Тема №2: Электромагнитная индукция. 
[image: image1.png]18. Teopema o unpkynaumm sektopa B.

— Lvpkynsiumei sekTopa B Mo 3anak-

B Homy 3aMKHyTOMY KOHTYpY L HasbiBaeTcs ==

T CTeAVOUM WATeTPan Mo aTowy KoHTYPY. §Bai=§pal
e dl - onemeHT AnMH KoTypa, | - B

L HanpaBneHHLIi BIOML OOXoga KOHTypa, B;=Bcosa —

]

COCTABMAIW(AA BEKTOPA B B HANpaBReHMM KacaTemnbHom K
KOHTYPY, C Y4ETOM BbIGPAHHOTO HampaBneHMA oBXoma; o —
————————————— yron Mexay BekTopamn B u dl
TeopeMa O UMPKYNALMM BeKTOpa B (3aKOH MOMHOTO MarHUTHOTO Mons B
BaKyyMe): LMPKYNALMA BekTopa B M0 MPOM3BOMLHOMY 3aMKHYTOMY KOHTYPY paBHa
MPOM3BEAGHMI0 MarHUTHOR NOCTORHHOM I, Ha anreBpaudeckyld CyMMy TOKOE,
OXBATLIBAGIX 3THM KOHTYPOM
$Bdl=Bdl=pY .
A 1 =1
e 7 — YACTIO NPOBOMIHMKOB C TOKAMM, OXBATLIBAEMBIX KOHTYPOM L MPOM3BOMLHOM
opMbl
3Ta Teopema CnpaBe/nuBa Mosibko Ofisi ofNsi @ 8aKyyme, NOCKOMbKy Ot Monsi
8 eewjecmee Haflo Y4NTbIBaTL MOJIEKYNIAPHbIE MOKU. Kaxablil TOK yuuTbiBaeTcA
CTOMbKO  pas, CKOMbKO ~OH  OXBATHIBAGTCA  KOHTYpOM.

MONOKUTENBHLIM CUNTAETCA TOK, HANPABMEHME KOTOPOTO CBA3AHO B
C HanpaBneHyeM 06Xoaa Mo KOHTYPY MPaeuIoM Pagozo SUHMa. »



[image: image33.png]27.3akoH @apages.
OBoLjan pesyneTaTel ONbITOR, dapajedl nokasan, uTo BCAKM a3, Korda
MPONCXOANT M3MEHEHUE CLENMEHHOTO C KOHTYPOM MOTOKA MATHUTHON MHAYKUMM, B
KOHTYDE BO3HUKAET MHAYKLUMOHHBIN TOK.
BO3HMKHOBEHME WHAYKUMOHHOTO TOKA YKa3biBaeT Ha Hanuune B Lenu

3NeKTPOLBMKYLLIER CHTTbI.
5Ta 3[C HAIBAETCA 2MEKMPOOGUKYWE CUSOU SMEKMPOMAZHUMHOU

undykyuu

3akon apaes: O/IC SMeKMPOMAZHUMHOU UHOYKUUU @ KOHMYPe JUCTIEHHO
PagHa U MPOMUEONONOXHA M0 SHAKY CKOPOCTIU U3MEHEHUS: MAZHUMHOZO MOMOKa
CK8O3b 110GEPXHOCITIB, 02DaHUYEHHYHO OMUM KOHMYPOM

a0
todr

[INA 38MKHYTOTO KOHTYPA MATHWTHeii MOTOK @ eCTb He UTO WHOE, Kak
noToKocuennese ¥ 3T0ro KoHTypa. M03TOMY B SMIEKTPOTEXHHKE 3aKOH bapaen
4aCTO 3ANMCHIBAIOT B hopMe

dav
! dt
HanpaBrneHue MHAYKUMOHHOTO ToKa ONpe/enAeTca no npasuny fenua: fpu
BCAKOM U3MEHEHUU MazHUMHOZO MOMOKA CK8O3b MOBEPXHOCMIL, HAMSHYMYIO Ha
3aMKHYMBIi MPOSOGAWUL KOHMYP, 8 M0CNEOHeM B03HUKAem UHOYKULUOHHBIO MOK
MaKOZ0 HANPaGNIeHUS, YMO 20 MazHUMHOE Mofe MPOMUB00elcMaYyem USMEHEHUIO
MazHUMHOZ0 MomoKa.




[image: image2.png]- T, Ha yuactkax 4B w  CD  KOHTYp

el N -
,' ST \\:\ \ MEPNEHAVKYNAPEH NUHUAM MAarHUTHOM MHAYKUAM,
i ">~} cnenosatensho B =0. MokHO MoKasaTs, uTO BHe
N\, e

GECKOHEUHOTO COMEHONAA MarkWTHoe none B =0
(yaanve yuacTok CB Ha GECKOHEMHOCTs, rae
MarWuTHoe MoMe  COneHoWaa  pasHo  Hymio,
MOCKOMLKY  MATHATHOR MoMle  Kaxaoro BTk

CONEHOWNA YMEHBUAETCA € paccTOfHMeM ~ 1)
Ha yuactke DA KOHTyp COBNagaeT C MuHwed
MATHUTHOI UHAYKLYH, BHYTDY COMIEHOWAA TIONE 0AHOPOAHO (B, = B), moaTomy

[ Bal=B1=p,NT
D4

MarHuTHas UHAYKUWA (GECKOHENHOT) COMeHoNaa B BaKyyMe

Bzg




[image: image3.png]20.MaruuTHOe none Topouaa B Bak)

e

Topoudom — Ha3biBaeTCA KOMbUEBAR KaTylka
BUTKMM, HAMOTAHHLIMM Ha CEPACHHMK, MMEIOLLMA (hOPMY
Topa, M0 KOTOpOii TeueT Tok

MarkuTHoe none oTcyTcTeyeT BHe Topousa, a
BHYTDY €10 OHO ABMACTCA OAHOPOAHBIM

TUHAM  MarHUTHOR WHAYKUMM, Kak CTIedyeT w3
COOGPaXEH CUMMETDHN, ECTb OKPYKHOCTH, LEHTPbI
KOTOPBIX PacOMOKeHs! Ha OCH TOPOUAA.

