k™ 2 T2 21

B nmanpHelieM npu IBMKEHUU PAMKH MPOUCXOIUT 3aKPyYMBAHUE HUTH
MoJ[Beca Ha MakCUMaIbHBIH yroll @ = kM (K — koa¢ddumeHT ynpyroctu Hu-
TH), COIPOBOXIAIOIICECS TePEeX0JJ0M KUHeTH4YecKoit sneprun Wy B MOTEHIIU-

asbHY!0 sHepruto Wy ynpyroaeopMupoBaHHON HUTH:
®

@ ) o
W, =JMdcp=Ej(pd(p =%
0 0
[To 3akoHYy coxpaHeHuUs OHOW MexaHudeckoit sHepruu (Wi = Wy):
(SNByq)* _ ¢
21 2K

OTKyJa



25

@ I
—_ — -_— C B 2-7
1=5nB, |k~ ¢ @7)

_
rae C = SNBM‘”/k'

IMopsaok BeINOJTHEHUS] padOTHI

1. BkimtounTe MCTOYHUK TMOCTOSHHOTO HAMNpsHKEHUS U TallbBAHOMETP B
CETb.

2. Ilocne 3 — 5-MHHYTHOTO IPOTpeBa 3aMKHUTE LIEMb COJIEHOUAA C II0-
MOIIIbIO TIepeKItouatTenss SA U OTperyJIupyuTe 3HauyeHUE CUJIBI TOKA B IIETH B
npenenax 100 — 300 MA, uCTIONB3yS MPU 3TOM PETYIHPOBKY Ugyx HCTOYHMKA
MTOCTOSIHHOTO HAIPSKEHUS.

3. [TocraBbre mepexmouarens «x1 x10 x100 x1000» GammUcTUYECKOTO
raJbBaHOMETPA B MOJIOKEHUE «X 10».

4. TIpoBepwTe, UTOOBI CBETOBAs METKA HAXOJUJIACh HA HYJIEBONH OTMETKE
IIKajbl TajibBaHOMeTpa. Ecam MeTka cIBMHYTa OTHOCHTENIBHO HYJS, TO, MEA-
JIEHHO TIOBOpAYMBasi PEryJIMPOBOYHOE KOJIBLIO HA rajlbBaHOMETPE, OTPEryJIH-
PYMTE MOJIOKEHUE 3epKaJIa.

5. YcraHoBUTE M3MEPUTENBHYIO KATYIIIKY Ha Kpail COJICHOU[A, BJBUHYB
CTEP’KEHb BHYTPb COJIEHOMAA JI0 YIIOpA.

6. YcranoBute nepexmodarenb SA B OJHO U3 KpPaHUX TOJOXKEHUH, 3a-
MKHYB IIemib. Jlanmee, M3MEHHB HampaBlieHHE TOKa MepeKirovareraemM SA, u3-
MEphTE MaKCUMAJIbHOE OTKJIIOHEHHE (1 (B CAHTHUMETpPAx) CBETOBOW METKH II0
[IKaJie raJbBAHOMETPA. 3aT€M CHOBAa M3MEHUTE HAINpaBJICHHUE TOKAa, U3MEPUB
MaKCUMAJIbHOE OTKJIOHEHUE (P2 CBETOBOM METKH. BbIUMCINTE 3HAYEHHUE () KaK

cpenHee apu(pMeTUYECKOe BETUYHMH (1 U (2. 3aHECUTE Pe3yJIbTaThl B TAOIUILY.

Z, cM 0 2 4 6 40
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7. IlepemMeriasi K3MEPUTENBHYO KaTYIIKY BJOJb OCH COJICHOU/IA C IIIaroM
2 CM, U3MEPhTE 3aBUCUMOCTh ((Z), T/Ie Z — PACCTOSHHE, OTCYMTAHHOE OT Kpas
COJICHOHU]IA.

8. JInst KaXKI0T0 M3MEPEHHOTO 3HAUCHHS () pacCUMTAlTe 3HAYCHUE Mar-
HUTHOM MHAYyKIMK B 1o gpopmyne (2.6), npunss C=2,5-10° Ki/cm, R=67 Om,
$=438-10° m?, N=500.

9. [loctpoiite rpaduk 3aBucumoctu B(z).

BOIIpOCbI U 3a1aHUA TJIs1 CAMOKOHTPOJISA

1. Hapucyiite U mokaxxuTe, Kak OpUECHTUPOBAHBI JTUHUM MarHUTHOW WH-
OYKIUU TOJIA MPSMOTO TOKA, PAMKHU C TOKOM U COJICHOUA.

2. 3anmumTe 3akoH bno — CaBapa — Jlamnaca, oObscHuTE ero (pu3mde-
CKUU CMBICII.

3. Paccuwnraiite, npumenssa 3akon buo — CaBapa — Jlamaca, HHIYyKIIHIO
MarHUTHOTO MOJIS:

a) MPSIMOTO MPOBOJIHUKA C TOKOM;

0) B IIEHTPE KPYyTrOBOr'O MPOBOIHUKA C TOKOM;

B) HA OCH KpYTI'OBOI'O IIPOBOJHMKA C TOKOM;

T') Ha OCH COJICHOUA.

4. HazoBuTe eAMHUIIBI MAarHUTHOW WHIYKIUA W HANPsDKEHHOCTH Mar-
HUTHOTO 110J1s1 B cucteme CH. JlaliTe ux onpeneieHus.

5. O0OBsACHUTE METOJI U3MEPEHUSI MAarHUTHONM MHIYKIMH, TPUMEHEHHBIN
B 1abopaTopHOil paboTe.

6. JokaxxuTe, 4TO yrojl OTKJIOHEHHS OAJNTUCTUYECKOTO rajbBaHOMETpa

IMPONIOPHHUOHAIICH BCJIMYHMHE 3apsi/a, IPOTCKAOIICTO Y€PE3 HETO.
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JlaGopaTopnas padora 2-8

N3yyeHne MArHUTHOTO MOJIsE 3eMJIH

He.]'[b paﬁoTbl: HCCIICAOBAHUC IIApaMCTPOB MAI'HUTHOTO IIOJIA BCMHI/I;
O3HAKOMIJICHUC C MAarHUTOMCTPHUYCCKHUM MCTOAOM H3MCPCHHA HWHAYKIOWH Mar-
HUTHOTO II0JIA.

le/lﬁopbl H NPUHAMICKHOCTH. TAHI'CHC-TAJIbBAHOMCTP, UICTOYHHUK IIO-

CTOSAAHHOI'O HAITPSXKCHUA, IICPCKIII0OYATC]Ib, MUJLIMAMIICPMCETDP.

