MAT'HETHU3M

B sTom pa3aciic (1)H3HKI/I HU3Yy4aroTCA SABJICHHA, O6YCJIOBJI€HHI)IC MAarouTHBIM
BBaHMOIIefICTBHCM QJICKTPUYCCKHU 3apAKCHHBIX YaCTHUII.

MaraurHoe 1moJie.

DJIEKTPUYECKUM TOK B MPOBOJHHUKAX - ATO YIOPAIOYECHHOE JBUKCHUE 3a-
PSOKEHHBIX MUKPOYACTHUL]. Y BHUIETh HEMOCPEICTBEHHO ABMKEHUE 3TUX YacCTHII, T.€.
YBUJCTH DJIEKTPUUECKUN TOK HEBO3MOXKHO - CIIUIIKOM Majibl HOCUTEIHU TOKa (DJIeK-
TPOHBI U HOHBI). [l03TOMY O HAJIMYUU BIEKTPUUYECKOTO TOKA MBI MOXKEM CYIHUTh
TOJIBKO IO €ro BHEUTHUM MaKpOCKONMHYECKUM MposiBIeHusM. Haumboinee xapakrep-
HBIMU BHELIHWMU MPOSIBIICHUSIMU TOKA SIBJISIOTCS TPU €r0 JEHUCTBUS - XUMHUYECKOE,
TEIJIOBO€ U MarHUTHOE. 1o 3TUM JEHCTBUSAM SJIEKTPUUYECKUN TOK MOXKET OBITh 00-
HAPYXKEH U U3MEPEH.

XUMHUYECKOE JIEUCTBUE TOKA IPOSBILIETCSA IPU IMPOXOXKICHUU TOKa uepe3
BJIEKTPOJIUTHI - ITO SBJICHUE AJIEKTpoin3a. [Ipyu mpoxoxkaeHnn Toka 4epe3 METallIbl
XUMUYECKOTO JAeHCTBUS HET. MOXKHO 00€CIeunTh YCIOBUS, IPU KOTOPBIX HE OYAET U
TETUIOBOTO JIEUCTBUS TOKA. ECIM MPOBOJHUK HAXOAMWTCSA B COCTOSIHUM CBEPXMIPOBO-
JMMOCTH, TO €r0 COMPOTUBIICHUE PABHO HYJIO U MPOBOJHUK HE HArpeBaeTcsl Mpoxo-
JAIIAM YEPE3 HETO TOKOM.

Takum 00pa3oM, MOXKHO OCYIIIECTBUTDH YCJIOBHS, TP KOTOPHIX HE MPOSIBIISIOT-
Cs HU TEIUIOBOE, HU XMMHYECKOE JECUCTBUE IJEKTPUUYECKOTO TOKAa. HO HUKakuM crio-
co0OM HEBO3MOKHO CO37aTh TaKWE€ YCJIOBHUSI, MPU KOTOPHIX OTCYTCTBOBAJIO ObI Mar-
HUTHOE JEHUCTBUE TOKA - JEUCTBUE HA MATHUTHYIO CTPEIIKY.

MarauTHoe AEUCTBUE SBJISIETCS CAMbIM XapaKTEPHBIM, CAMBIM CYLIECTBEHHBIM
Y HEOTHEMJIEMBIM CBOMCTBOM JJIEKTPUUYECKOTO TOKA.

Ha marHuTHYyI0 CTpEINKy, pacroiaoKeHHYIO BOJIM3U MPOBOJIHUKA C TOKOM, JEH-
CTBYET CHWJIa, TOBOPAYMBAIOIIIAsl 3Ty CTpesKy. [IpencraBienust cCoBpeMeHHOM (hU3UKU
HE JIONMYCKAIOT JaJTbHOACHCTBUS, T.€. IEUCTBUS HA pAcCTOSHUM. J[Ba 00bEKTa MOTYT
B3aMMO/ICHCTBOBATh, TOJBLKO HAXOJSICh B OJHOM TOUKE MPOCTPAHCTBA, OYIy4H TPHU-
BEJICHHBIMU B HEMOCPEICTBEHHBIH KOHTaKT. CiegoBaTeabHO, HEOOXOAUMO MPEIo-
JIOKHUTh, YTO B MIPOCTPAHCTBE BOKPYT MPOBOJHUKA C TOKOM CYILECTBYET CUIIOBOE MO-
ne. 910 MarHuTHOE nojie. OHO U JAEHUCTBYET Ha CTPENKY, HE TOK AEHUCTBYET, a €ro
MarHuTHOE TOJIE.

MarauTtHoe 1oJie - 3T0 OCOOBIN BUJ MAaT€pUH, CYIIECTBYIOIIUN BOKPYT MPO-
BOJHUKA ¢ TOKOM. OCOOBI B TOM CMBICIIE, YTO ATOT BHUJl MAaTEPUH HE BO3JACUCTBYET
HENOCPEACTBEHHO HU HA OJMH M3 OPraHOB YyBCTB uesoBeka. Ho, TeM He MeHee, 3To
MaTepusi, CYIIECTBYIOMAas 00bEKTUBHO, UMEIOIIAasi OOBEKTUBHBIC CBONCTBA, KOTOPHIC
MOKHO OOHAPYXUTh, U3MEPHUThH, OMUCATb.
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M cTOYHUKOM MAarHUTHOTO TIOJS SIBJISIETCS SJICKTPUYECKUM TOK, T.€. JBHUIalO-
IIUecs ISKTPUUECKUE 3apsabl. MarHUTHBIX 3aps0B B IPUPOJIC HE CYIIECTBYET (ec-
JIX BBIpAXXaThCs OCTOPOXKHEE, TO MATHUTHBIC 3apsi/ibl TTOKA B MIPUPOJIC HE OOHApYKe-
HbI). MarauTHOE T0JIe CO3/IAal0T AJICKTPUUYECKHUE 3apsiabl, HO apuratomuecs. Hemon-
BIDKHBIC DJICKTPUUYECKHUE 3apsiibl MarHUTHOTO MOJISl HE CO3/1af0T.

B cBoto odepenp cwiia co CTOPOHBI MAarHUTHOTO TIOJIS JIGUCTBYET TOJBKO Ha
JIBUTAIONIUECS AJIEKTPUUYECKUE 3apsi/bl, T.€. Ha dJEKTpUUECKUN TOK. Ha HemoaBmxk-
HBIE AJIEKTPUUYECKUE 3apsJIbl MATHUTHOE T0JI€ HE JICHCTBYET.

MarnutHoe moje, TakXKe KakK U AJIEKTPUUECKOE, MPUHATO XapaKTEepPHU30BaATh
JIBYMSI BEKTOPHBIMU BEJIMYMHAMU - HATIPSKEHHOCTHIO U UHYKIIHUEH.

- -
HampsixkeHHOCTH 0003HAYAOT OYKBOW H , UHIYKIIUIO - B .
B snekTprueckoM Mosie CUIOBOM XapaKTEPUCTUKOW SABISIETCA HANPSKEHHOCTh

5

E. B mMarHuTHOM moJjie HA000POT - CUIIOBOM XapaKTEPUCTUKOMN ABIISAETCS MHAYKLUS

- - -

B. HanpsokeHHOCTE H CHIIOBOW XapaKTEPUCTUKOW HE SBIAETCS. H  ompenensercs
-

ITapaMeTpaMH UCTOYHUKA, & UMEHHO - CUJIOM TOKAa M T€OMETpUEN TPOBOAHUKA. H He

3aBHCHUT OT CBOWMCTB CPEAbI, a CHUJIAa MATHUTHOTO B3aUMOJICUCTBUSI OT CBOMCTB CPEJIbI
-
3aBUCHUT. [103TOMY CHIIOBOM XapaKTEPUCTUKOW MArHUTHOTO IOJIS IBJISIETCA HE H, a

.
BEKTOp B, 3aBHUCAIINI OT CBOMCTB CpPEBbI.
- -

Mexny Bekropamu B M H CylIeCcTBYeT IPOCTOE COOTHOLIEHHUE:
B = uu,H.

31ech U B JaJbHEHIIEM, A€ 3TO KACAETCS MArHUTHBIX SBJICHUMN, IPUMEHSETCS CUC-
TteMa enuann CU.

B naHHOM BBIpaX€HUM |L - OTHOCUTEIIbHAS MAarHUTHAS MMPOHUILIAEMOCTb CPEIBI
- Oe3pa3MepHOe YHCII0, MOKA3bIBAIOIIEE - BO CKOJIBKO pa3 CUjia MArHUTHOTO B3aUMO-
JNEUCTBUS B JAaHHOM CPEEe OTIMYAETCS OT CUJIbl B3aMMOJIEUCTBUS B Bakyyme. [ Ba-
KyyMma (¥ ¢ OOJIBIIION CTENIeHBIO TOYHOCTH JJI Bo3ayxa) | = 1.

107
Lo = 4n 10" T'n/M - aOcontoTHasi MarHUTHas! IPOHUIIAEMOCTh BaKyyMa, pa3MepHas
KOHCTaHTA.

3axkon buo - CaBapa - Jlanaca.
-
Hanps>keHHOCTh MAarHUTHOTO TIOJIST H  BCerza mpsiMo MPONOPLUHUOHANIbHA CUJIE

N
TOKa M CHJIBHO 3aBHUCUT OT T€OMETPHH IPOBOJIHUKA ¢ TOKOM. HampspkeHHOCTH dH
co3gaBaeMas OECKOHEUHO MaJIbIM AJIEMEHTOM MPOBOJIHHUKA C TOKOM JIMHOM dl, pac-
CUUTHIBAETCS C MOMOIIBIO 3ak0oHa buo - Casapa - Jlanaca (1820 r.):
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-

5

HampaBnenue Bektopa d | coBmajaer C HampaBICHHEM TOKa, BEKTOp
HaIlpaBJICH OT 3JIEMCHTA TOKa K TOYKE HAOMI0IeHHs (K TOYKE, B KOTOPOH ompenes-
eTCs T0JIC).

N

Hamnpasnenue nonst dH omnpenensierca B COOTBETCTBUU C MPABHIIOM OIpeE-
JICJICHHS] HAIIPABJICHHs] BEKTOPHOTO MTPOU3BECHUS, IO MPaBIIIy MpaBoro BUHTa (Oy-
paBuuka). Pykositky OypaBuuka cielyeT MOBOpayMBaTh OT MEPBOTO COMHOMKUTEIS

- -

(ot d1) ko Bropomy (r). Torna HampaBieHHE IBUKEHHS OCTpHs OypaBuMKa yKa-
-

KET HaIlpaBJICHUE BEKTOPHOrO Mpou3BeAeHus, T.e. d H . B cOOTBETCTBUM € 3TUM Ipa-

BwioM mome dH B TouKe HaOmoAeHus Oy/eT B JaHHOM CIy4dae HalpaBlICHO 3a
yepTexk (0T HAC), UTO U MOKA3aHO KPECTUKOM B KPY)KOUKE (BHJ Ha CTPENy CO CTOPO-
HBI OIIEPEHUS).

[IpaBuno mpaBoro OypaBuYMKa IMPHU ONPEACICHUM HAMPABICHUS MarHUTHOTO
MOJISI TOKa MOKHO NMPUMEHSATh U IPYTUM CIIOCOOOM - HAMpaBJsATh OCTpHe OypaBuuKa
BJIOJIb TOKA, TOT/Ia HAMPABJICHUE IBIXKCHUS PYKOATKH OypaBuMKa MOKaXKET Harpas-
JICHUE T10JIA.

Benuuuna nonst dH B cooTtBeTcTBUU ¢ 3akoHOM buo - Caapa - Jlamnaca orn-
penensieTcs CAeAyoIuM 00pa3oM:

dH = IS|n92dI _
drr

3nech O - yroa Mexay BEKTOpaMu dl ur.

[Tone, cozmaBaeMoe TOKOM HPOW3BOJIBHOM KOH(PUTypaluu, MOXET ObITh BbI-
YHUCJIEHO B COOTBETCTBUHU C MPUHILIUIIOM CYNEPHO3UIMU KaK BEKTOPHAs CyMMa MOoJei,
CO37]aBa€MbIX KaX/IbIM OECKOHEYHO MaJIbIM 3JIEMEHTOM 3TOT0 TOKA:

H=[dH .
|

[IpakThyecku Tak MOXET ObITh BBIYHUCIEHO IOJE TOJIBKO TOKa JIOCTATOYHO
IPOCTON KOH(PUTYpaIuu, HapuMep, NPSIMOIHUHEHHOT0 MPOBOJIHUKA C TOKOM MPOU3-
BOJIbHOW JIJTMHBI, WJIM T10JI€ KPYTrOBOTO (KOJBIEBOI0) TOKA HAa ocH KoJiblia. [lone Toka
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JEHCTBUTEIHLHO TIPOU3BOJILHON KOH(PUTYpAITMH MOKHO TaKUM OOpa30oM BBIYHCIIUTH
TOJIBKO YHCIJIEHHO, C TIOMOIIIBIO KOMIThIOTEPA.

[Tose 6ecKOHEYHOTO MPSAMOIUHEHHOTO MPOBOJHUKA C TOKOM PacCUUTHIBACTCS
o ¢opmyie:

H=
2rr
H ’ » H
O R EEEEEEEE ®
A
1
[Tone Ha ocu KPyroBOro TOKa:
2
H - la :
2(a?+x?)?
"
Ly Lo —>
X
B wactHOCTH, B 11eHTpe BUTKa (X = 0):
ho L
2a

Ha ocHOBaHMM 3TOro BBIPa)KEHHsI BBOAUTCS €AWHULIA U3MEPEHHUs HANPSIKECH-
HOCTH MarHuTHoOro mnosis B cucteme CH.

EnuHnna HampsyKeHHOCTH - 9TO HANPSKEHHOCTH IIOJISA B LIEHTPE KPYyTrOBOI'O
BHUTKA paguyca | MeTp, 1o KOTOpOMY MPOXOJIUT TOK CHIJION 2 Ammepa:

[=2A , a=1m, Torna H=1 (AMmep Ha Metp).

A
M
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MarnuTtHoe mose, TakKe Kak U AJIEKTPUYECKOe, MOKHO XapaKTepH30BaTh CH-
JIOBBIMHM JIMHUSIMH - JIMHUSIMH, KacaTeJIbHbIe K KOTOPHIM B KaXIOM TOUKE COBIAIAIOT
C BEKTOPOM HAIPSKEHHOCTH WU UHIYKIIMU B 3TOM TOUKE.

HanpaBieHue cuioBol TMHUM COBIAIACT C HANPABICHUEM CHJIbI HA CEBEPHBIIl
KOHEIl MarHUTHOM CTPEJIKH.

Tak Kak MarHUTHBIX 3apA0B B IIPUPOJIE HET, TO CUIIOBBIM JIMHUSM MarHUTHO-
rO TOJISL HeTJle HAYUMHATHCS U OKaHYMBaThCs. [109TOMy CHIIOBBIE JIMHUM MarHUTHOTO
MOJIsL BCETJ]a 3aMKHYTHI. B 4acTHOCTH, CHUJIOBBIE TUHUH NMPSIMOTO 0ECKOHEYHOTO TOKa
- OKPY>KHOCTU C IIEHTPOM B MpOBOJHHUKE. HampaBieHue cUIOBOI JIMHUU TPSIMOTO
TOKa OIpeessieTcs Mo npaBuily OypaBuMKa - OCTpHUE HANpPAaBISETCS BAOJIb TOKA, TO-
r7la BpallleHHne PYKOSTKY MOKaXKET HAIPaBJICHUE CHJIOBOW JIMHUU.

[Tpu onpeneneHN HAIPAaBICHUS MATHUTHOTO TOJISI BHYTPU 3aMKHYTOT'O BUTKA
C TOKOM (He 00s513aTebHO KPYyrOBOI'0) MPaBWIO OypaBurKa y100HEee MPUMEHSATh UHA-
4ye - pyKOSITKy OypaBuMKa BpallaTh BJOJIb HANPABJICHUs TOKA, TOTJa JBUKEHHE OCT-
pUsl MOKAKET HAlpaBIeHUE MarHUTHOTO TOJIS.

OnpepeneHve
HanpasneHus
CUIOBOW NUHUN
MarHUTHoro
nossi NpsiMoro
TOKa.

—~

Onpez[eneHHe HamrpaBJICHUA MAarHvuTHOI'O IIOJIA BHYTPHW 3aMKHYTOI'O BHTKA C TO-
KOM.

Kongurypauuio cUIOBBIX JTUHUI MarHUTHOTO TOJS MPOBOJHUKOB C TOKOM
pa3anuHOi (HOPMBI MOKHO HETIOCPEICTBEHHO HaO0aTh, TOMECTHUB B 3TO I0JIE Me-
TAIIMYECKUE ONUIIKUA. BBICTpanBasich BIOJIb CUIIOBBIX JIUHUMN, ONWIIKH JEJIAI0T BUIK-
MOW KapTUHY CWJIOBBIX JIMHUH.
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JeificTBe MATHUTHOI'O OJISI HA MIPOBOJAHMUK C TOKOM.
3akon Ammepa.

CI/IJ'Ia, I[CﬁCTBYIOHIBJI Ha MaJIbIi 2JIEMEHT TOKa B MarHUTHOM I10JIC, OIIPCOCIIA-
CTCiA M3 3aKOHAa AMnepa.

dF = I{Cﬁ.}} - 3akoH Awmmepa.

