KonbueBas

YcaoBue

3amada 11- 2. «KoJsgbmneBasi»

ITocmpoenue scex epauros svinosHatimMe Ha 0oMIeabHbT, 6vtdanHnbuir Bam baankax!
Hactp 1. DaeKTpuviecKoe MmoJje KoJibia.

CyMMapHBIi 9IeKTPUIECKUI 3apsi] TOHKOIO PABHOMEPHO 3apsizKEHHOI'0 KOJIbIla paBeH (), paiamyc
KoJbIa - R. CoBMECTUM OCh Z ¢ OCBIO KOJIbIIA, HAYAJI0 OTCUYETa IIOMECTUM B IEHTD KOJIBIIA.
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1.1 Haiiiure 3aBUCHMOCTD IIPOEKIINH BEKTOPA HAIIPSZKEHHOCTH 3JIEKTPUYIECKOro o F,(z) Ha och
Z OT KOOP/IMHATHI Ha OCU KOJIBIIA.

O6o3HaunM EO = IreoR2"

1.2 [TocrpotiTe rpaduk 3aBUCUMOCTH BETHIUHBI
1.3 Tosyuure yupouieHHbiit Bul 3aBucumoctu F,(z) npu z > R.
1.4 Ha ocu KoJIbIla Ha PACCTOSIHUU 2z HAXOJUTCH SJIEKTPUICCKUN U0 C JTUIOTBHBIM MOMEHTOM
Pe. Cunras, aro z > R maiiaure cuny F', 1eficTBYONIYIO HA JTUIIOb.
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DJIEKTPUIECKIM JIUII0JIEM HA3bIBAETCHA CHCTEMa M3 JIBYX TOYEUYHBIX 3apsIOB, OJMHAKOBBIX II0 Be-
JIMYUHE W IPOTUBOIIOJJIOXKHBIX 110 3HAKY (¢, —(¢, HAXOMAIINXCS Ha MAJIOM PACCTOSHUU G JIPYT OT
Japyra. XapaKTepUCTUKOM JIUIOJIA SIBISETCS €ro JIMIOJIBHBIE MOMEHT, KOTOPBIN OIpeJIe/IgeTca Kak
ﬁe = qu

Iodckaska. Ilokaxkure, 910 cujia, AefiCTBYIOIas Ha JUOJb paBHa F, = p, AA%.

YacTp 2. MarauTtHoe 11oJjie KoJjibIia.

E.(2) _ =z
Fo~ OT BEJIMYHHBL =%




3axon Buo - Casapa:

Mauterit asiement Toka I Al co3/iaer B Ipou3BOJILHON TOUKe A MarHUTHOE 110J1e, WHIYKIUsT KOTOPOTO
otpe/iesisieTcst 1o (popMmyJie

AB = 1 2 sina (1)

rje I - cujia TOKa, IMPOTEKAIOIIEro Mo aeMeHTy JauHoi Al, r - paccTossHAEe OT 3JIEMEHTa TOKa J10
TOYKU A, - yroJ MexKJly HallpaBJIeHHEM 3JIEeMEHTa TOKa M HalpaBjeHueM Ha Touky A. Bekrop
AB HEPIIEHIUKY/ISIPEH IIJIOCKOCTH, B KOTOPOIl JIEZKHUT 9JIEMEHT TOKa M To4uKa A.
ITo npoBosioTHOMY KOJIBILY pajinyca I mporekaeT MOCTOAHHBIN SJIEKTPUIECKUI TOK CUJIbl 1.
CoBMecTHM 0OCh Z € OCBIO KOJIBIA, HAYAI0 OTCYeTa MIOMECTHM B IEHTP KOJIbIIA.
2.1 Haityiure 3aBUCHMMOCTH MPOEKIUE BEKTOPa MHJLYKI[MA MAarHUTHOTO ToJist B,(z) Ha och Z or
KOOPJMHATHI HA OCU KOJIBIIA.
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2.3 Iosyunre yuporeHnslii Buj 3apucuMoctu B, (z) mpu z > R.
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2.4 Ha ocu KoJIbIla HA PACCTOSHUN 2 HAXOJUTCS MATHUTHBIN JUIOJIb C JUIOJIbHBIM MOMEHTOM Dy,
Cuwurast, aTo z > R Haiiiure cuiy F , JIEWCTBYIOILYIO HA JIUIIOJIb.

MaFHI/ITHblM JUITIOJIEM ABJIAETCA MaJIO€ KOJIBIIO C TOKOM. MaFHI/ITHbIﬁ ,ZLI/IHOJIBHBIIU/I MOMEHT OIIpe-
JIeJIIeTCsl KaK MPOM3BE/ICHUe CUJIbI TOKa, Ha IJIONIA/h KOJbla p,, = [S. Hampasienune BekTOpa
JIATIOJIBHOT'O MOMEHTA COBIAJIAET C OCHIO KOJIBIIA.



