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YacTtp 1. J/1eKTpU4ecTBO
I'nasa 1. Inekmpuueckoe nosie 8 8aKyyme

1.1. Dnekmpuueckuii 3aps0. 3akon Kynona

Bce Tena criocoOHBI 31€KTPU30BaThCSA, TO €CTh TPHOOPETATh JICK-
TpUUECKUH 3aps]. 3apa] — 3TO HEOTHEMIJIEMOE CBONCTBO MaTepuH,
KOTOpPOE MPOSBISIETCS] BO B3aMMOJICHCTBUY 3aPSYKEHHBIX YaCTHIL WIH
Tes1. B oTimnume oT Macchl Tena 3apsii MOKET OBITh ABYX BHJIOB: MOJIO-
JKUTENBHBIA U OTpULATENbHBINA. [Ipn B3anMo1eHCTBUYM OTHOMMEHHBIE
3apsiibl OyAyT OTTAJIKUBATBHCA, a Pa3HOMMEHHBIC — MPHUTATHBATHCS.
Hocutensimu 3apsiaa sIBISIOTCS HEKOTOPBIE AJIEMEHTapHbIC YaCTHUIIbI,
MMEIOIINE OJUHAKOBBIA 10 aOCOMIOTHON BENWYMHE 97eMEeHmMAaApHbL
3aps0, 0003HaYaeMblii OyKBOH e MM —e COOTBETCTBEHHO. OOBIYHO
YaCTHIIbI, HECYIINE MPOTHUBOMOJIOKHBIE 3apsiJibl, IPUCYTCTBYIOT B Te-
Jax B OAMHAKOBOM KOJIMUECTBE M paclpesieieHbl paBHOMEpHO. Eciu
B IIpOIIECCE AIIEKTPHU3ALMH TEJ WIN TIepepacpeieNeHus 3apsii0B HaM
yAacTcs MOJYYUTh B KaKOH-TO 00JacTH W3OBITOK 3apsiioB OAHOTO
3HaKa (Hampumep, +Q), To rae-To B ApYrod objactu 00s3aTebHO
0OHapyKHUTCS COOTBETCTBYIOIIMH 3apsii MPOTHUBOIMOJIOKHOTO 3HAKa
(—Q). Iockonbky 3apsn oOpa3zyercss U3 AJIEMEHTApHBIX 3apsA0B, TO
ero BenuuuHa OyzaeT kpaTHa e: Q = Ne.

TakuM 00pa3oM, MOXXHO COPMYITHPOBATH 3AKOH COXPAHEHUS
NEKMPULECKO20 3aPA0A: CYMMAPHBIIL 3aPs0 dINeKMPULECKU U0NUPO-
BAHHOU CUCTNEMbL HE USMEHAEMCSL.

Tak, Ipu TPEHUHU KOXKa WM CTEKIIO 3apsDKAOTCS TIOJI0KUTENBHO,
a MeX WM CMOJIa — OTPULIATEIBHO.

XapakTep B3aMMOJCHCTBUS MEXAY 3apsDKCHHBIMU TEJIaMH ObLIT
ycraHoBiieH KynoHnom m HocuT ero ums. s ero GpopMymupoBKH
MOJIB3YIOTCS IOHATUEM MOYeuH020 3apsada. TOYeUHBIM 3apsiioM Ha-
3BIBAIOT 3aPSKEHHOE TEJ0, pa3MepaMH KOTOPOTO MOYKHO MpeHeOpeyb
M0 CPaBHEHHUIO C PACCTOSHUSMH JI0 APYTHX 3apsSHDKEHHBIX Tell, ¢ KOTO-
PBIMH OHO B3aHMOJICHCTBYET.

W3mepss ¢ MOMOIIBIO KPYTHIIBHBIX BECOB CHITY B3aMMOJICHCTBUS
MEXKIY ABYMsI 3apsDKEHHBIMU TeJIaMH, MMEIOIIMMH Pa3InvHbIe IO Be-
JMYUHE 3apsbl U PACIIONIOKEHHbBIE Ha Pa3IMYHOM PACCTOSHUM APYT
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ot sipyra, KyJioH yCTaHOBHMIIL, UTO cuia 63aumooeticmeus 08yx Henoo-
BUINCHBLIX MOYEUYHbIX 3apﬂ()06 nponopyuoHaiIbHa eeiluvune Kaoico002o
U3 3apa0oe u 06pPamMHO NPONOPYUOHANLHA KEAOPAMY PACCMOSHUL
medncoy numu. Hanpasnena cuna 60016 npamot, coeounsaoweti smu
Sap}ldbl. HpH 9TOM 3apsAdbl C PAa3JIMYHBIM 3HAKOM HNPUTATHUBAROTCH,
a OJUHAKOBBIC — OTTAJIKMBAIOTCH.
3aKoH KyHOHa MOJKHO 3alrcaTtb B BEKTOPHOM BUC:
Fi,= —k Q: Q;

r2

€12, (1.1)

rae k — KO3 UIMEHT MPONOPIHUOHATBLHOCTH, KOTOPBIH 3aBUCUT OT
BBIOOpa cUCTEMBI eMHULL, Q, ¥ Q, — BENMYMHBI B3aMMOJIEHCTBYIOIMX
3apAJI0B, ¥ — PACCTOSHUE MEKIY 3apsaMu, €, — CAMHUYHbBIA BEKTOD,
HalpaBJICHHBIA OT 3apsna | K 3apany 2, F, — cuna, nelcTByIoIas Ha
3apsan 1 co croponsl 3apsiga 2 (puc. 1.1).

F<t

Q1

Puc. 1.1. B3aumozneiicTBHe ABYX TOYCUHBIX 3apsAA0B OJHOTO 3HAKA

TTockonbKy cuiia, IeMCTBYIOIIAst Ha BTOPOU 3apsi/l, paBHa IO Be-
JUYYHE W TIPOTHBOIIONIOKHA 110 HATIPABIICHHIO ITEPBOH, IS Hee OyIeT
CIIPaBEINBO COOTHOIIICHHE!

Q1 Q2
Fp1= k=53~ €1 (1.2)

Ecnu uzonupoBaHHas cucteMa COAEPKUT HECKOIBKO TOYCUHBIX
3apsiiOB, TO IJISL CUJIbI Fa, JIEHCTBYIOLIEH HA MIPOU3BOJIBHBIN U3 3apsi-
noB Q , OyJIeT BBIIOTHATHCS NPUHYUN CYNEPHOZUYULL:

Fa:ZFm' (1.3)

rae F — cuna, ¢ KoTopoii seicTByeT Ha 3apsaa Q 3apsan Q, B oTCyT-
CTBHE OCTaJIbHBIX 3aps110B. CyMMHPOBaHHE BeJIETCA 110 BCEM 3apsaaM
cucTeMbl. M MOJKHO CKazaTh, YTO CYMMAPHASL CUld, Oeucmeyiouas
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Ha NPOU3BONILHIL 3APA0 CUCTEMbl, PAGHA CYMMe CU, OCUCNEYIOUUX

Ha 21MOm 3apso0 cO CMOPOHbL OCMATbHBIX 3APA008.
3naueHue ko3(ddumuenta k B 3akoHe Kyiona Oyzaer ompene-
JISITh BBIOOP COOTBETCTBYIOIICH CUCTEMBI €IUHMUIL. B cricTeMe eTuHUII
CI'CD (abconromuas snekmpocmamuyeckas cucmema eouruy) k = 1
u 3akoH KysoHa ompenenser equHuily 3apsna. B MexyHapoHOM
cucteme enuHUI] CY 0OCHOBHOM eIMHUIICH B 3JICKTPUIECTBE SBISICTCS
amnep (A), a enununa 3apsaa — kyaox (Kit = Axc). Koagdunuent
TIPOTIOPIMOHANBHOCTH k B 3aKkoHe KyJioHa MOJI0KMUIM paBHbIM 1/47E, .
Benuunny €, Ha3bIBAIOT SJIEKTPUYECKOH MOCTOSHHOW, OHA paBHA
0,885 10! ®/m 1 uMeeT pasMEepPHOCTD DIIEKTpUIECKOl emkocT (Pa-
pana), neyeHHoW Ha JuiHY (MeTp). Tenepb B pallMOHaIM30BaHHOM
¢dopme 3akon Kyrnona st motyiist cuisl B cucteme CU 3anuckiBaercst

CIIEAYIOIINM 00pa3oM:
F=_—L 1QQl (1.4)
475, 12

1.2. Dnexmpuuecxoe none. Hanpsocennocmo nons

CornacHO COBpEeMEHHBIM MPEICTABIEHUSIM, BCE B3aUMOICHCTBHS
MepearoTCs ¢ MOMOIIBI0 0cO00TO MaTepHaIbHOTO MOCPEeIHNKA, Ha-
3BpIBaEMOTO noiem. Harmpumep, B citydae B3aMOAEHCTBHUS dJIEKTprde-
CKHX 3apsI0B TOBOPSAT 00 2.1ekmpuieckom noje. bynem cautaTh, 4To
KaKIBIN 3apsij CO3/1aeT BOKPYT ceOs anekmpuueckoe nojie, TO €CTh
TaK U3MEHsIET CBOMCTBA OKPY’KAIOIIETO ce0s MPOCTPAHCTBA, YTO JIFO-
00if IPyTOit AIEKTPUUIECKHN 3apsia (HA30BEM €0 NPOoOHbIM 3apsi0om)
OKa3bIBaeTcs MO/ JeiCTBIEM HEKOTOPOH cuitbl. CienoBaTeNnbHO, 9TO-
OBl yCTAaHOBHTPH HAIMYHE B HEKOTOPOH TOYKE MPOCTPAHCTBA AIIEKTPH-
YECKOTO TIOJISA, IOCTATOYHO ITOMECTUTH B 3Ty TOUKY NPOOHDbIU 3aps0 U
YCTaHOBUTH HAIMYHE JEHCTBYIOMIEH Ha HETO CHIThl. O BETMIHHE TTOJIS
MOXXHO CYIHUTH IO BEIMYHWHE CHJIBI, NEUCTBYIOMIEH HA npooOHbIlL 3d-
pa0. CaM npobuslii 3aps0 NOIHKEH 0aTh moueyHbiM U HEe JOIKEH BHO-
CUTh BO3MYIIICHHUS B UMEIOIIIEECs dIEKTPHIECKOE TOJIe.

IToMecTM MPON3BOIHHBINA TIPOOHBIIN 3aPsIT q,,, B HEKOTOPYIO TOY-
Ky, ITOJIO’KEHUE KOTOPO OyZET 3a7aBaThCs Py C-BEKTOPOM F OTHO-
cutenbHO 3apsnga Q (puc. 1.2).



mp

eér

Puc. 1.2. OnpeneneHue HATUYUS IEKTPUIECKOTO MOJIS

B coorBercTBUM ¢ 3akoHOM KylioHa MBI onpejenuM, 4To Ha
MIPOOHBIH 3apsia OymeT AeHCTBOBATh CHJIa
1
F= e q%q 2 (1.5)
Onnako w3 Qopmynel (1.5) ciemyer, yTo Ccuiia, JCUCTBYOLIAS
Ha IPOOHBINA 3apsiji, 3aBUCUT HE TOJIBKO OT BEJIMYMH, 33/IAfOLIHUX I10JIe
(Qu r), HO ¥ OT BEJIMYMHBI IPOOHOTO 3apsia q,,: [Toaromy mia onHO-
3HAYHOTO OTPEJIeTICHHSI XapaKTEPUCTHKHU AIICKTPUUECKOTO MOJISt OYESBHU/I-
HO HAJIO B3STh OTHOILICHUE F/qnp, KOTOpoe OyAeT OJJMHAKOBBIM JUISl BCEX
npoOHBIX 3apsnoB. Cuna, Oeticmeyowas Ha eOUHUYHbILL HENOOBUNCHDLIL
NOOACUMENbHBIU NPOOHBILL DNEKMPULECKULL 3PSO, HA3LIBAEMCSl HaANPS-
JHCEHHOCMBIO INEKMPUUecKo20 nojia u oboznadaemcs E. HanpskeHHOCTD
AIIEKTPUYECKOTO TOJISI €CTh BEKTOP, HAIPaBJICHHE KOTOPOTO COBIAIACT
C HaINpaBJIEHUEM CHJIbI, ISHCTBYIOIIEH Ha MOJI0KUTENBHBIN TPOOHBIH 3a-
psin. MU3mepsiercs HanpsokeHHOCTH 1101t B H/Kn v B/m. [{ist cuitel, neid-
CTBYIOLIEH B AJIEKTPUUECKOM M10Jie E Ha HEMOABUKHBIA TOUEUHBIN 3apsi]T
g, B COOTBETCTBHH C 3TUM OIIpeJIeTICHHEM Oy/IeT BBIOIHSTHCS:

F=qE. (1.6)

W3 popmyel (1.5) i HANPsHKEHHOCTH AJIEKTPUIECKOro 1ojist E
TOYEUHOTO 3apsiga Q MOKHO IMOTYYHUTH:
1 Q

475y 12

e,. (1.7)

HanpaBneH BCKTOP HAIPSAKCHHOCTHU 3JICKTPUICCKOI'O ITOJIA BAOJIb
HpHMOﬁ, npoxoaameﬁ 4yepe3 JaHHYIO TOYKY, U 3apdad OT 3apsga, €CIIn
3apian HOJ'IO)KI/ITCJ'IBHLII‘/'I, " K 3apiany, €CJIN 3apsij OTpHIIaTCHLHLIfI.
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Jlnist onpeieNieHus HAPsHKEHHOCTH SJICKTPHUECKOTO MOJIS CUCTE-
MBI 3apsI0B, OYCBHUIHO MO AHAIOTHU C MPUHIMIIOM CYTEPIO3UINH
it e (1.3), MOKHO BOCIOJIB30BATHCS MPUHIMIIOM CYTEPIO3UITUHH
JUISL HANPSDKEHHOCTH, COTJIACHO KOTOPOMY HANPAICEHHOCb NOJSL CU-
cmembl HeNOOBUINCHBIX MOUEUHBIX 3aPs008 PABHA 6EKMOPHOU CYMME
HANPAICEHHOCMU NoJlell, CO30A8AeMbIX KadHCObIM 3apsiooM No Om-
OeNlbHOCmU 8 OMCYmcmaue Opyeux 3apsioos:

E =Y Ei, (1.8)

rJie CyMMHPOBAHHUE BEACTCS 10 BCEM 3apsiaM, CO3AIOLIUM I10JIE.

[TpuHIMT Cyneprno3uIy MO3BOJISET BEIYUCIUTD HATIPSHKEHHOCTD
HOJISL JIF00O0# CHCTEMBI TOUSUHBIX 3apsi/IOB.

JI71sl OJTHOTO OMHUCAHUSI AIICKTPHYECKOTO MOJISl CHCTEMBI 3apsi/IOB
HEOOXOIMMO B Ka)XKJOM TOYKE MPOCTPAHCTBA YKa3aTh HAIpaBICHUE
BekTopa E u ero BennuuHy. KapTuHa mosy4uTcst 3HAYUTEIBHO Ha-
TIISIIHE, €CITU IS ero Tpad)uuecKoro NpeICTaBIeHHs BBECTH TTOHS-
THE CUNO0BbIX JUHUL HANPAACEHHOCTNU dNIeKmpuyecko2o noa. Jlnanu
HaNpsHKEHHOCTH TPOBOIAT TaKMM 00pa3oM, YTOOBI KacaTelbHas K
HUM B K&X/IOW TOYKE COBIAJaja C HampaBlICHHEM BEKTOpa Hampsi-
»keHHocTH E B TAaHHOM TOYKE, a TyCTOTA JIMHUN BHIOUPACTCS TaK, YTO
KOJIMYECTBO JIMHUI, EPECEKAIONINX SIUHUYHYIO TOBEPXHOCTH (TIep-
NCHAMKYJSPHYIO K JaHHBIM JIMHUSIM), PABHO YHCICHHOMY 3HAYCHUIO
BekTopa E (puc. 1.3).

E

E

/\\E\J
Puc. 1.3. I'padmdeckoe npencTaBicHUE AEKTPUICCKOTO TTOJIS

Ha puc. 1.4 npuBeseHbl CHIIOBBIE TMHUN M30JIMPOBAHHBIX MOJIO-
KHUTETHHOTO ¥ OTPUIIATENILHOTO 3apsiioB (a, 0), CUIOBbIE JIMHUN Ha-
MPSKEHHOCTH AJIEKTPUYECKOTO TOJISl CHCTEMBI IBYX 3apsI0B OJTHOTO
(B) 1 MPOTUBOMOJIOKHOTO (T) 3HaKOB. CHUJIOBBIM JIMHUSAM TPHUITHCHI-



BAaC€TCAd HaAIIPABJICHUEC, COOTBCTCTBYIOLICC HAIIPABJIICHUIO BEKTOpaA E,
TO €CTb MOKHO 3aMCTUTh, YTO OHHM HAYMHAIOTCA Ha IMOJOXKUTCIBbHbBIX
3apsjax ujiu B 6CCKOHC‘{HOCTI/I, a 3aKaHYMBAKOTCA Ha OTPUHATC/IbHBIX
3apsjax UJn TaKKe B OECKOHEUYHOCTH.

B r

Puc. 1.4. Dnekrpudeckoe moJie OJ0KUTENBHOTO (),
oTpunarensHoro (0) 3apsAa0B, CUCTEMBI IBYX 3apsI0B OJHOTO (B)
U TIPOTUBOTIONIOKHBIX (T) 3HAKOB

1.3. Ilomok 6EKmMopa HANPANCEHHOCMU SJIEKNPUHECKO20
noJiAd, saeKkmpocmamudeckas meopema Faycca

[TonsTne nomoka 6exkmopa 4acTo BCTpeyaeTcs B pa3iMyuHbIX pas-
Jenax (GU3MKH, HCTIOIb3YIOUINX MaTeMaTHYECKH armnapaT BEKTOPHO-
ro aHanuza. B rupponnHamuke, ryie MOHATHE MTOTOKA OBUIO BBEIEHO
BIIEPBbIC, OHO UMEJIO CMBICI pealbHOr0 00beMa KHJIKOCTH, TpOTe-
KaIoIlero Yepe3 MaJlyto TIIOMAAKY S, MePHEeHIUKYIIPHYIO K BEKTOPY
CKOPOCTH KHJIKOCTH 32 HEKOTOPBIH TPOMEKYTOK BpeMeHH (V' = Sv df).
Ecnu mnomanka OyneT pacrofioykeHa napajuieIbHO BEKTOPY CKOPO-
CTH YaCTHII KHJKOCTH, TO TIOTOK »XHJKOCTH 4yepe3 Hee OyleT paBeH
HyJt0. B ciiydae pacrosioskeHus TIOMEAAKH HAKIOHHO TOJ| YIJIOM o
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K BEKTOPY CKOPOCTH, NOTOK MOXKHO BBIYHCIUTH IO (opmyIe
dV =S v cos a dt. B equnuily BpeMeHH 3TO OyJeT COCTaBISThH
V=S v cos a. Eciu BBecTH MOHSATHE BEKTOpa Iiomanku 8 = S n, rue
N — 9TO €MHUYHBIA BEKTOP B HANPaBICHUH HOPMAJM K IUIOMIAAKE S,
JUIS IOTOKA (BEKTOpA CKOPOCTH) MOXKHO 3anucate: V'=S8v = Sv cos o.
BeipaxkeHust mogoOHOro pojia yacTo BCTPEUAIOTCS M B IPYTUX paslie-
nax ¢usukn. OOBIYHO UX paccMaTpUBAIOT Uil OECKOHEUHO Maloi dS
TUTOLIAJIKH, B TIpe/iesiaX KOTOPOW BEKTOP COOTBETCTBYIOIECH BETMYMHBI
HE MEHSIETCSl, U Ha3bIBAIOT IOTOKOM BEKTOpa yepes Iomaixy dsS. Jlms
orpezieieH!s MOTOKa Yepe3 HEKOTOPYIO MOBEPXHOCTH S HEOOXOAUMO
MPOBECTH CyMMHUPOBaHHE (MHTETPUPOBAHKE) MO BCEH ILIOIIAIKE.

Tak, jnst 51EKTPUYECKOrO TOJIs BBOJAUTCS HOHATHE MOTOKA D
BEKTOpa HaNPSHKEHHOCTH E 3IIeKTpU4ecKoro moJsi:

do,=EdS=EdScosa, @= [EdS (1.9)

XOTS HUKAKO€ peajbHOE TEUYCHUE C 3TUM BEKTOPOM HE CBSI3aHO.

IToTox BekTOpa — 3TO CKaJsIpHAs BEIUYUHA, U TOTOKU HECKOJb-
KHX BEKTOPOB Yepe3 OJIHY TUIOIIAJKY CKJIAIBIBAIOTCS anreOpandeckKi.
Bosppariasck k rpaduyeckoMy ONHCAHUIO AJIEKTPUYECKOTO TIOJI,
MOKHO CKa3aTh, YTO MOTOK BekTopa E XapaKTepu3yeT KOJIUYECTBO
CUJIOBBIX JIMHUMU, IEPECEKAIOLIUX 3aJaHHYIO ILIOIIAKY .

Teopema ["aycca cBsi3bpIBaeT BEIMUUHY OTOKA Y€pPE3 MPOU3BOJIb-
HYIO 3aMKHYTYIO HOBEPXHOCTb C 3apsiaMy, HAXOISUIUMUCS BHYTPU
9TOM MOBEPXHOCTH. {7151 BBIBOJA 3TOI TE€OpPEMBI PACCMOTPHUM CHavaia
ToJIe, CO3/IaBaeMOe TOUCYHBIM 3apsJIOM, U €ro MOTOK 4epe3 chepu-
YECKYIO TTOBEPXHOCTh S ¢ paAnycoM R, IIEHTp KOTOPOIl COBMAIAET C
aTuM 3apsiaoM. [lone Ha moBepxHOCTH cepsl B cooTBeTcTBUH C (1.7)
OMpEESICTCS BRIPAKECHUEM

__1 Q
E=——1 e (1.10)

IToTok BekTOpa uepe3 3IeMEeHTapHYIo IUIoaaKy chepsl dS Oyner

— —_1 Q
dog = (En)dS = T R as (1.11)
a gepes Bcio cdepy paanycom R:
=1 Q¢_2Q
P = s 5= o (1.12)
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[Ipu rpaduyeckomM onrcaHUX TEKTPUUECKOTO OIS MBI OTMEYa-
JIM, YTO MOTOK BekTopa E xapakTepu3yeT KOJINYECTBO CUJIOBBIX JIH-
HUM, Nepecekarolyx 33aHHyo wiomaaxky. Puc. 1.5 noscuser, yto
BeIpakeHue (1.12) OyzaeT cripaBeATNBO I TOBEPXHOCTH TPOU3BOITb-
HOU (OPMBEL.

Puc. 1.5. Tlotok BekTopa E yepe3 3aMKHYTbIE [IOBEPXHOCTH
pa3IuIHON POPMBI

W3 pucynka BUIHO, YTO CYMMApHBIM MOTOK BEKTOpa HAIPSIKCH-
HOCTHU 3JICKTPHUUYECKOTO IIOJII HE 3aBUCHT OT (DOPMbI MTOBEPXHOCTH,
MO3TOMY OYJIET CIIPaBEIIUBO YTBEPKIACHHUE: HOMOK 6eKMOPA HANPSi-
JHCEHHOCMU INIEKMPUYECKO20 NOJISL Yepe3 3AMKHYMYIO NOGEPXHOCb
pasen aneebpauieckoli Cymme 3aKa0UeHHbIX GHYIMPU MOl NOGEPXHO-
cmu 3aps006, 0enenHoll Ha €, JIJaHHOe YTBEPKIECHHE HOCUT Ha3BaHUE
Teopemsl ["aycca.

