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IJIEKTPOCTATUKA

Tema 1. Teopema Octporpaackoro-I'aycca a5 3JIEKTPOCTATHYECKOTO TOJIsI
DJIeKTPOCTATHUYECKOE TOoJIe — 3TO OCOObIH BHJ MATEpPUH, C MOMOIIBIO KOTOPOH
MTPOUCXOIUT B3aUMOJICHCTBUE 3aPSKEHHBIX TEJT.

3akon KyJiona: cuia B3aumonaeictsust ' Mexay JByMS HENOABHIKHBIMH TOYEUHBIMH
3apAfaMHd ¢ U ¢, TPAMONPONOPLHOHATIBHA BEJIMYMHAM 3THX 3apsAJ0B U 0OpaTHO
MPONOPLMOHAJIBHA KBAIPATy PACCTOAHUA ¥ MEKIYy HAMMU:

F:kQqu 1

5, Tae k=—— (& — dIEeKTpUYECKas MOCTOSTHHASN);
Er 472-8 0

£ — JIWAIEKTPUYECKask MPOHULIAEMOCTh CPEAbI, MMOKA3bIBAIOIIASA BO CKOJIBKO pa3 Cujia
B3aUMOJCHCTBUA 3apPAI0B B JAHHOW CPEAE MEHBIIE, YEM B BAKYYME.

ONIEKTPUUECKHAE  TIOJiA, KOTOPbIE CO3JAIOTCS HEMOABUKHBIMU AJIEKTPUUECKUMU
3apsAaaMu, Ha3bIBAOTCA JIEKTPOCTATHUYECKUMM.

HanpsikeHHOCTh 3J1€KTPOCTATHYECKOT0 TOJIsl B JAHHOW TOYKE €CTh (hu3mueckas

BenuurHa F | ompenenseMas CHIOHW, AEHCTBYIOMIEH Ha NOPOOHBIM  TOYEYHBIN
MIOJIOKUTEIIBHBIN 3apsi ¢, TOMELIEHHBIN B OTY TOUKY M0, TO €CTh!

E=1
qo
DNEKTPOCTATHUECKOE TIOJIE MOXKET OBITh HM300pakeHO Tpaduuecku ¢ TOMOIIBIO
ciioBbIX JimHui. CuioBasi JIMHUSI — 3TO Takas JIUHUSA, KacaTelbHAs B KaKIOH

TOYKE K KOTOPOH COBMAAaeT MO HAMPaBICHUIO C BEKTOPOM HAMPSIKEHHOCTH
AIIEKTPOCTATUUECKIO TIOJIS B AAHHOM Touke (puc. 1, 2).
Ecnu mone co3maercs TOUEUHBIM 3apsAAOM, TO CHIIOBBIC JIMHUU — 3TO PaaUaIbHbBIC

npsMbIE, BHIXONALIME W3 MOJOKUTEIBLHOrO 3apana (puc. 2, d), W BXOALIME B
OTPHMUATENLHEIN 3apsn (puc. 2, 0).
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Puc. 1 Puc. 2
C moMOIIIbIO CHJTOBBIX JIMHUH MOYHO XapaKTEPHU30BaTh HE TOJIBKO HAMpPaBJICHHUE, HO U
BEJIMUMHY HANPSHKEHHOCTH AJIEKTPOCTATHUECKOT'O TMOJiA, CBA3BIBAS €M ¢ T'yCTOTOM
CUJIOBBIX JIMHUM. bompled rycToTe CHJIOBBIX JIMHUM COOTBETCTBYET OOJIbIIAA
BEeJMUMHA HANPsokeHHOCTH (puc. 1, 2). KonmuecTBEHHO YHCIy CHWJIOBBIX JIMHUH,
MMPOHU3BIBAIOIINX CAMHUYHYIO IUIOMIAJAKY, PAacCHOJ0KEHHYIO TEPNeHIUKYIISPHO
CHUJIOBBIM  JIMHUAM, CTaBUTCA B  COOTBETCTBHE BEIMYMHA  HANPSKEHHOCTH



ANIEKTPOCTATUUECKOTO TOJIA. B 3TOM citydae onpeaeneHHOMY 3apany ¢, CO3Aa0meEMy
HOJIE, COOTBETCTBYET OMNPEAEIIEHHOE YUCIO N CUIIOBBIX JIMHHM, BBIXOISLIMX (IIs

g > 0) u3 sapsga wm Bxomsiumx (s ¢ < 0) B 3apsin, a umenno: N =g/ &, |

IToTok BeKTOpPa HANPSKEHHOCTH JJIEKTPOCTATHYECKOro moass L ugepes
NPOM3BOJBHYIO IUIOIAAKY O  XAapaKTKPH3YeTCs YHCIIOM CHIIOBBIX JIMHUA,
POHM3BIBAONIMX JAHHYIO MJIOIAAKY .

Ecnmu mnomanka S nepneHaMKyiaspHa CHIOBEIM JHHUAM (puc. 3), To motok Pp

BEKTOpa HanpspkeHHOCTH £ wepes mannyro mromanky S: O, =ES.
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Puc. 3 Puc. 4

Ecnu ke momaaka S pacnonoikeHa HENepIeH IUKYIAPHO CHIOBBIM JIMHUSIM JIEKTPO-

cratuueckoro nojs (puc. 4), To moTok BekTopa £ uepes mannyro miomanky S :

O, =EScos «,

1€ O — yroj Mex/y BEKTOPaMH HAMpPKEHHOCTH F W HOpManu 7 K miomanke .
Jlns Toro, uroGel HaitTh TOTOK @Pp BEKTOpa

—

HaNpsOKEHHOCTH  F depe3  TPOHM3BOJIBHYIO
HOBEPXHOCTE S, HEOOXOAMMO Pa3OUTh  OTy
IIOBEPXHOCTh Ha 3JIEMEHTAPHBIE TUIOMANKA S
(puc. 5), ONpeNenuTh SIeMeHTapHbIi NOTOK dDF:
uepes KKy miomaaky dS mo dgopmyine:

dd, =E cosads,

a 3aTeM BCE STH dJIEMEHTapHble MOTOKu dDf
CJIOKUTb, UTO IPUBOJAUT K UHTETPUPOBAHHUIO;

D, = Id(DE :IE cosadsS ,
S S

—

r1e O — yrol MexIy BEKTOpaMM HampskeHHocTH F ¥ Hopmanm 4 K JaHHOM
3JIeMEHTApHOM miomazake dS .



Ecmu BBecTH BeKTOp dS (pHc. 5) Kak BEKTOp, PaBHEIA M0 BEJIMYMHE ILIOMIAIH
miomwankd dS W HanpapJeHHBIH MO0 BEKTOPY HOpManM 7 K miowmanke dS , To

senuunHa £ COS ¢ dS, rne @ — yron mexay sextopamu E u dS moxer ObITh
3aIUcaHa B BUJE CKAIAPHOro NpousBeneHus Bektopos £ u dS | 1o ectn, kax E dS

a NOJIYUCHHOC COOTHOIMICHUC AJIA ITOTOKAa BCKTOPA E MpUMCT BU:

D, :Id@E :IE cOS adS:J‘EdS’ .
S S S

Teopema Octporpaackoro - 'aycca 1is1 3J1eKTPOCTATHUECKOT O TOJISI.
Teopema Octporpanckoro - I'aycca JUIsi 3JIEKTPOCTATHYECKOTO TOJS CBS3BIBACT

MeXIy coOoi BenmuuHy oToka PF BEKTOpA HANPSIKEHHOCTH JIEKTPOCTATHYECKOTO

OIS 6 GAKYYMe 4Yepe3 MPOM3BOIBbHYIO 3aMKHYTYIO IMOBEPXHOCTH S € BEIMYMHOM

3apsa ¢, 3aKII0YEHHOTO BHYTPU JaHHOM 3aMKHYTOM MOBEPXHOCTH S (pHc. 6).
[lockonbKy BCE CHIIOBBIC JIMHUH, BHIXOAAIINAE U3

L sapana (wia ¢ > 0) unm Bxopsamue B 3apsn (s
q<0), ITPOHU3BIBAIOT ITPOU3BOJIBHYIO

3aMKHYTYIO TIOBEPXHOCTH O, OXBaThIBAIOLIYIO
q 51OT 3apaza (puc. 6), To BeauuuHa motoka Py

K
% Bektopa E depe3 sty moeepxHocTh S Oyner

ONPENENATECA 4MCAOM N CHIIOBBIX  JIMHUMIA
BRIXOAAMMX M3 3apaga (mis ¢ >0) wm
Bxoasux B 3apan (uis g < 0):

Puc. 6

310 COOTHOIIICHHE €CTh TeopemMa Octporpaackoro-I'aycca TS
AIIEKTPOCTATUIECCKOTO TIOJS.
Tak Kak TOTOK CUWTACTCS ITOJIOKHMTEIBHBIM, C€CJIM CHJIOBBIC JIMHHWM BBIXOMAT W3

IMOBCPXHOCTH S, U OTPpHULATC/IBHBIM OJIA HHHHﬁ, BXOAAMIMX B IIOBCPXHOCTHb S, TO B

D, =§Ecosaa’S:§Ea’§:gi
S S 0

CIlydae, eCIM BHYTPH NPOU3BOJILHOM 3aMKHYTOM MOBEPXHOCTH S HAXOMUTCA HE OJIMH,
a HECKOJIbKO (/1) pa3HOMMEHHBIX 3apsjioB, TO Teopema Octporpaackoro - I'aycca
JUTSI DJIEKTPOCTATHUECKOTO MO (DOPMYITUPYETCA CASAYIOMNAM 00pa3oM:
MOTOK BEKTOPAa HAMPSKEHHOCTH 3IJIEKTPOCTATHUYECKOI0 MOJISl 8 6AKyyMe 4epe3
NPOU3BOJIbHYK) 3aMKHYTYH) TMOBEPXHOCTh paBeH aJjrefpanyeckoii cymme
3aKJIIOUYEHHBIX BHYTPH 3TOi MOBEPXHOCTH 3aPS/10B, AeJIEHHOI1 HA € :

D, = fEcosadS :§Ed§:izn:qi.
S S

€y i=1



Tema 2. PabGoTa cui 3j1ekTpocTaTudeckoro moJs. Ilorennuasn
Ecniu B osnekrpoctarMdeckoM TMOJie, CO3AaBAa€MOM TOYEUHBIM  3apaioM (¢,

nepeMeIaeTcs Apyrod npoOHbIM 3apsn ¢y W3 Toukd [ B TOuKy 2 BAOJb
MPOU3BOJIBHOW TpaekTopuu (puc. 7), TO TPH STOM COBepmIaercs padora CHil
AIIEKTPOCTATUUECKOTO TOJIS.

DnemenrapHas patora dA cumsl F wua 3JIEMEHTAPHOM
nepememennu d/ pasna: dA= Fdl = Fcosadl .
W3 pucynka 7 BuaHO, uto CoOSa dl = dr .

).

Pa6ora A npu nepemelmieHuM 3apsga ¢y  BAOJb
TPAEKTOPHH OT TOUKM [ 110 TOUKH 2:

Torna dA=Fdr=k34gr (k=

Ay = [dA= jk‘”o dr = quojd” gk L5y
" h )

TO €CTh pa60Ta Y TIEPEMENIEHUU 3apsaa U3 Touku [ B
TOUKy 2 B DIEKTPOCTATHYECKOM IIOJIE HE 3aBHCHT OT
TPACKTOPUU TIEPEMEIIEHHUA, a OIPEAENAECTCA TOJbKO
MOJIOKCHUAMA HAYAJIbHOM M KOHEYHOMW TodeK. [103TOMY 3JieKTpocTaTHYECKO0e MoJie
TOYEYHOTO 3apAAa ABJISIETCA NOTEHIHAJIbHBIM.
Pabora, coBepiiiaemMasi CHJIaMH 3JIEKTPOCTATUUYECKOTO TOJISI TPU NIEPEMEILICHUH 3apsiia
qo W3 TOYKH [ B TOUKY 2, BBIPAKAETCA CIEAYIONIAM 00pa3oM:

_ q g, _
A, =qy(k=—k=)=qy(p,—9,) ,
7 r
1 2
TI€ (07 ¥ (07— MOTEHIHABI YJIEKTPOCTATHYECKOr0 10JIst B Toukax [/ u 2.
[ToTeHIMA  SNEKTPOCTATHYECKOTO  TIOJSA  ONPEAENAETCs C  TOYHOCTBIO 710

NPOM3BOJILHOM aIUTHBHOM nocTostHHOM C, TO €CTh UIS MOJIA TOUEYHOrO 3apAa (-

@sz+C.
r

Torna (pIZkg—i-C, (pzzki—i-C.

h H
Pa3sHOCTL MOTEHHHAJIOB OBYX TOueK [/ M 2 B DIEKTPOCTATHYECKOM IIOJIE
ompeaenseTcs padOTON, COBEPIIAEMON CHJIAMHM SJIEKTPOCTATUUECKOTO TMOJIA, TPH
nepeMEIEHHH MPOGHOrO TOYEYHOrO 3apsaaa ¢y u3 TOYKK [ B TOUKy 2 :

Alz
9
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CBs3b MCEKAY HANIPSKCHHOCTHI0 H MOTCHHHAJIOM JJICKTPOCTATHYCCKOI'0O 110141

HanpsikeHHOCTE £ ¥ MOTEHIMAN () SIIEKTPOCTATHYECKOTO TMOJS  CBA3AHBI MEXITY
co0O0M clieyromM 00pa3om:

Ez—gradgo
WA Ez— a(p;-l—a(pj—i-a(pl; , rae
ox oy oz

i, ],k —enurnansie BexTopsl KoopauHatHbIX oceit Ox, Oy, Oz, COOTBETCTBEHHO.
3HaK MUHYC B NPUBEJCHHOW (POpMyJie O3HAYaeT, 4TO BEKTOP HANPSKEHHOCTH F
3JIEKTPOCTATHYECKOrO TOJIA HAMpPaBIE€H B CIMOPOHY MAKCUMAILHO2O VObIGAHUS

NOTEHIHAA () .
Jlns rpadudeckoro n300paXKeHUs PaclpeaCIICHUs TIOTESHITHAIIA AJIEKTPOCTATHISCKOTO
0JI UCIIOJIB3YIOTCS IKBHIIOTEHIHAIbHbIE MOBEPXHOCTH, TO €CTh MOBEPXHOCTH, BO

BCCX TOYKAX KOTOPLIX MOTCHIIHAJI (D HUMCCT OOHO H TO KC 3HAYUCHHUC.
Haan/IMep, AJ1A TIOJIA, CO3AAaHHOI0 TOUYCUYHBIM 3apAa0M (¢,

4

OOTCHOHAIL (P ONPEAC/IACTCA BBIPAXKCHUCM: (P = k g, a
v

SKBHUIOTECHIIHAJILHBIMU TTOBEPXHOCTSAMH SIBJISIFOTCA KOH-
neHTpuaeckue ceps (puc. §).
W3 »TOrO0 pHCyHKa BHUAHO, YTO B ClAydae TOYECUHOTO
3apsAna CWJIOBBIC JIMHWHM TOJs (IITPUXOBBIC JIMHWHA Ha
PHUCYHKE) HOPMAIbH bl (IepTICHIUKYIISTPHBI ) K
AKBHUIOTECHIIUAJILHBIM TTOBEPXHOCTAM (CIUTOINTHBIC JIMHAW
Ha PUCYHKE).
DTO CBOWCTBO HOPMAIBbHO2O B3aWUMHOTO PACTIONOKEHUS
Puc. 8 CWJIOBBIX JIMHUH W SKBUMOTCHIUAJIBHBIX MOBEPXHOCTEH
3JEKTPOCTATHUSCKOTO MOJIS ABJISIETCA OOIIUM JIs JIFOOBIX
CJIy4aeB AJICKTPOCTATHICCKOTO TIOJIA.
Takum 00pazoM, 3HAS PACTONOKEHUE CHIIOBBIN JIMHUM SJIEKTPOCTATAUYECKOTO OIS,
MOYHO TIOCTPOUTH SKBUMIOTCHITMAIBHBIE TOBEPXHOCTH STOTO 3JIEKTPOCTATHUCCKOTO
nmojis  ®W, HAo0OpOT, MO W3BECTHOMY PACIOJIOKCHUIO AKBUIOTCHIIMATBHBIX
MOBEPXHOCTEH 3JEKTPOCTATHUECKOTO TIOJS MOXKHO TIOCTPOWUTH CHJIOBBIC JIMHHH
AMEKTPOCTATHIECCKOTO TIOJIA.