AB,
Az °

[Tosickaska. M3BecTHo, uTO cuita, JieficTBYyIONas Ha MAarHUTHBIN JIUIIOJbL paBHa F, = p,,
Yacts 3. B3aumoeiicTBue IMOCTOAHHBIX MAarHUTOB.

Hocmosnnvie maznumol U320MaBAUBAIOMCA U3 HAMAZHUMEHHDLE HEPPoMmazHemuKos. XapaKTepu-
CTUKOIl CTelleHN HaMarHMIeHHOCTU SBJIAETCS BEKTOP HaMarHMIMBAHUS f, PaBHBII TUIIOJIEHOMY
MOMEHTY €JIMHHUIBI 00 beMa BEIIECTBA.

[Mocrosinubiii MarauT umeer (HOpMy TOHKOro jucka pajumyca R u tommusast h (h < R). uck

HaMal'HM49€eH O/JJHOPOJHO €I'0 BEKTOP HaMal'HUYMUBaHUA paBeH Ju HalIpaBJIeH BJI0OJIb OCH JHCKa.
1

3.1 Haii/uTe MHIYKIMIO MATHATHOTO 1015t By B IEHTpe JHCKA.

3.2 Haiiure 3aBUCHMOCTD ITPOEKIMH BEKTOPa MHIYKIIUM Ha OCh JucKa B,(2z) B TOYKax HaXoJs-
IUXCA Ha OCH JUCKA, B 3aBUCUMOCTU OT PACCTOSHUA OT €r0 HEHTPA.

3.3 Ha 6osbimiom paccrostanu L (L > R) oT MaranTa paciioiozKIIIN eIre OJNH TaKoil Ke MarHut.
OCI/I MarummuToOB COBIIa/JAaIOT. HaﬁﬂHTe 3aBUCUMOCTH CUJIbI BBaI/IMOﬂeﬁCTBI/Iﬂ Me)KZ[y MaramramMm OT

paccTogHuA MEXK/1y HUMU.
Z 4

B omnmcarHOM IMCKOBOM MarHUTE BBIPE3AIOT IIOJIOCTh B IIMJIMH/IPA PAIAyCca g
B pesyabrare uero mosrydusics KOJIbIEBO MarHUT.

3.3 Haiimure 3aBHCHMOCTD MPOEKIINK BEKTOPA WHIYKIMHA HA OCh JucKa B,(z) B TOYKax HaXOJIsl-
IIAXCS Ha OCU MarHUTa, B 3aBUCUMOCTHU OT PACCTOSIHUSA OT ero neHTpa. Ilocrpoiite cxemarudeckui
rpaduK 3aBUCUMOCTH BEJIMIUHDI B;—(OZ) OT BEJIMIUHBL %.

Benuuuna By - Ta, 9T0 onpejesieHa BamMu B 11.3.1.

Pemtenne

Sagaga 11-2. «KoabueBasi»

Yactp 1. DiieKTpuveckoe I1oJjie KoJibIlia.

1.1 HanpsizKeHHOCTD 3JIEKTPUIECKOro II0JIsI, CO3aBaeMOr0 3apsiIOM KOJIbIIA JIEFKO PACCUNTHIBAETCH
¢ TIOMOIIBIO 3aKoHa KyJsloHa 1 NPpUHITUIA CYyTEPIIO3UITAIO

Pazobbem KOJIbIIO Ha MaJjible YIACTKHU, 3apsji KaxkJ10ro u3 Hux obosnadnM AQ);. B Touke HabIrO-
JIEHHSI BEKTOP HAIIPSI?KEHHOCTD TI0JIsT AE?, CO3/1aBaEMOTO ITUM 3apsIIOM, HAIlpABJIEH BIIOJIb JTUHUAM,
COEIMHSATONIEH 3aps)] U TOUYKY HAOJII0/IeHNs. BelmauHa 9TOro BEKTOpa MOXKeT ObITh pacCIYuTaHa 1o

zakony [1I. Kymona

, COOCHYIO C MaI'HUTOM.

AQ;

AE; = ———,
4drregr?

e r = v/ 22 + R? - paccrosgnue oT 3apsija TO TOYKU HAOJIIOICHU.
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AQr

N3 cummeTpun 3aja49u CJIeJIyeT, YTO PE3YIbTUPYIONIN BEKTOP HAIPAKEHHOCTU HAIIPABJIEH BJIOJIb
oct Kostbla. [109ToMy JuIst ero pacueTa JOCTATOMHO IPOCYMMHEpPOBATH IIPOEKIHH BeKTopos AFE Ha
sty ocb AE;z = AE;cosa = AE;Z. IIpocyMMupyeM MPOEKIUN BeKTOPOB HallPsAXKeHHOCTel 1oJ1eit,
CO3JIaBAEMBIX BCEMH 3apsilaMi, Ha KOTOPbIe MbI pa30U/Id KOJIbIIO

A
EZ:AE12+AEgz+.. ZAEZZ_Z Q - COS (.