Benuuyunaa CHIIBL:
dF=1.dI-B-Sind

HampaBnenue cuibl onpenensieTcsi B COOTBETCTBUU C MPABHIIOM MPABOTO Oy-
paBUYUKA NI BEKTOPHOTO MPOU3BEICHUS - PYKOSITKa OypaBuMKa BpaIlaeTcsi OT mep-

- -
BOro coMHOXHuTend (0T d | ) ko BTopomy (K B), Torjaa aJBukeHue ocTpusi OypaBuu-

5
Ka MOKaXKeT HaMpPaBJICHUE BEKTOPHOTO rpou3BeieHus (cuibl dF ).

HamnpaBnenue cuiibl cO CTOPOHBI MAarHMTHOI'O TOJIA HA NMPOBOJHUK C TOKOM
MOYHO ONPEAEISTh TAKXKE C MOMOILIBIO MPaBUia JEBOM PYKH - JIAJOHb JIEBOM PYKHU

pacrojaraercsi TakuM o0pa3oM, 4TOObl CUJIOBBIE JIMHUHM BEKTOpa B BXOJIMJIN B JIa-
JIOHb, YEThIPE MaJIblla HANPABIISUIMCH BAOJIb TOKA, TOT/1a OTCTABJIEHHBIN OOJIBIION Ma-
JIel IOKaXET HApPaBIICHUE CUJIBI.
B nanHoM citydyae HarnpaBlieHHE CHIIBI - Ha HAC (OT TUIOCKOCTH YEePTEkKA).
[lonHast cuna Ha BeCch MPOBOJHUK C TOKOM ONpPENENseTCs CyMMHPOBAHHEM
BCEX CHJI, JEUCTBYIOIINX HA KAXKIbIN MaJIbli JIEMEHT:

F=[dF .
|
B JaCTHOCTH, €CJIN IMMPOBOJHUK HpHMOﬁ, a II0JIC MOCTOAHHO BAOJIb ITPOBOJHHU-

Ka, TO:

Beauunaa cunbl:
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F=B-1-1-Sing .

—

BekTop | HampaBiieH BIOJIb TOKA.

B3aumoneiicTBHe ABYX Napa/lieJbHbIX MPOBOJOB C TOKOM.
Enununa cuibsl TOKa - Ammep.

PaccMmoTpum 1Ba mapasienbHbIX MpoBoAa OeckoHeuHoM JiuHbL. [lo mepBomMy
MIPOBOJTY MPOXOJIUT TOK |, , 0 BTOpoMmy - |, . PaccTosiHre Mex 1y mpoBojamMu r .

Tam, rae HaxoguTCs BTOPOM NPOBOJ, CYIIECTBYET MAarHUTHOE IOJIE MEPBOTO
MPOBO/A, BEIUUCIISIEMOE TI0 popMyJIe:

_ b WHAyKUus 9T0T0 OIS B = 4.y, - H, = 25 ly
2rr ° 2rr

1

HampaBneHo 3To moJie oT Hac (3a IJIOCKOCTh YEPTekKa) B COOTBETCTBUU C Ipa-
BUJIOM NpaBoro OypaBumka. Bo Bcex Toukax 2 - ro mpoBojia 3TO MOJE OJWHAKOBO,
T.K. JUIsl BCEX TOYEK OJIMHAKOBO PACCTOSIHUE I .

[ToaToMy cuna, qefcTByIOIask HA y4acTOK BTOPOro MPOBOJA JUIMHOW |, paBHA:

F=B,1. (yroxa gzg)

[ToncTaBiisisi Cro/1a BeIpaXXeHue sl B, , TOTyUYnM:
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JTY IRV P _ i
F = T CHJIAa HAa y‘laCTOK HpOBOI[HI/IKa JJIMHOU .

Hampasnenue 3TOM CUIIBI COTTIACHO NPABUILY JIEBOM PYKHM - CJI€BA HAIIPABO.
Ha kaxnaplii METp JJIMHBI BTOPOTO IMPOBOIHUKA JEHCTBYET CUIIA:

F, = % _ MLy - CWJIa Ha CIUHUIY JJIMHBI.
2xr

B3aumopeiicTBue mnapauiesIbHbIX OECKOHEYHBIX MNPSAMOJUHEHHBIX MPOBOJIHU-
KOB C TOKOM SIBJISIETCSl ATAJIOHOM YE€TBEPTOM OCHOBHOW enuHuLbl B cucteme CHU -
€AMHUIBI CUJTBI TOKa AMIiepa.

Amriep - 3TO cUJIa MOCTOSIHHOTO TOKAa, KOTOPBIW, IPOXO/s 1O IBYM Mapajijielib-
HBIM NPOBOJHUKAM OECKOHEUHOM JJIMHBI M HUYTOXXHO Majoro CEYeHHsl, pacrojo-
KEHHBIM Ha pPaccTOSHUU | MEeTp OJMH OT APYTroro B BaKyyMe, BbI3Bal Obl MEXIY
STHMH IPOBOIHHKAMH CHTY, paBHyio 2107 HproTOHA Ha Kamblil METp JTHHBL.

KoHTyp ¢ TOKOM B MArHUTHOM MOJI€.

Onpenenum pe3ybTUPYIONIYIO CHITY, IEHUCTBYIOIIYIO Ha 3aMKHYTBIH KOHTYD C
TOKOM B OJTHOPOJTHOM MarHUTHOM TIOJIE.

-

B = const

»
»

—
n

NS
|

N
Ha pucynke n - eqHMYHBIN Oe3pa3MepHBI BEKTOP HOPMAJU K TOBEPXHOCTH

N
pamku. Ctoponsl paMmku a U b. Tok B pamke |. Munykuus nonst B.
B cooTBeTCTBUY C MTPaBUIIOM JIEBOM PYKH Ha BEPXHIOK CTOPOHY PAMKH JIE€UCT-

BYCT CHJIa EB , HaIlpaBJICHHAs BBCPX, HA HWUXHIOKO CTOPOHY - CHJIA EH , HaIIpaB-
JICHHas BHH3. OTH ABC CWJIbI paBHbI APYI" APYyTry IO BCIUMYMHC, TaAK KAaK BCPXHIAA U
HWXHASL CTOPOHBI paMKKU UMCHOT OJIMHAKOBYIO JJIMHY, IO HUM IIPOXOJUT OAWH U TOT
K€ TOK, OHHM HaxXOoAATCA B OJUMHAKOBOM IIOJIC. OO0e cubl HaIIpaBJICHBI 110 OHHOﬁ JIN-
HHUU B IIPOTHBOIIOJIOXHBIC CTOPOHBI. CHGI[OBaTCJIBHO, 9TH IBC CHJIbI ITOJHOCTBIO
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KOMIIEHCUPYIOT APYT ApPYyra, OHU MOTYT JIHIIb PACTSIHYTh (WA CXaTh MPHU APYrOM
HaIpaBJICHUH TOKA) PaMKY.

PaccMoTpum Temneph CUIiIbl, IEUCTBYIOMUE HA OOKOBBIE CTOPOHBI paMKu. Jlms
ATOro yao0Hee u300pa3uTh BUJI CBEPXY Ha ATy PaMKY.

B cooTBercTBHU C IIpaBHJIOM JIEBOM PYKH Ha OOKOBEIC CTOPOHBI PaAMKH ,Z[CﬁCT-

- -
BYIOT CHIJIBI Fin F2 , PaBHBIC 110 BCIIMYHUHC (T.K. CTOPOHBI OHHHaKOBOﬁ JJIWHBI, 041~

HAaKOB TOK M OJIMHAKOBO I10JI€) U MPOTUBOIIOJIOXKHBIC 110 HalpaBjieHU0. MX BekTop-
Hasi CyMMa paBHA HYJIIO0, HO OHU JICUCTBYIOT HE MO0 OJHOW MPSAMOM, IO3TOMY MEXAHHU-
YECKHM MOMEHT ATHX CHJI HE PaBEH HYJIO. J[B€ CHIIbI, paBHBIC 110 BEJIUYUHE, ITPOTH-
BOIOJIOYKHBIE 110 HAMPABICHUIO U JIEUCTBYIOIIME HE MO OJHOM MPSAMOM, HA3BIBAKOTCSA
napoi cujl. MexaHn4eCcKHil MOMEHT Maphl CUJI OTHOCUTEIBHO JII000I OCH paBeH:

M=F-I.

3nech F=F =F,, |-paccTossHuEe MEXIY JIUHUSIMU JICUCTBUS CHUJL.

HanpaBneHI/Ie BCKTOpa MOMCHTA CBA3AHO C HAIIPAaBJICHUEM BpallaroIicro I[Cﬁ-
CTBHUs CHII IIPABHUJIOM ITIPAaBOr'0 BUHTA, B JAHHOM CJIy4a€ BCKTOP MOMCHTA HAIIPaBJICH
Ha HacC.

—

5
W3 pucyHka BUAHO, 4TO |=a-Sine, TI€ « - yrOJ MEXKIy BEeKTOpamMu B u n.
CrnenoBarebHO:

M=F-a-Sinax.

Ha ocHoBanuu 3akoHa Amnepa F =B-1-b (yrojl MeXay TOKOM M MOJIEM PaBEH
7). IloacTaBiisist 3TO B BBIP@KEHUE 11 M , OJTYIUM:
2

M=B-l-a-b-Sina.
[Tnomanb pamku S = a-b, clie10BaTeNbHO:
M=B-1-S-Sinx.

N

>
OHDCHCH@HI/ICZ BCKTOp p,=1-S-n Ha3pIBa€TCA MarHuTHbBIM MOMCHTOM

paMKH
C TOKOM.
Ero Benmuunna: p,=1-S. Torgma:
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M=B-p,Sina.

>
BCKTOP P, CBiA3aH C HAIIPABJICHUCM TOKa B paMKC IIPAaBUJIOM IIPpABOT'0 BUHTA,

—

WHBIMHU CJIOBAMU BCKTOP p, COBIAAACT 11O HAIIPABJICHUIO C COOCTBEHHBIM MarHHT-
HBIM ITIOJICM PaMKH B €C LICHTPC.

—

- -
[locnennee BoIpakeHHE U COOTHOLIICHUE HAIIPABJICHUM BEKTOPOB p,, B u M
Ha PUCYHKE MMO3BOJISET 3aM1caTh OKOHYATEIBHO:

It/l = |:Bm§:| '

Tak BBIYUCIISIETCA MEXAaHUYECKUI MOMEHT, ICHCTBYIOIINM HA PAMKY C TOKOM B
OJIHOPOJTHOM MarHUTHOM II0JI€.

JIaHHBIN pe3yapTaT CIPaBEMIAB ISl MPOU3BOJIBHOTO INIOCKOIO0 KOHTYpa € TO-
KOM, HE 00s13aTCIIBHO MPSMOYTOJILHOTO (0€3 JI0Ka3aTelbCTBA).

U3 popmyinsl cienyer, 4ro:

M=0, ectt p, ||B (yron =0, wix r - pamka MepHCHIUKYJISAPHA TOJIIO),
IM| =p,-B=max, eciu p, LB (yron 4-+” - paMKa napauielibHa MoJio).
2

5

Ecnu mone neonnopoaHo (B #const ), To cuiibl F, U F, B oOIIeM ciay4yae He
paBHBI apyT apyry no BeauunHe ( F # F, ), X BEeKTOpHas CyMMa HE paBHA HYJIO U
KpOME BpalllaloIero MOMEHTA Ha KOHTYpP JEHCTBYET pe3y/IbTHPYIOIIas CUia, BTATHU-

T
Baromas €ro B 00JIacTh 00JICEe CHIIBHOIO MOJIS, €Cln o < > 1 BBITAJKUBAIOIIAs U3

T
o0mactu 0ojiee CHIILHOTO TIOJIS, €CIIH o > >

Bun cBepxy Ha paMKy B HEOJHOPOJIHOM TOJIE:

B nanHoM ciywyae pamka BTATMBaeTcs B 001acTh 0oJiee CHIIBHOTO MoJist (yroia o <

)
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Cuaa Jlopenna.

Cuna JlopeHna - 3TO cuja, AEWCTBYIONIAs CO CTOPOHBI MAarHUTHOTO MOJISI Ha
OJIMHOYHBIN AJIEKTPUYECKUHN 3apsi/l.

PaccMoTpum cuity, JE€HCTBYIOIIYIO CO CTOPOHBI MAarHUTHOT'O MOJISI HA MaJjblil
MPAMOJIMHEWHBIN 371EMEHT TOKa JiuuHou dl. Hocurenem Toka sBisieTcsl B MPOBOIHU-
KE 3JIEKTPOH - OTpULIATENbHAS dJIEMEHTapHas yacTula. HanpaBnenue Toka v Hampas-

.
JICHUE YIOPAIOYEHHOIO JBWKEHHS (HarpaBiIeHUE CKOPOCTH V) 3JIEKTPOHA MPOTHU-
BOIOJIOKHBI. YTOJ MEX]ly HAlpaBJICHUEM TOKA U MOJIEM 6.

CornacHo 3akOHy AMIepa Ha 3JIEMEHT TOKa JUIMHOW dl JEHCTBYET CHiIa:
dF =1-.dI-B-Sing.
I = j. S y

A€ j=(q-n-v - IUIOTHOCTb TOKA, ( - BEJIWYWHA 3apsAa DJIEKTPOHA, N - KOHLEH-
Tpauusi JIEKTPOHOB B IPOBOJHUKE, S - CEYEHUE ITPOBOJIHUKA.

Takum 00pazom:
dF =qg-n-v-S-dl-B-Siné.

YyuteiBas, 4To dV =S-dl - 00BEM MPOBOJAHHMKA M O0O3HA4Yass dN=n-dv -
MOJIHOE YKCJIO DJIEKTPOHOB B 3TOM 00bEME, MOTYUUM:

dF = q-v-B-dN-Sin6 - CWJia Ha IPOBOJAHUK, T.e. Ha Bce dN DJIEKTPOHOB.

PaznenuB 3Ty cuily Ha 4MCIO 3JIEKTPOHOB dN , IOJYyYHM BBIPAKEHUE ISl CH-

JIbl, IEUCTBYIOLEH HA OJUH JJIEKTPOH:

F-9F _4.v.B.Sine - CHIA HA OJMH IEKTPOH.

dN

B BekTOpHOM BHIE:!
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F- q [U E} - CcuJja, ACUCTBYIONIAS HA OJJMHOYHYIO 3aPSIKEHHYIO

yacTuily (He 00s13aTelIbHO TOJIBKO AJIEKTPOH), JBHXKYIIYIOCS B MATHUTHOM TIOJIE.

Hamnpasnenue 3Toi CHiIbl OIPEAEISIETCS 110 IIPABUITy IIPABOIO BUHTA JUISI BEK-
TOPHOI'O IPOU3BEACHHUS, HO C YYETOM 3HaKa 3apsiaa (. JJId MOJI0KUTEIBHOIO 3apsaa
g HampaBJIEHUE CWIbl COBIAJAET C HANPABJICHUEM BEKTOPHOI'O IPOU3BEIACHUS BEK-

—

TOpPOB V H g, AJI1 OTPpUIATCIIBHOIO 3apAaaa HaAIllPaBJICHUC CHUJIbI ITPOTUBOIIOJIOKHO
HAIIPaBJICHUIO BCKTOPHOI'O IIPOU3BCIACHU .

HaHpaBJIeHI/Ie CHIJIBI HopeHua MOJKHO OIIpCACIIATL U C IIOMOIIBIO IIpaBUJIad JIC-
BOH PYKH, YUUTBIBAsA, YTO HAIIPABJICHHUC TOKa COBIIAAACT C HAIIPABJICHHUCM CKOPOCTHU
JIIA MOJIOXKUTEIbHOM JaCTUObI W IIPOTHUBOIIOJOKHO CKOPOCTH JIA OTpPILIaTeJIBHOﬁ
qaCTHIBI.

N3 BeIpaxkeHus i cwiibl JIOpeHIia ClaeayeT, 4To 3Ta Cuja paBHa HYJIO, €CIIH
YyacTHIla JBUKETCS NapajljIeIbHO CHIIOBBIM JIMHUAM nosist (yron 6 = 0). Ecnu vac-

THIIA IBWKETCS IEPICHAUKYJIIPHO CHUJIOBBIM JIMHUSIM (YTOJl ¢ = +7), TO BeIMYMHA
2

cuJiibl JIopeHia MakcumalsipHa.

Cuia JlopeHiia paBHa HYJIIO TaKXK€ U B TOM CJIy4yae, KOrjga CKOPOCTh YaCTHIIbI
paBHa HYJIIO.

Takum 00pa3oM, MarHUTHOE T0JI€ HE JIEUCTBYET HA 3apsSHKEHHYIO YaCTHILY, €C-
JIU OHA HETOJBIKHA, JTMOO JBMKETCA MapalIeIbHO CHJIOBBIM JIMHUSIM MarHUTHOTO
TTOJISI.

Hupkyjasuust HANPSA’KEHHOCTH MATHUTHOTO TOJISL.

[Io ompeneneHUI0 HUPKYJALUENR BEKTOpPA HANPSKEHHOCTH MATHUTHOTO TOJIA
BJIOJIb 3AMKHYTOT'O KOHTYpa | Ha3bIBa€TCs CKaJsipHAs BEJIMYMHA:

4 H dl - mupkymasius HampsHKEHHOCTH MArHUTHOTO TIOJIS.
|
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N -
3neck H, - mpoekius Bektopa H Ha Hanpasienue d | .

H-dl=H-Cosa-dl= Hdl

Cdopmynupyem 0e3 BBIBOJIa COOTHOIICHUE, HA3bIBAEMOE WHOT/IA TEOPEMOU O
UPKYJISAIANA MAarHATHOTO TTOJISL:

JHdI=1. ( B cucreme CH)
I
B sTOoM BbIpakeHHH | - IIOJHBIM TOK Y€pe3 IIOBEPXHOCTb S, OTPAHUYECHHYIO
KOHTYpOM |.
H

Teopema 0 IMPKYJISALMU HAPSLKEHHOCTH MarHUTHOTO T10JIS MIO3BOJIAET PACCUHU-
THIBATH TOJISI TOKOB HEKOTOPBIX MPOCTHIX KOH(MUTYpalHii KOPOUE U MPOIIIE, YEM C T10-
Mol1ibto 3akoHa buo - CaBapa - Jlannaca.

Hampumep, mosie O6eckOHEYHOTO TpsIMOTO MpoBoaHMKA. W3 coobpaxeHuit
CHUMMETPHUH CJIEIYET, YTO B JAHHOM CIIy4ae B IJIOCKOCTH, MEPHEHIUKYISIPHON MpO-
BOJIHMKY, BEJIMYMHA MATHUTHOIO TIOJISl OJJMHAKOBA BCIOIY HAa OKPY>KHOCTH C IIEHTPOM
B MPOBOJHUKE, a HAIIPABJICHUE MATHUTHOIO MOJISI HA 3TOM OKPY>KHOCTH COBITAJIAET C
HAIPaBJICHUEM KACATEIIbHOU K HEM.