MATHUTHOE IT1OJIE
Tema 3. MarautHoe nmoJie. 3axon buo-CaBapa-Jlaniaca
DNEKTPUIECKAM TOK CO3/aeT TOJIe, NCHCTBYIONIEE Ha MAarHUTHYIO cTpenky. Crpernka
OPUEHTUPYETCA 10 KacaTeIbHOH K OKPY)KHOCTH, JIeKameld B  TIOCKOCTH,
MEPTIICHANKYJITHON K TPOBOTHAKY ¢ TOKOM (puc. 9).

g

OCHOBHOM XapaKTEPUCTHUKONM MArHUTHOIO TONS SABJISETCS BEKTOP UHAYKLUMA B .

[IpuHATO, YTO BEKTOP UHAYKLUSA 5B MarHMTHOTO IIOJIS HAINPAaBJIE€H B CTOPOHY CEBEP-
HOTO TIOJTIOCA MATHUTHOM CTPEJIKA, TTIOMEIIECHHOM B TAHHYIO TOUKY ToJist (puc. 9).

ITo aHamormu C D3IACKTPUYECKHUM TMOJIEM, MArHUTHOE IIOJI€ TaKX€ MOXKET OBITh
N300pakeHO TpapuUecKd C TOMONIBIO CHJIOBBIX JIHHWIT (JIMHUHA WHIYKIIAN
MATHUTHOTO TOJISA).

CusioBast IMHHMSL — DTO Takas JIAHUS,
KacareJibHast K KOTOPOHM B KaXJIOU
TOYKE COBIAJACT IO HAMPABJICHUIO C

BEKTOPOM HMHAYKIUMU BB MarduTHOro

nojisi. CWIOBBIC JIMHAM MAarHATHOTO —
MOJIsA, B OTVIMYHE OT CHJIOBBIX JTMHHMA /
AIIEKTPOCTATHYECKOTO TOJISA, SBJIAIOTCS [ | \
3aMKHYTBIMHA 17} OXBaTBIBAIOT

MPOBOJAHUKKA ¢ TOKOM. Hanpasnenue \~ - _I_ -
CWJIOBBIX JIMHUM 33MaeTCA TIPABUIOM B
MPaBoro BUHTA (paBWIIOM
OypaBumKa): rOJIOBKa BHHTA,
BBHHUMBAEMOTO TI0  HAMpPaBJICHHIO
TOKa, BpalaeTcs B HAITPaBJICHUN JIHHAN Puc. 9

MarHuTHOM WHIYKIHHA (puc. 9).

JIst HECKOJTBKAX MCTOYHHKOB MAarHMUTHOTO TIOJISl COTJIACHO MPHHIIMITY CYTEPIIO3HIIAN

MArHUTHBIX TOJIEH MHAYKIUA PE3YJIbTUPYIOIIETO0 MAarHUTHOTO MOJIA PaBHA BEKTOPHOMN
CyMM€ UHAYKIUN BCEX OTACIIBHBIX MATHUTHBIX MOJICH:

B=3B.

AR’

g

BekTop MHAyKIMH B MarHWTHOro MO, CO3JaBaeMOro MPOBOIHMKOM C TOKOM [
MOXHO ONpeAeuTh ¢ nomollbio 3akoHa buo-Casapa-Jlannaca. Ilpu sTom
HEOOXOIUMO YYECTh TO, uTO 3ak0H buo-CaBapa-Jlansiaca no3sondeT HallTH MOAYJIb

Y HAIpaBJIEHHE JIHIIb BEKTOPAa WHIYKUUH (B  MarHUTHOrO MOJIs, CO31aBAEMOrO
snementoM nposognuka dl ¢ Toxkom [ . TlosToMy s onpeneneHHs BEKTOPa

HUHAYKIHUHA B MAravTHOro 1moji, <cC034aBacMoOoro IpoOBOJHHKOM C TOKOM 1 )
HGO6XOI[I/IMO MNCPBOHAYAJIBHO p336I/ITI> 9TOT HPOBOJHHUK Ha 3JICMCHTBI IIPOBOJHHMKA

dl , mnsa Kaxkmoro sneMeHTa ¢ TOMOMBKO 3aKkoHa Buo-Casapa-Jlamiaca Haiitu
BEKTOp MHAYKUMU B, a 3areM, HMCIONb3ysA MPHHIMI CYNEPHO3ULMUA MarHHTHBIX

TOJIEH, CJI0XKUTH BEKTOPHO BCE HAMICHHBIE BEKTOPA UHAYKLUHU dB .



3axon buo-CaBapa-Jlanaca B BeKTOpHOH ¢opMme:

Ar r
rae dB — MBayKuyMs MarduTHOroO mojs B Touke M,

—

3a/IaHHON PaZINyCOM-BEKTOPOM 7 , TPOBEACHHBIM OT

Hauaja Bekropa dl mo »roii Touku (puc. 10);

[dl v ] — BEKTOPHOE MTPOU3BENECHHE BEKTOPOB
ur;
dl : 7

Ho — MarHuTHasg IIOCTOAHHAA,

Puc. 10
J{ — MarHuTHas NPOHULAEMOCTb CPEJIB.

Hanpasnenue Bexkropa dB nepneHanKyIAPHO UIOCKOCTH, B KOTOPOM JIEKAT BEKTOPHI
dl m ¥, (puc.10), ¥ cOBIAmAET ¢ KACATEILHON K CUJIOBOM JIMHUM MATHUTHOTO TIOJISL.
DTO HampaBlieHHE MOKET OBITh HAMIEHO IO MPaBHIIy NPABOTO BHHTA: HAITPABJIECHHUE

BpAIllEHHs TOJOBKM BHMHTA JaeT HampaBieHHe BekTopa dB, eClii MmocTymaTeibHOe
JBMKEHUE BHUHTA COOTBETCTBYET HAMPABIICHUIO TOKA B 3JIEMEHTE TIPOBOTHUKA.
B ckanapuom Buae 3akon buo-Casapa-Jlamnaca:

B — Mokt ldlsina
4 r’
rje o — yroa Mexay Bektopamu d/ u

MarnuTtHoe moJie JIHHEHHOro TOKAa. I[J'Iﬂ HaXO0XACHHUA BC/IMYKMHBI MHMHAYKIHWH
MAaravTHOrO 1moJjid, CO3AaHHOIO IIPAMBIM IIPOBOJHHUKOM C TOKOM OECKOHEUHOM JJTAHBI

(puc. 11), nHEoOXOTUMO pa36I/ITI> BECh MPOBOJHUK HA 3JIEMEHTHI dl , I KaKJI0TO
5JIEMEHTA TPOBOJHHMKA dl ¢ toxom [ waiiti pexTop muaykmn dB, a satem

BEKTOPHO CIOKHTH Bee HaiienHbie dBb .
B npousBonbHO Touke M, ymaneHHOW OT OCM NPOBOJHMKA Ha paccTosHme b,

BEKTOpsl dB 0T BCeX 53JEMEHTOB TOKAa HMMEIOT OJWHAKOBOE HAlpaBJIEHHE,
MEPICHANKYJIAPHOE TUIOCKOCTH uepTexa («xk Ham»). [loaToMy crokeHHe BEKTOPOB

dB MOXHO 3aMEHHTBb CIOKEHHEM MX MOIYJIEH, B PE3YJIHTATE YEro MOIYyYEHO
CIIEIYIOLIEE BBIPAKEHHE JIJI MOJLYJIS BEKTOPA dB B Touxe M:
_ Hop 21
47 b



MarHuTHoe noJjie B IeHTPe KPYroBoro nNpoBoJAHUKA ¢ TOKOM
JIist HaXOXACHUSA WHIYKIMH MArHUTHOTO MOJS B LIEHTPE KPYroBOro MPOBOJHUKA C

TOKOM HGO6XOI[I/IMO p336I/ITI> 9TOT IPOBOJHHUK Ha 3JICMCHTEI dl , AJIA KQAKA0I'0 U3 HUX

HaiiTh BekTOp dB, a 3aTeM BCe 3TU BEKTOPHI CIA0KUTH. Tak kak Bce BeKTOpH dB
HANpaBJIeHbl BAOJb HOPMAIH K INIOCKOCTH BUTKA (puc. 11), TO CloXkKeHHEe BEKTOPOB

dB MOHO 3aMEHUTH CII0KEHHEM uX Moyneil dB.

Ilo 3axkony buo-Casapa-Jlamiaca moxyns Bekropa dB

Lot Tdlsina

dB = SR
4 r ~
= dl
Tak xak Bce  omeMeHTHl  dl IPOBOJHHKA .
NEPNEHNKYISAPHBl  COOTBETCTBYIOLIMM  pajndycaM- d
BekTOpam 7, 1o Sinax = 1 ana Beex anementos dl . >~
Paccrosnusa 7 = R 1714 Bcex 211€MeHTOB NpoBoHuKa df .
Toraa BeIpaXkeHue Ay MOy BekTopa dBb IR
ap=" L g
47 R
Tenepb MOKHO NEPEUTH K MHTETPHPOBAHUIO:
1 1 1
J‘dB luolu : §dl IUOIU 27Z'R lu()lu Puc. 11
A4r R 4r R* 2R

Hrtak, nHAYKIHMSA MAarHUTHOTO MOJISI B IEHTPE KPYrOBOr0 MPOBOAHUKA C TOKOM:

B = pyp

—— (R — paguyc Butka ¢ TokoM /).

2R

Tema 4. /leiicTBUe MATHUTHOTO MOJisl HA MPOBOJAHUK C TOKOM (3aKOH AMmepa)
U Ha JBIGKYIIUiics 3apsia (cuna JlopeHua)

PN
paN

dF
/

|

dl

=

ol

Puc. 12

7
7

3akon Amnepa. Ha sieMeHT npoBOHUKA dl ¢ TOKOM

I , moMewménHbI B MarHUTHOE TONE ¢ MHAYKuuel B

(puc. 12), nelicTByeT cua dF (dﬁ — cu1a Ammnepa):
cﬁzdﬁﬂ-

Monyab BekTOpa dlf: dF =1 Bsina dl |

rje o — yron mMexxay Bexropamu dl u B.

Hanpaenenne Bekropa dF MOXKHO ONpenenwTh MO
npasuiy Jeoll pyKu. €ClIU CUJIOBBIE JIMHUUA BXOIAT B
JIAI0HB, & YETHIPE BBITAHYTHIX MAJIbLA PACIIONIATAIOTCA
MO0 TOKY, TO OTBEAEHHBIM OOJBIION Manel YKaxeT

HaIpasJicHUE BEKTOPA cHibl Ammepa dF .
(Cuna dF nepneHmukyyspHa IIOCKOCTH pUCYHKa 12.)



|

C

F,

1 y By

Puc. 13

10

Cuna Jlopenna. Ha 3apsaa ¢ , IBWKyluiica co

CKOPOCTBIO U B MAarHMTHOM IOJ€ ¢ UHAYKUHEH B

(puc. 13), neiicTByer cuna F 7 (F ;7 — cnia Jlopenua ):
F,=qlpB]
Monyus Bextopa F; : Fj; =qu Bsina,

rae O — yroj Meskay Bektopamu U u B

—

Hanpasnenue Bextopa [, MOXeT OBITH ONpPEACTICHO

o  #npasuiy  JAe6oll  pyKu Uil JBHXKYIIUXCS
MOJIOKUTENIbHBIX 3apsiIOB U IO Mpasuly Npagoli pyKu
JUTSL IBUSKYIIMXCS] OTPULIATENIbHBIX 3aPS/I0B;

€CIIM CHWJIOBBIC JIMHUM MAarHUTHOTO TOJISi BXOHAT B

JIaJIoOHb, @ YeTHIPE BBITAHYTHIX Tajiblla PACIHOJIATAIOTCS MO CKOPOCTH JBHKEHHS
YaCTHIlhl, TO OTBEAEHHBIM OOJBIION Maliel] YKaKeT HampaBlicHHE cuJibl JlopeHia

(puc. 13, cuna [, mepneHANKyIApHA IIIOCKOCTH PUCYHKA).

Tema. S. MarnutHbiii notok. Teopema I'aycca 1151 MArHUTHOTO MOJISA

ITorok BeKTOpa MArHMTHOH MHAYKUMM 5 (WIM MArHUTHBIA TIOTOK) uepe3
IPOM3BOJILHYIO INIOMIAAKY S XapaKTEPH3yeTCs YMCIIOM CHJIOBBIX JIMHHI MAarHUTHOTO
TI0JIS1, IPOHM3BIBAIOIIMX JAHHYIO IJIOIALKY J.

Ecan mjIomaaka S Pacnog0zKCHa MCPICHAUKYIAPHO CUIOBBIM JIMHUAM MArHuTHOI'O

nons (puc. 14), To notok @p BeKTOpPa MHAYKIUKM B 4epe3 TaHHYIO IUIOMAAKY S

y

@, =BS

r

Y

//

!

