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OCHOBHBIE IOHATHUA
QJIEKTPOMATI'HUTHOI'O ITOJIA

Y4eOHBIE BOIPOCHI

1. BBenenue.

2. DJIEKTPUYECKOE W MAarHUTHOE TI0Jie - JIBE€ CTOPOHBI €IMHOTO dJIEKTpOMar-
HUTHOTO ITOJISL.

3. OCHOBHBIC TOHATHS U OMPECICHUS: HAMPSHKEHHOCTD 3JEKTPUYECKOTO TMO-
s, MarHUTHAsT WHIAYKIHAS, MarHATHBIN TIOTOK, JIEKTPUYECKUE TOKH IPOBOIUMOCTH,
nepeHoca, CMEIICHHUS.

1. Pojb 1 MeCTO JUCIUILJIAHBI

B cBoeil moBceqHEBHOM AEATENBHOCTH UHXKEHEP UMEET JEJ0 C IKCIUTyaTallu-
eil yCTpoicTB, oOecreunBaromuX MOJMydYeHue, Iepenady, pacrpeieiieHue | 1o-
TpeOJIeHNnEe DIEKTPUUYECKON SHEPTHH, €€ U3MEPEHUE M KOHTPOJb U TIOOTOMY K TIPO-
(becCHOHANBHON 3JEKTPOTEXHHYECKOW  TOJTOTOBKE COBPEMEHHOTO WHIKEHepa-
AKCIUTYaTallMOHHHKA MIPEIBSIBISIFOTCS OYeHb BRICOKME TpeOoBaHms. Tak, Harpumep:

COBPEMEHHBIE CHCTEMBI BBITIOJTHSIOTCS Ha 0a3e AIIEKTPHUECKUX M DJIEKTPOME-
XaHUYECKUX DIIEMEHTOB;

aBTOMATU3UPOBAaHHbIE MHPOPMAIIMOHHBIE W YIPABIISIONINE CUCTEMBI BKIIFOYA-
IOT B ce0sl d3JeKTpUYecKHe MpeoOpa3oBaTesid, KOHTPOJIUPYIOIIME MapaMeTphbl
yOPaBIIEMOTO O00BbEKTa, JUHHUHU CBS3M, IO KOTOPHIM Iepemaercs uHbopMaius oT
npeoOpaszoBareneit B [[BM; Ha 06aze mnepepaboTku HHPOpPMAIMU MPUHUMAIOTCS
pelIeHuns O BO3JEHCTBHH Ha XOJ TEXHOJIOTHIECKOTO TIpoIiecca.

Co3nartenbHasi, TBOpueckasi paboTa HWHXKEHepa HeMbICIHMa 0e3 TIIyOOKOTO
NOHMMaHUS WM (U3NYECKUX MPOIECCOB B DIEKTPOTEXHUIECKUX YCTPOMCTBAX, CH-
cTemMax | Iensix, 0e3 yMEHUs MPeIBUIETh BOZMOXKHBIC PE3YJIBTATHI U MOCIEICTBUS
BHEJIPSIEMBIX TEXHUYECKHX HOBIIECTB, 0€3 CTpPEeMJICHUS CAaMOMY BHECTH OTpPE/ICICH-
HBI BKJIQJl B PA3BUTHE TEXHUKH.

Jlpyrumu cioBaMu, WHXEHEP JOJKEH XOPOIIO 3HATH AIIEKTPOTEXHUKY.

B mmpokoM HaydHOM CMBICIIE SJEKTPOTEXHHUKA - 3TO HayKa, U3ydaromas CIo-
COOBI MPAKTHYECKOTO WCIIOJIIb30BaHUS DIIEKTPHUECKON dHepruu. B mpakTtudeckom
CMBICJIE TIOf] DJIEKTPOTEXHUKON MOHUMAETCS P OTpaciell TEXHHKH, CBSI3aHHBIX C
IIPOU3BOJICTBOM, IE€peaveii, pacrpeeseHueM  NoTpeOIeHUeM 3JIeKTPOIHEPTuH, a
TaKXKe C € pa3TMIYHBIMU IPe0OpPa30BAHUIMHU.

3anuuieM cienyrolye onpeerneHue:

DJIEKTPOTEXHUKA - ITO YUeHHEe 00 3JIeKTPOMATHUTHBIX SIBJIEHUSIX M CIIO-
co0ax WX MPUMEHEHHUsl, 0 MATEeMATHYeCKHX MOAeJAX U MeToAax aHAJIUTHYe-
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CKHMX Pac4yeToB M IKCIEPUMEHTAJIbHBIX MCCJIEJ0BAHMI IPOLECCOB, IIPOTEKAIO-
IIMX B 3JIEKTPOTEXHUYECKUX YCTPOMCTBAX.

DneKkTpoTexHUKa choOpMUPOBAIIaCh B CAMOCTOSITENIbHYIO HAYUHYIO TUCLUILIH-
HY B CBSI3U C KOHKPETHBIMH MHKEHEPHBIMH 33/1a4aMH U UCIOJIb3YET 3aKOHbI YUECHHUS
00 2JIEKTPUYECTBE U MAarHETU3ME MIPUMEHUTEIBHO K JJIEKTPUUECKUM YCTPONCTBAM
JUTSL pellieHrs BOIPOCOB, JAJTIEKO BBIXOIALIMX 32 PAMKH H3Yy4aeMbIX B Kypce (u3u-
KH.