J1eMeHThI TCOPHUHA 1 METOA IKCIIEPUMCECHTA

MarauTtHoe noje 3emiid MOJ0OHO MOJII0 OJHOPOJHO HAMarHUYEHHOIO
mapa (puc. 2.2). KoopauHaTel MarHUTHBIX MOJIIOCOB: ceBepHOro (B HOxHOM
nostymapun) — /8° ro.u1. u 111° B.A. 1 105)kHOTO (B CeBepHOM MOyIIApUN) —
78° c.mr. m 69° 3.1. MarHuTHas OCh HaKJIOHEHA OTHOCUTEILHO TeorpaduuecKoit
Ha 11° u cmemena Ha 1140 km B cropony Tuxoro okeana. CTpyKTypa CHIIOBBIX
JWHUA MarHUTHOTO ToJisi 3emun moka3aHa Ha puc. 2.2 (NS — ock BpamieHus

3emun).
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MarHuTHbI MOJIOC U OCb CO BPEMEHEM H3MEHSIIOT CBOM IOJIOKECHUS.
JIMHUM MarHUTHOTO TOJIS BBIXOAST MPUONHU3UTENHFHO U3 LIEHTpa 3eMIH depes
HOxHoe monymmapue u, 060ruyB 3eminio, Bo3BpaliatoTcs K ee 1eHTpy yepe3 Ce-
BepHOE noJiymapue. KoOMIOHEHThI MarHUTHOTO MOJIsI 3€MJIM HAa MTOBEPXHOCTH
IJIAHEThl MEHAIOTCS B CIEAYIONIUX MpPEAeax: MOJHbIM BEKTOp MHAYKUWN Mar-
HUTHOTO ToJia Bg m3mensiercss ot +62 no —73 MkTi, ropu3oHTanbHas COCTaB-
nsromiast Br — ot 0 mo 41 mxTo.

MarauTtHoe nosie 3eMiu IPETEpIEBAET BEKOBBIE BapHalUuu (B HACTOS-
1iee Bpems 1osie ymeHblaercst npumepHo Ha 1 % kaxasie 10 net). B aeiicTu-
TEJIBHOCTH 110JIe 3eMJIM UMeeT 0oJiee CI0KHYI0 KOH(UTYpaIHio, YeM I0JIE OJ1-
HOPOJHO HAMAarHWYEHHOTO IIapa, — J00aBJISIOTCA MOJIs HEOJIHOPOIHBIX MaTe-
PUKOBBIX IUIMT, MATHATHBIE aHOMAJIMKM BEPXHEW 4aCTH 3€MHOM KOPBI (B paiioHe
Kypckoii MmarauTHON aHoManuu MHAYKUusA nosst gocturaer 200 mxTo), BHe-
36eMHbIE MarHUTHbIE NOJI1. Ha MOCTOSIHHOE MarHUTHOE MOJI€ HAKJIAaJbIBAKOTCS
Takxe 6osiee ciabeie (<0,02B) nepemennbie nomst pa3imuHon npupoasl. Paszpa-
OOTaHHON KOJMYECTBEHHOW TEOPHH M'€OMAarHUTHOTO MOJISl B HACTOSIIEe BpPeMs
He cymecTtByeT. [Ipeamonaraercs, 4To TJIaBHBIM MCTOYHUKOM II0JIS SIBJISIFOTCS
BUXPEBBIE TOKH B JKUJKOM SJIpE 3€MJIH.

HanpasiieHue CUIOBBIX JIMHUN MarHUTHOTO MOJI 3€MJIM MOXET OBbITh
YCTaHOBJICHO C ITOMOIIBI0 MArHUTHOM CTpENKU. EciM CTpenKy MOJABECHTh Ha
HUTHU TaK, YTOOBI TOYKA TOJIBECA M LIEHTP €€ TAKECTU COBIAJIalii, TO OHA yCTa-
HOBUTCS MO HAIpPABJICHHUIO KAacaTEIbHOW K CHJIOBOM JIMHUKA MAarHUTHOI'O MOJIS
3emuid. Yron o MeXAy HalpaBIICHHEM BEKTOpA MHIYKUWU B JAHHOW TOUYKE U
TOPU30HTAJIBHOM  MJIOCKOCTHIO  HA3bIBAETCS  MACHUMHLIM — HAKIOHEHUeM
(puc. 2.3, a). BepTukanbHasi MIOCKOCTh, B KOTOPOM PaCHOJIOXKHUTCS CTpeliKa,
Ha3bIBAETCS MJIOCKOCThIO MATHUTHOTO MEPUAMAHA. YTOJI 3 MEXAy MarHUTHBIM

u FeOFpa(queCKHMH MCpuInaHaMM HAa3bIBACTCA MACHUNHbIM CKJIOHEHUeM

(puc. 2.3, 0).
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MarauTHbIN

MEpPHIHAH B
Io HBO;;;;;§§%\\\\\ '
p W < >0

IJTOCKOCTb

A

MarauTHbIN
MEpHUIHaH

-
<

Puc. 2.3

3HadeHus o U B 11 JAaHHOTO MECTa C TEYEHHUEM BPEMEHU MEMJIEHHO W3-
MEHSIOTCS. BEKTOp MHIYKIIMM MAarHUTHOTO MOJIsi 3eMiId B JIFO0OM TOYKE Mpo-
CTpPAHCTBAa MOXHO PAa3J0XKUTh Ha JBE COCTABIISAIONIME: TOPU3OHTAIBHYIO Br u
BepTHKaIbHYIO By (puc. 2.3, a). YKpelieHHas Ha BEPTHKAIbHON OCH CTpeIKa
BCErJa YCTAaHABJIMBAECTCS B HAIPABICHUM TOPU30HTAJIBbHOW COCTAaBISIOLICH
MAarHUTHOTO MOJISI 3EMJIH.

Takum 00pa3oM, MarHUTHbIE HAKJIOHEHHUE 0, CKJIOHEHHE [3 U TOpPU30H-
TajabHasl COCTABIISAIONIAsE MATHUTHOTO TIOJI Br sIBISIOTCS OCHOBHBIMU TTApaMeT-
paMu MarHUTHOTO MO 3eMJid (OCHOBHBIE 3JIEMEHTBI 36MHOT'O MAarHETU3Ma).

['Opu30HTANBHYIO COCTABISIONIYI0 Br MarHUTHOrO mosist 3eMJIM MOYHO
M3MEPUTh C TIOMOUIBI0 MpuUOOpa, KOTOPBIA  HA3BIBACTCS  MAH2EHC-
eanveanomempom. OH COCTOUT U3 KAaTyIIKU (HECKOJIBKO KPYTOBBIX MPOBOJHU-
KOB, IO KOTOPBIM TE€YET TOK), PACHOJIOKEHHON BEPTUKAJIBHO B TUIOCKOCTH Mar-
HUTHOTO MepuanaHa. B 1ieHTpe KaTylIKy NOMEeIaeTcs MarHuTHas CTpeKa, Ko-
TOpasi AOJKHA UMETh pa3Mepbl MEHbIIIE, UeM JIUAMETP Karylmku. B aTom ciy-
4ae MOXHO CUMTaTh, YTO OHA HAXOJUTCS B OJHOPOJHOM MAarHUTHOM IIOJIE.

DNeKTpuyeckas cXeMa 3KCIEePUMEHTAJIbHOW YCTAHOBKHM IIOKa3aHa Ha
puc. 2.4. 3nech E — perynupyemMblii HICTOYHUK MMOCTOSTHHOTO HampsbkeHus, PA —
MUJUTHAMIIEPMETP, SA — IIepeKIoYaTellb HalpaBJIeHUs CUJIbl TOKA B KaTyIike K

TaHI'CHC-TaJIbBAHOMCETpaA.