4egr?

Tak Kax Bce 3apdAbl HAXOJATCA Ha PaBHBIX PACCTOAHUAX 7" OT TOYKHU Ha6JIIO,IL€HI/IH, a BEKTODPbI AEZ
06pa3y10T paBHbBIE YTJIbI (¥ C OCBbIO Z, BBIYUCJICHUE TOM CYMMbI CBOJIUTCA CYMMHNPOBaHHUIO 3apPAI0B
(HOCTOHHHbIe MHOXKHUTEJIN MOXKHO BBIHECTH 3a 3HaK CYMMbI)Z

_ AQ; . Q z o Q 3 B 3
Bz = Z Amreqr? cosa = Areg (22 + R2)3/2 - Arreq R2 (1 +£2)3/2 - EO(1 +£2)3/2' (1)

E
1.2 I'padpuk dyHKIINMI E—z(f) MOKET OBITH MOCTPOEH TPAIUIMOHHBIME criocobamu. Pesysbrar mo-
CTPOCHUS TOKA3aH Ha PUCYHKE.

1.3 Ilpu 2z > R HAIPSKEHHOCTH I10JIs1 BhIpazkaeTca (hopMyJIoit

Q Z . Q
dmey (22 4 R2)Y?  dmeg?’

Ey =

Yo COBITIaJIa€T C II0JIEM TOYEYHOI'O 3apdla, 9YTO U CJIC0BaJIO OXKUIATh.
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1.4 Ocb nuIIoJIsT COBIAAET ¢ HAIIPABICHHEM BEKTOPa HAIIPSI?KEHHOCTH BHEIITHET'O 3JIEKTPUIECKOTO
rroJ1s1. COBMECTHM OChb & CHCTEMBI KOOPJAMHAT ¢ HAIPaBJIeHIEM BEKTOPa HAIIPSXKEHHOCTH. Pe3yibru-
pyiolas cuja, JelcTByIoas Ha JTUII0Jb, paBHa BEKTOPHON CyMMe CHJI, JIEMCTBYIONINX Ha 3apsiIbl

JTUTIOJNS,
AFE AE
F=F,—F =qFE —F =0 = Pe—r.
. A(E(z +a) = E(2)) = qa = pex

Ucnonb3yst mostydeHHy o (hopMyIly U BbIpazKeHUe Jjisl HAIPSIKeHHOCTH T0JIst (2)
AE, Q p.Q
F=p——=p |\ —= | =73
Az drregz dregz

YacTp 2. MarauTHoe 1oJjie KoJibIia.

(3)

- HailJIeM WHTYKITUIO TI0JIsI B TOUKe A, HaXoIsIIeiicst Ha OCH KOJIbIla Ha PACCTOSHUH 2 OT €ro IeHTpAa.

Broiensiem Masblit y9acToK KOJIbITA (I Af) U CTPOUM BEKTOp WHAYKIMK 10Jst ABj, cO31aHHbIM
k

9TUM 3JIEMEHTOM, B paCCManHBaeMOﬁ TOYKE. ITO BEKTOD HEPIIEHIAUKYJ/IAPEH BEKTOPY ’F, coeau-



HATOIIEMY BBIJICJICHHBIN yYacTOK ¢ TOYKON Hab/ojeHus. BekTopbr (I Af) " T, KaKk W paHee,
k

IIePIIeH UK YJIAPHBI, T103TOMY sin @ = 1. Tak KoJIibIo 00/18/1aeT 0CeBOit cCUMMETpHEil, TO CyMMapHbI
BEKTOD MH/IYKIINHU TTOJI B TOYKe A JI0I7KeH ObITh HAIlPaBJIEH 110 OCH KOJIbIa. K 9TOMYy 2Ke BBIBOLY O
HalIPABJICHUU CYMMAPHOI'0 BEKTOPA MHAYKIMUA MOXKHO IIPUHTH, €CJIU 3aMETUTh, YTO KaxKJIOMY Bbl-
JeJJeHHOMY Y4YaCTKY KOJIbIa UMeeTCd CUMMETPUYHBIA €My C IIPOTUBOIIOJIOZKHONM CTOPOHBI, & CyMMa
JIByX CUMMETPUYHBIX BEKTOPOB HAITPABJIEHA BJOJIb OCU KOJIbIa. TakuM oOpas3oM, Jjisi TOro YTO-
OBI OIPEICUTH MOJIYJIb CyMMapHOT'O BEKTOPa WHLYKINH, HEOOXOIUMO ITPOCYMMUPOBATE ITPOEKITUH
BEKTOPOB Ha OCh KOJIbI[A. DTa Olepallds He MPeJCTaBIsgeT 0Co00N CIOKHOCTHU, €CIU YIeCTh, Pac-
CTOSIHHS OT BCEX TOYEK KOJIBbIA 10 TOYKHU HAOJIONEHUsT OJUHAKOBBI T, = v/ R? + 22, a Takxke
OJIMHAKOBBI yIVIBI  MEXKJy BEKTOPaMU Aék 1 OChIO KOJIbIIA. JAITUIIEM BbIPayKeHUEe JJIsi MOJLYJIs
HCKOMOT'O CYMMAapHOI'O BEKTOPa MHAYKIIUNA