BriOupaem koHTYyp | coBmajarommm ¢ 3TOM OKpY>KHOCThIO. Ee pamuyc 000-
3HayuM r. Torma mimHa KOHTYpa |=2.7.r. [Inomanes S, orpaHnyeHHas 3TUM KOH-
TYpOM, IPOHU3BIBAECTCS TOKOM | .

mn
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Tak kak moyie Ha KOHTYpe | BCIOQY OJIMHAKOBO W HAIIPABIICHO IO KacaTelb-
HOW, TO B JAaHHOM CJIy4a€ H, = H = const BCIOAy Ha |. L{UpKyssius HanpsHKEHHOCTH
MarHMTHOTO MOJIS 10 3TOMY KPYTrOBOMY KOHTYPY BBIUMCIISETCS TAKUM 00pazoM:

Hdi = JHdl = Hfdl = H-1=H-2.7.1.
| | |

C npyroii cTOpOHBI, HA OCHOBaHUU TEOPEMBI O LUPKYIISILIUU

?‘H,dlzl.

CnenoBaTebHO H.2.z.r=1.

Otcrona H-_' - moise mpsMoro OECKOHEYHOTO TOKA.

ITome TOpOMda U II0JIC COJICHOM/A.

Topoun - 3TO KOHCTPYKIMs, 0Opa3oBaHHas MPOBOJHUKOM, HaMOTaHHBIM
BIUIOTHYIO BUTOK K BUTKY Ha TOP.

N3 coobOpaxeHuil CUMMETPUU CIEIYET, YTO HANpPSXKEHHOCTh TOJII BO BCEX
TOYKAaX OKPYKHOCTH paguyca r ¢ UeHTpoM B T. O olMHAKOBA M HAIIpaBJICHA IO Ka-
CaTeJIbHOM K 3TOM OKPYXHOCTH, T.€. H, =H =const Ha OKPYKHOCTH (Ha PUCYHKE 3Ta
OKPYKHOCTb MIOKa3aHa ITyHKTHUPOM).

Torz[a HMUPKYJSIUA HAIPSPKECHHOCTU MAaIrHUTHOT'O ITOJIA BAOJb KOHTYpa I, COB-
magaromero ¢ 3TOH OKPY’KHOCTBIO, paBHA:

CfHMi“:cj'HdI: Hc_{dl: H-l=H-2-7-r-
I 1 |
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[To TeopeMe O MUPKYIAIUK 3Ta BEIMYMHA JTOJDKHA OBITH PaBHA MTOJTHOMY TOKY
Yepe3 NOBEPXHOCTh S, OTPAHMYECHHYI0 KOHTYpOoM |. DTy MOBEPXHOCTh NPOHU3BIBA-
€T KaXAbli U3 BUTKOB. Beero atux ButkoB N . Ilo kaxaomy BUTKY HPOXOIUT TOK
| . Takum oGpa3oM, MOITHBIN TOK, MPOHU3BIBAIOIINI TOBEPXHOCTh S, paBeH N-1.

[IpupaBHHBaeM LUPKYJSALUIO U MOJIHBIM TOK:

H-2-7-r=N-1.
OTtcrofa monaydaem:
H= N1 _ 1) - mome TOpOoHaA.
2-7w-r
3mece  n-- N _N - gpcio BUTKOB Ha eMHWITY JUTMHBI Topouna (IIOT-
I

2-7w-r
HOCTb HaBUBKH).
MarnutHoe 1oJie TOPOHIa COCPEAOTOUEHO BHYTPHU €r0 BUTKOB. 3a MpeIesiaMu
BUTKOB I0JI€ OTCYTCTBYET (€CJIM BUTKH BIUIOTHYIO APYT K JIPYTY).
ConeHoupi - 3T0 KOHCTPYKIIMS, 0Opa3oBaHHasi MPOBOJHUKOM, HAMOTAHHBIM Ha
HWJIMHJIPUYECKYIO TMOBEPXHOCThb. bBECKOHEUHBI COJICHOM]I MOXHO paccMaTpuBaTh
Kak Topouj 0eckoHeuHOro paauyca ( r— oo ). Torna BelpaskeHHe AJIsl TIOJIsl TOPOUa

6yz[eT CIIpaBCAJIMBBIM W OJIA I1OJIA OECKOHEYHOTI0 COJICHOHuA.

H=n-1 - I0Je 0€CKOHEYHOIO COJICHOHN A,

II€ N - YUCJIO BUTKOB HA €IMHHUILY JJIMHBI.

PeanibHO OeCKOHEUHBIX COJECHOUAOB HE ObiBaeT. DopMyoit st mosst 6ecKo-
HEYHOI'0 COJIEHOMJIA MOYHO TMOJIb30BATHCS JJIsl COJICHOMOB, IJMHA KOTOPBIX MHOIO
OoJplIIE TMaMeTpa BUTKOB (JUIMHHBIN cojieHouA). B aTom ciyyae:

nzNT , roe | - JaJauHa COJICHOUA.

BripaxxeHue 11 mosisi JNIMHHOTO COJIEHOMJA CIIPaBEJIMBO TOJIBKO JJISI BHYT-
peHHel 00J1acTH COJICHOMJAa BJAIM OT €ro KpaeB. B 3Toit 001acTu MarHMTHOE MOJIe
JUITMHHOTO COJIEHOUJIa OTHOPOJIHO (HE 3aBUCUT OT KOOPJIMHAT).

Ecnu nnvnHa coneHouga cousmMepuma ¢ AMaMETPOM €ro BUTKOB (KOPOTKHM cO-
JIEHOU]), TO TOJIE TAKOTO COJICHOWIa MOYHO PAacCUUTHIBATh TOJBKO C MOMOIIBIO 3a-
koHa buo - CaBapa - Jlamaca u npuHnmna cyneprno3uiuu. Popmyna A MoJst
JUIMHHOTO COJIEHOM/IA 11 KOPOTKOTO COJIEHOMa HENPUMEHHUMA.
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Padora B MAarHUTHOM moJie. MarHUTHBIN TOTOK.

PaccmoTpum aBuXkEHHE PSAMOJIMHETHOTO TPOBOJAHUKA C TOKOM B OJTHOPOJHOM
MAarHuTHOM moJje. [IpeAanosiokum, 4To 3aMKHYTas 3JIEKTPUYECKas LENb COCTOUT U3
MCTOYHHUKA TOKA, )KECTKOW MPSIMOYTOJIbHOM PaMKH, B KOTOPOM YETBEPTOU CTOPOHOM
ABJISIETCA TPSIMOJMHENHBIA OTPE30K MPOBOJHUKA, CKOIB3SIINI MO 3TOM paMKe Mep-
NEHUKYJIIPHO CBOEH JJIMHE HA IUIOCKOCTH YEPTeXka clieBa HanmpaBo. Besg KOHCTPyK-
Y MTOMEIIEHA B OJTHOPOJHOE MAarHUTHOE T0JIE, OPUEHTUPOBAHHOE MEPIICHANKYISP-
HO TUIOCKOCTH YepTeKa Ha Hac.

+

I i gy e

I[JII/IHa IIOABMZKHOI'O IIPOBOJHHKA I, cuima Toka |, HHAYKOUA MarHuTHOI'O

R
mojia B.

Ha nmoaBm»kHBIM MPOBOJHUK IAEUCTBYET CHJIA CO CTOPOHBI MAarHUTHOIO TOJIS,
onpeneisiemMas U3 3aKoHa AMnepa:

F=B-1-1 (yroJ Mexmy IOJeM K TOKOM paBeH 7).
2

HamnpagiieHne 3T0M CHIIBI OIPEEIIAETCS 10 MPABUITY JIEBOW PYKU U B JAHHOM
Cllyyae COBMAJaeT C HANpaBJICHUEM MEpeMENIeHus - cjeBa Hampaso. [Ipu nepeme-
IIEHUU TTPOBOJHUKA HA paccTosiHUE dx cuiia (T.e. MarHUTHOE T0JI€) COBEpIIaeT pa-
oory:

OA=F-dx=B-1-1-dx=B-1-dS,

rae dS=1-dx - miomaab, HepeKpbIBacMas IPOBOJHUKOM IIPHU CBOEM JIBHIKCHHUU.

Onpenenenue: CkanspHas BEIMYMHA, paBHAs CKAJISIPHOMY IPOU3BEIICHUIO
BEKTOpPA MHAYKIHMHU HA BEKTOP, HAITPABIICHHBIN 110 HOPMAJIU K 3JIEMEHTY OBEPXHOCTH
dS ¥ paBHBIM MO BEJIMYMHE IJIOMIAIA 3TOW MOBEPXHOCTH, HA3BIBAETCSI MOTOKOM BEK-
TOpAa MArHUTHOW MHAYKIIMU YEPE3 IMTOBEPXHOCTh dS, WM KOPOYE - MATHUTHBIM IO-
TOKOM Yepe3 IMMOBEPXHOCTH dS.

dd=B-dS = B-dS-Cosa = B, -dS.

N
B,=B-Cosa - TIpOCKIHMd BEKTOpa B Ha HalpaBJICHHC HOPMaJIM K MOBEPXHOCTHU

- -

n, dS:dS-n,

-

n=1-.
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—

B

[lonHBIM MOTOK Yepe3 NMPOU3BOJBHYIO MOBEPXHOCTH S  ONPEAEISIETCS KaK
CyMMa IIOTOKOB Y€PEe3 BCE €r0 JJIEMEHTBI:

® = [do = [B-dS = [B,-ds.
S S S

B vactHOCTH, €cii S - TJIOCKOCTh, a B- const, TO
®=B-S-Cosa=B,-S.
[Totox B cucteme CU usmepsiercsi B Bebepax (BO). U3 Bripaxkenus
®=B-S

YCTAaHABJIMBACTCA CANMHUIA U3MCPCHNA MHAYKIUKY MAarHUTHOT'O I10JIA B.

B= 2.
S

1Bo
2 =1T (Tecna).

OHpCIIGJ'H/IB MMOHATHC MArHuTHOI'O IMTOTOKA, BEPHEMCA TCIICPh K BBIYMCJICHUIO
pa6OTBI MAardivuTHOTIO ITIOJIA ITPpH IMEPEMCIICHUHA IIPOBOAHNKA C TOKOM.
OA=B-1-dS=1-do.

3nech dd=B-dS (T.K. B JaHHOM ciydae yroi o« =0).
Takum 006pazom, paboTa MarHUTHOTO MOJIsE paBHA

OA=1-do .

DTO BBIpAKCHHE TMOIYICHO JUIS JABMXKCHUS MPSMOJIMHEHHOTO TPOBOJHHUKA B
OJTHOPOJTHOM MarHUTHOM I10JI€, HO OHO CITPAaBEIJIMBO TIPH MPOU3BOJIHHOM JIBFKEHUHU
MIPOM3BOJIHLHOTO TIPOBOIHUKA B MTPOU3BOJILHOM MAarHUTHOM Tiojie (0€3 T0Ka3aTebCT-
Ba).

[Tpu nepeMenieHrH NPOBOIHAKA HA KOHEYHOE PACCTOSIHUE IOJTHAs paboTa o1l-
penenseTcs Kak CyMma padoT Ha BCeX MalIbIX ydacTKax:

Azl-ijD:I-CD (I = const) .
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3necb @ - MarHUTHBIA MOTOK Y€PE3 MOBEPXHOCTh, NEPEKPHIBAEMYIO TPOBOJHUKOM
IIPYU CBOEM JIBUYKEHUM.

Teopema Octporpaackoro - 'aycca 1Jii MArHUTHOTO MOJISL.

CunoBsle JIMHUM MarHUTHOTO TOJIS1 BCETa 3aMKHYThI CaMH Ha ce0si. TO 03Ha-
YaeT, YTO YKCIIO CUJIOBBIX JIMHUM, BXOJAIIMX B KaKOW - JIMOO 00bEM MPOCTPAHCTRBA,
JOJKHO OBITh PABHO YMCITY CHJIOBBIX JIMHUMW, BBIXOASIINX W3 3TOTO 00BheMa, T.K. CH-
JIOBBIC IMHUW HUTJIC HE OOPBIBAIOTCS.
B

=

; /

910 O3Ha4acT, 4ToO MOJIHBIN IIOTOK BCKTOpa MarHUTHOM HWHAYKIOHUH 49YCPEC3 JII0-
6y1-0 3dMKHYTYIO ITOBCPXHOCTb, OI'PAHHMYHBAIOIINYIO HpOI/I3BOJILHBIﬁ O6’I>GM, BCCTraa
JOJIDKCH OBITH PaBCH HYIIIO.

{B-ds={B,-ds=o0.
S S

210 U ecTb Teopema Octporpaackoro - ['aycca 1yt MArHUTHOTO TOJISL.

JJIEKTPOMATHUTHAS UHAYKIMS.

JIroboe M3MEHEHHE MarHMTHOIO MOTOKa Yepe3 MOBEPXHOCTh, OTPAHUYCHHYIO
MPOBOJIHUKOM, NPUBOJIUT K mnosBiaeHuto IJC B atom npoBognuke - IJC uHIyK-
1005078

OTo Qu3znyeckoe SBJICHUE HA3BIBACTCS SBJICHUEM DJIEKTPOMArHUTHOW WHIYK-
1005078

Crnenyer oOpaTuTh BHUMAHWE HAa HEIOCTATOYHO YETKOE BHEIIHEE Pa3IHuUC B

TEPMHUHOJIOTUH. MHAYKIMS MarHuTHOTO IOJIS - 3TO BEKTOP E, a DJIEKTPOMarHuTHas
UHAYKIHS - 3TO GU3NYECKOE SBIICHUE.

Bemnuuna OJIC nHAyKIMK OpONOpLHHOHANIbHA CKOPOCTH M3MEHEHMSI MarHUT-
Horo notoka. B cucreme C  3/IC uHAYKUIHMH MPOCTO paBHA CKOPOCTH U3MEHEHUS
IIOTOKa:

& unp = - Zi; - 3aKOH DJIEKTPOMArHUTHOW MHAYKImu Papazes.
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3HaK MHHYC OTpa)kaeT MpaBwiIo JIeHa - WHAYKIMOHHBIA TOK BCEr/a UMEET
TaKo€ HarpapJieHUue, YTOObl CBOMM MarHUTHBIM IOJIEM MPENATCTBOBATH TOMY U3Me-
HEHUIO MarHUTHOTO MOTOKA, KOTOPOE BBI3BAJIO ATOT TOK.

NHayKIMOHHBIA TOK MOXKET U OTCYTCTBOBAaTh, €CJIM KOHTYp, 00pa3yeMblii Mpo-
BOJHUKOM, pa3oMKHYT. D/JJC MHAYKIHNHA UMEET MECTO BCErAa NMpU U3MEHEHUU MOTO-
Ka, HE3aBUCUMO OT TOT'0, 3aMKHYT KOHTYp WJIA PA30MKHYT.

B ompeneneHnn MarHuTHOTO MOTOKA COJIEPKUTCS TPU BEIUUYUHBI, OT KOTOPBIX
OH 3aBHCHUT. B mpocTeiiiieM cirydae MOTOK BEIYHUCISETCS MO hopMyIie:

®=B-S-Cosa (B =const, S - IJIOCKOCTB).

[TOTOK MOXET U3MEHUTHCS U3-32 U3MEHEHHUS E, S miM « (MOTYT MEHATBHCA
OJIHOBPEMEHHO U JIB€ BEJIMYUHBI U3 TPEX U JaKe OJHOBPEMEHHO Bce TpH). JIrobGoe
M3MEHEHHUE JIFOOOW U3 ATUX BEJIMYMH MPUBEIAET K U3MEHEHHUIO MOTOKa M, CJIEI0Ba-
TEJIbHO, K nosaBiaeHuo DJIC mHIyKuuu.

PaccmoTpum ¢usnueckyro npuunHy nossienuss IJC MHIYKUUU MPU U3MeE-
HEHUHU KKJI0M U3 YKa3aHHBIX BEJIMYHMH B OTAECIbHOCTU. HauHeM ¢ mocneaHux qByX.

N3meHenue miomaa S, OrpaHUYEHHON KOHTYpPOM, O3HaAdaeT AchopMaliuio
KOHTYpa, U3MEHEHUE yIila « O3HaydaeT MOBOPOT IJIOCKOCTH KOHTYypa. U To, u apy-
roe 03Ha4yaeT MEXaHUYECKOE MEePEMEIIEHNE KOHTYPa WU €0 3JIEMEHTOB.

BosnukHoBeHrne OJIC HMHIYyKLIHH, BBI3BAHHOE MEXAHUYECKUM IIEPEMELICHUEM
MIPOBOJIHMKA, yI0OHEE PacCCMOTPETh HAa MPUMEPE JIBUKEHUS MPSMOI0o MPOBOJIHUKA B
OJTHOPOJHOM MarHMTHOM IoJje. IIycTe oTpe3ok MpsSMOIMHENHOrO NPOBOAHUKA J1BU-
KeTCsl MPSIMOJIMHEIHO MOTepeK caMoro ce0s ¥ MOnepeK CUIIOBBIX JIMHU MOJIS.

