JIABOPATOPHAA PABOTA

2 7.MAI'HHTHOE IIOJIE

10.B.Tuxomuposn

O3HaKOMbTECh C KOHCIEKTOM JeKuuid u yueOnukom (Casenbes, T.2, §39-47). 3amy-
ctute nporpammy Open Physics 1-1. Beibepure «DneKTpuuecTBO U MarHeTU3M» H
«MarauTHoe noJie MpsIMOro TOKa.
HaxxmuTe BBEpXy BHYTPEHHETO OKHa KHOIKY C M300pakeHreM cTpaHulpl. [Ipoun-
TaliTe KpaTKHe TeopeTuueckue ceeHnsa. Heooxoaumoe 3annmuTe B CBOM KOHCIIEKT.
3akpoiiTe BHyTpEHHEE OKHO, HaKaB KHOIIKY C KPECTOM CIIpaBa BBEPXY ATOT0 OKHA, U
BBI30BUTE CHavalla HKCIEPUMEHT «MarHuTHOE 10Jie BUTKA C TOKOM», a 3aTeM «Mar-
HUTHOE T0Jie cojieHouaay. [IpounTtaiiTe u 3anumIMTe B CBOM KOHCIIEKT HEOOXOIUMBIC
KpaTKue TEOPETUYECKUE CBEIICHUS.
[IEJIb PABOTbI

e 3HAKOMCTBO C MOJICIMPOBAHUEM MATrHUTHOTO TOJIS OT PA3IMYHBIX MCTOYHH-

KOB.

e DKCNEpUMEHTAJIbHOE TMOATBEPKIACHUE 3aKOHOMEPHOCTEH JJii MAarHUTHOTO

MOJISL MPSIMOTO TIPOBO/JIA U KPYTOBOT'O BUTKA (KOHTYpa) C TOKOM.

*  DKCIEpUMEHTAIBHOE ONPEICIICHHE BETUYMHBI MArHUTHON MTOCTOSIHHOM.
KPATKASA TEOPUS
MATHUTHBIM I1OJIEM (MII) Ha3biBaeTcsi TO, YTO CYIIECTBYET B 00JIACTH TMPO-
CTPAHCTBA, B KOTOPOM Ha AJIEKTPUUECCKU HEUTPAJIbHBINA MPOBOJHUK C TOKOM JCHCTBY -
er cuia, HaszpiBaeMas MarHuTHoW. MCTOUHHMKOM MII gaBnsercss ABWMXKyIIAsICS
AIEKTPUUECKH 3apsDKEHHAs YacTulla (3apsij), KOTopas CO3/IaeT TaKKe U dJIeKTpuye-
CKOE I0JI€.
Ecnam BOMM3M OHOM NBMXKYIIEHCS 3apspKeHHON yacTuibl (3apsma Nel) OyaeT Haxo-
JUTHCSI BTOpAsi ABMUKYIIASCSA C TAKOM K€ CKOPOCThIO V 3apshKEHHasl yacTuua (3apsj
Ne2), To Ha BTOpOI 3apsa OyAyT AeCTBOBAThH 2 CUJIBL: DAEKTpUYEcKas (KyJIOHOBCKas)

2
= = . \%
F5; u MarnutHas cuna Fyg, koTopas OyneT MEHbIE 3JEKTPUUYECKON B @@ pas,
C

IZIe C — CKOPOCTh CBETA.
Hnsa  mpaktudeckn mo0bix [TPOBOJOB ¢ tokom Bemmomnsercs [TPUHIIAIT
KBASUHEUTPAJIbHOCTU: HecMOTpsl HA HaJlMYMe M JBHKCHHE 3apsDKCHHBIX da-
CTHI] BHYTPHY MTPOBOJIHUKA, JTFO00H (HE CIUIIKOM MaJIbli) €r0 OTPE30K UMEET HyJIEBOMN
CYMMapHBIH diekTpuueckuii 3apsia. [loaTomy Mexay 0OBIYHBIME MPOBOJAAMH C TOKOM
HaO0JIFOIaeTCs TOJILKO MAarHUTHOE B3aUMOJICHCTBHE.

MATHUTHAA UHAYKLMA - xapakrepuctuka cuiiooro aercrsuss MII Ha npo-
BOJIHUK C TOKOM, BEKTOPHAs BeJIMYKHA, 0003HaYaeMasi CAMBOJIOM B .

JIMTHUM MATHUTHOW UHAYKIIMU - nunum, B mo6oil TOUKe KOTOPBIX BEKTOP
nHaykuuu MIT HarpaBiieH 1o kacaTenbHOM.