30

PA

Puc. 2.4

[InockocTh KaTyYIIKU YCTAaHAaBJIMUBACTCA IICPIICHAUKYJIAPHO K I'OPHU30H-
TaJIbHOW TIJIOCKOCTH Tak, yTOOBI OHAa COBIIAjJa C HarpaBJICHUCM MarHuTHOM

CTPENKU. DJICKTPUUECKUAN TOK, MPOTEKAIOIIMK 110 BUTKaM KaTyIIKH, CO3/Ia€T B
€€ I[IEHTPE MAarHuTHOE TOJIE, UHAYKIHS KOTOPOro By HampasieHa NEepPIeHANKY-

JIIPHO K TOPU30HTAJIBHOW COCTABJISIIOIICH §r noJist 3emun (puc. 2.4). B pe3yib-

Tare JNEWUCTBUS CHUJI CO CTOPOHBI ABYX MArHUTHBIX TMOJIEM — MOJS KAaTyLIKU U

MAarHuTHOTO TOJIsI 3€MJIM CTPEJIKA YCTAHOBUTCS MO HAIPABICHUIO UX PE3YJib-
TUPYIOLIEH.

U3 puc. 2.4 BugHO, 4TO

By = -,

tge

3HayeHHWe MHIYKIMU Byx MarHUTHOrO MoJis B LIEHTPE KATYIIKA MOXKHO

(2.8)

HallTh Ha OcCHOBaHUU 3aKoHa buo — CaBapa — Jlamnaca:

IN
B = o5y (2.9)

rae | — cuna Toka B BUTKax KaTylku; N — 4ucI0 BUTKOB B Karymike; R — paau-

yC KaTyIlIKH.
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N3 ypaBHenuit (2.8) u (2.9) cinexyer, 4To rOpu30HTAJIbHAS COCTaBIISIIO-

mrass MaroHuTHOI'O 1moJis 3eMIIH MOJKET OBITh HaﬁHeHa N3 paBCHCTBA

_ IN
Br = —ZRtg(p' (2.10)
HanMeHbi1asg norpenHocTb Ipy ONpeieaeHu TOPU30HTAIIBHONW COCTaB-
JSAOIIE MarHUTHOTO TMOJIA 3€MJIM JUJIsl TAaHHOTO MECTa IMOJIy4aeTcsl MpU yIJie

¢ OTKIIOHEHHUs MarHUTHOM cTpenku 45  (tg45 = 1). Torma

IN
Br = o5 (2.11)

Takum O6p330M, KaTylika, I10 KOTOpOﬁ TCUYCT TOK, C MarHuTHOM CTpcCII-
KOM B LOCHTPC MOIKCT OBITH HMCIIOJIb30BaHAa AJIs1 OIIPCACIICHUA FOpH?;OHT&HBHOﬁ

COCTaBJIHI-OH_[eﬁ MardHUTHOTO MOJIs 3EMIIH.

IopsinoK BbINMOJIHEHUS PadOThI

3ananue 1

1. Cobepute 2IEKTPUIECKYIO CXEMY COTJIacHO puc. 2.4.

2. YCcTaHOBHUTE KaTyIIKy TakK, YTOOBI €€ TMJIOCKOCTh COBMAJIa C TJIOCKO-
CThIO MAarHUTHOTO MEPUAMAHA, T. €. C HAIPaBJICHUEM MarHUTHON CTPEJIKH.

3. [loBepHute nUMO (YIrJIOMEpHYIO LIKady) JO COBMEILIEHHUS HYJS C Of-
HUM U3 KOHIIOB CTPEIKH.

4, BKIIOYHTE B CETh UCTOYHHUK MTOCTOSHHOTO TOKa, IporpeiTe 3 — 5 Mu-
HYT.

5. 3aMKHHUTE 3JICKTPUYECKYIO IIEb ¢ MOMOIIBI0 TIepekirodaTens SA, 3a-
TEM yCTAaHOBUTE TOK B LIETIH TaKOW CHUJIBI |1, IPU KOTOPOM CTpEJIKa MOBEPHETCS
Ha yroj 45°.

6. I3MeHuTe HanpapiieHuEe TOKa B KATYLIKE C TOMOIIBIO IEPEKITI0YaTes
SA u cHOBa 100€eiTech OTKIOHEHHSI CTPEJIKK Ha yrod 45°, 3anuIINTe 3HaYECHUE
l,. [Ipu npaBUIbHON YCTAHOBKE KATYLIKU OTHOCHTENILHO CTpenku Toku |1 u o
JIOJIKHBI OBITH PABHBI.

Pe3ynbTaThl ©3MEepeHUN 3aHECUTE B TaOJIHILY.
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I, MA lo, MA <|>,MA

7. 3mepenus no mii. 5 1 6 TOBTOPUTE HECKOJIBKO pas3.

8. Beiuncnute 3HaYeHHE TOPU3OHTAIIBHON COCTaBIAIONICH WMHIYKIUU
noJist 3emum Br, ucnons3ys paBeHcTBo (2.11). Paagmyc R xarymku u kosmde-
cTBO N BUTKOB J1aHBI HAa YCTaHOBKE.

9. OueHuTe MOrpeurHoCTh U3MEPEHUS] TOPU30OHTAJIBHONW COCTABIIAIOIIEH

MAardyuTHOTO I10JII 3eMJIH.

3aganue 2

[TockonmpKy KaTyIIKy TaHTEHC-TaJbBAaHOMETpa TPYAHO TOYHO YCTaHO-
BUTh B HAMNPABJICHUU CEBEP-IOT, MOKHO MTPOU3BOJIUTH M3MepeHue Br 6e3 nmpen-
BapUTEJIbHOW OPUEHTHUPOBKU KaTYyILIKH, OTMEUasl YIJIbl IOBOPOTA CTPEIKU (@1 U
(2 OT HAYAJIBHOTO MOJIOKEHUS 1Ji1 000MX HAINpaBJIE€HUN TOKa OIpeaesIeHHON
BEJIMUYMHBI B KaTyLIKE.

CornacHo Teopeme CHHYCOB (cM. puc. 2.4),

B B B B
il S ke _Pr (2.12)
sing,; siny, sing, siny,

rae Bki u Bxz — MHIYKIMS MOJSE KATYIIKA TP Pa3IMYHBIX HANPaBJICHUSIX TOKA

B HEW.
Taxxe
Bx1 = Bz, (2.13)
Y1tY2 + @11@Q; =T (2.14)
W13 ypaBuenntii (2.12) — (2.14) cnenyer, 4ro
B IN sin(@, + @,) 2.15)

r=Hosp,
°2R Jsin2@q + sin@, — 2sin@,sing,cos(@; + @)



33

1. YcTaHoBuTE KaTyliKy Tak, YTOObI €€ TUIOCKOCTh HE COBIajiaja C Iioc-
KOCTBEO MArHUTHOTO MEPUIMAHA.

2. [Iponyctute no katymike Tok |, u3mMepbTe yroi @1 OTKIOHEHUS Mar-
HUTHOW CTPEJIKHU.

3. I3menuTe HampaBiIeHUE TOKA Ha MPOTUBOTMOJIOKHOE U U3MEPHTE yTOJ

¢2.

Pe3ynbraThl ©3MEepeHUI 3aHECUTE B TaOJHILY.

No o

I, MA 01, 02,

4. TlpousBeauTe M3MEPEHUsS YIIIOB (1 M (2 TIPU PA3IMYHBIX 3HAYCHUSX
CHUJIBI TOKA | B II€NU KaTYIIKH.
5. Paccuwuraiite Br no gopmyne (2.15) mist pasnudHbIX TOKOB M HAHAWTE

€C CPCAHCC 3HAYUCHHUC.