DNEeKTpOTEeXHUKAa COJEPKUT B ceOe JBa OCHOBHBIX M €IUHBIX paziena —
TEOPUIO IJIEKTPUYECKUX M MATHUTHBIX LeNed U TEOPHI0 3JIeKTPOMATHHUTHOIO
TOJIS.

IIpeaMeTOoM AUCHUIIMHBI SBISIETCS U3yY€HHE CBOMCTB, PEKUMOB PabOTHI U
METOJ0OB pacyeTa THUIIOBBIX 3JEKTPUUYECKUX M MAarHUTHBIX Lienell U ycTpoicTB. OT
NPAKTUKU JaHHas AUCUUIUIMHA OepeT 00beKThl MCCAEAOBAHMS - YKa3aHHbIE TUIIO-
BbIE IIETIH U YCTPOMCTBA, OT (DU3UKHU - €€ 3aKOHBI DJIEKTPOMATHUTHOTO TOJISI, OT Ma-
TEMATHKH - MOILIHBIN anmnapaT UCCIIEIOBaHHUS.

JlucuumiivHa 3JeKTPOTEXHHUKA 3aKiIaJbIBa€T TEOPETUUYECKYI0 OCHOBY, 0as3y,
(GyHIaMEeHT JUIsl YCIEIHOTO U3Y4YEeHUs TOCIEAYIOMUX OOIIeMHKEHEPHBIX U CIEu-
aJNbHBIX JUCIUILINH.

HcTopust 3JIeKTPOTEXHUKH KaK HAyKu OepeT Hauajao B IITyOOKOW JPEBHOCTH.

Jlo XVII Beka 4yeaoBedYeCcTBO, B OCHOBHOM, HAKAIUTMBAIO HAOJTIOACHHS DJICK-
TPOMAarHUTHBIX SIBJICHUI B MPUPOJIE, HE TOHUMAs UX CYIIHOCTH.

B XVII-XVIII BB :

- OtTO (hoH ['epuxe OTKPHIT MEPBBIN MEKTPOCTATUICCKUN TEHEPATOP;

- A. BonbTa co3/an nepBbli raTbBaHMYECKUH AJIEMEHT U OaTapero;

- M.B. JIoM0oHOCOB c0371a)1 TEOPHIO aTMOC(HEPHOTO ANEKTPUUECTBA.

Hcnonp3oBaHue »IEKTPOMArHUTHBIX SIBIICHUM Ha MPaKTUKE HAYaIOCh CpPaB-
HUTEIbHO HenaBHO, B XIX Beke, korna Obuia pacKpbITa CYHIHOCTb JIEKTPOMArHuT-
HBIX SIBJICHUM:

- B 1802 r. B.B. [IeTpoB OTKpBLI 3IEKTPUUECKYIO TYTY;

- @apanern OTKPBUI 3aKOH AJEKTPOJIN3a U 3aKOH 3JIEKTPOMArHUTHOW UHIYKIWA
(1831 r.);

- Jlbxoyne u JIeHn - 3aK0H TEIIOBOTrO IEWCTBUS TOKA;

- Awmmep - 3aKOH B3aWMOJICUCTBUS TOKOB (10 ero 3akoHy B 1832 r. co3man
MEPBBII IIEKTPOMEXAHUUYECKUI T€HEepaTop);

- OM - 3aKOH, yCTaHaBIMBAIOUINI CBSI3b MEXKIY TOKOM, HAMPSKEHUEM U CO-
POTUBIICHUEM;

- Kupxrod - 1 u 2 3akonbl 115 pacuera aIeKTpuueckux 1emneit (1847 r.);

- MakcBenn pa3pabotan Teoputo daekrpomardetusma (1873 r.);

- DAMCCOH cOo3/1all IEPBYIO ANEKTPOCTAHIIUIO;

- Nonuso-ob6poBonbckuii (1889 r.) m300pen Tpexdas3Hblil ABUTATENH U TPEX-
da3uHbIii Tpanchopmarop;
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- CroneroB pa3paboTall TEOPHUIO MAarHUTHBIX IleNeld W TEOpHI0 (POTOIIICK-
Tpudeckoro s dexra;

- [TomoB u3o6pen paauo (1895 r.).

B XX Beke npoucxoauao MMPOKOe BHEAPECHUE dIEKTPOTEXHUKH BO Bce 00a-
CTH:

- CO3JITaHUE YHEPIOCUCTEM;

- ceepxmonrnbie ['DC u ceepxaansuue JIOII;

- pa3BUTHE HETPATUIUOHHON SHEPTETHKH.

Heo6xoauMo OTMETHTH OOJBINION BKJIAT B PA3BUTHE YUCHHUS OO0 dJICKTpHUYE-
CTBE pPYCCKUX yueHbIX: JlIoMoHOCcOBa, JlaumHoBa, Jlogsiruna, SI6mouxoBa, [Tomoga,
Jonuso-/{o6poBosbekoro, SAxkodu u ap.