AHaJIn3 B3aUMOJICHCTBUS JBUKYIITUXCS 3apsiioB ¢ yueToM 3(h(PEKTOB TEOPHUU OTHOCH -
TENBHOCTH (PENATHBU3MA) AA€T BhIpaKeHUe il MHAyKmu dB MII, coszmaBaeMoro
3JIEMEHTApHBIM OTpe3KoM dL. ¢ TokoM I, pacroyiokeHHBIM B Havyajie KOOpAWHaT (3a-
koH buo-Casapa-Jlamnaca wiu b-C-JI):



Mol
4mr?
rI€ T - pagMyCc-BEKTOD TOYKU HAONIONEHMs, €, - €IMHHYHBIA PaanyCc-BEKTOD,
HaIpaBJICHHBIA B TOUKY HAOJIOACHUS, |lo - MATHUTHAS TIOCTOSTHHASL.

MII nomuunsiercs [TPUHIUITY CVYIIEPIIO3UIINUN: wunaykius MII HeckOIbKHX
HMCTOYHHUKOB SIBJISICTCS CYMMOM MHIYKIIMK MOJIeH, CO3/1aBaeMbIX HE3aBUCHMO KayKIbIM

aB= 1o [di,q,],

pctounukom Sevm = ) Bi |

LIUPKVJISIIUEN MII Ha3biBaeTcs MHTErpaj o HEKOTOPOMY KOHTYPY OT CKAJISIPHO-
ro npousseaeHus nHAykuu MII Ha asieMeHT KOHTypa:

CB:J’Bdi_
L

3AKOH HUPKYJIALIWA MIT: uupkynasuus MIT o 3amkHyTOMYy KOHTYpY Lo TIpO-
MOPIIMOHAIbHA CYMMapHOMY TOKY, IPOHU3bIBaIOIIEMY MnoBepxHOCTh S(Lj), orpanu-
YEHHYIO 3THUM KOHTYPOM L

Cop = dei: hod) T;
Lo ]

3akoH b-C-JI u npuniun cynepno3uuu MII mo3BoJISIFOT MOMYYUTh MHOTHUE JIPYTHE
3aKOHOMEPHOCTH, B YACTHOCTH, MHAYKLHIO MATHUTHOIO MOJII OPIMOr0 OECKOHEYHO
JUIMHHOTO ITPOBOJHUKA C TOKOM:
Hol
2mr
JIvHMM MAarHUTHOW MHAYKLUU IIOJIS IPSIMOTO IPOBOAHUKA C TOKOM IPEICTABIISIOT
cO00i KOHIIEHTPUYECKHUE OKPYKHOCTH, JISKAIUE B IUIOCKOCTSIX, MEPHEHIUKYISIPHBIX
IIPOBOJHUKY, C IEHTPAMH, PACIIOIOKEHHBIMHU Ha €r0 OCH.
Nunyxuus MIT Ha ocu KpyroBoro KoHtypa (BuTka) paauyca R ¢ Tokom I Ha paccros-
HUH T OT LIEHTpa:

B=

=_ Ko P

B R
rie Pm = IS€,, - MATHUTHBIM MOMEHT BuTKa MIomaaso S, €, - eIHHuIHbIi
BEKTOP HOPMAJIA K ITOBEPXHOCTHU BHUTKA.
COJIEHON/IOM Hna3zbIBaeTCs JIMHHAA NpsMas KaTyIllIKa ¢ TOKOM. BennunHa nHIyk-
i MIT BOIM3M 1IeHTpa coieHOHa MEHSIETCsl OUeHb Majo. Takoe 1mojie MOKHO CUM-
TaTh MPAKTUYECKHU OJTHOPOIHBIM.
N3 3akona mupkyssiiuu MIT MoxHO monyuuTs dhopmyity i uHaykiuu MII B mieH-
Tpe coneHonaa B = ln, rae n — 4ucio BUTKOB, MPUXOASIINXCS HA €UHUILY JITUHBI
COJICHOW1A.

METOJIUKA u MOPAJOK U3SMEPEHU

3akpoiiTe OKHO Teopuu. PaccMoTpuTe BHHMMATENBHO PHUCYHOK, H300pakaroliuii
KOMITBIOTEPHYIO MOJieb. HaliiuTe Ha HEM BCce OCHOBHBIE PETYJIATOPHI U MOJIE IKCIIEe-
puMeHTa. 3apucyiTe He00X0IMMOE B KOHCIIEKT.
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TABJINIIA 1. PE3VYJIBTATBI TABJIMIA 2. 3HaueHus] BEIUYMHBI TOKa

MN3MEPEHUN HE MePEePUCOBHIBATH)

r(cm)= |2 3 10 bpuransr |1, I, I5 I,
1/r, m" lus 5 10 15 20
B, Tn 2ub -5 -10 -15 -20
B, Tn 3u’ -15 [-10 |5 10
B;, Tn 4u8 -20  [-15  |-10 |5
B4, Tn

IHoaroroBbre TadAUNMy 1, Hcnoab3ya oOpa3sen. IloaroroBbTe TaKk:Ke TA0MULBI 3 U
4, anajiornynbie TadJ.1, 32 HCKJIIOYEeHHEM BTOPOM CTPOYKHM, COMAEPKAHME KOTO-
PoOi cM. B CJIeAYIOLLEM pa3aeJie.

