OBnxeHne MarHUTHbIX nonen

Heuunypenko Huxonait Anexceeeuu 2. Dnepzooap, Yxkpauna
Cas3b ¢ aBropom: E-mail: nikola-nech@yandex.ua.

B nmpennaraemoil Kk pacCMOTPEHHIO CTaTh€ IMPUBOMATCS J0OKA3aTeNbCTBA TOTO, YTO B IIPOLECCE
W3MEHEHUH 3HAu€HUs WHIAYKUWM MAarHUTHOTO II0JISl, MarHUTHbIE CUJIOBBIE JIMHHUH, C IOMOUIBIO
KOTOPBIX N300paxkaeTcs 3TO MOJIE, HAXOIATCS B COCTOSTHUE JIBUYKEHHUSI.

§5.10. 34C B3auMmouHAYKLUMU

DKCHEPUMEHTAIBHO YCTAHOBJICHO, 4YTO JIIOObIe M3MEHEHHsS 3HAa4eHHs Toka |, Tekymiero B
npsiMOJIMHENHOM mpoBojgHuke [I71, compoBoxnatorcsi HaBeneHuem OJIC e B mapajjienbHO
pacrnionio)keHHoM TipoBojHuke I12 (puc. 5.6). DJIC, HaBeneHHas B mnpoBoaHuke I12, mosydmiia
HazBanue I/[C e3aumoundykyuu.
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Puc. 5.6. Hagenennas B nposoauuke /72 3/1C B3aMMONHAYKIUM €

Hanpaenenue naseoennoti 6 nposoonuxe II2 I/[C e3aumounoykyuu (puc. 5.6) okazvieaemcs
Maxkum, Kax ecau Ovl npu yeeaudenuu sHavenus moxa |, mexywezo 6 nposoonuxe IIl, nageoennoe
SMUM MOKOM MAZHUMHOE Noje, 08UAACh 6 HANpasieHuu éekmopa \,, y0anaemcs om npo6oOHUKA

IT1, a npu ymenvuienuu 3nayeHus moxka HageoeHHoe MAZHUMHOe noje nepemeujaemcsi 8 CHopoHy
Imo20 npoeoonuka. Jns onpenenenus HanpasieHus JOJC, HaBEIEHHOW B MPOBOJHUKE, KOTOPBIH
JBUXKETCS B HENOOBUMCHOM MArHUTHOM IIOJIe, UCHOJb3YyeTcs npasuno npaeoii pyku {§5.6}a mis
onpenenenus J/C HaBeAeHHONW B MPOBOJHUKE, HAXOMSIIEMCA B JIBHKYIIEMCS MarHUTHOM TIOJIE
UCIIOJIb3YETCS npasuiio aeeou pyku. lIpumeuanue: eciu 37ech U B JalbHEWUHIeM HOMep (OpMYIIbL,
pUCYHKa Wi naparpada 3akiarodeH B GUrypHelie {} CKOOKH, TO 3TO O3HAYaeT, YTO yKazaHHas Ghopmysa
PUCYHOK WM naparpad coaepKuTcst B yaeOHOM mocoOuu «OCHOBBI 3JIEKTPOTEXHUKUY, TTOJTHBIA TEKCT
KOTOPOI'0 pa3MelileH Ha caiite http: //sites.google.com>site/nikolanech/.

Ilpasuno neeoui pyku: eciu 1egyio pyKy DACHOIONICUMb MAK, YMO 8 ee PACKPbImY Jd0OHb
HAanpaeienvl CUiogvle IUHUU OBUNCYWE20Cs MASHUMHO20 NOJsd, a4 OMOSHYymblli OO0nbWlol naney
VKa3vleaem HAnpasieHue OBUNCEHUS 5MO020 NoJd, MO OCMANbHble 4Yembvlpe Naubyd YKaAdCYm
nanpasnerue 3/[C, HagedeHHOU 8 HENOOBUNCHOM NPOBOOHUKE, KOMOPbIUL HAXOOUMCS 8 OBUICYUEMCS
mazcHumHom noie. OIHAKO BCE HHEPIHUANBbHBIE CHCTEMBI OTCYETa PABHO3HAYHBI MEXIY COOOH.
CrnenoBarenbHO, MOKHO IIPEANONArath, Y70 MarHUTHOE TOJIE, HABEIEHHOE YBEIMYMBAIOIIUMCI TOKOM
I (puc. 5.6), ocraeTcs HEMOABMKHBIM, a MPOBOJHUK [I2 NBIXKETCS B HANPABICHUHM BEKTOpa V,, B

sToM ciydae Hampasienue DJIC €, HaBeleHHOM B npoBogHuKe I12, ompenensercs ¢ MOMOIIbIO YKe
3HAKOMOTO HaM TpaBuiia npaeou pyku {puc. 5.3}.

§5.11. 3[C camouHAayKuUHU

HpOBO,[[HI/IK QJICKTPUYICCKOTO TOKAa MOKCET COCTOATH M3 MHOXKXECTBA TOHKUX IIPOBOJIOK — 3TO
npuagacT MNpPOBOJHUKY HCO6XOI[I/IMYIO OJIACTUYHOCTDb, IMO3TOMY MHOTOIPOBOJIOYHBIC IMPOBOAHUKH
HMCIOT BECbMa HIMPOKOC paCIpPpOCTPAHCHHUC. Ha puc 5.7 moka3aHo MOIEPpEYHOC CCYCHUEC ITPOBOJHHUKA
H3, KOTOpHﬁ COCTOUT U3 IIYYKa TOHKHUX ITPOBOJIOK. Tam ke TeMHBIM IIBETOM BBIJCIICHO TMOIEPCUHOC
CEUYCHHE OJHOM M3 IMPOBOJIOK, KOTOpas ABJISACTCA COCTaBJISIONICH MMpOBOJJHUKA H3, 1 BMCCTC C TCM
MOKCT PACCMATPUBATHCA KaK CaMOCTOSTEIbHBIN IIPOBOAHUK 114,
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[Togo6HO TOMy, KaK MPH U3MEHEHUU 3HAYCHUS TOKA, TEKyIero B nmpopogauke I71 (puc. 5.6), B
npoBoguuke [I12 HaBoautcs OJIC B3aMMOMHAYKIMH, TaK M IPU W3MEHEHUU 3HAUEHUS TOKa,
Tekymero B npoBomnuke I3 (puc. 5.7), B mpoBogumke IT4 wnaBomutcs DJIC. HaBeneHHyio B
nposoguuke I74 3J1C npunsro Ha3eBath I/ C camoundykyuu.

OJC B3aumounaykuuu, u OJAC caMOMHAYKIMM HUMEIOT OJHO OOlee Ha3BaHUE —
unoykmupoesannasn 3/]C.
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Puc. 5.7. IlonepeyHoe ceyeHre MHOroONpoOBOJIOYHOr0 NPOBOJIHUKA

Hanpaenenue 3/]C camounoykyuu okazvl8aemcsi makum, Kax eciu 0bl Kaxicoas CUno8asl JTUHUSL
MACHUMHO20 NOJIA, HABEOEHH020 MeKywuMm 8 nposoonuke I3 mokom, 3apoxcoanace 6 eude mouxu
Ha npooonvnoil ocu nposoonuka II3, u no mepe ysenuuenus 3HayeHuss MOKA IMA MOUKA,
Pacuiupancs, npeepawianact 6 OKPYMCHOCHmb, Oouamemp KOMOPOU HeNnpepvbléHO YEeaudusaemcs.
CrnenoBarenbHO, MIPH yeeaudeHun 3Ha9CHNS TOKA, TeKylero B mpoBoauuke I13, B npoBoanuke I14
HaBojuTcsa Takas JJ[C, kakyto cMOTIM Obl HABECTH YJAJSIFOIIUECS OT MPOJIOJIHbHOM OCH MPOBOIHUKA
Il 3 MarHUTHBIC CHJIOBBIC JIUHUH. [Ipu ymenvuienuu 3navenus moka, mexkyweeo 6 npogoonuxke I3, 6
nposoonuxe IT4, nasooumca maxkas 3/]C, kaxyo mozau Ovl Hagecmu MAZHUMHbLE CUTI08bLE JIUHUU,
osuicymuecs 6 CHopony npooonvHoil ocu nposoonuxa I13.