[Tonw3ysice Teopemoil I'aycca, HETPYIHO BBIYUCIUTH 3HAUCHHE
HaMpPSHKEHHOCTHU N0JIs E 1711 HEKOTOPBIX MPOCTEUIINX CITyYaceB.

1. Dnexmpuueckoe none 6eCKOHEUHOU, PABHOMEPHO 3APANCEHHOU
Humu

st BBIYMCIICHUST HANPSDKEHHOCTH AJIEKTPUYECKOTo Tons Oec-
KOHEYHOH, paBHOMEPHO 3apsDKEHHOM HHUTH OKPYXHM €€ OTPE30K
JUIMHOHW [ UJIMHIPOM C paJuyCcoM OCHOBaHHUS R, OCb KOTOPOTO CO-
BIIaJIaeT ¢ HUTBIO (puc. 1.6, a). B cuny cuMmeTpun 3agayu, TOTOKK
Yyepe3 BEpXHEE W HIKHEEe OCHOBAHMS LMIMHAPA OyAyT paBHBI HYJIO.
[Torox yepe3 OOKOBYIO HMIMHIPUIECCKYIO TOBEPXHOCTH OylIEeT paBeH
®=ES  =E2nRI 3apsan O, HAXOAWMACS HA OTPE3KE HUTH BHY-
TPU UWIMHAPA, MOKHO BBIPA3HUTh Yepe3 JTHMHEHHYIO IUIOTHOCTh 3apsi-
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Jia T (3apsi1, NpUXOJsIIuiics Ha equHuIly JTuHbl HuTH) Q = 7 /. Torna
B COOTBETCTBHUH C Teopemon ["aycca 3amuiiem:

@ = E 27Rl = g. (1.13)

Otkynma: E = , TO €CTh HANPsHKEHHOCTH NOJISI HUTU yOBI-

27R

Puc. 1.6. [IpuMeps! BBIUHCICHAS HAPSHKEHHOCTH AIEKTPHYECKOTO TIOIS

2. Dnexmpuueckoe noie 6€CKOHeYHOU, PABHOMEPHO 3APSAHCEHHOU
naocKocmu

Jnist BBIYMCIICHNSI HANPsDKEHHOCTH AJIEKTPUYECKOTo Tmouis Oec-
KOHEYHOH, paBHOMEPHO 3apsKEHHOHN TNIOCKOCTH B KAUECTBE 3aMKHY-
TOM MOBEPXHOCTH BbIOEPEM LMIMHIP C IO b0 OCHOBAHUS S, OCh
KOTOPOTO TEPIEHANKYIISIPHA PAacCMaTPUBAEMON 3apsHKCHHOU IUIO-
ckoctH (puc. 1.6, 6). B cuny cuMMeTpun 3a1auu, B JaHHOM cllydae
OyZeT OTCYTCTBOBATh MOTOK BekTopa E yepe3 OOKOBbIE TOBEPXHOCTH
HUIMHIIPA, a TOTOK Yepe3 OCHOBaHUs OyneT coctaBisath 2 S E. 3apsin
Q yyacTka IUIOCKOCTH, HaXOJISIICrocsl BHYTPU LHJIMHIPA, BBIPA3UM
Yyepe3 MOBEPXHOCTHYIO TUIOTHOCTH 3apsifa ¢ (3apsill, MPUXOISIIUICS
Ha eMHULY IUIouaau nosepxHoctu) Q = ¢ S. B cooTBeTcTBUU € TEO-
pemoii ["aycca 3anumiem:

as
(o3
OTKyaa E = 2_ , TO €CTb HAIIPSKECHHOCTH JJICKTPUYCCKOI'O IOJIA
o

PaBHOMEPHO 3apsKCHHON OECKOHEYHOH TIUIOCKOCTH HE 3aBUCHUT
OT PacCTOSIHUS J10 ATOM IIIOCKOCTH.
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3. Dnexmpuueckoe none 08yx napaiieibHulX 6ECKOHEUHbIX, PAg-
HOMEPHO U NPOMUBONOJIONCHO 3APANCEHHBIX NIOCKOCMEl

[l aToro citydast yio0Hee BOCIIOIb30BaThHCS IPUHITUIIOM CyTIep-
no3uryu. [loje BHE MIOCKOCTEH B 3TOM ciy4yae OYJeT paBHO HYIIIO,
MOCKOJIBKY HAMPS>KEHHOCTH KaXKIOM U3 MJIOCKOCTEH PaBHEI MO BEIH-
YUHE U MPOTUBOMOJOKHEI 10 HAMPABICHUIO, B TO BpeMs KakK IOJe
MEX]Ty IJIOCKOCTSIMH YABOUTCS M OYJIET PaBHO:

E= 2. (1.15)
20

1.4. I[lomenyuan snekmpuuecko2o noJs

[Ipu mepemerieHuM 3apsiioB AIIEKTPUUYECKOE IOJE COBEpLIAET
paboty. Ilocuntaem paboTy, KOTOPYIO COBEpIIACT JIEKTPUUECKOE
Tojie TOYCYHOro 3apsana Q HaJx HEKOTOPBIM NPOOHBIM 3apsiioM (.
IpU €ro NnepeMeIeH!H U3 HeKOTOPOH TOYKHM MpocTpaHcTBa | B TOY-
Ky 2 (puc. 1.7). Touku 1 u 2 3a1a10Tcs COOTBETCTBYIOLIMMH PAHyC-
BEKTOpaMu r, U r,. IIpu nepeMerenuu 3apsaa Ha HEKOTOPOM MalloM
yuactke iyt dl pabora Oyzer:

dA=Fdl=Fdlcosa=Fdr, (1.16)

roe F — cuna, AeicTByroImmasi Ha MPOOHBIA 3apsia B COOTBETCTBUH
¢ 3akoHoM KyJioHa, a o — yroj Mex/ly HalpaBJICHUEM JIEHCTBYIOIIEH
CWJIBI M HamlpaBleHHeM mepemMenienns dl. YauteiBas 3axkoH KynoHa,
MOy YUM:

A, =IFdlcosa=lq_Qdr/4ns, r=q,_Qldnz, (1/r,—1/r,). (1.17)

Q

Puc. 1.7. K onpenenennto pabOTHI AIEKTPOCTATHICCKON CHITBI
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Takum 00pa3oM, MbI TIOJYYMIIH, YTO PadOTa B 3JIEKTPOCTATUYC-
CKOM T10JIE€ HE 3aBUCHUT OT TPAEKTOPHH, BIOJb KOTOPO MepeMernaercs
3apsiJl, a OMPENENSACTCS TOJNBKO HAYalbHBIM ¥ KOHCYHBIM TIOJI0KEHHUSI-
MU 3apsijia. TO 3HAUMT, UTO HIEKTPOCTATUYECKOE T10JI€ MOTEHINAIBHO.
B aTOM ciiyyast MOKHO YTBEpXKIIaTh, YTO 3apsi/l, IOMEIICHHBINA B 3J1CK-
TPUYECKOE T10JIC, MOXKHO OIKCHIBATH HEKOTOPOH (PYHKIUEW — IMOTEH-
uraibHOU SHepruel (W), kotopas cBsizaHa ¢ paboTOH COOTHOILICHUEM:

A, =W -W,, (1.18)
OTKyJa CIefyer, uro W=gq,_ Q/4me 1.

[ToTennumanbHas SHEPTHUsl U3MEPSAETCS C TOYHOCTBIO IO ITOCTO-
STHHOHM BeNWYHMHBI. B snekTpuyecTBe 3a HONh MPUHUMAIOT 3HAYEHHE
MOTEHIIMAIBHON 2HEPTUHN 3apsa, HaXOAIIETocs B OECKOHEYHOCTH.
B srom crydae moTeHImManbHas dHEpTUs OyaeT paBHa padoTe, KOTo-
PYIO COBEpIIAeT AIMEKTPUIECKOe T0JIe MPH MEePEeMENIeHIH 3apsiaa 13
JTAHHOW TOYKH B OECKOHEYHOCTb.

[TorennmanpHas sHeprHA (Tak e, KaK ¥ CHIIa) 3aBUCUT HE TOIBKO
OT BEJTMYMHBI SJEKTPHYECKOTO OIS, HO M OT BEJIMYHMHEI 3apsiya (B 1aH-
HOM cilydae MpoOHOro). s Toro 4ToObl XapakTepHU30BaTh TOIHKO
AIIEKTPUIECKOE TI0JIe, BBOIAT HOBYIO BEJMYHHY — NOoTeHnna. [loren-
[IaJl B JaHHOW TOYKE ITOJISl paBeH MOTEHIINATBHON SHEPTHH TPOOHOTO
3apsiza, TOMEIIEHHOTO B TaHHYIO TOUKY, A€JICHHOW Ha BETMIMHY 3TOTO
3apsina. [loreHmman — 3To ’HEpreTrdecKas XapaKTepHUCTHKA AIIEKTPO-
CTaTUYECKOTO IT0JIS, OHA SIBJIIETCS CKAJIIPHOM BEJIMYMHOM.

p=Wiq,. (1.19)
I[J'I}l TOYCYHOI'O 3apsi/ia NOTCHIIUAL 6y):[eT:
1 Q
== = 1.20
¢ dmsy T (120

Ennauna namepenuns nmoreHnuana — BoasT (B). s morenmua-
JIOB TaKXKe CIIPaBeIJINB MPHUHIIAI CYTIEPIIO3UITUHN: NOMEHYUAL NOJis
cucmemvl 3apa008 pager aneedpaulecKkoll cymme NOmMeHYuaio8 8cex
IMUX 3aps008.

10

_— 1.21
e (121)

9= 2@, =X

A€ CyYMMHPOBAaHUE BEACTCA 110 BCEM 3apsaaaM CUCTEMBI. HOCKOJ’IBKy o-
TCHIMAJ SABJISICTCA CKaﬂﬂpHOﬁ BCJ'H/I'{I/IHOI‘/'I, B pdaa€ CiIydacB €ro BbIYUC-
JICHUEC TPOILIC, YEM BBIYUCIICHUC HAIPAKCHHOCTHU SJICKTPUYCCKOT'0O OJIA.
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[Monb3ysick cootHomenusmu (1.18) u (1.19), pabory no nepeme-
HICHUIO 3apsa ¢ MOKHO BBIPA3UTh Yepe3 MOTCHITHA:

A, =W -W,=q(p, —0,). (1.22)

VYuurriBas TO, YTO Mbl NPUHAIN MTOTCHIHUAJIbHYIO JHCPIUIO

Ha OECKOHEYHOCTH 32 HOJIb (COOTBETCTBEHHO M TMOTEHIMAN TaM Oy-

JIET paBEH HYJI0), paboTa Mo MepeMEIICHHIO 3apsiaa U3 JaHHOW TOUKH
B OECKOHEYHOCTh OyJIeT paBHa:

A, =W -0=qp, (1.23)
TO €CTh IMOTEHIIMAT B HEKOTOPOH TOYKE YUCIEHHO paBeH pabore, KO-
TOPYIO HAJI0 COBEPIIUTH HaJI TOJOKHUTEIHHBIM €TUHIHYHBIM 3aPSIOM
JUTSL yIaJieHHst €T0 U3 ATOH TOUYKH B OECKOHEYHOCTb.

Mexy MOTeHIMATbHON DJHEprueil 3apsga B JJIEKTPHYECKOM
TIOJIe W CHJIOH, JISHCTBYIOIIEH Ha HETO CO CTOPOHBI OIS, CYIIECTBYET
CBs3b. J[J1s1 ycTaHOBNIEHUS 3TOM CBS3M IEPEMECTUM 3apsif ¢, HaXOs-
IIWIACS B DIIEKTPHYECKOM ITOJIE TI0 OCH X Ha PACCTOSHUE dX, IPH STOM
HaJ1 3apsaom Oyziet copepuiena pabora dd = F dl = F _dx (F —3Hade-
HHUE MPOEKIUK CHIIBI Ha 0Ch X). YuuthiBas, uto 4,, = W, — W,, MOxHO
3aIACaTh:

dA=F dx=W -W _ =—W_, —W)=—dW, (124
OTKYyJla oW
F dx=—dWwamFx= "I (1.25)

Takast MpOU3BOIHAS HOCUT HA3BAHKME YACTHOM U ee 0003HAYCHUE
0/0x MOMYEPKUBAET, YTO IEPEMEILEHUE COBEPLIATIOCH IIPU TIOCTOSNH-
HBIX 3HAYCHUSIX ) U Z.

AHAJIOTUYHBIE PACCYXKICHHUS MOYKHO TIPOBECTH JIJIS TIEpEMEIICHUH
BJIOJIb OCE€H Y U Z, TorJa i POEKIUM CUITbI Ha OCH Y U Z MOTy4YuM:

_ oW ow .
Fy__a—, g ——m—-. (126)
y 0z

U okoHYATETHHO JUISI CHITBI TIOTYYHM:

Fo P P (8W ow aw
= Fe,+Fe,+Fe,=-|-—e+—e,+—
X¥Xx y=y Z¥Z ax x ay y az
YuureiBas, uto £ = F/q u ¢ = W/q, cBs13b Mexay E u ¢ Oyner:

E— dp . | Odp do _, \ _ d
_—(a ex_'_@ ey+£ ez)——gra @ (1.28)

ez) =-grad W (1.27)
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[ToBepxHOCTB, Bce TOUKH KOTOPOH MMEIOT OJUHAKOBBIA MOTEH-
[MaJl, Ha3bIBaeTCs KBUIMIOTCHIMATBLHON NOBEPXHOCTHI0. PaboTa 311ek-
TPUYECKHUX CHJI MPU MEPEMEIECHUN 3apsiia M0 3KBUIIOTEHIHAIbHOMI
MoBepXHOCTH paBHa Hynr. CooTHorreHue (1.28) MoxHO 3amucarthb
JUTSL POM3BOJIbHOTO HanpasieHus . Torna mis m000ro HanpaBIeHHs!
Ha SKBUIOTEHIUAIBHOW TIOBEPXHOCTU OyIeT CIIPpaBeINBO:

a

E, = —a—‘f =0, (1.29)
TO €CTh MPOEKIHsI HAMPSKEHHOCTH TMOJIsl Ha J1I000€e HampaBjeHUEe Ha
SKBUMOTCHLUUAIFHON TMOBEPXHOCTH paBHA HYJIO, YTO PAaBHOCHIILHO
YTBEP)KACHHUIO, YTO JIMHUM HANPSHKCHHOCTH DIIEKTPUYECKOTO ITOJIS
Bcerga OynyT NEepHeHIUKYJSPHBI SKBUIOTCHLUUATBHBIM TOBEPX-
HOCTSIM. OKBHITOTEHIMAIbHBIE TIOBEPXHOCTH MOXKHO H300pa3uTh
rpapuuecku. Hampumep, i TOYEUHOTrO 3apsiia dKBHIIOTCHIHAJb-
HBbIE TIOBEPXHOCTU OyAyT MPEACTaBIATH COOOH BIIOXKEHHBIE CQephl
(puc. 1.8 a, 6). Anst cuctemsbl, COCTOAIICH U3 IBYX 3apsiiOB, KApTHHA
CIIOJKHEE, U ee Bl IPEe/ICTaBleH Ha puc. 1.8 B, T.

Puc. 1.8. Dnekrpuueckoe mosie ¥ SKBUNOTEHIUAIbHBIE TTOBEPXHOCTH
MOJIOKHUTEIBHOTO (), OTPULATEIHLHOTO (0) 3apsIoB,
CUCTEMBI JBYX 3apsI0B OJHO (B) ¥ MMPOTHBOIOJIOKHEIX (T) 3HAKOB
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Paznocts IIOTCHIIMAJIOB
Ap=¢ —p,=A,/q (1.30)
OyneT paBHa paboTe MO NEePEMEIICHHUIO 3apsaa U3 1-ii ToUuku BO 2-10,
I[GJICHHOI‘/'I Ha BCJIMYUHY 3apsaaa. Ha IMPAKTUKEC YaCTO UCIHOJBb3YCTCA
BCJIMYMHA, Ha3bIBa€Masl HAIIPSAKCHUEM (O603Ha‘laeTCH l]) HaHpH)KC-

HUEC TAKKC UBMEPSCTCA B BOJIbTAX U OTIIMYACTCA OT Pa3HOCTU INOTCH-
OraJiIoB TOJIBKO 3HAKOM:

U=¢,— ¢, =-Ap. (1.31)

'nasa 2. Jussiekmpuku u npo80OHUKU
6 3/1eKmpuU4ecKoM no.Jie

2.1. Junonv. [lusnekmpuku 6 snekmpuieckom noie

Dnexmpuueckum Ounoiem Ha3pleaemces CUCmeMda, COCMOoAuas U3
08YX OOUHAKOBBIX NO GENUUUHE PAZHOUMEHHBIX MOYEUHbIX 3aPsi008 (¢,
PACHONOANCEHHBIX HA PACCOSIHUY [, MHO20 MeHbuLeM pacCmOosiHULL 00
cucmemvl. B paznudnabie GopMyIibl, KOTOPBIE MONYYarOTCs ISl pac-
YyeTa HalPsHKSHHOCTH ITOJIs, TOTEHIIMANA U IPYTHE, BXOJUT BEIMYNHA
P = q [, Ha3BIBAIOIIASICS 2IEKMPUHECKUM MOMEHMOM Ounos. 31ech ¢
— abcomroTHAs BETMYWHA 3aps/a, a [ — BEKTOp, MPOBEICHHBIN OT OTPHU-
[aTeIHHOTO 3apsna K mosokurensaomy (puc. 2.1). HampsoxkeHHOCTD
AIIEKTPUIECKOTO TOJISI JIUIONIST YObIBAET 0OPATHO MPOMOPIUOHATBEHO
KyOy paccrosuaust E ~ p/r’, a moTeHIman ¢ ~ p/r.

Ha 3apsiiel TUTONS, HAXOMSAIIUECS B AJIEKTPHUYECKOM TOJIe, JIeH-
CTBYET Tapa CHJI, MPUJIOKEHHBIX K 3apsjiaM +¢ u —g. DTU CHIIbI PABHBI
10 BEJIMYMHE W TIPOTHUBOIIOJIOKHBI TI0 HampasiieHuto (puc. 2.1). Mo-
MEHT 3TUX CHJI CTPEMHTCS TOBEPHYTH JMITIONb BIOIb CHIIOBOM JTMHUH.
MOMEHT CHJT TaK)Ke BBIPAXKACTCS Yepe3 ICKTPHUSCKU MOMEHT JTU-
OIS

N=[pE]l=ngqlEsina 2.1)

Y HaIIpaBJICH TaK, YTOOBI TIOBEPHYTH JUTIONE C OPUEHTAITUEH JICKTPH-
YECKOTO TIOJIS TUTIOJS P 110 HAIPABIICHUIO BHEIITHETO YJIEKTPUICCKOTO
nons E.
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Puc. 2.1. lunions B 2I€KTPUIECKOM TTOJIE

Jusnexmpuxamu, unu u3012MOpaAMU, HA3LIBAIOM 8eUeCMEd, Nio-
X0 npogodsuue snekmpuyeckuli mox. MHOTHE CBOHCTBA TUAJICKTPH-
KOB, IIOMEIIIEHHBIX B DJIEKTPHYECKOE TI0JI€, OOBSICHAIOTCS TIOBEICHH-
eM JunoJiel. JIudIeKTpUKN COCTOSAT U3 HEUTPAIIbHBIX B IIEJIOM MOJIe-
KyJI. DJIEKTPOHBI U sIIpa B aTOME JUAJIEKTPUKA TPOYHO CBS3aHBI JPYT
C IPyTOM W HE MOTYT ITepeMeniaTbcs He3aBUCUMO. MOXHO BBIIEIHTh
HECKOIIbKO THIIOB JMAJIEKTPUKOB: HEMOJSPHBIE U MOJIAPHBIE, TUAIICK-
TPUKHU C MOHHOM M KOBAJIGHTHOU CBSI3BIO.

VY HEeNONSPHBIX AUAIEKTPUKOB MOJIEKYJBI B OTCYTCTBHE BHEII-
HEro DJJIEKTPUYECKOTO TONIi CUMMETPHYHBI (Hampumep, OOJBIINH-
CTBO Ta30B). LIEHTPBI TSHKECTH TONOXKHUTEIHHBIX W OTPHUIIATEITHHBIX
3aps0B WX MOJIEKYJ COBManaroT (puc. 2.2, a). B Takom cocrostHun
OHH HE O00JIaaIOT COOCTBEHHBIM JJIEKTPUYECKHMM MOMeHTOM. [lox
JIEHCTBHEM BHEUTHETO 3JIEKTPUYECKOTO IOJIS 3apsiAbl B HEMOJSPHON
MOJIEKYJIe CMEIIAIOTCS JIPYT OTHOCHUTENBHO JAPYTa: MOJOKUTEIbHBIC
— TI0 HAIPaBJICHUIO TIOJISA, OTPHUIATEIbHBIE — MPOTHB (puc. 2.2, 0).
B pesynbrare mMomnexkyna mpHOOpeTaeT IHUITONBHBIN AIEKTPUIeCKUN
MOMEHT, ITPOTTOPIINOHATIHHBIN BETHINHE HAIIPSKEHHOCTH dJIEKTpHUYe-
CKOTO TIOJIS:

P=P¢E, (22)

rze [ — Moiapu3yeMOCTh MOJIEKYJIbI.

VY TOISAPHBIX IUAIIEKTPUKOB MOJIEKYJIBI HECHUMMETPUYHBI (Ha-
npumep, CO). LIeHTpsI 3apsAI0B MOJOKUTEIBHBIX U OTPUIIATEIIBHBIX
3HAKOB CIIBUHYTHI APYT OTHOCUTENHHO Ipyra. B aToM ciyuae Mosexy-
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J61 00J1aAaI0T COOCTBEHHBIM JTUTIONBHBIM JIEKTPUIECKUM MOMEHTOM
Jake B OTCYTCTBHE BHEIIHETO MOJA. B oTCyTCTBHE 351eKTpUYEeCKOro
MOJIsl OTAEJBHBIE TUTOIbHBIE MOMEHTBI B HEM HalpaBlieHbl Xa0TUYHO,
B pe3yJibTaTe TEmIoBOro IBWkeHus (puc. 2.2, B). OpueHTaums Iu-
MOJBHBIX MOMEHTOB MOKET OBITh MMPOU3BOJIBHOM, U JICHCTBUE BHEI-
HETO DIIEKTPUUECKOTO TIOJISI CBOJUTCSI B OCHOBHOM K CTPEMJICHUIO T10-
BEPHYTh MOJIEKYJTY TaK, YTOOBI €€ JUIOJbHBI MOMEHT YCTaHOBUIICS
M0 HarpasieHuto o (puc. 2.2, ). Monekyna BefieT ce0sl Kak KecT-
KWW IUTIO0JIb, BEJIMUKMHA TUTIOIBHOTO MOMEHTa KOTOPOW OT BEJIMUHHBI
BHEILIHETO MOJISl TPAKTUYECKU HE 3aBUCHT.

Takum 00pa3om, PO AUINEKTPHK, TOMEHICHHBIH B DIIEKTpUYC-
CKO€ I0JIe, TOBOPSIT, UTO OH noxspuszyemcs. Kak BUIHO U3 3TOrO pu-
CYHKa, TOJISIPH3aLusl COMPOBOXIACTCS BO3HHUKHOBEHHEM B TOHKOM
HOBEPXHOCTHOM CJO€ AUDIEKTPUKA U30BITKA CEA3AHHLIX 3api008
OJTHOTO 3HaKa. Eciin monsipru30BaHHbBIN TUAIEKTPUK PA3IeIUTh MOIO-
JaM, KaXJast U3 MOJOBUHOK OCTAHETCs] He3apsKEHHOM, a Ha ee BHOBb
00pa30BaHHBIX KOHIIAX 00Pa3yIOTCs CBSI3aHHBIC 3apsiibl COOTBETCTBY-
IOILIETO 3HAKa.