BOHpOCLI H 3a/1aHUA TJIs1 CAMOKOHTPOJIA

1. Ha3oBuTe 0CHOBHBIE TapaMeTPhbl 3eMHOT'O MarHeTU3Ma.

2. Kaxk popmynupyercs 3akon bro — CaBapa — Jlamumaca?

3. TMomyuwnte dopmyny s pacdeTa WHIYKIIMA MarHATHOTO TIIOJS B
LIEHTPE KPYrOBOr'0 TOKA.

4. Tlouemy u3MepeHUs TOPU3OHTAIBLHON COCTABJISAIONICH UHAYKIIUU T10-

7151 3eMJIA HYKHO TIPOBOJIUTD TIPU YTJI€ OTKIIOHEHUS CTPEIIKH, paBHOM 45°7
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JlaGopaTopnas padora 2-9
OnpenesieHne yeJabHOr0 3apsaaa 3JIeKTPOHA METOA0M

MAarHeTpoHa

Heab padoThl: M3yyeHHUE 0COOEHHOCTEH BUKEHUS 3apsKCHHBIX YaCTHUIL
(37IEKTPOHOB) B CKPELIEHHBIX 3JEKTPUUYECKOM M MAarHUTHOM MOJSAX U ONpene-
JICHHUE YJICJIbHOTO 3apsijia /M 3JIeKTpOoHa.

IIpubopbl M NMPUHALIEKHOCTH: YCTAHOBKA JUJISL ONIPEACIICHUS YIEIbHO-
ro 3apsja 3JEKTPOHA, COCTOSIAs U3 UCTOYHUKA MUTaHUs, MATHETPOHA U MUJI-

JIMaMIICPMCTpPa.

MeTtoa IKCIIEPUMEHTA

Macnemponom Ha3bIBAIOT JIBYXAJIEKTPOAHYIO IEKTPOHHYIO JIaMIly (ZIx-
0]1), B KOTOPOM 3JIEKTPOHBI, BBUICTAIONIME U3 KaTOJa MPHU €ro HarpeBaHUH, B
pe3ysbTaTe TEPMOIMUCCUU, HAPSALY C DJIEKTPUYECKUM II0JIEM, IIOJIBEPIrarOTCs
BO3/JICHCTBUIO BHEITHETO MarHUTHOTO MOJIS.

B nanHOil paboTe HCMONB3yeTCs AHMOJ CIEHHATBHONM KOHCTPYKIIHH,
ANEKTPOJbl KOTOPOr0, aHOJ M KaTOJ, U3TOTOBJIEHBI B BUJE JBYX COOCHBIX (KO-

aKCUAIIbHBIX ) IIMIIMHAPOB (puc. 2.5).

AHOIT Conenoup
0/0/0/0/0/0/0/0/0{0/0/0/0/0/0;
- Karox
v —
v\ B .
0 | —> [ F
o \
]
! /
PRXRXPXXXXXRXRXRXXRR

Puc. 2.5
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BHemHee MarHuTHoOE IOJIE CO34aCTCA COJICHOHMAOM. I[I/IOI[ Pa3sMCIICH

BHYTPU HCTO TaK, YTO OCHM KaTOJda M aHOJAd COBIIaJar0OT C OCbIO COJICHOHIA.

-

BekTop HanmpsKeHHOCTH 3JIEKTPUUECKOro Mmojis E HampaBiieH mo paguycy ot

-

aHoja K KaToJly, a BEKTOP MarHUTHON MHIAYKIIMK B — mapaienbHo ux oOIiei

— -
ocu OX. Takum 00pa3om, BEKTOpsI E 1 B B3aMMHO NEPIEHANKYIISIPHBI.

Puc. 2.6

PaccMOTpuM CcHavasla KaueCTBEHHO XapaKTep JABHUKEHUS 3JIEKTPOHOB B
JamIax Takol KOHCTPYKUMHU B 3aBUCHUMOCTU OT BETUYMHBI UHAYKIIUM MarHUT-
HOTO TOJI NPU INOCTOSHHOM IOTEHIMAJEe aHOJAa W IOCTOSSHHOM CHJIE TOKa
HaKaJla KaToJa B MPEAMOJI0KEHUH, YTO JIEKTPOHBI IOKUIAOT KaTO/ C HYJEBON
HayaJlbHOW CKOpPOCTHhIO. OUEBUAHO, YTO MPU OTCYTCTBUM MArHUTHOTO IOJIS
(B = 0) 271eKTpOHBI, UCITyCKAEMbIC KATOJIOM, IOJ JCHCTBUEM 3JICKTPUUECKOTO
noJisi OyAyT ABUTATHCA OT KaToja K aHOAy MPSAMOJMHENWHO (puc. 2.6) u B aHO-
HOM 1€y BO3HUKHET HEKOTOPBIM TOK, CHJIa KOTOPOrO 3aBUCHT OT aHOJHOTO
HaIpsHKEHUS U CUJIbI TOKA HaKalla (TeMIIepaTyphl) KaToaa.

Ecnu tenepb, He U3MeHsA MOTEHLMAIa aHO/A U CHJIBI TOKA Hakala, co-
3/1aTh HEOOJIBIIOE MATHUTHOE T0JIe, IEPIEHIUKYIISIPHOE K TUIOCKOCTH YepTexa,
TO BCIIEJICTBUE ACUCTBUS CWibl JIOpeHIa TPaeKTOPUM 3IEKTPOHOB UCKPHUBIIS-
I0TCSI, HO TMO-TIPEKHEMY BCE€ 3JIEKTPOHBI JOCTUTHYT aHOJA M B aHOJHOM Iienu
OyZeT MpoTeKaTh TOK TaKOW € CHJIbL, KaK U B OTCYTCTBHUE MAarHUTHOTO MOJIS.

[To mepe yBenuueHuss UHAYKIIMM MarHUTHOTO MOJsi B TpaeKTOPHUH 3IEKTPOHOB
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OyIlyT UCKPHUBIATHCA Bce Oouibllie W OOJbIIE U MPU HEKOTOPOM 3HAYCHUU
B = By, Ha3pIBa€MOM Kpumuueckum, 31EKTPOHbI HAYHYT IIPOCKAIb3bIBATHY Yy
MOBEPXHOCTH AHOJIA W NP JAJIBHEUIIEM CBOEM JABMIKEHHHM BO3BpAIATHCS HA
karo. Takum oOpazoM, npu B = B, cujia aHOZHOTO TOKa PE3KO YMEHBIIUTCS
1o Hyis. [Ipy nanpHeWeM yBeTHYeHUN UHAYKIIMA MarHUTHOTO 10 (B > By)
TPACKTOPUU AJIEKTPOHOB OYAYT UCKPHUBJIISATHCS €lle OOJbIIE U, CIE0BATENIbHO,

AQHOJIHBIN TOK OYJIET OCTaBaThCs PaBHBIM HYIIIO.
A
I a Ua 1 </Ua2< Ua3

B (1:)

3aBUCUMOCTh CHJIBI @HOJHOTO TOKa |, OT BeMMYMHBI MHAYKIMH B Mar-
HUTHOTO TTOJISI TIPY TTIOCTOSTHHOM aHOJTHOM HamnpsbkeHuH U, U MMOCTOSITHHOM CHIe
TOKa Hakajla KaTroja Ha3bIBACTCS COPOCOBOU XapaKkmepucmukol MarHeTpoHa.
Ha puc. 2.7 noka3anbl cOpOCOBBIE XapaKTEPUCTUKH MarHeTpOHA JIJIS TPEX pas-
JUYHBIX 3HAYEHUW aHOJHOTO HampsbKeHus. BuaHo, uTo kaxkaomy 3HaueHnio U,
COOTBETCTBYET OJIHO, BIOJIHE OINPEIETIEHHOE 3HaUeHUe By, T.€. By sBIsETCS He-
KoTopoit (pyHkIMel U, mpudeM ¢ yBEIMYCHHEM aHOJIHOTO HANPSDKCHHUS YBE-
JTUYUBACTCS U KPUTUICCKOE 3HAYCHUE UHIYKITUH.