Y 5o

P
| _~
S//

Puc. 14

\

A

//

Puc. 15

Ecan IIomaaka S PacCnoj0KCHa HCTICPIICHAUKYJIAPHO CHUJIOBBIM JIMHHUAM MAIrHUTHOT'O

nons (puc. 15), To notok @p BeKTOpPa MHAYKIUKM B 4epe3 TaHHYIO IUIOMAAKY S

@, =BScos «,

rJ€e O — yroja Mexay BeKkropamu B w Hopmanu 7 k miomanke S.
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JIns toro, uroOwl Hakitu mnotok @Pp BekTOpa

MarHMTHOM WHIYKUUH B uepe3 MpOU3BOJIBHYIO
HOBEPXHOCTH S, HEOOXOAMMO Ppa3OUTh 3Ty

MOBEPXHOCTh HA DJIEMEHTApHbIE IUIOWAnKu dS
(puc. 16) m ompenenuTh >IEMEHTAPHBIA MOTOK

—

dD, sexropa B uepes xaxayo miomanky dS
o hopmyiIie:

d®, = B cos adS = BdS ,
rae O — YroJ MEXAy BEKTOpaMH B u HOPMaJIH
Puc. 16 M K JaHHOM mwtomanke dS;

dS — BexTOp, paBHBIH MO BeNUMYMHE IUIOMAAM MIOMAAKA dS M HANpaBleHHHIH MO
BEKTOPY HOPMallM 7 K AaHHOH miomaike dS .

Torma mnoroxk Bektopa B uepes IPOM3BOJILHYIO IMOBEPXHOCTH S paBeH
anreOpanyeckol CymMMme 3JIEMEHTApPHBIX MOTOKOB do, yepe3 BCE DJIEMEHTApHbBIC

miomaakn dS, Ha KOTOpble pa3OMTa IMOBEPXHOCTH O, YTO HPHBOJAMT K
WHTETPUPOBAHUIO:

D, :Id@B :IB cOS aa’S:J‘Ecﬁ .
S S S

Teopema I'aycca it MArHUTHOT O TOJISI
JIJ1 IPOM3BOIBEHOM 3aMKHYTOM MOBEPXHOCTH S
(puc. 17) mOTOK BeKTOpa MHAYKIMU B

MArHATHOTO TOJIA  4epe3 JTy IMOBEPXHOCTH O
MOYHO PacCUMTaTh MO hopMyJIe:

D, :Id@B :IB cOS aa’S:J‘Ecﬁ .
S S S

C napyroi#t CTOpPOHBI, YMCJIO JIMHUHA MarHUTHOM

WHIYKIHWK,  BXOJAIIMX  BHYTPb  00BEMa,
OI'PaHUYEHHOT' O JTOU 3aMKHYTOH
MOBEPXHOCTBIO, paBHO YUCITY JINHWUH,

BBIXOJAIIMX W3 »Toro obOwvema (pumc. 17).

[TosTOMYy, ¢ ydYeTOM TOrO, YTO IMOTOK BEKTOpAa WHAYKIHH B MarHuTHOro mois
CUMTAETCA TOJI0KUTENILHBIM, €CIIM CHJIOBBIE JIAHUM BBIXOIAT M3 MOBEPXHOCTH O, W
OTPMLATENILHEIM IS JIMHKM, BXOIAIIMX B MOBEPXHOCTL S, CyMMapHbIii motox @p

BEeKTOpa B uepe3 mpoH3BOJILHYK 3AMKHYTYIO IIOBEPXHOCTD .S paBeH HyJIIO, T.¢€ .

D, :ﬁd@B :ifB cOS adS:§l§d§:O :
S S S

YTO COCTaBJISIET (GOPMYITUPOBKY TeopeMbl ['aycca ajisi MATrHUTHOTO TIOJISI.



12

SABJeHNne 3JIeKTPOMarHuTHOM HHAYKIMU. 3akoH @apanes
SIBneHre BO3HUKHOBEHUS 3JIEKTPUUECKOrO TOKA B 3aMKHYTOM MPOBOJAILIEM KOHTYPE
B pE3yJibTaT€ W3MEHEHWA MArHUTHOTO TMOTOKA, MPOHU3BIBAIOIIETO ASTOT KOHTYP,
Ha3bIBAETCA  SIBJIGHHEM  JJIEKTPOMATHUTHOIl  HMHAYKUUM. BO3HUKHOBEHUE
WHIYKIIMOHHOTO 3JIEKTPUYECKOr0 TOKA B KOHTYPE YKAa3blBAa€T HA HAJIMUKUE B 3TOM
KOHTYPE 3JIEKTPOJIBUKYILCH CUJIbl, Ha3biBaeMol 3JjiekTpoaBmkyueii cuioii (31C)
3JIEKTPOMArHUTHOI WHIYKIIHIL

CornacHo 3axkony Papagesi BenuuuHa OJ[C 37€KTPOMArHUTHON HMHAYKIUU &

OMPENENACTCA TONBKO CKOPOCTHIO H3MEHEHUS MArHUTHOTO TTOTOKA, MTPOHU3BIBAKOIIETO
MPOBOJAIINI KOHTYP, @ HUMEHHO:

BemmunHa OJIC  »leKTpOMAarHUTHOW MHAYKIUU €, TPAMO TPOMOPIHMOHATbHA

CKOPOCTH U3MCHCHHA MArHUTHOI'O IIOTOKA, ITPOHU3BIBAOIICTO HpOBOI[fIH_II/Iﬁ KOHTYD.

d®
g ~—2L  (3akon ®apages).
Poodt

Hanpasnenne MHAYKIMOHHOIO TOKAa B KOHTYpE ompeaenserca no npasuiy JleHua:
WHIYKIMOHHBIA TOK B KOHTYPE BCErJa MMEET TAaKOE HAIPABJICHHUE, UTO CO3/1aBAEMOE
3TUM TOKOM MArHUTHOE TI0JI€ MPEMSITCTBYET HM3MEHEHUID MArHUTHOTO TMOTOKA,
BBI3BABIIIEMY 3TOT MHYKIIMOHHBIHA TOK.

3akon ®apages ¢ yuerom mpaBuia JleHma MoxHO chOpPMYITUPOBATH CIICTYIOITUM

oOpazom: BenuuuHa D/IC 371€KTPOMArHUTHON WHIYKIIUH &€, B KOHTYpE UMCIICHHO

PaBHA ¥ MPOTHUBOMOJ0KHA MO 3HAKY CKOPOCTH M3MEHEHUA MAarHUTHOTO MOTOKA 4epe3
MMOBEPXHOCTh, OTPAHUYEHHYIO 3TUM KOHTYPOM, TO €CTh!

_ ddy
& == (3axkon ®apajaes ¢ ydeTom npasuia Jlenma).
dt

Tema 6. DneKTpOMAarHUTHbBIE KOJIe0aHHsI B K0J1€0aTeJIbHOM KOHTYpe.

YpaBHeHue CBOOOAHBIX HE3ATYXAKIIHNX FTAPMOHUYECKUX KoJ1edaHuil
KoniedaTebHbIN KOHTYP — 3TO 3JICKTPUYECKAs 1€Mb, COCTOANIAA U3 BKIJIFOUCHHBIX
HOCJIEN0BATENBHO KATYyIIKM WHAYKTHBHOCTBIO L, koHmeHcaropa emkoctero C m
pesucropa conportuBieHdeM K. B uaeaibHOM K0/1€6aTeJIbHOM KOHTYPE CUMTAETCS,

uro conpotuBieHue R mpenebpexumo mano (R=20), uto mossonar B maeabLHOM
KoHTYype (puc. 18), cocTodieM TOIbKO W3 KaTYIIKA WHIYKTHBHOCTH M KOHJEHCATOPA,
MOJIYYUTh HE3aTyXaKIIHe 3JIEKTPOMArHUTHbIE KOJIe0aHUSI.

] .1 FedT t=dr
a ree PR il ] ?)
+4 -7 | T
0 —_ 1%
-4 T +0
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JIns Bo30yXJAeHHMSA B KOHTYpE KOJeOaHWM MpeaBapUTEIbHO 3apsikaloT KOHASHCATOD,
coobias ero obknaakam 3apsan +g. Torma B HadanbHbii MOMeHT Bpemenn [=()
(puc. 18, a) mMexay oOkIagkaMHu KOHIAEHCATOpPAa BO3HHUKHET 3JIEKTPUUYECKOE TMOJIE.
Ecnu 3aMKHYTH KOHIEHCATOp HAa KaTyIIKy WHAYKTHBHOCTH, KOHICHCATOP HAYHET
pa3psKaThCs, U B KOHTYpE IOTE€YET Bo3pacrarommii co Bpemenem Tok /. Korma
KOHJICHCATOP TOJIHOCTBIO PA3PAMUATCS, SHEPTHS SJICKTPUUCCKOTO TOJIS KOHACHCATOPa
MOJTHOCTBIO TIEPEHIET B SHEPTHIO MAarHUTHOTO MO Katymku (puc. 18, 6). Haunnas ¢
ATOTO MOMEHTA TOK B KOHTYpe OyneT yObIBaTh, 1, CII€0BATEIRHO, HAYHET 0CiIabeBaTh
MarHuTHOE TIOJI€ KaTYyIIKH, TOTJAAa B HEl coriacHo 3akoHy dapajess WHAYIHPYETCS
TOK, KOTOPBIH T€UET B COOTBETCTBHHM C MpaBujioM JICHIIa B TOM kK€ HANpPaBJICHUH, UTO
U TOK pa3panku KoHaeHcaTopa. KoHmeHcarop HauHET mepe3apsikaTbesi, BO3HUKHET
ANEKTPUUECKOE TIOJIE, CTpeMsIeecs OCIa0uTh TOK, KOTOPBIA, B KOHIIE KOHIIOB,
oOpaTuTCcs B Hy/b, a 3apsAa Ha OOKJIaJKaX KOHACHCATOPA JOCTUTHET MaKCHMyMa
(puc. 18, ). Jlamee Te ke TPOIECCH HAYHYT MPOTEKAaTh B 0OpAaTHOM HANPABIICHUH
(puc. 18, 2), u cucrema k momeHty Bpemenu 1=1 (1" — nepuon koneGaHuil) MPUAET B
nepBoHauajabHOe coctosiue (puc. 18, a). Ilocne »Toro HauHETCA TOBTOPECHHE
PAaCCMOTPEHHOTO IHKJIA Pa3psAAKA W 3apsIKA KOHJIEHCATOpa, TO €CTh HAUYHYTCH
NEPUOANUYECKUE He3aTyXarolue KojeOaHWs BETWMYMHBI 3apsAga ¢ Ha OOKIagKax
KOHzeHcaropa, Hanpsokeaus (- Ha KOHAEHCATOPE M CHIIbI TOKA [/, TEKyIIEro uepes
karymky uHayktupHoctd. CornmacHo 3akony ®@apanes Hanpsokenwe e Ha
KOHJICHCATOPE OMPENCIAETCA CKOPOCTHIO HW3MEHEHWS CHJIBl TOKA B KaTYIIIKE
WHYKTUBHOCTH HACATHEHOTO KOHTYPA, TO €CTh:

U-=¢¢= —Lﬂ :
dt
Wcxoms m3 toro, uro Uc=q/C, a [I=dg/dt, nonysaem mmppepenumansnoe
ypaBHeHHE CBOOOJHBIX HE3ATYXAKINHX TAPMOHHYECKHX KOJIe0aHHH BEITUYHMHEI
3apsaa ¢ Ha 0OKJIaaKkax KOHJAEHCATopa:
2 2
dzqz— ! q WIn d—g-l—a)gq:().
dt LC dt
Pemmenrem 31oro mudpepeHImanbHoro ypasHenus apisercs Gyrkuus g(f), To ecTh
ypaBHeHHE CBOOOJHBIX HE3ATYXAKINHX TAPMOHHYECKHX KOJIe0aHHH BEITUYHMHEI

3apsaa ¢ Ha 0OKJIaaKkax KOHJAEHCATopa:
q(t) = g, cos(wyt + @) ,
rae ¢(f) — BenuumHa 3apsAaa Ha OOKIAKaX KOHIEHCATOPa B MOMEHT BPEMEHH 1,
go — aMIUIMTyAa KoyieOaHui 3apaaa Ha 00KIaJAKaxX KOHJIEHCATopa,

@, — xkpyrosas (W1 LMKIMUecKas) yacrora konebannii (@, =1/~ LC ) ;
@,=27/T (T —nepuon xonebannii, I =27+ LC — dopmyaa Tomcona);

(oot + @,) — baza koneGanuii B MOMEHT BPEMEHH

Py — navanbHas Qasa konedanuii, To ecTh (asza koneGanuii B MoMeHT Bpemenu =0,
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Tema 7. YpaBHeHHe CBOOOHBIX 3aTyXAIUIUX FAPMOHUYECKHX KOJIe0aAHMIA.

B peansHOM KoneOaTeIbHOM KOHTYPE YUYWTHIBACTCS, UYTO, KPOME KaTYyIIKH
MHIYKTUBHOCTBIO L, xoHzmeHcaropa eMKocTeio C, B LM TAKKE MMEETCA PE3UCTOP
CONPOTHBJIEHHEM K, OTAMYHBIM OT HYJS, YTO SBJSETCS NPHUYMHOM 3aTyXaHUs
Kojie0aHuii B peajbHOM KojeOaTenbHOM KOHType. CBOOOAHBIE 3aTyXaroluue
KoJie0aHus1 — KoyieOaHWsd, aMIUTMTyAa KOTOPHIX W3-3a MOTEPh SHEPTUH pPeabHOM
KOJIe0aTEIbHON CUCTEMON ¢ TCUCHUEM BPEMEHU YMEHBIIIAETCA.

JIns 1menu peanbHOTO KOe0aTebHOrO KOHTYpA HAMpsHKEHWS Ha TMOCIIEeI0BATEIbHO
BKJIIOUEHHBIX KOHAeHcatope eMKOcThio (C W pe3sncTope  CONpOTUBICHUEM R

ckiaapiBaroTCsA. Torma ¢ YUCTOM  3aKOHaA <Dapaj:[e>1 A1 Ol pCaJiIbHOT O
KoiebaTeIbHOTO KOHTYPAa MOZKHO 3daIIUCATh.

dl
U-+IR=g3=—L"
C S dt

rJle £¢ — SMEKTPONBIKYINASL CHJIA CAMOWHIYKIIMH B KATYLIKE;

Uc¢ — nanpsoxenne Ha xkorpencarope (Ue =q/C);

IR — HanpsokeHus Ha Pe3UCTOPE.