JlucuumirHa MMeeT YeTKO BBHIPAKEHHYIO PacueTHYIO HalpaBJIeHHOCTh. OBa-
JIEHUE COBPEMEHHBIMH WH)XEHEPHBIMH METOJAaMU - OJIHA W3 TJaBHBIX 3a/ay JUCIH-
IUTMHBI, U €€ PelICHUEe HEMBICIMMO 03 HaTWYHs XOpoIleld MaTeMaTHYeCKOr 0a3bl.
OCHOBBI BEKTOPHOM aireOphl M BEKTOPHOTO aHaN3a, TU(PepeHInaIbHOe U HHTE-
rpajJbHOE WCYHUCIIEHUE, ONEPALIMOHHOE UCUYHCIIEHHE - BCE 3TO HAXOJUTCS Ha BOOPY-
KEHUU TUCUUIUIMHBI AJIEKTPOTEXHHUKA.

DNEeKTPOTeXHUKA - JNUCHUUIUIMHA WHXKEHEpHas, MOATOMYy TpeOyeT OonbInon
CTPOTOCTH B HaYEPTAHWUU CXEM M OTIEIbHBIX JIEMEHTOB, 3anmucu (Hopmyi, 0hopMm-
JIEHUSI OTYETOB MO JabOpaTOpHBIM 3aHATHAM. [loaTOMy GOJbLIIOE BHHUMAaHHE YIEIs-
eTcsi ocBoeHnto o0mux tpedoBanuiit '[OCToB EnuHol cucteMbl KOHCTPYKTOPCKOM
nokymeHntanuu (ECKJ]) m 'OCTa Ha equHUIBI GU3NYSCKUX BEIUYHMH, a TAaK)Ke WH-
YKEHEPHOU DIIEKTPOTEXHUYECKON TEPMHUHOIOTHUU.

[Tpn M3ydyeHUu NUCUUIUIMHBI OyyIlIHe CIEeNUaTUCTbl MPUOOPETAIOT HABBIKU
oOpalieHuss ¢ TEXHUKOH, HABBIKM CAMOCTOSITEIBHOTO TMPOBEACHHS (PU3UUECKOTO
AKCIIEPUMEHTA, PEO0JICHUE OOS3HN TEXHUKH, OCBAMBAIOT MPaBWJIA I MEPhl 00ec-
MEYEeHHs] DJEKTPOOE30MacHOCTH Tpu  paboTe C IMEKTPOTEXHUUYECKHUMH YCTPOM-
CTBaMU U IICTISIMHU.

2. DJIeKTPUYECKOE M MATHUTHOE 10JIE - IB€ CTOPOHBI ¢[IUHOT0
3JIEKTPOMATHUTHOTO MOJIA.

Inekmpomaznumnoe none (OMII) — 310 0coOBIN BUA MaTEpPHH, XapaKTEPH-
3YIOIIMNCA COBOKYIMHOCTBbIO B3aUMHO CBSI3aHHBIX M B3aUMHO OOYCIIOBIMBAIOIINX
JpYT Apyra 3J€KTPUYECKOr0 U MArHUTHOTO MOJEH.

Hamomuum u3BecTHBIe U3 Kypca (M3HKU HauOojee 3HAUMMBIC IS JajdbHEeH-
1Iero U3J0KeHUs MaTepuaia ceorictsa OMIL.

OMII xapakTepusyercss HENpPEpPhIBHBIM paCIpEAeIeHUEM B IPOCTPAHCTBE,
HaIPUMED, B BUJE IEKTPOMArHUTHOW BOJIHBI B BAKYYME, U BMECTE C TEM OHO MOXKET
CYILIECTBOBATh B BUJE KBaHTOB n3iayueHHoro OMII, Hanpumep, GoTOHOB.

OMII oka3bIBaE€T CUIOBOE BO3/ICHCTBUE HA SIICKTPUUECKUE 3APSIIbI.
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DNEKTPUYECKOE U MAarHUTHOE TIOJISI MOTYT OBITh U3MEHSIONTUMUCS U HEU3MEH-
HBIMU BO BPEMCHH.

JIro6oe >MeKTpOMarHuTHOE SIBJICHHUE, PACCMaTPUBAEMOE B II€JIOM, XapaKTepH-
3yeTCsl IByMsI CTOPOHAMH — DJIEKTPUUECKONH ¥ MarHUTHOM, MKy KOTOPBIMH CYIIIe-
CTBYET TE€CHAs CBSI3b.

Bmecte ¢ TeM MOXXHO cO37aTh YCIOBHS, KOTJa B HEKOTOpPOW 00OJacTH mMpo-
CTpaHCTBA 3aMETHO MPOSBICHUE TOJBKO ANEKTPUICCKUX WIIA TOJHKO MATHUTHBIX SB-
neHnid. TakOBBIMHU SIBIISIOTCS, HAPUMEp, CIIydail 3apsHKCHHBIX HEMOJBHKHBIX IPO-
BOJIAIINX TEJ, BHE KOTOPHIX OOHAPYKMBACTCS TOJBKO DIIEKTPHUECKOE TOJIE, WU B
IPOCTPAHCTBE, OKPYIKAIOIIEM HETOIBIKHBIE TTOCTOSHHBIE MarHUThl, 0OHAPY)KUBAET-
Csl TOTKO MAarHUTHOE TIOJIE.

