MarHuTHO 1moJie — Xunore3a Ha Amnep. OCHOBHHM XapaKTepUCTHKU — MAarHUTEH MOMEHT,
MArHUTHA HHAYKIMA. CHJI0BH JIMHUM HA MATHUTHO T0JI€ HA MIOCTOSIHEH MATHUT U
MPOBOJHHK C TOK

MarHuTHo moJie — Xunore3a Ha Amnep. OCHOBHH XapaKTePUCTHKH — MATHUTEH MOMEHT, MAarHUTHA
HHTYKIUS

Xoparta ca Mo3HaBajJu U U3y4YaBaJld MATHUTHUTE CHJIM U MarHUTHUTE CBOMCTBA Ha BEIIECTBATa OT IBJIOOKA
IpeBHOCT. MarHUTHUTE CHJIM, CBHIIO KAaKTO M EJIeKTPUYHHUTE, AeWcTBAaT Ha pascTosHue. ClemoBaTesHo
MarHMTHOTO B3aUMOJICUCTBHUE, CHILIO KAKTO U €NEKTPUUYHOTO, CE€ OCHILIECTBSABA Ype3 MOJe, KOETO € HApEUEeHO
Mar"HuTHo nose. B HauanoTo Ha 19 Bek e ycTaHOBEHA Bpb3Ka MEXAY €JIEKTPUYHUTE U MAarHUTHUTE SIBJICHUS —
natckusaT ¢uzuk Oepiuen MOKa3Ba, Y€ OKOJO MPOBOJIHUK, MO KOWTO Teue eJNeKTPHUYeH TOK, Ce Ch3llaBa
MarHuTHO noje. Cien ycTaHOBSBAHETO Ha Ta3W BPb3Ka, UMAWKH MpeNBUI HACKOPO (OpMylIHMpaHaTa aTOMHO-
MOJIEKYJIHA TEOpHUs 3a CTPOEKa Ha BellecTBara, (GpeHCKUAT Gu3nk AMIep M3Ka3Ba XUIoTe3ara, Y€ MarHuTHOTO
1oJie BUHATH C€ Ch3JaBa OT MPOTHYAI eNeKTpudeH TOK. HeroBara mues e Owia, 4ye MarHUTHOTO IOJIE Ha
MOCTOSIHHUTE MAarHUTH ChUIO € CIIEJCTBUE OT INPOTHYaHE Ha TOKOBE (MHKPOTOKOBE) B MarHUTa, KOUTO TOM
Hapu4a MOJICKYJISIPHU TOKOBE. XUIIOTE3aTa My € TIOTBBP/ICHA CJIE]] TIOYTH €IUH BEK C U3ACHSIBAHETO HA CTPOEKA
Ha aroma. Taka, cropeJ ChbBPEMEHHHUTE MNpPEICTaBH, MAarHUTHOTO ToJie¢ € O0eKT, KOMTO ce Cbh3laBa OKOJIO
JBYDKEIIN CE €ICKTPUYHU 3apSId U OCBHIIECTBSIBA MATHUTHOTO B3aUMOCHCTBUE MEXKIY TAX.

3a u3ydaBaHe CBOMCTBaTa Ha MAarHUTHOTO IOJE€ € HEOOXOIUMO Ja HW3IOJI3BaME HAKAKBO MPOOHO TsUIIO
(Mozen), BPXY KOETO TMOJIETO Ja BB3ACHCTBA MO OINPEACIICH HAa4yuH, T.€ MPOOHOTO TAJIO TPsSOBa CHUIO Ja
Ch37aBa MarHUTHO moJie. Thil KaTo MarHUTHOTO I0JIE C€ Ch3/1aBa OT JBIIKEIIM Ce€ 3apsiau (Hamp. eleKTpUUeH
TOK) € yIoOHO aa m30epeM 3a TakoBa TSAJIO MPOBOJHHK, IO KOWTO MPOTHYA MOCTOsiHEH TOK. OT apyra cTpaHa
MOCTOSIHEH TOK MOXe€ J1a IPOTHYa caMO B 3aTBOPEHA BEpUTra, 3aTOBa 3a MPOOHO TSUIO ce n30upa 3aTBOPEH TOKOB
KOHTYp. 3a MaKCHMallHO OIpPOCTSBaHE Ha Mojena u30upaMe paBHHHHA A
MpPaBOBI'BIIHA paMKa C TOK, YMUTO pa3MepH ca MaJKd M Morar Ja ce !
npeHeOperHaT B CpaBHEHHE C PA3CTOSHHETO MEXAYy KOHTypa M U3TOYHHKA Ha
MarHuTHOTO ToJje (MOJA0OHO Ha TOYKOB 3apsj] WIM MaTepHajHa Touka). 3a
OCHOBHA XapaKTEpPHCTUKAa HAa TOKOBHS KOHTYp M30Mpame HETOBUAT MAarHUTEH