Wcxoms u3 Toro, uro [=dq/dt, nonysaem muddepeHmMaIbHOE ypaBHEHHE

CBOOOJAHBIX 3aTYXAKIIUX TAPMOHHYECKHX KOJe0AHHH BEIWUYMHBI 3apsaaa ¢ Ha
o0OKJI1aiKkax KOHAeHcaTopa:

) 2
d_2q+§@+iqzo WJIN d—?+25@+a)§q=0,
dt> Ldt LC dt dt

R 1
S_ Gammii (0 =— ), @f =— .
rae koadpurmenT 3aTyxanus Kojaebanui ( Y ) 0 IC

PermenreM monyueHHoro auddepeHnmanbHoro ypasHenus ssnserca Gynkuus (1),
TO €CTh ypPaBHEHHE CBOOOMHBIX 3aTYXalOUIUX TAPMOHHYECKHX KOJe0aHuiil
BEJIMUMHBI 3apAjia ¢ Ha 00KJIaaKax KOHIEHCcaTopa:

q(t) = que™”" cos(t + ),
rne ¢(¢) — BenvumHa 3apsaaa Ha OOKIaIKaxX KOHAEHCATOPa B MOMEHT BPEMEHH 1,
qoe_&— aMIUTATYA 3aTyXaroluX KojiebaHuii 3apsaa Ha oOKIaaKax KOHAEHcaTopa
B MOMEHT BPEMEHHU [ |

go — HayalbHAas aMIUIMTYJa 3aTyxalomux KoJieOaHMH 3apAna Ha OOKIagkax
KOH/ICHCATOopa,;

() — Kpyrosas (WM MUKIAYECKast) 4acToTa Kojiebanuit ( @ =

(wt + @) — dasa 3aryxaromux KojaeGaHuii B MOMEHT BPEMEHHU 1,

() — wmaganpHas ¢aza 3aTyXaroNMX KoJIeOaHuH.



15

Tema 8. dnexkTpomarHuTHbie BOJIHbI. BekTop Ymoa-IloiinTuHra

CornacHo Teopun MakcBeia 371€KTPOMAarHUTHBIE TIOJISI MOTYT CYIIECTBOBATh B BUJE
AIIEKTPOMArHUTHBIX BOJIH, (ha30Basg CKOPOCTh U  PaclpoOCTPAHEHUS KOTOPHIX
ONPEAETACTCS BBIPAKCHUEM

L 1 1 _c
Jokty \JEu  Jeu

roe & o H ,Llo — COOTBCTCTBCHHO JSJICKTPHYCCKAA U MaroHuTHasA IOCTOAHHEIC,

En A — COOTBETCTBCHHO JJICKTPHYCCKAA 1 MarHuTHaA NPOHUIACMOCTH CPELI,

1

~ €oto )

B Bakyyme (¢ = 1, £ = 1) ckopocTs pacnpocTpaHeHUs >IEKTPOMATHUTHBIX BOJH

COBITAJAET CO CKOPOCTHIO CBeTa ( € ), UTO COTIIACYeTCs C Teoprei MakcBeia o ToM,
YTO CBET NMPEACTABIIACT COOOM ICKTPOMArHUTHBIC BOJTHEI.
[To Teopuu MakcBeiia 3JIEKTPOMATHUTHBIE BOJIHBI SBIIIIOTCS MONEPEYHBIMH, TO

C — CKOpPOCTh CBeTa B Bakyyme ( ¢ =

ecth BeKTOpbl £ u [ HanpsskeHHOCTEM 3JEKTPUYECKOr0 M MArHMTHOTO MOJiei

B3aMMHO NEPIECHANKYJIAPHBI U JIEKAT B IUIOCKOCTH, MEPICHANKYJIIPHON BEKTOPY U

CKOPOCTH PaclpOCTPaHEHHs BOJIHBI, npuueMm BekTopel £, H u U obpasyror
MIPABOBUHTOBYIO cUcTeMy (puc. 19).

Puc. 19

-

13 Teopun Makceesia CleayeT TakKe, YTO B IEKTPOMArHUTHOMW BOJIHE BEKTOPHI £
u H xonebmores B oMHAKOBBIX (azax (puc. 19), To ecTh 3HAUCHNUA HAMIPSKEHHOCTEH
E w H snextpruecKoro ¥ MarHWTHOTO TOJIEM OJHOBPEMEHHO JOCTHUTAOT MaKCHMyMa
M OJHOBPEMEHHO OOpAINAOTCS B HYJb, NMPUYEM MTHOBEHHbIe 3HaueHuss F w [
CBSI3aHbI COOTHOIIICHUEM::

gL = uH .
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YpaBHeHHE TLI0CKO0iT MOHOXPOMATHYECKOI YJIEKTPOMATHUTHOI BOJHBI (MHICKCHI

y u z npu £ v H noxuepkusarot mumb To, uto BekTophl £ u [ HampaBieHb BIOIB
B3aMMHO TEPIEHIUKYIIAPHBIX OCEN B COOTBETCTBHH ¢ puc. 19):

E, = E, cos(ot —kx + @),
H, =H,cos(wt—kx+ ),

rae By u Hy — cOOTBETCTBEHHO aMIUIMTYABI HANPSKEHHOCTEN 3JEKTPHUYECKOrO U
MarHATHOTO TIOJIEH,

@ — xpyrosas yactora sonusl, @ =27 /T (T — nepuon xonebanwuit),
k — BonuoBoe uncno, k =27/ A (A — pnvna BonHbI),

(¢ — HavanbHasA ¢a3a konebannii (HayanbHas daza KoaeOaHul () UMEET OJMHAKOBOE
3HAYCHHUE KaK I KOJeOaHusl IEKTPUIECKOTO, TAK © MATHUTHOTO BEKTOPOB, TaK Kak
B DJICKTPOMATrHUTHOM BOJIHE TH KOJICOAHUS TPOUCXOIAT B OJIMHAKOBHIX (pazax).

3Heprnﬂ IJICKTPOMATIHUTHBIX BOJIH. SHGKTpOMaFHI/ITHBIe BOJIHBI MNCPCHOCAT
sHeprur0. OO0bEeMHAs MIIOTHOCTh W SHEPTUM 3JICKTPOMArHUTHOW BOJIHBI CKJIAJbIBAETCA
13 00OBEMHBIX TJIOTHOCTEH W.,; SIIEKTPUUECKOTO U W,, MarHMUTHOTO TMOJICH:
2 2
eelk™ uuH
+
2

YuureiBas BBIPAKCHHUC CBA3KW MCIKAY BCIIMYHMHAMH E u H , MOJXHO IIOJIYYHTBb, YTO
CYMMapHaAa IJIOTHOCTb DHCPIHH JJICKTPHYCCKOTO U MArHUTHOT'O MOJICH:

W= ./EMy~EMEH .

YMHOXHB IUIOTHOCTh SHEPTAU W HA CKOPOCTh U PACNpPOCTPAHCHUA BOJIHBI B CPEE,
MOJTYYUM MOJYJIb IUIIOTHOCTH TTOTOKA SHEPTUU:

S=wv=EH .

Tax kak BekTopsl F w [ B3aMMHO NepHEHAMKYIAPHBI, TO NpousBeneHue FH

wW=w _+W =

COBIIAJIAET C MOJYJIEM BEKTOpA [E H | (|£ H |- BekTopHOE IIPOU3BENEHIE BEKTOPOB

E wn H). Kpome Toro, HampaeneHue BEKTOPa [E H| coBnamaer ¢ HanpasieHueM

pacnpoCTpaHCHusd BOJIHBI, TO <CCThb C€ HAIIPABJICHHUCM IICPCHOCA OJHCPIrHH, 4YTO

—

MO3BOJIAJIO BBECTH BEKTOP O, PaBHBIA BEKTOPHOMY HPOU3BEICHUIO [EH , Kak

BEKTOP MJIOTHOCTH MOTOKA 3JIEKTPOMATHUTHOM YHEPrUH, Ha3bIBACMbIi BEKTOPOM
Ymosa—IloiiaTuHra:

S=|Ei
Moxyns BekTOpa S pPaBeH JHEPIMH, HMEPEHOCHMOMN SJIEKTPOMATHMTHOM BOJIHOM 3a

€IMHHLLY BPEMECHU YE€PE3 CAMHUYHYIO TUIOIAJKY, MEPICHANKYISPHYIO HATPABICHUIO
pacnpoCTPAHEHHUS BOJTHBI.
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Tema 9. BoiHoBas Teopusi cBeta. UHTepdepenuus ceera. Meroa FOnra

NuTtepdepenuneil BOJH HA3bIBACTCS SABJICHUE YCUJIEHUA KOJIEOAHUM B OJHUX TOYKAX
MPOCTPAHCTBA U OCA0NEHUA KOJICOAHUI B IPYTUX TOUKAX B Pe3yJibTaTe HAJIOKCHUS
ABYyX wWin Oojiee BOJH, MPUXOAAIIMX B 3TH Toukd. [lpm HajmoxxkeHnnm AByx (Wau
HECKOJIbKAX) CBETOBBIX BOJH TPOWUCXOAWUT MPOCTPAHCTBEHHOE MEPEpaACTIPEICIICHHIE
CBETOBOTO MOTOKA, B PE3YJBTATE YErO B OJHUX MECTAX BO3HUKAIOT MAKCUMYMBI, a B
JPYruX — MHUHUMYMbl HMHTEHCUBHOCTH. HeoOxomaumbiM yclioBHUEM HAOMIOACHUA
yCTOMUYMBOU UHTEPHEPSHITMOHHON KapTUHBI SABJIAETCS KOIepeHTHOCTh
CKJIa/ibiBaeMbIX BOJIH. KorepeHTHBIMU Ha3bIBAIOTCSA BOJIHBI OJMHAKOBOW YACTOTHI,
KoJIieOaHMs B KOTOPHIX OTJIMYAIOTCA MMOCTOSTHHOM BO BPEMEHH Pa3HOCTHIO (has.

JIns TOny4eHus KOTEPEHTHBIX CBETOBBIX BOJIH MPUMEHSIOT METO Pa3/ICJICHUS BOJIHBI,
W3JIy4aeMOl OJHAM HWCTOYHUKOM, HA JB€ YAaCTH, KOTOPBIC MOCIE MPOXOKIACHHUS
Pa3HBIX onmuYyeckux nymeli HAKIAABIBAIOTCS JPYyT HA JApyra, W B PE3yabTare
HaOmoaeTcs nHTephEpPeHIMOHHAS KapTUHA.

[IponsBeaeHME TEOMETPUUECKON JUIMHBI § MYTH CBETOBOW BOJIHBI B JAHHOMW CPEAE Ha
NOKa3aTellb 7 NPEJIOMIICHHS DTOM CPEbl HA3BIBAETCA ONTHYECKOH Aaunoii mytu L,
a BeqmunHa A = Ly — Ly (pa3HOCTh ONTHYECKHMX JUIMH MPOXOJUMBIX BOJIHAMHM ITyTEH)
HA3bIBACTCS ONTHYECKOI PA3HOCTHIO X014,

YcaoBust vHTEP(PEPEHUNMOHHOT0 MAKCUMYMA U MUHUMYMA
Ecnu ontryeckas pasHOCTh X04a /A paBHa LEJIOMY YUCITy JUTMH BOJH A , T.€.

A=tmid, (m=0,1,2,...),

TO KonebaHus, Bo30yxkaaemble B Touke M o6Germu BoNHAMHM, OyIyT OPOUCXOAMTH B
onuHakoBoi (aze, u B Touke M Oymer HabmoOAaThcs UHTEP(EPEeHLMOHHBII
MAKCHUMYM (/1 — TIOPSIIOK HHTEPHEPEHITMOHHOTO MAKCUMYyMa).
Ecnu ke onTuueckas pa3HoCTh Xo4a A paBHA MOJIyLIEIOMY YUCITy JUIMH BOJIH A, T.€.

A:J_r(2m+l)% (m=0,1,2,...),

TO KojebaHus, Bo30yknaeMbie B Touke M o6ermu BoHAMU, OYIyT MPOMCXOIUTH B
nporuBodase, u B Touke N Oyner HabmoaaThCs HHTEPPEPEHIHOHHBIH MUHUMYM
(m — mopsiIoK HHTEPHEPEHITMOHHOTO MUHUMYMA).

B kauectBe mpuMepa nHTEPHEPESHITHN CBETOBBIX BOJIH paccMoTpumM MeTo FOHra.
Mertoa KOnra. /Ina mabmoacHus WHTEP(EPEHIIMH CBETa KOTEPEHTHHIE CBETOBBIC
MyYKH TOJY4YaloT pa3ieeHUEM U TIOCISAYIONMM CBEACHUEM CBETOBBIX JIYUEH,
UCXOJANNX W3 OJHOTO M TOTO K€ WCTOYHHMKA. VICTOUHWKOM CBETa CIIYXKHUT SIPKO

ocBelleHHas mwenb S (puc. 20), OT KOTOPOH CBETOBas BOJHA MAJAcT HA JIBE Y3KHE
PaBHOYJAJICHHBIE eI O] B ), Mapauienbabie memd 5. TakuM o6pazoM, menm S u
S) WrparT pojb KOTE€PEHTHBIX MCTOYHHKOB, a HMHTEp(EpEHIMOHHAS KapTHHA
Habmonaerca Ha SkpaHe (), PacHONOkKEHHOM HA HEKOTOPOM PacCTOSHUM [ OT
meneir Sy m Sy (puc. 20). Ilenu S u S, Haxoaarcs Ha paccTosHUM ¢ APYT OT
apyra (puc. 20), npuuem [ >> d.
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Puc. 20

HaTepdepeHns paccMaTpUBAeTCs B NPOW3BOJBHOM Touke A Ha  dKkpaHe,
PACTONIOKEHHOM Ha PaCcCTOAHUM X OT Toukd (), CHMMETPHYHON OTHOCHTENBHO IIEIICH
¥ TPHHATOM 3a HAYaJIO OTCYETa BEIMYMHBI X. MIHTEHCHBHOCTH cBeTa B Touke A

ONPEIEAETCA ONTHYECKON PA3HOCTEIO X01a Jiydeh: A= §,— 8] .
CornacHo pucyHky 20 :

2 2
d
s;=01"+ x—I—E ; st=0+|x——=|, orkyma s;—s =2xd wm
2xd
§,+S,
U3 yenosus [ >> d cnenyer, uro §; + $p~2[, Torna
d
A=—x.
[

CornacHo 3TOMY COOTHOIICHHWIO M YCIIOBHAM HAOMIOACHUS HHTEP(epeHIIHOHHBIX
MAKCUMYMOB H MHHHMYMOB TOJIOKEHHS MAKCUMYMOB (X;,0) ¥ MHHEMYMOB (X,;,;1,)
WHTCHCHBHOCTH Ha HKpaHe B MeToje KOHra ompeaenstoTcs CleayIonuM o0pa3oMm:

xmax:iméﬂo (m=0,1,2,...),

1)/

X, = m+—1|—4, (m=0,1,2,...).
2)d

PaccrosiHue MeEXKIy IBYMS COCEIHUMHM MaKCUMyMaMM (MJIM MHHMMyMamu) Ax

HA3bIBACTCS M PHHOI HHTEPQePEeHUNOHHOM M0JI0CHI U PABHO:!