OpnHako, ecid paccMaTpUBaTh SIBJICHHE B 11€JIOM, HETPYJHO YCMOTPETh Kak
AIIEKTPUUECKYI0, TaAK U MAarHUTHYIO €r0 CTOPOHBEL Tak, B cilydae C MOCTOSHHBIMHU
MarHUTaMH B OKPY’)KAIOIIEM MarHuThl MPOCTPAHCTBE B3aUMHO KOMIIEHCUPYIOTCS
DIIEKTPUUECKUE TOJS DIIEMEHTAPHBIX YaCTHI], OOpa3yIoMUX BEIIECTBO MAarHUTOB,
BCJIC/ICTBHE PAaBEHCTBA CyMMAapHBIX 3apSAI0B TOJOXKHUTEIHHO U OTPUIATEIHHO 3apsi-
KCHHBIX 4acTHIl. MarHWTHBIE K€ TIOJI BCIEACTBHE COTIIACOBAHHOTO JBIDKCHUS Ya-
CTHII, BO3HUKIIIETO MTPY HAMAarHWYMBAaHUU MarHUTOB, CyYMMHUPYIOTCSI B IIPOCTPAHCTBE,
OKPYXKAIOIIEM MarHUTHI.

Takum 00pa3om, U B ciydasix, KOTJla B HEKOTOPOM 00J1acTH TPOCTpaHCTBa 00-
HAPY>KUBAETCSI TOJIBKO OJTHO U3 MOJEH (AIEKTPUUYECKOE WM MAarHUTHOE), SIBIIEHUE B
IIEJIOM OKa3bIBAETCS AJIEKTpOMarHuTHeIM. B mepemennom OMII camo snekTpudeckoe
10JIe BO3HMKAET BCIICJCTBHE M3MEHEHHs] BO BPEMEHH MAarHHTHOTO TOJISI M B CBOIO
ouepe b BOSHUKHOBEHHE MArHUTHOTO TOJS SBISETCS PE3yIbTaTOM W3MEHEHHS BO
BPEMEHU IIEKTPUIECKOTO TTOJISI.

DNEKTPUYECKOE TOJIE CO3/IaeTCs AIICKTPUUSCKUMU 3apsiiaMH, a TaKkKe H3Me-
HSIFOIIUMCSI MAaTHUTHBIM TIOJIEM.

MarauTHoe TMoJie CO3[AeTCs ABWKYIIUMUCS 3apsHKEHHBIMU YacTUIAMH, a
TaK)Ke U3MEHSIFOIIIMMCSI DJIEKTPUYECKUM TOJIEM.

s oOHapyKEHUS DIIEKTPHUECKOTO ¥ MAarHUTHOTO TOJIEH, SBIISIONINXCS JIBY-
MSl CTOPOHAMH €IMHOTO 3JIEKTPOMATHUTHOTO TOJIS, MOKHO BOCIIOJIB30BAaTHCS TEM
WM UHBIM HX TIPOSIBIICHUEM.

DNEeKTPUYECKOe TOoJie MPUHATO OMPESISITh M0 MEXaHMYECKUM CUJlaM, KOTO-
pbI€ UCIBITHIBAIOT HEMOJBIDKHBIE 3apsDKEHHBIE Tela, BHOCUMBIE B 3TO moie. [loaro-
MY MOKHO J1aTh CJIe/IyIOIIee ONpeieieHue:

Anekmpuueckoe none — 3T0 OJJHA U3 CTOPOH IJIEKTPOMATHUTHOTO I0JIsA, 00Y-
CIIOBJICHHASI DJICKTPUUYECKUMU 3apsIaMH U M3MEHEHHWEM MAarHUTHOTO IIOJIS, OKa3bl-
BaIOIIasi CHJIOBOE BO3/ICHCTBHE Ha 3apsHKCHHBIC YACTHIIBI U Tella U BEHISBISIEMAs 110
CWJIOBOMY BO3JICHCTBHIO HAa HETIOABM)KHBIE 3aPsDKCHHBIE YaCTHUIIBI U TEJA.

[IpocTeimmm crydaeM SIIEKTPHUUECKOTO IO SBISETCS TOJIE HEMOIBHKHBIX
AIIEKTPUUECKHU 3aPsDKEHHBIX TEJ, HA3bIBAEMOE 21eKMPOCMAmuiecKuM.
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Ecnu ckopocTh IBMXKEHHS B 3JIEKTPOMArHUTHOM TI0JI€ 3apsKEHHOTO TOYEYHO-
ro Tejla WIK 3apsDKEHHOM YacTULbI OTIMYHA OT HYJIS, TO, KaK ITOKA3bIBAET OIBIT, HA
HUX [JEUCTBYeT IOMOJHHUTENbHAs CHUJa, BO3HUKHOBEHHE KOTOpPOH OO0YyCIOBIEHO
HaJIUYMEM MAarHUTHOTO MOJIAL.