B KkauecTee KOHTYpa BbiOEpeM OOHY Takyio
OKpYKHOCT> paaWyca 7. o TeopeMe O WPKyRALMM

B2mr =1oNI, tae N —uMcrio BUTKOB Toponaa. OTciona

p= oM

2nr




[image: image4.png]21.[loToK BeKTOpa MarHUTHOW MHAYKUMK.
TomoKoM eexmopa MazHUMHOU UHOYKLUU (MATHUTHBIM NOTOKOM) Uepe3
nnowanky dS Ha3blBASTCA CKANFPHAs (MIMIECKAR BENMINHA, PABHAR

d®,=BdS=B,ds,
rae B, = Bcosd — NPOeKUuA BeKTOpa B Ha Hanpasnienvie HOpMAanK i K nnowazke
dS, o — yron mexay BekTopam 7 u B, dS — BeKTop, MofyMb KOTOPOrO paseH
dS, a HanpaBneHve COBNafaeT ¢ HANpABNIEHYEN HOPMAMW 7i K NNIOLAIKE

Momok eexmopa B MOKeT GblTo Kak [MOMOXUMeNbHbM, _maK u
OmpUUAMe IbHEIM B 3ABUCUMOCTY OT 3HaKa COS O

MoTok BekTopa B CBA3LIBAIOT C KOWTYpOM, MO KOTOPOMY TeueT Tok
TIoNOKTENEHOS HANPABTIeHNE HOMATK K KOHTYDY CBA3AHO C HAMPaBneHiem Toka
10 NPaBUNY NPaBoro BUKTA. [03TOMY MazHUMHBIL MOMOK, CO30agaeMblll KOHMYPOM
C TOKOM 4epe3 M0BEPXHOCIIB, 0ZDAHUMEHHYKO UM CAMUM, BCETA TIONOKUTENEH





[image: image5.png]TMOTOK BEKTOpA MarHUTHOM MHAYKUMM YEPE3 MPOU3BOTBHYI0 NOBEPXHOCTL S
@5 - [BdS=[B,ds
s s
Ecnu none OAHOPOAHO W MEPMEHAMKYNAPHO eMy PacrofoxeHa mnockas
MI0BEPXHOCTS € IOWaALI0 S, TO
®;=BS
EQWHALA MarHWTHOro moToka — BeGep (B6): 1B6 — MaruuTHuiii nOTOK,
NPOXOAALMI CKBO3b MIIOCKYI0 MOBEPXHOCTb MoWaasio 112 pacnonokeHHyo
MIEPNEHANKYNIAPHO OAHOPOAHOMY MATHATHOMY MO0, MHAYKLMA KOTOPOTo pagHa 171
(1B6=1 Tnw?).
22.Teopema aycca ANs MarHUTHOro Nons B Bakyyme

Ilomok  @ekmopa  MazHUMHOU UHOYKUUU CKEO3b M0G0  3aMKHYmyro
nosepxHOCMb pageH Hymo

§Bds=o0
H

3Ta Teopema oTpaaeT haKT OTCYTCTBUA MATHWTHLIX 3apAAOB, BCMEACTEME
4ero NUHMA MarHUTHOM WHAYKUMN HE WMEIOT HW Hayana, HU KOHUa W ABNAKTCA
3AMKHYTBIMU.




[image: image6.png]23.[oTokocuennetue.
MarkTHIit IOTOK UEpe3 NOBEPXHOCTb, OTPAHHNEHHYIO 3AMKHYTEIM KOHTYPOM,
Ha3bigaeTcA nomoxocyenneuem ¥ 3Toro KoHmypa.
TIOTOKOCLEIEHHE KOHTYPA, OGYCTIOBNIEHHOE MATHUTHBIM MOMIeM TOKa B CaloM

3TOM KOHTYPe, Ha3bIBaETCA MOTOKOCLeNNeHMeNM CaMOMHAYKLINN.

HanpMep,  HaideM  NOTOKOCLEMMeHMe  CAMOWHAYKUMM cOMeHouaa ¢
CEpAGUHMKOM C MarHUTHO/ MPOHULAGMOCTLIO (1. MarMTHBI MOTOK CKBO3b OAMH
BUTOK coMeHousa nnowanso S pasen @;=BS. TOMHI MarHATHLI MOTOK,
CLenneHHLIf CO BCeMi BUTKAMM CONeHoWaa paseH

W=0.N=BSN M';MSN papNI

MoToKoCUENIeHMe KOHTYPa, 0BYCMOBNEHHOE MArHUTHLIM MOfIeM ToKa, MAYyLLero

B ApYTOM KOHTYDE, HA3bIBAETCA [IOTOKOCLISNNIEHIeN B3ANMHOI MHAVKLIMN 5THX BYX
KOHTYPOB




[image: image7.png]24.Paborta no nepemewennio NPOBOAHNKA C TOKOM B MarHUTHOM none.

TPOBOAHMK ANMHOM | (OH MOET CBOGOAHO MepemelaTsca) ¢ Tokom I
HAXORWTCA B OAHOPOAHOM MArHUTHOM MoMe (M. pCYHOK). Mone Hampaeneto
MEPMeHANKYNIAHO NMOCKOCTU PUCYHKA — M3-3a uepTexa. Cuna Awnepa F =IBI

!