MOMEHT ET; (ur. 1):

p.=1S=1Sn, .

kbaeTo | ¢ rojeMuHaTa Ha TOKa, KOWTO MPOTHYA 1O KOHTYpa, a S € BEKTOPHT Ha IUIONITa Ha KOHTYpa,

Heq)HHHpaH KaTO IPOM3BCACHUC Ha IIJIOIITA S Ha KOHTYpa U CAUHHUYHUAT BCKTOP N mo HOpMajaTa KbM

koHTypa. [lonoxkuTenHaTa HopMaa Ha KOHTypa ce u30upa Taka, 4ye Koraro riieiaMme oT BbpXa Ha N TOKBT Ja
IpOTHYA B MOCOKA 00paTHAa Ha YaCOBHUKOBATA CTPEJIKA.
Koraro nocraBuM TOKOBHS KOHTYpP B €THOPOJIHO MarHWTHO 1oJie (IyHKTUPHUTE CTPENKHU Ha ¢ur. 1), Toi ce

3aBbpTa U MArHUTHUAT MYy MOMCHT pm CC HaCO4YBa I10 ITOCOKa Ha I10JICTO. CJ'IGI[OBaTeJ'IHO BBHIIIHOTO MAariHuTHO

II0JIE B3aUMOJICHICTBA C MAarHUTHOTO IOJE€ Ha KOHTypa 4Ype3 CHjla, KOSATO Cb3/aBa BBPTAL] MOMEHT M .
ExcriepMeHTaIHO € yCTaHOBEHO, Y€ BbPTAIIMIT MOMEHT 3aBUCH OT MarHUTHHSI MOMEHT Ha KOHTYpa U bI'bja Q,
KOWTO CKJIKOYBAa HOpMajaTa Ha KOHTypa C IIOCOKaTa Ha MOJIETO. BBpTAIMAT MOMEHT € MaKkCUMaJleH, KOraTo
o=7/2 ¥ e paBeH Ha HyIna, Koraro a=0, T.e. roJeMuHaTa My 3aBUCH OT SINOL M TOW MOJXE J1a Ce MPEJCTaBH KaTo
BEKTOPHO NpOM3BEACHUE Ha JBa BekTopa. OKka3Ba ce ChINO, Y€ aKO MOCTABUM JPYr KOHTYp B IOJETO, C
pa3uyeH MarHUTE€H MOMEHT, MaKCUMAIHUAT BbPTAL] MOMEHT Mpax € pa3nuyeH 3a pa3inuyHUTE KOHTYpPH, HO
OTHOIIEHHETO Mmax/Pm ocTaBa efHo U chIio. Cae1oBaTeTHO TOBA OTHOIICHUE HE 3aBUCH OT TIPOOHHUS KOHTYD, a
€ XapaKTepUCTHKa caMO Ha IOJIETO, T.€. MOXKEM J1a o n30epeM 3a OCHOBHA BEJIIMYMHA, XapaKTepUCTUPHU3UpAIIa
MarHMTHOTO MoJie (CpaBHEHHE C HA4YMHA, MO0 KOWTO JAe(pUHMpaXMe WHTEH3UTET Ha €JIEKTPOCTaTUYHO MOJIe).

Ta3u Benmu4uHa Hapu4aMC MarouTHa MHAYKIUA B . Cera moxeMm Ja 3aluueM U BEKTOPHOTO NPOU3BCIACHUC, 3a
KOCTO IT'OBOPUXMCE ITO-T'OPE:

M =p,xB, M =p, Bsina, M .x = P,B

M
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m

CJ‘IGI[OBaTeJ'IHO, rojieMuHaTa Ha MAarouTHaTa HWHAYKIOUS Ha II0JICTO (1) CC ompeacisi OT roJiIcMruHara Ha
MAaKCUMAJIHUAT BbPTAIL MOMCHT, KOITO HeﬁCTBa Ha TOKOB KOHTYp C CIMHHUYCH MAarHuTCH MOMCHT, ITIOCTaBCH B
TOBa II0JIC, a ITOCOKaTa M ce onpceacisl OT MMOoCoKara, B KOATO CC OPUCHTHUPA TOKOBUAT KOHTYP OO Jlef/'ICTBI/Ie Ha



nosieto. Ot (1) MokeM J1a ompeeNiuM U MepHaTa eIMHUIA 32 MarHuTHA HHAYKIUsS — [N/(A.m)]. Tasu enununa
e HapeueHa Tecna [T], B yect Ha cpbrOCckus pusuk u n3odperaren Hukomna Tecna.