I[Honyuure y npenogaBareisi JONYCK ISl BHINIOJIHEHUS U3MePEeHUil.

N3MEPEHUA:

OKCIIEPUMEHT 1.

1. 3akpoiiTe OKHO dKCIEPUMEHTA 3, Ha)XKaB KHONKY B IIPABOM BEPXHEM YIUIy BHY-
TPEHHETr0 OKHA. 3alyCTUTE, IBAXKIbl IICIKHYB MBIIIbIO, CIEAYIOIIMA IKCIEPH-
MeHT «MarnutHoe moJsie npsmoro Tokay. Habmromaiite nuaum wnaykiuu MII
PsIMOTO MPOBOJIA.

2. 3anenyB MbIIIbIO, NIEPEMELIANTE ABMKOK PETyJSITOpa TOKa. 3apUKCUpYHTE Be-
JUYMHY TOKA, YKa3aHHYIO B TaOyuue 2 Juist Bamei Opurajsl.



3.

[lepemerniast MbIIIBIO «PYKY» BOJHM3HM MPOBOJAA, HAKUMAITE JIEBYIO KHOIIKY MBIIIH
Ha PAaCCTOSIHUAX T JI0 OCH IIPOBOJIA, yKa3aHHBIX B Tabnune 1. 3nauenus r u B 3ane-
cure B Ta6i. 1. [ToBTOpUTE M3MepeHus A TPpeX APYTUX 3HAYEHUI TOKa u3 Tabi.2.

IOKCIHIEPUMEHT 2.

1.

3akpoiiTe OKHO J3KCIepUMEHTa |, HaKaB KHOIKY B MPAaBOM BEPXHEM YTy BHY-
TPEHHETO OKHA. 3alyCTUTE, IBAX/bl IICJKHYB MBIIIbIO, CICAYIOMIMN SKCIEPH-
MEHT «MarHuTHoOe IoJie KpyroBoro BUTKa ¢ ToOkom». HaOmtonalte TMHUN UHIYK-
1 MIT kpyroBoro BuTka (KOHTYpa).

3anienuB MBIIIbIO, MEepeMeniaiTe ABUKOK PEryjsiTopa TOKa. 3aduxkcupyite Be-
JUYMHY TOKA, YKa3aHHYIO B TaOnuIle 2 JUIsl Balllei Opurajsl.

[TepemMerast MbIIIBIO «PYKY» [0 OCH BUTKA, HAXKUMANTE JIEBYIO KHOIKY MBIIIU Ha
PACCTOSIHUSIX T 10 OCH BUTKA, yKa3aHHBIX B Ta0Onuile 1. 3Hauenus r u B 3anecute B
Tab1.3, anasiornuHyto Tad. 1 (Kpome BTOPOM CTPOKHU, B KOTOPOH 3/1€Ch HAJIO 3aIlu-
catb 1/(R*1*)** (M?)). [loBTOpUTE M3MEPEHUS ISl TPEX APYTHX 3HAYEHHUM TOKA U3
Tabm.2.

IOKCIIEPHUMEHT 3.

1.

3akpoiiTe OKHO IKCIEPUMEHTA 2, HAXKAB KHOIKY B MPAaBOM BEPXHEM YTy BHY-
TPEHHETO OKHA. 3alyCTUTE, IBaXK/bl IICJKHYB MBIIIbIO, CICAYIOMHNN SKCIEPH-
MeHT «MarHutHoe noje coneHonaa». Habmomaiite nuaun naaykuuun MII cone-
HOMJIA.

3anenuB MBIIIBIO0, TIEpEMEIIaiTe JABUXKOK pPEryisTopa Toka. 3adukcupyiTe Be-
JUYUHY TOKA, YKa3aHHYIO B TabuIile 2 Jyis Baiield Opuraipl.

[Tepemerniasi MbIIIBIO «PYKY» IO OCH COJICHOWJIA, HAKUMAWTE JIEBYIO KHOIKY
MBIIIIM Ha PACCTOSHHAX T IO OCH COJICHOMJIA, YKa3aHHBIX B TaOmuIe 1. 3HaueHus r
u B 3anecure B Tabn.4, anajnornydyoo Tabn.l (kpome BTOpOH CTPOKH, B KOTOPOM
3/1eCh HE HAJI0 3aMuchiBaTh HUYEro). [loBropute u3mepeHus s Tpex APYyrux 3Ha-
YeHHH TOKA U3 Ta0J.2.