B aupnexTprkax ¢ MOHHOMW CBSI3bIO JUIOJIEHBIA MOMEHT BO3HH-
KaeT 3a CUeT CABHra HOHOB JPYT OTHOCHTENBHO Apyra. B kpucramnax
C KOBQJICHTHOW CBS3bI0 CMELIAIOTCS AJIEKTPOHBI, OCYLIECTBISIOLINE
XUMUYECKYIO CBS3b.

Ecnu 0003Ha4uTh CyMMapHBIN 3J€KTPHYECKHI MOMEHT HEKOTO-
POro Majoro sJieMeHTa o0beMa AUAIIEKTPUKA, OTHECEHHBIH K BEJH-
YHMHE 3TOro 00beMa OYKBOH P (Ha3bIBACTCS NOIAPUZOBAHHOCb AU~
JIEKTPHKA), TO JUIS JII0OOT0 THIIA TUIJIEKTPUKOB OYAET CIIPaBeJIUBO:

P==gFE, (2.3)

TAC & — AUBJICKTPpHUYCCKAass BOCIIPUUMYNUBOCTD AUIJICKTPUKA — 6C3p8,3-
MCpHas BCINYUHA, HC 3aBUCAIAs OT BCJIIMYNHBI BHCITHET'O I10JIA.

18



IO Q
©- & OO
Qoo
O 0L I 6

B r

Puc. 2.2. Henonsipuslii (a, 0) ¥ MOJSIPHBIA AUAIISKTPUKH (B, T)

Onexmpuueckoe none 6 ousnekmpuxe. [Jusiekmpuyeckas npoHu-
yaemocmo

Jo cux nop Mbl U3y4aiu 3JIeKTpUUECKOe 1oJie B BakyyMme. Pac-
CMOTpUM, KaKk MEHSIOTCS XapaKTEpUCTUKU I0JiI B BEILECTBE €CIU
MPOCTPAHCTBO MEXY 3apsKEHHBIMU IUIACTUHAMHU 3aIllOJIHUThH JIU3-
JIEKTPUKOM. MBI OrpaHUYUMCS CiIy4aeM, Korjaa JU3JIEKTPUK OJHOPOI-
HbI! U U30TPOIHBIH, T. €. €r0 CBOMCTBA OJIMHAKOBBI BO BCEX TOUKAX U
[0 BCEM HampabjicHUsIM. TakuMu CBOWCTBaMHU 00J1a/1al0T ra3000pas-
HBIC U JKHUJKHE, a TAKKe HEKOTOPBIC TBEPABIC TUAICKTPUKHU (CTEKIIO,
dapdop, 500HUT, pe3UHA U T. II.).

Ilyctb a1eKTpUYecKOe MOJIE CO31aHO JBYMsl IUIOCKMMH Tapaj-
JIETHHBIMU TUTACTUHAMH, 3apSKCHHBIMH PA3HOMMEHHBIMU 3apsiaMu
C OJMHAKOBOW MO MOJYJIIO MOBEPXHOCTHOM IJIOTHOCTBIO 3apsiia o.
Eciu paccrosiHue d MeXAy IUIACTUHAMUA MHOTO MEHBIIE pa3MepoB
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TUTACTHH, TO TIOJIe MEX/Y TUIACTHHAMHY MPAKTUYECKA OTHOPOAHO. B
BaKyyMe Pa3HOCTb MOTEHLHAI0B Mexay miactunamu U, = Ed, rne
E, — HanpsHKeHHOCTD T0JIs B BakyyMme. Eciiu ske IpoCcTpaHCTBO Mesk-
Jly TUTACTHHAMU 3aMOJIHUTH TUICKTPUKOM, TO 3apsi/] Ha MIaCTHHAX
HE M3MEHHUTCS, OJHAKO PAa3HOCTH MOTEHIIMATIOB MEXKAY TUIAaCTHHAMHU
yMmenbmtest: U < U,. COOTBETCTBEHHO yMEHBIIUTCS M HANPSKEH-
HOCTh nojist: £ < E.

BennumHy &, OKa3bIBAIOIIYIO, BO CKOIBKO pa3 HAMPSIKCHHOCTh
nojist E B IUAJIEKTPUKE MEHbILE HATIPSKEHHOCTH HOJIs £ B BaKyyMe
(Tpu HEM3MEHHBIX MapaMeTpax UCTOYHUKOB TOJIsI), HA3BIBAIOT JMI-
JICKTPHYECKON TPOHUIIAEMOCTHIO BEIECTRA!

e=E/E=U/U. (2.4)

[Tpu HATHYUH JUDICKTPUKA MEXKIY ABYMsI ApaIeIbHBIMK TUTO-

CKOCTSIMH HATIPSKEHHOCTh MOJIST COOTBETCTBEHHO OY/IET:
E=E/e=olee, (2.5)

OTBIT MOKA3bIBAET, YTO 3HAUCHUS & JUTS PA3HBIX JAUIICKTPUKOB
Pa3INYHBI, TOITOMY dTa BEUYMHA CIYXKHUT JJIEKTPUIECKOI XapakTe-
PHUCTHKOM CPEJIbI, T. €. BEIIECTBA TUIJICKTPHKA.

YMeHbIIIeHHEe HAMPsHKEHHOCTH TMOJS B JIMANIEKTPUKE OOBACHS-
€TCs TeM, YTO B JUAJICKTPHUKE MO JACHCTBUEM DIICKTPUUECKOTO TOJIS
BO3HHMKAET MOJISIPU3AIHOHHBIH 3apsi/] C MTOBEPXHOCTHON MIOTHOCTHIO
o, (puc. 2.3). Torna

E=(c-0o, J)e,, (2.6)
T. €. CBOOOIHBIN 3apsi/T YACTHYHO KOMITEHCUPYETCS 3aPSIIOM JTHIJICK-
TpHKa.

BO3HUKHOBEHHE B TUDJICKTPUKE TOISIPH3AIIMOHHOTO 3apsiia Mo
JICHCTBUEM BHEIITHETO DIICKTPUUIECKOTO MOl HA3bIBAIOT MOJIAPHU3AIIH-
eit nuanextprukoB. CyIIHOCTD SIBJICHUS MOJSPU3AIINH 3aKITI0YACTCS B
TOM, YTO YACTHUIIBI, U3 KOTOPBIX COCTOUT TUIICKTPHUK (ATOMBI UITA MO-
JICKYJIBI), 1eOPMUPYIOTCS U TPEBPAIIAIOTCS B TUTIONH, BEICTPAUBATO-
[IUECS BJIOJb JIMHHUIA HAMPSHKEHHOCTH BHEITHETO T0JIsl. Tak Kak 3HAKK
MOJISIPU3AIIMOHHBIX 3aPSIIOB AUAICKTPUKA MTPOTHBOTIONIOKHBI 3HAKAM
CBOOOTHBIX 3apsII0B, CO3Mar0NuX mnoje (puc. 2.3), To cymmapHas Ha-
NPSHKEHHOCTD TOJISI B IUAJICKTPHUKE B & pa3 MEHbIIE HAMPSHKEHHOCTH
MOJISl B BAKyyMe.
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Puc. 2.3. [Tonspusanus 1udIeKTpruka

2.2. IIpo80OHUKU 8 271eKmpUu4ecKoM noJe.
Inexmpuyeckuti mox

[IpoBogHMKaMU Ha3bIBAIOT BEIIECTBA, CIOCOOHBIC MPOBOAMTH
JIEKTPUYECKU TOK. [IpOBOIMMOCTD Mean MU aJIOMHUHUS IPUMEp-
HO B 10%° pa3 BbIIIe MPOBOANMOCTH CIIOABI HIIH TTOJUITHICHA. [Ipo-
BOJHHUKAMH SBJISIIOTCS MIPAKTUYECKU BCE METAIIBI. DTy CIIOCOOHOCTD
MPOBOJHUKOB OOBSCHSIOT HAJIMUYUEM y HUX CBOOOAHBIX 3JIEKTPOHOB
(371eKTPOHOB MPOBOAMMOCTH), KOTOPBIC TIPH HATTMYHH HJICKTPUIECKO-
IO MOJISE MOTYT CBOOOJTHO TIEpEMEIIATRCs 110 BCceMy 00pasiy.

Takum 00pazoMm, ecii MPOBOJHHUK ITOMECTHThH B JEKTPHUECKOE
T0JIe, 3JIEKTPOHBI B HEM NMPHUIYT B ABHKEHUE, KOTOpoe OyIeT mpoaoI-
JKaTbCsl 10 TeX MOP, TIOKa 3apsij, HaBeICHHbIH UMM, HE CKOMIICHCHPY-
€T 110JIe BHYTPH NPOBOJIHUKA (puc. 2.4). Ecnu Teneps B IpUCYTCTBUU
MOJIs pa3AeuTh NPOBOAHMK HA JABE YaCTH, TO, B OTIMYHE OT JU3JICK-
TPUKA, K&KJast IOJIOBUHKA OCTAHETCS 3aPSKCHHOM.

Puc. 2.4. TIpoBOHUK B 3JCKTPUIECKOM ITOJIE (2) U pacnpeeicHue
ANEKTPHYECKOTO OISl OKOJIO IIPOBOJHUKOB Pa3HOil popMer (0)
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1 mpoBOHMKA, HAXOASIIErocsl B CTAlMOHAPHOM COCTOSIHUH,
BcerJa OyAyT BBINOJHATBHCS ABa ycJOBUS. Bo-mepBbIX, dJeKTpHue-
CKO€ T0Jie BHYTPU MPOBOJHHMKA OyJeT paBHO HYJI0. DTO O3HAYaeT,
YTO MOTEHIHaJl BHYTPU MPOBOJHUKA Be3ze (B TOM 4YMCIE, U Ha IIO-
BEPXHOCTH) AOJDKEH OBITh MocTosHHBIM. OTcClofa cliemyeT BTOpoe
YCIJIOBUE — HANIPSHDKEHHOCTB 10JIs Ha [TOBEPXHOCTH MTPOBOIHUKA B KaX-
JIOM TOUKE HampaBjIeHa [0 HOPMAJIH K €ro IOBEPXHOCTH.

Ecnu npoBogHUKY COOOIIUTH KaKOKH-INOO0 3apsi, TO OH 00s13a-
TEJIBHO PaCHpEAeTIUTCS M0 MOBEPXHOCTH TaK, YTOOBI COOII0AATNCH
BBIIIE MEpeUYNCIeHHbIe ycloBus. Pacnpesnenenue 3apsiioB mo mo-
BEPXHOCTHU SABJIAETCS TakXke cielcTBHeM 3akoHa KysoHa: onHoOM-
MEHHBIE 3apsAbl JOJKHBI OTTAIKUBATHCA. VIcxo1d U3 3TOro, MOXKHO
3aKJII0YMTh, YTO Ha MOJIOM IPOBOJHHUKE 3aps]l pacHpeneauTcs Tak
JKe, KaK Ha CIIJIOIIHOM, ¥ BHYTPH MOJOCTH MIPOBOJHUKA 3JIEKTpUYe-
CKoe 1oJjie OyJIeT paBHO HYJIIO, YTO MOKHO MCIIOJIB30BATh IS DJIEK-
TPOCTATUYECKOMN 3aIUTHI.

[IpoBoaHMK, KOTOPBII HAXOAUTCS JOCTATOYHO AAJIEKO OT APYTUX
NPOBOJHUKOB, TN U 3apsi/IOB, HA3BIBACTCS YEOUHEHHbIM NPOGOOHU-
kom. IloTeHIman 3Toro NMpoBOJHHMKA MPOIOPLUOHATIEH €ro 3apsuy.
Q = Cop. KoappuumeHT nponopuroHaIbHOCTH B 3TOM COOTHOILICHHH
C = Q/¢p Ha3bIBaCTCSA 21EKMPOEMKOCHbIO YEAUHEHHOTO IPOBOAHUKA,
W TIPOCTO eMKOoCThI0. Eqnnuna nzmepenust emkocta — papana (D).
YCTpolcTBO, COCTOSIIIEEe U3 HECKOJIBKUX MPOBOJAHUKOB (HAIpUMED,
JBYX MapajulebHBIX MJIACTUH), CIIOCOOHOE HAKaIIUBaTh 3apsill, HO-
CUT Ha3BaHME KOHJIEHCATOpa.

B otcyTcTBHE 37€KTpHUYECKOrO MO AJIEKTPOHBI B IPOBOAHUKE
HaXOATCA B COCTOSTHUM XaOTHUYECKOTO TETJIOBOTO JIBUKEHMS, U TIPU
YCPEJHEHNH 32 HEKOTOPBIH MaJIbIi MPOMEKYTOK BpEMEHH Yepe3 Ipo-
M3BOJIBHOE ceYeHHEe S BHYTPU MPOBOJHUKA 3aps] HE MEPEHOCUTCS.
IIpn HanoXeHWH BHELIHETO AIEKTPUYECKOTO IOJII Ha XaOTHUYECKOe
TEIUIOBOE JIBUKEHHME HAKJIAAbIBACTCSl YHOPSAOYEHHOE JIBHYKEHHE
AJIEKTPOHOB € HEKOTOPOU CKOPOCTBIO v, OTIIMYHOM OT HYyJIs1. B pesyinb-
TaTe 3TOr0 YHOPSI0YEHHOTO JBU)KEHUS Yepe3 CEeueHUe NMPOBOAHHMKA
OyZeT mepeHoCUTbCs dIeKTpUUecKuil 3apsn Q, oOpasyrommii 3ek-
TPUYECKUI TOK /, KOTOPBIH 110 ONPEJEIICHUIO PABEH

1=dQ/dlt, (2.7
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HJin, €CJIM UMCHOTCSA HOCUTECIIU 3aps10B 000MX 3HAKOB:

1=dQ"/dt + |dQ|/dt. (2.8)

Toxk — aT0 CKaJIsp, 1 3a MOJIOKUTCIIbHOC HAITPABJICHUC TOKA MPU-
HATO HaMPaBJICHUC NEPEMCIICHUS MMOJIOKUTCIIbHBIX 3apsd0B.

Ecnu BenuurHa TOKa MOKET OBITh pa3J'H/I‘IHOI71 B PA3HbIX CCUYCHU-
AX NPOBOAHHUKA, €€ XaPAKTCPU3YIOT INIOTHOCTBIO TOKA:

j=4dllds. (2.9)

Ecau mb1 6y,Z[CM CUNTATh, YTO TOK MECPCHOCAT IJICKTPOHLI ITPOBO-
JUMOCTH, a4 UX YHUCJIO B CINHHUIIC o0beMa MMPpOBOJHHUKA 0003HaYUM 32 1
(HaBI:IBaGTCH KOHICHTpauusa 33.p$[,[[OB), TO MOKHO HAWTHU CBS3b MCKOY
CKOPOCTHIO YIIOPAAOYCHHOI'O ABUIKCHUS 3JICKTPOHOB U INIOTHOCTBIO
TOKa:

j=dlldS=nev. (2.10)

Kak BunHO 13 puc. 2.5, 3a BpeMsi dt uepe3 cedeHne IpoBOJAHUKA
S mporayT 3eKTpoHbI U3 o0bema dV = dS dl = dS v dt, konmudecTBO
KOTOPBIX cocTaBUT N = n dS v dt, a nepeHeceHHbli 3apsan Q =n dS v dt
e, oTKya ¢ yuetoM (2.7), (2.9) cnenyer (2.10). [lockonsKy Hampase-
HHE TOKa j IPU MAJIOM CEUSHUH COBIA/IAET C HAIIPABICHUEM CKOPOCTH
v, ypaBHeHue (2.10) MOKHO 3anucaTh B BEKTOPHOM BH/IE:

j=nev. (2.10"

2.3. Dnexmpoosudxcywas cuna (3.0.c.). 3axon Oma

Kak yxe ormeuanoch paHee, €Clld B IPOBOJAHUKE CO31aTh IEK-
TPHUECKOE TI0JI€ U HE TMPEANPHHUMATE MEP IO €T0 MOJePKAHHIO, TO
HepeMeleHre 3apsAa0B 10 ACHCTBUEM 3JIEKTPOCTATUUYECKOH CHIIBI
(F = gE) mpuBeneT K TOMy, 4YTO BHYTPH MPOBOJHHUKA TIOJIE€ MCUE3HET
Y TOK TTPEKPATUTCS.
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v
i N = |d { o> )
-‘~‘@ _________ @ P
Puc. 2.5. K onpenenenuto Puc. 2.6. Coznanue 3.1.c.
TUIOTHOCTH TOKa JUISL TIOJLIEPIKaHUS TOKa

J1J1s TOrO 4TOOBI TOK TIOJIEPKUBATH, HEOOXOIUMO OT KOHIIA ITPO-
BOJIHMKA C MEHBIIUM IOTCHIIMAJIOM HEIPEPHIBHO OTBOJUTH MPHHO-
CUMBIC TyJIa TOKOM 3apsiJibl, @ K KOHILYy C OOJIBIITUM MOTEHI[UAIOM MX
HETNPEPBIBHO MOJABOJUTH (HOCUTEIIM TOKA TOJIATAIOTCS TOJIOKHUTEIh-
HBIMH), puC. 2.6. Takum 00pa3om, B 3aMKHYTOU IETH IS [TOJIICpIKa-
HUSl TOKA JIOJDKHBI OBITh YYacTKH, T7ie Obl MOJOKUTEIbHBIC 3apsi/Ibl
JIBUTAJTUCh B HAIPABJIICHUU BO3PACTAHUS TIOTEHIIMAJIA, TO €CTh IIPOTHUB
CWJI 3JIeKTpocTaTudeckoro mnojs. [lepemenieHue 3apsaoB Ha TaKUX
y4acTKaX BO3MOXKHO TOJIBKO 3a CUET CHUJI HE 3JICKTPOCTATHYECKOTO
MIPOUCXOXKJICHUS, HA3bIBAGMBIX CHIOPOHHUMU CULAMU. DTU CUIIBI MO-
T'YT BBI3bIBATHCS XUMHUUECKUMU Ipolieccamu, Tuddy3ucii, H3MeHsro-
HIMMUCS MATHUTHBIMU TIOJISIMHU MM UMETh UHYIO TIPUPO/TY.

JlelicTBUE ATHX CTOPOHHUX CHJI MOXKHO XapaKTEpH30BaTh pado-
TOM, KOTOPYIO OHH COBEPIIAIOT 10 MEPEMEIICHHUIO 3apsI0B 110 LS .
Benuuunna, paBHas paboTe CTOPOHHUX CHJI HaJl SAMHUYHBIM TIOJI0KH-
TETBHBIM 3aPSIOM, HA3BIBACTCS AJICKTPOJBIKYIIECH CUIon (3.1.C.) U
0003HaYaeTc €.

e=A4Alq. (2.11)

Cornocrapisist 9Ty popmyiy ¢ ¢ = W/q, , 1ist TOTEHIHANA MOKHO
C/IeaTh BBIBOJ, YTO 3.11.C. HIMEET Ty K€ pa3MEpHOCTh, YTO U MMOTEH-
uan (B).

O6mryto paboTy, cCoBepIIaeMyIo Haj 3apsiioM, IPU €ro IepeMe-
HICHUH TI0 KOHTYPY MOYKHO TIPE/ICTABUTH KaK CYMMY AJIEKTPOCTaTHYE-
CKHX CHJI Ha yyacTKe 1-2 U CTOPOHHMX CHJI Ha ydacTke 2-1:

A=q(p—9,) +qe. (2.12)

24



Bennunna, uncieHHoO paBHas padoTe, COBEpIIaeMON Ha y4acTKe
LeNu HaJ €IUHUYHBIM TOJIOKUTEIBHBIM 3apsiioM 3JEKTPOCTaTHYe-
CKUMH M CTOPOHHHMMH CHJIaMH, Ha3bIBACTCA MaJeHUEM HaNpsOKEHUs,
WM IPOCTO HanpsikeHueM U.

U=¢p -9, *e. (2.13)

VYyacTok 1enu, Ha KOTOPOM HE JAEWUCTBYIOT 3.1.C., Ha3bIBAETCS
OJTHOPOAHBIM, 1 HA00OPOT.

OM 3KCIEepUMEHTAIHO YCTAaHOBMJI, UYTO MEX/ly HalpsKEeHUEM Ha
HEKOTOPOM y4YacTKe LENH U TOKOM, IPOTEKAOLIUM I10 HEMY, BBINOJ-
HSI€TCS] COOTHOILEHHE:

1=UIR, (2.14)

rae R — DIEeKTpUUYECKOE CONPOTHUBIEHHE, KOTOPOE XapaKTepu3y-
€T TeOMETPUYECKUE CBOMCTBA MPOBOJHMKA (IJIMHY MPOBOAHMKA / M
TUIOIIA/Ib €T0 MOMEPEYHOro ceYeHus S) U CoCOOHOCTh IEKTPOHOB
JTAHHOT'O MaTepuaa MnepeMeraTbest Mo AeHCTBUEM DIIEKTPUUECKOTO
1oJ1st (3NEKTPOIPOBOTHOCTD 7).

R=1lloc S=pl/S, (2.15)

rae p =1/o — BenuunHa, 0OpaTHas IPOBOJAUMOCTH, HA3bIBACTCS YEIb-
HBIM CONPOTHUBIIEHUEM MaTepuajna. B 3aBUCMMOCTH OT HalIU4Hs HC-
TOYHHKA 3.1.C. BeIpakeHue (2.14) HocuT Ha3BaHus 3akoHa OMa st
HEOJTHOPOTHOTO MJIM OJTHOPOJIHOTO y4acTKa IEMH COOTBETCTBEHHO.

g MeTanyoB BeIWYMHA CONPOTUBIIEHMS OKa3bIBAETCS 3aBUCH-
el OT TeMmnepaTypsl IO 3aKOHY:

R=R(1+aT), 2.16)

rae 0. — temneparypHblii kosduuuent conporusnenus (TKC), R,
— CONPOTHBJIEHNE MpoBOAHMKaA Ipu Temmneparype 0°C. 3aBUCUMOCTh
R(T) ucionb3yercsi B TEPMOMETPAX COMPOTHBICHUS AJISI H3MEPEHUS
TEMIEPaTYpHl.

Ecnu Tok, mpoTekaromuii Mo NpoBOJHHUKY, HEPABHOMEPHO pac-
NpeZiesieH 10 CEYECHUI0, TO 3aKOoH OMa OyZeT BBIMOTHATHCS IS Kax-
JIOTO 3JIeMEHTa MPOBOAHMKA JIMHOW dl M ceyeHueM dS. 3HaueHUe
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TOKa, BBIPQKEHHOE Yepe3 ero IJIOTHOCTh, OyzaeT / = j dS, a compo-
tuBieHue R = dl/o dS, cam 3axon Oma npumer Bun: jdS = dU o dS/dl,
OTKYyJIa MOCJIC COKpAIICHUS dS MOTydaeMm:

j=dUc/dl=E 0. (2.17)

3neck yuteHo, uto dU/dl = E. [lockoibKy HalpaBJIeHUE TIepeMe-
IICHHS 3apsI0B COBIAJACT C HAIPaBICHUEM M0JIs, ypaBHeHue (2.17)
3aIMCBIBAIOT B BEKTOPHOM BHJE, U OHO Ha3biBaeTcsi 3akoHOM Oma
B nuddhepeHIaIbHOM BUC:

j=Eo. (2.18)

2.4. [locneoosamenvroe
U napanienvHoe coeOuHeHue nPOBOOHUKO8

Ilocnedosamenvroe coedunenue. llpn mocienoBaTeaT-HOM COe-
JTUHEHUH TIPOBOJIHUKOB (COTIPOTHBIICHHI) TOK, MPOTEKAIONINI Yepes
HUX, IMEET OJMHAKOBOE 3HaueHue (puc. 2.7, a). Obiee HANIPsHKCHHE
CKJIaJIBIBACTCS U3 HAPSDKEHUI HA KaKIoM u3 Hux: [, =1 =1, = [,
U,=U, +U,+ U, Otkyna:

I,=UJR,
U=IR +LR + IR =IR +R +R,),
R=R +R,+R, (2.19)
Y I
u U U L
LT+ 1+ 1 I
R R Rs )2
R Uo
a 0

Puc. 2.7. [locnenoBarensHoe (a) 1 napajuiensHoe (0)
COE/IMHEHHUE IIPOBOIHIUKOB
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Hapannenvrnoe coedunenue. llpm mapajuleIbHOM —COCIHMHE-
HUM OJIMHAKOBBIM JUIS BCEX CONPOTHBJICHHWH OyJeT HampsuKeHUE
(puc. 2.7, 0), a TOk OyZIeT paBeH CyMMe TOKOB 4epe3 OTJICJIbHBIC CO-
nporusnenus: [ =1, + 1, + 1, U =U =U,=U,.