-
B

B IMPOBOJHUKE HMMCIOTCA 3apsAKCHHBIC YAaCTHUILbI - 3JICKTPOHBI U ITOJIOKUTCIb-
HbI€ MOHBI. BMecTe ¢ IMPOBOJAHUKOM 3TH 4aCTUIbI ABHUIalOTCA B MArHUTHOM IIOJIC CO

>
CKOPOCTBIO ABUKCHUS ITPOBOAHUKA V. CJ'ICI[OBaTeJ'IBHO, Ha HUX HeﬁCTByeT cuia Co
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CTOPOHBI MArHUTHOTO M0 - cuia JlopeHna. HarpasiieHre 3TOM CHIIbI yCTaHABIIMBA-
€TCS C IIOMOLIBIO IPABWIIA JIEBOW PYKH C YYETOM TOIO, YTO HAIIPaBJIEHUE TOKA IOJI0-
KUTEJBbHBIX YacTHll (|, ) COBMAJaeT ¢ HAIPABJICHUEM HUX CKOPOCTH, a TOK OTpHUIIa-

TeJIbHBIX YacTull (| ) HampaBJIeH MPOTUB UX CKOPOCTU. MHAYKIMS MarHUTHOTO TO-

1 B HaIpaBjieHa CHU3Y BBEPX U IO MpaBUIIY JIEBOW PYKHU (CUJIOBBIC JIMHUU - B Jia-
JIOHb, YEThIpE Mallblia - BJIOJIb TOKa, OOJBIION Masel] - BAOJb CHJIbI) CHJIA Ha IOJIO-
JKUTEIIbHBIC YaCTHUIIbl HAIIPABJICHA BIOJb NPOBOJHMKA K HAaM, CHJAa HA OTPULATENb-
HBIC YaCTHUIbI - BJIOJIb IIPOBOJIHUKA OT HAC.

[TomoXuUTENbHBIE YaCTUIBI - HOHBI CBSI3aHbI C KPUCTAJUIMYECKOW PEIETKON U C
MecTa He CABUHYTCS. OTpHUIIaTENbHbIE YaCTULBI - 3JIEKTPOHBI MOTYT CBOOOJIHO Iepe-
MeIaThcsl BHYTpU MeTauia. [loaTomy oHM OyIyT HBUTAThCA MO JIEUCTBUEM CHUJIIbI
JlopeHua x JanbHEMY KOHILy IPOBOJHUKA U OyJIyT HAKAIIMBAaThCA TaM, T.K. 3a Ipe-
JIeNbl METa/lla OHM BBIUTH HE MOTYT (MTOBEPXHOCTHBIM MOTEHIMAIBHBIN Oapbep
ylepKuBaeT ux BHyTpu). Ha OmmkHeM K HaM KOHIIE MPOBOJIHUKA OyJeT 00pa30oBbI-
BaThCsl HEJIOCTATOK AJIEKTPOHOB, T.€. U30BITOK MOJIOKUTEIbHBIX 3apsIOB.

Mexny 3apsiiaMu BO3HUKHET 3JIEKTPUUYECKOE T0JIe, HampaBlieHHOEe OT (+) K (-
), @ 3T0 OyJeT 03Ha4YaTh, YTO MEXKAY KOHIIAMU MPOBOJHUKA MOSIBUTCS PA3HOCTH MO-
TEHLMAJIOB, MOJIEP)KUBAEMAsi CUJION HE BJIEKTPOCTATUUECKOIO IMPOUCXOKICHUS, YTO
u o3Hauaet nosipneHue JDJC - DJIC wmHayknuu. Eciau Kk KOHIIaM IMTPOBOHUKA MOM-
KJIFOYNATh BHEIIHIOKO LI€Tb, TO B HEM MOSBUTCS TOK - MHAYKIHOHHBIN TOK.

Takum o0pazom, npuunHOU nosiBiaeHuss OC MHAYKIUU IpU MEXaHUYECKOM
IBWKCHUM NPOBOJHMKA sABIsieTCs cuia JlopeHna, NEeWCTBYIOIas Ha 3JIEKTPOHBI,
JIBHKYIIMECS BMECTE C MPOBOJIHUKOM B MAarHUTHOM IIOJIE.

Dta npuunHa AeicTByeT npu aedopmaiui KOHTypa (M3MEHeHUe S), MpH Mo-
BOPOTE KOHTypa (M3MEHEHHUE yIJia « ) W MpH JII0O0OM JIPYyroM JBUKEHUU KOHTYpa B
MAarHUTHOM IOJIE.

B wactHOCTH, 3Ta MpUYMHA ACHCTBYET NMPHU NMepeMenieHuu He AedhopMUpYIoIIe-
rocsi U He MOBOPAYMBAIOLIETOCS KOHTYPa B HEOAHOPOJIHOM MAarHUTHOM noJie. B aTom
CJIydae MOTOK MEHSETCS U3-3a IEPEeX0Ja pAMKH B CTOPOHY YMEHBIICHUS UJIU YBEJIU-
yeHus 1ot (TUIOIIAaAb U YTOJl IIPU TOM HE MEHSIIOTCS).

Hanpumep, 3aMKHYTYI0 pamMKy yJIajIsieM B IUIOCKOCTH YEPTEXka, HE MOBOPAUU-
Basi, OT NMPSAMOTO IPOBOJIHHUKA C MMOCTOSSHHBIM TOKOM | .

nes. np.

®
@
<
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B neBoii u npaBoil cropoHax paMku nosiBisitores OJIC MHAYKIMM, HAaIpaB-
JIEHHBIE HABCTpEUy JPYr APYry B KOHType. JIeBast cTopoHa Oyinke K UCTOUHUKY IOJIs
(x Toky ), T.e. HaXo0AUTCA B 00nacTu OoJiee CUIIBHOTO I0JIs, YEM IpaBasi, HOITOMY
BenuunHa OJIC mHAyKuMM B JIEBOM CTOpOHE OoJjblue, 4yeMm B mpaBoil. CymmapHas
O/1C nHAyKIMK B KOHTYPE OTIMYHA OT HYJIS.

> B —> & > TS —— > & 0.

B JICB p JICB 1np HHI

HamnpaBnenne MHAYKIIMOHHOIO TOKAa B KOHTYPE MOKHO HAaWTH C IOMOUIBIO
npaBuia JIeHna ciaeayomumM o0pa3om:

1. YcranaBauBaem HarpaBJICHNC BHCIIHETO, IICPBUYHOIO IIOJIA, IIPOHU3BIBAIO-

LIETO IMOBEPXHOCTh, OTPAHUYECHHYIO KOHTYpPOM - B: (BHyTpH KOHTYpa). B nanHom
cJIydae 3TO I10JIe HalpaBJIeHO Ha Hac (II0 MpaBUILy IPAaBOrO BUHTA).

2. BoracHsem, 4TO JenaeTcsi ¢ MOTOKOM 3TOTO MOJs - YBEJIWYMBAETCS WIIU
yMEHbIIAaeTcs ?

AD>0? wm AD<0?

B nanHOM ciydae yMeHbIIaeTcs, T.K. paMKa yXOJIUT B 00JacTh O0Jjiee ci1aboro moJis.
3. Teneppr npumeHsieM paBWiIo JIeHIIa - MarHUTHOE TOJIE€ UHIYKIIMOHHOTO TO-

Kka Bo (BTOpUYHOE MOJI€) JOJKHO MPEMSITCTBOBATH JIIOOOMY U3MEHEHHIO IEPBUYHOTO
II0TOKa. B JaHHOM ciydae BTOPUYHOE I10JI€ JOJDKHO IPENSATCTBOBATH YMEHBIICHUIO
IIOTOKA NMepBUYHOTO noJisl. CieaoBaTeslbHO, BTOPUYHOE I0JIE JOJDKHO CKJIAJIbIBATHCS
C NIEPBUYHBIM, YCHJIMBATH €T0, YBEIMYHMBAs YMEHBIIAKOIINKCS OTOK, T.€. BTOPUYHOE
MOJI€ JOJDKHO OBITh HAIIPABJIEHO B TY K€ CTOPOHY, YTO U MEPBUYHOE.

B, T1T By, T.K. A® <O0.

4. HakoHen, ¢ MOMOLIBIO ITPAaBWJIA MPABOTO BUHTA YCTAHABJIMBAEM HallpaBlic-
HUE€ WHAYKIMOHHOTO TOKa TaKKMM 00pa3oM, YyTOObl €ro MarHUTHOE MoJie ObLUIO Ha-
MPaBJICHO B Ty € CTOPOHY, YTO U MEPBUYHOE - OT Hac. Octpue OypaBuKKa Hampas-

.
JsieM OT Hac (BAOJb MoJisi B:), Torga pykosiTka OyJeT MOBOpPAYMBATHCS MO YACOBOM
CTpeJIKE - 3TO U OyJIeT HallpaBJIEeHUE UHAYKIIMOHHOTO TOKA.

Teneps BepHEMCS K JIBUKECHUIO MIPAMOJIMHEWHOTO TPOBOJHUKA B OAHOPOJIHOM
MAarHUTHOM I10JI€ ¥ BBIUKCIIMUM BO3HHUKAIOIIYIO0 Ha ero koHnax J1C uHayknuu ¢ no-
MotIbio 3akoHa Dapanest. J{ms Gonbiielt 0OITHOCTH PACCMOTPUM CITydail, KOT/ia moJje

—

5
B CcOCTaBIJIIET NPOU3BOJIBHBIM YTOJd « C HOPMaJbI0 N K MOBEPXHOCTH, MEPEKPbI-
BAEMOM IIPOBOJHUKOM IIPHU €r0 IBUKECHUU.

JIBUrasch CO CKOPOCTBIO V, IPOBOAHHUK 3a BpeMs dt MPOMIET pacCTOsTHUE

dx=v-dt 1 nepekpoer npu 3Tom mwiomaas dS=1-dx=1.-v-dt, ruoe | - mmHa npo-
BOJIHHMKA.

123



MarsuTHBIN ITOTOK yepes3 NMEPEKPhIBAEMYIO IOBEPXHOCTh dS:
dd=B-dS-Cosa=B:l-v-Cosex-dt.

Otcrona B coorBeTcTBUM C 3aKk0HOM Dapaznes Haxoaum D/]C nHAyKUINM:

&unp = —O(lj—cf: -B-l-v-Cosa=-B,-1I-v.

TakoBa 3/1C MHIYKIMHY HA KOHIIAX MPSMOJIMHEWMHOTO MPOBOJHUKA, JBHKYIIEC-
rocsi B MAarHUTHOM TIOJIE€ TIEPIICHIUKYIISIpHO camoMy cebe. Hampumep, TakoBa Oyner
BennurHa DJ[C MHAYKIMHM HAa KOHLAX KPBUILEB CaMOJIETA, JIETAIIETO B MATHUTHOM
I10JIE 3EMJIH.

3HaK MUHYC 4Yallle BCEro MPaKTUYECKOro 3HaUeHUs1 He nMeeT. OH JIUIIb HaIo-
MuHaeT o npasuiie Jlenna. [Ipu pemieHnr KOHKPETHBIX 3a]1a4 €r0 MOKHO OMYCTUTH B
OKOHYAaTEILHOM OTBETE.

Wtak, mpyu MEXaHMYECKOM JIBMKEHUU MPOBOJIHUKA B MATHUTHOM TOJI€ BO3HUK-
HoBeHue D/[C unaykuuu o0ycioiieHo cuiioit JlopeHiia.

[TycTh Tenepb KOHTYpP HEMOJBH)KEH, HO MEHSETCSI BO BpEMEHU UHAYKIIMS Mar-

HUTHOTO Monst B. B sToMm Clly4ae B COOTBETCTBHMM C 3aKOHOM dDapazes B KOHTYpE
Tox€e Bo3HUKaeT JJ{C MHIYKIMH U, ECIIU KOHTYDP 3aMKHYT, MHIYKIIMOHHBIN TOK. UTO
B OTOM CJIy4dae sBJIsieTCS NpUYUHOU nosBieHus DJ(C mHAyKInM, Kakas cuja B 3TOM
cllydae nepeMeniaeT 3JEKTPOHbI 0 KOHTYpPY, oOecreunBasi MPOXOKICHUE 10 HEMY
MHIYKIMOHHOTO Toka ? KOHTYyp HENOJIBM)KEH M BMECTE C HUM HEMOJBHXKHBI (B
CpellHeM) Bce 3apsbKeHHbIEe YacTHIbl B HeM. Ha HenoBuskHbIe 3apsisl cuia Jlopenua
HE JIEHCTBYET, OHA B ATOM CiIy4ae HE MOXET ObITh nmpuyuHOU mnosiienus I/C uH-
TYKLUU.

Ha 3apsoxkeHHBIE YacCTHIIBI MOKET JEWCTBOBATh CHJIa CO CTOPOHBI JINOO 3JEK-
TPUUYECKOT0, IMOO MAarHUTHOTO 1OJsl. MarHUTHOE TOJIe B JAHHOM ClIydae He MOXKET
JEUCTBOBATh, TAK KaK YaCTHULIbI HEITOABUKHBI, CIIEA0BATEIBHO, OCTAETCS TOJIBKO OJHA
BO3MOKHOCTb - D/]C MHAYKIMHY U UHAYKIIMOHHBIA TOK OOYCIIOBJIEHBI B JAHHOM CITYy-
Yyae AJIEKTPUUYECKUM MoJeM. [IBUraeT 3JeKTPOHbI B MPOBOJHUKE M 00pa3yeT TOK MH-
OYKLUHU B 9TOM CJIy4ae HMEHHO IEKTPUYECKOE IOJIE.
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DTO HOBas PaSHOBUJIHOCTDb J3JICKTPHUYCCKOI'O IIOJIA. HMcTOYHHUKOM 3TOr0 MOJIS
ABJICTCA HC BHGKTpI/I‘-ICCKI/Iﬁ 3apiaa, a MCHAOIICCCS BO BpEMCHHU MArHUTHOC I10JIC.

P e
ot

CuIioBBIE€ TMHUU 3TOTO HOBOTO BHJIA JIEKTPUUECKOTO MMOJS HE HAYMHAIOTCA U
HE OKaHYMBAIOTCA Ha 3apsiax, a 3aMKHYTbl CaMH Ha ce0sl, T.€. 3TO AIEKTPUYECKOE
1oJjie sIBsieTcsl BUXpeBbIM. PaboTa 3TOro moJist pu NepeMeIeHuH 3apsia 1mo mpou3-
BOJIbHOMY 3aMKHYTOMY KOHTYpY B OOIIIEM CiIy4ae HE paBHA HYIIIO.

CusnoBsie JIMHUUA BUXPEBOTO 3JEKTPUUYECKOTO TOJISI OXBATHIBAIOT CUJIOBBIC JIU-

N
HHWHW MCHAIOMICTOCA BO BPCMCHHW MAaIrHUTHOTO I10JIA B.

IR
Eciu B TOM MecTe, rjie uMeeTcsl Takoe MoJjie  E, TOMECTUTh 3aMKHYTBIN MPO-

5
BOJHUK, TO T10JI€ E BBI30OBET ABHKECHHUE JIEKTPOHOB B 3TOM IPOBOJHHUKE, T.C. UH-
TYKIIUOHHBINA TOK.

HamnpaBnenue BeKTOpa U3MEHEHUSI MATHUTHOTO TOJIS % CBS3aHO C HaIlpaB-
. >

JIEHUEM CHJIOBBIX JIMHUM BHXPEBOTO 3JIEKTPUYECKOTO MoJjsi E MpaBHIIOM JIEBOrO
BUHTA (3allOMUHATH HEOOS3aTEIHHO).

Takum oOpa3om, B ciiydyae U3MEHEHHUSI BO BPEMEHM MATrHUTHOTO MOJIS MPUYH-
HOIl nosiBsieHns D/]C MHAYKIUU SIBISETCS BUXPEBOE JIEKTPUUYECKOE MOJIE, NCTOUHU-
KOM KOTOPOTIO BJISIETCSI MEHSIOIEECS MarHUTHOE T0JIE.

Urak, cymectByioT nBe ¢uznyeckue npuuuHbl nossiaenus D/AC unaykuuu -
cuia JIopeHa 1 BUXpEBOE 3JIEKTPUYECKOE TOJIE.

Ecnu B MarHUTHOM M0JIE€ HAXOAUTCSI HE OJJUH BUTOK, a KaTylmka ¢ N BUTKamMu
(conmeHoum), TO CyMMapHbIN MOTOK BBIUKCISAETCS MO (opMyIie:

®=N-® =N-[B,-dS -
S

Eciu B =const, TO

O®=N-B,-S=N-B-S-Cosc .
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B stom ciaydyae @ Ha3bIBACTCS NOTOKOCLICIICHUCM.

3apsia, npoxoAs Uil B KOHTYpe.
3aKOH AJIEKTpOMarHuTHOM uHAyKunn Papanes B codyeTaHuu C 3akOHOM Oma

MMO3BOJBICT ONPCACINTL BCIIMYMHY 3apsad, IPOXOJAIICTO0 B KOHTYPC B PC3YyJIbTATC
SABJICHUSA SHCKTPOMaFHHTHOﬁ NHAYKIOWH.

do

EMHIT = — —— - 3aKOH dJIEKTPOMArHUTHOW MHAyKnuu Papanes.

|-R = €unp - 3akom Oma, R - CONPOTUBIEHHE KOHTYpA.

|=‘37‘t1 - OMNpeJeiIeHUE TOKa, ( - 3apsij.

N3 3TUX Tpex BBIPAXKECHUH MOJTYYUM:

dt R

BrINnosHsAeM HHTErPUPOBAHUE U TIOJTYYAEM:

q=-—- j do=— ;.(®2—®1) - 3apsij, MPOXOJISAIINI B KOHTYpE.

()
Ecniu @®, =0 -moTok yObIBaeT A0 HYJSL, TO ( = ?1

Ha ocHOBaHMM 5TOrO MOCJIEAHETO COOTHOIICHUSI BBOAUTCS €AUHUIIA U3MEpe-
HUA 1ToToKa B cucreme CHU.

d=q-R.
gq=1Kn, R=10Om, ®=1Bebep = 1Ka' 1 Om.
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1 Bebep (BO) - »TO Takoif MOTOK, IpU YOBIBAHUU KOTOPOTO J0 HYJIS B CIICII-
JIEHHOM C HUM KOHTYpe conpoTuBiieHneM 1 OM MNpoXOAUT KOJIUYECTBO JIEKTpUYE-
ctBa (3apsa) 1 Ki.

U yxe dyepe3 eNUHUITy U3MEPEHHS MMOTOKA YCTAaHABIMBACTCS SAMHMIIA U3MEpe-
HUS HHITYKITAA MarHATHOTO TIOJISI.

_ 1B6
®-B.S - B-2, IT=—.
S 1™
1 Tecna ( T) - 5TO MHAYKUMS TAaKOro OAHOPOJHOTO TOJISI, KOTOPOE uepes

2
momaaxky 1 M°, mepneHAuKYISIPHYIO CUIOBBIM JMHUAM, co3AaeT NoTok B 1 BO.