Pe3kuii (BepTHKaIbHBIN) COpOC aHOAHOTO TOKA NMpu B = By (IITpUXOBHIS
JUHUMU) CIPABEJIUB JIMIIb B MPEAMOJI0KEHUN, YTO BCE AJICKTPOHBI MOKUIAIOT
aHOJI CO CKOPOCTSIMHU, paBHBIMU HYJI0. Ha camom niene aneKkTpoHbl, UCITyCKae-
MbIE€ TEPMOKATOJO0M, UMEIOT pa3JudyHbie HadYaJIbHBIE CKOPOCTH (pa3dpoc To
ckopoctsaMm). Kpome Toro, Hen3OEKHbI HEKOTOpas aCUMMETPHS AJIEKTPOJOB

(aﬂoz[a )41 KaTOI[a), HapymeHnue ux COOCHOCTH C MAarHMTHBIM IIOJIEM M T.[. Bce
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3TH NPUYMHBI IPUBOAAT K TOMY, UYTO PE3KHUX COPOCOBBIX XapaKTEPUCTUK HE
MOJIy4aeTCsl U OHM NMPUHUMAIOT BUJ| CIUIOIIHBIX KpUBBIX. OTHAKO CHaabl ATHUX
KPUBBIX IIpH B =~ B, OCTalOTCs JOBOJBHO PE3KUMHU U MOTYT OBITh MCIIOJIb30Ba-
HBI JUI1 U3MEPEHHUs YIEIBHOIO 3apsa JIEKTPOHa.

OYHKIMOHAIBHYIO 3aBUCUMOCTb By 0T Uy MOXHO MOJYyYHUTh Ha OCHOBE

CICAYIONIUX pacCcykaeHuil. Ha 31eKTpoH, NBWXKYIIMICS B MarHUTHOM IIOJIe,
nericteyet cuia Jlopenia F=e [17, §] Ecnu marauTHOE Mojie OJTHOPOJHO U
CKOPOCTh U NMEPHEHIUKYISIPHA K BEKTOPY B, To cuna JlopeHniia cooOmmaer 3JieK-
TPOHY MOCTOSIHHOE HOPMAJIbHOE YCKOPEHHUE U AJIEKTPOH ABUKETCS IO OKPYK-

HOCTHU painyCoM RB IINTOCKOCTH, HepHGH,Z[HKYJIHpHOI;’I K CHUJIOBBIM JIMHUSAM HMH-

AYKOUHU MArHUTHOI'O IIOJIA. PaI[I/IYC ATOM OKPYKHOCTH MOKHO HAWUTHU U3 YCJ10-

BUSI
muv?
— = evB, (216)
OTKyJa
v
( e ) B (2.17)
m

rie /M — yaenbHbIN 3apsi/] 3JCKTPOHA.

B MMPOCTPAHCTBE MCKAY KAaTOAOM M aHOJAOM B MArHCTPOHC HAIIPSIKCH-
HOCTb 3JICKTPUUYECKOTO MoJisl E Takas ke, Kak U B LIUJIMHAPUYECKOM KOHJIeHCa-
TOpeE:!

E = L . 1
In (ra) r (2.18)

rK
rae U, — pa3HOCTh MOTEHIIUATIOB MEXKTY KaTOJOM U aHOJOM, Iy — paJinyC aHO/a,
I« — paauyc KaToa, I' — pacCTOsSTHUE OT OCH KaToa JI0 UCCIIeIyeMOoi 001acTH.
B marneTpoHe paauyc karona Iy MHOTO MEHbIIE paauyca aHoma Iy [Ipu
ycioBun 1, << 1, U3 opmyisl (2.18) creayer, 4TO HANPSHKEHHOCTH DJICKTPH-

yeckoro noiig E, MmakcumalibHast y Katoaa, ¢ yBeIMYEHUEM I ObICTPO yObIBaeT



38

1o HyJisi. [ToaToMy OCHOBHOE M3MeHEHUE (IIpHUpalleHre) CKOPOCTH AJIEKTPOHOB
MPOUCXOIUT BOJMU3U KaToAa, U MPH JajbHEeHIIeM IBUKEHUH UX CKOPOCTH Oy-
JIET U3MEHSThCS He3HAYUTENbHO. [[puONIMKeHHO MOKHO CUMUTATh, YTO B 3TOM
CJy4dae 3JIEKTPOHBI ABMKYTCS B MAarHUTHOM IIOJIE€ C TIOCTOSIHHOM MO BEJIMYUHE
CKOPOCTBIO U, CIIEOBATEIbHO, UX TPACKTOPUU OyAyT OJU3KU K OKPY>KHOCTH.
[Ipenmnonaras, 4To TpaeKTOPUHU IJICKTPOHOB NIpU B = By MpeACTaBIAIOT COOOMH
OKPYXHOCTb, Payc KOTOpoil R = 1, /2, ucnonn3ys cootHouieHue (2.17), mo-

Jy4aeMm
2v
By = 7oy (2.19)
m)Ta
N -
Tak Kak MarHUTHOE 10Ji€ padOThl HE COBEPILIAET (v 1F ), TO U3MEHEHHUE

KHHETUYECKOMN OHCPIUHU JJICKTPOHA IIPH €TI0 IBMKCHHH OT KATOJd4d K aHOAY 6y-

ACT paBHO pa60Te CUII JJICKTPHUYCCKOI'O IT0JIA, T. €.

muv?

2

BosBoas Beipakenue (2.19) B kBajapar, yuntsiBas paBeHcTBo (2.20), mo-

= el,. (2.20)

Jy4daem

, 8,
B¢ = W (2.21)

m a
dopmyna (2.21) nmo3BOIAET BBIYUCIUTE €/M, €CM MpU 3aJJaHHOM aHOJI-
HOM HarpsikeHuu U, HaiiJIeHO Takoe 3HaueHWe MHAYKIIMM MarHUTHOTO 1osist B
(nm, HAOOOPOT, MpH 3aaHHOM B Takoe 3HaueHue U,), mpu KOTOPOM 3JIEKTPO-

HBI IICPCCTAIOT II0IIaJaTh HA aHOM.