Maznummnvim nonem Ha3bpIBA€TCS OJIHA U3 JBYX CTOPOH AJIEKTPOMArHUTHOI'O
noJisg, OOyCIIOBJCHHAsl JBIKYIIMMHUCA 3apsSHKEHHBIMM YacTHIIAMM U W3MEHEHHUEM
NEKTPUUECKOTO TOJISI, OKA3bIBAKOLIAs CHJIOBOE BO3JIEHCTBUE HA JBHKYLIUECS 3apsi-
YKEHHBIE YaCTULIBl U BBISIBIISIEMAs IO CWJIOBOMY BO3AECHCTBUIO, HAIPABIEHHOMY HOP-
MaJIbHO K HaIIPaBJICHUIO JBHKECHMS 3THX YAaCTHUI] U MPONOPLHOHATIBHOMY MX CKOPO-
CTH.

Takum 00pa3oM, B Ka)KJI0il TOUKE MO U B KaXKJbIH MOMEHT BPEMEHHU 3apsi-
YKE€HHasl 4YaCTUIIA UCTIBITHIBAET BIOJHE ONPEACICHHYIO [0 BEIMYMHE U HAIIPaBJICHUIO
MEXaHUYECKYIO CUITY.

3. OcHOBHBIE MOHATHSA U ONpPCEaACJICHUSN: HANIPAKCHHOCTD JJICK-
TPAHYECCKOI'0 IMOoJisi, MArHUTHAsI HHAYKIIUSA, MATHUTHBIN MOTOK, JJICK-
TPUYECKHUEC TOKH IIPOBOAUMOCTH, IIEPECHOCA, CMCIIICHUS

OcHOBHOW (pU3NUECKON BETMYMHON, XapaKTEPU3YIOIICH AIEKTPUUECKOE T0JIe
B K@XJI0M €ro TOYKE SIBISACTCS HAIPSKEHHOCTD AIEKTPUUECKOTO TOJIS.

Hanpsasicennocmo nekmpuueckozo0 nona — 3TO CUIOBAas XapaKTEPUCTHUKA
IOJIS, paBHAs OTHOLICHUIO MEXAHWUYECKOW CHWIIbI, JAEHCTBYIOLIEH HA HEMOJBUKHOE
MTOJIOKUTENBHO 3apSKEHHOE TEJ0, TOMEIIEHHOE B TAHHYIO TOUKY ITOJIS, K BEJITUYUHE
3apsja 9TOro Tea.

HanpsokeHHOCTh  JIEKTPUYECKOTO IO M300pakaroT BEKTOPOM E, TIO
HAIIPaBJICHUIO COBIAJAIOIIMM C BEKTOPOM f, MEXaHMYECKOH CHIIBI, JeHCTBYIOIEil

HAa TOJIOKUTENIBHO 3apsyKEHHOE TeJo ¢ 3apanaoM ¢. (puc. 1). CnegoBarenbHo, ¢ yue-
TOM 3akoHa KyIloHa, onpenensiomero Cuity B3auMOJICHCTBUS MEXAY 3apsa1aMH, IO-
JTy4HM:

q dre,r ; (1.1)

IJIe 7 - PacCTOSIHUE OT 3apsja J0 TOYKH, B KOTOPOH OMPEAeIsiOT HAMPSKEHHOCTh
OoJIsl, U3MEPSIEMOE B MeTpax (M);

ro - EIUHUYHBIA BEKTOP;

€, - abCOJIIOTHAs NUANEKTPUUYECKasl MPOHUIIAEMOCTBIO CPEJbl, U3MepsiemMasi B
dapangax Ha metp (D/m).
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Pucynok 1.

B cucreme CU cuna f, usmepsercs B HprotoHax (H), 3apsn usmepsercs Ky-
nonax (Ki). ITpu 3TOM HanpsHKEHHOCTH 3IEKTPUUECKOTO TOJIs, KaK clieayeT u3 Gop-
myist (1.1), m3mepsiercs B Kot /(D/mom’) = B/m (BonbT Ha MeTp).

OnpenenuB HaNPsHKEHHOCTD IMOJISI BO BCEX €r0 TOYKAX, MOXKHO IIPOBECTHU PsiT
JUHUHI TaK, YTOOBI B KaXKIOW TOUKE 3TUX JUHHUI KacaTellbHble K HUM COBNAAalU IO
HAIPABJICHUIO ¢ BEKTOPOM HAMPSDKEHHOCTH TOJSl. DTU JIMHUM HA3BIBAIOT JIUHUAMU
Hanpa)ceHHocmu SJeKTpudeckoro noiis. Ha pucyHke uX CHa0XalT CTpelKaMH,
yKa3bIBAIONIMMHU HampaBjicHue BekTopa E . COBOKYIHOCTh TaKMX JIMHHH OOpasyer
KApTUHY AJIEKTPUYECKOTO N0JIst (puc. 2)