CamMouHayKums.

QHC HHAYKIOHHA ITOABJIACTCA IIPHU JIFO00OM HM3MEHCHUU II0TOKAa, HC3aBUCHUMO OT
IIPUYHH 3TOI'O U3MCHCHUAI.
B HYaCTHOCTH, MarHUTHBIN MOTOK MOXKET CO371aBaTbCA TOKOM B CaMOM KOHTYPC.

SV

N3meHeHne ToKa B KOHTYpe OyJeT NMPUBOJIUTh K M3MEHEHHUIO MAarHUTHOTO I10-
Jid, T.€. U OTOKA, T.€. K mosiieHuto DJ1C uHayKIuM.

Al > AB > A® —» &

[TosiBnenne D/IC nHAYKUMK B KOHTYpPE B PE3yJbTaTE U3MEHEHHUS TOKa B 3TOM
K€ KOHTYPE Ha3bIBAETCA CAMOUHAYKINECH.

R
Nuaykuuss MarHuTHOrO 1ojii B mponopuuoHaiibHa cwiie Toka. [loatomy u
MarHUTHBIN MMOTOK, CO3/IaBa€MbIA 3TUM MOJIEM, POMOPIIMOHATIEH CUJIE TOKA:
d=L-1.

KosdduimenT nponopuroHanbHOCTH L B 3TOM paBEHCTBE HA3BIBAETCS WH-
IOYKTUBHOCTBIO KOHTYpa. WHIYKTHBHOCTH paBHa MOTOKY Yepe3 MOBEPXHOCTh, OTpa-
HUYEHHYIO KOHTYpOM, NpHU cuje Toka 1 A.

M3 3TOro COOTHOIIEHUSI YCTAaHABIMBAETCA U €IMHULIA U3MEPEHUSI NHIYKTUBHO-
CTH.
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186
1A

1Tenpu =

1 T'enpu (I') - 3T0 MHAYKTUBHOCTH TAKOTO KOHTYpa, B KOTOPOM IIPHU CUJIE TOKA

1 A Bo3HuMKaeT MarHuTHBIN MoTok 1 BO (Bebep).
[Tonmb3ysich 3aKOHOM 3JIEKTPOMATHUTHOW HWHIYKIUH Dapajes, MOJIyduM st

OJIC caMOMHIyKIIUU:

T.C. SI[C CAMOHMHAYKIHNH ITPOIIOPHIHUOHAJIbHA CKOPOCTH U3MCHCHHA TOKA B KOHTYPC.
I/IHIIYKTHBHOCTI) KOHTYpa 3aBUCUT OT CIro rcoMCcTpud U OT CBOMCTB CpCIbl, B

KOTOpOﬁ HaXOJUTCA KOHTYP.

I/IHIlyKTl/IBHOCTL JJIMHHOI'0 COJICHOnIA.

Ecnu payivHa cojieHOMAa BEIMKa MO CPABHEHUIO C €ro JIUaMeTpoM, TO Hamps-
KEHHOCTb MAarHUTHOTO TIOJISI B COJICHOU/IE BBIUKUCIISIETCS 110 (hopMyJIe:

N
H=nl=—-1I.
|
3necb N - KOJMYECTBO BUTKOB, | - IJIMHA COJICHOMAA, N - YUCJIO BUTKOB Ha
€OUHUIY JJIUHBI, | - TOK B COJICHOUJE.

WNHykuus 3Toro nmosisi paBHa:

N
B =/’l.ﬂ0.H =ﬂ.ﬂ0.T.| .

[TonHBIN MOTOK ATOTO MOJIS (IMMOTOKOCIEIUICHHUE):

®=N-B-S (Yyroa Mexmy nojieM U HOpMaJibiO PaBEH HYJIIO).

[Toxcrasiss crona BeIpaXKeHue sl B, moxydum:

2

q)zﬂ.#o.NT.|.3=|_.|_

Ot1croga HaXOOUM:
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0] N?
L:T :/l’lIuOTS = lu‘uonzls.

D10 U ectb (dopMmyna s pacyeTa HHAYKTUBHOCTH JUIMHHOTO COJICHOUZA
(cuctema CH). DToii xe GHopMyIoi MOKHO IMOIB30BaThCA M JUIsl pacueTra MHIYK-
TUBHOCTU TOPOUAAIBHON KATYIIKH.

B3aumHast UHAYKIUS.

B3anmnast MHIYKIUS HE MPEACTABIISIET COOOM CaMOCTOSATEIBHOTO (HPHU3HUECKOTO
ABJICHHSI. DTO OJMH U3 YaCTO BCTPEUAIOIIMXCSA YACTHBIX CIyYaeB MHIYKIUU.

Ecnm Henmomaneky Ipyr OT Apyra pacnoJIOKEHBI 1Ba KOHTypa ¢ TOKOM, TO Mar-
HUTHOE T0JIe TOKA 1- T0 KOHTypa MpOHM3bIBAET 2 - i KOHTYp U HaoOopoT. [loaTomy
M3MEHEHUE TOKa B OJTHOM KOHTYPE BBI30OBET MOSIBJICHUE MHIYKIMOHHOTO TOKA B APY-
roM. OTO M €CTh B3aUMHAsI UHIYKIIHSL.

[ToTok, MPOHU3BIBAIOLINI IIOIAAb 2-T0 KOHTYpa, IPOMOPIIMOHAJIEH TOKY B 1-
M KOHTYpE:

®,=L,-1, - MOTOK Yepe3 BTOPOU KOHTYP.

AHQJIOTMYHO MOTOK, MPOHU3BIBAIOIINK IJIOIAAb |-TO KOHTYpa, TPONOpPLUHUOHA-
JIEH TOKY BO 2-M KOHTYDE:

®, =L, -1, - IOTOK Yepe3 MEPBbIA KOHTYP.

Kosdbdummentst L, u L, Ha3pBaroTcs K0O3PPUIIMEHTAMHU B3aUMHON WHIYK-

LIMU KOHTYpoB 1 u 2.
Bcerna L, = L, (0e3mokaszaTeibCTBa).
CornacHo 3aKOHY 3JIEKTPOMAarHuTHOM MHAYKIUU Dapajes:

&, = _% = —Hz'% - OJIC uHAYKIMHK BO 2-M KOHTYpE.
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dl, dl, _ DJIC uHAyKuuu B 1-M KOHTYpE.

& = _4%, __  di, __ dl,
! dt L dt L dt

KoaddummenT B3aumMHoi MHAYKIIMN u3MepsieTcst B ['eHpH, 3aBUCUT OT reoMeT-

PHUH KOHTYPOB, OT HX B3dUMHOI'O PACITIOJIOKCHUA U OT CBOMCTB CpCIbI.
Bzaumnas HHAYKOUA HMCCT MCCTO M MCKIAY KaTyHIKaMH, COCTOAIMIMMHU H3

MHOI'NX BHUTKOB, €CJIM MAaIrHUTHOC II0JIC OHHOﬁ KaTYIIKX ITPOHU3BIBACT APYI'YIO U HaA-

000pOT.

Koa¢duuuenT B3auMHON HHAYKIUH ABYX JJIMHHBIX COJTCHOUI0B.

[IycTh nBa JIMHHBIX COJICHOMIA OJIMHAKOBOM JJIMHBI | HAAETHI IPYT Ha Apyra
BIUIOTHYIO, T.€. MOKHO CUMTAaTh, UYTO OHU OJTHOTO JUAMETPA.
HanpsixkeHHOCTB 1018 1-r0 cosieHonaa:
N

— —_1 .
Hl—nl’ll—T'Il

WNHykuus 3Toro nosis:
N
Bl = ﬂ'ﬂ0‘H1 = ll'l'll'tOATl.Ill

3neck I, - TOk B 1-M coneHouae, N, - KOJHWYECTBO €ro BUTKOB.
[TonmHBINA MOTOK 3TOTO MOJISI YEPE3 BCE BUTKH 2-T'O COJIECHOU/IA:

rae S - IUIOIIaJb, OTPaHMYCHHAs BUTKOM cojieHouaa (1-ro m 2-1o), N, - Koim4e-

CTBO BUTKOB 2-TO COJIEHOMIA.
[ToxcraBnsiem B 3TO BhIpaK€HUE B, M momydaem:

Orcrona:
) N
Lizlezz,u',Uo'Nz' )
1

n, U N, -49UCIO BUTKOB Ha €UHUILY JUTUHBI 1-TO U 2-TO COJICHOUIOB.
Oto dopmyna mns pacuera kodpduimeHTa B3aMMHON MHIYKIIUUA JABYX JIJTUH-
HBIX COJICHOMJIOB OJIMHAKOBOMW JIJIMHBI M OJIMHAKOBOTO nuamerpa. Ilo atoit xe dop-
MYyJIE MOXXHO PacCUUTHIBaTh KOA(D(DHUIMEHT B3aMMHOW WHIYKIIMU JBYX TOPOWIAITH-

HBIX KaTyIIEK, HAMOTAHHBIX BIUIOTHYIO JIPYT Ha ApYra.
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Toku dDyko.

[IepeMeHHOE BO BpEMEHU MAarHUTHOE TOJIE BBI3BIBAET MOSIBIICHUE B MPOCTPAaH-
CTBE BHUXPEBOIO JJIEKTPUYECKOrO MOJsA. ECIM B 3TOM MPOCTPAHCTBE OKA3bIBACTCS
IPOBOJHUK, HE KOHTYp, @ CIUIOLIHAS MPOBOIALIASA CpPeAa, TO BUXPEBOE DIICKTpHUYE-
CKO€ TI0JIE BBI3BIBAECT B 3TOW Cpele MHAYKIHMOHHBIE TOKH, 3aMBIKAIOIIUECS MPSIMO B
TOJIIIE TPOBOJHUKA. DTH TOKU Ha3bIBAlOTCS TOKaMu DyKoO, UM BUXPEBBIMH TOKAMHU.

Toxn @yKO NMOABIAOTCA TaKKE MPU ABUKEHUH IIPOBOJALIEH CPEABI B HEOJHO-
POAHOM MAarHMTHOM Tmosie. B aToMm cityyae npuunHou aBisiercss cuia Jlopenna, pas-
JUYHAs B PA3JIMYHbBIX TOUYKAX JBHXKYLIETOCs TPOBOIHUKA.

B3auMopeiicTBUE BUXPEBOTO TOKA C BHEIIHUM MarHUTHBIM OJIEM HPUBOJIUT K
CHUJIBHOMY TOPMOJKEHHUIO ABWKEHUS MPOBOJHHMKA B MAarHUTHOM MOJi€. DTO IMOJIHO-
CTBIO cornacyercs ¢ mpaBwioM JleHna. MHAyKIIMOHHBIA TOK CBOMM MArHUTHBIM I10-
JIEM TPEMATCTBYET JIIOOOMY M3MEHEHHIO MATHUTHOIO MTOTOKA, BHI3BABIIEMY 3TOT TOK.
B naHHOM cilydae M3MEHEHHE MOTOKA BBI3BAHO JABWKECHUEM NPOBOAHHUKA, MOITOMY
WHIYKIMOHHBIA TOK MPENSATCTBYET ABHKEHUIO, HE3aBUCUMO OT €TI0 HaIlpaBJICHUS.

OTO sIBJIEHUE UCHOJIb3YETCs, HAIPUMED, ISl YCIIOKOCHUS KOJEOaHUN CTPEIKU
B U3MEPUTENIbHBIX TPUOOpax.

Kpome Toro, BUXpeBbIE TOKA HAXOAAT IIMPOKOE NPUMEHEHHUE JUIsI HArpeBa Me-
Tajjla B YCJIOBHUSX, KOT/Ia HArpeB JIPYrUMH CIIoCOOaMU HEBO3MOXKEH, HapuMmep, AJis
IJTABKY METAJIJIA B BAKYyME.

HarpeBaetrcst Tokamu @yko HE TOJBKO METAJUI, HO M JI00O€ BELIECTBO, CIO-
coOHOE MPOBOAUTH AEeKTpuueckuil ToK. MimeHHo Toku dyko ObIcTpo U 3PPEKTUBHO
HarpeBaroT paBHOMEPHO MO BCeMy 00BbEMY KOTJIETY, COCUCKY M BCE MpOYEe, YTO CO-
JEPKUT BJIAry U MO3TOMY MOKET MPOBOAUTH ANEKTPUUECKUN TOK, B MUKPOBOJIHOBOM
neun. Tapeska mpu 3TOM OCTAaeTCsl XOJOAHOM, TaK Kak OHa HE MPOBOJUT TOK (dap-
dhopoBasi, He MeTaITHYECKas).

Bo MHoOrux ciydasx HarpeB Tokamu DyKoO SBISIETCS HEXKENATEIbHBIM U IIPHU-
XOJIUTCS IPUHUMATB MEPHI JJIsl TOTO, YTOOBI OT Hero nu3daBuThes. Criocod o4eBUICH -
HY’)KHO Pa30MKHYTh LI€NIb BUXPEBOIO TOKA. B CIUIOIIHOM NPOBOJAHMKE 3TO HEBO3-
MOHO. [loaToMy, Hanpumep, cepAeYHUKHN TpaHC(HOPMATOPOB AENAIOT HE CIUIOIIHbI-
MU, a HaOpaHHBIMU M3 TOHKUX M30JMPOBAHHBIX JUCTOB. IloCKOCTH pa3dena opueH-
TUPOBAHBI MONEPEK JIMHHUI TOKA U PA3MBIKAIOT €T0.

IIpuMeHeHne ITEKTPOMATHUTHON MHAYKIIMH.

SIBrieHME PJIEKTPOMArHUTHOM MHAYKIIUA HAXOJUT IIUPOKOE U Pa3zHOOOpazHOe
MIPAKTUYECKOE TPUMEHEHUE B COBPEMEHHOM DJIEKTPO- U PAAUOTEXHHUKE.

VYkaxkeM 37eCh TOJBKO JIBa HamOOJee Ba)KHBIX MPAKTUUYECKHX MPUMEHEHUs
ATOTO SIBJICHUS.

[lepBoe - mpeoOpa3oBaHHE MEXaHWYECKOW PHEPrHH B AJeKTpuueckyro. s
ATOTO MPEIHA3HAYEHBI CIIEHHMAIbHBIE YCTPOWCTBA - JJIEKTPUYECKUE TE€HEPATOPBHI.
IIprHIMI IEUCTBUSA TaKOTO TE€HEPATOpPAa - B MATHUTHOM IIOJIE BPAILAETCs MPOBOJS-
nasi paMka (B peaJlbHOM I'€HEpaTope - MHOIO paMOK, COEIMHEHHBIX MOCIIEI0BATENb-
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HO). [Ipu paBHOMEPHOM BpallleHUH YTOJ MEXKIY HOPMAaJblO K PaMKE U MarHUTHBIM
MIOJIEM MEHSAETCS N0 CUHYCOUJAIBHOMY 3aKOHY, IO TAKOMY K€ 3aKOHY MEHSETCS BO
BPEMEHM MAarHUTHBIN MOTOK YEpe3 MIIOCKOCTh paMku. B pamke Bo3HukaeT 3/IC uH-
OYKIUU, MEHSIONAsACs M0 KOCUHYCOMAAIBHOMY 3aKOHY (IIPOM3BOJHAsI OT CHUHYcCA -
KOCUHYC). MHAYKIIMOHHBINA TOK, 00yciaoBiaeHHbIN 3To DJIC, ¢ MOMOIIBIO CreIuab-
HBIX TOKOCHEMHHUKOB (KOJJIEKTOPOB) TMEPENAETCs] BO BHEIIHIO 3JIEKTPUUYECKYIO
LEIb.

Pamka BpamaeTcs moj JAEWCTBHEM CHJIBI Majaronied BOJbI (THAPOIIEKTPO-
CTaHLIMS), HarpeToro mapa (TEIioBas, WJIM aTOMHasl SJEKTPOCTAHIIMS), JIBUTATEIs
BHYTPEHHETO CTOpaHus, BETpa U T.A. B mo0OoM ciydae mpoucxoauT mpeoOpa3oBaHue
MEXaHUYECKON JHEPTUU B IJEKTPUUECKYI0. DTO MpeoOpa3oBaHUE MPOUCXOIUT 32
CUET ABJICHUS DJIEKTPOMArHUTHOW UHIYKIIUY.

Bropoe mupokoe npuMeHeHue SBJICHUS 3JIEKTPOMArHUTHON MHAYKIUM - TIpe-
oOpa3zoBaHue (TpaHcopMalysi) MEPEMEHHOTO NEKTPUUECKOTO0 TOKAa OJHOTO Hampsi-
’KEHUS B IIEPEMEHHBIN TOK JPYroro HampsKEHHUS.

OT0 nenaeTcs ¢ NOMOILbIO TpaHchopMaTopoB. B TpancopmaTopax UCIONIB3Y-
eTcsl ABJIeHUE B3auMHOU MHAyKuuu. [IpeoOpa3zyemoe nepeMeHHOe HanpsKeHUe Moj-
KJIFOYAeTCsl K BUTKaM NMEPBUYHOM KaTymku (0OMOTKH) TpaHchopmaropa. [lepemen-
HBI TOK NEPBUYHOM KaTYIIKH CO3JAET NEPEMEHHOE MAarHUTHOE MOJIE, KOTOPOE Mpo-
HU3bIBAET BUTKM BTOPUYHOM KaTylmKu. Bo BropruHO#l KaTyike (0OMOTKE) BO3HUKA-
et OJIC nHayKIMy, a B LIENH, NOAKIIOUYEHHON K 3TOM KaTyIIKE, IEPEMEHHBIN TOK TON
K€ 4acTOThbl, UYTO U NEPBUYHBINA, HO Apyroro HampsokeHus. [lpu paBeHCcTBe nuameT-
POB BUTKOB 00€UX OOMOTOK BTOPUYHOE HAIpPSKEHUE OYJIET BhIIIE MEPBUYHOTO, ECIH
YHUCJIO BUTKOB BTOPUYHOM OOMOTKHU OOJIbILIE, YeM NMEPBUYHOMN (ITOBBIIIAIOIINI TpaHC-
dbopmarop). B moHumxkaromem TpaHcpopMaTope YHUCIIO BUTKOB BTOPUYHON OOMOTKH
MEHBbIIIE, YEM IIEPBUYHOM, BTOPUYHOE HAIPSKEHUS MEHBILIE IEPBUYHOTO.