Onucanue IKCIEPUMEHTAJIbHON YCTAHOBKH

CxeMa sKCniepyUMEHTaIbHONM YCTAaHOBKM TMOKa3aHa Ha puc. 2.8, a. Ycra-
HOBKa COCTOMT M3 JBYX MoOAyJei: mcroyHuka nuranus MII m marmerpona
®OI13-03. Moayns UIT oObenuusieT B cebe MCTOYHUK aHOJAHOTO HAIPSIKEHMUS,

HMCTOYHHK HAIIPsXKCHUA HaKalla KaToJda U KICTOYHUK TOKa COJICHOUA.
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MOAYIb UM
Vv © O CcEm
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©
A ©0 00
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JIns u3MepeHnsi aHOJHOTO TOKA MCHOJIb3YETCSI BHEIIHU MHOTOIIPEIEIb-
HBI MUJUIMaMIiepMeTp (Ha pUCYHKE HE MOKa3aH), MOJKIIYaeMbIi K KiieMMaM
«PAy» Ha nuneBoit nanenu Moyt @I13-03. J{s s7eKTpruiecKoro CoeTMHEHUS
MOZYJIE Ha MX 3aJHUX CTEHKAaxX PacIOJIOKEHBI CIIEIMANbHBIE Pa3bEMBI, K KO-
TOPBIM MOJIKIIOUYEH COCAUHUTEIbHBIA KaOEb.

DNeKTpuYecKas cxema yCTaHOBKHM MOKa3zaHa Ha puc. 2.8, 0 (oHa Takxke
M300pakeHa B YNPOIIESHHOM BHJIE Ha JIMIeBOH maHean Moayins PI12-03). Tlo-
cJie BKJIIOYEHHUS YCTAaHOBKU B CETh Ha KaToja auoja V1 mopaercs HampsbKeHUE
Hakana ~6,3 B, B pe3yibpTare 4yero Katoj pa3orpeBaeTcs U HAUMHAET UCITYCKaTh
anekTpoHsl. Hanpsiokenue U,, TPUIIOKEHHOE MEXITY KaTOJIOM U aHOJIOM, PETy-
aupyercs pyukoi P2 (puc. 2.8, a) B iuanazone 12 — 120 B u usmepsiercs BoJb-
T™eTpoM. Cuiia aHoJHOTO ToKa |, u3mMepsieTcs BHENTHUM MUJIITUAMIIEPMETPOM,
BKJIIOUEHHBIM B aHOJHYIO 11enb auoAa. K oOMoTke coneronna L1 mpukianbiBa-
€TCs IOCTOSIHHOE HANPSDKEHUE, B PE3yJIbTaTe Yero B €€ 1M BO3HUKAeT ToK I,
CHJIa KOTOPOro peryaupyercs pyukoi Pl u usmepsierca amnepmerpom. MuHu-
MaJibHO€ 3HAYEHHE CUJIbI TOKA COJICHOMJA cOcTaBiisieT mpuMepHo 0,5 A, mak-

cuMajbHOe — 4yTh Oosiee 1 A.

IHoaroroBka ycTaHOBKH K padoTte

1. YcranoBute pyuku peryaupoBok Pl u P2 na monyne UII B kpaitnee
JIEBOE TMOJIOKEHUE, YTO COOTBETCTBYET MUHUMAIbHBIM 3HauYeHUSIM lc u U,.
Tymbnep «KKOHTPOJIb TOKA» yctaHoBuTe B nosioxeHue «5 — 25 By.

2. YcraHoBuTE NEpEeKIIOYATENb Mpelesia IMIKalbl MUUIHaMIepMeTpa
AQHOJHOTO TOKa B TOJIOKEHHE «7,5 MA», a MepeKIroyaTeIb MHOXKUTENS IIIKa-
JIbI — B MOJIOKEHUE «X 1».

3. BkirounTe 3KCIepUMEHTAIbHY0 yCTaHOBKY KHONKON «CETb» Ha nu-
1[EBOM MMaHEJIM UCTOUYHUKA MTUTAHMUS.

4. Tlocne 2 — 3-MUHYTHOTO TIporpeBa ¢ nmomoibio pydek P1 u P2 mpo-

BEPBTC, PETYJIUPYIOTCS JIK CHJIa TOKA COJICHONIAa U aHOJHOC HAIIPSAXKCHUC.
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5. YcraHoBuTe aHOAHOE HanpsbkeHue nopsaka S0 B u, miaBHO yBenn4u-
Bas CUJIy TOKa COJICHOMIa, yOeIuTeCh B TOM, YTO CHJIa aHOJIHOTO TOKa CHauaja
NPAKTUYECKN HE U3MEHSETCS, HO MPH JAIBHENIIEM YBEIIMUYEHUH CUJIBI TOKA CO-
JIEHOMJIa HACTYMAET MOMEHT, KOTJla OHA PE3KO YMEHBIIAETCA U MAJacT MOYTH

710 HyJIS.

IMopsaok BeINOJTHEHUSI padOTHI

1. U3meppTe COpPOCOBYIO XapaKTEpUCTUKYy MAarHeTpOHA. YCTaHOBUTE
anoaHoe Hamnpspbkenue U, = 50 B u, yBenumuuBas cuiay Toka cojieHousa lc B UH-
tepBaiie 0,5 — 1 A c marom 0,1 A, u3MepsiiTe CHITy aHOJTHOTO TOKa lj.

Buumanue! He ycranaBimBaiTe Ha JUIMTENBHOE BPEMS MAKCUMAJIbHOE
3Ha4YE€HHE CWJIbI TOKa cosieHonaa lc = 1 A — 3TO MOXET NMPUBECTH K BBIXOIY
YCTAHOBKH U3 CTPOS.

2. H3Mepbre CcOpOCOBBIE XapaKTEPUCTHKH €IIe JJId JBYX aHOJHBIX

Hanpspkenuit U, B untepBane 50 — 80 B. Pe3ynbrarsl usmepeHuil 3anecure B

TalIuILy.
No U.=50B Uz = U, =
o/m | A la, MA le, A la, MA le, A la, MA
1 0,5
2 0,6
3 0,7

3. HMcnonb3yiTe MOIYyYECHHBIE PE3YyJIbTaThl JIJIsi MOCTPOEHUS CEMENCTBA
cOpocoBbix xapakTepuctuk I, = f(I.).

4. Tlo rpaduky mua xkaxmaoro 3HadeHuss U, ompenenutre KpUTUYECKOE
3HAYCHHE CHJIBI TOKa cosieHouAa | s Haxoxaenus |l mpoBenuTe KacaTelb-
HYIO B TOUKE Tiepernda cOpocoBOi XapaKTEpUCTUKU U MPOJOJDKHUTE €€ 10 B3a-
UMHOTO TTEPECEUCHHSI C TIPSMOM, COOTBETCTBYIONIECH MUHIUMAIBHBIM HU3MEHEHU-
M aHOJHOTO ToKa |, (puc. 2.9). Mckomyro cuty Toka | HaliuTe kak abCIuccy

TOYKH IIEPCCCUCHUA IBYX IIPAMBIX.
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I 4 5. Jlna nHaiineHHbIX 3HaueHMH |l pac-
CUMTANTE KPUTUUYCCKHUE 3HAYCHUS WHIYKIIHH
MarHUTHOTO TIOJS By, WUCIONB3ys 3MIHpUYC-
ckyto popmyiry

B, =9,38-1073I,.