Mon ee JefcTBUEM NPOBOJHUK NEPEMECTUNCA M3
nonoxexua 1 8 nonoxexne 2

PaboTa, CoBEpLUAEMAA MATHATHLIM MofleM
dA=Fdx=1dx{].B]=1Bldx=IBdS =1d®
Mcnone308aHe! COOTHOWEHNA:

dS=ldx - nmnowams, nepecekaeman
MPOBOHUKOM NP €r0 NEPEMELLEHNN B MATHUTHOM
none; BAS=d® — noTox BeKTopa MarHWTHOR





[image: image8.png]VHAYKUWW, NPOHN3LIBAIOLLWA 3Ty Nrollaae. Takum obpasom,
d4=IdD

PaGoma o nepemeLueHi0 MPOSOCHUKA C MOKOM & Ma2HUMHOM Mone pasta

npou3sedeHUI0 CUMbI MOKA HA MAZHUMHeIU MOMOK, MEPecedeHHIll OBUXYLUUMCS

1IPOGOOHUKOM.
25.PaG0Ta N NepeMelleMIo KOHTYDA C TOKOM B MArHUTHOM fofe.
MariuTHoe Mofle HanpagneHo MepneHaMkynApHO MNOCKOCTM pucCyHKa — 3a

uepTex. Pabota dA cun Aunepa npu nepemelleHnn KouTypa ABCDA paeHa
c cyMMe paBoT M0 MepeMelleHNio NMPOBOAHMUKOB
.
MmN

ABC(dA4)n CDA (d4y), Te.
\ dA=d4+d4,
; Mpu nepemewennn yuactka CDA  cunsi
/ Aunepa Hanpaenembi B CTOpOHY nepeMeleHs

J (06pasyior ¢ HanpaeneHviem nepeveleHnA ocTpbIe

yime), nostomy dA, >0

4 4 dd, =I(dDy +dD,)

Cunel, peficTeyioume Ha yuacTok ABC KOHTYpa, HAnpasmneHsi mpoTve
NepeMelyeHtA (00Pa3yIoT C HaMPABMeHMeM NepeMeLieHHA TyMsie yIbi), MosToMy
d4 <0

\,

A4 =—I(dDy+dD,)
B cymme




[image: image9.png]Paboma 110 MepemelleHUI0 3aMKHYMO20 KOHMypa C MOKOM € MazHUMHOM
none paska MPOU3EeOEHUID CUMlbl MOKA & KOHMYDE Ha UIMEHEHUe MazHUMHOZO
I0MOKa, CUEMIEHHOZO C KOHMYPOM (LT Ha 620 MOMOKOCUEMTIEHUE)




[image: image10.png]3nekmpomazHUmMHas UHAYKYUs.

26.0nbiTel ®apages.

OonbiT 1.

ConeHona NoAKIIoYEH K ranseaHoMeTpy. Ecnv B conexona,
BABMTATL (MW BLIABUTATL) NOCTOAHHBIIN MArHUT, TO B MOMEHTI
BABWTGHWR (AW BLIJBWTaHUA) HAOMIOAAETCA  OTKIOHEHYe
CTDENKM FaNbBAHOMETPA, T.. B CONEHOWAE MHAYLMPYETCA /IC.

Hanpagrene OTKMOHEHWA CTENkM MW BABUTAHAA W
BLIIBMTAHUMA  MPOTUBONONOKHLL. ECTIM  NOCTORHHBIA  MArHUT
Da3BepHyTL TaK, uTOGL MOMICA MOMEHAMACH MECTaMM, T W
HAMDABNEHMe  OTKMOMEHMA  CTPENKA  M3MEHMTCA  Ha
MPOTUBONONOKHOE. OTKTOHEHME CTPENKA ranbBaHoMeTpa Tem
Gomble, ueM GOMblie CKOPOCTb ABWKEHMA  MarHuTa
oTHOCMTeNbHO conewoupa. Takoil e S(bekT Gyaer, ecnu
MOCTORHHBII MarHUT OCTABUTL HEMOABMKHLIM, @ OTHOCHTENbHO
1o nepemeLLaTh ConeHowA,

=




[image: image11.png]oneir2, 4 K
Opwi coneHona (K1) noakniodeH k ucTouwwky Toka. flpyroit L l
conexowa (K) MOMKMIoUEH K ranbBaHoMeTpy. OTKNOHEHMe 5 |

CTPENKN rankBaHoMeTpa HaGMioNAETCA B MOMEHTH! BKTIOUeHUA =
VNN BLIKTIOUEHUA TOKA, B MOMEHTHI €0 YBENMuEeHUA Wnm
YMEHbLUGHUA WM MU NepeMelieHMn  KaTywek  Apyr
OTHOCUTENEHO pyra. TP BTIONEHIN 1 BLITTIOYSHUN CTDESIKa
OTKNIOHAETCA B Pa3Hble CTODOHbI, T.. 3HaK MHAYLVDOBAHHOM K,
3/IC B 3TUX CnyyanX paanuueH. Takoit ke speKT — HaseaeHHe
8 KkaTywke K; 3[IC PasnuuHoro 3Haka — HAOMIONATCA MpU
YBEMMUEHMM WM YMeHbWEHUM TOKa B KaTywke Ky mp 1,
COMVIKEHIM WA YAAMEHVN KaTylLeK
B onwTax ®apajeR OO OTKDLTO SENeEHUe  MeKmpOMazHUMHOL
uHOYKYuU. OHO 3AKNIOUAETCA B TOM, UTO B 3aMKHYTOM MPOBOAALLEM KOHTYDE My
V3MEHEH/M TIOTOKA MATHUTHOM WHAYKLWM, OXBATLIBAEMOTO OTUM  KOHTYDOM,
BO3HIKAET 3MEKTPUUECKYIA TOK, NIONYUMBLLVIA HA3BAHVE UHOYKYUOHHOZO
OCHOBHbIE CBOVICTBA UHAYKIMOKHOMO TOKa:
1 VIHIYKUMOHHLIi TOK BO3H/KAET BCEra, KOTA MPOVICXOAWT U3MeHeHue
CLENNEHHOTO C KOHTYPOM MOMOKa MaZHUMHOL UHOYKYUU.
2. Cna UHAYKUMOHHOTO TOKa HEe 3aBUCUT OT CrOCODA U3MEHEHHA MoToka
MATHUTHOR MHYKUVW, & ONPEMINASTCA SIMWb CKOPOCMbIO €10 H3MEHSHWA
OTKPLITUE ABNEHNA SNEKTPOMATHUTHON MHAYKLMMN
1) MOKA3AII0 B3AMMOCBSA3E MEALY OMEKTPMIECKVM 1 MATHUTHBIM MOMeM;
2) NPEANOKMNO CMOCOD MONYYEHWA OMEKTPUYEcKoro ToKa ¢ MOMOLLbIO
MArHUTHOIO NONS.