I,=U/R,+U/R,+UJR = UI/R, +1/R,+ 1/R),

I=UJR,

1/R,=1/R, + 1/R,+ 1/R.. (2.20)
HOCHC[{OB&TCHBHOC COCIUHCHUC TIPOBOJHUKOB MHCIIOJIB3YCTCA

JUTSL pacIiUpeHHsl AMana30HOB U3MEPEHH BOJIBTMETPOB (100aBOYHOE
COTMPOTHUBIIEHNE), a ApaJUIEIbHOE — aMIIEPMETPOB (IIYHT), puc. 2.8.

H3MepIeMblit TOK uepes Uv  Unon
Tok [ ammepmeTp Ia
C}—{:—— N ron
ra

Jiis

H3MEpPAEMOe HaTIPSIKEeHHe
TOK Uepe3 IyHT Ju Uo

Puc. 2.8. lllyHT 1 100aBOYHOE COIPOTHUBIICHNE

IyHT oTBEeTBINSIET HA ce0sl YacTh TOKa, a Ha T00AaBOYHOM COMPO-
TUBJICHUU MTPOUCXOAUT MAACHUC YaCTH HAIIPAKCHUA.

Juist pacdeTa MIyHTOB U 100ABOYHBIX COMPOTHUBIICHUH HCIIOB3Y-
10T opmyJisl, cieayrontue u3 (2.19) u (2.20).

2.5. Ilpasuna Kupxeogha

Jnst pacuéra B CIOKHBIX SJIEKTPUYECKHX METAX MOJIB3YIOTCS
npaswiamMu Kupxroga. IlepBoe mpasmimo Kupxroda crpasemnnBo
JUISL V37106 UETIN. Y3el — MOuKa 2NeKmpudeckoll Cxemol, 20e CX00Umcs
bosee yem 06a npogoonuxa (puc. 2.9, a).

DTO paBHIIO ABISAETCS CIIEICTBHEM 3aKOHA COXPaHEHHS 3aps/a 1
YTBEPXKIACT, UTO aleeOpauieckas Cymma mokos, CXoOAuuxcs 6 ysie,
PasHa HyTo.

2 1=0. (2.21)
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Bropoe mpaBmiio sBIsSeTCS CIEACTBHEM CIIOKCHUS ypaBHEHHH,
HaIMCaHHBIX MO 3aKOHYy OMa /sl MPOU3BOJIBHOTO 3aMKHYTOI'O KOH-
Typa (puc. 2.9, 6) nenu:

]lRl — ¢ - §Dz+ € [3R3 P50, T €3
LR, = ¢, - 0, te, IR, =9 ,—¢ *e,.
ITocne cnoxeHus: BCceX ypaBHEHHMH 3HAYEHUS MOTEHLUATOB CO-
KpaTiITCﬂ N OKOHYATCJIIbHO HOJ'Iy‘lI/ITCﬂ:

2IR =2 (2.22)

m N R & @
I Iz[ L &
e Ve 2 |.—|.| | 'R4
14 & —L
/4

Is (_J_|

P &3
a 0

Puc. 2.9. ¥Y3eun (a) n 3aMKHYTBIA KOHTYD (0) DIIEKTPHYECKOMH 1IeTTH

ITo mepBomy mpaBmiry Kupxroda 4mcino He3aBHCHMBIX ypaBHe-
HUI Ha OJHO MEHBIIE, YeM O0IlIee YMCIIO Y3JI0B, a 0 BTOPOMY — Ha
OJIHO MEHBIIIe, YeM 00IIIee YMCII0 3aMKHYTHIX KOHTYPOB IIETIH.

b c

el al &l

R R R
h I £

d e f

Puc. 2.10. 3aMKHYTBII KOHTYp I CUCTEMBI ypaBHEeHUH (2.23)
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[Tonnass cucrema ypaBHEHHMH JUis II€TIH, HW300paKCHHOM
Ha puc. 2.10, Oyaer UMeTh BHI:

I + 1, =1 (ysenb)
L=1+1 (ysene)
IR — IR, = ¢ — ¢, (xontyp abeda) (2.23)
LR, + LR, = ¢, + &, (xoutyp bcfeb)
IR + LR, =¢ +é&, (xoutyp abcfeda).
IIpu 3TOM ypaBHEHHUS ISl y37I0B [0 MepBoMy TIpaBuny Kupxroda

COBIIAJAKOT, 4 MOCJICAHCC YPABHCHHUEC AJI1 KOHTYPOB MOXKHO IOJYYUTH
CJIOKCHUCM JBYX NPCAbIAYIINX.

2.6. Paboma u mowHocms nOCMOAHHO20 MOKA

B npoBoiHHKAaX, B KOTOPBIX IPOTEKAET TOK, IMEET MECTO IIPOLIECC
MIPEBPALICHUS SJIEKTPUUECKON SHEPTUN B SKBUBAJIEHTHOE KOJIMYECTBO
SHEPTUH JPYTUX BUIOB. Mepoii peBpalieHus SBIseTcs padoTa.

N3 »iexTpoCcTaTUKU U3BECTHO, YTO

A=q(p,—9)=qU. (224)

st mocTostTHHOTO TOKAa ¢ = [+t, W, UCTONB3Ys 3akoH OMa yis
yuactka nenu (U = [-R), IoIy4nm:

A=1Ut=PRt=U*tR. (2.25)

Ot hopMyITbI 5KBUBAJICHTHBI, €CJTH HA pACCMAaTPUBAEMOM y4JacT-
K€ HeT HCTOYHHUKA DIIEKTPOABIKYIIEH CHIIBI 3.]1.C.

IIpu npeBpalieHnn MEKTPUUECKON IHEPTUHU B TEIUIOBYIO pacyeT
BBIJICJIIEMOI0 KOJIMUECTBA TeIla ® IPOU3BOAUTCS II0 3aKOHY COXpa-
HEHUS SHEPTUH:

A=0=]Ut=PRt=U*tR. (2.26)

OT0 BBIpaKEHHE HOCHUT Ha3zBaHue 3akoHa [[xoymnsa-Jlenna.
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Ecau paccMaTpuBaThb pa60Ty, COBCPIICHHYIO TOKOM 3a CAUHUILY
BpPEMCHHU, TO MOJTYyYUM €TO MOIIHOCTh!:

N=dA/dt=1Udt/dt=U?/R=PFR. (2.27)

(I)OpMyJ'Ia MOIIHOCTH CIIpaBCJIMBa KaK IJIsd MOCTOSIHHOI'O, TaK U
AJi1 IE€PEMEHHOT'0 TOKOB.

2.7. 3emHoe anexmpuuecmso

WHTepecHo oTMETUTH (PAKT, ITO O OOBIYHBIA NIEHH HAJl POBHOM
MTOBEPXHOCTHIO 3€MJIM JJEKTPUYECKHH MOTEHIA BO3pAcTaeT IIo
Mepe noapema pumMepHo Ha 100 B ¢ kaxapiM MeTpom, TO eCTh B BO3-
JIyXe HaJl TIOBEPXHOCTBIO 3EMJIM MMEETCS BEPTHKAILHOE DJICKTpHUE-
ckoe nrone E Benmuunnoit mopsiaka 100 B/m. 3Hak mosns cOOTBETCTBYET
OTPHUIATETIFHOMY 3apsily 36MHOH MOBEPXHOCTH. DTO O3HAYAET, YTO
MMOTCHITMAJT Ha YPOBHE HaIew rooBsl moutu Ha 200 B BhIIIE MOTEH-
ana Ha ypoBHe msatok! Cpa3y MoKeT BOSHUKHYTh Boripoc: «[louemy
e HaC JIO CHX TI0p HE yJiapsieT 3JICKTPHUSCKIM TOKOM, BeJlb U3BECTHO,
4yTO yXe Harnpspkenue 36 B omacHo mist sxn3an?» OTBET 10CTaTOYHO
MPOCT — HAIlle TEeJIO SBISIETCS JIOCTATOYHO XOPOIIUM IPOBOJTHUKOM, a
MOBEPXHOCTh MPOBOJIHUKA, KAK OTMEUAIIOCh paHee, OyJeT SBISThCS
9KBUTIOTCHIIMAILHON ¢ TOTCHIINAIOM 3EMJIH.

[To Mepe yBenmueHHs BHICOTHI BETUUMHA HANPSKEHHOCTH JJICK-
TPUYECKOTO TIOJISI YMEHBIIIACTCS M MPAKTHICCKH NCYE3aeT Ha BBICOTE
nopsaka 50 kM. OOmiast pa3HOCTh MOTEHIIMATIOB MEXKIY MOBEPXHO-
CThIO 3eMJIM M BEPXHHUMH CIIOSIMH aTMocdepbl nmeeT nopsgok 400
000 B. Ha BrIicoTe 6omee 50 kM TIpOBOUMOCTH aTMOC(EpHI, 32 CYET
dhoTorpdexTa OT COMHEUHBIX JIyUeH, CTAHOBUTCS TOCTATOYHON, UTO-
OBI CUMTATh €€ TaK)Ke YKBHUIIOTEHITHATBHONU. Takum o0pa3om, o0IIyIo
KapTHHY MOXKHO ITPEJICTaBUTh, Kak 3TO H300pakeHo Ha puc. 2.11. O6-
HIMH 3apsiJi Ha TTOBEPXHOCTH 3eMJIM TPH 3TOM COCTAaBJISIET IPUMEPHO
-6 10° K.
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J =10%MxA
I=1800 A
I=10000 A

Puc. 2.11. ®opmupoBaHue 3IEKTPUUECKOTO MO 3eMITU

OI[HaKO, BCJICACTBUC HAJINYUA OTHACJIBHBIX MOHOB M B IPOMC-
JKYTOYHOM cJioe arMochepbl, MeXAy OOKIaAKaMH MPOTEKaeT TOK
C IUIOTHOCTBIO 0KOJI0 10 MKA Ha kBampaTHbId MeTp. OIHON U3 MpU-
YUH 06pa30BaHI/I$I HNOHOB SBJIAIOTCA KOCMHWYCCKUC JTYUU. Ha Benuun-
HY MOHHOTO TOKa B 3HAYNUTEJILHON CTENEHU BIIMSIOT aTMOC(I)CpHI)Ie
Y IPUPOJIHBIE siBIIeHUS. HecMOTpsi Ha ero oueHb MajeHbKOE 3Haye-
HUE, YYUTBIBAsI OOLIYIO II0IIAAb 3€MHON MOBEPXHOCTH, OOLIHIA 3JIeK-
Tpuuecknuii Tok cocrapiser npumepHo 1800 A. Ilpu HanpskeHUH
400 000 B momuocTh ero 6yzer 700 MBt. Kpome Toro, 3ameueHo,
YTO B TCUCHHUEC CYTOK 3HAYCHUC HCIIBITHIBACT Kojebanms nopsaaka
30%, gocTuras MakCUMajJbHOIO 3HaYEHHs B 7 4acoB Bedepa Mo JIOH-
JIOHCKOMY BpEMEHH, a MUHUMyMa — B 4 Jaca.

MOHO MOCYHUTATh, YTO NPU TAKOM TOKE JIOCTATOYHO ITOJTydaca,
4yT00BI paspsauTh 3eminto. CHOBa BO3HMKAET BOMPOC: KaK XKe 3apsij
3emun IepsKUTCS?

Oxkazainoch, uTo «OaTapeeiiy», MOMOIHSIONICH 3apsii 3eMIIH, SIB-
JISIOTCST TPO3bl. MOJHUU CHAOXKAIOT MOBEPXHOCTh 3€MIIM OTPHIIA-
TETBHBIM 3apsiioM. CpeHIil TOK MOJTHUHN TaKKe JTOKEH COCTaBIISTh
1800 A B obnactsix, rje MPOXOASAT TPO3bI, a 3apsj], NPUHOCHUMBIH
MOJIHHMSIMH, 3aT€M PaBHOMEPHO PACTEKAETCs MO MOBEPXHOCTH 3eMIIH
1 YHOCHUTCS TaM MOHAMMU.

Kaxnpie cytku Ha 3emie rpemut okoio 300 Tpo3 W UMEHHO
Ha 19 yacoB MPUXOAMUTCS MX HAaWOOJIbIAsS AKTUBHOCTh. TOK B IHKE
MostHIH MOxeT nocturath 10 000 A, mepenecennsrit 3apsn — 20 K.
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['nasa 3. MazHumHoe no.sie 8 aKyyme

3.1. Bzaumooeticmeue MacHumo8 u mokoa

Paccmorpum nBa siBienus. IlepBoe, Xopouio BceM HM3BECTHOE, —
3TO NPUTSKCHHUE WM OTTAJIKUBAHHUE MArHUTOB. [IpUHSTO CUMTATh,
YTO y MarHMTa €CTh JIBa MOJI0CA — CEBEPHBIN U FOKHBIH. OHOUMEH-
HBIC IOJIF0CA MArHUTOB OTTAJIKMBAIOTCS, a PA3HOUMEHHBIC — MPUTSI-
TUBAIOTCS. 3/1eCh BaXXHO OTMETUTh, YTO IO OTICIILHOCTH MarHUTHBIC
OJIFOCA CYIIECTBOBATh HE MOT'YT. ECITM MbI pa3/iejiiM MaruuT, Harpu-
Mep, MoMojIaM, TO y Kax J10¥ MOJI0BUHKH BHOBb 00pa3yeTcst JiBa MOJIH0-
ca. Takum 00pa3om, UMesl 1101 PYKOU CTPEJIKY KOMITaca U MarHuT, Mbl
MO’KEM OIPE/ICIIUTH MT0JIF0CAa MarHUTa. BaskHBIM BO BCEX ATHUX OMbBITaX
SIBJIICTCS TO, YTO OJIMH MAarHUT WJIM CTPEJIKa KOMIIaca, KOTOpast TakkKe
SIBJIICTCS JICTKUM TOJBMKHBIM MarHUTOM, ONpEACIICHHBIM 00pa3oM
«yyecmeyromy» NPUCYTCTBUE TJE-TO PAIOM JPYTHX MarHUTOB U 0€3-
OIIMO0YHO TOYHO ONPEACISAIOT Hanpasienue Ha HuX. Wi, qpyruMu
CJIOBaMH, OJIMH MArHUT JCHCTBYET Ha APYTOM, Ja)Ke eClIi OHU HaXo-
JIITCSI Ha PACCTOSIHUU APYT OT JApyra.

Bropoe aBnenue — 31o B3auMo ieicTBUe TOKOB. Ha OCHOBaHUU OMIbI-
TOB AmrmiepoM OBIIO YCTAHOBJICHO, YTO J1Ba MpoBoaHMKa (puc. 3.1, a)
MPUTATMBAOTCS, €CJIM B HUX TEKYT TOKH B OTHOM HAITPaBJICHHUH, M OTTaJl-
KHUBAIOTCSI, €CIIM HAIPABJICHNUS TOKOB MIPOTHUBOIIONIOKHBIE (puc. 3.1, 0).

a o B

Puc. 3.1. B3aumopelicTBie TOKOB U JIeliCTBHE TOKA HA MATHUTHYIO CTPEIIKY
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CI/IJ'Ia, npuxoadmasacsa Ha CAUHUIY AJIMHBI IIPOBOAHMKA, OKa3a-
JIaChb MpOoNOopHHUOHAJIbHA BEJIMYMHEC TOKOB B IPOBOAHUKAX U O6paTHO
nmponopuruoHajibHa paCCTOSAHUIO MEKIY HUMU:

21,1
F=k—=, 3.1)

T/ k — TOCTOSTHHASA, 3aBUCSATIAS OT BEIOOPA CUCTEMBI €TUHHUII.

VYpasuenne (3.1) ciry>kKHUT OCHOBAaHUEM IS OTIPEACIICHUS SIMHH-
bl cuna Toka. Tak, B cucteme CU equauma Toka — amrep (A) — 3To
TaKOH TOK, ITPH MPOITYCKaHWU KOTOPOTO Yepe3 1Ba OECKOHEUHO JJTHH-
HBIX MTPOBOJHMKA, HAXOAIINXCS HAa PACCTOSHUU | M JIpyT OT zpyra,
Bo3HukaeT cuna 2 107 H na metp. YpaBuenue (3.1) npu 3TOoM 3aru-
CBIBA€TCS B PAIlMOHATIM3UPOBAHHOHN (opme:

F = to 21115

2
am b (3.2)

IJIe |, — MarHMTHas MOCTOsiHHAsA, paBHas 1,26 10° rempu Ha MeTp
(I'a/m). Enunanna 3apsina — xkynos (K) — mpu aToM omnpenensiercss Kak
3apsj, NPOTEKAIOIINH Yepe3 CeUeHUE NMPOBOJHMKA 3a OAHY CEKYHIY
npu cuiie Toka 1 A.

[IpumepHo B TO )¢ BpeMst DpcTeq 00HApYy KU, YTO TOK, POTE-
KalOLIM{ 110 MIPOBOJHUKY, OKa3bIBaCT OPUCHTHUPYIOLIEE ACHCTBHE HA
MarHuTHYIO cTpenky (puc. 3.1, B). [IpuueM npu n3MeHeHnU Hampas-
JICHWH TOKa cTpelika noBopaunBaercs Ha 180°. Takum oOpazom, ObLI
CZeJaH BBIBOJ, YTO Ha MarHUTHYIO CTPEJKY MOTYT ACHCTBOBAaThH HE
TOJIbKO HaXOJSIINECS PsIOM JPyrde MarHuThl, HO U IPOBOJHUKH C
TOKOM. JTO yKa3bIBaeT Ha OJAMHAKOBYIO NPHUPOAY B3aUMOJCHCTBUS
MarHuTOB M IIPOBOJHUKOB C TOKOM.

Tenepb ONBITHI C MarHUTaMH MOXKHO OOBSICHHUTBH CIICAYIOLINM
oOpazom. [lepBblif MarHUT co3aeT B NPOCTPAHCTBE OKOJIO cebs mae-
HUmHoe nose. ITO 1MoJe JSHCTBYET Ha BTOPOM MAarHUT WJIM MarHUT-
HYIO CTpeJIKy. Bo BTOpOM ombITEe IPOBOJHMK, IO KOTOPOMY MPOTEKa-
€T TOK, CO31aeT BOKPYT ce0s1 MarHUTHOE MOJI€, U 3TO MarHUTHOE TI0JIe
JEHCTBYET Ha BTOPOH MPOBOJHMK C TOKOM HJIM MAarHUTHYIO CTPEJIKY.
Ho B 000oux ombITax ObUIO 3aMEYEHO, YTO STO MAarHUTHOE T10JIC UMe-
€T BIIOJIHE ONpENEJICHHOE HanpasieHue, T. €. SBISCTCS 6eKMOpPOM.
OCHOBHYIO KOJMYECTBEHHYIO XapaKTEPUCTHKY MAarHUTHOI'O IOJS B
Ka)JI0} TOUKE Ha3bIBAIOT MArHUTHOW MHAYKLUEH 1 0003Ha4YatoT OyK-
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Boil B. ITocKOJIBKY MarHUTHOE TIOJIe HEBHUIMMO, YTOOBI XOTh KaK-TO
HarJsTHO MPEICTaBUTh ero cede, TOrOBOPUIINCH TpaguuecKu H300pa-
JKaTh €T0 B BHUJE JIMHUI CO CTpeJIKaMM, KOTOPbIE HA3BAIU MACHUMI-
HbIMU CUNOGLIMU TUHUAMU. Y CIIOBUIINCDH, YTO MATHUTHBIE CHJIOBBIE
JIMHUM BBIXOST U3 CEBEPHOIO IMOJIF0CA MOCTOSIHHOIO MarHuTa 1 BXO-
JIAT B FO’KHBIN MOJIOC M BHE MarHWTa CUJIOBas JIMHMS HAlpaBlIeHA OT
CEBEPHOTO MOJII0CA K F0’KHOMY. MarHuTHbIE JINHUU HE NEePEeCceKatoTcs
MEKIY co0oi, puc. 3.2. HarnsaHyto KapTHHKY CUIIOBBIX JTMHUH MOXK-
HO Ha0JII0JaTh, €CJIM HA TOCTOSIHHBIA MAarHUT MOJIOKHUTH JIUCT OyMaru
Y TIOCBINATh JKEJIE3HBIN MOPOLIOK.

VYV

Puc. 3.2. [Ipumeps! 300paKCHHUS MATHUTHBIX TTOJICH

Bekrop MarHuTHOW MHAyKUMU B B Kaxkaod Touke OyneT Ha-
MpaBJICH N0 KacaTeJIbHOM K CUJIOBOM JIMHUHU, a BEJIMYNHA MarHUTHOM
MHAYKLIMU Oy/eT NpornopluroHalibHa KOJIMYECTBY JIMHUH, ITepeceKaro-
[IUX SIUHUYHYIO IUIOMIAIKY, IePICHIUKYIIPHYIO UM, pHc. 3.2, a.

MarsnutHoe 1oJie HE OKa3bIBaeT JIEUCTBUA Ha MOKOSIIHUECS 3apsi-
JIbl ¥ TOKOSILIUMUCS 3apsiiaMH HE CO3/1aeTCsl.

JI1st MarHUTHBIX IOJEH, KaK U IS 3JIEKTPUUECKUX, CIIPABEIINB
MIPUHLIMIT CYTIEPIIO3UIIUH:

B=3B. . 3.3)

3.2. Macnummnoe none 0gudicyuje2ocs 3apsoa.
3axon buo-Casapa-Jlannaca

DNEeKTpUYEeCcKoe ToJie, KOTOPOE CO3/aBal TOKOSIIMNACS TOYeU-
HBIA 3apsif, B CHIIy M30TPOIMH TMPOCTPAHCTBA MMEJO IEHTPAIBHO-
CUMMETPUYHBIN XapakTep. Eciu 3apsii g JBUXKETCS ¢ HEKOTOPOH
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CKOPOCTBIO V, TO TOSIBJIICTCSl BBIJICJICHHOE HAIpaBJICHHE, KOTOPOE
COBIIAJIaCT C HAMPABJICHUEM KacaTeIbHON K CKOPOCTH B KXKIBIH MO-
MEHT BpeMeHH. Takum 00pa3oM, MOXKHO OXKHUIATh, UTO MArHUTHOE
ToJIe JIBIDKYIIETrocs 3apsiia OyJeT UMETh OCEBYH) CHMMETPHIO, PHC.
3.3. OueBUIIHO, YTO OHO AOJDKHO 3aBHCETh OT BEIMYUHBI 3apsi/a, CKO-
pPOCTH, a TaKXKe IMOJIOKEHUS PACCMATPUBAEMOM TOYKU OTHOCHUTEIILHO
3apsifia. Y CTaHOBJICHO, YTO:

q[v=r]
B=k——, (3.4)

/i€ k — MOCTOSTHHAS, 3aBUCSAIIAS OT BRIOOpPA CUCTEMBI SUHUIIL.

q

Puc. 3.3. K onpenenenuto xapakrepa MarHUTHOTO TOJIS
JIBIDKYILIETOCS 3apsiaa

B cucreme CI'CM k = 1, equHuIa u3MepeHUs] MarHUTHOMN
naaykiun — rayce (I'c). B cucreme CU ennHAIa N3MEpEeHUS MarHUT-
HO# mHayKImH — Tecna (Tir), a ko3 PUIUEHT MPOMOPITMOHATEHOCTH
k= p /4.