6. Iloctpoiite Tpaduk 3aBHCUMOCTH

! BZ = f(U,). HaHecuTe TOUYKHM Ha KOOPIHHAT-

\ 4

0 Iy /. HYyI IUIOCKOCTb M TIPOBEIUTE «HAMIYYIIyIO

Puc. 2.9 OpSIMyI0» — TpSIMyl0, TPOXOIANIYI0 Ha

HAaUMEHBIIIEM PACCTOSHUH OT OOJBIITMHCTBA

touek. [1o yriaoBoMy K03 PHUIIMEHTY TTOTyUYESHHOW MPSMOH, HCIIONB3Ys GopMy-

ay (2.21), onpenenure yaenbHbBIN 3apsaa €/m snektpoHa. Pamuyc aHoma ra=6
MM.

7. OnieHUTE MOTPEUIHOCTh PE3YJIbTaTa U3MEPEHHUI.

BOHpOCI)I H 3a/1aHUA 1JId CAMOKOHTPOJIA

1. Kakue cwibl JOEWCTBYIOT Ha DJIGKTPOH B MarHeTpoHe? VYKaxuTe
HaIlpaBJICHUE 3TUX CHJL

2. W3o06pa3uTe TpaeKTOPHUIO IBIKEHUS DJIEKTPOHA B OJTHOPOJHOM Mar-
HUTHOM IIOJIE€ B JBYX ClIy4asix: a) BEKTOp HayaJbHOM CKOPOCTH JJIEKTPOHA
HampaBJICH TEPHEHIUKYJISIPHO K BEKTOPY HWHIAYKIUM MArHUTHOTO TIOJIS;
0) BEKTOp Ha4aJIbHOM CKOPOCTU AJIEKTPOHA HANpPaBJIEH IMOJ OCTPBIM YIJOM K
BEKTOPY MHIYKIIMM MAarHUTHOTO TOJIS.

3. OObBsicCHUTE YCTPOMCTBO M MPUHIIMI ACHUCTBUS MarHeTpoHa. J1jig gyero
MIPUMEHSIETCS MAarHETPOH B SJIEKTPOHHOW TEXHUKE?

4. UYto mpeAcTaBsiIOT cO00M COpPOCOBBIE XapaKTEPUCTUKU MarHeTpoHa?
Kaxk mo Bugy 3TUX KPUBBIX OIIEHUTH MPABUIBHOCTh PACIIOIOKEHUS JIEKTPOIOB
B JIAMII€ U JIAMIIBI B COJIEHOU/1e?

5. Kak mMarnutHoe noJie 3emiu BIMSIET HA TOYHOCTh U3MepeHuii? B ka-
KHUX CIy4asx 3THM BJIUSTHHUEM MOKHO TIpeHeOpednh?

6. OnummTe Apyrue M3BECTHBIE METOJbl ONpPENETICHUsl yAEIbHOIO 3a-

pslla BIEKTPOHA. B ueM cocToAT NX MpeuMyliecTBa U HEAOCTATKA?
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JlabopaTopnas padora 2-13
N3ydyeHre MATHUTHOIO I0JISI COJIEHOU/IA C TOMOIIbIO JaTYMKA

XoJ171a

Ieap padoThI: 0O3HAKOMIJIEHHUE C OJHUM U3 METOAOB IOJYy4YEHHUs Mar-
HUTHOTO I0JII B MPOCTPAHCTBE C MOMOILBIO MPSIMOWA KaTyIIKU C TOKOM (CO-
J€HOU/a), HIKCIEPUMEHTAIBHOE OINpEeIeHUE 3HAYEHU MAarHUTHON MHAYK-
[IUU HA OCU COJICHOUJA.

IIpubGopbl ¥ NPUHALIEKHOCTH: Y4YeOHBIN 7a0OpATOPHBIA CTEH]

ODJI-3.

JJ1IeMeHTbI TCOPHUHA 1 METOA IKCIIEPUMEHTA

JInsl SKCIEPUMEHTATBHOTO W3MEPEHUS BEIMYMHBI MAarHUTHOTO TOJS Ha
OCH COJICHOMJIa B JAHHOW pabOTe MCMOJIb3YIOTCS NAaTYMKKA XOJUIa, Pacroio-
YKEHHBIC BHYTPH COJIEHOMJA Ha €ro ocH. SBneHue Xoiua 3aKII04acTcs B BO3-
HUKHOBEHUH PAa3HOCTH MOTEHUIMAJIOB MPU MPOTEKAHUU MOCTOSHHOTO 3JEKTPHU-
YECKOTO TOKa 4epe3 MPOBOSAIIYIO IUIACTUHKY, MOMEMICHHYI) B IMOCTOSIHHOE
MAarHuTHOE TOoJie, TEPIEHIUKYJIIPHOE K TUIOCKOCTH TJIACTUHKYU U HAIMPABJICHUIO
Ttoka. [Ipocretimas Teopust agdexra Xosmia 0ObSICHSIET MOSBICHUE PAa3HOCTH
MOTEHIMAJIOB B3aMMO/JICMICTBUEM HOCUTEJIEH TOKAa C MAarHUTHBIM MoJieM. B oT-
CYTCTBHE BHEIIIHETO MarHUTHOTO IMOJIA B MPOBOJHKMKE (METauIe) MO JCHCTBHU-

CM IMIOCTOAHHOTI'O 3JICKTPUYCCKOI'O IIOJIA UMCCT MCCTO HAIIPABJICHHOC IBHKCHHC

3apsA10B ( cOo CKOpocThio U (puc. 2.10).
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HpI/I HaJ0KEHUU MarHUTHOTO Iojii B Ha 3apsAabl HeﬁCTByeT cuna Jlo-
-
pCHIIa FH’ moJa ACUCTBUCM KOTOPOH YAaCTHIbI OTKJIOHAKTCS B HAIIPABJICHHH,

-
IEPIEHIUKYIAPHOM K BeKTOpaM U M B. B pesyinbrare mpoCTpaHCTBEHHOIO

pa3/iesieHusl HOCUTENEH 3apsiia B IPOBOIHUKE BO3SHUKAET MEPIEHAUKYJIISIPHOE K
-
HAIIPABJICHUIO TOKA IEKTPUYECKOE MoJie X0JIIa HaNPsKEHHOCThIO Ey. B cBOIO

ouepensb nojue Xoia ACUCTBYET Ha 3apsAlbl C CUIION ﬁa, YPaBHOBELINBAIOIIEH
cuiny Jlopenna. B ycioBusax paBHOBecus
qEy = qVuB.
OTkyza X0JUTOBCKasi pa3HOCTh IIOTEHIIMAJIOB paBHA
Uy = Eyb = vBD.

[lpuHuMas BO BHUMAaHHE CBS3b IUIOTHOCTH TOKa | CO CKOPOCTBIO VU
HaIIpaBJICHHOTO JBWKECHUSA U KOHILICHTpALIMEH N HOCUTENIEW 3apsaa j = env,
[IOJIy4acM OKOHYATEJIbHOE BBIPAKEHUE I XOJUIOBCKOM Pa3HOCTU IOTEHIIMA-
JIOB:

J IB
Uy =—Bb =Ry —. 2.22
H™ en " a (2.22)

B stom BeIpaxenuu Ry = 1/(en) — nocrosHaas Xomna; I = jab — cuna
TOKa, POTEKAOIIIETO Uepe3 JaTuuK; @ u b — momepeynsie pa3Mepsl JaT4yuKa.