[image: image32.png]MONOKUTENLHBIM CYUTAETCA TOK, HAMPABNEHME KOTOPOTO CBA3AHO B
 HanpaBneHMen 06X0Aa N0 KOHTYPY MDAUIIOM N1pag020 euHMa.
TMpumep: marHnTHOE None NpAMOro Toka.
3aMKHYTHIA KOHTYD NPEACTABHM B BWIE OKDYAHOCTM paguyca r
B KaKAO/I TONKE STO OKDYXHOCTH BEKTOD B opuaKoe no woaynio  /
W HaNPABIIEH 10 KACATESLHOVE K OKpYKHOCTH {
\
\

§B,d1=§BAI=BJdI=B2mr =p 1 ocona B Hol
1 1 1

2mr

CpaeHum ebipaxeHus Ons yupkynauui eexkmopoe E u B
§Edi=0.  §Bdl=pY I
L 1 =1
TpunyunuansHoe pasnuumne Mexay aTUMI hopMynam B TOM, 4TO LMPKYNALMA
BekTopa E 3NeKTpoCTaTMYecKoro nona ecezda paeHa Hymo. Takoe none ABNAETCA
nomeHyuanbHbIM. LIMDKYNAUMA BekTopa B MarHWTHOTO MONA He pasHa HyIio.
Takoe None Ha3blRAETCA BUXPEELIM UMW CONEHOUAabHBIM.

19.MarnuTHoe none conetionga.
ConeHoudoM Ha3LIBAETCA CBEPHYTLI B CTUPAN U3OMMPOBAHHBII MPOBOAHUK
M0 KOTODOMY TeueT GNeKTpUdeckWi Tok. PaccMOTPM comeHoua Anuwom I,

umetowwii N euTkos. LiupkynAuwa BekTopa B no 3amKHyToMy KouTypy ABCDA,

oxBaTbiBaloweMy Bce N BUTKOB, paBHa <ﬁ B,dl=p NI
ABCD4





[image: image12.png]28.3/1C MHAYKUNN B HENOABUKHEIX NDOBOAHMKAX.

CornacHo 3akoHy ®apares, BO3HUKHOBEHMe 3[1C 3NeKTPOMATHUTHOIM MHAYKLN
BO3MOKHO W B CNyUae HEMOOGUXHOZO KOHTYPa, HAXORALIETOCA B MepeMeHHOM
MmarauTHom none. OfiHako cuna JlopeHua Ha HenofIBMKHble 3apAflsl He AecTByeT,
TI03TOMY B JGHHOM CTIyuae €l0 HeMb3A 0DLACHHTL BOHUKHOBEHYE 3[1C MHAYKLMM

Kpowe Toro, oniT nokassigaeT, uTo 3[IC MHAYKUMN He 3agucum oT poja
BellecTBA NPOBOAHAKA, OT COCTORHWA NPOBOJHWKA, B UACTHOCTH, OT €ro
TeMnepaTyphl, KOTODAA MOKET ObITb HEOVHAKOBOW BAOML  MPOBOJHYIKA.
CrIe10BATENLHO, CTOPOHHME CUTTb, MHAYLYPYEMEIE MATHUTHLIM NONIEM, He CEA3aHb!
© U3MeHeHUeM ceolicme MPOSOOHUKA B MATHWTHOM NOMe, a 0GYCMIOBNeHL Calii
MarHUTHEIM nonem
B Maxcgenn ana obbackenua 3[C uHaykuun 8

HEMOMIBINKHLIX  MPOBOMIHUMKAX  NIPEANONIOKMTI,  4TO
nepemenHoe MazHumHoe mome eo3Gyxdaem &
OKDyWaloWwemM  npocmpaHcmee  euxpesoe
amexkmpuyeckoe mone, KoTopoe W ABMATCA
MIPUSVHOA  BOHMKHOBEHIA WHIYKUMOHHOTO TOKa B
NPoBOAHHKE

Ha pHcyHke npvBeleH NpUMEp BUXPEBOrO
SNEKTPUYECKOTO  MOMIA,  BO3HWKAKWErO  mpyt

E BO3PACTAHUN MAaTHUTHOIO MONA

Buxpesoe anekmpueckoe none He seNFeMcs MeKMPOCMAMUYeCKUM.

CHnOBLIE NMHWN S7EKMPOCMamUYeCKoz0 NONA BCETAa PA3oMKHYTHl — OHU
HAWHAKTCA U 3aKAHUVBAKOTCA HA OMEKTUMECKWX 3apABAX. MMeHHo mosTomy
HanpAKEHMe MO 3aMKHYTOMY KOHTYPY B 3MEKTPOCTATUUECKOM Mone BCEraa PaBHo
HYTO, 3TO MOfle He MOKET MOVIEPX/BATL 3aMKHYTOS [IBWKEHME 3aPAMOB W,
CNENO0BATENLHO. HE MOKET NDUBECTH K BO3HUKHOBEHMIO 3NEKTPOABMAKYLLEN CHMbI





[image: image13.png]Hanpotve, anexmpuyeckoe none, 8030yxdaeMoe UIMEHEHUAMU MazHUMHO20
MOMIA, MMEeT HenpepLIBHsie CUMIOBLIE TMHUM, T.e. NPEACTABNAST COGO BUXDEBOE
none. Takoe none BLi36IBAET B NPOBOAHMKE ABHKEHUE SMEKTPOHOB N0 3aMKHYTHIM
TPAEKTODWAN W MPUBOAWT K BO3HMKHOBEHMIO 3[IC — CTODOHHMMU CUAMM AENAIOTCA
WL BUXPEBOTO BMIEKTPUIECKOTO NONA

Umpkynauua  Ep  sToro noma no moGoMy KOMTYpy L  NpOBOAHMKA

npeAcTaBnAeT coBoi 3[1C AMEKTPOMATHTHOM MHAYKLMN

o, (ﬁEBdI— g




[image: image14.png]29. BpalueHue pamki B MAarHUTHOM none.
SIBneHIte ANEKTDOMATHUTHO UHAYKLM NDUMEHAETCA ANA NPE0GPA30BaHiA
MEXaHUIeCKOR JHEPTUM B JHEIMIO SMIeKTpUdeckoro Toka. [nA STom uenu
MCMIONb3YI0TCA 2eHepamopbI, MPMHLMN ASACTBUA KOTOPLIX PACCMOTDHM Ha MpUMepe
nnocKoit PalkM, BPALLaIoLIENCA B OAHOPOAHOM (B = CONST) MArHATHOM none.