3nauenne J/]C caMOMHIYKIIMKU OTIPEACIISIETCS C MOMOIIBIO YPaBHEHUS

e= —LA—I (5.8)
At
rae € — 3"aueHue DJIC caMOMHIYKIHMHM — 3TO 3HAYEHUE MPOMOPIUOHAIBHO CHJIE, NCUCTBYIOLICH Ha
YIOPSIIOYEHHO JIBIDKYIIAECS 3apsibl MPOBOAUMOCTH; | — 3HadyeHHe TEKyIIero B MPOBOJHUKE TOKA —
3TO 3HAYCHHUE MPOMOPIHOHAIEHO CKOPOCTH YIIOPSAA0UCHHOTO IBMXKCHHS 3apsI0B MPOBOJUMOCTH;
Al/At — yckopeHue, C KOTOPHIM [BWKYTCS 3apsibl TmpoBogumocTd; L — koddduiment

MPOTIOPIUOHATBHOCTH.

Koadpdumuent L wim MHIYKTHBHOCTh YYacTKa AJICKTPUYECKOHM II€NH, B KOTOPOM HaBOIUTCS
OJIC camouHAYKIMHM €, ONpeeseT, B KakoM cooTHomeHur HaxoauTcs DJIC (cwmita, nercTByromas
Ha 3apsjbl POBOJMMOCTH) W yckoperue Al/At — yckopeHwe, ¢ KOTOPBIM JBHIKYTCS 3apsibl
npoBoauMoctu. CiengoBarenbHo, IC camoundykuyuu €, 0eiucmeyrouian 8 31eKmpudeckKux yensix,
noo0ooOHa cunam unepyuu, 0eiicCmeyrouuUM 6 MEXAHUUECKUX CUCEeMAX.

§5.12. NMpaBuno JleHua

[Ipu Heusmennom 3nauenuu moka, TeKymero B npopoguuke I71 (puc. 5.6) uian B IPOBOJHUKE
I3 (puc. 5.7), 3HaueHWE WHIYKIWU HABEJACHHOTO STHM TOKOM MAarHHTHOTO TIOJSI, OCTaeTcs
HeU3MEeHHbIM, B 3ToM ciydyae D/[C B3aumounaykuuu u 3J{C caMOMHAYKIUH He HAGOOUMmCA.

[Ipu uzmenenuu 3nauenus moka, Texymero B npoBoanuke I71 (puc. 5.6) wiu B MPOBOJHUKE
I3 (puc. 5.7), nasooumcsa 3/]C B3aumounaykiuu win DJIC camounaykuuu. [Ipu yBenumueHun
3HaueHUs ToKa, HaBeAeHHbIe DJ]C oOpeTatoT 0IHO HaIpaBJIeHUE, a TPU YMEHBIIICHUH 3HAYEHUS TOKa,
HampaBlieHusd UHAyKTUpoBaHHBIX OJIC wu3MmeHstorcss Ha mnpotuBonojioxxkHoe. llox geiictBuem
HaBeneHHbIX DJ[C OKa3bIBAIOTCS colepKallvecs: B MPOBOJHUKAX 3apsiabl MpoBoauMocTu. MHorma
BO3HHMKAeT HEOOXOAUMOCTh B ONPEACTICHUH MOCIEICTBUN, BHI3BAaHHBIX JIEHCTBUEM WHIYKTHUPOBAHHBIX
SJIC. Pycckuii akagemuk O. X. JIeHIT copMynupoBan yHHBEpCAIbHOE MPABUIIO ISl OMpPEeTICHUS
xapakrepa aeiictsus nHayktupoBanHou O/1C: nanpaenenue unoykmupoeannou 3/1C makoeo, umo
ama I/C unu 6vi36aHHBII €10 MOK U HABEOCHHOE IMUM MOKOM MAZHUMHOE noie 6cezod
npomueooeiicmayrom npuuune, nopoxcoarouieni ymy undykmuposanuuyio 3/1C.
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§5.13. 3aKOoH 3NeKTPOMarHMTHOU UHAYKLUMU

B nepgoit nonosune XIX croneruss Maitkn ®apajeit OTKpbUI CIEAYIONIYI0 3aKOHOMEPHOCTD:
npU UIMEHEHUU 3HAYeHUA MAZHUMHO20 NOMOKA, NPOH3AIOULE20 NOBEPXHOCHb, OZPAHUYEHHYIO
3AMKHYMbIM MOKORPOBOOAWUM KOHMYPOM, 6 KOHMYPE NOAGNACMCA I1eKmpudeckuil mok. bouio
YCTAHOBJICHO, YTO SHGKTpI/I‘-IeCKI/If/’I TOK TCUYCT, INOAYHUHIAACH ILGfICTBPIIO H&BO[[I/IMOFI B 3aMKHYTOM
koutype DJIC, a 3nauenne DJIC mpomoOpIUOHATIEHO CKOPOCTH, C KOTOPOM HU3MEHSAETCS 3HAUYCHUE
MAardouTHOroO II0TOKa, IIPOH3AMICTO OXBAYCHHYIO KOHTYPOM IIOBCPXHOCTD. Ecimn 3Hauenue
PABGHOMEPHO W3MEHSIIOUICTOCS MarHUTHOTO TNOToKa @, B TeueHHe BpeMeHH Al u3MeHseTcs Ha
BenuuuHy A, TO 3HaUYeHHE HaBeJeHHOU B KOHTYpe DJIC E omnpeaensercs ¢ MOMOIIbI0 YpaBHEHUS

g=_2? (5.9)
At

Vpasnenue (5.9) — smo mamemamuueckasn opma 3anucu 3axona @apades My, Kak ero ee
Ha3BIBAIOT — 3AKOHA INIEKMPOMAZHUMHOU UHOYKYUU .

CnenoBarenbHo, OJIC HaBoguTcs B JBYX Ciy4asX — TIPd OTHOCUTEIBHOM JBH)KEHUU
MPOBOJIHUKA W MAarHUTHOTO TIOJII M TIPH W3MEHEHWW 3HAYCHHWS MAarHUTHOTO TIOTOKa, TO €CTh IPH
W3MEHEHHUH 3HAYCHHUS MarHUTHOW MHAYKIUH. OTHAKO TaHHBIE SKCIIEPUMEHTOB YKa3bIBAIOT HA TO, YTO
TOJIBKO TIPU OTHOCHTEIHHOM B3aMMHOM JBIDKEHHM MarHUTHOTO TIOJISI M TIPOBOJHHKA B TPOBOJIHHUKE
HaBogurcs JDJIC. CrnenoBaTtenbHO, HaBeleHHas B mpoBoaHuke OJIC — 3TO pe3ynabTaT ABMXKEHUS
MarHATHOTO TOJISI OTHOCUTEIHHO HETOIBIKHOTO MPOBOIHHUKA HITH PE3YNbTAT ABMKEHUS MPOBOTHUKA
OTHOCHTEIIFHO HEMOJBW)KHOTO MAarHUTHOTO moiisl. [loaTBep KIeHHEM JTOMY SIBIISIETCS pas3rajka
napazokca ['epuHTa U pe3yabTaThl H3MEPEHHS HAPSHKCHHS, ACHCTBYIONIETO HA OTACIbHBIC YIaCTKH
TOKOTIPOBOJISIIIETO BUTKA, OXBATHIBAIOIIETO MATHUTHYIO BETBb.

§5.14. Napapokc NepuHra

B cpemune XX Beka ObLI MOCTABJICH SKCIIEPUMEHT, B MPOIECCe MPOBEACHHUS KOTOPOTO OBLIO
OTKPBITO SIBJICHHE, MTOJIy4UBLIEe Ha3BaHUE napaookc I'epunza.

Ha puc. 5.8 uzo6pakena cxema ycraHoBku ['epunra. Yopyrue TokonpoBosiiue miactuasl 111,
IT2, nepexoasmiyue B 3aMKHYTBI KOHTakT K , COBMECTHO C TOKOM3MEPUTEIBHBIM mpubopom PA
00pa3yroT Ienb 3aMKHYTOTO TOKOIPOBOJAIIETO KOHTypa. KombIieBoil TOCTOSHHBIA MarHuT M,
MpOCKalib3bIBasi MeXAy KOHTakToM K, MOKeT mepememaThcsi U3 NoJjiokeHus 1 B mojoxkeHue 2 u
oOpaTHO. MarHutT M3roTOBJEH U3 TOKOMPOBOJSIIEIO MaTepuana, MO3TOMY MpPH MPOCKaIb3bIBAHUU
MarHuTa MexXay ABYMs HOJBIKHBIMH YacTAMHM KOHTakTa K 1emb TOKOMPOBOJSIIETO KOHTYpA,
Onarojaps ynpyrum cBoiictBam miactud I71, IT2, octaeTcs Bce BpeMs 3aMKHYTOM.