TAl)g 1 1 IR
B=Y A Zﬂ%cow Rt s = TR = e s
R

s pucynka ciesyer, 4To cos @ = ¥, C yI€TOM BBIDAXKEHUS JIJIst PACCTOAHUA T, TOJIy IMM OKOHYa-
TeJIbHOE BbIpaXKeHne JIj1sl BEKTOPa WHLYKITUN TTOJIS

pol R cos g — pol R? _ Hol R?
2r2 2r3 2 (RQ_i_Zz)%'

9T10 BbIpazKeHne MOXKHO IIepelincaTb B BUJIE

B= (5)

ol 1 By
2B (4@t (146t
I'paduk sroit HyHKIMEN MOKa3aH Ha CJIEIYIONIEM PUCYHKE.
I'paduk 2.2 MarautHoe moJje KoJIbIEBOIO TOKA.
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2.3 IIpu z > R dopmyra (6) npunuMaer Buj



B_ pol R? s
2 (R2+22)%N 223

2.4 Cuna, meficTByomas Ha MarHUTHBIN JIUIIOJIb, PACCINTBIBAETCS 110 (DOPMYIIe

AB, ( MOIRQ)' 3l R

Az 223 2 4

Yactp 3. BsaumMmoeiicTBue IIOCTOSHHBIX MarHuTOB.

COFH&CHO HO,ZLTBep}K,ZLeHHOIjI HbIHE T'UIIOTE3E AMHepa I10J1€ ITOCTOAHHOI'O Malr'HUTa 3KBUBAJIEHTHO
IIOJITO MOJIeKy.HHprIX TOKOB, ITPOTEKaIoIINX I10 €ro IIOBEPXHOCTU.

s cooTHECEHUS STUX T0JIel CJIe/IyeT TPUPABHATH MArHUTHBIE MOMEHTBI MArHUTA U COOTBETCTBY-
IOINEro Toka. TakK B caydae IMUJIMHIPUIECKOTO MarHuTa MOYKHO 3alnuCaTh

JSh = IS. (9)

rae S - II0IAlh OCHOBAHUS MarHuTa, I - CHjIa SKBUBAJCHTHOIO TOKA IIPOTEKAIOMICro M0 GOKOBOI
OBEPXHOCTH MAarHuTa. Takum 06pa3oM, MoJjie JAHHOTO MArHUTa COBIAIAET € MOJIeM KPyTOBOTO TOKA,
cunoit I = Jh, nporekaolero 1o Kojblly paguyca R. Jlamree MOKHO UCIOIB30BATH BCE (DOPMYJIBI,
nostydennsie B Jacru 2.

3.1 Tak wHAYKIWMSA B IEHTPe JMCKa paccauThiBaet o dopmyse (5) npu z = 0:

1 R? Jh
Bo(z = 0) = “g : ;= (10)
(R? 4 22)2 2R
3.2 Mumykrws nostst Ha ocw jucka B, (z) omuceiBaercs Toit ke opmyIioit
o /L()Jh R2
2 (R? 4 22)

3.3 s cuiibl B3aumoielicTBust npumenuMa dpopmyiia (8)

B(z)

(11)

3ol R 3pohR 3 o (JhrR2)?
Ty Mmoo T T
3.4 Tlose MOIEKYJISIPHBIX TOKOB, TEKYIIUX 10 BHYTPEHHEN MOBEPXHOCTU TOKA SKBUBAJEHTHO TO-
JII0O KPYTOBOT'O TOKa cujaoit [ = —Jh, IpPOTEKAaoIero Mo KoJIbILy Pajinyca g. [TosTomy BenmumHA
WHJLyKIIUN TI0JIs KOJIBIIEBOI'O MArHNTa OIHMCHIBAETCHA «COCTABHON» (hOPMYJIOIi:

(12)

 woJh R wJh  R/4 1 0,25

B(z 3 3 :BO - . 13
(2) 2 (R? 4 22)2 2 (R2/4 4 22)2 (13)

(1+€2)2 (0,25 +¢€2)

['pacduk sToit bynknuu rmokasan Ha mocienanem pucynke. ['pacduk 3.4 ITose KoIbIEeBOro MaruuTa.
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