N
L.

13 3TOro COOTHOLIEHMS CIELYeT, YTO BeIUYMHA AX 3aBUCHT OT [UIMHBI BOJHBI Ay .
[ToaTOoMy, "eTkas uHTEp(EPEHIIMOHHAA KapTHHA, TIPEACTABIIAIONIAas co00M uepenoBa-
HUE HA 3KPAHE CBETJIBIX M TEMHBIX MOJIOC, BO3MOXKHA TOJIBKO MPHU HCIOIb30BAaHUU

MOHOXPOMATHYCCKOI0 CB€TA, TO CCTh CBCTA onpeﬂeneHHoﬁ JJINHBI BOJIHBI /I() .
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Tema 10. Indppaxkuus ceera. {udpaxuusa @peness

Judpakuueii HazpiBaeTCs orubaHue BoJHAMU npensaTcTBuil. udpakuuro cera
OMPENENAIOT KakK JH000€ OTKIOHEHHE PacHpOCTPAaHEHUS CBETA BOJIM3M MPEMATCTBUI
OT 3aKOHOB T€OMETpHWYEeCKOW onTwkHu. bmarogaps mudpakimm BONHBI TOMANAIOT B
00J1aCTh T€OMETPUUYECKON TCHH, MPOHUKAIOT Uepe3 HEOOJIbIIINE OTBEPCTHUS U T. 1.
Asnenne audpakimu 0O0BACHAETCS ¢ TOMOIIb0 mpuHuna ['roiirenca, coriacHo
KOTOPOMY KaXXJ1as TOYKa, OO0 KOTOPOMl AOXOJIUT BOJIHA, CIYKUT UEHTPOM BTOPUYHBIX
BOJIH, @ OrM0AroIas YTUX BOJH 33Ja€T MOJIOKEHHUE BOJTHOBOTO (PPOHTA.

®penens AOMOMHWIT TIPUHIUT [ ToiireHca naeel nHTEPGEPSHITUN BTOPUIHBIX BOJTH.
CornacxHo npunuumy I'roiirenca — @peHeJis CBETOBAs BOJIHA, BO30YKAaeMasd KaKUM-
MO0 MCTOYHUKOM S, MOXKET OBITh INPEACTABICHA KaK pesyibmaim Cyneprnosuyuu
KO2EPEeHMHbBIX GMOPUYHBIX BOJIH, «A3TydaeMbIX» (PUKTUBHBIMA UCTOUHUKAMHA. TaKuMHu
HUCTOYHUKAMHU MOTYT CJIYXHUTb, HampuMmep, OCCKOHEUHO MaJlble 3JIEMEHThI 000U
3aMKHYTOM MOBEPXHOCTH, OXBATHIBAIOMIEH MCTOYHMK S. ECIM B KauecTBE TAKOBOM
BHIOpAaTh OJHY M3 BOJHOBBIX MOBEPXHOCTEH (BOJIHOBOI MOBEPXHOCTH — OTO
F€OMETPUUECKOE MECTO TOUEK, KOJI€OaHUA B KOTOPHIX MPOUCXOAAT B OJIMHAKOBOU
¢daze), To Bce OCCKOHEYHO MAaJIbIe DJICMEHTHI ATOW 3aMKHYTOW TOBEPXHOCTH, KakK
(pMKTHBHBIC WCTOYHHWKH, JNCUCTBYIOT CcHH(pa3HO. OTO CBOUCTBO (PUKTUBHBIX
WCTOYHHUKOB KOT€PEHTHBIX BTOPHYHBIX BOJIH HCMOJIb30BAHO B METONAE 30H DpeHens
py u3ydeHnr audpakinmnn chepruuecKuX BOTH.

Mertoa 30n @penensi. Halinem B mpomsBonbHOM Touke M ammamryny cBETOBOM

BOJIHBI, PACIIPOCTPAHSAIOIIENCS OT TOYEYHOIO HCTOYHUKA CcBeTa S (puc. 21).

Yy

=

AR

NN

_S>r
2 /
o
I\
Nf S

NN

~t—
N

RSN

s
IR

S

<SS

Puc. 21

dpenens  pa30ua  BOJHOBYIO MNOBEPXHOCTh D,  sABisOmyrOcs  cepuyecKoit
HOBEPXHOCTBIO C LIEHTPOM B TOUKE O, HA KOJIBLEBBIE 30HHI (30HBI MPEHENA) TAKOTO
paszMepa, 4ToOBl PACCTOSAHUSA OT KPaeB cOCeNHMX 30H 10 Toukh M ornuuanucs Ha A/2
(puc. 21). Tak Kak kojaeGaHUs OT COCEAHUX 30H MPOXOAAT A0 Touku M paccrosHus,
oTnmuarommecs Ha A/2, 10 B Touky M oHM mpmxogar B npoTtuBodaze U IpH
HAJTOKEHUHM B3aUMHO  OCIA0IAOT apyr apyra. llostomy ammmryma A
pesynpTupyromero konebanus B touke M: A=A -A,+ A, -A, +.£ A4,

rne A, Ay, ..., A, — ammmTy el KoneGanuii, uxymmx ot 1-0#, 2-0, ... , H-HOM 30HBI.
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B pesynbraTe cnokeHus ammumrynaa A pesynbTUPYIOIIETO CBETOBOTO KOJIE€0aHWA B
Touke M okazanach paBHOM MOJIOBUHE aMILTMTYABL A HEHTPanbHOi 30Hb OpeHEs:

A=A /2 To ecrp, aMImuTyIa CBETOBOTO KOJIECGAHHS, HAYLIETO TOIBKO OT OIHOM
IEHTPAIbHON 30HBI MDpeHens BaBoe OOIbINE, YeM aMILIUTYa PE3YJIbTHPYIOIIETO
CBETOBOTO KOJICOAHUS TPHU TOJIHOCTHIO OTKPBHITOM BOJHOBOM (ppoHTE. ITOT 3hheKT
MOATBEPKACH AKCIIEPUMEHTAILHO C MOMOIIBIO 30HHBIX TLUIACTHHOK, HA TPAKTHKE,
CTEKJITHHBIX TJIACTHHOK, TTIOCTPOSHHBIX MO METOY 30H DpeHens. 30HHBIC MITaCTUHKH
COCTOAT W3 YEPEAYIONUXCS TPO3PAuHbIX (I HEUYETHBIX 30H @OpeHenda) wu
HEMPO3PayYHBIX (JJIs YETHBIX 30H DpeHens) KOHIEHTPHUUECKUX Konet. B 3ToM ciydae
pesynsrupytomas ammmaryaa A (A=A,+Az+As+...) Gonblie, 4eM NPy MOJHOCTBIO
OTKPBITOM BOJHOBOM (poHTe. OMNBIT TOATBEPAWI, YTO 30HHBIC TIUIACTUHKH
YBEJMUYMBAIOT OCBEILEHHOCTE B TOuke M, neicTBys nog00HO COOUPAOLLE JIMH3E.

Jqunppakuusa DpeHesissi Ha KPYIrJaoM OTBEPCTHH.
Cdepuueckas BoNHA, PpacmpoOCTPAHAIOIIAACS U3
TOYEYHOr0 MCTOYHMKA O, BCTPEYAeT Ha CBOEM ITyTH
kpyriaoe otBepctue (puc. 22). Jludpaxmmonnas
KapTHHA Ha DKPaHE 3aBUCUT OT uucina 30H Dpenens,
OTKPBITBIX KPYIJIbIM OoTBepcTHeM. llocie pa3Ouenus
OTKPBITOM 4acTH BOJIHOBOM moBepxHOCTH @ Ha 30HBI
Dpenens i TOUKH B, nexarnieii Ha skpane (puc. 22),
ONPENENAIOT YMCJIO OTKPBITBIX 30H. Ecam ymcno
OTKPHITHIX 30H DpeHens 4YeTHOe, TO B TOuke B
HaOIIOAaeTCsl TEMHOE MATHO, TaK Kak KojeOaHus OT
Ka)KIOW mapsl coceqHux 30H DpeHena B3aMMHO racar
apyr apyra. Eciam ke uuceimo OTKphIThIX 30H OpeHens
HEYETHOE, TO B TOUKE B Oy1eT CBETIIOE MATHO.

Muppakmusa Ppenenss Ha gucke. Cdepuueckas
BOJIHA,  PACHpPOCTPAHAIOMASACA  OT  TOYCUHOTO

UCTOYHMKA O, BCTPEYAaeT HA CBOEM IyTH JHUCK
(puc. 23). IlycTh s Touku B, nexarueil Ha JIMHHM,
COEIMHAIOIIEN NCTOUHMK S ¢ LIEHTPOM JIUCKA, TOCTIE
pa3Ouenus BOJNHOBOM mnoBepxHocTH @ Ha 30HEI
®dpeHens OKaKYTCSA 3aKPBITHIMU JTUCKOM #1 IMEPBBIX
30H Dpenens. Torna aMILTATY 1a A
PE3yNLTUPYIOEro Kojebanus B Touke B pasHa:

A=A4,,/2 1o ectb B Touke B Gyzer ceemoe

MATHO, COOTBETCTBYIOLUEE JIEHUCTBUIO  ITOJIOBUHBI
MEePBON OTKPBITON 30HBI DpeHens.
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Tema 11. Indppakuusa ceera. {udppaxkuusa @payHrogepa
®paynrodep paccMoTpen TH(PAKIIHIO TIOCKHX CBETOBBIX BOJIH, WIH AU(PaKIHI0
B MapaJuleJIbHBIX JIy4aX, KOTOPYIO MOXHO HAOJIIOIaTh B TOM CJTy4ae, €CITA UCTOUHUK
CBE€TA W TOYKA HAOMIOJACHUS OCECKOHEUHO YMAJCHBI OT TMPEMSATCTBHS, BBI3BABIIETO
mudpaknuo. YToOsl 3TOT THN AUQPAKIIUN OCYIIECTBUTH, JTOCTATOYHO TOUYCUHBIH

UCTOYHUK CBETa TMOMECTATh B  (okyce

" * * * * l * cobmparormeii JUH3b, a AUGPAKIHOHHYIO
KapTUHY  HWccienoBatb B (pokambHOU
MJIOCKOCTH BTOPOH  CcOOMparoile JIMH3HI,
YCTAaHOBJICHHOH 3a TIPensATCTBHEM. Ecnm
MI0CKask MOHOXPOMAaTHUYECKas CBETOBAs BOJIHA
MajaeT HOPMAJBHO TUIOCKOCTH Y3KOW IHeJIn

- 7 > mupuHOH @ (puc. 24), TO omNTHYECKas
|
| pasHOCTh Xoma A MeXay KpalHHMH JTy4aMH
! MC w ND, wugymumu or mema B
[
o 7 TIPOW3BONLHOM HANDABICHHH () (¢ — yron
Puc. 24 mudppakuun): A= NF =asing .

Ycnopue HaOmoaeHus AUPPAKIHOHHOT0 MAKCHMYMAa, TO €CTh YCJIOBHE JUIS
ONPeIeIEHHOTO 3HAUCHUS yriia JUPPaKIiK (), , I KOTOPOro B TOuke B Ha skpaHe
3 (puc. 24) Gymer HabmOAATECA TU(PPAKIMOHHBIN MAKCHMYM:

asingo:ir(2m+l)% (m=1,2,3,...), e

A — JUIMHA CBETOBOM BOJHEL, /1 — MOPSI0K TU(PPAKIHMOHHOTO MAKCUMYyMa.
Venosue HabmoaeHus AMpaKIHOHHOr0 MUHUMYMa B Touke B Ha skpane O :

asing :i2m%:im/”t (m=1,2,3,...).

Jqundppaxkuusa @paynrodepa Ha 1nppaKuHOHHOH pelIeTKe.
l l l l l l l l l l , OnnomepHas audpakuMoOHHAS peleTKka — 35TO
M N __C D
¢ F
5

CACTEMA NAPAJUICJIbHBIX LIEJIEH PAaBHOW LIUPHUHBI,
«QWQ
BenunHa d=d+b Ha3bIBaeTCA MOCTOSHHON (UM

JeKalMX B OAHOM IJIOCKOCTH M Pa3ieieHHBIX
Puc. 25 nepuoaoM) TH(PPAKLIUOHHON PelIeTKH.

PaBHBIMH 1o IITUPUHE HEMPO3PAYHBIMHA
nmpoMexxyTkamu (puc. 25).

xg:: JwudpakimorHas KapTHHA Ha perieTKe

g OIpEnaenseTcs, KaK  pe3yJbTar B3aUMHO

UHTEPPEPEHIIMN BOJIH, HMAYIIMX OT BCEX IEICH.

Ecnmu mumpuHa kaxaoil menu paBHa d, a IIUPUHA

HCTIPO3PAYHbIX YYACTKOB MCIKAY HICTIAMHA b, TO
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[IycTs mIOCKas MOHOXPOMATHYECKAs BOJHA JUIMHOW A Iamaer HOPMAalbHO K
miockocth pemetkn (puc. 25). Tak kak mmenw HAxXOmATCA APYr OT Jpyra Ha

OJHUHAKOBBIX PACCTOAHHAX, TO PA3HOCTH XOJa Hy‘lef/i A, HAYIIIUX OT ABYX COCCAHHX

mienei, OyayT A JAaHHOTO HampaBlieHuA () (¢ — yroa audpakiii) OJAWHAKOBHI B
npeaenax Beeit AupakIuOHHON PEIIETKH:

A=CF = (a+b)sin(p =dsing.
JleticTBue OHOM IIeNM OyAeT yCHIMBATh ACHCTBHE APYroM, €Cli OyAET BBHIMOJTHEHO
YCJIOBUE HAOMIOJEHUA TJAaBHBIX AUPPAKIMOHHBIX MAKCHMYMOB, KOTOPOE€ HOCHUT
Ha3BaHue GopmyJibl AUPPAKLIMOHHON PeIIeTKH:

dsin(p:i2m%:im/”t (m=0,1,2,...).

Kpome rnmaBHBIX nu(paKIMOHHBIX MAKCHMYyMOB, Ha 3KpaHe OyAyT HaOIIOAaThCs
rJIaBHbIE U J0MOJHUTE/IbHbIE TH(PPAKINOHHbIEe MUHUMYMBbI.