¢ JrneKTpHU4yeckKoe none

=

« MarHntHoe none

B
PI/IC}/HOK 2. CUJIOBBIC IMHUH QJICKTPUYICCKOT'O U MAaIrHUTHOI'O MoJieH

HpI/I PaCCMOTPCHUHN MAKPOCKOIIMYCCKHUX ITPOLHCCCOB B IJJIICKTPOTCXHHUYCCKUX
YCTPOﬁCTBaX 00OBIYHO YCPCAHAOT BO BPEMCHH U B IIPOCTPAHCTBC MUKPOCKOITMYCCKUC
HCOOAHOPOAHOCTH, ABJIAOIIHUCCA PC3YyJIbTATOM TOI'O, YTO H3Y4YAaCMBIC ITPOLCCCHI B
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JNEUCTBUTENIBHOCTU MPEICTABIISIIOT COO0M COBOKYIMHOCTh OTPOMHOTO YUCIA 3JIEMEH-
TapHBIX npoueccoB. [1oATOMy BemeCTBO XapaKTEpHU3yIOT YCPEAHEHHBIMU IapameT-
paMH ¥ HA3bIBAKOT CPEIOM.

OO0HOpoOHOI HA3BIBAIOT CPEly, KOTOpask BO BCEX dlIeMEHTax o0bema o0ajgaer
ONMHAKOBBIMU (PU3HMUYECKHUMU CBOUCTBaMU. M30mponHoii HA3BIBAIOT CPEy,
00Ja1alo0NIyI0 B Ka)X/I0M 3JeMEHTe 00beMa OJMHAKOBBIMHU CBOICTBAMH BO BCEX
HamnpaBJICHUSX.

B psne cinyuaeB anekTpuyeckoe mojie ya00HO XapaKTepru30BaTh HE HAMIPSKEH-
HOCTBIO, a 21eKmpuyeckol unoykyuer D. B OZHOpOIHONW W H30TPOITHON cpene
HANPSHDKEHHOCTh U MHIIYKLHUS 3JIEKTPUYECKOTO MOJIS CBSA3aHbl COOTHOIICHUEM (3alu-
caThb Ha JI0CKe):

D=¢E
Ha puc.3 nzo0pakeHa kapTuHa 3IEKTPUUECKOTO MOJISI ABYX HEMOJIBUKHBIX 3a-
PSKEHHBIX TEJl: € MOJIOKUTEIBHBIM 3apS0M ¢ U OTPULIATEIBHBIM 3aPSJI0OM (5.

Puc.3 KapTuHa 31eKTpru4ecKoro nos

OcHoBHas (pu3nueckas BETUUYMHA, XapaKTepU3ylolllas MarHuTHOE MOJIe B Kax-
JIOl €ro TOYKE Ha3bIBACTCS MACHUMHOU UHOYKYueil. MarHuTHas WHIYKUUS €CTh
BEKTOpHAs BEIMUHHA, KOTOPAs H300pakaeTcsi BEKTOPOM B .

Ecnu 3apskeHHOE TOUEUHOE TEJI0 WIH 3apsKEHHAs YaCTULA IBUXKETCS B DJIEK-
TPOMArHUTHOM II0JIE CO CKOPOCTBIO v, TO Ha HEro JIEHCTBYeT cuia f,, CO CTOPOHBI
MarHUTHOTO TIOJISA, TIEPIEHIUKYJISIPHAS BEKTOPY CKOPOCTH V ¥ MPOTIOPIHOHATEHAS
BEJINYMHE CKOPOCTH V.

Kpome Toro, cuna f,, NpONOpIMOHAIbHA BEIMYMHE MATHUTHOW WHIYKIHH,
IIPUYEM UMEET MECTO PABEHCTBO:



S IC][VB], (1.2)
rac [\7 E] - BCKTOPHOC IMPOU3BCACHHUC BCKTOPOB \7 n E .

13 (1.2) cemyer, 9TO BEKTOp CHIIbI [, MEPICHANKYIAPSH K BEKTOPAM v H
B . Takum 00pa3oM, BeTMIMHY MATHUTHON MHAYKIIUH B HaXOJAUM M3 BBIPAKCHUS:

v (1.3)

HampaBnenre MarHuTHOM MHAYKIHMU MOXET OBITH OMPEIECICHO MO MpPaBUITY
JeBOM pyku (cM. puc. 4) WK COBNAAAET C MOCTYNATEIbHBIM NIEPEMEILIEHUEM TIPABOTO
BUHTA MPU BPAIICHUH €r0 OT HAIpaBJIEHUS MEXaHUUYECKOW CHIIbI K HaIpaBICHUIO
nBUxeHus. EnuHuiielt u3smMmepeHusi MarHuTHOM MHAyKIuu sipnsercs tecna (Ti).