Crnopen xumnore3ara Ha Awrmep, B TOCTOSHHUTE MAarHUTH MPOTHYAT MHUKPOTOKOBE, KOUTO OIpPEIesIT
TAXHOTO CHUJIHO MarHutHo mnoisie. Oka3Ba ce, 4ye TakuBa MUKPOTOKOBE MPOTHYAT BbB BCUYKU BEIIeCTBa — T€ ca
00yCIIOBEHH OT JABM)KCHUETO Ha EICKTPOHUTE B aToMa. Te3n MUKPOTOKOBE, IT0J00HO HA TOKOBATa paMKa, KOSTO
pasriieaxme Mo-rope, ce OpHEeHTHUpaT IO OIpeleieH HauuH BbB BBHIIHO MarHuTHO mnoie. ClemoBaTenHo,
MarHUTHOTO TOJIE, CHh3/AaZCHO OT TAX MOXKE JIa YCHJIBA WJIM OTCJIa0Ba BBHIIHOTO TOJIE, T.€. IIPU €IHO U CHIIO
BBHIIIHO I0JI€ (HallpuMep MOPOACHO OT MPOBOIHHK, MO KOMTO Tedye TOK |), MAarHUTHOTO MOJe B Pa3iMuHUTE
BEIIECTBA Ie ObJe pa3nuyHo (Ie ce MPOMEHs MarHMTHATa MHIAYKIHMS HA TOJETO B J3JCHOTO BEIIECTBO) B
3aBHUCHUMOCT OT HErOBHTE€ MAarHMTHHU CBOMCTBAa. 3a Ja XapakTepusupame pPa3IMYyHUTE MAarHUTHHU IOJeTa B
pa3JIMyHU BEIIECTBA, IPU €Ha U ChIAa UHIYKLHS HA BHHIIHOTO MOJIE, BbBEX/IaMe BEIUYMHATA HMHTEH3UTET Ha
MarHMTHOTO TOJIE B 1a[ICHOTO BEIIECTBO:

_ B

HoH,
Tyk po e yHHBepcalHa KOHCTaHTa (IIOJOOHO HAa €p), HApU4Ya CE€ MArHUTHA KOHCTAHTa WJIM MAarHUTHA
IMPOHHI[AEMOCT Ha BaKyyMa u ce u3Mepsa B [N/A’], a p, e Ge3pasMepHa BeHUMHA, XapAKTEPHCTHKA HA BCSKO
BEILIECTBO, M IIOKa3Ba KOJKO IBTH CE yBEJIMYaBa MJIM HaMalsiBa MarHUTHOTO IIOJIE B JQJICHOTO BELIECTBO
CIIPAMO MOJITO BBB BaKyyM. 3aTOBa W, CE Hapuya OTHOCHTEIHA MarHWTHA HPOHMIIAEMOCT Ha IaJEeHOTO
BELIECTBO (IOZ00HO Ha &). 3a MOBEUYETO BEIIECTBA (T.HAP. JMAMArHETULU U [APAMArHETULU) My € KOHCTaHTa
Omm3ka 1o eauHMia. Mma obade eqHa rpyna BeLIECTBA, HapeYeHHW (epoMarHeTHIM (OT TAX €€ HMPUTOTBSAT
IOCTOSHHUTE MAarHuTH), 32 KOUTO | >>1 M 3aBHCH CHJIHO OT MHIYKOUSATA (MHTCH3UTETa) HA BBHIIHOTO

MarHuTHO mojie. Hue moxem n1a m3mon3BaMe BENIMYMHATA MHTEH3UTET HA MarHUTHOTO TOJIE M 32 BaKyyM (3a
Bakyyma W,=1) u ToraBa

MepHara eiMHUIIA 32 HHTCH3UTET HA MarHUTHO nojie ¢ [A/m].
Cu10BH JIMHUM HA MATHUTHO 10JIe HA MOCTOSTHEH MATHUT U MPOBOIHHUK € TOK