N3 Beipaxkenus (2.22) Bunno, uro Uy mpornopiioHagbHa BETUYUHE CO-
3/1aBa€MOT0 MarHWTHOTro MoJjs B (B HameMm ciydyae — MarHUTHOTO TOJISL CoJie-
Homna). TakuM 00Opa3oM, M3MEPUB XOJUIOBCKYIO PAa3HOCTh MOTECHIIMATIOB, MPH
M3BECTHBIX 3HAUEHUSX MOCTOSAHHON XOJula, CHIIbI TOKa U pa3MEpoB JaTuHKa

MOXXHO OIIPEACIUTh BEJIMYMHY MHAYKIIUU MAarHATHOTO I10JI .

p = 2n® 2.23

Onucanue IKCIIEPUMEHTAJIbHON YCTAHOBKH

HpI/IHI_II/IHI/IaJ'IBHaSI QJICKTPHUYCCKasd CXEMa BKCHepHMeHTaHBHOﬁ YCTaHOB-

KM 1oka3aHa Ha puc. 2.11. Mccnenyemslit conenoun L npeacrasnsier codoil co-
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BOKYIHOCTb OOJIBILIOTO KOJIMYECTBA BUTKOB MEIHOTO MPOBOJA, OIM3KO pacro-
JIO’)KEHHBIX Ha HENpoBoJsAuleM Kapkace. COJICHOU] MUTAETCS OT PETYIHPYEMO-
ro UCTOYHHMKA MOCTOSIHHOIO HampsbkeHus Ei. Bronb ocu cosnenounna pacnosno-
’KEHA IUIACTHHA C YKPEIUICHHBIMUA Ha HEW 4epe3 KaXIblid CAaHTUMETpP JaTdhKa-
Mu Xoia. Yepes kaxaplid AaTyuk H mpormyckaeTcsi MOCTOSHHBIA TOK CUIIOW
HECKOJIbKO MWJIJIMaMIlep OT UCTOYHMKa E,. XosuloBckas pasHOCTh MOTEHIMA-

10B Uy n3mepsercst BOJIbTMETPOM.

T

® ® ok (e O®
&

Puc. 2.11

[TocnenoBarenbHOE MEPEKITIOYCHNE NATYUKOB OCYIIECTBISIETCS HaXKaTH-
eM kHOTOK «JIATUUKWN» na nmuneBoit nanenu 6moxka ®IJI-3. [ miaBHOTO
M3MEHEHHs Toka cosneHonnaa cinykut pyuka «TOK KATVYIIKW». Tecmamerp,
coOpaHHBIM Ha OCHOBE BBICOKOUYBCTBUTEIHHOTO JaTunka XoJjla, MPUMEHSE-
MBI B 3TOH paboTe, MO3BOJIAECT OMPENCTUTh WHIYKIIMIO MAarHUTHOTO TIOJIS C
TouHoCcThIO 10 + 0,03 MTn. Tekymiee 3Ha4eHHE CHIIBI TOKA COJICHOWIA, TIOJIO-
KEHUe JaTyrka XoJula U MHIYKIUS MarHUTHOTO ToJis BeiBoAsATCs Ha JKK mwc-

IJIEN.

IHopsinok BbINOJIHEeHHs PadOThI

1. BKJIIOYUTh YCTAHOBKY B C€Th HampsbkeHueM ~220 B, mpu 3ToM J10J1K-
HBI 3arOpeThCs CUTHANIbHAS Jlamna ¥ noacserka JKK nucruies.
2. Yepe3 2 — 3 MUHYTHI MOCJIE BKIOYEHHUS! YCTAaHOBUTH pyukoirl « TOK

KATVYIIKW» oxHo n3 3Ha4eHUN cyibl TOKa B auarasone oT 0 1o 3 A.
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3. Ilepexmtouast HaxxatueM KHOMOK «JJATUHUKW» natumku Xosa, pac-
IIOJIOKEHHBIE HA OCHU COJIEHOUAA yepe3 | cM, H3MEepPUTh 3aBUCUMOCTb HHIYKIIHH
B MarHuTHOTO MOJISA CONEHOUAA OT KOOPAUHATHI Z, OTCUUTBHIBAEMOI OT JIEBOTO
Kpasl KaTyIIKd. 3HAYeHUs MHAYKIMM MarHUTHOTO IoJisl, BbiBeAeHHbIEe Ha JKK
aucIiee, MOryT u3MeHsAThes B npenenax + 0,03 MTn oTHOCUTENbHO CpeaHETro
3HaueHus. B Tabnuiy criemyer 3amMchiBaTh CpefHee 3HaueHWe WHAyKuuu B,
OIPEIEICHHOE 3a HEKOTOPBINA TPOMEKYTOK BPEMEHU.

I=... A
Z,cM 0 1 2 3 18
B, MTn
B,, MTn

4. I[JI?I KaXXa0ro moJIOKECHHU JaTYUKa Z IIPOBECTU TeOpeTI/ILIeCKHﬁ pacucT

UHAYKIHH B, MarauTHOTO 1018, Kak [cm. puc. 1.10, dopmysst (1.35), (1.36)]

woIN
B, = 5] (cosay — cosay),
rie
_ L—z _ z
R o e

Jmuna comenouga L=0,18 M, komudecTtBo BuTkoB N=550, cpennuii pa-
nuyc HamoTkH BUTKOB R=0,025 wm.

5. [TocTpouTth TeopeTHueckuii rpaduk 3aBucuMocTh B,(zZ) ¢ HaHeCEHHBI-
MU Ha HETO M3MEPEHHBIMH 3HAYCHUSMU UHIYKINUHU B.

6. [ToTopuTh M. 2-5 a1 ABYX APYruX 3HAUYCHUN CHIIBI TOKA COJICHOM-
1.

7. ITo okoH4YaHUM PaOOTHI BHIKIIOYUTH YCTAHOBKY U3 CETH.

BOHpOCbI H 3a/1aHUA Ui CAMOKOHTPOJIA

1. HazoBuTe mapaMeTphl, ¢ MOMOIIBI0 KOTOPBIX MOYHO OIKCaTh Mar-

HHUTHOC IIOJIC.
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2. 300pa3ute MarHUTHBIC CHJIOBBIC JIMHHUU JIJISI TIPSIMOTO O€CKOHEYHOTO
MIPOBOHHUKA C TOKOM, PAMKHU C TOKOM M COJICHOU/IA.

3. Chopmynupyiite 3akoH bro — Capapa — Jlamaca. OObsICHHUTE, Kak,
MOJTB3YSICh TUM 3aKOHOM, MOXXHO OTIPEICTUTh HANPABICHHUE U BEIMUUHY Mar-
HUTHOU UHIYKIIUU B JTI000M TOYKE MPOCTPAHCTBA.

4. Kakoil BU TOJDKHO UMETHh OCEBOE paclpeesieHue WHAYKIIMA MarHuT-
HOTO 1oJist B coneHouzae? Kak m3aMeHsieTcss MarHUTHOE T0JI€ BJOJIb MIEPIICH -
KyJsipa, IPOBEACHHOTO Yepe3 IEHTP KaTyIIKH?

5. B uem 3axirodaeTcss METOAMKA U3MEPEHHS UHIYKIIUU MarHUTHOTO TIO-
JIs1 KaTYIIKK B JaHHOW paboTte?

6. Onumute 3¢ dext Xoia B MeTaiax.

7. BeiBenuTe BhIpaXKEHHE JJI XOJUIOBCKOM Pa3HOCTH MOTEHIIMAJIOB.
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