[image: image15.png]TycTe pamka BpawaeTcid PaBHOMEPHO C YIMIOBOM CKOPOCTLIO = const.
MarHUTHsIil MOMEHT, CLeNMeHHbii ¢ panKoit
nnowansio S, B MOGOA MOMEHT BpemeHn ¢
pasen
@=B,5 =BScosa = BScosot,

fAe o =of — yron N0BOPOTa PaMKN B MOMEHT
BpemeH ¢

TpW BPALLEHAN PAMKA B Heil BO3HUKAET
nepementan 3/C MHAYKLUA

0,=-42 _ psosinor
dar





[image: image16.png]MakcumansHoe 3Havenmne 3[1C uHaykum O, = BSo. Toraa
©,=0,,, sinot.

[Tpu PaGHOMEPHOM EpALLIEHUIL PaMKu & OOHOPOOHOM MaZHUIMHOM fone & Hell
g03HUKaem nepemeras LIC, UMEHRIOWSCS 110 2PMOHUNECKOMY 3aKOHY.

TIPOLeCC MPEBPALLEHNA MEXaHNIECKO SHEDTM B SMEKTPUHECKYo oBpaTui
ECAM 110 patike, NOMELLEHHOM B MATHATHOE MOMe, MPONYCKATb 3MeKTPUIECKUM TOK, TO
Ha Hee OyaeT AeViCTBOBATH Bpawalowwii Moent M =IS[7.B] u pamka wauser
BPaLaTLCA. Ha 5TOM MPUHLWNE OCHOBaHa paGoTa snekmpodeuzameneil.



[image: image17.png]30.Buxpesbie Toku (Toku Dyko).

VIHAYKUMOHHBIR TOK BOSHUKAET He TOMbKO B MAHE/HbIX MPOBOAHMKAX, HO U B
MaccyBHBIX CTIMOLUHLIX MPOBOAHMKAX, MOMELLEHHBIX B NIEPEMEHHOE MarHUTHOE Mofte.
3TM TOKM 3aMKHYTHl B TOMIE NPOBOAHAKA W  HA3LIBAKOTCA UXPESBLIMU UL
moxamu yko.

Tokn dyko Takke MORUMMAIOTCA npaeuny JleHua: WX MarHWTHO® none
HaNpaBMeHo TaK, uTOGb! MPOTMBOAGHICTEOBAT U3MEHEHMIO MarHUTHOTO MoToka,
UHOYLWDYKOLLEMY BUXDEBbIe TOKN. [T03TOMY MACCHBHSIE MPOBOLHMKA TOPMOIATCA B
MaruTHOM none. KpoMe TOro, BMXpEBbie TOKN BLIZIBAIOT CWMIbHOE HArpeBaHite
MPOBOJHWKOB. B SMEKTDMMECK/X MaluuHax, ANA TOTO WTOGH MUMHUMMA3MOBATH
BMAHME TOKOB BYKO, CEPASUHMKM TpaHC(OPMATOPOR W MATHWTHBIE Lenn
3NEKTPMYECKIX MWK COBUPAIOT M3 TOHKWX MNACTUH, UIOMMPOBAHHBIX APYT OT
Apyra cneunansHsIM NakoM U OKAMMHON.

[IXOYNeBo Tenno, BLIAGNACMOS TokaMi BYKO, MCTION3YETCA B MHAYKUMOHHBIX
MeTannypruveckux nevax.

B3aUMOAEICTENE BUXDEBLIX TOKOB C BLICOKOMACTOTHBIM MArHATHBIM momem
MPUBOAMT K HEPABHOMEPHOMY DPACMPEfeneHnio MarHUTHOro MoTOKa MO CEeueHMio
MarHMTONOBOAOE  —  BLITECHEHME  MArHWTHOTO NOTOKA U3 OObeMa B
MPUNOBEPXHOCTHBIE OGNACTM MPOBOAHMKA. 3TO AENeHME HA3LIBASTCA MAZHUMHBIM
cHuH-3bermon.

BUXpeBbie TOKM BOSHAKAIOT W B CAMOM MPOBOZHMKE, MO KOTODOMY TeueT
MepeMeHHLIl TOK, YTO MPUBOAWT K HEpaBHOMEDHOMY pacnpeeneHio Toka mo
CeUeHIIO MPOBOAHMKA — BLITECHEHME TOKOB BLICOKOI 4ACTOTL! B MPUMOBEPXHOCTHBIE
0BMAcTM NpOBOAHMKA. 3T0 ABNIEHME HA3LIBAGTCA 3MeKMPUYECKUM CKUH-




[image: image18.png]31.MHOYKTUBHOCTb KOHTYPA.
3neKTPUMECKUin TOK, TEKYLUMA B 3aMKHYTOM KOHTYDE, CO3AAET BOKDYT CefA
MarHuTHoe nome, UHOYKYUS KomoOpozo, Mo 3akody Bio-Caeapa-Nannaca




[image: image19.png]nponopyUoHansHa moky. MosToMy CYensIeHHbIU ¢ KOHMYPOM MATHUTHBIA NOTOK
nponopuoHaneH ToKy B KOHType
®=1I,

fhe KOS(MUUMEHT MPOMOPUMOHANHOCTH L HA3bIBAETCA UHOYKMUGHOCMbIO
KoHmypa.

MpuUmep: NHAYKTMBHOCTL ANMHHOIO CONEHoNaa.