Maznum M ¢ nonoscenuu 1 Maznum M ¢ nonoscenuu 2

PI/IC. 58 HN3meHeHUsI 3HAYEHUSI MATHUTHOTI'O IIOTOKA He BbI3bIBAIOT HABEAEHUSI 3I[C B 3AMKHYTOM KOHTYpe€

[lepememienue MarHuTa M3 MOJIOKEHUS 1 B TOJNOXKEHUE 2 CONPOBOXKIACTCA H3MEHEHUEM
3HAYeHHUsT  MAarHuTHOIO  MOTOKa  IPOH3AIOIIEr0  IHOBEPXHOCTh, OXBAYEHHYI0  3aMKHYTHIM
TOKONIPOBOJSAIIMM  KOHTypoM. M 3TO He BbI3bIBa€T BCIUIECKA TOKA, PETUCTPUPYEMOIO
TOKOM3MEpUTENbHBIM Npubopom PA, a 3T0, B CBOIO ouepelib, CBUAETeNbCTBYET 00 oTcyrcTBuu D/1C,
HaBE/JIEHHOW B 3aMKHYTOM TOKOINPOBOJASAIIEM KOHTYpE, 4TO, Ka3aJoCh Obl, MPOTUBOPEUUT 3aKOHY
aNeKTpoMarHuTHOM uHaykuuu. Ilocie oOHapyxeHus napajgokca ['epuHra ObUM MOCTABIEHBI U IpyTrue
OMBITHI, PE3YyJIbTaThl KOTOPBIX YKa3blBaIM Ha TO, 4ro Ui HaBeneHus OJIC B 3aMKHyTOM
TOKOTIPOBOJIAIIEM KOHTYPE HEAOCTATOUYHO OJHOIO TOJBKO MU3MEHEHMs 3HAYEHHs] MarHUTHOTO MOTOKA,
IIPOH3AIOIIET0 ATOT KOHTYDP.

Jluckyccus B OTHOLIEHUM Napajokca I'epuHra Hadanack B cpenuHe XX BEKa U MPOJI0JKalach B
TeueHue 6onee 20 jeT, 0JJHAKO OJHO3HAYHOTO OTBETA TaK U HE ObUIO HalaeHo. Ha ocHOBaHMM 3TOTO U
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ObUIO CIIENIaHO 3aKJIFOYEHHE O TOM, YTO 3aKOH JJIEKTPOMArHMTHON HMHIYKLWH, B TOM BHJE KaK OH
chopmynupoBaH, cobrofaeTcs He BO Bcex ciydasx. K HacTosmemy BpeMeHH mapaaokcy lepunra
Halock oObsicHeHHe. JIOKTOp TeXHWYecKuxX Hayk, mpodeccop benropoiackoro rocynuBepcureTa
Koncrantun bopucosnu KanH Ha cBoeM caiite JlaeT CIEAYyIoLIee
oObsicHeHue napajokcy ['epunra.

Marnut M (puc. 5.8), mpockaiib3biBasi MEX1y KOHTakTaMu K , COeTUHSET CBOMM TEJIOM ITH
KOHTAKTBI, COXpaHss TEeM CaMbIM IIEJIOCTHOCTh 3aMKHYTOTO TOKOIPOBOJSIIErO KOHTYpa,
CJIEIOBATEIILHO, BO BPEMs MPOCKAIb3bIBaHUS MarHUT M mpeBpamiaeTcss B y4acTOK 3aMKHYTOTO
TOKOTIPOBOJISIIIETO KOHTYpA.

MarHuTHbBIE CHUIIOBBIC JIMHHUH, TPHHAIIIC)KAIINE KOJIBIEBOMY MarHuTy M, 3aMBIKalOTCSl BHYTPH
MarHuTa, ¥ B ClIy4ae JBWKCHHS MarHUTa IMEPEeMEIIaloTCs BMECTE ¢ 3TUM MarHuToM. ClienoBaTenbHo,
B TMpoIlecce MPOCKAIB3BIBAHMS MarHuTa MeEXIy KOHTakTamMu K , NpuHAIeKANIUE MarHuTy
MarHuTHBIE CHJIOBBIC JIMHUU, OCTaBasCh BHYTPH MarHuTa, HE MOTYT IEepeceKaTh HU caM MarHWT, HU
KaKoOH-IMO0 JIPyroil y4acToK 3aMKHYTOT'O TOKOTPOBOSIIEr0 KOHTYpa — 3TO M SIBISIETCS TPUYUHON
otcyrcTBus HaBeneHHoU DJIC. CnenoBaTenbHO, HaéedeHHan 6 mokonposooauem konmype I/]C —
MO pe3ynvmam nepecedyenus KOHMypa OGUNHCYUUMUCA MAZHUMHBIMU CUTIOGIMU TUHUAMU .

§5.15. 3[1C, HaBegeHHaA B BUTKe, OXBaTbIBaroLWEeM MarHUTHYHO BETBb

MoOXHO BCTPETUTH YTBEP)KJCHHE, YTO B CiIydae HM3MEHCHHMs] B MarHUTHOM II€MH 3HAYCHUS
MarHuTHOM WHIYKIMEH, B TOKOMPOBOJAIIEM BHUTKE, OXBATBHIBAIONIEM JTy MAarHUTHYIO II€Mb,
HaBosuTca euxpesaa 3/JC. OmHako yTBepKaAeHHS O BuxpeBoM xapaktepe JJIC, HaBeneHHOU B
OXBaTHIBAIOIIIEM MAarHUTHYIO BETBb BUTKE, HE COTJIACYIOTCS C pe3yabTaTaMi 0OMEpOB 3TOTO BHUTKA.

[Ipu npoBeaeHrnn 0OMepOB BUTKA HCIIOJIb30BANICS N300paxeHHbINH Ha puc. 5.9 Tpanchopmatop, K
nepBUYHON 00MOTKe W, KOTOPOro HOABOJIUTCS NepeMeHHOe Hanpshkenue 3HaueHueM 220 éonom. Ha
MarHUTHYI0 Ilenb TpaHchopMaTopa HaBUBACTCS, Ha BpeMs TMPOBEACHUSA OSKCIEPUMEHTa,
JOTIOJIHUTENBHBIN BUTOK Wy, Ha OTAENBHBIX y4aCTKaX KOTOPOTO M IPOM3BOJATCS 3aMepbl. BeIBOIbI
BTOPUYHOM OOMOTKHM TpaHcopMaTopa pa3oOMKHYTHl (HaArpy3ka TpaHchopmaTopa OTCYTCTBYET),
ClIeIOBaTeNIbHO, BTOPHYHAs OOMOTKA HUKAKOTO BIMSIHUS Ha PE3yJbTaThl SKCIIEPUMEHTA HE OKa3bIBaeT,
M03TOMY Ha puc. 5.9 BTopruHas 0OMOTKa TpaHchopMaTopa He oKa3aHa.

[TepBuunas o6MoTKa umeeT 220 BUTKOB, IO3TOMY, €CJIU K IEpBUYHOM 0OMOoTKe W, moaBoauTCs
HamnpsbkeHue 3HadyeHueM 220 BOJIBT, TO KaXKIbli BUTOK HAXOJUTCS IOJl BIMSHUEM HANpPsKEHUS
PaBHOTO OJHOMY BOJIBTY, U 3TO HANpPsDKEHHWE YPAaBHOBEIICHHO HAaBEACHHOH B MEPBUYHOM OOMOTKE
OJIC. CnenoBarenpbHO, B KaKJOM BUTKE IepBUYHOM oOMoTkm W,, a COOTBETCTBEHHO U B

JONOJHUTENbHO HaBUTOM BuTke Wy HaBoguteesa DJIC paBHas 0onomy éonbmy.