Habntonenne raaBHbIX AU(GPAKUMOHHBIX MHHHMYMOB HWHTEHCUBHOCTU CBETA,
UAYIIET0 OT OAHOW (KaXIOH) TIeNd ONpeAeNsieTCs] BBITIOJHEHUEM YCIIOBHS,

PACCMOTPEHHOTO BHILIE, IS OJTHOM IIEIU IUPUHOM U
asmp=+tmA (m=1,2,3,..)).
Bcenencreue B3amMmHOW WHTEP(HEPEHITMH CBETOBBIX JIYUEH, MOCHIJIAEMBIX JIBYMS

LIEJISIMU, HA 3KPAHE BO3HMKHYT B HEKOTOPBIX HANPABICHUAX (D, AONMOJHUTEIbHbIE
auppaKUoOHHbIE MHHHMYMbI TIPH BBIIOJHCHHH JUIS OTHX HaIpaBICHHM
CJIEAYIOIIETO YCIOBUS:

dsin(p:i(2m+1)% (m=0,1,2,...).

Tema 12. /lucniepcusi ¥ MOJISIPU3ALUSA CBETA

Jlucnepeueii cBeTa Ha3BIBAETCS 3aBUCHMOCTD TOKA3aTENs MPEJTOMIICHHS /1 BELIECTBA
ot wactotsl V (7 = f(Vv)) wm ot ammusr Bonnsl A (1 = f (1)) ceera (puc. 26).

nk

KpacHsill cgem

L -
200 600 A M guonemosbiti ceem

Puc. 26 Puc. 27

CrnenctBueM OUCTIEPCHU SBJSETCS Pas3lioKEHHWE B CIEKTP Mydyka Oeoro cBera MpH
NPOXOXKACHUU ero depe3 mpusmy (puc. 27). Tak kak ¢ yBEIMUCHUEM JJTUHBI BOJIHBI
3HAUEHWE TIOKa3aTeNsl TMPEIOMIICHHS YMEHbIaeTrcs (puc. 26), TO KpacHbIE JIydu
OTKJIOHSFOTCS MPU3MOH ciadee, ueM ¢uosneToBbie (puc. 27).
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HOﬂﬂpI/I3aHI/IH CBC€TA. CBeTOBBIC BOJIHBI  SIBIISTFOTCS MONCPCUYHbIMKA  BOJIHAMH .

BEKTOPHI HANPSIKEHHOCTEH SIEKTPHYECKOro £ M MarHuTHOrO H noneii B cBeTOBOI
BOJIHE B3aUMHO TEPNCHAUKYJISIPHBI W KOJICOJIOTCS MNEPIEHIUKYJAPHO BEKTOPY
CKOPOCTH U pacnpocTpaHeHus BOMHbI. CBET — 3TO CyMMAapHOE >JIEKTPOMArHHTHOE
W3JIyYCHUE MHOXECTBA ATOMOB, KAXKIBIA M3 KOTOPBIX M3JIy4ae€T CBETOBBIE BOJIHBI
HE3aBUCUMO Jpyr oOT aApyra. llo3Tomy cBeTOBasg BOJIHA, HW3Iy4aeMas TeEJOM,

XapaKTEPU3YETCA BCEBO3MOMKHBIMM PABHOBEPOSATHBIMM OPHMEHTALUAMHU BekTOopa L .
Takol cBET Ha3bIBAETCA ecTeCTBeHHbIM. CBET, B KOTOPOM HamnpaBjeHUE KoJicOaHH

BekTopa L KakuMm-TO 00pa3soM ymopsIOYEHO, HA3hIBAETCH IMOJSPH30BAHHBIM, a

CBET, B KOTOPOM BEKTOP [ KomeGnercs TOABKO B ONHOM HANPABIICHUU, HA3BIBAETCA
TUI0CKOMOJSIPU30BAHHBIM. [[TOCKOCTB, MPOXOAAIlas Yepe3 HaMpaBIeHUe KoaeOaHn i

BekTOpa £ MJIOCKOMONAPH30BAHHON BOJIHBI M HaNpaBJICHUE PACITPOCTPAHEHUS 3TOM
BOJIHBI, HA3bIBAETCS MJIOCKOCTLIO MOJISAPH3ALUH.

ECTeCTBEHHBIN CBET MOMKHO NMPEeOOPa3oBaTh B IIOCKOMOIAPU3OBAHHEIA ¢ MOMOIIBIO
TAK HA3bIBAEMBIX MOJSIPH3AaTOPOB. B  KauyecTBe MOJIAPU3ATOPOB MOTYT  OBITH
MCIIONB30BAHBI IPUPOHEIE KPUCTAILIBI, HATPAMED, TYPMAJTUH.

Ecnav Ha NMyTW JyYa IOCTaBMTh HE OMHY, a JBE IUIACTUHKM TypMmanuHa 1] u 15
(puc. 28) ¥ BpamaTh OJHY OTHOCHTEIHHO APYrOM BOKPYT HANPABJIEHHS JIydd, TO
MHTEHCUBHOCTD CBETA, MPOLIEAIIErO Yepe3 00€ MIACTHHKN, MEHAETCA B 3aBUCUMOCTH
or yma o mexny onrtudeckuvu ocavu (OO’ onpenendommMu  MONOKEHHE
IJIOCKOCTEH TOIAPU3ALKMHK IBYX KPUCTA/LIOB-TIOISPHU3aTOPOB, 10 3aK0HY MaJroca:

2
I=1,c08" o,

rne Ip u [ — COOTBETCTBEHHO WHTEHCHBHOCTH CBETA, MAJAIOIIEr0 Ha BTOPOii

KPUCTAJUT ¥ BHILIEIIIErO U3 HETO.

00
EcrecTeenHbil | s, M10CKONONAPUIOBAHHBIN

]

| A
3 /7

/
Y
EoctE

Puc. 28

[Tnactunka 7] , mpeoOpasyromas e€CTECTBEHHBIM CBET B IJIOCKOMOJIAPHU30BAHHBIMN,

ABIieTCS moasipuzaTopom. Ilnacturka 7, , ciyxkamas Jjuis aHajaM3a CTENeHH
MOJIAPU3ALIMK CBETA, MPOLIECALIErO MOJIAPU3ATOP, HA3bIBAECTCA AHAJIU3ATOPOM.
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Tema 13. Kopnyckyasipauas ontuxka. ®oro3dgdext u 3¢pPpext Komnrona

Cornmacso kBaHToBoii runorese Ilranmka-IuHIOTeiiHa CBEeT 4YacToTou V
HCIYCKAETCs, PACPOCTPAHIETCS M MOTJIOMIAETCS BEMECTBOM OT/ICIbHBIMU MOPIASIMH

(KBaHTaMM), OSHEPrus KOTOPHIX &E=hV  (h — mnocrosnnas Ilnanka). Dtnm
JIOKAJIN30BAHHBIE B MPOCTPAHCTBE AUCKPETHBIE CBETOBBIC KBAHTHI, JBHKYIIUECS CO
CKOPOCTBIO C PAcHpOCTPAHEHUA CBETA B BAKyyMe, MOJYYWUIM HA3BaHWUE (POTOHOB.
Takum o0Opa3oM, pacnpoCTpaHEHHE CBE€Ta MOXKHO pPacCMaTpuBaTh HE Kak
HENPEPBIBHBIA  BOJHOBOW MOPOLIECC, a KaK [MOTOK 4YacTUll — (POTOHOB.
JlokazaTenbCTBOM 3TUX KBAaHTOBBIX (KOPITYCKYJISPHBIX) MMPEACTABICHUHN O CBETE, KaK O
MOTOKE YacTull, ABJISA0TCS (poTo3pexT u 3ppexT KomnToHa.

Buemnum ¢potodddexToMm HaA3BIBACTCI HMCMYCKAHUE SJIEKTPOHOB BEIIECTBOM MO
JCHCTBHEM SJICKTPOMArHUTHOTO M3IydeHHs. SIBlieHre BHEIHeTro (oTorddexra u ero
3aKOHOMEPHOCTH OOBACHEHbI HAa OCHOBE KBAaHTOBOH Teopuu d¢ororddexra,
COTJIACHO KOTOPOM KAXKABIM KBAHT CBETA MOTJIOMIAETCS TOJBKO OJHAM SJIEKTPOHOM.

Dmeprus AV mapaomero Ha MeTaml (OTOHA pACXOAYETCs HA  COBEPIICHUE

SJIEKTPOHOM pPadoTel BhIXOJa A W3 MeTaia M Ha COOOINEHUE BBUICTEBILEMY

(hOTOPIEKTPOHY KHHETHUECKOW SHEPTHUH, TO €CTh IO 3aKOHY COXPAHEHUS YHEPTHU:

I?’ll)2

hv=A4+ % (ypaBHeHue DiiHIuTeiHa 115 BHemHero ¢poro3dddexra).

W3 »roro ypaBHEHHMs  CJEAYeT, UYTO MAaKCHUMAajbHAsA KHHETHYCCKAs DSHEPIHs
(bOTOPIEKTPOHA JIMHEHHO BO3pacTaeT ¢ YBEAMYCHHEM YaCTOThl IaJalOIEro
U3JTyYEHHs U HE 3aBUCUT OT €r0 HHTEHCUBHOCTH, TO €CTh OT 4Mciia GoTOHOB. Tak Kak
C YMCHBIICHUEM YacTOThl CBeTa KHHETHYECKas HHEpPrus (POTOIICKTPOHOB
YMEHBIIIACTCS, TO TMPH HEKOTOPOM dYacToTe V=1| KHHETHYCCKas DHEPrus
(OTOIIEKTPOHOB CTAHET PABHOW HYIIIO M B TOM ciiydae >Heprus ¢otoHa /1, paBHa
pabore Beixoma A, w3 uero cnenyer, uto Vy=A/h (uactora V{ HOCUT Ha3BaHHE
KpacHoii rpanunsl porodddexta). [Ipn yactore V<14 pororddexra He Oyaer.
Macca u ummyabc ¢oroHa. CorjgacHo kBaHTOBOM rumoTese Ilmanka-DiHinTelHa,
pacnpocTpaHeHHEe CBETAa MOXHO PpPAacCMaTPUBATh KaK IMOTOK 4YacHUl] — (OTOHOB,
3HEprus KoTopelx & =hV . Torna n3 ypapHeHUs DWHINTEHHA B3aUMOCBSA3H MacChl U
sHepruu £ =mc’ ClIeyeT, uTo Macca (pOToHa:
g, hv
m=-0="1"_

2 2
c c

®OTOH ABMKETCA CO CKOPOCTHIO CBETA C, IOATOMY HMMITYJbC P (HOTOHA!

e
P c A

TToNyYeHHbIE BHIPAKEHHS CBA3BIBAIOT KOPNYCKYIAPHbIC XapPaKTEPHCTHKH (POTOHA —
Maccy, MMIYJIbC W SHEPTHIO — C 6OJIHOGOI XaPAKTEPUCTHKON CBETA — €r0 YaCTOTOH V
(unu ero JUIMHOMN BONHBI A).
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KopnyckymnsapHbsie cBoMicTBa cBeTa NMposABAtoTcs B ¢ dexte KomnToHa.

ddpdextom KomMnToHa HA3BIBACTCSA YBEIMUYCHHE JJIUHBI BOJHBI KOPOTKOBOJHOBOTO
3JEKTPOMArHWTHOTO HM3JIyUYEHUS TIPU €ro yIpyroM paccesHMH Ha CBOOOIHBIX
anekTpoHax BemiectBa. OnbiTel KomMmToHa mokazajay, 4TO Pa3sHOCTh JUIMH BOJIH

paccesnnoro (A') m naparomero (A)  37AE€KTPOMArHUTHOTO HM3JIyYEHHUS, TO €CTh

semmunHa AA=A"“/ He 3aBucuT OT JIMHBI BOJNHBI A NAJAIOIIETO W3JIy4EHHS U
npupoIbl paccerBaroniero semectea (PB), a onpenensercs TOIbKO YIioM PacCessHus

6, TO eCcTh YIJI0M MEXy HAIPABICHHUAMH JIydei 10 M Tocje paccesnus (puc. 29):
AL=1—-A= (1 — COS 9), e A~ — KOMIITOHOBCKas! UTHHA BOJTHBI.

Oddexr Komnrona He ykiaapiBacTcs B
paMKH BOJTHOBOW TEOPWUH CBETA, W €ro
O00OBSCHCHHE JAaHO HA OCHOBE KBAHTOBBIX
MIPEACTaBIICHAN O Tpupojae cBeTa. Ecmm
paccMaTpuWBaTh M3JIydeHHWE, KaK TIOTOK
¢dbotonoB, T0 3ddexkr Kommrona — 310
pe3yNbTaT  YNOPYroro  CTOJMKHOBEHHUSA
PEHTTCHOBCKUX (POTOHOB CO CBOOOTHBIMH
AJIEKTPOHAMHU PACCEMBAIOIIETO BEIIECTBA.
B mporecce sToro cronkaoBeHus (HOTOH
Puic. 29 e MEPENAET  JJIEKTPOHY  4YacTh  CBOEH
SHEPTUH, YTO BEACT K YBEIUUCHHIO
JUTHHBI BOJTHBI TIPH paccessHun (PoToHa.

(Ha pucynke 29 BBeneHbI CAEAYIOIME O003HAYEHHA: P U P’ — UMIyIbChl POTOHA 10

¥ T10CJIE PACCESHUSI;, P — UMILYJIBC SJIEKTPOHA MOCIIE paccessHUs Ha HeM (poToHa).
Hcxoas 3 3aKkOHOB COXPAHEHUS UMIMYJIbCA U SHEPTHH AJIS YIPYTroro CTOIKHOBEHUS
AByX yacTuil (puc. 29) — Haneraromero GoToHa ¢ MOKOAIMIMMCA CBOOOHBIM 3JIEKTPO-

HOM BELIECTBA, OBLIO MOJIYYEHO CIIEAYIOIIEE BhIPAKEHUE s BenruunHbl A4

M:i(l—cose), e o= A = 2.426 nw.
mc mc

D10 BBIpAXKEHHE I BEMMUUHbl A, IONYy4EHHOE HA OCHOBE KOPILYCKYJISPHBIX
MPEICTABIICHAN O CBETE, OKA3aJ0Ch aHAJOTHYHO MPUBEACHHOMY BHIIIC BHIPAKECHUIO
JUTSE BeMMUUHBL A4, monydeHHOMYy KoMNITOHOM SKCIIEpUMEHTATBHO.