MoxeM Ja MPOIBIKAM AaHAJOTHATA C €IEKTPOCTATUYHOTO Toje. MarHUTHOTO TOJe ChINO MOXE Ja ce
n3o0pa3siBa TrpadUyHO CHC CUJIOBH JIMHUM Ha MarHUTHaTa HMHAYKIUsS. ToBa ca TakuWBa IUHUU, YHHUTO
JIOTIAPATEITHU BB BCSAKA TOYKA OT MIPOCTPAHCTBOTO CHBITAJAT C IMOCOKATA HAa BEKTOPA HA MarHUTHATA WHIYKIIHS
B Ta3u TOYKa. 3a pa3/iMKa OT CHJIOBUTE JTUHUHM HA MHTEH3UTETA Ha €NEKTPOCTATUYHOTO TOJIE, CUIOBUTE TUHUH
Ha MarHWTHATa WHAYKIUS ca 3aTBOPEHU JIMHWH. ToBa ce IBJDKU Ha (akTa, 4ye HEe CHIISCTBYBAT MArHUTHH
3apsu — MAarHUTHOTO TOJIE CE Ch3JaBa ChIIO OT EIEKTPUYHH 3apsau
(HOo mBmxemm ce). ToBa ompenenss U OCHOBHAaTa pasiiiKa MEXKIY
€JIEKTPOCTATUIHOTO u MarHUTHOTO nomne — JI0KaTo
CIIEKTPOCTATUIHOTO TIOJIE € MOTCHIIMATHO, MAarHUTHOTO € BHXPOBO.
KakTo mie BHIMM MO-KBCHO, 32 MarHUTHOTO IOJIE HE MOXEM Ja
nepuHUpaMe — TOTEHIMAJ,  KAaKTO  HampaBUXME  ToBa  3a

dur. 2 €JIEKTPOCTATUIHOTO.

[Ile pasriegame moO-MOAPOOHO CHJIIOBHUTE JIMHHUHM HA MAarHUTHOTO
MOJIe B CIIy4auTe, KOTaTo TO CE Ch3/1aBa OT MOCTOSTHHA MarHUTH U MPOBOIHUIIH, 10 KOUTO MPOTHYA EIEKTPUUEH
ToK. CHJIOBHTE JIMHHH HA TOJIETO HA TTOCTOSTHEH MarHUT (HAIP. MPBHYKOBHJICH MarHuT, (QUT.
/ 2) mpuaMYaT BHHIIHO HA CUJIOBUTE JIMHUU Ha €JIEKTPOCTATHYHOTO I
MoJie Ha €JIEKTPUYEH IWIION, HO C €IHa CHIECTBEHA pa3iinKa —
BHTPE B MAarHuTa ChHIO UMa CHIJIOBU JIMHUHM U T€ Ca HACOYEHU OT
IOKHUS KBM CEBEPHUS IOJIOC, KaTO IO TO3W HAYHMH TE 3aTBApST
| MPUBUAHO OTBOPEHUTE BBHIIHU CHIOBH IMHUU. TBHH Karto
' MarHMTHOTO I0JIE€ Hail-uecTo ce Ch3/1aBa OT MPOBOJIHUIM C TOK, II€

b JazieM €IHO TMPAaBUIIO 3a MOCTPOSBaHE HA CWJIOBUTE JIMHWHM Ha
(ur. 3 TOKOB €JIEMEHT — Oe3KkpaiiHo Manbk enemedT dl oT mpoBoaHUK, TTO
koiito mportuuya TOoK | (dur. 3), koero me 00OCHOBEM IMMO-KbCHO. B TO3u ciyuait
MarHMTHUTE CUJIOBH JIMHUU Ca Pa3MOJIOKEHU B paBHHUHA MEPHEHANKYISIpPHA Ha TOKOBUS tur. 4
€JIIEMEHT U Ca KOHIICHTPHUYHU OKPBHKHOCTH, C IICHTPOBE BBHPXY TOKOBHUS €IIEMEHT, a
MOCOKAaTa UM Ce OMpeelisa OT CIEAHOTO MPaBUJIO Ha CBUTUTE MPBCTU HA JsCHATA PbKa: ako MaJlelbT COYU B




[I0COKAaTa Ha TOKa B €JIEMEHTA, CBUTUTE IMPBCTU cOYaT B IOCOKA HAa CUJIOBMUTE JiMHUU. KaTo m3momnsBame
IIPUHIIMIIA HA CYNEPIO3ULUATA, MOXKEM J1a IOCTPOUM MAarHUTHUTE CWJIOBY JIMHUX HA ITPOU3BOJIEH IIPOBOIHUK C
Tok. Harip. 3a mpaBoMHeeH POBOIHUK € TOK ((ur. 4) CHIOBUTE JIMHIH BB BCSKA PaBHHHA, IEPIICHIUKYIISIPHA
Ha IIPOBOJIHUKA, Ca KOHIICHTPUYHU OKPBKHOCTH, C LIECHTPOBE BEPXY MNPOBOIHUKA.