Puc. 5.9. Maruunrnas uens MIJ ¢ o6moTKo0i BO30y:k1eHnst W1 ¥ JONOTHUTEIbHBIM BUTKOM \WB

I[OHOJ'IHI/ITCJ'ILHHI\/’I BUTOK WB’ H3TOTOBJICH M3 OTpPE3Ka HI/IXpOMOBOﬁ ITPOBOJIOKH, AUAMETP

KoTopoit paseH 0,5 Mmumumerpa. Huxpom o0nagaeT MOBBIICHHBIM aKTUBHBIM CONPOTHUBIIEHUEM, YTO
CIIOCOOCTBYET OTpaHMYEHUIO TOKA, TEKyllero B BUTKe W, — 3TO MO3BOJIET M30ekaTb Meperpena
BUTKAa BO BpeMs 3aMmepoB. JlomonnurensHslit Butok W, (puc. 5.9) MOXKHO H3rOTOBUTH M3 JTHO00Tr0O
TOKOIIPOBOJIAIIETO MaTepuaia, U 3TO HE MOBJIMIET Ha pe3yibTaThl 0OMepoB. PesymbraTsl 0OMepoB
BCELIEJIO 3aBUCAT OT 3HaueHUs HaBeeHHOH B BUTke J/IC, a 3Hauenune D/IC onpenensercs ¢ IOMOIIbIO
3akoHa @apanes (5.9), 1 3T0 3HaUeHHE HUKOUM O0Opa3oM HE 3aBUCHT OT aKTUBHOTO CONPOTUBIICHHUS
BUTKA.
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HOBerHOCTB MOIMNECPCUYHOI0 CCUCHUA MarauTHOM BCTBH, KOTOPYIO OXBAThIBACT I[OHOHHHTCHBHBIﬁ
BUTOK W, , uMeeT GpopMmy KBajpara, Takylo ke (GopMy UMEET M CaM BHUTOK, IOITOMY Y4acTKU BHUTKA
AB, BC, CD, DA (puc. 5.10) uMer0T 0IMHAKOBYIO MPOTSHKECHHOCTb.

D cC D CD©CD C

a) Uns=0,25B 0) Usc=0,25B 6) Uco=0,25B 2) Uoa=0,25B

Puc. 5.10. Usmepenne nanpsukenns Ha yuacTkax KOPOTKO3AMKHYTOr0 BHTKA

Ha puc. 5.10 moka3aHbl CEYCHUS] MarHUTHOW IIENH, BBIOJHCHHBIC CEKYIIEeH MIOCKOCThIO ab
(puc. 5.9) m cxeMbl 3aMepOB HANPHKEHUS, IPUCYTCTBYIOIIErO HA OTAENIBHBIX ydacTKax BUTKa Wy, a

BHM3Y Ka)XJI0ll kapTuHKH (puc. 5.10) npuBesnens! pe3ynbratel oomepos (U,; =0.25B, U,.=0.25B
, Uyp =0.25B, U, =0.25B), 3T pe3ynbTaTel He MPOTUBOPEUYAT TOMY, YTO B KOPOTKO3AMKHYTOM

BuTKe HaBoauTcs Buxpenas J/C. Oqnako neiicteue 3/1C pacnpocTpaHseTcs TOIbKO Ha BHYTPEHHIOIO
nenb ucrounnka JJC {§3.9, § 5.4}, a BoneT™Merp V ¥ MOJCOCIMHEHHBIE K HEMY H3MEPHUTEIIbHBIC
MPOBOJIHUKU — 3TO BHEIIHSSA IO OTHOIIEHWIO K HCTOUHMKY DJIC snmekrpuyeckasi memnb, MOITOMY
BOJIFTMETP U3MEPSET 3HAYCHNE HAIIPSDKEHUs, a Hac uHTepecyeT 3Hauenue J/[C.

Pa3znocth nmotennumanoB Touek A— B MOXKHO U3MEpHUTh, MOJB3YACh MOKAa3aHHOW Ha puc. 5.10-a
CXEMOM, a MO’KHO HCTIOJIb30BaTh CXeMy, H300pakeHHYI0 Ha puc. 5.11-a. B mepBom ciydae BoapT™METp
¢buxcupyer pasHocts notennuanos U,, =0.25 B (puc. 5.10-a), a Bo BTOpoM ciydae 3Ta pa3sHOCTb B
Tpu paza 6oasme: U,; =0.75 B (puc. 5.11-a).

[TonydyeHHBIE pe3yNbTaThl 0OMEPOB MO3BOJISIOT CAETIATh MPEAIOJI0XKEHNE, 4TO B 0Tpe3ke A— B
nHasoautca DJIC E =1B, a us sroi O/IC Berunraerca nagenue Hanpsukenus U, =0,25 B, To ectp
oTpe3ok AB kak pa3 u aBnsgercs uctoynukom JDJIC, a pasHocts noreHuuanos U,; =0,75 B (puc.

5.11-a) — 310 AMEKTpUYECcKOe HaNpsbKeHHe Ha BbiBojaax uctounuka 3JIC. Ecau 310 Tak, To 3HaueHue
OJ1C nomxkHO ObITH Gosbiie HanpsbkeHus (U ,; = 0,75 B) Ha BennuuHy nazeHus HalpsHkKeHUs BHYTPU

ucrounuka J/[C. U 310 npeanosaoxkeHue npekpacHo MoATBEPHKIAETCS CASAYIOIINM 3aMEpPOM.

B A
D C D C D C D
) ) ) <
o/ -/ o/

a) Uas=0,75B 0) Us=1B 8) Uac=0,5B 2) Uu=1B

P“c. 5.11 I/I3Mepe}me Hanpsi’>KeHUs Ha y4aCTKaX BUTKA, HAX0AAWIErocs B /IBYX €ro COCTOAHUAX
[IpousBosas u3MepeHMs] pa3HOCTH NOTeHHManaoB Touek A—B (puc. 5.11-a), HeoOxoaumo
pa3oMkHyTh BUTOK. Ha puc. 5.11-6 310 pa3mbikaHue caenaHo B Touke D. B MoMeHT pa3MbIkaHMs

BUTKA Pa3HOCTh NOTEHLIHAIOB TOYeK A— B HM3MeHsAeTCA Ha BENWYMHY NaJCHUs HANPSHKEHUS BHYTPU
ucroynuka OJIC U,z = 0,25 B (puc. 5.10-a) u ysenuuuaercs co 3Hauenus U ,; = 0,75 B (puc. 5.11-

a), no 3Hauenus U ,; =1 B (puc. 5.11-6).
[Tpn paszomkHyTOM BHTKE 3HaueHue HaBefaeHHoit OJIC E paBHO 3HaueHUIo HampsokeHHS U g,
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NpUCYTCTBYIOMIEMY Ha BhiBogax ucrounuka JJIC: U,; = E,; =1 B (puc. 5.11-6). CnenosarensHo,
3JIC HaBOOMTCS TOJIBKO B TOM y4acTKE BUTKA, KOTOPBIM MPOXOJUT B OKHE MarHUTONPOBOJIA, HO HE
HABOJIUTCS BO BCEX OCTAJBHBIX y4acTKaxX BUTKA.

C mnoMomplo cXembl, MpEACTaBICHHOW Ha puc. 5.11-B, M3MepeHa pa3HOCTb NOTEHUUAJIOB
U,. =05B. TIlomydaerca Ttak, 4yro u3 pasHoctd noreHuuanos U,; =0,75B (puc. 5.11-a)

BBIUNTAJIaCh BeNMYMHA MajgeHus HanpspbkeHus Uy, =0,25B  (puc. 5.10-0), uro sBusercs

JOTIOJTHUTEIBHBIM MOTBEPKACHHEM TOro, yTo DJIC HAaBOAUTCS TOJBKO B yuacTke AB.