CnenoBarenbHo, 3¢ddext Komnrona sABnsercs 3KCHEPUMEHTAIBHBIM J10KA3aTEIbCT-
BOM TIPOSIBIICHHSI KOPIYCKYJISIPHBIX CBOMCTB CBETa KaK MOTOKA YacTHIl — (POTOHOB.
Urtak, paccmotpennbie siBiaeHus ¢orodddexra m sdpdexkra Komnrona cmyxkar
JIOKA3aTeILCTBOM KBAHTOBBIX (KOPIYCKYJISIPHBIX) TPEACTABICHUH O CBETE KaK O
noToke (HOTOHOB, a, C JPYrol CTOPOHBI, TAKWUE SBJICHHUS, KaK WHTEPHEPECHITHS,
audpakius W TONApU3alMsg CBETa TMOATBEPXKAAIOT BOJHOBYIO TMPUPOIY CBETA.
Takum o00pazom, cBeT, obnanas OOHOBpemeHHO KOPIYCKYISPHbIMU W BOJIHOBBIMH
CBOMCTBaMU, TIPOSABIIACT TaK HA3BIBAEMBIN KOPITYCKYJISIPHO-BOJTHOBOIi AyaJin3Mm.
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Tema 14. TensioBoe u3ayueHue
HNznyuenue cpeTa TenaMu, 00yCIOBIICHHOE UX HAarpeBaHWEM, HA3bIBACTCS TEIJIOBBIM
m3aydyeHreM. KoJIMUECTBEHHO TEIUIOBOE M3JIYUEHHUE XAPAKTEPU3YETCS CHEKTPAJib-
HO# TJIOTHOCTBHIO YHEPreTHYECKOI CBEeTUMOCTH TeJIa, T.€. MOIIHOCTBIO M3TyUSHHS
C €IMHMITBI TUTOIIAAN TTIOBEPXHOCTH TE€ja B MHTEPBAJIC YaCTOT €AMHUYHOM IITUPUHBI:

U3
R . de,v+dv
I , Tae
Y dv A

usi

AW, 4 — dHEprus W3IyYeHHs, MCIIYCKAGMOrO 33 EMHHIY BDEMCHH C IMHHLbL
IJIOLIA/IM OBEPXHOCTH Tella B MHTEpBalle 4yacToT oT V 10 V +dV .
CnekTpajbHYI0 MJIOTHOCTh JHEPreTHYecKoii CBeTHMOCTH MOKHO NPEACTABUTH B
Brje GYHKIMA JUTHHBI BOJHBL A , TO ecTh B BUAE R 7, mpuuem:

/12

Ry =Ry p—.
c

C nmomorpio 910# hopmyITel MOKHO mepeiiti o1 R, 7 k R 7 v Hao6opor.
3Has CIEKTPAbHYIO IUIOTHOCTh SHEPreTUYECKOM CBETUMOCTH, MOMXHO BBIYHCIIHTH
UHTEr PAJIbHYI0 JHEPreTHYECKYI0 CBETUMOCTD Ry

R, = (j)Rv,T dv.

CnocoGHOCTE TEN MOTTIOMIATh NAJAOIIEE HAa HUX U3ITyYEHNE XapaKTEePU3yeTCs CIeKT-
PaJILHOI NOTJIOMIATEILHOI crocobHoCTBI0 A, 7!

noanu
A . de,v+dv

aw, .

v,v+dyv

MOKa3bIBAIOIICH, KaKas J0JIsl SHEPTUH, MPUHOCUMOM 3a €IMHUILY BDEMEHH HA €IUHUILY
IJIOIAAM MOBEPXHOCTH TeJA MAJAIOIIMMHA HA HEE JJICKTPOMATrHUTHBIMUA BOJIHAMH C

yacToTaMu oT Vo V + dV, noriomaercs TeJIoM.

Teno, cmocoGHOE TOTIIONIATh IMOJIHOCTRIO IIPH JIF000H TeMIrepaType BeE majaromee Ha
HEro M3JydeHHe 000H dYacTOTHI, Ha3bIBAacTCsA 4YepHbIM TeaoMm. ClieI0BaTelIbHO,
CIIEKTpaJIbHAs TOIJIOIMATENIbHAS CHOCOOHOCTh YEPHOr0 Teja Uil BCEX YacTOT H

TEMIEPATYP TOKIACSCTBEHHO PABHA €IHUHULIEC (AET =1).

3akon Kupxroga. Kupxrod ycrtaHoBwi, 9T0 OTHOIIEHHE CHEKTPATBLHOW TUIOTHOCTH
SHEPreTHYECKOM CBETUMOCTH R, 7 K CIEKTPAIbHOM MOTrIIOMIATEIHON CIIOCOOHOCTH
A, 7 HEe 3aBHCHT OT NPHPOABI TEJA, OHO SBISETCS VISl BCEX TEJ YHHBEPCAJIbHOI
dyukumeii 7,7 4acToTH V(WK JUTMHBI BOJIHBL A) ¥ TeMmeparypsl /-

Ry
.
Ay "
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q
Jlns gwepuoro tema A, , =1, mostomy m3 3akoma Kwmpxroda BbITeKaer, dro

yHusepcajgbHass (ynxkuusa Kwupxrodpa 7,7 — 5T0 choekrpaibHas IUIOTHOCTb
SHEPreTHYeCKo# cBeTMMocTH R, 7 dYepHoro Ttema. Torma BbIpaKeHHE ISl MHTET-
PabHOM SHEPreTHYECKOM CBETUMOCTH YEPHOro Tejla R, MOKHO 3aIHCaTh B BUJIE:

R,=[r, dv.
0

JHepreTHyYecKas CBETHMOCTh YePHOro teja K, 3aBUCHT TOJILKO OT TEMIIEPATYPHI.
3akon Credana — boabnmana. CornacHo 3akony Credana — bonbpimana
JHePreTH4YecKass CBEeTHMOCTHL 4YepHOro Tejaa R, 3aBucur OT Temmeparypel [

4
cenytommm obpasom: R, =01, rae 0 — nocrosiuHas Credana — bonbimana.

rarl 3akon cvemenusi Buna. 13 skcnepuMeHTAIbHBIX
AT

KPHUBBIX 3aBHCUMOCTH (DYHKUMH 7,7  OT JJIUHBI
BOJNHBI /A TpH pasInuHbIX Temmeparypax (puc. 30)
ClIeyeT, 4TO paclpeiesieHue HSHEPrur B CIEKTPE
YEPHOTO TeJNa SABIIACTCS HEpPaBHOMEPHBIM. Bce
KPUBBIE WMEIOT SIPKO BBIPAKCHHBIH MaKCHMYM,
*"  KOTOpbIH MO Mepe TMOBBIEHUS TEMIEPATYPHI
CMEIIAETCs B CTOPOHY 00Jiee KOPOTKUX BOJH.
CornacHo 3akoHy cMmemieHusi BuHa, 3aBHCHMOCTb

Puc. 30

JUTHHBI BOJTHBI Ayqy , COOTBETCTBYIOMIEH MaKCUMYMy (DYHKIMHM 7/, 7, OT TEMIIEPATYPHI

b

UMECT BU/I: ﬂ,m o = ? , tae b — nocrosuHas Buna.

OTO BBIPAXKEHWE HA3BIBAIOT 3aKOHOM cMelleHusi BuHa, Tak Kak OHO TMOKAa3bIBAET
CMeIIeHHe MTOJIOKCHHS MaKCHMyMa QYHKIMH 74 7 C H3MCHEHHEM TeMIeparypsl [ .

Tema 15. Teopusi bopa aias atroma Boaopoaa. CriekKTp aToMa Boaopoaa
Ilocrynarel bopa. IlepBbiii mocTyJIaT: B aToMe CYIIECTBYIOT CTAIlMOHAPHBEIE (HE
WU3MCHSIONTUECSA CO BPEMEHEM) COCTOSHHWSA, HAXOACh B KOTOPBIX aTOM HE HM3IIy4aeT
sHepruu. CTaliMOHAPHBIM COCTOSIHUAM aTOMa COOTBETCTBYIOT CTAlIMOHAPHBIE OPOUTHI,
Ha KOTOPBIX HAXOOATCS OJCKTPOHBI. B CTalMOHApHOM COCTOSHWUM aTtoma I
3JIEKTPOHA HA KPYroBOM OpOMTE 3HAUCHWS MOMEHTA HWMITyJbCa MOTYT IMPUHUMATh
TOJIBKO OMPEACICHHBIA HA0OP TUCKPETHBIX 3HAUCHHUH, YAOBIETBOPSIONINX YCIOBHIO:

m,v,r, =nh (n=1,2,3,...), rae
M, — Macca >1eKTPoHa, U, — CKOPOCTh 3JIEKTPOHA Ha H-0ii opOuTe paguyca 7,
n —uomep opbutel, i = h/27  (h —nocrosunas [Inanka).

5 472’80h2 I

Paguyc n-oit opOuTeI U1 aTOMa BOAOpOJA: ¥, = K =n-a, rae

2
m,e
rA€ € — 3apsai JIEKTPOHA, &, — dJIEKTPUUYECKasa MOCTOSHHAs,
a — paamyc nepsoit opoutsl ( 72 = 1), HaspIBacMBblii IEPBBLIM GOPOBCKHM PAaJHYCOM.
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Bropoii mocrynar: npu mepexone IIEKTPOHA C OJHOM CTallMOHApPHOW OpOWTHI Ha
APYry0 Wu3lydaeTcs (MJIM TOIJIOmaeTcsa) oAamH (POTOH C JSHeprueil AV, paBHOM
Pa3HOCTH SHEPTUM COOTBETCTBYIOIINX CTAMOHAPHBIX cocTosuui F, u E,,

hv=E —-FE .
IIpu nepexone aromMa W3 COCTOAHUS OOJBIIEH SHEPrUUM B COCTOSIHUE MEHBIICH

SHEPTUM TPOUCXOJUT M3ydeHHe (HOTOHA, a TIPH TOTJIOMEHUHA (POTOHA MPOUCXOIUT
MEPEXO0]T aroMa W3 COCTOSHUS MEHbIIECH YHEPTUUA B COCTOSHUE OOJIbIIEH SHEPTUU.
JIUCKpeTHOCTh HAbOpa 3HAYCHWM SHEPTHM CTAMOHApHBIX cocrosumid F, wu FE,,
MPEAONPENCTACT JUCKPETHOCTh HA0OPA BO3MOKHBIX YAaCTOT V KBAHTOBBIX MEPEXOJ0B
MEKTy 3STUMHU COCTOSTHUAMM, UTO 00YCIOBIMBACT JIMHEHYATOCTh CIEKTPA aTOMa.

ITo Teopun bopa mnojiHas 3HEPrUd >IEKTPOHA HA N-0M OpOUTE aTOMa BOJAOPOAA:

1 met
=———=—, (n=1,2,3,...),
e YR

W3 mpueneHHo# (OpMYSIBI CIIEMyEeT, YTO SHEPrETHUCCKHUE COCTOSIHHWS aroma
00pa3ylOT MOCJICAOBATENBHOCTh YPOBHEH, OHHEPrUs KOTOPbIX U3MEHSACTCS B

3aBUCUMOCTH OT 3HAYEHHS YHCJA ¥ , HA3bIBAEMOE IJIABHBIM KBAHTOBBIM YHCJIOM.
DHEPreTHYECKOE COCTOAHME € X = | ABJIAETCS OCHOBHBIM COCTOSHHMEM, a COCTOSHUS
¢ n >1 aBnaoTcs Bo30yKAEHHBIMH COCTOSHUSIMM.

CornacHo BTopomy moctyJaty bopa, nmpu nepexone aroMa BOAOPOAA U3 COCTOAHHSA
M B COCTOSHME 71 C MEHBLIEH >Heprueii ucnyckaercsa GOTOH ¢ SHepruei Ay |

hw=F —-F =—% | ———— |
! " 8h28§ n’  m’

OTKyZda 4YacToTa V KBAaHTOBOI'O ICPCXOOa B CIICKTPEC HCITYCKAHUA aTOMa BOAOPOAA:

).

Uncmam (m=1,2,3 ..)un(n=m+1, m+2, m+3,..) onpenensioT HOMepa
AJICKTPOHHBIX OPOWT B aTOME, MKy KOTOPHIMH TPOUCXOIAT KBAHTOBBIN TIEPEXOI.
[TpuBeneHHass ¢opMmysia OMUCHIBACT CEPUH JIMHUN B CHEKTPE HWCIYCKaHHWS aroma
Bogopona (puc. 31), rme m onpenensier cepuro (m = 1,2, 3...), a n onpenenser
OTJICIIBHBIC TUHUU COOTBETCTBYIONICH cepun (W = m + 1, m+2, m+3, ...).

CriekTp UCIyCKaHHs aTOMa BOJAOPOJA.

B ynbrpaduoneToBoii 001acTH CIiEKTpa aroMa BOJ0PO1a HAOTIO1aeTCs

1 1 m,e"

v=R — = | rae R — nocrosunas PunGepra (R = —5
m n 8h’g;

1 1
cepus Jlalimana (m =1):  v=R PR n=2,3.4,...).
B BuauMoit 0651acTH CIIEKTpa aToMa BOAOPOia HabmoaaeTcs

1 1
cepus Bamemepa (m =2). Vv=R 277 n=3,4,5,...).
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B undpaxpacHoii 0651acTy criekTpa aToMa BOJA0PO1a HAOIOTat0TC:

cepus Ilamena (m = 3): v=R 3%—”% (n=4,5,6,...);
1 1
cepus Bpokera(m=4): v=R e (n=5,6,7,...);
_ 1 1
cepus Ilpyana(m=15): v=R Py n=6,7,8,...);
_ 1 1 _
cepus Xombppu (m =6): v=R poiu) n=17,8,9,...)

n

o

N

J D A TER GEs W SN e .
PN .
4/

]/

1111

Cepua Cepusa

MaweHa Bpoakera
2 . Cepun

Banumepa
!
Cepwsa
Naimana
Puc. 31.

Takum 00pa3oM, KBaHTOBAsA TEOPUA aroMa, co3daHHas bopom, Mmo3Bosiniia OMUCaTh
AKCIIEPHUMEHTAJIbHO HAOIIOIaeMbI€ aTOMHBIE CITIEKTPBI MOTJIOIIEHHUS U UCITyCKaHUS.
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Bomnpocsl k 3xk3ameny
MO0 BTOPOM YacTH JBYXCEMECTPOBOTO Kypca (QU3HKH

(OnekTpuuecTBO M MarHeTn3M. BoHOBas 1 KBaHTOBAs ONTHKA)

[E—

Teopema Octporpaackoro - ['aycca yis 3JIeKTPOCTaTHUECKOTO MOJIA.

2. Hampsxkennocts. Pabora cun snektpocrarnueckoro moss. llorenuuan. Ceszb
MEKTy TOTCHIIMAJIOM M HAMPSKEHHOCTHIO 3JIEKTPOCTATUYECKOTO TOJIS.