ToTokocuennerte coneHonaa (NOMHBI MArHUTHSI NOTOK CKBO3b ConleHouz)

2
BN - ..0,.¥

. oTkyna

2
L=pon——

rae N — UMCTO BUTKOB ConleHowda, [ — €ro AnMHa, S — NNOWadb, f— MarHATHaA
MPOHNLAEMOCTE CEPACHHIKA

VIHAYKTUBHOCTL KOHTYPa B OGLUEM CyJae 3ABUCUT TOMbKO OT FeOMETPUHECKOT
DOPMbI KOHTYPa, €10 PasMEPOB 1 MarHUTHOI NPOHMLAGNMOCTH TOii CPedbI, & KOTOpOit
OH HaxoauTCAH.




[image: image20.png]D 3TOM  CMBICNE  UHCyKMUSHOCMbL KOHMypa — aHanoz Jnekmputeckou
©MKOCTU Ye[HEHHOTO NPOBOAHMKA, KOTOPAR TakKe 3aBUCMT TOMbKO OT hOpMb!
NPOBOAHYIKA, €10 PA3MEpOB 1 AVANEKTPUYECKOl NPOHULAEMOCTI CPEb!

32. Camownaykums.

TIpU M3MEHEHIM CUTILI TOKA B KOHTYDE GYAET MIMEHATLCA U CLISTMEHHBIN ¢ HiItld
MATHATHBIA MOTOK, @ 370, B CBOK Ovepedb OyAeT WHAYUMposaT JMIC B aToM
KoHTYpe. BoaHukHoBeHve S[1C MHAYKUA B NDOBOAALIEM KOHTYDE NpH U3MeHeHN B
HeM CUNbl TOKa HA3LIBAETCA CaMOUHAYKUUell

EQMHALA UHOYKTUBHOCTH — reHpi (TH): 1MH — WHAYKTMBHOCTb Takoro
KOHTYPa, MATHWTHBIA MOTOK CAaMOMHAYK/M KOTOOTO Mp Toke B 1A pasen 186
(1MH=1BG/A=1B-C/A).

M3 3akona bapanen 3[1C caMouHAYKLMK

ECM KOHTYD He [echoDMMDYETCA W MarHuTHas MPOHMLAEMOCTs Cpeds! He
wamenAeTca, To L =const v J[C caMouHayKkum

e 3HaK MUHYC, OBYCTIOBMEHHbI NPaBUMOM JleHua, MOKa3LIBAeT, YTo Hammume
MHAYKTMBHOCTY B KOHTYDE NPUBOMNT K 3aMEO/TEHLIIO USMEHEHUS TOKa B HeM.

Ecnm Tok co BpemeHeM Bo3pacTaeT, To ©, <0, T.e. TOK CaMOMHAYKUMM
HanpaBneH HaBCTpeuy TOKy, 0BYCTIOBNIEHHOMY BHELUHIM UCTOUHUKOM, W 3aMeanAeT
ero BospacTarite.

Ecnm Tok co BpemeHem yobigaeT, To ©, >0, T.e. TOK CaMOMHAYKUMN MMeeT
Takoe ke HanpaBfieHue, Kak U yGLIBAIOWMA TOK B KOHTYpe, W 3aMeAnAeT ero
yBbIBaHME.




[image: image21.png]Takum  oOpasoM, KOHTYp, oOnajas ONpeAeneHHOW  WHAYKTUBHOCTLIO,
NPUOBPETAET SMEKTPUUECKYIO "MHEPTHOCTS".




[image: image22.png]33. ToKu NPy Pa3MbIKAHMN U 3aMbIKAHUN Ueny.

TpH BCAKOM M3MEHEHUN CUTbI TOKA B MPOBOAALLEM KOHTYpe Bo3HMKaeT J[1C
CAMOVHAYKLYM, B PE3YSILTATE UEro B KOHTYPE MOABNAKTCA AOMONHTESbHbIE TOKI,
Ha3blRAEMbIE SKCMPAMOKaMU CaMOUHOYKUUU.

MycTe B uenu conpotuenewmem R n [

UHAYKTUBHOCTEIO L oA AeficTauen Brewnen S[C ©
TeueT NoCToAHHbI Tok I, = ©/R. B MOMEHT BpeMeH N g

t=0 ebimouuM McTOuMMK Toka. BosHukaeT 3LC

dz
canonsnyewm @, =—Lt,  npenaTcrayiouan
YMeHbLeHIIo TOKa. TOK B LeNM ONPEAENAETCA 3aKOHOM

Ova IR=O,, wwm IR

dr
Ly Pasnennen nepeveibie

I_ Rt
wwTerpupyen o 1 (o7 Ip Ao T)uro ¢ (01040 1) In- ==, wm
o

t
I:Iaexp[ff . (kpusas 1)
B
L
A8 =~ NOCTORHHAR, HaskIB3eNaR EpelIeHel penaKcau — Bpeits, 8 TedeHve
KOTOPOTO CIMa TOKA YMEHLLIAETCA B € pas.

Takum 06pasoM, npu EbIKTIOYEHUU UCMOYHUKS MOKa Cuna moKa yGeleaem mo
3KCTIOHEHUUATLHOMY 3aKOHY (a HE M2HOBEHHO).




[image: image23.png]Ouennm  3Havenme S/IC  CaMOMHAYKUMM MU MTHOBEHHOM  YBENUYEHUN
conpoTUBneHnA oT Ry 4o R

LY _Rg [,ﬁ]
3

dt R,
T.e. pu peskom pasMbikaHuu kouTypa (R > R,) 3[C camouaykumn ©,
MOKET BO MHOTO Pa3 MPeBLICHTL ©, UTO MOXET MPUBECT K MPOBO USONALMM 1
BBIBO/LY M3 CTPOA 3MEPUTENLHBIX MPUGOPOE.
(DU 3aMbikaHuy uenn nomumo Brewsedn IAC © eosmkaet IC

dr
cavousayK O =L -, NpenTCTayiouan sospactankio Tora. 1o 3akoy O,

dr
IR=0+0, ,wm IR =0 L Moxio N0KaaTe, 410 pelseiyie 9700 ypaskenun

vMeeT Bra

I:In(l—exp[fi;]], (kpueas 2)

) o
e I = ~ YCTaHOBHBLIACA TOK (1pH £ —>0).