BonbpT™meTp, u3MepuTENbHbIE KOHLBI KOTOPOTO IOJCOEIMHEHBl K OJIHOM TOUYKE BUTKA,
IOKa3bIBAET pa3HOCTh noteHnuanos U,, =1 B (puc. 5.11-r). OgHako B 0HOM TOYKE IPOCTPAHCTBA B
MIPUHIIUIIE HEBO3MOKHO CYILIECTBOBAHUE PA3HOCTH 3JEKTPUUYECKUX MOTeHIHanoB. CleqoBaTeIbHO,
Pa3HOCTh OTEHIMAIOB MOKET MOSBUTHCS TOJIBKO B pe3ynbrare Aeiictsus J/1C, HaBeJeHHOW B caMuX
MOJICOEIMHEHHBIX K BOJBTMETPY HM3MEpPUTENIbHBIX NpoBOAHMKaX. Kak Obl HHU pacrosaraiuch
M3MEpUTENbHbIE TIPOBOIHUKH, MTOICOEAUHEHHBIE K BOJIBTMETPY U K OJJTHOW TOUKE BUTKA, IOKA OJUH U3
MIPOBOJHUKOB HE OyJeT NpomylmieH B OKHO MarHUTOINPOBOJA, IOKa3aHHUs BOJIBTMETpa OyayT
HYJIEBBIMHU. DTO SBISETCS MOATBEPkKIAEHUEM TOT0, uTo DJIC HaBOIUTCS B OTpE3KE MOJICOETUHEHHOTO K
BOJIbTMETPY IIPOBOJHUKA MPEABAPUTEIHHO IPOMYIIEHHOTO B OKHO MarHUTOIIPOBO/IA.

Ecnu B otpeske AB naBonutcs DJIC, ToO U B J11000M JIpyroM HPOBOJHMKE, MPOIMYLUIEHHOM B
OKHO MAarHHUTOIPOBOJA, OymeT HaBoauThbes Takas ke OJIC, W ATO TOATBEPKIAETCS 3aMepoM,
BBITIOJTHEHHBIM I10 IIPEJICTABICHHON Ha puC. 5.12-a cxeme. B 3TOM cilydae moka3aHusi BOJIBTMETpa
OKa3bIBAIOTCSl HYJIIEBBIMH. JTO OOBSACHSETCS TEM, UTO pa3sHOCTh moTeHnuainoB u DJIC, HaBeneHHAs B
yuyactke AB, ypaBHOBemeHHa pa3HOCThIO MoTeHuuanoB u DJIC, HaBeAEHHOW B M3MEPHUTEIHHOM
MIPOBOJIHUKE, KOTOPBIN MOJCOEAMHEH K BOJBTMETPY M IMPOIYIIEH B OKHO MarHuTornposoda. U mpu
3amepe no cxeme puc. 5.10-a D/IC, HaBeneHHas Ha ywyactke AB, ypaBHOBenI€Ha HaBEJICHHOW B
usMepuTenabHoM npoBogHuke DJIC, a BonbT™MeTp Qukcupyer nagenue Hanpsukenus U, =0,25 B Ha

yuyactke AB.

| / |
D C D C D C D C

O

a) UAz=0B 0) Uec=0 B 8) Uw=0B 2) Uoa=0 B

Puc. 5.12. Usmepenne nanpsixenus Ha yuacTkax pasoMKHYTOro BUTKA

Ecnu Obl B BUTKe HaBouiiach euxpesas DJIC, To oHa HaBowiIach Obl Ha Bcex yvactkax (AB,
BC, CD, DA) BuTKa HE3aBHUCUMO OT TOTO 3aMKHYT 3TOT BUTOK HJIM pa30MKHYT. OJJHAKO pe3yJbTaThl

obmepoB (puc. 5.12-6, -B, -T') CBUACTEILCTBYIOT 0 TOM, 4yTo D/IC HaBOAUTCS TOJIBKO HA TOM YYacTKe
BHUTKA, KOTOPBIA MPOMYIIEH B OKHO MarHutomnpoBoja. CleqoBaTelnbHO, 8 8umKe, 0X8amvl8arouem
MAZHUMHYI0 6eM8b, HABOOUMCcs nomenyuanivhaa (nesuxpesasn) I/C, u ee delicmsue ypagHOBEUIEHHO
PA3SHOCMbI0 ~ NOMEHYUAnos,  Komopas  cywecmeyem 6  NOMEHUUANbHOM  (Hesuxpesom)
INEKMPUUECKOM noJle — 6UXPegble IJIeKmpuUdecKue noisa 6 npupooe He 6CMpe aromc.

Ha puc. 3.13 npuBeneHsl u300pakeHHs, KOTOPbIE HCIOIB3YIOTCS B KaueCTBE MIUTFOCTPAIIUU
MPOLIECCOB B3aUMHOTO MPeoOpa30BaHUs dMEKTPUUECKUX U MAaTHUTHBIX MOJIEH, HABOJAUMBIX B MPOIIECCE
pacipoCTpaHeHUs YIEKTPOMArHUTHBIX BOJTH.

Ha puc. 3.13-B uzo0paxeHa oaHa U3 TeX DIEKTPUUYECKHX CHUIOBBIX JTUHUK E, ¢ MOMOIIBIO
KOTOPBIX HM300paKACTCS GUXPesoe dieKmpuieckoe noje, MOSBISIONIeeCs] B pe3yabTaTe U3MEHEHUs
3HAYEHUs] MarHUTHOW UHAYKIUU B (puc. 5.15-6).

Crpenku, HaHECEHHbIE Ha OKPYXHOCTb DJEKTPUUYECKOM CHIOBOM nMHUM E, yKa3bIBalOT
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HaIpaBJICHUC YBCIIMYCHUS 3HAYCHUSA IIOJIOKHUTCIBHOIO IIOTCHIHAJIA, KOTOPLIM OGHﬂI[ElIOT TOYKH,
PAaCIOJIOKEHHBIE Ha OKPYXHOCTHU 3JIEKTPUUYECKON CHIIOBOM JInHMU. CleoBaTEeNbHO, €CJIM BBIUTH U3
TOUYKU A U 00XOIUTH OKpY)KHOCTh E B HampaBieHUHM BekTopa V (puc. 5.15-B), TO aneKTpudecKuit
MOTEHLMAT KaKJ0M IMOCIeqyIoUell TOYKH, BCTpevarolleiics Ha OKpyxkHoctu E, Oyner Bblile
MIOTEHIIMAJIa, KOTOPBIM 00J1afjajia paHee NIpOoMeHHas TOUKa.

\ \
a) dE/dt>0 0) dB/dt>0 6) snexTpHueckas cuaoBast aunus E 2?77

Puc. 5.13. Bzaunsie npeodpa3oBaHus JIEKTPHYECKUX H MATHUTHBIX NoJIei

[Torenuman Touku A MOKHO MPUPABHATH HYJIIEBOMY 3HAYEHHUIO, U €CJIA TTOCJE ITOTO 0OXOIUThH
OKpYyXHOCTh E, TO 3HaueHHWe TOTEHIHANa OyIeT HENPEepPHIBHO YBEIUYMBATHCA M JOCTHUTHET
HEKOTOPOTO TOJIOKUTEIHHOTO 3HAUYECHUSI TIPU BO3BpaTe B TOUKY 4 — 3TO O3HAYAET, UTO TOUKa A, KaK
U ro0as apyras TOYKa, PACIOJIOKEHHas Ha OKpY>KHOCTH E, o0jamaer pa3HOCTHIO DJEKTPUUYECKUX
MOTEHIIMAJIOB. DTO MPOTHBOPEUUT HE TOJILKO 3aKOHAM MPUPOJBI, HO W 31PaBOMY CMBICTY. IDTO
03HAYaET, YTO Hem HUKAKUX YCA08Ull 01 CYU,ECHIB06AHUS BUXPEEO20 IIEKMPUUECKO20 NOoJi,
cnedosamenvho, npu pacnpocmparenuu IOM onrn HasoOsmcsa nomenuuanvbHwvle (He Buxpegvle)
anekmpuiecKue noJs.

Ecnu mpenmnoniokuth, 4TO BCE TOUYKH, PACIIONOKEHHBIE Ha JUHUU E , 0051a7al0T OJIMHAKOBBIM
ANEKTPUYECKUM TIOTEHIIMAJIOM, TO 3TO OyJIeT BOBCE HE DJJIEKTPUYECKAas CUJIOBAs JIMHHS, a JHHUS,
MpOBEJICeHHAs Ha SKBUIIOTEHIIUAIBbHOMN MOBEPXHOCTU HOMEHUUATbHO20 DIIEKTPUUECKOTO MOJIA.