Tenepr paccMOTPUM ITPOU3BOJIBHBIN TPOBOJHUK, IO KOTOPOMY
MPOTEKAET AEKTpUUYecKuil Tok I. Uucino HocuTene Toka Ha ydyacTkKe

npoomguuka dl Oymer coctaBiaTh nSdl, M KaKIbelif B COOTBETCTBHH
N [vxr]
¢ (3.4) O6yner co3naBath MarautHoe mose By = 4z 13 (mpenrio-

JIaraeTcsl, YTO HOCUTEIIIMU TOKA SIBJISFOTCS 3neKTp0}f1)1), av— CcpenHsis
CKOPOCTb MX YIOPSIOYEHHOTO JBIKEHUS, IPUHUMAIOIIAs YIaCcTHE B
CO3aHUU MarHUTHOTO NOJIs1. TerIoBoe IBUKEHHUE DJIEKTPOHOB UMEET
B KaXJbli MOMEHT CJIly4allHOE HAIIpaBJICHUE U IPU CYMMUPOBAHUU
BKJIaJ]a B MATHUTHOE TTOJIE HE JacT.

35



Puc. 3.4. K BoiBoy 3akoHa buo-Caapa-Jlannaca

HOJ’II)?)}’S[CI) MMPUHOUIIOM CYHNEPHIO3UIIUHU, MOXKXHO OIPEACIUTH
CyMMapHOe I10JIe BCeX HOCHUTeJIeH 3apsija:

Hy enSdl Hy Sdl
# [oxr] = 222

ar 13 4r 713

dB =Y B = sl = 2 f—g[azxr] =2 Zldixr]. (3.5)
3mech OBLTO YUTEHO, UTO nev =j, Sj = I, a Takxke cieiaHa 3aMeHa
jdl=jdl.

Cootromenue (3.5) Hocut nums 3akoHa brno-Casapa-Jlamnaca.

W3 cooTHOmIeHus (3.5) BUIHO, YTO HANIPABICHNUE MATHUTHOMN WH-
JyKUWN NEPIEHIUKYJISIPHO IUIOCKOCTH, MPOXOAIIECH Yepes3 2JEMEHT
TOKa dl 1 paccMaTpuBaeMyIo TOUKY.

[Tonb3ysce popmynoii (3.5), MOKHO BEIYUCIUTH MAarHUTHOE TI0JIE
0ECKOHEYHOT0 IPOBOJIHUKA C TOKOM, pUC. 3.5. DJIeMEeHT MPOBOJIHUKA
dl 6ynet co3maBath ImoJie:

H ldl
dB = 2. 2 Sina, (3.6)

VYuureiBas, uyto r = b/sina, dl = rda/sina = bda/sin2a, nepenuiiem
(3.6):

Uy Ibdasina sin®a Uy Isina

dB = =2 =L ——da, @36

4 b2sinfa 47 b

36



CyMMmapHOe 3HaueHHe MHAYKLIWU AJI BCETO MPOBOJHMKA IOJTY-
YUTCS, €CIIM BhIpakeHHe (3.6') MPOMHTETpUPOBATH 110 BCEM yIaM OT
— 7 10 + 1 (110 BceMy MPOBOJIHUKY).

1n o My 21

+xl
dB =% [T g = B0 = 3.7)
47 T b 47

JluHuu MarHUTHOM MHIYKIUU MPSMOTO TOKA MPEACTABIAIOT CO-
0Ol cUCTeMy OXBaTBIBAIOIIUX MPOBOJ] KOHIICHTPHUECKUX OKPYKHO-
creit, puc. 3.5. [lomoOHOE ToJie HOCUT Ha3BaHWE BUXPEBOTO IOJIS:
JIMHUU HAIPSDKEHHOCTH €ro 3aMKHYTHI U HE UMEIOT Havyala U KOHIIA.

I

b

Puc. 3.5. MarauTHO€ nose NpoBOAHUKA C TOKOM

I[Hﬂ TaKUX MOJCH BBOJUTCA MOHATUC «KHUPKYJIAIMNA BEKTOpPA HA-

MPSKEHHOCTH BIIOJIb 3aMKHYTOTO KOHTYpPay: ,[Bdl 1o KoHTypy L. Jler-
KO [10Ka3aTh, YTO, €CJIU B KAYECTBE KOHTYPa BhIOPATh OKPYKHOCTh pa-
Juyca b ¢ ISHTPOM, JIeXKAIIUM Ha MPOBOHKUKE, IUPKYJISIUS BEKTOpa
HANPSHKEHHOCTH MarHUTHOTO TOJISI BJIOJIb 3TOTO KOHTYpa OyIeT:

o 2027b

_H
JBdl == _— Ho 1, (3.8)

Bripaxkenue (3.8) HOCUT Ha3BaHHE TEOPEMBI O IUPKYJIISAIMH BEK-
TOpa MarHUTHOW MHAYKIIMHU, KOTOPas paBHa CyMMapHOMY TOKY, Ipo-
HU3BIBAIOIIEMY KOHTYP, YMHOXKEHHOMY Ha [,
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3.3. Cuna Jlopenya. 3axon Amnepa

B3aumoneiicTBue MpoBOIHUKOB Mbl OOBSICHUIIM CIEAYIOINM 00-
pasoM. JBrxKyminecs 3apsiibl IEPBOrO MIPOBOJHHUKA CO3JAI0T BOKPYT
ce0si MarHWTHOE TIOJIE, BEJTMYMWHY KOTOPOTro MBI ompenenwiu (3.7).
OT0 1mosne, B CBOIO Ouepeab, JOIKHO ACHCTBOBATH HA JBIIKYLIHECS
3apsiibl BTOPOTO MPOBOIHUKA.

Cuna, nedcTByroIas Ha OTACIBHBIN 3apsi , BEPOSITHO, OyAeT
3aBHCETh OT BEJIMUMHBI 3apsijia, €ro CKOPOCTU V U BEJIMYMHBI U Ha-
npaBjeHUs NoJs B. YCTaHOBIIEHO, UTO:

F =k q [vxB]. (3.9)

B cucreme CU k = 1 u ypaBaenue (3.9) sBisieTcss OCHOBaHHEM
JUIsL ONIPEZCIICHNs] CIUHNLBI MArHUTHONW MHAYKUUH. PacKkpeiBas Bek-
TOpHOE Ipou3BeacHue, B cucreMe CH nonyuum:

F=gq[vxB]=ngqvBsina, (3.10)

I 0. — YTOJI MEX/ly HallpaBJIeHUEM JIBH)KCHUS 3apsifia U HAlIPaBJICHU-
€M MarHuTHOTO I10JIsl, @ # — €AMHUYHBIN BEKTOP, EPIECHANKY IS PHBIN
TUIOCKOCTH, B KOTOPOH JekaT BekTopa v u B. Takum obpa3om, cuia,
JecTBYIOMIas Ha JBMDKYLIMICS 3apsi B MArHUTHOM I10JI€, BCEra Ha-
IpaBjieHa NEPHIEHINKYISIPHO HANpaBJICHHUIO IBUKECHUS, HE COBEpILa-
eT paboThI U He MOXKET U3MEHUTD SHEPTHIo 3apsina. Cuiia paBHa HYJIIO,
€CJIM HalpaBJICHUE JBIKCHHS COBIIAJAET C HAaNpaBlICHUEM OIS (Ha-
TIpaBIieHa MPOTHUB).

B obuem cimyvae, mpy HUIMYKUHU U 3JIEKTPUIECKOTO OIS CyMMap-
Hasl cuila, ICHCTBYIOIIAs Ha JIEKTPOH, HOCUT Ha3BaHUs cuvl Jlopen-
ya v paBHa:

F=gqgFE + g [vXB]. (3.11)

[Tonb3ysice BepaxkeHueM (3.9), MOXKHO ONpENeTUTh CHITY, JeH-
CTBYIOIIYIO Ha TPOBOIHUK C TOKOM, TOMEIICHHBII B MArHUTHOE TIOJIE.
Cuna (3.9) neficTByeT Ha Ka/Ibli 2J1EKTPOH NpoBoHuKa: I = e [vXB]
W TIepeaeTcs MPOBOAHUKY, IT0 KOTOPOMY OHH JIBHKYTCS. B pesyib-
TaTe Ha eIUHUILY JUTHHBI TPOBOIHNKA OYET JeWCTBOBATh CyMMapHast
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CuJia, paBHad y1(a3aHHOI7[, yMHO)KeHHOfI Ha 4YH1CJIO 3JICKTPOHOB B pac-
CcMaTpuBacMoOM o0BeMe MMPOBOJAHHKA:

F,=F nSdi=nSdle[v<B]=Sdl[j<B]=1[dI<B]. 3.12)

3nech yuteHo, uTo 1 e v =j u S dl j 3ameneno Ha [ dl. Beipaxxenue
(3.12) HOCHT Ha3BaHUE 3aKOHA AMIIEpa.

Tenepb, BO3BpaIasch K Ha4amy rJaBbl, MOXKHO MMOCYUTATH CHILY,
JEHCTBYIONIYIO CO CTOPOHBI MPOBOJHMKA, MO KOTOPOMY HPOTEKaeT
TOK /,, Ha MapajIeNbHbI €My IIPOBOJIHHUK, 110 KOTOPOMY TEYET TOK
L, puc. 3.6.

Puc. 3.6. K onpezenenuto Cuiibl MEXIy IPOBOJHUKAMU

Cornacao (3.7), nepBblii MIPOBOJHUK B 00JIaCTH BTOPOTO OYy-
J€T CO31aBaTh MHAYKUMIO B, = u 2[ /47b, HanpaBieHHyIO mep-
MEeHIUKYJIIPHO eMy. DTo moje, cormacHo (3.12), Oyner neicTBo-
BaTh Ha JIBIXKYIIHMECS DJIEKTPOHBI BTOPOTO MPOBOJHHKA C CHUIIOW
F =1 [dle1] =n u, 211 I, dl/4rh, nnu Ha CAMHUILY JJIUHBI
F=pu,2I I, /4xb, cm. (3.2).
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I['nasa 4. AeneHue
3s1eKmpomMazHUMHOU uHdykyuu Papades.
YpasueHus1 Makcees1a

Omxkpoimus @apadea u Makceenna oniamunu éce 3ampamaot
Ha cO8peMeHHYI0 HAYKY, XOTS B T€ BpEMEHA UX MpaKTUdecKas 3Hauu-
MOCTh ObLJIa HE OUEBHJIHA.

[TonBenemM HEKOTOpBIE UTOTH TOTO, YTO HAM U3BECTHO Ha JAHHBIN
MOMEHT.

e HenoaBrkHbIe 3apsbpl CO3AIOT BOKPYT ce0sl dJEKTPUUECKHUE
OIS,

e J[BrKy1Irecs 3apsaabl CO3/1Al0T MAarHUTHBIE TTOJISL.

Ho ecnu nBmxymuecs 3apsapl (971eKTpHYECKHE MOJIs?) CO3Aal0T
MOJIsl MATHUTHBIE, TO HE OyleT JH ABMKEHWE MarHuTa (MarHUTHOTO
M0JIs1) BBI3BIBATDH MOSBJICHUE IEKTPUUYECKHUX MOJIEH (MM TOKOB)?

[IpumepHo Tak Mor paccyxknaare ®dapaneit, korna 29 asrycra
1831 roma OTKpbUI 3aKOH 3JIEKTPOMArHUTHONW MHAYKIUH, KOTOPBIH
HOCHT €T0 MMs.

4.1. HAenenue snexmpomacnumnotl unoykyuu dapades

IIpocreiimnii OnbIT, B KOTOPOM IPOSIBISETCS SIBJIECHUE JIEKTPO-
MarHATHOW WHAYKIWH, H300paxxeH Ha puc. 4.1.

LE LR

LULL

Puc. 4.1. Bo3HUKHOBEHHE TOKA B KAaTYyILIKe IPU BHECEHUU B HEE
M BHIHECEHHWH U3 HEe MarHuTa

Ecau BaBurars B KaTyIIKy MartuT, TO IOJKIIOYEHHBIM K HEU
M3MEPUTENBHBIN TPUOOp MOKaXKET, YTO B HEll Bo3HMKIA 3.1.c. Koraa
MarHuT MOKOUTCS, 3.1.C. HeT. Eciu MarHuT BBIBUTATh U3 KaTyIIKH,
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TO TpUOOP MOKAKET HATMUHKE 3.7.C. IPOTHBOIOIOKHOTO 3HaKa. [Ipu
3TOM BEJWYMHA 3.11.C. OyneT Tem Ooblie, 4eM 0OoJIbIle CKOPOCTh JBH-
JKEHUS] MarHUTA.

MOoXHO cKa3aTh, 4YTO WAEU IMOAO0OHOTO OMbITA BUTAIHU B TE Bpe-
MEHA B BO3/yX€, IOCKOJIbKY B TOYHOCTU TAKHUE K€ OIBITHI OJHOBpE-
MeHHO ¢ Dapajeem NMpoOBOAUI APYIOW, HUKOMY CETOIHS HEU3BECT-
HBIH mBelinapckuil pusnk Komnanon. Ho mockosibKy OH HCTIONB30Ba
YYBCTBUTEJIbHBIN T'aJIbBAHOMETP, HA KOTOPBIM MAarHUT MOI OKa3aTb
BJIMSIHUE, OH BBIHEC €TI0 B COCETHIOI0 KOMHATY U TAKMM 00pa3oM ObLI
oOpeyeH Ha MmpoBall.

Bonee moapoOHBIe OMBITHI OBUIM MOCTAaBIIEHBI 3aTEM C ABYMS
NapauleIbHO PACHOIOKEHHBIMU PSAJIOM BUTKaMu, puc. 4.2. [lepsriit
KOHTYp OBULI IMOACOEJMHEH K MCTOYHHMKY TOKA, BEIMYHHY KOTOPOTO
MOYKHO OBUIO PeryJnpoBath IIpH MOMOILHU PeocTaTa, U TAKUM 00pa3oM
CO3/1aBAJIOCh KOHTPOJIMpPyeMoe MaruuTHoe noje. Ko BTopoMy KOHTY-
PY HOACOETUHSIICS U3MEPUTENBHBIN MTPHOODP.

Ilepswiii onvim 3axioyancs B TOM, UTO 3HaUY€HHE TOKA B IEPBOM
KOHType (CO3JaBaeMOro UM MAarHUTHOIO IOJI) yeeauuusanocs. B
3TOM CJIy4ae BO BTOPOM KOHTYp€ BO3HHKAJ TAK HA3bIBAEMbII UHIYK-
LUOHHBIA TOK, HAIIPABIEHHBIA B CTOPOHY, HPOMUBONON0IHCHYIO TOKY
B [IEPBOM KOHTYPE.

Puc. 4.2. Bo3HUKHOBeHHE MHIYKIIMOHHOTO TOKa B KOHTYpE
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Bmopoii onbim cOOTBETCTBEHHO NMPOBOAMIICS NPHU YMeHbUeHUU
TOKa B MEPBOM KOHType. B 3TOoM ciyuae HampaBieHHEe MHAYKIHOH-
HOT'O TOKa BO BTOPOM KOHTYpE CO6nA0a0 C HAIPaBICHUEM TOKa B
MePBOM KOHTYpe.

Crenyromuii onsim 3aKIIOYaNCS B TOM, YTO MPHU MOCTOSHHOM
3HAYEHUH TOKA B IEPBOM KOHTYpE OH CHauasa npudIudicaics Ko BTO-
pOMY KOHTYpY, a 3aTeM yoaisics OT Hero. HampasieHne MHAyKUIU-
OHHOT'O TOKa BO BTOPOM KOHTYpE IPHU 3TOM CHayvaja (Ipu mpuoImKe-
HUH) OBIJIO IPOMUBONONIONCHO, A 3aTEM COBRAOANO C HATIPABICHUEM B
MEePBOM KOHTYpe.

OO0muM BO BCEX 3TUX ONBITaX OBLIO TO, YTO MECHSJIACH BEIIMYMHA
MarHuTHOrO M0ToKa @, = BS, NPOHU3BIBAIOIIETO BTOPOH KOHTYP.

Ha ocHoBaHuu aHanm3a 3THX U APYrux onbeitoB Dapaneit chop-
MYJIMPOBaJ 3aKOH AJICKTPOMArHUTHON WHAYKUHH: GeIUYUHA HAGO-
OuUMOIl 8 KOHmYype 3.0.C. NPONOPUUOHAIbHA CKOPOCHU UIMEHEHUA
RPOHU3LIBAIOU|€20 €20 MAZHUMHO20 NOMOKA, @ HARPABIEHUE MAKO-
60, UMOOLL NPENAMCMEOCAMb NPUUUHE, 6bI3bIEAIOUIEIL IMY I.0.C.,
WK B BUJE (POPMYIIBL:

E=—dd, /dt =—d(BS)/dt. (4.1)

Bropas uwacTh 3akoHa O HANpaBIEHWH 3.J.C. M 3HAK «MHUHYCH
B opmyuie (4.1) BeipaxkaroT npasuio Jlenya.

Ecnu KOHTYp COCTOUT HE U3 OJJHOTO BUTKA, TO MAaTHUTHBIN TIOTOK
B (4.1) yMHOXKaeTCs Ha YHCIIO BUTKOB.

DTOT 3aKOH JIGKUT B OCHOBE pabOTHI AJIEKTPOTCHEPATOPOB,
TpaHc(hOpMaTOPOB M MHOTHX JPYTHUX MMPHUOOPOB M YCTPOMCTB.

4.2. Buxpesoe snekmpuueckoe none. Buxpesvie moxu

[Ipoananm3upyem AaHHOE SBICHHS C TOYKH 3pEHUS YXKe ycTa-
HOBJICHHBIX 3aKOHOB. MTak, B MPOBOJHUKE BO3HHKAET DIIEKTPHYE-
CKHAW TOK, TO €CTh YIOPSAI0YEHHOE JIBIDKEHHE 3apsioB. /[BrmkeHne
3apsI0B BO3ZHUKAET TOJ ISHCTBUEM CHIIBI, KOTOpasi, BEPOSITHO, UMEET
ANIEKTPUYECKYIO TIPUPOy. MBI yKe 3HaeM OJIHY TaKyl CHIY — 3TO
cuia, IeUCTBYIOLIas Ha 3apsij B dJeKkTpuueckoM noie F = eE. Takum
0o0pa3oM, cleayeT, 4TO M3MEHSIONIeeCs MarHUTHOE T0JIe TIPUBOIMT
K BO3HHKHOBEHHUIO AJIEKTPUYECKOTO ToJs. To ecTh 3JeKTpudecKoe
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OJIe MOYKET CO3/IaBaThCs HE TOJIBKO 3apsiiamu. Hannuue kKoHTypa B
ATHX OIBITaX TOJHKO ITO3BOJIET OOHAPYKUTH AJICKTPUUECKOE I0JIC
(Onaronmapst HAIMYMEO CBOOOHBIX AJIEKTPOHOB), KOTOPOE CYIIECTBYET
B MPOCTPAHCTBE C M3MEHSIOIIUMCS] MarHUTHBIM TIOJIEM HE3aBUCHUMO
ot Hero. CyTh SBJICHHS DJICKTPOMArHUTHOW WHIIYKIIUM COCTOHUT HE B
BO3HUKHOBEHHH 3JICKTPUYECKOIO TOKA B KOHTYPE, 2 B BO3HUKHOBE-
HUU DJIEKTPUIECKOTO TOJIsI, KOTOPOE 3TOT TOK BBI3bIBAET. DTOT BBIBOJI
BIIEpBBIC ObLI ciesiaH MakcBeuiom.

[TosydeHHOE TaKUM CIOCOOOM I0JIE CYIIECTBEHHO OTIHYACTCS
OT TIOJIs, cOo3JaBaeMoro 3apsiiamu. [1oCKONbKY IOCIIEIHHE OTCYT-
CTBYIOT, CUJIOBBIC JIMHUK 3TOTO IOJISI HE MOTYT Ha HUX HAYUHATHCS U
3aKaHYUBATHCS. B OTiMUMe OT AJNMEKTPUUECKOTO IMOJIsL, CO3[aBaeMOr0
3apsiiaMH, 3TO TI0JIE UMEET BUXPEBOU XapaKTep U €ro CUIIOBHIC JTMHUU
3aMKHYTHI, puc. 4.3. HanpasieHue moJis COBIaacT ¢ HalpaBICHUEM
TOKOB B BOOOpa)kaeMOM KOHTYpE.

S

Puc. 4.3. BuxpeBoe 31eKTpUUYECKOE 10JIe

B ornnume oT 35eKTpUUYECcKOro MoJis, CO3AaBaeMoro 3apsia-
MU, BUXPEBOE I0JIE HE SBISETCS MOTeHIMaIbHBIM. PaboTta Han 3apsi-
JIOM TIpH 00X0/1€ 3aMKHYTOTO KOHTYpa He OyJIeT paBHa HYJIIO, TaK KaK
Ha BCEX yyacTKax oHa OylIeT MMeTh OJHH 3HakK. PaboTa BHXpeBOro
JIEKTPUYECKOT0 MOJIS IPU NEPEMELIEHNH €UHUYHOTO MOJI0KUTENb-
HOT'O 3apsifia MO 3aMKHYTOMY KOHTYpY OyJIeT YHCJICHHO paBHa 3.1.C.
MHAYKLMHU, HABOAUMOH B MPOBOJHUKE, TOMELIEHHOM B 3TOT KOHTYP:

|[Edl=¢=—do /dt 4.2)
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Ecnu B mpocTpaHCTBO, I'/ie UMEETCS BUXPEBOE JIIEKTPUUECKOE
0Jie, TOMECTUTh HEe MPOBOISAILINNI KOHTYp, a CIIJIOLUIHON POBOAHHUK,
TO B MPOBOJHUKE MOTEKYT TOKH B COOTBETCTBUU C CUJIOBBIMH JIMHUS-
MU 3TOTO MO, puc. 4.3. DTH TOKM TaK)Ke HA3bIBAIOTCS BUXPEBBIMH,
i Tokamu Pyko. BuxpeBble TOKM MOTYT UTPaTh KaK MOJOKUTEIb-
HY10, TaK ¥ OTPULIATENIbHYIO Posib. OHU IPUMEHSIOTCS, HApUMep, AJIs
TOPMOYKEHUS CTPEIIKU B DJIEKTPOU3MEPUTENBHBIX TPHOOpax, OECKOH-
TAKTHOT'O HarpeBa METAJUIOB, JaTYMKaX AJs Hepa3pylLIarollero KOoH-
Tpousisi. B To ke Bpems B cepaeuHHKaxX TpaHC(HOPMATOPOB OHH BEIET
K HEHYXXHOMY HarpeBy. IloaTomy cepaeyHMKM WM HAOMparoTCs U3
TUTACTHH, Pa3phIBAIOLINX KOHTYpa BUXPEBBIX TOKOB, MJIM W3TOTaBIIH-
BAaIOT U3 (PEPPOMArHETHKOB C BHICOKHM Y/AEIBbHBIM CONPOTHUBICHHEM

(dbepputos).