Takum 06pasom, MU EKTKOYEHUU UCMOYHUK MOKA Cuna moKa eo3pacmaenm
110 SKCITOHEHUUATIEHOMY 3aKOHY (2 HE M2HOBEHHO).




[image: image24.png]34.BsavmMHan uHayKuMA.

B3aumHO _vHAayKuvel Ha3biBaeTca
[ 2 ABNeHMe BO30yKAeHA O3[IC  aNeKTpo-
MarHUTHOW  WHAYKUMM B OfHOM
SNeKTpUYECKOll  LlenM  NpU  M3MeHeHuH
3NEKTPUYECKOro TOKa B ApYroi Uenn unu
NIV M3MEHEHII B3aVMHOTO PACTIONOKEHNA

3TMX 1BYX Leen
PaccMoTpUM  [1Ba  HEMOABIKHEIX
KoWtypa 1w 2 ¢ Tokamn I, u I,
DPACMONOKEHHBIX OCTATONHO GM3KO ApYT
oT apyra. M MPOTEKaHMM B KOHTYPe 1 ToKa I, MArHWTHBI MOTOK MPOHM3bIBAET

BTOpO/E KOHTYP

@, =Ly, ananoruao Oy, =L,
Kos(hpuumenTsl  mporopumosanshocTt Ly w L, pasHsl Apyr ApYry

Ly, =Ly, = L v Ha3bIBAl0TCA B3aUMHOI MHOYKTMBHOCTbIO KOHTYDOB.

Py M3MEHeHUN CUMEl TOKa B OAHOM M3 KOHTYPOB, B APYTOM MHAYLMPYETCA
3ac
4oy _ 4L o 4y 4L

ar [ T ar dr

BaaumHas UHOYKMUBHOCT KOHMYPOG 3a6UCUM OM 260MEMPUYECKOll GOpMbI,
pa3Mepos, 83aUMHOZ0 PACTONOKEHUS KOHMYPO8 U OM MAZHUMHO MPOHULAEMOCMU
OKDYXatoued KOHMypb! CpPedl.

0, =





[image: image25.png]Ana_npuMepa paccyumaem 63auMHYK0 UHOYKMUEHOCMb 08yX Kamywek,
HaMOMaHHbIX Ha MOPOUOANLHbILI CEPOSUHUK.

Mepean KaTywka ¢ uWcrioM BUTKoE N; U Tokom I; coajaeT none

Ny .
B=pgn—tL ‘ L MaruuTHuIi NOTOK CKBO3b OMH

N
BUTOK BTOPO KaryuwKit B, =BS =Hoh LS.

e = AnVHa CepaeuHMKa Mo CpeaHeit NuHI

Torga  MOMHI  MATHMTHWI  MOTOK
(MOTOKOCUeNNeHHe)  CKBO3b  BTOPUMHYIO
obMoTKy,  comepiawylo N,  BUTKOB:

NN,
W =@, N, = pou—L-2 I, . Mockonsky notok ¥ co3naeTca Tokom Iy, To

¥ NN,
== g s
AT

[laHHoe YCTPOMCTBO ABNAETCA NPUMEPOM TpaHcdopMaTopa.




[image: image26.png]36.2Heprus MarkuTHOro nons.

TIPOBOAHIK, MO KOTOPOMY MPOTEKAET 3MEKTPUUECKI TOK, BCETaa OKpYXeH
MATHUTHLIM MOeM. MarHHTHOE Nore MOABIASTCA U MCUE3AET BMECTE ¢ MOABNIEHHEM
U UCUE3HOBEHMEM Toka. MarHWTHOE none, MOAOGHO AMEKTPUYECKOMY, ABNASTCA
HOCUTeNem SHepIV. OHepaus MacHumi0zo monA_paesa_pabome, xomopyio
3ampayueaem MoK Ha co3daHue 3moz20 Mons.

PaccuoTpHM KOHTYP WHAYKTUBHOCTbI0 L , 110 KOTOPOMY TeveT Tk I
C RaHHBIM KOHTYPOM CUETITEH MATHUTHLIA NOTOK @ = L1 .

TIpH U3MeHeHNH Toka Ha A1 MATHHTHLIA NOTOK WaMeHAeTCA Ha dd =Ldl .
L1717 TAKOTO H3MEHEHWA MATHITHOTO MIOTOKA HEOBXOAWIMO COBEPWHTL PadoTy
dA=I1d®=LI1d]
Toraa paGoTa o CO3AAHMI0 MATHUTHOTO NoToKa @ GyAeT pasHa
1 >
4=[rrar i
: 2

Hepaust MazHUMHO20 MO1A, CBA3AHHOTO C KOHTYPOM,
2
)35
w=tL
2
Ha NpyiMepe OOHOPORHOTO MATHUTHOTO MONIA BHYTPH AMIMHHOMO CONIEHOMAA
BLIPA3MM GHEPIUIO MATHUTHOTO NOTIA YEPE3 BENUUMHBI, XapaKTEpH3yloLyte 3TO nofle
B OKPYKAILLEM NPOCTPAHCTEE
Ns 1 NI
VIKIYKTVEHOCTS conenonaa L ={igh =, crenogatensio, ¥ = iig—





[image: image27.png]M nepoparensho, 1=—2-
HouV'

o onpeaeneHMio BeKTOpa HANPRKEHHOCTH MATHUTHOTO NoNA B = Ly
MCrons3ya 371 COOTHOWEHNA

MariuTHas UHAYKUMA nona coneronpa B =

rae SI=V —obbem coneHonna




[image: image28.png]39.HamarhuyenHocTs. MarnuTHoe none B BewecTse.