Pe3ynbraTtel 06MEpoB BUTKa, OXBATHIBAIOIIET0 MarHUTHYIO BETBb, CBUJETEIBCTBYIOT O TOM, YTO
YUCJIICHHOE 3HAY€HWE W HAINpaBlIeHWE HaBeAeHHOW B BHUTKe OJIC NHMIIb KOCBEHHO 3aBUCAT OT
W3MEHEHUI MarHUTHOTO MOTOKa, 3aMBIKAIOLIErocss B MAarHUTHOM uenu. Yucinenwoe 3HayeHue u
Hanpasnenue HaseoenHotl 6 eumke I/[C 6 nepsyro ouepedsb 3a8uUcsim om nPoyeccos, NPOUCXOOAUUX &
oKkHe MacHumonpogoda. Pazzadka «napaodokcay I'epunca u pesyromamsvt o00mepa eumka,
0X6aAMbIEAIOULE20 MAZHUMHYIO 6€n6b, YKA3bleAlOm HA MO, YMO 6 Cayuae U3ZMEHEHUsA 3HAYEHUs
moka |, mexkyuwiezo 6 oomomxe 6030yxncoenus \, (puc. 5.9) macnummnoe none, nasedennoe é oKne

MAZHUMONPOBOOA, HAXOOUMCA 8 COCHOAHUU OBUNHCCHUSL.

Jlnst oOMepoB BHTKA, OXBaTHIBAIOIIETO MArHUTHYIO BETBb, MOXKHO HCIIOJIB30BaTh JIFOOOM,
OKa3aBIIMICS MOJ pyKOW TpaHchopMaTop, a HE TOT, NIEPBUYHAS OOMOTKA KOTOPOTO COCTOUT U3 220
BHUTKOB, a IOTIEPEYHOE CEYCHHE MAarHUTHOW mernmu umeeT (opmy kBazapara. [Ipu wucmoab30BaHUH
apyroro TpaHchopmaTopa YHCICHHBIC 3HAYCHHS, IIOJYYCHHBIE B Iporecce OoOMepoB, OyIyT
OTIIMYAThCS OT TEX, YTO MPUBEICHBI B JAHHOM TeKcTe. OIHaKO BHOBB MOJIyY€HHBIE PE3YNIbTaThl OyaAyT
CBHJICTEIHLCTBOBATH O TIOTCHIIMAIIBHOM (HEBUXPEBOM) Xapakrepe HaBeAaeHHOW DJIC 1 0 MOJIBHIKHOCTH
MarHUTHOTO TI0JIsSI, HABEJICHHOTO B OKHE MarHUTOIIPOBO/IA.

§5.16. MarHuTHoOe none, HaBegeHHOE NPAMbIM U N3OTHYTbIM
cosfieHoMaoMm

PesynbTaThl 00Mepa BUTKa, OXBATHIBAIOIIEIO MAarHUTHYIO BETBb, CBHJICTEILCTBYIOT O TOM, YTO
MarHUTHBIC CUJIOBBIC JIMHUM TPECEKAIOT TOJBKO TE€ YYACTKH BUTKA, KOTOPBIC MPOXOISIT B OKHE
MarHUTOIIPOBOJIA, HO HE MEPECEKArOT OOKOBBIX W HAPYKHBIX CTOPOH BUTKA, U 3TOMY SIBJICHUIO €CTh
CBO€E OOBSICHEHHE.

Ha puc. 5.14-a u300pakeH COJICHOU M CHMMETPHYHOE OTHOCHTEIBHO €r0 MPOJI0JIHOM OcH SN
MarHuTHOE TI0JIe, KOTOPOE HaBEJACHO MOCTOSTHHBIM TOKOM | , TEKyIIIMM B BUTKaX COJICHOMIA.

[Ipu wmsrube conenowmpma (puc. 5.14-0) MarHWTHBIC CHJIOBBIC JIMHHH, TOJUUHSSCH JIEHCTBHIO
MarHUTHBIX CHJI TPOJOJBHOTO HATSDKEHUS W CHJ  TONEPEYHOro oTTankuBaHus {§4.21},
COCKaJIb3BbIBAIOT K IICHTPY AYTHM M3rMOa. DTO MPUBOJUT K TOMY, YTO B Mpoliecce u3ruba COJCHOMa
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KOJIMYECTBO MArHUTHBIX CHJIOBBIX JIMHUH, OKAa3aBIIMXCA C BHYTPEHHEH CTOpPOHBI uU3ruoda,
YBEIMYMBACTCA, a C BHEHIHEH CTOpPOHBI M3ruba — ymeHbliaercs. CienoBaTeNbHO, MAZHUMHbIE
HOMOKU, NOOOOHO INEKMPUYECKUM MOKAM, 3AMbIKAIOMCA nO Kpamuaiiwiemy nymu (no nymu
HAUMEHbULE20 CONPOMUGTEHUA).

a) NIPSIMOJIMHEHHBIH COJICHOU]T 5) M30THYTBIH COJICHOM

Puc. 5.14. Maruuruoe noae HaBeJeHHOe TOKOM |, TeKyIIHM B BUTKAX COJIEHOH1A
Ecnu conenoun OyneT M30THYT B KOJIbLIO, CEUEHUE TAaKOTO KOJIbIIA BEPTUKAIBHON IMJIOCKOCTHIO
MIOKa3aHO Ha pHC. 5.15, TO Bce MarHUTHBIE CHUJIOBBIE CMECTATCS BHYTPb KOJbIa, 0Opa30BaHHOTO
BUTKaMH COJICHOUJA, U HE OyAyT BBIXOJUTH 32 BHEIIHUE TPaHUILIbI 3TOTO KoJblia. CieoBaTenbHo, IpU
MIPOTEKAHUU HOCMOAHHO20 ToKa |, B BUTKax HM30THYTOTO B KOJIBLIO COJIEHOMJIA, STUMH BUTKAMH
HaBOJWUTCS MAarHUTHOE ToJie, Npeobiafaronias 4acThb CHJIOBBIX JIMHMM KOTOPOTO 3aMbIKaeTcsl B
IPOCTPAHCTBE, OXBAYEHHOM BHTKaMH coJieHoMJa (uHuu B, puc. 5.15). Bropas, meHbIas yacte
HAaBEJICHHBIX MAarHWTHBIX CWJIOBBIX JIMHUW 3aMBIKAE€TCS B IPOCTPAHCTBE, OXBAYECHHOM BHYTPEHHUMU

y4acTKaM1 BUTKOB cosleHonza (Jimaun B, , puc. 5.15).

Bnemnuey!mcmxu
8UMKO6 coenouda

Buympennue yuacmku
GUIMKOG coNeHouoda

Puc. 5.15. Ceuenne uzornyroro B KoJIb10 coeHONIA

3a BHEUIHUMH TPaHUIAMU OOpPa30BAHHOTO COJICHOMJIOM KOJbI[Aa OTCYTCTBYIOT MAarHUTHBIE
CWJIOBbIE JMHUHM, KOTOpBIE TSAHYTHCA BJOJb BCEH MJIMHBI M30THYTOTO B KOJIBLIO COJICHOMJAA. 3a
BHEIIHUMH TpPaHUIAMHU COJICHOMJIA MOTYT [PHUCYTCTBOBAaTb MACHUMHbIE CULOBble  JIUHUL,
oxeamvigarowue OOUH UNU HECKOJIbKO BUMKO8 COJeHOUOd — 3MO MaK Hazvlédemvle MAHUMHbLE
nOMOKU paccesanus, KOTOpbie Ha puc. 5.15 He OKa3aHHbl.

B Burtkax mnpsamonuHeitHoro coneHoupa (puc. 5.14-a) MoKeT Teub MOCTOSHHBIA TOK CaMBbIX
pasHbIX 3HaueHud. M mpu mroO0M 3HaUEHUM TOKa, B TpoIllecce M3ruda COJeHOWJa, MarHUTHBIC
CWJIOBBIE JIMHUU OyJIyT COCKalb3bIBaTh B CTOPOHY LIEHTpa Iyru u3ruda, a mocjiae oOpa3oBaHUs KOJbIA
3a ero BHEIIHMMHU I'paHUIAMU OYAyT OTCYTCTBOBaTh MAarHUTHBIE CHUJIOBBIE JIMHHUH, OXBAThIBAIOIINE
BCIO JUIMHY COJIEHOHMJA. DTO O3HAYaeT, YTO HepeMeHHwlil TOK | , TeKymuid B BUTKax M30THYTOTO B
KOJIBIIO COJICHOW/IA, HABOJUT MAZHUMHOE Noje, CU08ble JTUHUU KOMOPO20 8 Npouecce ce0ezo
0BUIICEHUA HE 8bIX00AM 34 GHEUIHUE ZPAHUYDBL COJICHOUOA U He nepeceKkarom 6HeUHUX U OOK08bIX
yuacmkogé 6umkKos, MmoOAbKO GHYMPEHHUE YYaACMKU 6UMKOE NepeceKkarmca MaZHUMHBIMU
CUNL0BIMU TUHUAMU. DTO YTBEPKACHHUE COIJIACYETCs C TEMM PE3yJbTaTaMH, KOTOPBIE IOJYYEHBI B
mpoliecce oOMepa BUTKA, OXBATHIBAIOIIET0 MATHUTHYIO 1emhb (§5.15).