4.3. Ypaenenua Maxkceenna. Inekmpomaznummsie 80JIHb

Cobepem Tereps OCHOBHBIE pACCMOTPECHHBIC SIBJICHUS U 3aKOHEI.

e HemoaBrokHbIC 3apsifibl CO3JIAIOT MOCTOSIHHOE 3JICKTPUYECKOE
nojie. 3aKOHOM, CBSI3BIBAIONINM 3JIeKTprueckoe moine E ¢ 3apsiamu,
onuTa Teopema Iaycca:

@, =[EdS=Qle, (4.3)

® DTy TeOpeMy MOXHO OOOOIIHMTH Ha CIydail MarHUTHBIX TIOJCH,
HO YYHMTBhIBas, YTO MarHUTHBIX 3aps10B B IPUPOJAC HET, OHA 3alIUIICTCS:

@, =|Bds=0. (4.4)

e J[Brxymrecs 3apsAapl MOPOXKAAI0T MarHuTHbIE ToJs. CBs3b
ANEKTPUUYECKUX TOKOB U CO3AABAEMBIX UMH I10JIEH yCTaHABIMBAIACH
TEOPEMOI O IUPKYJISILUU MATHUTHOT'O TOJISL:

[Bdl =y, 1 (4.5)

e lI3mMensromuyecss MarHuTHBIE TIOTOKH (TTOJIs1) TIOPOXKIAIOT BUX-
pEBBIE AIIEKTPHUECKHE TIONS, CBA3h JaeTcs ypaBHEeHUEM (4.2):

[Edl = - aBydt. (4.6)
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Co6paB BCC€ OTHU JaHHBIC, MakcBenn peuni, 41O JIsd MOJTHOMU
CUMMETPHHU HE XBATACT OAHOI'O 3B€HA: MAIrHUTHBIC TTOJIS JOJI’KHBI BO3-
HUKAaThb U MPU U3MCHAIOIUXCA DJICKTPUUCCKUX ITOJIAX. DTO MOXHO
MPOWUIIOCTPUPOBATH HA MPUMEPE C KOHACHCATOPOM, I/I306pa)KeHHOM

Ha puc. 4.4.
B obOnactu BHe OOKJIaJOK KOHJEHCATOPA MAarHUTHOE TIOJIE IIO-

POXKAACTCA TOKAMU. BHYTpI/I O6KJ'Ia,Z[OK B CUJIY HETIPCPBIBHOCTU TOXKE
JAOJDKHO CYHIECTBOBATH MArHUTHOC IIOJIC, KOTOPOC MOKCET IMMOPOK-

JIATHCSI U3MEHSFOIIUMCS JICKTPHUYECKUM TTOJIEM.
Takum oOpazom, MakcBesut qoroyiHun ypaBHenue (4.5) emie of-

HUM criaraeMbiM 4 g, (dE/dt):
[Bdl = u (I + ¢ (dE/dt)). 4.7)

I[O6aBKy K TOKY OH Ha3BaJl TOKOM CMCHICHHS, [TIOCKOJIbKY I10 pa3-
MCEPHOCTH OHa COOTBETCTBYCT pa3MCPHOCTHU TOKaA.
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Puc. 4.4. Bo3HUKHOBEHNE MarHUTHOTO TIOJISI TPH U3MEHEHUH IICKTpUYe-
CKOTO IOJISA

Cucrema ypaBaenuii (4.3), (4.4), (4.6), (4.7) nonyunna Ha3BaHHUE

ypaBHeHUI MakcBerta (B MHTETpaIbHOH Gopme).
Pemennem 3Toi CHCTEMBI SIBISIETCSI BOJIHA, Ha3BaHHAS AJIEKTPO-

MarHUTHOM M PaclpoCTPaHAIOUIAsACs B BAKYYME CO CKOPOCTBIO CBETA

=g,
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CxemMaTHU4YHO PACIPOCTPAHSIONIAsICS 3JIEKTPOMarHUTHAsl BOJIHA
n3zo0paxena Ha puc. 4.5, a. lI3mensronieecs: 3IeKTpUUECKOE TIOJIE B
o0nactu 1 mopoKIaeT U3MEHSIOIIEECSs MATHUTHOE TI0JI€ B 00JacTH 2,
KOTOPOE, B CBOIO OUEPE/Ib, BEET K BOSHUKHOBEHUIO U3MEHSIOIIEr0Cs
AIIEKTPUYECKOTO TOJIsl B 00JIACTH 3, U TaK 3TOT MPOLECC paclpocTpa-
HSIETCS CO CKOPOCTBIO CBETA. B 2JIEKTPOMArHUTHOM BOJIHE BekTopa E
1 B 00pa3yroT npaBblil BUHT C HAIIPAaBJICHUEM PacpOCTPAHEHUS, CO-
MIPOBOXKIAIOIIMMCS TIepeHOCcOM 3Hepruu (puc. 4.5, 0). Bocneacreun
B 1888 roay snekrpoMarHUTHBIE BOJIHBI OBLIM SKCIIEPUMEHTAIBHO OT-

kpbiThL . I'eprem.
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Puc. 4.5. DnekrpomaruuTHasi BoJHa
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I'nasa 5. MazHumHule ceoilicmea eeujecmad

5.1. Hanp}zofceﬂﬂocmb MACHUNHO20 NOJIA

MarHuTHbI€ TOJS CO3/IAt0TCS OCTOSSHHBIMU MarHUTamu, 3JIEK-
TPOMAarHWTaMy WM MPOBOJHUKAMHU C TOKOM. B TO ke Bpemsi MbI
3HaeM, 4TO, IOMUMO MaKpPOTOKOB (MJIM TIPOCTO TOKOB), TEKYIIUX IO
MIPOBOIHUKAM, B JTFOOOM TeJie CYIIECTBYIOT MUKPOCKOTTMYECKUE TOKU
(MMKpPOTOKH, HJTH TOKHA AMIIepa), CO3/1aBaeMble JABIKEHUEM JJIEKTPO-
HOB B aTOMax 1 MoJjieKysiax. C OTHOW CTOPOHBI, BHEITHUE TTOJISI, CO3-
JIaBAEMbI€ MaKpPOTOKAaMU MJIU [TOCTOSIHHBIMU MAarHUTaMH, JEHCTBYIOT
Ha MUKPOTOKH, B TO K€ BPEMS 3TH MUKPOTOKH CO3Jal0T CBOE MarHUT-
Hoe rnose. MarauTHasi HHOYKUus: B — xapakTepusyeT pe3yJbTUPYIo-
niee AecTBUE MUKPO- U MaKpOTOKOB, IOATOMY B 3aBUCHT OT Cpelibl,
B KOTOPOH CO3/1a€TCs MOJIE U OT PACIOJIOKEHUS MAKPOTOKOB U MOCTO-
STHHBIX MarHUTOB. YKa3aHHBIA (DaKT MOXKET 3HAYUTEIHHO YCIOKHUTD
TEXHUYECKUE PACUEThI, €CIIH MT0JIB30BATHCS TOJIBKO XapaKTEPUCTUKON
nonist B. [loaToMy OblTa BBe/ieHa eIlie OfHA BEINYHHA, XapaKTepPH3YIo-
1iasi MarHUTHOE 110JI€, HAa3BaHHAS! HANPANCEHHOCHbIO MAZHUMHOZ0
nona n obo3Havaemas Oyksoi H.

Takum 00pa3zom, HaNMpsSHKEHHOCTh MarHuTHOro ot H — xapak-
TEpU3yeT I10JIe, CO3/1aBaeMOe MaKpPOTOKaMH (COJIEHOUJaMH, KaTyIIIKa-
MU, IPOBOJHUKAMH C TOKOM) M TOCTOSTHHBIMU MarHUTaMHU.

Benuuuna MarHuTHOM MHIYKIIMK B B BeliecTBe CBsi3aHa ¢ HaMpsi-
YKEHHOCTBIO MarHUTHOTO NoJis1 H cOOTHOIIEHUEM:

B=u(H+J)=p(H+ yH)=u(1+,)H=puuH, 48)

rie J — MarHATHBI MOMEHT (HaMarHMYE€HHOCTH) CAMHHIIBI 00beMa
BEIIECTBA, { U ¥ — MATHUTHBIC BOCIPUUMYUBOCTh U MIPOHUIIAEMOCTh
BEIIeCTBAa COOTBETCTBEHHO. MarHMWTHas MPOHHUIIAEMOCTb |l TOKa3bIBa-
€T, BO CKOJIBKO Pa3 MarHWTHAs MHIYKIHS B BENIECTBE OTIUYACTCS OT
MarHATHOW MHAYKIUH B BakyyMme (171 Bakyyma u = 1). Ilo 3nauenuto
MarHATHOW MPOHUIIAEMOCTH ( BEIIECTBA JAETATCS Ha 3 TPYMIbL: oua-
MAa2HemuKu, napamazHemuKy u eppomMacHemuxy.
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5.2. luamacnemuxu

JlmamMarHUTHRIMH CBOMCTBaMH 00JafaroT Bce BemiecTBa. Jlua-
MarHeTH3M CBS3aH C TEM, YTO JIEKTPOHBI B aTOME MMEIOT OIpelie-
JICHHBIN OpOUTATBHBIN MarHUTHBINH MOMEHT. [Ipn momemnieHnn aroma
BO BHEILIHEE MarHUTHOE T10JIe BO3HUKaeT JlapMopoBa npeneccus, T. €.

Puc. 4.6. lnamaruetuk

BpalleHHE DIIEKTPOHHOW OpOWTHI BOKPYT HAIlpaBJICHHs MOJS C HEKO-
TOPOM yII0BOM CKOPOCTHIO. [IpK 3TOM BO3HMKAET MAarHUTHBI MOMEHT
JOIIOJTHUTCJIIBHOI'O TOKa, HaHpaBHCHHBIﬁ B IMPOTHUBOIIOJIOKHOM Ha-
IMpaBJICHUU K UCXOJHOMY BHCIIHECMY IIOJIIO. HOSTOMY JrnaMarHuTHBIC
CBOWCTBA Oy/IyT MPOSBIATHCS TOJIBKO B TOM CIIydae, KOr/ia CyMMapHBIN
MAarduTHBI MOMEHT aTOMOB PaBCH HYJIIO. I[HH JAVaMardH€TukKoOB (4 HE-
3HaunTenbHo MeHbIe 1 (0,999...), a y — orpunarensha. JlnaMarHuTHEI-
MU CBOMCTBaMH 00JIaJIal0T BUCMYT, rpaduT, cepedpo, Meib U IpyTHe.

5.3. llapamacnemuxu

[TapamarHUTHBIME CBOICTBaMHU 00J1aJal0T BELIECTBA, Y KOTOPBIX
CYMMapHBIi MarHUTHBIII MOMEHT aTOMOB HE paBeH Hymo. B orcyr-
CTBHE BHEIITHErO MarHUTHOTO TIOJISi MAaTHUTHBIE MOMEHTBI OT/ETBHBIX
aTOMOB B pe3yJIbTaTe TEIUIOBOTO JIBI)KCHHUS HAIPABICHBI XaOTHYHO.
Bo BHeniHeM 1oje MarHWTHBIE MOMEHTHI OT/EIBHBIX aTOMOB HA4dH-
HAIOT OPHEHTHPOBATHCS 110 MO0. J{JIsi TapaMarHeTHKOB 4 HE3HAUH-
tenpHO Oosbire 1 (1,000..), a y — monoxurensHa. [lapamaraeTnkamu
SIBJISIOTCS OJIOBO, ATIOMUHUH, INIATHHA, MapraHell ¥ ApyTHe.
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5.4. @eppomacnemuxu

Haspanne (eppomMarHeTHKOB IPOUCXOIUT OT HanOoJee pacmpo-
CTPaHEHHOI'O MPEJCTABUTENS ITOT0 Kilacca — xejesa. M3 aucThIx sie-
MEHTOB (peppOMArHUTHBIMH CBOMCTBAMHU 00JalalOT TaKXKe HHKEIb,
K0OaJIbT, T OJTMHNM.

VY (eppoMarHeTUKOB UMEIOTCS 00JACTH — JOMEHBI, MMEIOIINE
pa3Mepsl nopsiaka 1...10 MM, B mpenenax KOTOPBIX B pe3yJibTaTe
JIeHcTBUSI OOMEHHBIX CHJI KBAHTOBOW MPUPOABI aTOMHBIE MarHUTHbIE
MOMEHTBHI BEICTPANBAIOTCS B OIPEAEICHHBIX HalpaBieHusAx. B oTcyT-
CTBHE BHELIHEIO0 MarHUTHOTO TIOJISI IOMEHBI OPUEHTUPOBAHBI TaK, YTO
UX CyMMapHasi HAMarHH4eHHOCTb paBHA HYJIIO, ()eppOMAarHETUK pa3-
MarandeH (puc. 4.7, a).

[Ipu yBenu4yeHnn HANPSHKEHHOCTH BHELIHEIO MArHUTHOTO IOJIS
T€ JOMEHbI, HAMAarHHYEHHOCTh KOTOPBIX UMEET «OIaronpusiTHOE» Ha-
npaBjeHue, OyayT yBEJIMUUBATHCS B pasMepe 3a CUET YMEHbIICHUS
pasMepoB IOMEHOB C «HEOJIaronpusATHBIM» HalpaBJIeHMEM Hamar-
HuueHHocTr (puc. 4.7, 6 ). IIoCKONBKY 3TOT MPOIECC MPOUCXOIUT
3a CYET CMELICHUS IOMEHHBIX I'PaHML, OH OyAeT HpOJODKATHCS 1O
TeX MOp, MOKA JOMEHbI ¢ «OIaronpusiTHO» OPHUEHTHUPOBAHHBIM BHY-
TPEHHUM MarHUTHBIM IIOJIEM HE 3aliMyT Becb 00beM (eppomMarHeTu-
ka (puc. 4.7, B). 3aBucumocTtsh J(H), n3obpaxennas Ha puc. 4.7, 1,
Ha3bIBACTCS KPUGOU HAMAZHUYUBAHUA W, KAK ITO BUIHO, UMEET He-
TUHEWHbIH xapaktep. Ha HavanpHOM monorom yuactke (1) mporecc
uzaer o0paTumMo, T. €. IPH OTKIFOUEHHUH 110JIs1 JeppOMarHeTHK BEPHET-
cs B MCXOHOE cocTosiHue. Ha kpyTom ydacTke (2) cMmemieHue rpa-
HUI] UIeT ckaukamu (ckadku wiu d¢dekt bapkrayzena) m mporecc
HeoOpaTM (B YBETMUYEHHOM MaciiTade y4acTOK KpHUBOil M300pakeH
cnpasa). Ilpu nanpHeimeM yBeIMueHUN HaNpsDKEHHOCTH BHELITHETO
MarHATHOTO Mo (Y4acTOK 3) HaMarHMYEHHOCTh BEIIeCTBa OyeT
MIOBOPAYMBATHCS B HAIIPABICHUU BHELLTHETO MArHUTHOTO 110JIS1 U, B KO-
HEYHOM cueTe, CoBIajeT ¢ HuM (puc. 4.7, r). HampsikeHHOCTH BHEII-
HETr0 MarHUTHOTO I0JIsl, IIOCe€ KOTOPOH HAMAarHW4E€HHOCTh oOpasia
Oonbure He pactet (puc. 4.7, 1), Ha3bIBaETCA noem nacvlujenusn H ,
HaMarHM4E€HHOCTh 00pasua — HAMAZHUYEHHOCHbIO Hacblujenua J .
JanpHelmmii pocT MarHUTHOW MHIAYKUUU HPOUCXOJUT TOJNBKO 3a
CYeT POCTa BHENIHETo MarauTHoro noisi. Hmxe (puc. 4.7, e) n3obpa-
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JKE€Ha 3aBUCHMOCTh MarHHTHOM MPOHUIIAEMOCTH OT MPHIIOKEHHOTO
nioJist w(H), KoTopast TakyKe HeJTMHEHHASI.

H

|
! |
1 1 1
1) 2 b3 'YBeaHueHo
1 1 :
1
] 1 :
1 1 |
1 1 |
1 1 |
. ! I
0 bt Iy H
ﬂ Pg
0 € H

Puc. 4.7. HamaranunBanue gpeppomMarHeTnka

Kak yxe ormeuanocs, mporecc HaMarHuuuBaHus eppoMarte-
TUKOB SIBJIIETCSI HEOOPATUMbIM. DTO 3HAUMT, YTO €CJIU MBI U3 HAMar-
HHYEHHOTO 10 HACBILEHHs COCTOsHMUS (H = H ) HauHeM yMEHbIIATh
BHEIIHEE 110JIe, TO HAMAarHUYEHHOCTh 00pa3ia He Oy1eT U3MEHATHCS
B COOTBETCTBHH C KpuBoW HamarumuuBanus 0—1 (puc. 4.8, a). Tak,
IPHU YMEHBIIEHUH HANPSHKEHHOCTH 10J1s oT H 1o 0 HamMarHuyeH-
HOCTb B 00pasue U3MeHUTCs OoT J 10 J B COOTBETCTBUM C KPUBOM
1-2. DTo sBICHHUE, CBSA3aHHOE C HEOOPATHMMOCTBIO IIpolecca cMme-
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LIEHUS IOMEHHBIX TpaHUI] Ha y4yacTKe 2 KpUBOW HaMarHUYMBaHMUS,
HOCHUT Ha3BaHWE MACHUMHO20 2ucmepe3ucd. 3HaueHUe WUHIYKLIHUU
J_TIpH OTKJIIOYEHHOM BHEIIHEM I0JI€ HOCUT Ha3BAHUE OCMAMOUHOU
HAMAZHUYEHHOCIU.

Ecnu x ¢peppoMarseTiky, HaXoAsIIEMYCsl B COCTOSIHUH OCTaTO4-
HOW HaMarHW4E€HHOCTH, TENepb MPUKIIAABIBATh BHEIIHEE MAarHUTHOE
T0JI€ IPOTUBOTIOJIOKHOIO HanpasjeHus ot 0 10 —H , TO HaMarHu4eH-
HOCTh 00pa3ua OyJeT U3MEHATHCS B COOTBETCTBUU C KpUBOW 2—3—4.
[lone —H , mpy KOTOPOM HAMArHUYEHHOCTH 0Opasia obpamaercs B
0, HOCUT Ha3BaHUE KoIpyumuenoi cunpl. llpyn nanpHeilem yse-
JMYEHUH 0OPAaTHOTO BHELIHErO MArHMTHOIO MOJIS 10 3HaYeHus —
(eppomarneTHk OylE€T HAMarHMYUBATLCS JIO HACBIEHUS J  TaKkKe
oOpaTtHoro HanpasieHus (Touka 4). Ilpu mocienyromeM U3MEHEHHH
BHELIHEro nois or —  no +H HaMarHM4eHHOCTh oOpasua Oyner
M3MEHATHCS B COOTBETCTBUM C KpuUBOH 4 — 5 — 6 — 1, mpoxojs mo-
CJIeI0BaTEIbHO Yepe3 3HaUeHUs] OCTAaTOYHOM HaMarHW4eHHOCTH, KO-
SPLUUTUBHON CHUJIBI U HACBILEHHS IPOTUBOIOJIOKHBIX 3HaKOB. [loimy-
YUBILNAsCSA 3aMKHyTas KpuBas 1-2-3—-4-5-6—1 HocuT Ha3BaHUE npe-
denbHoil nemnu cucmepe3uca. Ilpu nocnenoBaTeIbHOM U3MEHEHUU
HaNpsHKEHHOCTH BHENIHErO MArHUTHOTO MoJist OT +H 10 —H v Tak
Janee HaMarHH4eHHOCTh (peppoMarHeTuka OyAeT U3MEHThCS B COOT-
BETCTBUHU C JAHHOW NPEEIIBHON IETIIEH TUCTEPE3Hca.

+J

TH H

a §)

Puc. 4.8. a) [lepemaranunBanue ¢peppomMarHeTuka
U €T0 METIIS TUCTepe3uca; 0) UK pa3sMarHUIUBaHNuA (heppoMarHeTHKa
B MTOCTETICHHO yOBIBAIOIIEM MarHUTHOM TI0JIE
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Ecau Ipu rIepeMariniMBaHu HAPSAKCHHOCTD MOJIA 6paTI> MCHb-
e Hm, TO MAarHuTHasd MHAYKIUA 6YI[CT TAKXC U3MCHATHCS I10 IICTIIC
TUCTEpPEC3HCa, HO MCHBLILIECTO pa3Mepa, KOTOpass HA3bIBACTCSA 4YaCTHOU
MeTaeH rucrepesuca. Ecnu IIpu MOCJICA0BATCIIbHOM IIE€PEMarainimBa-
HUW MAKCHUMAJIbHOC MOJIC MOCTCIICHHO YMCHBUIATL 0 O, TO (beppo—
MAara€TuK CHOBA MPUJACT B PAa3SMArHMYCHHOC COCTOAHUC.

Koumponvusie 3a0anus

* DJIEKTPOCTATUYECKOE I10JI€ CO3/1aHO OJJMHAKOBBIMU 110 BEJIMUU-
HE TOYEYHBIMH 3aps/IaMH ¢, U ¢,. Ky/ia HanpaByieH BEKTOP HaNPsHKEH-
HOCTH 1107151 B Touke C, eciu g, = —¢q, ¢, = +q, @ paCCTOSHHUS I PAaBHBI?

2
g1 42
- +
1 C 3
O O
i3 r
4

214

Ipumep pewenus. HanpsoKeHHOCTh TONS TOYEYHOTO 3apsjia

onpenensercs popmynoii (1.7): E = ﬁ Tq—z €,. HampaBneH BEKTOp
HAMPSHKEHHOCTH 3JICKTPUUYESCKOTO MOl BAOJb MPSIMO#, MPOXOASIICH
4yepe3 JaHHYI0 TOUKY W 3apsj OT 3apsja, €Cld 3aps]] MOJ0KUTEIb-
HBIH, U K 3apsijly, €CIU 3aps]] OTPUIIATEILHBIN.

[TockoNbKy paccTOsIHUE OT MOJIOKUTEIBHOTO 3apsiia 10 Touku C
B JIBa pa3a MEHbIIIE, M0JIe, CO3/[aHHOE UM, OyJIeT OOJIbIIIE 1 HAMpaBIie-

Hue Oyner 3.
* Toueunble 3apsnbl ¢, = ¢, = —q ¥ 00pa3yroT ¢ Toukoi C paBHO-
OeNpeHHbI TpeyroNbHHUK. YKa3aTh Hanpasierue nois E B Touke C.

2
C 3

0.
cHO

q1
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* Toueunsblil 3apsin +g HaXOmUTCS B LEHTPE CHEepUUecKOr Io-
BepxHocTH. Eciii 1o0aBuTh 3apsin +¢q 3a npenenaMu cepsl, TO OTOK
BEKTOpa HANPSHKEHHOCTH AJIEKTpOCTaTHyeckoro nois E depe3 mo-
BEPXHOCTB C(EPHI ...

YBenunuurcs, YMEHBUIUTCS, HE U3MEHHTCS.

Tpumep pewenus. Cornacno teopeme ["aycca (1.12), nomok eexmo-
Pa HANPSNCEHHOCMU NEKMPUYECKO20 NOJISL Yepe3 3aMKHYMYI0 NOGepX-
HOCMb PAGEH AN2eOpPaUYecKoll CyMme 3aKIIOUEHHbIX GHYMPU SMOU No-
sepxHocmu 3aps006, denennotl na ). @, = Q/e, Takum 06pasom, TOTOK
BEKTOpa HANpPsHKEHHOCTH JIEKTpocTaTHieckoro mojs E yepe3 moBepx-
HOCTB c(hepbl ONPEIEIISIETCS TOJIBKO 3apsilaMy BHYTPH TIOBEPXHOCTH.

* Jlana cuctema 4yeThIpeX TOUCUHBIX 3aPsI0B B BAKYyME U 3aMKHY-
ThbIE MMOBEPXHOCTH S > S2 u S3, MIPUYEM OBEPXHOCTH S3 OXBaThLIBAET MO-
BEPXHOCTB S, KOTOpast B CBOKO OYEPE/Ib OXBATHIBAET OBEPXHOCTH S,.