O6e 0OMOTKHM HAMOTaHBI Ha OJIMH OOIIMI KapKac (CepIeHHHK) U3 xenesa. JKe-
J€30 3HAYUTEIbHO YCHJIMBAET MHAYKIIMIO MAarHUTHOTO TMOJISI U OOecreyuBaeT KOH-
LEHTPALMI0 MarHUTHOTO TOJII BHYTPU BUTKOB. JlJII yMEHBIIEHUS MOTEPHh SHEPIHH
13-32 TOKOB PYKO CceplIeYHHK JENIaeTCs He CIUIOIIHBIM, a B BUJIe HA0Opa TOHKUX U30-
JMPOBAHHBIX IIacTHH. I1ocKOCTH pasnena mIaCTUH OPUEHTUPOBAHBI ITONIEPEK CHUITO-
BBIX JINHUH BO3HUKAIOIIETO BUXPEBOI'O AIEKTPUUECKOTO MOJIS U HE at0T 3aMbIKAThCS
BHUXPEBBIM TOKaM.

3Heprml MAardMTHOI'O I10JI11.

DHeprus - 3TO0 Mepa CIOCOOHOCTH CUCTEMBI COBEPIIUTH paboTy. Eciu Hax cuc-
TEMOM COBEpUINTH PadOTy, TO €€ PHEPrus YBEIUUMUTCA Ha BEIUYHUHY ITOW pabOTHI.
Boruncnum paboTy, KOTOPYIO HEOOXOIMMO COBEPIIUTH JJsi TOrO, YTOOBI CO3AATh
MarHMTHOE moJje. J1a padoTa u OyJeT paBHA SHEPTUHA MATHUTHOTO MOJISL.

[TonkiouuM K MCTOYHHMKY TOKa KAaTYIIKy (COJIEHOMJ) C MHAYKTHMBHOCTHIO L
yepes kiarod K.
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L,r,

Vi

0—0
K

[Ioka K104 pa3oOMKHYT, TOK B LIENU OTCYTCTBYET, MArHUTHOT'O IOJISI HET, €TI0
SHEPrus paBHA HYJO. 3aMKHEM KoY. Torjga B TeUeHHE KpPaTKOBPEMEHHOI0, HO KO-
HEYHOI'0 MHTEpBaJla BDEMEHHU TOK | B LIEMH YBEIUYUTCA OT HYJISI 10 HEKOTOPOIr'O KO-
HEYHOT'0 CTallMOHAPHOTO 3HAYCHUA | .

0<i<lI.

[Tpu 3TOM UCTOYHHMK TOKA COBEPIIUT HEKOTOPYIO pabOTy, YaCTh KOTOPOM Iie-
peiiieT B TEIJo, 4acTh - HA CO3/IaHUE MarHUTHOTO MOJiA. JTa BTOpasi 4yacTb U OyAeT
paBHA YHEPTUHA MATHUTHOTO TIOJIA.

3anuiem sl JAHHOTO 3aMKHYTOr0 KOHTypa 2-ii 3akoH (2-e npaBuiio) Kupx-

roda:
E+ Eyug =i-(r+r)=1-R,
31ech r - BHYTPEHHEE COMPOTUBIIEHUE UCTOUYHMKA TOoKa, DJ[C koToporo & ,
Eunng = - L-% - DJIC caMOMHAYKIMH B KaTyIIKe,
, - CONPOTHUBIICHWE KATYIIKH, R=r+Tr - TOJHOE COMPOTHUBICHUE KOHTypa

(COITPOTHUBJICHHEM COCTMHUTEIBHBIX IPOBOJIOB MPeHEOperaeM).
[ToncraBnsiem Boipakenue st DJIC camouHaykiuu Bo 2-i 3akoH Kupxroda,
IIEPEHOCUM 3TO CJIaraeMoe B MPABYIO YACTh PABEHCTBA U MTOJIy4aeM:

8=i-R+L-ﬂ.
dt

YMHOk)aeM 00€ 4aCTH 3TOTO paBEeHCTBAa HA i-dt :
g--dt =i>-R-dt + L-i-di.
CrneBa OT 3HaKa PaBEHCTBA MOJYYWIOCH BBIPAKEHHE, TIPEACTABISIONICE COOOM
paboTy MCTOYHHWKA 3a Bpems dt, MEepBOE claraeMoe CIpaBa MPEACTABISET COOOM

temio [xoyns-JleHua, Beiaenstoneecs B KOHType 3a Bpemsi dt, BTOpOe cliaraeMoe -

JIOTIOJTHUTENbHAS paboTa, 3aTpaunBacMasi Ha CO3/laHMe MAarHUTHOTO TMOJISI B KaTyIIKe
C MHIYKTUBHOCTBIO L 3a BpeMs dt.
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DT0 BTOpOE claraeMoe M €CTh PHEPTys MarHUTHOTO TOJIs, MpuoOpeTaeMas 3a
BpeMsa dt:

dW=L-i-di.

[Tonnas OHCPIrusAd, 3aracacMass B MAarHUTHOM II0JIC IIPHW YBCIMYCHHUU TOKa OT

HYJISI 10 |, OmpeAessieTcss CYMMHPOBAaHUEM 3a BECh MHTEPBAJ YBEJIMUYCHUS TOKA:
I I 2 ! 2
.. Ll L-I
W= jdvvz IL-I-dI:— ==
0 0 2 0
OKOHYATENBHO:
2
W _Lr. SHEPTHYsI MArHUTHOTO TOJIs KaTYIIKU C TOKOM | W MHAYKTUBHOCTBIO L.
2

BeIpa3uM Tenepp dHEPryuI0 MAarHUTHOIO I10JI 4E€pe3 XapaKTEPUCTUKU CaMOro
MOJIs1 - HANIPSDKCHHOCTh H MM MHAYKIHIO B.
Jns MIMHHOW KaTyIIKW, JUJIMHA KOTOPOW |, IUIomanb BUTKOB S UM YHCIO
BUTKOB HA €IMHUILY JUIMHBI N, UHAYKTUBHOCTH PABHA:
L= uy-n°-1-S.

[Toxcrasisiem 3TO B BBIpAKEHUE U1 SQHEPTUM W U TOJIy4aeM:

7P (S PR |
W:##O 2 :E.ﬂ.#O.HZ.V.

3/1ech YUYT€HO, 4YTO JUIsl JUIMHHOW KaTymkd H=n-1, a o00beM KaTyllIKH, T.€.
00BbeM, 3aHUMaeMbIli MAarHUTHBIM nojieM, V =S-|.

PaznenuB sHepruro Ha 00bEeM, MOJYYUM SHEPTHIO €AMHUIIBI 00BEMa, 00BEM-
HYIO TUIOTHOCTh YHEPTUU MarHUTHOTO TIOJIS:

W:w:%-/l~yo-H2=%~B-H (yuuTeIBasi, 4T0 B = u-puy-H).

\Y

OKOHYATEIBHO:

WelB.H- % 4t pty-H? = OOBEMHAS IIIOTHOCTh SHEPrHH MArHUTHOTO MOJISL.

2

JlaHHOE BBIpAXKEHUE TOJIYYEHO JJIsl JJIMHHOW KATYLIKHA, HO OHO CIPAaBELJIMBO
JUTSI IPOU3BOJILHOTO MAarHUTHOTO MO (0€3 T0Ka3aTeNbCTBa).
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MarnuTHble MOMEHTBI 3JICKTPOHOB X1 aTOMOB.

DNeKTpOH B aTOME, Bpallasich M0 KPyroBoi (YIpoIIeHHO) OpOUTe BOKPYT fJIpa,
npeAcTaBisieT coooi KpyroBoil Tok. KpyroBoit Tok uMeeT cOOCTBEHHBIN MarHUTHBIM
MOMEHT:

-

pm:I-S-ﬁ,

N
rae | - cuja Toka, S - IUIONIAa/b, OTPAHUYEHHAss OpOUTOM, N - €IWHUYHBIN BEK-
TOp HOPMAaJIM K IUIOCKOCTU OopOuThl. HampaBieHue BEKTOpa MarHUTHOIO MOMEHTa
CBSI3aHO C HANPABJICHUEM TOKa | IPaBUIIOM MPABOTO BUHTA, 4 HAIIPABJICHUE TOKA |

—

IIPOTHUBOIIOJO0KHO HAIIPABJIICHHUIO CKOPOCTH JJICKTPOHA V , TaK KaK 3JICKTPOH - OTPH-
naTciibHasg 4yacTHuIa.

N
P, - 9TO OPOUTAIBHBIM MAarHUTHBIN MOMEHT JICKTPOHA.
Ecnu anexkTpoH enaeT B CeKyHAYy f OOOpOTOB, TO TOK PaBEH:

I=e-f, T e - BEIWYMHA 3apsijia JIEKTPOHA.

Takum oOpa3zoM, BelWYMHA OPOUTAIBLHOTO MArHUTHOTO MOMEHTA JJIEKTPOHA
paBHa:

pm =e: f ' S "
KpOMe TOIr'o, 3JICKTPOH UMCCT MeXaHN4YeCKUII MOMEHT KOJIMYECTBA ABWKCHMU A

T:m.{?.ﬂ. m - Macca 2JIeKTPOHA.

OTO0T BCKTOP CBsA3aH IIPABUJIOM IIPpaBOI'O BHMHTA C HAIIPABJICHUCM IBHIKCHMHA,
T.C. HAIIPpABJICH IIPOTHUB BEKTOpAa MArHUTHOI'O MOMCHTA.

1471 p.
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BennunHa MexaHM4eCKOro MOMEHTA:
l=m-r-v=mr-or=maor =m2nrxfr =2-mf-S.

31ech YI4TeHO, 4TO V=@ -f, TAe @ =2-7-f - YIJIOBas CKOPOCTh JIBUKCHUS,
a TIoIa s OPOUTHI S = 7- 7.

OTHOIIeHHEe OpOUTATLHOTO MarHUTHOTO MOMEHTA 3JICKTPOHA K €r0 OpOUTalb-
HOMY MEXaHHYECKOMY MOMEHTY Ha3bIBaeTCsS TMPOMATHUTHBIM OTHOIICHHEM U PaB-
HO:

ro_ Pe__efS _ 1€ _ rppomarautHOE OTHOIICHHE.
/ 2-m-f-S m

N | —

—

N
3HaK MHHYC IOAYCPKUBACT, YTO BCKTOPBI P, U I HaIIPpaBJICHBI B ITIPOTHUBO-
ITOJIOKHBIC CTOPOHBI.

€ _176.100 K - ynenwHEIi 3apsan snmekTpoHa.
m KI™

Kpome opOuTaibHBIX MarHUTHOTO M MEXaHMYECKOI'O MOMEHTOB 3JIEKTPOH 00-
JasaeT COOCTBEHHBIM MEXaHUYECKUM MOMEHTOM KOJIMYECTBA JBUKEHHS - CIMHOM U
COOCTBEHHBIM MAarHUTHBIM MOMEHTOM. HarislHoMy TOJKOBaHHIO B paMKax KJIacCH-
YECKOW MEXAHUKH 3TH IOHATHUS yKE HE MOITAFOTCS.

[TonHBII MOMEHT aTOMa BEIIECTBA ONPENEIAECTCS KaK BEKTOPHAs CyMMa MO-
MEHTOB BCE€X 3JIEKTPOHOB aToma. Hampumep, cymmapHbiid OpOUTaNbHBIA MAarHUTHBIN
MOMEHT BCEX JIEKTPOHOB B aTOME:

— Z -
Pm= mei'

i=1

3nece Z - TOPSIAKOBBIA HOMEp 3JIEMEHTA B MEPUOJNYECKON CUCTEME DIIEMEH-
toB J[.M.MenneneeBa (Z paBHO YHCITYy DJICKTPOHOB B aTOME).

B3auMopeiicTBUE MarHUTHBIX MOMEHTOB aTOMOB BEIIECTBA C BHEIIHUM Mar-
HUTHBIM MOJIEM ONPEIENSIET CBOMCTBA BEIECTBA B MATHUTHOM II0JI€.

Paccmotpum cHauana B3auMOJIEHCTBUE C BHEIIHUM MarHUTHBIM TOJEM OpOu-
TaJbHOTO MarHUTHOIO MOMEHTA OJIHOT'O 3JIEKTPOHA.

Teopema Jlapmopa.

DIEKTPOH, BPAILAIOIIUNICS 110 OpOuTE, MOJJ0OEH MEXaHUYECKOMY BOJTUKY. Bo-
YOK MOJI ACHCTBUEM MOMEHTA BHEUTHUX CHUJI IPEIIECCUPYET, T.€. OCh €r0 BpallleHUs
cama COBEpILIAeT BpallaTesibHOE ABUKEHUE BOKPYT HEKOTOPOIH HEMOIBHKHOM OCH.
TouHo Takxke BeJeT ceOs 3JIEKTPOH BO BHEIIHEM MATHUTHOM TOJIE. TO BHEIIHEE
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MardmMTHOC€ II0JIC, BSaHMOﬂeﬁCTBYH C 0p6I/ITaJ'IBHBIM MarouTHbBIM MOMCHTOM, CO31acT

MEXaHUYCCKUM MOMCHT, BaCTaBJISII-OHlI/Iﬁ OChb Op6PITaJII>HOFO BpalllCHHUA 3JICKTPOHA CO-
BCPIIATh BpAIaTCIbHOC IBHKCHUC BOKPYT HGHOHBH)KHOﬁ OCH, T.C. JJICKTPOHHAA OP-

oura MNpeucCCUpPyCT BO BHCIIIHCM MAI'HUTHOM IIOJIC.

LononHut. l N

BpalleHne
Apm [ononHnT. marH.
MOMEHT

N

Bpamaromuiics mo opouTe 3JI€KTPOH BO BHEITHEM MAarHUTHOM IoJie B  aHa-
JIOTUYEH paMKe C TOKOM B MarHUTHOM MoJie. Ha HEero co CTopoHbl MarHUTHOTO TOJIS
JNEUCTBYET MEXaHUYECKUN MOMEHT, PABHBIN:

ﬁﬂ{gm.g]

JIBr>KeHUME BpAIAIOIIErocsl BOJYKA (JIEKTPOHA) MTPOUCXOUT COTIIACHO OCHOB-

HOMY YPaBHCHHIO JUHAMHWKH BpAIIATCIIbHOI'O IBHXCHHA:
T -
al_w.
dt

5
B cooTBeTcTBHM € 3THUM YpaBHEHHMEM BEKTOp MaJoro npupaunieHus d | Ha-

-

IpaBJieH B Ty )K€ CTOPOHY, YTO M BEKTOpP M.
a1t M.

—

HpeanonaraeM, YTO B HayaJbHbII MOMEHT BPCMCHH BCKTOP P, HAXOIUTCSH B

N
IUIOCKOCTH YepTexa. B 3TOM )Ke IIIOCKOCTH TOCTOSIHHO HAXOAUTCS BEKTOP B.
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>
Torz:a BCKTODp M B COOTBETCTBHHU C IIpaBUJIOM IIPABOI'O BUHTA JJIA BEKTOPHO-
o IpOMU3BCACHNA B 3TOT MOMCHT HAIIPABJICH HAa HAC OT IIJIOCKOCTH 4YCPTCiKA. Taxxe

5
Ha Hac OyJeT HampaBieH U BekTop d | .
- -
B pesynbrare cioxenus Bekropa | ¢ BekropoM d | MOJyYUTCS HOBBIU
-
BEKTOp |, KOHELl KOTOPOr0 HEMHOI'O BBIMJET U3 ILNIOCKOCTH YepTeka [0 HarpasJe-

—

HHIO K HaM. Yepe3 crieayromnil UHTEpBAl BpeMeHU dt KOHel BekTopa | eme
OOJIBITIE OTKJIOHUTCS OT CBOETO TIEPBOHAYAIBLHOTO HAIpaBiIeHUs U T.1. B pe3ynbrare

-

KOHCI BCKTOpa | 6y,Z[CT ABUI'aTbCs 110 OKPYIKHOCTH BOKPYI' HAIIPpABJICHUS MAIHUT-

>
HOTO 1oJia B IIPpOTHUB 4acoBOM CTPCIIKHU, €CIIN CMOTPCTb CBCPXY. Takoe JABUXKCHHC
Ha3bIBACTCA Hpeueccvleﬁ. Ocp BpallCHusA JJICKTPOHA CaMa BpallacTCsa B JaHHOM
ClIydac BOKPYT HaIIpaBJICHUA CHJIOBOM JIMHUM MarHUTHOTO I10JIS.

[Ipenieccust 3EKTPOHHON OpOUTHI B MATHUTHOM I10JI€ HA3bIBAETCS JIAPMOPOBOIL
e
IpeLeccruen. YriaoBas CKOPOCTh IPELECCHd  HaIpaBJI€Ha B TY K€ CTOPOHY, UTO U

N
BEKTOp MarHUTHOTO ToJis B. Benwumna yriioBoi ckopocth ompeaensercs u3 (op-
MyJbl (0€e3 BBIBOJIA):

N
3o

Y Ha3bIBaeTCA CKOpPOCThIO JlapMmopa.

Teopema Jlapmopa: EQUHCTBEHHBIM pe3yJNbTATOM BIUSHUS MAarHUTHOTO TTOJIS
Ha JJICKTPOHHYIO OpPOUTY SIBJISETCS MpELecCcusi OpOUTHI C YTIIOBOM CKOpOCThIo Jlap-
MOpa BOKPYT HalpaBJeHUs] MAarHUTHOTO TOJIS.

CnencrtBue u3 TeopeMbl Jlapmopa: JIomoJIHUTEIbHOE BpallleHUE 3JIEKTPOHA,
00yCIIOBJICHHOE TIPEIEeCCUEH, CO3/JaceT JOMOIHUTEIbHBIH MarHUTHBIA MOMEHT, Ha-
MPABJICHHBIA OIPOTUB BHEITHETO MOJIS.