OBPABOTKA PE3YJIBTATOB 1 OPOPMJIEHUE OTYETA

1.
2.

Boeruucnure v 3anuiute B Ta0aunsl 1, 3 u 4 3HaueHus 171 BTOPOIl CTPOKH.
[TocTpoiiTe Ha ogHOM JucTe Tpaduku 3aBucumoctd uHayKuuu MII (B) npsimoro
MIPOBOJIa C TOKOM OT 00paTtHOoro pacctostHus (1/1).

[TocTpoiiTe Ha BTOpOoM sHcTe Tpaduku 3aBucumocTy uHAykuu MII (B) Ha ocu
BHMTKA C TOKOM OT Kyba o6parHoro paccrosuus 1/(R*+1%)*?,

Ha tperbem nucre nmoctpoite rpaduxu 3aBucumoctu unaykuuu MIT Ha ocu cone-
HOHJA OT PACCTOSHMA 10 €ro LEHTpa.

[To Tanrency yrna HakjoHa rpauKoB Ha MEPBBIX JIByX JIUCTaX ONPEICIHUTE I0-
CTOSIHHYIO, UCTIONb3YsI (POPMYJIbI

_ 21 A(B)
TN

B0

r

AJI1 TIEPBOIr'0O 4CPTCIKA U
0, = 2n A(B)
s
IS A 1

NTERES

JUUIsl BTOpOro (TUIOIIAb BUTKA S = TIR?).
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Brruncnure cpeiHee 3HaU€HUE MAarHUTHOW OCTOSTHHOM.

. I[J'I?I MAaramTHOI'O I10JIs COJICHOKU A ITPH KaXKIAO0M TOKC OIIPCACINUTC MPOTAKCHHOCTD

Ar o6iacT OJHOPOAHOCTH, B KOTOPOM HMHIYKIMSI MEHsIeTCS He OoJiee, ueM Ha
10% ot MakcuManbHOM. BeraucnuTe cpeHee 3HaueHHe 00JaCTH OHOPOTHOCTH.
3anumuTe OTBETHI U MPOAHAIU3UPYUTE OTBET U rpaduK.

BOHpOCbI U 3aJaHUA IS CAMOKOHTPOJIA

1. Yrto takoe maruuTHOe noje (MII)?

Ha3zoute ncrounnku MII.

Kakune cuiibl AENCTBYIOT MEXIY IBHXKYIIUMUCS 3apsiaamu’?

Bo ckoyibko pa3 MarHuTHasl CuUjia MEHbIIE AIEKTPUUECKOW I ABYX ABUXKY -

IIUXCSl TOUCUHBIX DJICKTPUUECKUX 3apsiIOB?

Cdopmynupyiite onpeneneHne KBa3uHEUTPAIbHOCTU IPOBOJIOB C TOKOM.

Kaxkue cuiibl u mouemy IEUCTBYIOT MEXKy TPOBOJAAMU C TOKOM?

Haiite onpenenenue nuHuM nHAyKuuu MII. 3aduem ux pucyrot?

3anumute 3aKkoH bro-CaBapa-Jlannaca. B uem oH noxosx Ha 3akoH Kynona?

9. Chopmynupyiite mpuHIUI cynepro3uiiun s MIT.

10.1aiiTe onpenenenue nupkyasaiuu MII.

11.Chopmynupyiite u 3anumute GopMyiy 3aKoHa IupKysiun MIT.

12.Copmynupyiite u 3anumute Gopmyiy st MIIT npsimoro mpoBojaa ¢ TOKOM.

13.Kak Beiragar inany uaaykunn MIT npsimoro mposoaa ¢ Tokom?

14.Chopmynupyiite u 3anumure Gopmyny ans MII Ha ocu KpyroBoro BUTKa
(KOHTYpa) C TOKOM.

15.Y10 Tako€ MarHUTHBIA MOMEHT BUTKA C TOKOM?

16.Kakyto popMy umeeT TUHUS UHAYKITUH, IPOXO/IAIas yepe3 IEHTP BUTKA C TO-
KOM?

17.YTo Takoe CONEHOU U JIJIsl YETO OH UCIOIb3YETCS?

18.YeMy paBHO MarHuTHOE MOJIE B LIEHTPE coeHOUAA?

19.4Bnsercs nu MII BHyTpu cosieHOMIa TOYHO OJTHOPOJIHBIM?

20.Kak omnpenenuTs OpOTSHKEHHOCTh 00nactu ogHopoanoctu MII BHyTpu cone-
HOMJIa, €CJIH 3aJlaHa TOYHOCTH?
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