PI/ICYHOK 4. K OIIPCACICHHUIO HAIIPABJICHHUC MarHUTHOU HHAYKINA

I'padruecku marauTHOE MONEe M300pakaeTcs ¢ MOMOIIBIO JIMHUM MarHUTHOM
VHIYKUUU. JTuHUAMU MAZHUMHOU UWHOYKYUU HA3BIBAIOTCS KPUBBIE, KacaTEIIbHBIE K
KOTOPBIM B KQKJIOW TOYKE COBIAJAIOT C HAIIPABICHUEM BEKTOPAa MAarHUTHOM MHIYK-
[IMY B 9TUX TOYKaxX MoJis (puc. 5).

Jlnst ynoOcTBa MpakTHUECKUX PacdeToOB IMojieii MakcBe BBEI B TEOPHIO €IIIé
OJHY BEKTOPHYIO XAPAKTEPUCTUKY MATHUTHOTO MOJIA — HANPANCEHHOCMb MASHUM-
no2o nons H .

i

SN\

Puc.5 MaruutHoe moJjie HOCTOSHHOTO MarHuTa



Kax u3BecTHO U3 (1)H31/IKI/I, BEIICCTBO, BHECCHHOC BO BHCUIIHECC MArHUTHOC I10-
JIC, UCIIBITBIBACT CO CTOPOHBI CHUJI 3TOr0 IO MEXAHUYICCKOC BO3,Z[€I>1CTBPIC Ha 3JIC-
MCHTApHBIC MHUKPOTOKH, TO CCTb Ha ABMKYIIHUCCS I10 Op6I/ITaM QJICKTPOHBI AaTOMOB.
HpOI/ICXOI[I/IT OpUCHTallUsI MHUKPOTOKOB B OIIPCACICHHOM HAIIPpABJIICHHWMW - HaMaI'HH-
gyuBanue. CTeneHb HaMarHWYEHHOCTH BCIICCTBA XAPAKTCPUIYCTCA B6EKMOPOM

HamaznuyeHnocmu M , paBHOMY MarHUTHOMY MOMEHTY €IMHHUIIBI oObeMa } Berie-

CTBa (3amUCcATh HA JOCKeE):
o' -
E IS, - n

M =lim-*
V=0 V >

rjae i — dJIeMEHTapHbIe MUKPOTOKH B JAaHHOM OObEME BEIIECTBA;

Nk - €AUHUYHBIN BEKTOP HOPMAJIM K MOBEPXHOCTU S;, OTPAHUUYEHHON KOHTY-
pPOM, B KOTOPOM MPOTEKAET MUKPOTOK I '}

Sk
v

il

C napyroii cTopoHbl, HAMArHUYEHHOCTb OMPENENISIOT KaK CYMMY MUKPOMOKO8
Ha eOuHUYy ONUHbL TUHUU, NPOBEOEHHOU 8 OAHHOU MOYKe 8eujecmsd 8 mom Hanpas-
JIeHUU, 8 KOmopom sma cymma O6yoem maxcumanvrou. HanpaBnenue 3Tol TUHUU U

€CThb HampasiieHue BekTopa M .
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MaremaTuuecKku 3TO OIIPCACIICHUC MOKHO 3aIluCaTh CJIICAYIOITUM 06pa30M

i'=[Mal "

rae  i' - CcyMMa MUKPOTOKOB BJOJIb KOHTYpa UHTETPUPOBAHUS.

HamaramdeHHOCTh BelecTBa u3MepsieTcsl B amrmepax Ha metp (A/Mm) (3amm-
caThb Ha JI0CKe).

Jlnst ynoOcTBa MpakTHUECKUX PacdeToB Mojieii MakcBe BBEI B TEOPHIO €IIIé
OJIHY BEKTOPHYIO XapaKTEPUCTUKY MATHUTHOIO MOJS — HANPAACEHHOCb MASHUM-
no2o nons H .

B u30TpomnHoO# cpenie BEKTOp HAMPSKEHHOCTH H{ CBSI3aH ¢ BEKTOPOM MarHuT-
HOM MHIYKIIUU COOTHOILLIEHUEM

B=u -H
TA€ [, — AOCONOMHASL MACHUMHASL NPOHUYAEeMOCHb BEIIECTBA, U3MEpsieMasi B TeH-
pu Ha MeTp (['H/M) (3anmMcaThb Ha J0CKe).
HanpspkeHHOCTh MarHUTHOTO TIOJIST M3MEpsIeTCs B aMIiepax Ha metp (A/M) (3a-

NMUCATH HA J0CKeE).
ONBITHBIM ITyTEM YCTAaHOBJICHO COOTHOIIICHUE

>

M=z H,
Tie & — MAHUMHAS 60CRPUUMYUEOCb 6eUjeCBa, BETMYHHA Oe3pa3sMepHas.
Bce TpH BEKTOPHBIX XapaKTEPUCTHUKH MATHUTHOTO MOJs CBA3aHLI COOTHOIIE-
HIEM

B=u,(H+M)
rme o = 4n 107 Tu/M— abconomuas maenumnas nponuyaemocms Bakyyma (3a-
NUCATH HA J0CKeE).