IIpn yBenuueHHMM 3HAYEHHs TOKA, TEKYIIETO B BUTKaX COJICHOWIA, YBEJIMYMBACTCS 3HAYCHHE
WHIYKIIMA MarHUTHOTO TI0JIsI, HABEIEHHOTO BHYTPU BUTKOB M30THYTOI'O B KOJIBLIO COJIEHOW[JA, a 3TO
03HA4YaeT, YTO BHYTPU BUTKOB COJIEHOWJA YBEIMYMBAETCSA KOJMYECTBO MAHUTHBIX CHUJIOBBIX JIMHUH.
Pesynbratsl 3amepoB BUTKa (§5.15) yka3bIBalOT Ha TO, YTO KaXKABIH JIOMOJHUTEIHHO MOSBISIONMIEHCS
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BHYTPY BUTKOB COJICHOMJIA KOHTYP MAarHMTHOM CUIOBOM nuHuM B, (puc. 5.15) 3apoxkaaercss BHYTpU

IIPOCTPAHCTBA, OXBAYCHHOI'O KOJIBLIOM COJICHOMJA, M OTOT KOHTYp, PaCLIMPSACh, IEPEMEIAcTCs
BHYTPb BUTKOB COJICHOM/IA, IIEPECEKAs IIPU ITOM BHYTPEHHUE CTOPOHBI BUTKOB.

§5.17. Cunbl, npuBoAsLWME B ABMKEHUE MarHUTHoe none

[Ipu paccmorpenuu puc. 5.14 u puc.5.15 ObLIO YCTAaHOBIIEHO, YTO BCSIKUE M3MEHEHUS 3HAUCHUS
MHIYKLIWYA MarHUTHOTO MOJIS IPUBOJIAT ATO OJIE€ B COCTOSTHUE IBUYKEHUS. DTO ABMKEHUE IPOUCXOIUT
O] ICHCTBUEM HPOOOIAbHBIX CUIL HAMSICEHUs. U RonepedHblx cun pacuupenus {§4.21}. Ho nomumo
3TUX JIBYX CHJI CYIIECTBYET €LIE U TPEThs CHJIA, YUYAaCTBYIOIIAs B MPOLECCE JBMIKEHUS MAarHUTHOIO
noss. 1lo3HakOMUMCS M € 3TOM TPEThEeN CHUIIOM.

DOKCIEpUMEHTHPYSI C JABYMsI TOCTOSHHBIMA MarHUTaMH, MOXHO YOEIHTBCS B TOM, YTO 3TH
MarHuThl, B3aUMOJAEUCTBYSI MeEXJ1y cOOOH MOCpPEICTBOM COOCTBEHHBIX MAarHUTHBIX IOJEH, MOTYyT
MPUXOJUTh B COCTOSIHUE YCKOpPEHHOro JBueHHs. ClenoBaTelbHO, MOAYMHSAACH IEMCTBUIO CHII
MAarHUTHOTO TIOJISl, MAarHWTHI, OOJIAJIAIONINUE OIpEAeTIEHHON Maccoil, OOpeTaroT JIOMOJTHUTEIbHYIO
KMHETUYECKYIO HEPTHI0. DTO MOKHO OOBSICHUTH TOJIBKO TEM, YTO B JIIOOOM MarHUTHOM I10JI€, KaK U B
J000M JpPYroM CHUJIOBOM TIOJI€, CHJIBI KOTOPOTO CIIOCOOHBI BBI3BAaTh YCKOPEHHOE JBUKEHHE MAcChl,
3aKJIIOUEHA DHEpPrusi, U 3Ta DBHEprus crnocoOHa MpeoOpa3OBHIBATHCS B KUHETHYECKYIO DHEPIHIO
JBIDKYILEWCS MacChl UM B KaKOW-IT1O0 APYroi BUJ DHEPTHUH.

OHeprus, sBASETCS OJHON M3 (OPM CYIIECTBOBAHMSI MaTEpHM, MOSTOMY SHEPrUsi HE MOXKET
OeccielHO MCYE3HYTh WM TOSIBUTHCS W3 HUYEro, MOATBEPKICHHEM TOMY SIBIISIETCS BecbMa
MHOTOYHCIIEHHbIE U Oe3yCHelIHbIe MONBITKA CO3/IaHUSI BEUHOTO JABUTATENs (ABUrarTens o0iaaronero
KII[I>100%). Onepruss He ucYe3aeT M HE TMOSABISETCS, HO MOXET HaxXOIUThCS B COCTOSIHUU
B3aMMOOOMEHa Mexay IByMs U Ooliee 0ObekTamMu. VI3MeHeHre SHepreTHYecKoro COCTOSHUS JTH000T0
Tena, B TOM YHCJI€ M1 MAarHUTHOTO MOJIsi, MPOUCXOAUT B Tpoliecce coBepuieHus: paboTel. [Ipu stom
KOJIMYECTBO MPHOOPETEHHOM SHEPruM, Kak M KOJUYECTBO DSHEPruH, YTEPSHHOM TEeM WIM HHBIM
00BEKTOM, PAaBHO KOJIMYECTBY COBEPIICHHOW PaOOTHI.

Jlroboe MarHuTHOE TIOJI€ HAXOAUTCS TMOJ JACUCTBUEM MPOOOTbHbIX CUL HAMANCEHUs W
nonepeuHsiX CUll paciuiuperus, v Kak pa3 3TH CUJIbl IPUIAIOT YCKOPEHHE B3aUMOICHCTBYIOIUM MEX Y
co0oif MmarHuTaM. DTO O03HAYaeT, YTO JIEHCTBUEM MPOJOJILHBIX U MOIMEPEUHBIX CHII 3asBISET O cede
3aKJIIOUEHHAsT B MarHUTHOM II0Jie SHeprusi. B crartuke cuia He cHocoOHa COBEpIIUTH paboTy, a
M3MEHEHHE PHEPTreTUYECKOTO COCTOSIHUS JH000T0 Tejaa MPOUCXOTUT B MpoIiecce CoOBEpIIeHHs padoThI,
CJIeIOBATENIbHO, IPH U3MEHEHUH SHEPreTUYECKOr0 COCTOSHUSL MAarHUTHOTO TOJIsl 3TO MarHUTHOE TOJIe,
MOJAYUHSACH JCUCTBYIOIIMM B €ro oObeMe MpOJIOJIbHBIM U TMOMEPEYHbIM CHJIaM, MPUXOAUT B
COCTOSTHUE JIBUYKEHHUSI.

Cunbl MPOJIOJIBHOTO HATSDKEHUS CTPEMSITCSl YMEHBIIUTh JUIMHY 3aMKHYTOTO KOHTYpa Kaxaon
MarHUTHOM CHJIOBOM JMHHUU JO MHUHUMAJIbHO-BO3MOXHBIX Pa3MepOB (10 pasMepOB TOYKH), a CHJIbI
MONEPEYHOr0 PACIIUPEHUS CTPEMATCS pPAa3ABUHYTh COCEJHHME MArHUTHBIE CHJIOBbIC JIMHHH,
CHOCOOCTBYSl TEM CaMblM YBEIMUYEHHUIO KOHTypa KaXIOW MAarHUTHOM CHJIOBOW JHMHHUH [0
MaKCHMaJbHO-BO3MOXHBIX pa3MepoB. CleoBaTeIbHO, HPOOOIbHBLE CUbI HAXOOSMCSA 8 COCMOAHUU
nPOMUGOOCHCMEUSA C NONEPEUHBIMU CUTLAMU.