HaHpaBHeHI/Ie AOIIOJITHUTCJIbHOI'O BpPAIICHUA H CBSI3aHHBIM C TUM BpalCHUCM

s
JOTIOJTHUTEIIbHBI MATHUTHBIA MOMEHT A p,, TOKa3aHbl B HUYKHEN 4aCTH PUCYHKA.

MaruutHoe nmoJie B cpeae. MarHeTruku.

MarepuanbHas cpega moj JACHCTBUEM BHEIIHETO MArHUTHOTO TOJISI MEHSIET
CBOM CBOWCTBa M3-3a U3MEHEHUS OPUEHTALlMM MAarHUTHBIX MOMEHTOB 3JICKTPOHOB B
aromax. Pacrmonarasce yrnopsiijo4eHHO, MAarHUTHBIE MOMEHTBI aTOMOB CO3J1al0T CBOE,
BHYTPEHHEE MArHUTHOE I0Jie. [ OBOpAT, 4TO cpena HaMarHW4yuBaeTcsa. Pe3ynbTu-
pyroLIEee T0JIE B CPELI€ ONPEACIACTCA KaK CyMMa BHEIIHETO TOJIsI U BHYTPEHHETO TM0-
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as cpeabl. Takum 00pazom, MmoJie B cpesie OTIAMYAETCS OT MOJsl B BaKyyMe M3-3a Ha-
MarHW4YMBaHus cpelpl. BemecTBa, cnocoOHble HAMarHUYMBATHCS, HA3bIBAKOTCSl Mar-
HETUKaMU.

BexkTop HaMarHM4YUBAHUSA.

Onpenesnenre: MardHuTHBIM MOMEHT €IUHHUIBI 00hEMA BEIIECTBA HA3HIBAETCS
BEKTOPOM HaMarHWYMBaHUS (HAMarHWYE€HHOCTHIO).

N >
zpmi
i=1

AV

N
I

.
3nech p,, - MarHUTHBIM MOMEHT ojiHOTO aroma. Cymma Oepetcs 1o BceM N

aTroMaMm B 00beMe AV .

PaBMepHOCTB BCJINYMHBI HaMalrHU4YNBaHUA - A, COBITAAaCT C Pa3MCPHOCTBLIO
M

HaAIPsA’KCHHOCTU MAarHUTHOI'O ITOJIA H.
>
B OTCYTCTBHUC BHCIIHCI'O MATrHUTHOI'O IIOJII BCC MArHUTHBIC MOMCHTBHI p, .

OPUEHTHPOBAaHbl XaOTHYHO M BEKTOp HAMarHW4YMBaHWs PaBeH HYyJ0. B pe3ynbrare
OPUEHTHPYIOIIETO JACUCTBUSA BHEIIHENO MArHUTHOTO IIOJISI MAarHUTHBIE MOMEHTBI
aTOMOB BBICTPAUBAIOTCS YIIOPSAOYEHHO U MOSBIISETCS BEKTOP HAMAarHUUMBaHUS.

CrnenyeT yTOUHUTH - BHEIIHEE MarHUTHOE I0JIE CaMO MO ce0e HE MOXET BbI-
3BaTh YHNOPSAJOUYEHHOW OPUEHTAMHM MAarHUTHBIX MOMEHTOB. OO 3TOM TOBOpPUTCS B
Teopeme Jlapmopa - MarHUTHOE I10JIE MOXKET BBI3BATh TOJIBKO MPELIECCUI0 MArHUTHBIX
MOMEHTOB aTOMOB. YTIOPSAI0YE€HHAs] OPUEHTALMs MOSBISETCS B PE3yJIbTATE COBME-
CTHOT'O I€MCTBUS MAarHUTHOTO IOJISI ¥ TEIVIOBOTO ABUKEHUSI ATOMOB.

Yem cusbpHEe BHEIIHEE MOJIe, TEM OOJIbLIE €ro BIUSHUE U TeM OOJIbIIEe BEKTOP
HaMarHU4MBaHUS.

BekTop HaMarHM4MBaHuUs MPONOPIUOHAIIEH HANIPSKEHHOCTH BHEIIHETO MOJIS:

-
I —

xK-H.

bespasmepnsiii koapduiueHT « (rpedeckas OykBa Kama) Ha3bIBaeTCsl Mar-
HUTHOM BOCTIPUUMYNBOCTHIO MarHETHUKA.
NHayKius MarHuTHOTO TIOJISI B CPeJie CKIIAAbIBACTCS M3 WHIYKIIUKA BHEITHETO

1oJjisi Bo WM MHAYKUIHMH NOJISI HAMAarHWYEHHOMN CPEbI:

- > -
B:BO+BBHyTp-

Wuaykuuys BHYTPEHHETO TOJI MPONOPLUHMOHAIbHA UHIYKIUKA BHEITHETO MOJIS C
TeM xe K03 PUIIMEHTOM MPONOPIUOHAIBHOCTH K

- -

BBHyTp:K' Bo .

B pesynbTare nomyuyaem:
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B=Bo+x-Bo=(l4x)-Bo=(14x)-z,-H (TK. Bo=sy-H )

C Ipyroii CTOPOHBL B = -y, -H-
CrnenoBaTenbHO:
p="1lvx - CBA3b MEXIy MAarHUTHOH HPOHUIIAEMO-

CTBIO ; W MarHUTHOW BOCIIPUMMYHMBOCTBIO K .
BemecrtBa, 1151 KOTOPBIX
1 <1 (x<0) Ha3bIBAIOTCS JMaMarHETHUKaMU,

u>1 (x>0) - napaMarHeTHKamH,
w>>1 --" --  (eppoMarHeTHKaMHu.

I[I/IaMaFHeTI’IKI’I H IMapaMarHe€eTukKu.

Nuaykiys MarHUTHOTO TMOJS B JMAaMarHeTHKax MEHbIE, YeM B BaKyyMe
(4 <1), BEKTOp HAMarHUYMBaHUS HAMIPABJICH MPOTUB BHEIIIHETO MOJIS:

— -

|l =x-H, x <0, TJ/PI:]

OOBbsicHEHUE TUaMarHeTU3Ma COJIEPKUTCS B CIEICTBHM U3 TeopeMsbl Jlapmopa.
B pesynbTaTe npeneccuu 3JeKTPOHHBIX OPOUT BOSHUKAET JOTOJHUTEIbHBIN MarHUT-
HBIi MOMEHT, IPOTUBOIIOJIOKHBIA BHEIIHEMY MAarHUTHOMY MOJIIO:

Q> Ap, TH 5> TUTH 5 x<0, u<l.

OT10T 3 (HEKT UMEET MECTO BO Bcex 0e3 UCKIItoueHus BemiecTBax. Ho B 001b-
IIMHCTBE BEIIECTB 3TOT 3P(HEKT HEUTpaIu3yeTcsl yHnopsaI0UYeHHON OpUEHTaluen op-
OUTAJIBHBIX MOMEHTOB aTOMOB, OOYCIJIOBJIEHHBIX OPOUTAILHBIM BPAILIEHUEM DJIEKTPO-
HOB, a HE MPELIECCUEH.

TosbKO B T€X BEILECTBAX, B KOTOPHIX CYMMapHBI OpOUTANIbHBIA MarHUTHBIN
MOMEHT aTOMa PaBEH HYJIO WM OYEHb MaJl, JUAMarHUTHBIE CBOMCTBA MPOSBIISIIOTCS
B yMCTOM BuJe. Hampumep, 1namarHeTMKamMu SIBJISIFOTCS BCE MHEPTHBIE Ia3bl, AaTOMBI
KOTOPBIX UMEIOT HYJIEBOW OpOUTATHHBIM MarHUTHBIN MOMEHT.

B mapamarseTukax ynopsiiodeHHasi OpUEHTAlMs MarHUTHbIX MOMEHTOB aTo-
MOB Mpeo0yagaeT HajJ JOMOJHUTEIbHBIM MAarHUTHBIM MOMEHTOM JIApMOPOBOM Ipe-
LIECCUM W BEKTOP HAMarHWYMBaHUS COBIIAJAET IO HAMNPABICHUIO C BHEUIIHUM Mar-
HUTHBIM MOJIEM:

Sp T H, MM H, x>0, u>1-

MarauTHasi BOCIPUUMYHUBOCTh IMMapaMarHETUKOB OOPAaTHO MPOTOPIMOHATBHA
TeMneparype:
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C
k== - 3aKOH Kropu.

C = const g5 gaHHOrO NMapamaruetvka (moctositnHas Kriopn).
deppoMarHeTuKU.
DeppOMarHeTUKH - 3TO BEUIECTBA, JJIs1 KOTOPBIX
©#=10% +10° >> 1.

K deppomarneTnkaMm OTHOCSITCSL KE€JI€30, CTalb, YYT'yH, HHUKEIb, KOOAIbT U
HEKOTOPBIE CIUIABHI.

deppoMarueTuaM 00yCIOBJIEH HE OPOUTATBHBIM, @ COOCTBEHHBIM, CIUHOBBIM
MarHUTHHIM MOMEHTOM 3JIEKTPOHA.

KBaHTOBbBIEC CHJIBI OOMEHHOTO B3aMMOJCHCTBUSI CIIMHOBBIX MOMEHTOB MPHUBO-
JSIT K UX YIOPS0YEHHOMY PACIONIOKEHHUIO U 0€3 BHEIIHET0 MarHUTHOro noJjsi. Cre-
MeHb YIOPSI0YEHHOCTH CIIMHOBBIX MOMEHTOB OU€Hb BeliiKka. COOTBETCTBEHHO BEJH-
KO BHYTPEHHEE MAarHUTHOE T0JI€ BEIIECTBA, BEJIMKA HAMAarHUYEHHOCTD.

Ho B oTcyTCTBME BHEHMIHETO MArHUTHOTO MOJII BHYTPEHHEE MArHUTHOE IOJIE
Yale BCero NposBIsAeT ce0s c1abo WM He MPOSIBIISIET COBCEM.

OOBsICHSIETCSL ATO TEM, YTO CUJIbHAS COOCTBEHHAs, UM, KaK TOBOPSAT, CIIOHTAH-
Has HAMarHUYEHHOCTh (peppOMArHeTHKa UMEET MECTO JIMIIIb B MAJIbIX, XOTS U MaKpo-
CKOMMYECKUX oO0nacTsaX. Takwe o01acTh Ha3bIBalOTCA JOMeHamMu. B oTcyrcTBHE
BHEIIIHETO TOJISl JOMEHBl OPUEHTUPOBAHBI XOTS M HE XaOTUYHO, HO TaKUM 00pa3om,
YTO UX CYMMApPHOE I0JI€ PABHO HYJIIO.

[Ton neiicTBMEM BHENIHETO TOJISI MPOUCXOIUT YHOPSAOUYCHHAS OPHUEHTAIUS
JIOMEHOB, a HE OT/ICJIbHBIX aTOMHBIX MOMEHTOB. BHYTpHU Ka)KJI0To JOMEHa cpejia Ha-
MarHu4eHa OY€Hb CHUJIBHO - JI0 HachllleHus. [loaToMy npu ynopsiioueHHON OpueHTa-
1M1 JIOMEHOB BHYTPEHHEE TMOJIe CPeJlbl CTAHOBUTCS OYEHb OOJIBIIMM U CyMMapHOE
0JI€ B CPE/ie B COTHU U THICSYU Pa3 MPEBOCXOAUT BHEIIIHEE TOJIE.

Ntak, nepBas 0COOCHHOCTh (PEPPOMATHETHKOB - CIIOCOOHOCTh OYEHb CHJIBHO
HAMarHUIMBaTHCA, T.€. OYEHB OOJIbIIAs MAarHUTHAS IPOHUTIAEMOCTh 4/ .

BTOpaﬂ OCOOEHHOCTh - 3aBUCUMOCTH BEJIMYHHBI M OT BHCIIHCTO MAIrHUTHOI'O

nojda. T.e. Wi ONHOIO U TOIO € BELIECTBA HET OJHOTO OIPEAEIICHHOTO 3HAYCHUS
. OHO pa3HOe ISl pa3IMYHbIX BHEIIHUX ntojerd H:

p=pu(H)-

[ToaToMy 3aBuCUMOCTh HHAYKIIMK B oT HampsbkenHoctd H st heppoMarneTnkon
HEJIMHEWHAS:

B=u-p,-H M # const.
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Tunuuneiii rpaduk 3aBucumoct B ot H umeer cnenyrommii Bum:

B

\/

Tpetbss 0coOEHHOCTH (PEPPOMATHETHKOB - HEOJHO3HAYHAS 3aBUCUMOCTb HH-
nykunu B ot nHampsbkenHoctn H. Munykuus B 3aBuUCHT HE TONBKO OT HaIps-
KEeHHOCTH H , HO M OT mpeabIayero cocTosHus heppoMarHeTuka. IJTO SIBICHUE
HAa3bIBACTCS TUCTEPE3UCOM, WM SIBIICHUEM TMCTEPE3UCA, WM THCTEPE3UCHBIM SIBIIE-
HUEM.

[Ipy mepuoaMYecKOM M3MEHEHUM HAIPSHKEHHOCTU MAarHUTHOIO IOJIA  OKOJIO
HYJIEBOTO 3HadyeHHsl 3aBucuMocTb B ot H mia ¢peppomarnHeTnka uMmeer ciemyro-
AN XapaKTEPHBIN BUJL:

\/

IleTtnsa rucrepesuca.

Ecnu cpena nepBoHavyaibHO HE HAMAarHM4Y€eHa, TO IPU HYJIEBOM BHEILIHEM I10JI€
BHYTPEHHEE T0JIE TOKE PABHO HYJIIO, T.€. KpUBasi HAUMHAETCS U3 Hayaja KOOpAHUHAT.
C yBennuenueM BHemHero nojis H yBenuuuBaeTcst MHIYKIMS B BellecTBe B 1o
HEKOTOPOMY HEJIMHEMHOMY 3aKOHY - 3TO y4yacToK 1. JIOCTUTHYB HEKOTOPOU TOUKHU
a, HAaYHEM YMEHbIIATh HANPSKEHHOCTh BHemHero noist H. 3aBucumocts B ot H
MOMAET TENeph MO APYyrod KpUBOM - mo ydactky 2. IIpm moctwkeHuun HyJaeBOro
BHemHero nosis (H = 0) uHaykmus B He cTaHeT paBHOW HYIIO, a OCTaHETCS paB-
HOW HEKOTOPOMY 3HaUeHHI0 Bg. DTO 3Haue€HME HA3bIBAETCS OCTATOYHON MHIYKIHEH
(Bo - ocrarounas muaykius). deppoMarHeTHk ocTacTcss HAMArHUYCHHBIM B OTCYT-
CTBHE BHEIIHETO MOojsi. B 9TOM COCTOSHUM OH TPEACTaBIseT COOOW MOCTOSHHBIN
MarHuT. YToObl yOpaTh OCTATOYHYIO WHIYKIIWIO, HYKHO CMEHHTH HAIpPaBIICHUE
BHeIIHEro moJist (cMeHuTh 3Hak H Ha rpaduke). YBennuuBas BHEIIHEE MOJE B 00-
patHoM Hampasienun (H < 0), Oynem ymeHsblnath HHAYKUHIO B W mpu HEKOTO-
poM 3HaueHuu nosisi H ymeHbmmm ee 10 Hyos.

[lone Hy, mpu KOTOPOM MHIYKLHSI CTAHOBHUTCS PABHOM HYJIO, HAa3bIBACTCS
KOAPLMUTUBHOU cuiioit peppomarneruka (Hy - kospuuTrBHas cuia).
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[Tpu nanbHeiimmem yBenuuenuu nojii H oOpaTHOro HampaBieHUS MPOHUCXO-
IUT HaMarHU4MBaHUE Cpelbl B OOpaTHOM HAIPaBJIEHUU 1O HEKOTOPOH TOUKH b.

Ecnu teneps oAtk yMeHbIIATh noje H 1o Benmuune, TO 3aBUCUMOCTh B OT
H mnoliger onsate mo aApyroi kpuBoil - mo yuyactky 3. Ilpy H =0 BHOBB ocTaHeTcs
octaTrouHas MHAYKIUs By , HO npyroro HanpasieHus. YToObl ee yOpaTh, HEOOXOAU-
MO CHOBAa CMEHUTh HAIIPaBJICHUE BHEIIHETO MOJISI U YBEJIIMYUTD €ro 10 KOOPLUHUTUBHOU
CWIBL. YBEINYWBas Jajblle MarHUTHOE moje H, CHOBa HaMarHWTHUM BEIIECTBO U
mpuaeM B TOUKy a. Eciau cHoBa ymeHbIaTh W yBenuuuBarb H B 0JMHAKOBBIX
npeaenax, TO KapTUHA IIOBTOPUTCS.

XapakTepHass KpHBas, MOJYy4YarOUasAcs NPHU MUKINYECKOM NIEpEMarHNYMBAHUN
dbeppomarneTuka, Ha3pIBaeTCs METICH rUCTepe3nca.

['ucTepesnc umeer MecTo y Bcex PeppOMarHeTUKOB, HO B Pa3JIMUYHON CTETICHHU.
Ecnu rucrepesuc BolpaxkeH cinabo, T.e. maibl Bg u Hy, TO QpeppomarHeTuk Ha3zbl-
BaeTCs MATKUM U MPUMEHSETCS Ul CEpJCYHUKOB TPaHC(HOPMATOPOB, YTOOBI YMEHbB-
LIUTh IOTEPU PHEPTUU HA IIEPEMArHUYUBAHKE.

Ecnu rucrepesuc BelpaxkeH CUIbHO, T.€¢. By u Hy Benuku, To heppomarueruk
Ha3bIBAETCS JKECTKUM U PUMEHSIETCS I U3TOTOBJICHHS IIOCTOSSHHBIX MarHUTOB.