3. MarnutHoe niojie. 3akoH bruo-Casapa-Jlannaca. MHaykius TMHEHHOTO U KPYTOBOTO
TOKaA.

4. JlelicTBE MarHWTHOTO TIOJISI HAa TPOBOJHWK C TOKOM (3aKOH Awmriepa) W Ha
IBVOKYIUHCA 3apsn (cuna Jlopenia).

5. Maruutseeii  motok. Teopema laycca i MarHATHOro mnoJis. SBieHue
AJIEKTPOMArHUTHON MHYKIIHH.

6. DnexTtpomaruuTHbeie KoneOanusa. KonebdarenbHblii KOHTYp. YpaBHEHHE CBOOOJAHBIX
HE3aTyXaKIIMX FAapMOHUYECKUX KOJIEOaHUH.

7. DnextpomaruuTHbeie KoneOanusa. KonebdarenbHblii KOHTYp. YpaBHEHHE CBOOOJHBIX
3aTyXarolUX FAPMOHUYECKUX KOJICOAHU.

8. DnexkrpomarHuTHbIE BOIHBL. BekTop YMoBa-IloitHTuHra.

9. BonnoBas teopus cBera. MaTepdepennns ceera. Meroa FOnra.

10. Indppaxmuss  ceera. [lpunanmn [rofirenca-Openens. Meron 3om  Openens.
Hudpakius OpeHens Ha KPyTiIoM OTBEPCTHH U HA JTUCKE.

11. Indpaxmus ceera. udpakius Opaynrodepa Ha mudpakiimoHHON pemeTke.

12. Iucnepcus u nojsipu3aiusa cBeTa. 3akoH Maimoca.

13 Kopnyckynsapuas teopust ceera. Dororddext u adpdpext Komnrona.

14. TennoBoe wm3nyuenue. 3akoH Kwupxroda. 3akon Credana-bonpnmana. 3akoH
cmemenust Buna. KBanroBas runoresa [ imanka.

15.Teopusa bopa mns aroma Bogopoaa. [loctynarsel bopa. Cnektp atoma Bojopoaa.
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JonmosiHuTeIbHAS TeMa. YpaBHeHHst MakcBesia JJisl CTALMOHAPHBIX
IEKTPUYECKOr0 U MATHUTHOI O MOJIeil

B cnyuae crammoHapHbIX (TO €CTh HEMEHSIOMMXCA BO BPEMEHH) DJICKTPUUYECKOTO U
MAarHUTHOTO TIOJEH, MPOUCXO0XKACHUE KOTOPBIX CBA3AHO C MOKOSAIIAMUCA 3apsaaMu
JUISL BJIEKTPUYECKOTO TOJSA U CO CTALMOHAPHBIMU TOKAMU U1 MATHUTHOTO MOJIS, 3TH
MOJSA SIBJIAKOTCS HE3aBUCHUMBIMU APYT OT APYra, 4TO MO3BOJISET PACCMATPHUBATh UX
OTAEJBHO APYT OT Apyra.
YpaBHeHuss MakcBessia — 5TO CHCTEMA YPABHECHWH, OMNHUCBHIBAIOIIUMX MPUPOAY
MPOUCXOKIACHUS U CBOMCTBA AJICKTPHUYECKOTO U MArHUTHOTO MOJICH.
YpasHenus MakcBena i CTallMOHAPHBIX TTOJICH:

L §EdI=0: 1L §DdS=q :
L S

111.§F1di=1; V. §z§d§=o.
L S

PaccmoTpuM Kaxk/10€ ypaBHEHHUE B OT/ICIIbHOCTH.

-

1 §Edl =0 , TO ecTb UMpPKYJAIHS BEKTOPA HANpPSLDKEHHOCTH L
3

3IEKTPOCTATHYECKOTO TOJIS 110 MPOU3BOIBHOMY 3aMKHYTOMY KOHTYPY L paBHa HYIIIO.

IHupkyasinueli BEeKTOpa HANPSKEHHOCTH [ 3/1eKTPOCTATHYECKOro MoJisi 10
[POU3BOJIBLHOMY 3aMKHYTOMY KOHTYPY L Ha3blBaeTCS MHTErPajl

§>Ecosaa’l .
L

-

Jis  Toro, 4YroObl HAWTH LMPKYJALMIO BEKTOpa HANpsOHKEHHOCTH F 1o
[POU3BOJIBHOMY 3aMKHYTOMY KOHTYpy L, Heo0XoauMO BHIOpPaTh HAmpaBJICHHE

00X0/1a KOHTYpa, pa3OuTh 3TOT KOHTYp L Ha snementsl dl , Ans Kaka0ro 31eMeHTa
dl paccuntats Benmuuny Ecosa dl (o — yron mexnmy sektopamu £ wu dl ), a
3aTEM BCE TH BETMYUHBI CIOKUTh, YTO HPUBONT K KICKOMOMY MHTETpaly.

OpmHaKo I AJIEKTPOCTATHUCCKOTO OIS IUPKYJISIHSA BEKTOPa HAMPSIKCHHOCTH E 1o
IPOM3BOJILHOMY 3aMKHYTOMY KOHTYPY L MOXET OBITb JIETKO MOJy4eHa U3 (POPMYIIbI
paboThI, COBEPIIAEMON CHJIAMH AJIEKTPOCTATUYECKOTO TMOJS TPU TMEPEeMENICHUH
pOGHOTO 3apsAaa ¢ Mo MPOM3BOJBHOMY 3aMKHYTOMY KOHTYpPY L.

C oaHOM cTOpOHBI, 5Ta padoTa paBHa:

A:§dA:§Fcosad1 ,
L L

a ¢ yuetom toro, uto  F' =q,E ora pabora papaa: A = &dA = q0§E cosadl .
L L

C npyroii cTOpoHBI, 3Ta padoTa paBHA HYJIIO, UTO CleAyeT U3 (hOPMYJIIBI PaOOTHI:

A, =qo(@, — ¢,), Tak Kax Wi 3aMKHYTOrO KOHTYpa @ = @, |
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Toraa v LMMPKYJIALKS BEKTOpa £ 10 MpOM3BONILHOMY 3aMKHYTOMY KOHTYpPY L TOxXe

PaBHA HYIIIO, TO €CTh: §E cosadl=0 .
3

Bennunna Ecosadl, rme o — yron mexny sekropamu E u dl moxer ObITh
3aIUCaHa B BUJE CKAJIAPHOro MpousseacHus BekTopos £ u dl | 1o ects, xak E dl | a

HOJYYEHHOE COOTHOLIEHHE IS LUPKYJIALMHA BEKTOpa £ mpuMeT BUA;

§Ecosadl =fEdl =0

L L
11 §D dS =¢q , To ecTh MOTOK BeKTOpa CMEmEHHs [) 3IEKTPOCTATHIECKOTO

S

NOJIA 4epe3 NPOM3BONIEHYIO 3aMKHYTYIO TOBEPXHOCTh O PpaBeH anreOpandecKon
CyMMeE 3aKJIFOYEHHBIX BHYTPH 3TOM IOBEPXHOCTH 3apAnoB ¢ (§ — 3apsam, ABISIOIIANACS
UCTOYHHUKOM 3JIEKTPOCTATHYECKOIO MOJIs).

BekTop 3J/ieKTpUYecKoro cMemenust 1) onpenenaeTces caeayromuM 00pa3oM:

D=¢g,eE

—

BekTop dJjekTpuueckoro cmewmeHuss [)  BBeIeH UId  XapaKTEPHUCTHKH
SIEKTPOCTATHYECKOrO MMOJIs, TaK KaKk MOAYJIb BekTopa [), B OTIMYHE OT MOMYJIs

BEKTOPAa HANPSLKEHHOCTH F |, He M3MeHseTcs TNpU  IEPEXOAe M3 OJHOM
JAAIEKTPUYECKON CPEIBI B APYTYIO.

—

Ucnons3ys To0, uto B Bakyyme D =¢&,E , teopema Octporpaackoro-I'aycca aus
JIEKTPOCTATHYECKOT0 MOJIsl MOXKET ObITh 3aIMCaHa CIIEMAYIONMM 00pa3oM:

n
D, = §DcosadS :fDa’S = Zq,. =q,
S S i=1
TO CCTb TIIOTOK BCKTOpa CMCIICHHUA D SJICKTPOCTATHUUCCKOIO IIOJIA  4YCPE3

NPOM3BOJIBHYIO 3aMKHYTYIO IIOBEPXHOCTH O  paBeH ajre0pauueckodl cymme
3aKJIFOUEHHBIX BHYTPH 3TOW MOBEPXHOCTH 3aPSAI0B.

11 f Hdl =1 , 1o ects mupkynauus sexropa H 1o npon3BoiIEHOMY 3aMKHYTOMY
L

KOHTYpPY L paBHa ayreOpandeckoil CyMMe TOKOB [, OXBAaThIBAEMBIX STHM KOHTYpOoM L

(I — cTarMoHapHBIN TOK, ABISOLIMICA HCTOUHUKOM MOCTOSHHOIO MArHUTHOTO TOJIA).

Vpaeuenue 1] nas MupKyJasuuy BEKTOPAa HANPSHKEHHOCTH [ MarHuTHOro moss
CIIEYET U3 TEOPEMBI O HHPKYJISIIHH BEKTOPA MATHUTHON nuayKuun B .
Hupkyasuuei BEKTOPa MATHUTHON HHAYKUMH B 110 IpOM3BOIEHOMY 3aMKHYTOMY

KOHTYPY L Ha3BIBAETCS UHTETPAL: §B cosadl .
3
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Jlis TOro, uTOOBI HAWTH IMPKYJIALHMIO BEKTOPa MAarHUTHOM MHAYKIMUH B 110
IPOU3BOJIBHOMY 3aMKHYTOMY KOHTYPY L Heo0X0auMO BhIOpaTh HampasieHue 06xoaa

KOHTYpa, pa3OmTh >TOT KOHTYp L Ha osmementsl dl , mid Kakaoro siaeMeHTa

dl paccuntats Benmuuny Bcosadl (o — yronm mexny Bextopamu B wm dl ), a
3aTEM BCE TH BETMYUHBI CIOKUTh, YTO HPUBONT K KICKOMOMY MHTETpaly.

OJHAKO COrJIACHO TeopemMe 0 HMHUPKYJISIHI0 BeKTopa 5B uMpKyasuus Bekropa B
0 MNPOM3BOJBHOMY 3aMKHYTOMY KOHTYPY L paBHa NpPOU3BEAECHHMIO MAarHUTHOMN

HOCTOSIHHOM 4y HA anreOpandecKyro CyMMY TOKOB, OXBAThIBAEMBIX STHM KOHTYPOM L:

chosaa’l:,uOZn:] , TIe
L k=1

Ml — YKCJIO TPOBOAHUKOB C TOKAMH, OXBATHIBAEMBIX KOHTYPOM L. ITonoKuTenbHBIM
CUMTAeTCs TOK, HaIpaBlICHWE KOTOPOro oOpasyeT ¢ HampapjieHHEM 00Xoaa To
KOHTYPY HPaBOBHHTOBYIO CHCTEMY, a OTPHIATSIBHBIM — TOK HPOTHBOMOJIOHOTO
HaIlpaBJICHHUS.

Bennunna Bcosadl, rne o — yron mexny exkropamu B wm dl moxer ObiTh

—

3alucaHa B BUJIE CKaJIAPHOTO Npon3BeieHus BekTtopoB B u dl , To ectw, kak Bdl , a

HOJIy4EHHOE COOTHOLIEHHE /IS LUPKYJISILUU BEKTOpa B npuMeT Bu:
n
§Bcosadl=§Bdl =,y I,
L L k=1

MaruuTtHOE TI0JIe NpCTCPpIICBACT M3MCHCHHUSA IIPpH MCPCXOAC M3 OAHOIO BCHICCTBA B
APYyroc, 4Yto OonpcaciaiacrCi MAarHUTHBIMU CBOHCTBAMH BE€IICCTBA, KOTOPLIC

XapaKTEPH3YIOTCA BEIMUYMHON MATHHTHOM MpoHHUaemMocTu cpeabt ( 4 ). [lostomy,

KpOMC BCKTOpa HHIAYKIHWH B MArdavTHOrO I0JId, Y4YUTBIBAXOIICTO MAaramMTHBIC
CBOMCTBA BCIICCTBA, 1A OIIKMCAHKWA MArHMTHOIO IIOJIA BBCACH TaKIKC KW BCKTOP

HANPSKEHHOCTH [ MarHuTHOro mnojs, NpPHYEM IS OJHOPOIHOM H30TPONHOIA
Cpeibl BEKTOP MArHUTHOM MHIAYKIMH B cBssan ¢ BEKTOPOM HAIPSKEHHOCTH H:

B = pyu
rae [ — MarHuTHAs TIOCTOSTHHAS, L[ — MArHUTHAS IPOHHUIIAEMOCTh CPEJIBI.

[Tockonbky ana Bakyyma . = 1 , TO ¢ y4eTOM NPHUBEACHHOIO COOTHOLUEHUSA MOMKET

—

OBbITh MONyUYeHA LUPKYJIALMSA BEKTOPA HANpPsHKEHHOCTH FH 10 NpoM3BONBLHOMY
3aMKHYTOMY KOHTYPY L B CIIEAyIOLIEM BHJE:

chosadlzfﬁdf:Zn:]k =1,
L L k=1

TO €CTh LUPKYJIALMA BeKTOpa [1 10 MpoU3BOJIBHOMY 3aMKHYTOMY KOHTYpY L paBHa
anreOpanvecKoi CyMMe TOKOB, OXBATBIBAEMBIX STHM KOHTYPOM L.
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g

1V. deS =0 , To ecTb NOTOK BEKTOpa UHAYKUHMU B MArHUTHOTIO MOJIA 4EPE3
S

HPOM3BOJILHYIO 3aMKHYTYIO MOBEPXHOCTE S PaBEH HYIIIO (TeopeMa I'aycca).

BekTopHbie XapaKTEpUCTUKU SJIEKTPOCTAaTUUECKOTO MOJid Eu D WCMOJIb3YEMBIEC B
ypaBHeHusix MakcBe/L1a, CBSI3aHbl MEXKTy COOOH CIEAYIOIUM COOTHOIICHUEM ;

—

D=¢g,el
rac 80 — JJICKTPHYCCKaA IMOCTOsAHHAA, &€ — JUIJICKTPHUYCCKAA IPOHHULIACMOCTh CPECIbIL.

BeKTOpHBIE XapakTEepUCTUKM MarHutHoro noas B wu [, wucnomssyembie B
ypaBHeHHsix MakcBeJsL1a, CB3aHbl Mexry CcO0OM CIIETYIOIIMM COOTHOIIICHUEM

B = pyu

rac ILlO — Mar"HuTHasd nOCTOAHHaA, [/ — Mar"HuTHas IIPOHHIACMOCTH CPEbI.