MogobHO ToMy, Kak ANA  KOMWMECTBEHHOTO OMMCAHWA  MOMApU3ALM
AVMBNEKTPUKOB Gbina BBEAEHa MONAPU3OBAHHOCTL, ANA KOMMUECTBEHHOTO ONMCaHNA
HAMArHUYEHUA MarHeTUKOR BEOJAT BEKTODHYIO BEMUYMHY — HAMATHUYEHHOCTb,
ONPEAENACMYIO MATHATHIM MOMEHTOM eAMHWLbI 06LeMa MarHeTUKa

7 B 2P
v

v
e B, =3P, — MarwTHul MOMEHT MArHETWK, DABHLI BEKTODHOI CyMMe
MarHUTHSIX MOMEHTOB OTAEMbHBIX MOMEKYI

B HECUTMHBIX NONAX HAMATHAYEHHOCTL MPONOPUMOHANEHA HANPSXeHHOCTH F
MONA, BLIIBAIWET0 HAMATHWUEHNE. [10STOMY, AHANOTMUHO AUANEKTPUMECKOR
BOCTDUMMUMBOCTH, MOKHO BBECTU NOWATME  MAZHUMHOU _EOCTDUUMAUSOCTY
sewecmea

1 — GeapasmepHan BenUuMHa

N7 AMAMarHeTukos 7, ompuyamenbHa (7 <0 MOMe MOMeKyNAPHLIX TOKOB
MPOTUEONONOKHO EHELUHEMy MOMio), ANA NAapaMarHeTMkoB — MOOXUMenbHa
(3> 0 none MONekyNADHBIX TOKOB COBNAAAET C BHEWHUM).

AGCOMIOTHO®  3HAUGHME  MarWUTHOM  BOCTPUMMUMBOCTW ANA  AMa- W
NapaMarHETHKOB OYeHb Marno — nopsaaka 10~ — 105,




[image: image29.png]MartuHoe nonie B B BeluecTse CKNaablBasTcA M3 ABYX NOMeVi: BHEWHETO
nona By, CO34ABAaEMOr0 HAMATHWWMBAKOWAM TOKOM B Bakyyme, W nona B
HaMarHU4eHHOro BelecTea

rae By=poH

[INA ONVCaHMA NONA, COIIABAEMOrO MONEKYNAPHLIMM TOKAMM, PAccMOTPUM
MarHeTMK B BUAE KPYrOBOTO LUWMMHAPA CeYeHnA S W AnWHbl [, BHECEHHOTO B
O[IHOPOZHOE BHEWHEe MArHUTHOE Mome C Waykumedl By
napannentHoe ocM UMMMHApA. ECAM paccMOTpeTs MmoBoe
CeueHWe LWNMHADA, NeEpNEHVKYNADHOE ero ocv, TO BO
BHYTDEHHUX YUACTKAX CEUSHUA MArHETUKA MONEKYNApHIE
TOK/ COCEZHIX aTOMOB HaNpaBMeHs! HABCTeUY ApYr ApYry W
B3aMMHO KOMMEHCHPYIOTCA. HecKoMNEHCUPOBaHHBIMI GYAyT
MMIL MONEKYNADHbIE TOKM, BLIXOALME HA MOBEXHOCTb
uwnmHapa

MarHuTHyI HIYKLMIO Toka I, TEKyLUEro no GOKOBOI NOBEPXHOCTY LMAMHAPA,
BHIUMCAMM (CUMTAR ANA MPOCTOTH 1=1) No chopMyne ANA comeHonga ¢ N =1
(COneHOUA 13 0AHOTO BUTKa)





[image: image30.png]MarHuTHLIn MOMEHT 3TOT0 CYMMapHOTO TOKa MUKDOTOKOB BHYTPU MarHeTka
sl
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P=IS=I'==I'7. e V- obuem uanietia
Isl_I
HaMarim4eHHoCTs MarkeTuka J = —="—-="—_ cniefosaTensHo,
v w1
B'=poJ

WM & BEKTOPHO/ hopiie

CrieoBaTensHo,

BeapasmepHan BenumHa

petege?
B,

HA3LIBASTCH MATHWTHOW MDOHMUAEMOCTbIO BelwecTsa. MieHHo oTa Bemmunha
cnonb30Banack pakee B cooTHoWeHIM B = gl

[ns duamazHemukos |1 <1, dna napamasHemukos 11> 1




[image: image31.png]40.32K0H NoNHoro Toka ANA MATHWTHOrO Nons & BeulecTae.

3T0T 3akoH ABNAETCA OGOGILEHMEM 3aKOHA MOMHOTO Toka ANIA MATHMTHOTO
nonA & sakyyme (cTp. 4-10)

LIupkynsiuus 8eKmopa MazHUMmHOU UHOYKUUL 1O MPOUSEONLHOMY 3aMKHYMOMY
KOHMYpY paeHa anzeGpauveckoll CyMue MoK MPOGOOUMOCIIU U MONeKYMSDHBIX
[TIOKOS,  OXEambIEaeMbX  MUM  KOHMYDOM, YMHOXEHHOU Ha  MazHumHyk
nocmostiHyio

§BaI=§Bdl=p(1+1),
1 I

e I v I' — COOTBETCTBEHHO ANMEGPANMECKMe CYMMbI MAKPOTOKOB (TOKOB
MPOBOQMMOCT) U MUKDOTOKOB  (MOMEKYMADHLIX  TOKOR),  OXBATbIBAEMbIX
NIPOVI3BOMLHBIN 3AMKHYTHIM KOHTYPOM L

MK 3TOM LVPKYNAUMA HAMATHWYEHHOCTH J MO MPOM3BONLHOMY 3aMKHYTOMY
KOHTYPY L paBHa anreOpauyeckoli CyMMe MOMGKYIIAPHEIX MOKOG, & WPKYSALYA
BekTopa H — CyMMe TOKOB NPOBOAMMOCTH, OXBATLIBACMbIX STUM KOHTYPOM

Jdi=r, Hdl=1
I I
Mocneasee BbipaxeHile MPEACTABNAST COGOM Teopey © uMpkynsumn

Bektopa H
C yueTom Toro, uTo cuna Toka I CKBO3b MOBEPXHOCTL S, OXBATHIBAEMYI0

KOHTYpOM L, ABMAETCA NOTOKOM BEKTOPA IIOTHOCTH TOKA UePe3 3T MOBEPXHOCT,
I:J'j'ds (cTp.3-22), Teopema o UMPKyNALUY BekTopa H GyaeT umets Bua
s

AT~ [735.
s