®deppoMarHUTHBIE CBOMCTBA BEILIECTBA OCJIA0JISIOTCS C YBETMUEHUEM TeMIIepa-
Typsl. IIpu HEKOTOpO# TemmepaType, Ha3biBaeMol TemnepaTypoil Kropu, peppomar-
HUTHBIE CBOWCTBA MCYE3aI0T COBCEM, BEILECTBO IPEBPAILAETCS B ITAPAMATHETHK.

Temneparypa Kropu paznuyna s pa3HbiX (peppOMarHeTUKOB.

I[BI/I)KCHI/IC 3apPSZKCHHBIX YaCTHUI
B OJHOPOJIHOM MAarHUTHOM I10JI€.

Ha 3apspkeHHyr0 yacTuily, JABMXKYLIYIOCS B MAarHMTHOM IIOJIE, JE€UCTBYET CO
CTOPOHBI 3TOTO 101 cuiia JIopeHna:

YpaBHEeHHE IBUKCHHUS YaCTHUIIbI, HA KOTOPYIO JIEUCTBYET 3Ta cuia (2-i 3aKOH
HproTona):

N

3aech m M q - Macca U 3apsA]l YacTHIlbl, V - €€ CKOpPOCTb, B - VHIYKIUS
MAarHUTHOIO MOJISL.

B npou3BOIbHOM cllydae MPOUHTErPUPOBATH (PEMINTh) YpPAaBHEHHUE ABUKEHUS
Y BBIPA3UTh PE3yJIbTAT B aHAIUTUYECKOM BHUJI€ HEBO3MOXKHO, IIOITOMY PaCCMOTPUM

N
ABUKCHUC TOJIBKO B OJTHOPOJHOM MAIrHUTHOM IIOJIC (B HEC 3aBHCHUT OT KOOpI[I/IHaT).
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B 3TOM cnydae pe3ysbTaT MOKHO MOJYYUTh C TOMOIIBIO JOCTATOYHO MPOCTHIX pac-
CY>KJIeHUH, HEe mpuderasi K UHTErPUPOBAHUIO YPABHEHUS TBUKEHUS.
PaccMmoTpum nBa cirydas.

-

1- 1 cinyyail - HavallbHasi CKOPOCTh YACTULBI Vo NEPIEHAUKYJISIPHA MarHUT-
HOMY IOJIIO.

N
Vo

L 3

B mo0om citydae (He TOJIBKO JIJIsl OTHOPOJHOTO noJisi) cuiia JlopeHua neprnes-
IUKYJISpHA CKOPOCTH YaCTHUIIBI B TI000I MOMEHT €€ ABMKEHHUSA. JTO CIEAYET U3 OIl-
pEIEIEHNS STOU CUJIBI:

F=q- [v- B} .

Cuna nponopuyMoHaibHa BEKTOPHOMY MPOU3BEJAEHUIO, 4 BEKTOPHOE MPOU3BE-
JIEHUE BCErja NepHeHANKYIIPHO 000OMM COMHOXXHTEISIM, T.€. B JAHHOM Clly4ae Bce-
I/1a EPIEHIUKYISIPHO CKOPOCTH (M MHAYKIIUU TaKXkKe).

Hanee - cuna, Bceraa NepHeHIMKyIsIpHas CKOPOCTH, HE COBepIIaeT padoTy:

A, =0.

CJ'ICI[OB&TCJ'H::HO, 9Ta Cujia HC MOJKCT M3MCHUTL DHCPTHUIO HaCTHUIIbI, T.C. B J1aH-
HOM CJIyda€ HC MOXKCT U3BMCHUTH BCIIMYNHY €€ CKOPOCTH (B JaHHOM CJIy4dac y 4aCTHu-
ObI TOJBKO KMHECTHYCCKAasA 3Heer;1).

vV = const = v,.
CnenoBaTeNibHO, OCTOSTHHOM OCTAETCs BEIMYMHA CUIIbl JIopeHIia:
F=q-v-B = const.

Cuna Bcerja HampaBJii€HA MEPIEHIUKYISIPHO CKOPOCTH U BCETa OCTAETCS MO0-
CTOSIHHOM 110 BEJIMYHHE.

HNmeeTcs TOMBKO OJIMH BUJ IBUKEHUS C TTIOCTOSIHHOM T10 BEJIMYMHE CKOPOCTHIO
MOJT IEUCTBUEM TMOCTOSIHHOW MO BEJIMYMHE CHUJIbI, BCETA MEPICHAUKYIISIPHOU CKOPO-
CTU - 3TO PAaBHOMEPHOE JBUKEHUE 10 OKPYKHOCTH.

Takum oOpa3zoM, MbI, HE TIpUOETast K MHTETPUPOBAHUIO YPABHEHUS JBHKCHUS,
YCTaHOBUWJIM, YTO B OJJHOPOJHOM MarHWTHOM II0JI€ 3apsiKEHHas YacTHUIA, BJIETEBIIAs
B 001aCTh TOJIA MEPICHINKYIISIPHO CHJIOBBIM JIMHUSIM, JBUKETCS 1O OKPYKHOCTH C
MOCTOSIHHOM T10 BEJIMYMHE CKOPOCTHIO.
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TpaekTopust IBUKEHUS - OKPYKHOCTb, IIJIOCKOCTb KOTOPOU IMEPIIEHINKYJIIPHA
CUJIOBBIM JIMHUAM 110JIA. [Ipy podYnX paBHBIX yCIIOBUAX HANPABICHUE BPALICHUSA 110
OKPYKHOCTHM Pa3JIM4HO Ul 4YacTHI] pa3IM4HOro 3Haka. Bua Tpaexropuu, ecnu
CMOTPETh HABCTPEUY CUIIOBBIM JIMHUAM:

Pannyc okpyxHocTH R nerko onpenensercs u3 2-ro 3akoHa Herotona:

m-a=F.
YuuteiBas, 4T0O F=q-v-B, a IPU PABHOMEPHOM JBIKECHUU IO OKPYKHOCTH

2
YCKOpEHUE a:% , 3aIHIIEM:

2 .
mY —qwv.B, OTKyma gr-"TV,
R qg-B

[Tepuon oOpareHus (BpeMs 0JTHOTO 000poTa):

t_27R_, M - He3aBHCUT OT CKOPOCTH YaCTHIIBI.
v g-B

N

Kpyrosas yacroTa BpaieHus (yrioBasi CKOPOCTb):

2.7

w=2.7.f=27%_9 g -HE3aBUCHUT OT CKOPOCTH YaCTULIbI.

3nech ¢ - 4acToTa BpalleHusi (4uciio 000OpPOTOB B CEKYHIY).

1
=

—

2 -1 cmyyall - HadalibHas CKOPOCTh YAaCTHUIBI V, COCTABJISAET MPOU3BOJIbHBIN

YIroJl « C HalpaBJIEHUEM MarHUTHOTO MOJsi (C BEKTOPOM 6)

N B 3TOM cnyudae (1 Bcerna) cuina JlopeHiia nepneHANKYIsipHA CKOPOCTH Yac-
TULIBI U HE MOXKET U3MEHUTh BEJIIMUMHY 3TOM CKOPOCTH, @ MOXKET MEHSTh TOJIBKO €€
HarpaBJICHUE.

>
FL — v=const=y, .

I <y

PackmanpiBaeM CKOpoCTh V, Ha JiBe cocTaBisomue. OqHa COCTaBISIIONIas
IapajulelibHa MarHMTHOMY IIOJIKO, BTOpas INMEpIEHAUKYJsIpHaA emy. [lapamiensHyro

R
COCTaBJISIIOLLYI0 00O3HAayaeM V, (TaHreHIMaldbHasi COCTaBIIAIONIAs), NEPHEHIUKY-

N
JSIPHYIO COCTAaBIIAIONIYI0 0003HaYaeM V, (HOpMalibHasi COCTaBIISIONIAs).
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- - - - -
v, |IB, v,L B Vo =V, + V,

Takum xe O6p330M MOJKHO Pa3J0KUTb CKOPOCTh HC TOJIBKO B HaanLHBIﬁ, HO
H B HpOHSBOHBHBIﬁ MOMCHT BPEMCHH:

- - -
V=V, +V,

BrIpajkaeM BEIMYMHBI COCTABILIIOIIMX YE€PE3 BEJIUMYMHY IOJIHOW CKOPOCTH M
yroan o

v,=v-Cose, V,=V-Sina-
-

- -
CocraBnsromas CKOpOCTH v, HE JAaeT BKiIaaa B cwiry JlopeHna, T.K. v, || B:

F- q.[;g} _ q.[(\z @.g} _ q.[vj.g} ; q.[;n.g} _ q.[vj.g},

> o

T.K. [v .B} _ o

T

Takum o6pa30M, BSaHMOHeﬁCTBHG JacTUlbl ¢ MArHUTHBIM ITOJIEM IIPOUCXOJIUT
-

TaK, Kak eciii Obl OHAa JABUTAJIACh C MOJHOW CKOPOCTBIO V, MEPIEHIUKYISIPHO Mar-
HUTHOMY MOJIIO. [103TOMY OTHOCHTENBHO 3TOTO ABMXKEHUSI CIIPABEJIMBBI BCE paccy-
KJICHUS ¥ BBIBOJIBI MPEIBIIYIIET0 MyHKTa (1-TO ciyyas).

A HMEHHO, B IUIOCKOCTH, MNEPHEHAUKYISIPHOH MArHUTHOMY IIOJIIO, YacTHIA
JIBUXKETCS IO OKPY>KHOCTH CO CKOPOCTBIO v, .

Bce ¢gopmyinbl, momydeHable st 1-ro ciiydas, OCTalOTCS CIPABEIJIUBBIMU U
U1l 2-TO Cciydasi, TOJbKO B ATUX (GopMyliax CleayeT 3aMEHUTh BEJIUYMHY MOJHOU
CKOPOCTH v BEJIWYUHOM HOPMAJIbHOM COCTABIIAIONIIEH CKOPOCTH Vv, .

Paguyc OKpyKHOCTH, 1O KOTOPOW ABUKETCSA YaCTULA B IJIOCKOCTH, NEPIIEH-
I[PII(y.]'IprHOfI MAariuTHOMY II10JItO, PaBCH B JJAHHOM CJIy4dac:
_mwv,  m-v.Sing
q-B q-B

Bripakenus nist mepuoja oOpaimieHuss ¥ KpyroBOM 4acTOTHI (YTIIOBOM CKOPO-
CTH), TIOJIYYCHHBIC IS cirydasi 1, OyayT B TaKOM K€ BHJIC CIPABEIIMBBI U JUISI CITY-
qas 2, TaKk KaK 3TU BBIPAKEHUS BOOOIIIE HE COEPKAT CKOPOCTH:

' D=—=

. -B-
V. q-B T

3|a
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Otnuumne Ciry4das 2 oT ciydas 1 3akmrogaeTcs B TOM, YTO HN3-3a HAJIN4YHUA TaH-
-

FCHHH&HBHOﬁ CKOpPOCTH V, IUIOCKOCTD, B KOTOpOﬁ BpamacTcC:Aa 9aCTulld, pABHOMCPHO

-

JIBHKETCSI CO CKOPOCTBIO V. BJOJIb CUJIOBBIX JJUHUU NIOJISI U PE3YIBTUPYIOLIEE ABU-
KEHHE €CTh ABMKECHUE 110 BUHTOBOM JINHUHU.

- -
v,V

[[Tar BUHTOBOM NMHUM L, T.e. paCCTOSHUE, KOTOPOE MPOXOAUT IUIOCKOCTh
BpallleHHsI 3a BpeMsi 0JlHOro obopoTta (3a mepuoa T ), ONpeneiseTcs CIeAYIOIUM
o0Opazom:

2-7-m-v. 2-7-m-v-Cosa
L:VT'T: T _ .
q-B q-B

[[Tar BUHTOBOW JTMHUU HE 3aBUCUT OT BEJIMYMHBI MOMEPEYHOU CKOPOCTH V, .
DTO 03HAYaeT, YTO OAMHAKOBBIC YaCTHULBl (HAIPUMEP, AIEKTPOHBI), BHIIECAIINE U3
OJIHOM TOUYKHU C Pa3IMYHBIMU MOMNEPEUHBIMU CKOPOCTSMH, HO C OJIMHAKOBBIMU IPO-
JOJIbHBIMU COCTaBJISIOIIMMU, COOEPYTCS Yepe3 BpeMsi, paBHOE NIEPUOJly, CHOBA B O/I-
HOM Touke (MarHuTHasE OKYCHUPOBKA).

Macc - cnexkrporpad.
Bce xapakTepuCTUKU JBHKEHHUS 3apsDKEHHOM YacTULBI B MAarHUTHOM I1OJIE

(pamuyc OKpY>KHOCTH, TIEPHOJ] OOpaIIeHHs 110 HEW U T.1.) COJAEpKAT OTHOIICHUE 3a-
psiJia 9YacTUIIBI K €€ MAcCe - YICIbHBIN 3apsil YACTHUIIBI:

3 |e

Ecnu aBe wactuupl OyayT MMETh pa3HbId YAENbHBIA 3apsij, Hampumep, JiBa
M30TOIA OJHOTO U TOI'O K€ XMMHUYECKOIO 3JIEMEHTA, TO, BBUIETEB U3 OJHOU TOUYKH C
OJIMHAKOBBIMH CKOPOCTSIMH, OHU OYIYT JBUTATHCS 1O Pa3HbIM TPACKTOPHUSAM B OJHOM
Y TOM XK€ TI0JIE.

W3mepuTh OTIMYMEe TPACKTOPUNA U ONIPENEIIUTH TEM CAMBIM OTJIMYHE YIEIBbHBIX
3aps0B YaCTHIL U SBJSIETCS 3a7aueil mpubopa, Ha3bIBAEMOT0 Macc-CIEKTPOrpadoM.

Macc-cnektporpad - 3T0 mpuOOp, MpeaHA3HAYCHHBINA JJIsT U3MEPEHUN OTHO-
CUTEJIBHBIX MACC U30TOIIOB XUMUUYECKUX HIEMEHTOB.

B mpocreiiiiem ciyyae macc-ciekrporpad A0DKEH COAepKaTh TPU dJIEMEHTA:
UCTOYHHK YACTUL, OHOPOJHOE MAarHUTHOE I10JI€ U YCTPOMCTBO PErUCTPALIUU YACTHULL
(boTomIacTUHKY).
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doTonnacTuHka

NcTouHmnk
YyacTuy,

HpCI[HOJIO}KI/IM, 4UTO U3 UCTOYHHKA YaCTHUIl BJICTACT B OAHOPOJHOC MAIHUTHOC

IIoJ€ C I/IHI[YKI_[I/Ief/'I E TPH U30TOIIa OAHOI'O U TOI'0 K€ XUMHUYCCKOI'0 3JICMCHTA, ITpHU-
4eM BCC TpHU BJICTAIOT C OI[PIH&KOBOﬁ CKOpPOCTBIO (H 10 BCIIMYMHC, U 110 HAIIpABJIC-
HHIO) MNCPICHINKYIIAPHO CHJIOBBIM JIMHUAM, KOTOPBIC HAIIPABJICHBI HAa HaAC. Ka)I(IIBIﬁ
H30TOII 6YII€T ABUI'aTbCA 110 OKPYKHOCTH. Pa,zmyc OKPYXKHOCTHU OIIPCACILACTCA I10

dhopmyiie:

3
<

R = v

q- E-B
m

o3}

[To MOYepHEHHUIO COOTBETCTBYIOIIUX MECT (DOTOTUIACTHHKH MOXHO 3aperHcT-
pHpOBATH MECTO TMOMAJaHUs KaXKIOTO WU30TONA W ONPEACIUTh PATUYC OKPYNKHOCTH
€ro TPACKTOPHHU.

B nanHOM ciydae OyAeT 3aperucTpupOBaHoO, YTO:

R, <R, <R,, CIEIOBaTEIbLHO (g) >(g) >( j :

OTHoIIIeHHE yIENbHBIX 3aps/I0B U30TOMOB Oy/IeT PaBHO OTHOIIIEHUIO COOTBET-
CTBYIOLLUX PaJINYyCOB.

TakoBbl B YIPOUIEHHOM BHJAE YCTPOMCTBO M NPUHLUMN JEHUCTBUS MaccC-
cniektporpada.

PeansHo mMacc-criekTporpad umeer 6osiee CIOXKHYIO KOHCTpyKIHio. OCHOBHAs
CJIO)KHOCTH OOYCITIOBJIEHA TE€M, YTO Ha CAaMOM JIeJIe YaCTUIIBl UMEIOT Pa3INYHbIE CKO-
pOCTH BJII€Ta M PAAUYChl UX TPACKTOPUM OTIMYAIOTCS HE TOJBKO HM3-3a OTJIMYMS
YAENBHBIX 3apSA0B, HO M U3-3a PA3JIU4YHUs CKOPOCTEN.

[TosTomy Ti1aBHas poOJieMa B peaibHOW KOHCTPYKIIMM - HEUTpaIU30BaTh pas3-
JUYUE CKOPOCTEM, 3aCTaBUTh COOMPATHCA B OJJHOM MECTE YACTHUIIBI C Pa3IMYHbIMU
CKOPOCTSIMU, HO C OJIMHAKOBBIM YJICJIbHBIM 3apS0M WU BBIACIUTh U3 MyYKa YaCTH-
LBl C OTHOW CKOPOCTBIO. JTa 3a/1a4ya PEIIAETCS C MTOMOIIBI0 COBMECTHOTO BO3IEHCT-
BUSI HA YaCTHIIBI JICKTPUUYECKOTO ¥ MAarHUTHOTO TOJIEH WM elle KaKuM-I1ubo obpa-
30M, YTO U YCIOXHSIET KOHCTPYKIIHIO PeaIbHOTO Macc-CrieKTporpada.

['maBHBIM NPUHOUIT OCTAETCA HEM3MEHHBIM - YJIIOBUTH Pa3IMYUE€ TPACKTOPH,
00yCIIOBJICHHOE pa3I4ueM yJEIbHOTro 3apsaa (T.e. MacChl, €Cliu pedb UIET 00 U30-
TOTAaX, YTO U MOAUYEPKUBACTCS HA3BAHUEM MPUOOpPa).
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