.-Zq
[ ]
+2¢

Uepes Kakylo MOBEPXHOCTH (ITOBEPXHOCTH) MOTOK HANPSKEHHO-
CTH 3JIEKTPOCTATUYECKOTO IO OTJIMYEH OT HyJIsA?

* B snekTprdeckoM 1olie mI0CKOTro KOHIEHCATopa MepeMelacTcst
3apsi +¢ B HarpaBiieHuu 1-2. PaboTta cuit mosist Ha 3TOM y9acTke ... .

++ + + + + +
—
[¥%)
1

IIOJIOKHUTCIIbHA, OTpULATCIIbHA, paBHa HYJIIO.
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Pabota cuner onpenensiercs kak A = Fdl = Fdlcos ¢ — cxansp-
HOE NPOM3BE/ICHHE CHIIBI Ha TIepeMenieHue (¢ — yron mexay F u di).
DJeKTprUecKoe MoJIe U Cuila, AeHCTBYIOMIAsl Ha TIOJI0KUTENbHBIHN 3a-
psiz, HanpaBJIeHBI OT + K —.

B ciyuae mepemenieHusi B HampaBleHHH 1—2 yroin MexIy Ha-
NpaBJeHUEeM CHUIIBI (TI0JIs1) U TIepeMelIeHus paBeH ¢ = 45° u paboTta
OYJICT MOJIOKUTEIBHA.

* B snekTpuueckoMm rnosie MiIoCcKoro KOHJAeHCaTopa nepeMeniaeT-
cs 3apsi +¢q B Hanpasiienuu 1-3 (1-4, 2-3, 2-4, 3-1, 3-2, 3-4, 4-1, 4-2,
4-3). Pabora cui1 moJsi Ha 3TOM y4acTKe ... .

[TonoxxuTenbHa;  OTpUIIATENbHA; paBHa HYJIIO.

* [lone cozmano TOYEUHBIM 3apsAoM +¢q. YKaKUTE HaNpaBICHUE
BEKTOpa IpaiieHTa MOTeHIAa B TOUKE A.

Ipumep pewenus. HanpsyKeHHOCTh M TOTEHLHUAN MOJS CBS-
3aubl cooTHomrenneM (1.28) E = -grad ¢ | ynu B nanHOM ciydae
E = —dyl/dr, 1. e. on OyzieT HalpaBJIeH NPOTHBOIIOJIOKHO BEKTOPY E
WIH, B JAHHOM Clly4ae, K 3apsiiy.

* [lone cozmaHo paBHOMEPHO 3apsKEHHON chepryeckoil moBepx-
HOCTBIO C 3apsiioM —q. YKaKUTE HalpaBJICHUE BEKTOpA I'PaaAUCHTa
NOTEHLHAJIA B TOUKE A.

* [Tomne co3mano OECKOHETHON paBHOMEPHO 3aPsHKEHHOM TIIIOCKO-
CTBIO C TIOBEPXHOCTHOM IMJIOTHOCTHIO 3apsjia +o. YKaKuTe HalpaBlie-
HHUE BEKTOpa rpaJueHTa MOTEeHITHANIa B TOUKE A.

* OOKJIaIKM TITIOCKOTO KOHJEHCATOpa WMEIOT TTOBEPXHOCTHBIC
IJIOTHOCTH 3apsjia +o U —2¢ cOOTBETCTBEHHO. Kak BINISAUT £ U ¢
BHE W MEXY TIACTHH?

* [Ipn momemmeHu HemoJIAPHOT0 AUAJIEKTPHUKA B DIIEKTPOCTATH-
YEeCKOe ToJIe ...

1) MPOUCXOANT OPHEHTHPOBAHUE HMEBIIHUXCS JIEKTPHUECKUX
JUTIONHHBIX MOMEHTOB MOJIEKYIT; BEKTOP MOJIIPU30BAHHOCTH 00pasiia
HaTpaBJIeH 10 HAITPAaBICHUIO BHEIITHETO TIOJIS;
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2) B o0pasLe NpUCYTCTBYIOT TOJIBKO MHAYLMPOBAHHBIE YIIPyTHe
JIEKTPUYECKHE AUIMOJIbHbIE MOMEHTHI aTOMOB; BEKTOP MOJIIPU30BaH-
HOCTH 00pa3la HalpaBJieH NPOTHUB HANIPABICHUSI BHELITHETO TIOJIS;

3) B oOpasie NpUCYTCTBYIOT TOJIBKO MHAYLMPOBAHHBIE YIIPyTHe
JIEKTPUYECKHE AUIMOJIbHBIE MOMEHTHI aTOMOB; BEKTOP MOJIIPU30BaH-
HOCTH 00pa3ia HarpasJieH MO HAMpaBJICHHUIO BHEITHETO MOJIS;

4) NpOUCXOTUT OPHUEHTHPOBAHUE HMEBIIMXCS AIIEKTPHUUECKUX
JUIIOJIEHBIX MOMEHTOB MOJIEKYJT; BEKTOP MOISIPHU30BaHHOCTH 00pa3ua
HarnpasJieH [IPOTHB HANpaBJICHHUS BHEITHETO MOJIS.

Ipumep pewienus. Y HeMOJSIPHOTO AVAJIEKTPUKA LIEHTP OTPH-
LATEJBHBIX 3aps0B CMEIIAETCS MPOTUB I0JIS, MOJIOKUTENIBHBIX 3a-
PSAAOB — 10 TOJIO, T. €. TUNOJIBHBIA MOMEHT UHynHpyercs. Hampas-
JIEHWE JUIOJBHOTO MOMEHTa OT LIEHTpa OTPULATEIbHBIX 3apsioB K
LEHTPY MOJIOKUTENBHBIX, T. €. 110 MO0 3.

° HpI/I IMOMECIICHUHU MOJAPHOI0 JUBJICKTPHUKA B DJICKTPOCTATHYEC-
CKO€ II0JIC ... . (BapI/IaHTI:I OTBETA CM. IPCABIAYIICC BaﬂaHI/Ie)

* Ha pucyHke mpencTtaBieHa 3aBUCUMOCTH IJIOTHOCTH TOKa j,
MIPOTEKAIOIIETO B MPOBOJAHUKAX | U 2, OT HANPSXKEHHOCTH dJIEKTPH-
yeckoro nojs E.

J. YCII. efl.
20

15
10
5

Evyen. en.

OTHOIIIEHUE YICITBHBIX TIPOBOJIMMOCTEN ITUX DIIEMEHTOB PABHO ...

1) 4; 2) Vo 3)2; 4) 1.
Ilpumep pewenus. 3akon Oma B muddepennmanpHoil hopme
umeet Bug (2.18): j = oF. TlooTomy oTHOWEHHUE 0 /0, OyneT paBHoO 2.
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* JIBa NpOBOAHMKA, U3TOTOBJICHHBIE U3 OJHOTO MaTepHaja, paB-
HOM JUIMHBI, HO Pa3HOro ceveHus (S, > S)), BKIKOYEHBI MOCTIEN0BA-
TEJILHO B 1ICTIb.

HanpskeHHOCTD 3JIeKTPUYECKOTro MO ...

1) onuHaKkoBa B 000MX MPOBOJAHUKAX;

2) Goublie B IPOBOJHHKE C CCYCHUEM S,

3) Goble B IPOBOAHHKE C CCYCHUEM S

4) B IPOBOJIHHUKE C CEYEHUEM S, MOXKET OBITh Kak OOJIBLIE, TaK U
MEHBLIE.

* KpyriocyTrouHo ropsias B T€4eHHE roja JamIodka MOIHO-
cteio 40BT B moawe3ae Bamero noma mnpu tapude 2 pyo. 3a 1| kBru
00X0UTCS B ... PyO.

B OAHOPOAHOM MArHUTHOM IIOJIC Ha FOpPI3OHTaJ'ILHLII>i IpoOBO-
JHUK C TOKOM, HAIlpaBJICHHBLIM BIIPABO, HCﬁCTByCT cuiia AMnepa, Ha-
IIpaBJICHHAs NEPIICHANUKYJISIPHO IJIOCKOCTU PUCYHKA OT Ha6J'HO)_IaTCJ'I$l.

G —1
® F

[Ipu 5TOM TMHUY MarHUTHON MHIYKIIUH TT0JI HATIPABJICHHI ...
1) BBepX; 2) BIIpaBo; 3) BHU3; 4 BneBo.

Ipumep pewenus. Cuna Ammnepa, JIelcTByIolass Ha IPOBO-
JHHK C TOKOM B MarHUTHOM II0Jie, onpeaessiercss popmyioit (3.12)
F,= I [dIxB], nanpaBJieHHe €€ ONPEJIENAETCS 110 MPaBuly «OypaBuu-
Kka» ripu ero BpamieHnu ot j (I) k B. UToObl OypaBunK «BBHHYHBAJICS,
BpallleHUE JIOJDKHO OBITh 10 YacOBOHM CTpeNKe, 3HAYUT, MAarHUTHAs
WMHAYKIMS HalpaBjieHa «BHU3Y.

* MarHuTHOE T0JIE CO3J[aHO JBYMs MapaljiebHBIMK JTHHHBIME
TIIPOBOJHUKAMH C TOKaMH /, U [,, PaCIoJI0KEeHHBIMH TEPIICHNKYISp-
HO IIJIOCKOCTH Y€PTEKA.

I b A
® © .
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Ecmu 21, = I, T0 BEKTOp MArHUTHOM UHAYKIMU B pe3ynbTupyro-
IIETO IMOJIsl B TOUKE A HaIpaBJieH ...:
1) BHU3;  2) BBEpX; 3) B1EBO; 4) Bripaso.

* Ha pucynke n300pakeHbl ceueHHs IBYX MapajuiebHbIX MPsIMO-
JIMHEUHBIX JUIMHHBIX IIPOBOJHUKOB C IIPOTHBOIIOIIOXKHO HAIPAaBJICH-
HBIMM TOKaMu, ipuuem [, =21,

h

h
©

®

MNunykuusa B pe3yabTUPYOIIEr0 MarHUTHOIO TI0JISL PaBHA HYJIIO
B HEKOTOPOM TOUKE MHTEPBAJA ... .
1)a; 2) b; 3¢ 4)d.

* Ha pucyHke nokasaH JUIMHHBINA IPOBOJHUK C TOKOM, OKOJIO KO-
TOPOT0 HAXOAUTCS HEOOJIBbIAs IPOBOASIIAS PaMKa.

I

4|:|3

IIpu BBIKIIOYEHUH TOKAa B MPOBOJHUKE YKa3aHHOTO HaIlpaBJe-
HUs, B pPAMKE BOSHUKHET HHIYKIIMOHHBIN TOK HAMIPABJICHHUS ...:
1-2-3-4; 4-3-2-1; TOK HE BO3HUKHET.

* Ha xakoMm MHTEepBajic BpEMEHH 3.]1.C. MHIAYKIIUU KOHTYpa MakK-
cuMaibHa?
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Ipumep peuwtenusi. B COOTBETCTBUU C 3aKOHOM DIICKTPOMATHUT-
Hoit mHIyKIu Papazes (4.1) DMLy = —d@M/dt = —d(BS)/dt, tne
@ — MarHWTHBIN MOTOK, TPOHU3BIBAIONINA KOHTYp, B — 3Ha4YeHne

M
MarHUTHOW WHIYKIWH, S — TUIONIa b BUTKOB KOHTypa. J.JI.C. Mak-
CHUMaJbHA TaM, TJile MaKCHUMajbHA CKOPOCTh M3MEHEHHS B, TO ecTh

Ha y4yacTke 7.

* Ha kakoM MHTepBae BpeMeHH 3.]1.C. HHIYKIIUU KOHTYpA ...:
1) MUHIMaITBHA; 2) paBHA HYITIO;
3) oTpurarenbHa; 4) MoJ0XKUTEIbHA.

* [lonHas cucrema ypaBHCHI/Iﬁ Makcseiia JJIsL BJIEKTPOMArHuT-
HOTI'O IT0JIA UMCCT BH/I:

[(Edl)=— (0 B/d1)dS,

(L) ()
[(Hdl) =[(j + D/ 81)dS,
(L) ()
[(DdS) = lpdV
) @)
[(Bds)=0
)
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Crnenyromias cuctemMa ypaBHEHUI:

[(Edly=—-[(&B/81)dS

(L) )
[(Hdl)=[(6D/d1)dS
(@) )
J(pds)=0
)

[(BdsS) =0.
(S)

CnpaBeniuBa AJis 31€KTPOMAarHUTHOTO MOJS. . .:

1) B oTCyTCTBHE 3apsKEHHBIX TEJ M TOKOB ITPOBOJAMMOCTH;

2) B OTCYTCTBHE 3apsKEHHBIX Tell;

3) npu HAIMYKH 3aPSHKSHHBIX Tell ¥ TOKOB MPOBOAMMOCTH;

4) B OTCYTCTBHE TOKOB ITPOBOJIUMOCTH.

Ilpumep pewenus. B 3agaHusx TaHHOTO TUTIA TPEOyeTCs BHUMA-
TEJIHHO CPABHUTH U MTPOAHAIN3UPOBATH YPABHEHUS MIEPBON U BTOPOM
CHCTEM.

JleBble yacTu cucteM OAMHAKOBBL. B mpaBoii uactu ypaBHeHUs 2
JTAHHOW CHCTEMBI OTCYTCTBYET ciiaraeMoe j (INIOTHOCTh TOKOB ITPOBO-
JTUMOCTH ), 3HAYUT, TOKH ITPOBOJUMOCTH OTCYTCTBYIOT.

IIpaBas wacTh ypaBHEHWS 3 JJaHHOW CHCTEMBbI PaBHA HYJIIO,
TO €CTh OTCYTCTBYET p — IJIOTHOCTB AIIEKTPHUUECKUX 3aPsJIOB.

Takum 00pazom, MpaBUIIBHBIA OTBET 1.
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Yacts 2. Koste6aHUs U BOJIHBI

I'n1asa 1. Kosne6amesavHoe dsudiceHue. CB0600HbIe,
3amyxawuwjue, 8bIHyHCOEHHbIE KO/1e6aHUs

KonebaTenbHIMA HA3BIBAIOT MPOIIECCHI, UMEIOITUE OMpPE/IeIICH-
HYIO TIOBTOPSIEMOCTH BO BPEMEHH.

Konebanust MOTyT OBITh MEXaHUYECKUMH, JICKTPUIESCKIMH H T.
1. KonebarenpHbIe Mpoeccsl MOTYT UCIIOIB30BAThCS B KU3HH, a MO-
TYT OKa3bIBaTh BPEIHBIEC Pa3PYIINTEIbHbIE TOCIEACTBHS.

B ciywyae mexaHmdecknx KoieOaHWI MOBTOPAIOTCS M3MEHEHHS
MTOJIO’KEHUSI, CKOPOCTH U YCKOPEHHS KaKUX-JIH0O TElT.

Cuty, 1071 BO3JCHCTBHEM KOTOPOI TPOUCXOIUT KOJICOATETHHBIN
MPOIIECC, HAZBIBAIOT 8038pAUAIOWEl CUTLOU.

Komnebanust MOTYT OBITE c80000HbBIMU (COOCMBEHHBIMIL) WU Gbl-
HyocOennvimu. CBOOOTHBIC KOJCOAHMS SBIISIOTCS He3aAmyXaroujumi,
€CJIA He TIPOUCXOUT PACCENBAHUS YHEPTUN B OKPYIKAIOIIYIO CPELy.

Buinyoscoennvie konebanus COBEPIIAIOTCS TOJT BO3ACUCTBHEM
BHEITHEH ITePUOMUYCCKA W3MEHSIOMENHCS CHIIBI  (BBIHYKIAIOIICH
CHJIBI).

l"apmornYecKUME KOJIeOaHUSIMH HA3bIBAIOT KOJIEOaHUs, TIPU KO-
TOPBIX CMEIIEHHE TeJla OT TIOJ0KESHHUS PABHOBECHUSI COBEPIIACTCS IO
CHHYCOHUJIATHFHOMY (KOCHHYCOUAATEHOMY ) 3aKOHY.

J1a 03HaKOMJICHHS C BEIMYMHAMH, XapaKTEPHU3YIOMUMH KOJIe-
OaTeNBbHBIN TMPOIIECC, PACCMOTPUM TPOCTYIO (PU3UICCKYIO MOICIb,
HaImpuMep, Kojaebanus Tea Ha npykuHKe 6e3 Tpenus (puc. 1.1).

m

R

Puc. 1.1. Konebanus Tena Ha Ipy>XKUHKE 0€3 TPEHUS

Ecnu Hauano KoopAMHAT COBMECTHUTD C IOJIOKCHHEM PABHOBECHS
Tesa, a 3aTeM OTKJIOHUTH €ro Ha PAacCTOSHHE X, TO BO3BpALIAIOLIast
cuia, coriacHo 3akoHy ['yka, Oynet F' = —kx. CornacHo BTopoMy 3a-
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KoHy Hbl0TOHa, ypaBHEHHE IBWKEHUS OyeT: ma = F = —kx Wiy, y4u-
TBIBad, 4TO a = d*x/df* ,

d?x d?x k
F——kx—mﬁnﬂnﬁju—x =0. .
Bynem uckath penienue ypaBHeHUs B BUIE: X = Acos(ot + @),
TOrIa
dx . d?x o AC_}Z
== —Awgsin(wot + @), P 0CoS(Wot + ¢,). (1.2)

Moxcrasmss (1.2) B (1.1), nonyuum:
k
aﬁlcas(a}ot + o) — Awy? cos(wot +@g) =0, (1.3)

OTKYyAa JUIsl YTJIOBOHM 9aCcTOTHI KOJICOAHMIA IOy INM:

k
wo = [ (1.4)
Takum o0Opa3oM, pemieHHeM ypaBHEHUS SIBISETCS CHHYCOHWIA
(KocuHyCcOHUIa), TO €CTh U3MEHEHHS AMIUTUTYbI OTKJIIOHEHUS Tella OT
MOJIO’KEHUSI PABHOBECHS, €r0 CKOPOCTh M yCKOpeHHe OyayT TpOHC-
XO/IMTh B COOTBETCTBUM € pucC. 1.2. Hauanbuyto dasy ¢, 1o Bo3Moxk-
HOCTH HaJl0 MPHUHATH 32 0.

\/ 1, cex
/

\/ I, CEK

VRS

Puc. 1.2. 3aBUCUMOCTb KOOPIUHATEI, CKOPOCTH U YCKOPEHUS OT BPEMEHU
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[Ipu Hanuuuy 3atyxaHus (TpeHUs1) B ypaBHEHUE JBUKEHUS J10-
GaBuTCs cuta TpeHus F, = — r'v, IPONOPLHOHAIIBHAS CKOPOCTH, i OHO
NpUMET BUJ:

2 =, (15)

I7ie BBEIEHO 0003HauCHHE 2,[)’ = r/m. Ero pemenuem Oyzaer Tak-

K€ CHHYCOM[A, HO C DKCIIOHCHLHUAJIbHO YOBIBAIOIICH aMIUTUTYIOM

x = Acos(wt + ¢,) exp(-pt) — 3amyxaiowee Konedanue.

JInst BBIHYKJICHHBIX KOJe0aHWid 100aBUTCS BHEUIHSS BBIHYK/IA-

tomas cuna = f cos Qt ¥ ypaBHEHHUE OyeT UMETh BUJI:
k

dtz ~+ 2,6— - —x = fo cos Qt, (1.6)

pelIeHre KOTOPOro BBIXOIHUT 3a PaMKH JTaHHOTO Kypca. B ciyuae,

KOT/Ia 4acTOTa BBIHY)KJAIOMIEH CHIIBI ) COBIANaeT ¢ COOCTBEHHOM

. k
4acCTOTOU Wq = 711> HACTYIIACT SABJICHHEC PC30HAHCA, IIPU KOTOPOM aM-

TUTATY 14 KOJIEOaHUH PE3KO BO3pacTaerT.

[IpumepoM CBOOOTHBIX KOJEOAHWH MOXET CITYyKWTh Mamema-
MuUYecKuti MasmHuk — MaTepruajgbHass TOYKa Macchl M, ITOJIBENICH-
Hasl K HEMOJIBMYKHON TOYKE HAa HEBECOMOW HEPACTSHKUMON HUTH (WIIH
CTepIKHE) IUTMHOMH | ¥ coBepmIaroias JBMKEHNE B BEPTUKAILHON TLTO-
CKOCTH TIOJT ICWCTBHEM CHIIBI TsDKecTH — mg (puc. 1.3).

YpaBHEHHE TUHAMHKH BPAIaTEIILHOTO ABMKEHHUS B ATOM CTydae
AMEET BUI:

1B = N =—mgl sing, (1.7)
rie [ — MoMeHT uHepryu Tena (B naHHoMm ciy4vae [ = ml?), N — mo-
MEHT JCWCTBYIONIEH CHJIBI, f — YIIIOBOe ycKopeHue Tena. [IpuanMas
BO BHUMaHUe, 4to0 f§ = dw/dt= d*¢p/df* v [ = mP, ypasuenue (1.7) npu-

MET BU:
2 fd @y . ,
ml (—dtz) = —mgl sing, (1.8)
I[J'Iﬂ MaJIbIX er'IOB MO>XHO CUUTATh smgo = (0, TOraa OKOHYATCIIBHO

MMOJIy4YuM: 2

+ we?p =0, (1.9)

2_4
TIae Wy R
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Puc. 1.3. MaremaTn4ecKkuii MassTHUK

C mo1o0HBIM ypaBHEHUEM MEI yke BeTpedauch (1.1) u 3naem, 4to
€T0 PEIEHUEM SABJIACTCS TaPMOHUYECKOE KOJIEOaHUE C YaCTOTOM :

@ =asin(of+ ). (1.10)

['nasa 2. Ynpyaue 60J1Hbl

2.1. I[Ipodonvhubie u nonepeutvle G0JIHbL.
Xapaxmepucmuku 80JHbL

Panee MBI yxe paccMaTpuBaiM yIPYTHE€ CHJIbL, BO3HUKAIOLIUE
MEXIy COCEIHUMHU OOJIACTSIMH TBEPIOTO TEJIA M MOMUMHSIIONINECS 3a-
kony I'yka. TBepmoe Temo MOXKHO TPEICTaBUTH KaK COBOKYITHOCTH
OTAENBHBIX YaCTHII, CBS3aHHBIX MEXIy COOOH YIPYrMMH CHIAMH.
[Tox yacTuuell B JaHHOM Cily4ae IoJIpa3yMeEBAETCsl JOCTATOYHO MaJjlast
o0JiacTh Tena, HO COCTOSINAsl U3 3HAYUTEIBHOTO YHCIA aTOMOB HIIH
Mostekyi. [Ipearnonoxum, 4To B Kakoi-To 001acTH Tea, HanpuMep Ha
€ro MOBEPXHOCTH, HaM YAAJIOCh MOJ1 IEWCTBUEM BBIHYXIAIOUIEN CHUIIbI
F = f0 cos ()t IPUBECTH YACTHUIIHI B KOJIeOaTeIbHOE IBIKCHHE (B Ha-
MIPaBJICHNN HOPMAJILHOM HWJIM KacaTelIbHOM K MOBEpXHOCTH). JlaHHoe
BO3MYIIICHUE M3-32 HAJMYUS CHJI YIIPYTOCTH OYJET MepeaBaThCsi CO-
CEJIHUM YaCTHIIAM U TaKKUM 00pa3oM OyJIeT paclpOCTPAHITLCS 10 TEIy.
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I[pouiece pacmpocTpaHeHUs] MEXaHUYECKUX KoJieOaHWH, COPOBOK/A-
FOLIHUICS TIEPEHOCOM SHEPTUH, HO HE COIPOBOXKIAIOIIHUIICS TEPEHOCOM
BEILECTBA, HOCUT Ha3BaHUE ynpyeol 60Hbl. B 3aBUCUMOCTH OT TOrO,
KaK JIBUKYTCS YacCTHUI[bI IO OTHOILEHHIO K HalpaBJIEHHUIO paclpocTpa-
HEHMs1, BOJIHBI JEJIATCA Ha Nnpooo/bHble U nonepeutvle (TUI BOJIHBI).
B npooonvhoii 6onne HanpaBieHne JBIKCHUS YaCTHL] COBNAAACT C Ha-
MpaBjeHueM ee pacnpoctpaHeHus (puc. 2.1, a). IIpogonbHbele BOTHBI
MOT'YT PaclpoCTPaHAThCA B JIIOOBIX CpeiaX: TBEPABIX, JKUIKUX U Ia300-
OpasHbIX. 3a X CYLIECTBOBAHWE OTBEYACT YIPYrocTb 00beMa — CIO-
COOHOCTH Tena BO3BpallaTh CBOM 00BEM MOCIIE PEKpaIeHus BO3ACH-
ctBUs. B nonepeunoii sonne xoneGanus 4acTHL MPOUCXOAAT B HAIIPaB-
JIEHWH, TIEPIIEHNKYJIIPHOM HaMpaBJICHUIO paclpOCTPaHEHUs! BOJIHBI
(puc 2.1, 6). Ilonepeunsie BOIHBI MOTYT PAaCIPOCTPAHSTHCS TOIBKO B
TBEPABIX TeJax, 32 HUX OTBEYAET YIPYrocTb (pOpMBI — COCOOHOCTD
Tela BO3BpallaTh CBOIO (HOpMY IOCHIE MPEKpalleHHss BO3ACHCTBHS.
Bonna B BelecTBe pacnpocTpaHseTcs ¢ ONpeaAeiIeHHON CKOPOCThIO, 3a-
BUCSILEH OT MEXaHUYECKUX XapaKTepUCTUK BEILIECTBA U THIA BOJIHBI.