[Toxa HEM3MEHHBIM OCTaeTCs 3HAYeHHE WHIYKIIUM MArHUTHOTO MOJIs, 0 TE€X MOp MpOAOJbHbIE
CWIbI, JEHCTBYIOIIME BHYTPM MArHUTHOTO TIOJISA, HAXOAATCA B COCTOSIHUM YPAGHOBEUIEHHO20
MPOTUBOACHUCTBUS C TMOIMEPEUYHbIMH CUJIAMH, & CAMO MarHUTHOE MOJIE OCTAeTCs HEMOJABWKHBIM. [Ipu
HapYIIEHUH PaBHOBECHOTO COCTOSIHUS MEXAY MPOAOIbHBIMU U TONEPEUYHBIMH CHUJIAMH, MAarHUTHOE
noJie, MOJYMHSAACH JCWCTBUIO NpeoOiajgaroliell CHIIbl, IPUXOJUT B COCTOSHUE IBW)KEHHUS, YTO U
SABIIICTCS MPUUUHON U3MEHEHUs 3HAYCHHUSI MAarHUTHON MHJTYKLIMH.

IIpu HEeM3MEHHOM 3HaUYEHUH TEKYIIEro B MPOBOJHUKE TOKA, OCTACTCS HEM3MEHHBIMH U 3HAUECHUS
MPOJIOJIBHBIX U MOTIEPEUHBIX CUJI, AEUCTBYIOIIMX Ha HAaBEAEHHOE TOKOM MAarHUTHOE ToJie. YBeIHueHHe
3HA4YEeHUsI TOKAa COINPOBOKIAETCS YBEIMYEHHEM KOJMYECTBA MArHUTHBIX CHJIOBBIX JIMHUH, B 3TOM
cllyyae CHJIBl MPOJOJIBHOTO HATSDKEHUS, JICHCTBYIOIME Ha paHee CYLIECTBOBABIIME MarHUTHBIC
CHJIOBBIE JIMHUHU, COXPAHSIOT CBOE 3HAYCHHE, a MOSIBJICHHE JOTOJIHUTENIBHBIX CHJIOBBIX JMHHM
MPUBOAMT K YBEIMUEHHIO 3HAUEHHSI TONIEPEUHBIX CUJI paciiupenus. CieqoBaTenbHo, TP YBETHUSCHUH
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3HA4YEeHUsI TOKA, MATHUTHBIC CHJIOBBIC JIMHUU, TIOAYMHSSACH JICHCTBUIO MPEOOIaAatonInX MOMEePeUHbIX
CHJI, IPUXOJSIT B COCTOSIHUE JBM)KECHUS, B MPOLIECCE KOTOPOTO 3TH JIMHUHU YIAISIOTCA OT MPOAOJIBHON
OCH TIPOBO/IAIIET0 TOK IPOBOTHHKA.

[Ipu ymeHbIIEHNH 3HAYEHUS] TOKA, YMEHBIIAETCS KOJMYECTBO HABEACHHBIX TOKOM MAarHHUTHBIX
CHJIOBBIX JIMHHM, YTO MPHUBOAMUT K TNPEOOJIAJaHUIO CHJI HATSHKCHHS HAJ CHUJIAMH PACIIUPEHUS.
CnenoBarenbHO, IPU YMEHBIICHUH 3HAUYEHUS TOKA, MAarHUTHBIE CUJIOBBIC JIMHUHU JBIIKYTCSI B CTOPOHY
MIPOIOJIBHOM OCH MIPOBOISIIET0 TOK IPOBOTHHKA.

3nayenne UHAYKIMH B HaBeneHHOTrO TOKOM | MarHWTHOTO MOJIS MPOMOPIIMOHAIBHO 3HAYCHHIO
toka: B = gu-1/22R {4.11}, B cBOIO 0OUepenp KonmuecTBO 3Heprun W , 3aKIIFOYEHHOI B MATHUTHOM

T0J1e, IPOTIOPLMOHATILHO KBAJPATy TOKA, HABOJSIIEro 3To MarHutHoe none: W = L-12/2 {6.19}, To

ecTh KoJmdecTBo 3Heprun W , mpOMOPIMOHATLHO KBAJApPaTy MAarHUTHOW WHIYKIIMU. JTO O3HAYAeT,
YTO NP W3MEHEHUH 3HAYCHUS MArHUTHOW WHAYKIIMH H3MEHSETCS KOJHMYECTBO 3aKIIFOYEHHOW B
MarHUTHOM [I0JI€ SHEPrUH, B 3TOM CIIydae He MOJYm 0Cmasamuvcs He y Oel TPOJOJIbHbIE U
MOTEepPEYHbIE CUJIBI TIOTOMY, YTO KaK pa3 JCMCTBHEM JTHX CHJ 3asBJIIET O cebe 3aKiItoueHHas B
MarHuTHOM Tioyie SHeprus. [Ipm W3MEeHEeHWM 3HAYEHWs MArHUTHOW WHIYKIIMU TMPOJOJIbHBIE U
MOTIEPEYHBIE CUJIBI COBEPIIAIOT PabOTy, 3HAUEHHE KOTOPO PAaBHO BEJIMYMHE, HA KOTOPYIO H3MEHHIIOCh
KOJIMYECTBO SHEPTHH, 3aKJIIOUEHHOW B MAarHUTHOM ToJjie. Cuiia MOXKET COBepIIaTh pabOTy TOJBKO B
JMBWKEHUM — OTO SBIJISIETCS €€ OJHUM TIOJITBEPKIACHHEM TOTO, YTO MPU H3MEHEHHH 3HAYCHUS
MAarHUTHOW MHAYKIIMH, MarHUTHOE TI0JI€ HAXOIUTCSA B COCTOSTHUN JIBUKEHUS.

JIBI>KEHME MarHUTHOTO TOJISl POMCXOJUT B PE3yNIbTaTe HAPYIICHUS PAaBHOBECHOTO COCTOSTHUS
MEXy TPOJOJIBHBIMU M TOTNepedHpIMu cuiiaMu. OpHako TpeTuid 3akoH HproToHa coOmromaercst BO
Bcex ciyyasnx. CienoBaTenbHO, B Cllydyae HapyIIEHHUs] PABHOBECHOTO COCTOSIHUS MEXAY MPOAOIbHBIMU
Y TIONIEPEYHBIMU CUJIaMU B JIEWCTBHE BCTYIMAET TPEThs CUJIA, KOTOpas IMOJICPKUBACT B3aMMHYIO
YPaBHOBEIICHHOCTh BCEX CHJI, JEHCTBYIOIIMX HA MArHUTHBIE CUJIOBBIE JIMHU. DTOW TPEThEH CUIION
SIBJISIETCS] CUJIa MIHEPLIUU, JEHUCTBYIOIIAs HA HEPABHOMEPHO JABMKYIIUECS MAarHUTHBIE CUIIOBBIE JIMHHUM.

N3menenwus komuaecta sHepruu W = Fvt | 3aximroueHHON B MarHUTHOM TIOJIE, TIPOUCXOMST TTO/T
JNCHCTBHEM TpeoOIanaromieid (Ipo oIbHON MU MOTIEpEeYHON) Cuilbl F W B mporiecce mpeo oIeHus
paccrosHusg S =Vt. Cuiia He MOKET JOCTUTaTh HEOTPAHUUEHHO OO0JIBIIOTO 3HAYEHHUS], @ PACCTOSIHUE S
HE MOXET B MpoLecce ABUKEHUS MPEOI0IEBAThCA MIHOBEHHO. ClleI0BATENbHO, MPOLECC U3MEHEHUS
KOJIMYECTBA SHEPIrUd — ITO PACTSIHYTHIM BO BPEMEHHM MPOILECC — HHEPUUOHHBIA IMPOIECC, TaKOU
MpOLIECC MOTYT MOJAECPKUBATh TOJBKO CUJIbl HMHepUMH. CHIIbI HMHEPLMHM MOSBISIIOTCA IPH
HEPAaBHOMEPHOM [BMKE€HUU, CIEAOBATEIbHO, MACHUMHOE NOle 6ce20a OBUNHCEMCA C MAKUM
YCKOpeHuem, npu KOmopom 6 COCMOAHUU 63AUMHOI YPAGHOEEUIEHHOCMU OKA3bl8AIOMCA MPU CUTIbL
— 3mMo npoooibHble, RONEPEYHble CUIbL U CUIA UHEPUUU.
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