B I/I30Tp0HHOﬁ CpCac BCKTOP HAIIPSIPKCHHOCTHU H cBs3an ¢ BCKTOPOM MArnuT-
HOM WHAYKIMU COOTHOIMICHUEM

Ezﬂa 'H, (1.4)

rie 4, — a0CONIOTHAs MarHUTHAs MTPOHUIIAEMOCTh BEIIECTBA, U3MEpsieMasi B TeHPU
Ha meTp (I'u/m).
HarmnpskeHHOCTh MAarHUTHOTO TIOJISI U3MEPSIETCS B amriepax Ha MeTp (A/M).
Maznummnbtit nomoxk @ (puc. 6)4epes HEKOTOPYIO MOBEPXHOCTH S — 3TO MOTOK
BEKTOpa MarHUTHON MHIYKITUH Y€pe3 STy TOBEPXHOCTh:
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e MarHuTHbIA NOTOK e [loToKocLienneHue KaTylku ¢ W BUTKaMK

@=I§d§. Y =w.

PucyHok 6. MarHuTHBIN TOTOK U MOTOKOCIIEIIJICHHUE

@z-[BCOSﬂdSZJ-EdE . (1.5)

Enunauneir MarauTHOTO TIOTOKA siBJIsieTcs Bebep (BO).

Hcmounukamu MaAzHUMHO20 NONA CIYXAT 0GUMCYUUeCA IJIeKMPUYECKue
3apsIbl WM M3MEHSIONIEECs JJICKTPUIEecKoe Toie. B o01mieM ciyyae 1moj; MCTOYHHM-
KOM MarHMTHOTO TIOJISl TIOHMMAIOT TaK HAa3bIBACMBIN MOHbLIL I/IeKMPUHECKUll MOK.
CBsI3b MEXKy MAarHUTHBIM TIOJIEM U TIOJTHBIM 3JICKTPUYCCKIM TOKOM yCTaHABIUBACT-
CSl 3aKOHOM NOIHO020 moka. B uaTerpanbHoi (hopMe 3TO ypaBHEHHE UMEET BUJI:

(1.6)

>

$H dl=|jdS
V4 S

rae  J - IUIOTHOCTb NOJHO20 INEKMPUUECKO20 MOKA.
DT0 ypaBHEHHUE TaKKe 3alHiChIBAIOT B (popme

>

{;1sz=1'
Y4

A€ 1 - IOJHBIM AIEKTPUUYECKHUN TOK.
C nozunmii Teopun IMII npuHATO paznuyaTh TPU BUAA SIEKTPUUIECKOrO TOKA.

Tok npogodumocmu iyp TIPEJICTABISET COOOH YNOPSIOYEHHOE JIBIKEHHE 3aps/IOB:
DJICKTPOHOB B METaJUIC WJIM MOHOB B 3JIeKTpoiuTe. OH ONpeAesaeTcs TOTOKOM BEK-

TOpa IJIOTHOCTH ToKa J,, =¥ E uepes nonepeunoe ceuenue S MpoBOAHUKA C MPO-

BOJMMOCTBIO Y M UYHUCIEHHO PaBEH OTHOILIECHHUIO KOJIMYECTBA AJEKTpUUecTBa Ag, me-
PEHOCUMOTO 3apsHKEHHBIMUM YaCTULAMH, K IIPOMEXYTKY BpEMEHH Af, CTpeMSILIEMYCs
K HYJIO:



12

Tox nepenoca inep BO3HHUKACT IOJ JACHCTBHEM 3JIEKTPUYECKOrO Moyt E B
CBOOOJTHOM TPOCTPAHCTBE, 3aMOJIHEHHOM 3apsiiaMd CO CPeIHEOObEeMHOM TIOTHO-
CTBIO O, IBWXKYIIIUMHUCS CO CKOPOCTHIO v :

ip = | e 8S
S

€ Jup =PV - INIOTHOCTH TOKA TIEPEHOCA.

Tok r1ekmpuueckozo cmewienus i, BOHUKAET B TUDJICKTPUKAX MM B BaKy-
yMe MPU U3MEHEHUH AJIEKTPUUYECKOTO MOJs BO BPEMEHH U 00YCIIOBJIEH U3MEHEHHUEM
AIIEKTPUYECKOMN MOJIAPU30BAaHHOCTH BEIIECTBA!

iy = | 7S,
S

rae  J., -IJOTHOCTH TOKA CMEIIEHUS.

ToxkHu MPOBOJUMOCTH U IEPEHOCAa MOTYT BO3HUKATh KAaK B IOCTOSIHHBIX, TaK U
B NIEPEMEHHBIX JJIEKTPUUYECKUX MOJIAX. TOK CMEIIEHUS MPUCYTCTBYET TOJBKO B IIE-
PEMEHHBIX MOJISX.

Takum oOpa3oM, MONHBIA 3JIEKTPUUYECKUN TOK MpeAcTaBiIsieT coOOM JBa pas-
HOPOJHBIX SIBJICHUS - JIBHJKCHHE IEKTPUYECKUX 3apsiIOB U MU3MEHEHUE 3JIEKTpUYe-
CKOTO MOJISl BO BPEMEHU.

[JIOTHOCTH MOJIHOTO JIEKTPUUYECKOTO TOKA OIPEAEIAETCS BEIPAXKEHUEM:

j:janr jnep + jcm.