L

.
.
.
.
.
.
.

.

.
. .
. .
. .

00JIaCTh 00JIaCTh
paspekeHu s CIKATHS

a §)

Puc. 2.1. IIpononpHas (a) u morepeynas (0) BOJTHBI

Haunbonee BaykHbIE XapaKTEPUCTHKH BOJIHBI, KDOME CKOPOCTH €€
pacrnpocTpaHeHus, — 3TO 4acTtoTa koyiebanui (f), nepuox (7), nmuHa
BOJIHBI (1), CKOPOCTh PacpOCTPaHEHHS BOJHBI (V), aMILTUTYAa KOJie-
Oanuii yactur (4), ”HTEHCUBHOCTB BOJIHBI (/) U BEIMUMHA 3BYKOBOT'O
JaBieHus (p). Mexny nepedyuciaeHHbBIMU XapaKTepUCTUKAMU M IH-
KJINYECKOH YaCTOTOU CYyIECTBYIOT OIIPEIEICHHBIE CBSI3U:

A=vT=v/f,f=1T, 1~ A o ="2xf. Q2.1
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COBOKYMHOCTH TOUYEK, Ky [TPUIILJIa BOJIHA B JaHHBI MOMEHT, Ha-
3bIBACTCS (PpOoHMOM 601HbL. B 3aBUCMMOCTH OT PopMBI PPOHTA BOIHBI
BBIJICTISIIOT MI0CKUe, YUIUHOpUuYeckue u cgepudeckue BomHbL. B cpene
0e3 MOTJIOICHUST aMIUTUTY1a KOJeOaHWi YacTHIl TUIOCKOM BOJIHBI HE
3aBHUCHUT OT PACCTOAHUS IO ICTOYHHKA, & BOJIHOBBIE TOBEPXHOCTH UMeE-
10T BHJ MApaJUIeIbHBIX ApPYr Apyry miockocteid. s chepruueckoit
BOJIHBI aMIUIUTY/a KojeOaHui yacTul OyAeT oOpaTHO MpPOMOPIHO-
HaJlbHA PACCTOSHUIO 10 UICTOYHHKA KOJICOaHHH, TOCKOJIbKY HHTCHCHB-
HOCTh (I ~ A%) Oyner pacrpeaensiThesi Ha IIOMmaab cdepsl, KoTopas
MIPONOPLMOHATIbHA KBAIPATy PACCTOSHUSA 10 HCTOYHHKA.

2.2. VpasHnenue ynpyeou 601Hbl

Wrak, B ynpyroil BOJIHE NPOUCXOAUT IEPUOJHUYECKOE KO-
nebaHne YacTHUI[ OKOJO WX TOJIOKEHUs paBHOBecHs. CwmemieHue
JaCTUl OTHOCHUTCJIIBHO TIIOJIOKCHHUA pPaBHOBECHUA IIPUHATO 00o-
3HauaTh OykBOH . PaccMOTpUM IIJIOCKYIO BOJIHY, pacIipocTpa-
HSIOLTYIOCS B HAIPaBIEHUH X CO CKOPOCThIO V. IlycTh B mmockocTn
x = 0, KonebaHus ONMMCHIBAIOTCS YpaBHEHUEM

(0, 1) = A4 cos(wt + a), (2.2)

rae A — aMIuMTya Konebanus 4acTull, ¢, — HavajabHas (asa Koje-
Oanmii. /lo HEKOTOPOH MIIOCKOCTH X BO3MYIIEHHE JOMIET 3a BpeMs
7 = X/V, cllefIoBaTelbHO, KoJIeOaHus B 3TOH IIOCKOCTU OYJIyT OTCTa-
BaTh Ha 3TO BpEMSI:

E(x, 1) = A cos[aw(t—x/ V) + a,]. (2.3)

BeipaskeHue, crosiiee B KBaJpPaTHBIX CKOOKaX HOCHUT Ha3BaHHUE
¢hasvr BosIHBI, COBOKYIHOCTh TOYEK, TJIC BOJHA MMEET OJMHAKOBYIO
(hazy, Ha3BIBACTCS B0IHOBOL NOBEPXHOCTIDLIO.

YpaBHEHHIO BOJIHBI MOXHO TMPHAaTh CHMMETPUYHBIA OTHOCH-
TEJILHO X U [ BUJ:

E(x, 1) = A cos(wt — kx + a,), (2.4)
1€ BBCICHA HOBAs BCJIIMYMHA
k=2n/=wlv, (2.5)

KOTOpast HOCUT Ha3BaHUEC 60JIHO6020 HYUcCd.
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[Ipu pacipocTpaHeHnH ABYX BOJH C OJMHAKOBOW YaCTOTOM 1 aM-
TUINTYZOH HaBCTpedy ApYyT APYTY BO3HUKAET cmosauas 6onna. OHa He
MIEPEHOCHUT SHEPTHU U XapaKTepHU3yeTcs TeM, YTO B HEW YepeayroTcs
oOmacTy, Tae aMIUIUTyAa KojneOaHuii paBHA HYJIIO — y3JIbl BOJHBI, U
o0macTy, rzie aMIIUTy1a KojebaH!i MakcuMaibHa — ITyYHOCTH BOJI-
HBI, puc. 2.2.

A

N INAININ
N NN

Puc. 2.2. Crosiuas BotHa

B 3aBHcHMOCTH OT 4aCTOTBI MEXaHUYECKHUX BOJIH X MPUHSATO Jie-
JIUTH Ha JUANa30HBL.

Hugppazeyx —aactota 1o 20 ['m.

36yx —uactota ot 20 I'y 1o 20 x['m.

Yavmpaszeyx —vactora ot 20 kI'm mo 1 I'T'.

T'unep3eyx —vactora Beie 1 I'Tm.

Koumponvusie 3adanus

® Jliis1 cheprueckoii BOJHBI CIIPABEIMBO YTBEPKICHHUE ...

1) aMmIMTYy1a BOJIHBI HE 3aBUCHUT OT PACCTOSHUS JI0 HCTOYHHKA KO-
neO6anuii (TpH yCITOBUH, YTO TTOTIIONICHUEM CPEJIbl MOYKHO TIpeHeOpeyb);

2) aMITUTyZia BOJIHBI O0paTHO MPOMOPLIHOHAIBHA PACCTOSTHUIO
JIO ICTOYHHKA KoyieOaHuii (B HEMOTJIOMIAIOICH cpee);

3) BOJTHOBBIE MTOBEPXHOCTH UMEIOT BHJI TAPAIJIENIBHBIX IPYT APY-
Iy IJIOCKOCTEH.

e Ha pucyHkax n300pakeHbl 3aBUCIMOCTH OT BPEeMEHHU KOOP.IU-
HaTBl U YCKOPEHHSI MaTepHAIbHON TOUKH, KOJIEOIIOIIEHCs TI0 rapMo-
HUYECKOMY 3aKOHY.

[ukiyeckas 9acToTa KoneOaHnii TOYKH paBHa ...:
H2ch,  2)1ch 3)4ch 4)3 ¢
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Xom

-2

-3

4

02 04 06 08 10 12 14 to

> 5

Ipumep pewienus. 3aKOHBI U3MEHEHHSI KOOPMHATHI, CKOPOCTH
W YCKOPCHHUS OT BPEMEHHU OMUCHIBAIOTCS ypaBHeHHsMH (1.2):

x=x,cos(wt+g,) , v =dx/dt=-x,w sin(wt +¢ ), a = d’x/d* = -x ©’
cos(wt +¢) = -acos(wt +¢,).

B touke ¢ MakcumanbHbIM OTKIOHEHHEM (¢ = 0,8 ¢), cornacHo pu-
CYHKY, X, = 1(M), a, = -x " = -4(M/C?), TO ecThb @’ =4 umu & = 2 (c™).

e Ha pricyHke mpe/icTaBiicHa 3aBUCUMOCTh aMILIUTY bl KoJieha-
HU MAaTEeMaTHYECKOTO MasiTHUKA OT YaCTOTHI BHEIITHEH cuJibl. JITuHa
HUTH MasSTHUKA PaBHA...:

Ao

P

2

LS

1
1
i
5

1] 25 50 75 00125 1

1 Mm; 0,02 Mm; 0,1 M; 0,2 M.
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Ilpumep pewenus. AMILITUTYNa MaKCUMalbHa, KOTJAa YacTOTa
BHEIITHEN CUJIBI COBIIAZAET C COOCTBEHHOM 4acTOTON KOJieOaHU Ma-
aTHUKa. YacTtora KoJieOaHUN MAaTeMaTHYeCKOro MasTHUKA 3a1aeTCs

hopmyJIoit Wy = E, rjie / — JyInHa HUTH, g — YCKOPEHHUE CBOOOTHOTO
naacHusl.

e Ha pucynke (cM. mpeapiayIiee 3aJaHue) mpeacTaBiIcHa 3aBU-
CUMOCTB aMILTUTYBI KoJiebanuii rpy3a maccoii 0,1 kr Ha Ipy»XHUHE OT
4acTOThl BHENIHEH cuitbl. Koo uimeHT xecTKoCTH Mpy>KUHBI paBeH:

100 u/Mm; 1 v/Mm; 10 u/m; 1000 u/Mm.

e KosebaHue MaTepualbHON TOYKH, BO3HHKAIOLICE IO/ JICH-
CTBHEM BHEIITHEH MEPUOTUUECKH U3MEHSIOIICHCS CHIIBI, IIPOUCXOTUT
0 32KOHV:

d?x

at?
e B — KO3 UUMEHT 3aTyXaHus; ) U @ — HUKIMYECKHE YaCTOThI
COOCTBEHHBIX M BBIHYKJIEHHBIX KOJIEOaHUH COOTBETCTBEHHO, f; — am-
TUIMTYJa BBIHYKJIAIOIIEH CHJIbI, OTHECEHHAs K Macce Teja. 3aBHCH-
MOCTh CMEICHHS X MaTepUaAIbHON TOYKH OT BPEMEHH UMEET BUJ, T10-
Ka3aHHbBI HA PUCYHKE ...:

1; 2; 3.

d
+ Zﬁd—f + obx = f,cos o,

X X

1 2 3
e ['paduk 3aBUCUMOCTH KOOPAWHATHI X MAaTEPUAILHON TOUKH OT

BPEMEHH { JJIsl 3aTyXaroluX KojeOaHui uMeeT BUJ, MOKa3aHHbIM Ha
PHCYHKe.
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[uknudeckas yacToTa 3aTyXarlolnuXx KoueOaHuii paBHa ...:
1)5x10% ¢1; 2) 10> ¢ 3) 2x10%w ¢ 4)10°t c .

o [lonepeunvimu ¢onnamu A6AAI0OMCA ... (YKaKUTEe He MeHee
JABYX BAPUAHTOB OTBETA):

- PaAMOBOJIHBI

- BOJIHBI, paClipOCTPpaHAIOIIUCCA BAOJIb CTPYH MY3bIKAJIbHBIX WH-
CTPYMEHTOB;

- CBE€TOBBIC BOJIHBI B BAKYYME;

- BOJIHBI Ha MOBEPXHOCTHU KUAKOCTHU;

- 3BYKOBBIC BOJIHBI B BO3YXC.

® YpaBHEHME IUIOCKON CHHYCOMJIAJIbHOM BOJIHBI, PAaCIpOCTpa-
HSIOIIEHCS BIOJIb OCH X, UMECT BH:

& =0,01 sin(10°¢ — 2x).

CKOpOCTh pacipoCTpaHeHHUs BOJTHBI B M/C paBHa ...:

500; 1000; 2; 0,01.

Ipumep pewenus. B obmeM cirydae Tuiockas CHHyCOUIalbHAS
BOJIHA, PACTIIPOCTPAHSIONMIASICS BIOJIb ocu X, umeeT Buf (2.3), (2.4)
npu a, = 0:

E(x, 1) = A sin[o(t — x/v)] = A sin[owt — 2n/)x] = A sin[wt —kx],
rJie @ — YIJIoBasl 4acToTa KoJjieOaHui, A — JUIMHaA BOJIHBL, k = 27/l —
BOJIHOBOE YHCJIO.

[IpuBojs ypaBHEHHE, TaHHOE B YCIIOBUH 3a/1a4H, K TAKOMY BHUJLY,
MOJTyYUM

£€=0,01sin(10° t — 2x) = A sin[10%(t — 2/10° x),

OTKY/1a, CPaBHUBAsS C OOIIMM YpaBHEHUEM, mojtydaem 1/v = 2/10°
i v = 500.
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® VYpaBHEHME IUJIOCKOM CHUHYCOMUJAJIBbHOW BOJIHBI, pacnpocTpa-
HSIOUIECs BAOJIb OcH X, UMEET BUJI;

E(x, 1) = A sin[o(t — x/v)] = A sin[wt — 27/1)x] = A sin|wt —kx],

BoisiHOBOE YKCIO UMEET Pa3MEPHOCTS ...:

e VYpaBHCHHE IUIOCKOH CHHYCOMJAIILHOW BOJHBI, PAaCIIpoO-
CTpaHstolIeiicss BIoab oc X co ckopocThio 500 M/c, mMeeT BHI
§=10,01 sin(10° — 2x).

BonHoBoe uucno k (B M) paBHo ...:

e [Inockast cunycongansHast BojiHa E(x, {) = A cos(wt — kx) pac-
MpOCTpaHsieTcs B ynpyroit cpeae. CkopocTh KoJIeOaHUN YaCcTHIL Cpe-
JIBI, OTCTOSIIIIUX OT UCTOYHUKA Ha PACCTOSHUH X = 1/6 B MOMEHT Bpe-
MeHu ¢ = T/4, paBHa ... .

D) Aw/2;  2)-Awl2;  3)-AoN3/2;  4)-Aw.

Ilpumep pewenus. JIns onpeneneHuss CKOPOCTU YacTHUI] OepeM
MIPOU3BOHYIO OT CMEIICHUSI:

v (x, t) = d&(x, t)/dt = — Aw sin (ot — kx).

C y4eToMm TOoro, BOTHOBOE YUCIIO k = 271/4, a TUKIMYECKask 4acToTa
® = 21v = 271/T, BeIpa)KeHUE [T CKOPOCTH MOKHO MEPENUCaTh B BUIC:

v (x, 1) =—Aw sin (ot — kx). = — Aw sin 2at/T — 2 x/1).

[Moxcrasmsist 3HaueHus x = 4/6 u ¢ = T/4, nony4daem:

v (x, 1) =—Aw sin Qrt/T -2 x/A) = — Aw sin30° = Aw/2.

e Ha pucyHke moka3aHa OpUEHTAIMS BEKTOPOB HAMPSKEHHO-
ctH anekTpudeckoro E u maruutHoro H mosnieil B 9J€KTPOMArHuT-
HOU BOJIHE.

by
)
~

1

BekTop MI0THOCTH TOTOKA SHEPTUU JICKTPOMArHUTHOTO TIOJS
OPUEHTHPOBAH B HAIIPABIICHUH ...:
I; 2; 3; 4.
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Yactp 3. OnTHKa

I'nasa 1. IIpedsapumenvHule ceedeHUs

Cser mpescTaBisieT co00H AIIEKTPOMAarHUTHBIE BOJHBI C JUTMHOM
BonHE! 0,4...0,76 MxM wan gactoroii (0,39...0,75) 10" I'r 1 Ha mika-
JIe 3JIEKTPOMArHUTHBIX BOJIH 3aHMMAEeT OYeHb HE3HAYUTEIbHYIO 00-
nacTb. BelzieneHne ONTHKHY B OTACIBHBIN pa3ien GU3UKN OO0 BICHIETCS
B TIEPBYIO OYEpElb TEM, YTO CBET XapaKTEPHU3YeTCs CIEU(PUISCKIM
BO3/ICHICTBHEM Ha OPTaHbl UyBCTB M OTBEYAET 3a MHOTHE MTPOIECCHI B
mpupojie. 3aKOHBI €r0 PaCIpPOCTPAHEHHS U B3aUMOJICHCTBHS OIHCHI-
BaroTcs ypaBHeHHsIMH MaxkcBema. CriocoOb! IOTyUYeHHS U perucTpa-
[IUU AHAJIOTUYHBI C1I0C00aM TSI JIEKTPOMArHUTHBIX BOJIH COCETHUX
nIuana3oHoB. Jpyroro ocoboro ghusuueckoeo cCMbICIa HET, T. €. CMBICIT
cyTy00 buonoeuyeckuii. Hamo Toipko m1006aBUTh, 9TO BO3ACHCTBHE HA
OpraHbl YyBCTB, KaK ITOKA3bIBAET OMBIT, OKA3bIBAET KOMITOHEHTA Ha-
MPSDKEHHOCTH dJIEKTPUIEecKoro mosst £, OHO e ompesessieT u Ipyrue
Ooumonornyeckne, POTOXUMHIECKHE i (PU3HKO-XUMUICCKHE ITPOIICCCHI.

CBeueHne Tel MOXKET OBITh BBI3BAHO PA3TUYHBIMH MTPHYNHAMH,
T. €. DHEPTHs, pacxoayemMas CBETSIIUMCS TeJIOM Ha H3ITydeHHe, MO-
KET TIOTTOJTHATHCS 32 CUET: a) XUMHUIECKHUX PEaKITuil — XeMHIITIOMUHEC-
IEHITNS; 0) CaMOCTOSITEIIBHOTO Ta30BOTO pa3psiia — DJIEKTPOIFOMH-
HECIICHIINS; B) 60MOapIUPOBKH JICKTPOHAMH — KaTOIOJTIOMUHECTICH-
U, T) o0IydeHne CBETOM — (POTOTIOMUHECIICHITUS; 1) HarpEeBaHUS
— TETTOBOE M3JTyUYCHHUE.

BpeMst mpoliecca Ipy M3JIyUeHHH CBeTa mMmeeT mopsmok 107%c,
MOSTOMY B pPaMKaxX BOJIHOBOM TEOPHH CUMTAETCS, YTO CBET HM3ITyda-
eTcs B BHJE Iyra, JUIMHOW OKOJI0O 3 M — PacCTOsSHHE, KOTOpOe Mpo-
XOJIMT BOJIHA 32 3TO BpeMs. JTa BOJIHA UMEET CTPOTO OMpPEACTICHHYIO
JUTMHY BOJIHBI, TOBOPST, YTO OHA MOHOXpoMamuyHa. Ecav oHa mMeeT
oTIpeJieNIeHHbIe TUIOCKOCTH KoJieOaHus BeKTOpoB E 1 B, TOBOPST, 4TO
BOJTHA TUIOCKO MOJIAPU3068aHd. B eCTECTBEHHOM CBETE B KaKIOM ITyTe
OpHEHTAIMs IIIOCKOCTeH KojeOaHusi BEeKTOopoB E W B mpow3Boib-
Ha — TOBOPAT, YTO TAaKOW CBET HE NOJAPU308aH. 3aBUCHUMOCTH CBETO-
BOT'O TOTOKA, MPUXOASAIIETOCS Ha HEKOTOPBIA IHMAra3oH JTUH BOJH
U = d®/d} or amuHBI BOJIHBI XapaKTEPU3YET CHEKMPAIbHYIO NIOM-
Hocmwb cBeta. Ha puc. 1.1 B kauecTBe npumMepa NpUBEICHbBI CIIEKTPaIb-
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HBIE TUIOTHOCTH COJIHEYHOTO CBETa (a) M CBETA, MPOILEJIIET0 4epes3
cBeTo(puibTp (0), KOTOPBIA HA3BIBAIOT KEAZUMOHOXPOMATNUUHBIM.
[TockonbKy, Kak yke 0OTMEYanoch, OAHOW U3 IPUYMH BBIACICHUS
paszena ONTUKU SIBJSIETCSl BO3JEHCTBHME CBETa HA OpPraHbl UyBCTB,
Ba)KHBIM SIBJISIETCS] BOIIPOC O BOCHPHUSITHHU T71a30M CBETa B PA3IHMUHBIX
CHEKTpaJIbHBIX Iuana3oHax. JlaHHas XapaKTepUCTHKa HOCHUT Ha3Ba-
HHUE KPUBOM OTHOCHTEJIHON CIIEKTPAIbHON YyBCTBUTEIBHOCTH TJIa3a.
JlaHHas xapakTepuCTHKa MHIUBHIyaibHa. Ee mpuMepHbIid Bu n30-
OpakeH Ha puc. 1.1, B. [lo Buay oHa Giim3Ka K KpHUBOH CIIEKTpaNIbHON
TUIOTHOCTH COJTHEYHOTO cBeTa. Ee cMBICI 3aKiIrouaeTcss B TOM, 4TO MO
ocu Y oTKJIaabpIBaeTCs BenWyuHa V(4), 00paTHO MpOIOpIHOHATIbHAS
BEJIMYMHE TOTOKA CBETOBOH 3HEPrHM, BbI3BIBAIOIIAS OJMHAKOBBIC
sputenbHble omymmenus V(4,)/V(4,)=U(4,)/U(4)). Ilpu s5ToM Makcu-
MaJlbHOE 3HaueHne QyHKuuu V(A1) npuHumaetcs 3a 1.
U U I
1

400 500 600 A mm 400 500 600 A mM 400 500 600 A HM

Puc. 1.1. CnexTpanbHble TUIOTHOCTH U3Ty4deHus (a) u (0)
1 YyBCTBUTEIIBHOCTH I1a3a (B)

I'nasa 2. Teomempu4eckas (/y4yeeasi) onmuka

2.1. IIpunyun ®@epma

Psn ontiueckux siBneHnii (oTpaxkeHue, MpeloMIISHNE U Psijt IPYTHX)
MOXKET OBITh O0BSICHEH B PAMKaX T€OMETPHYECKON ONTHKHU. B aTOM pazze-
JIE TIOJIB3YIOTCS CIIEYIOIUMH TOHATHAMMU. JIyd — TMHMSA, BIOJIE KOTOPOM
pacrnpocTpaHsieTcsi CBET WK cBeToBasi sHeprus. [lokazatens mnpenomie-
HUA Cpe/ibl (ONTHYecKask TWIOTHOCTH) — OTHOIIEHHE CKOPOCTH CBETA B Ba-
KyyMe K CKOPOCTH cBeTa B cpesie 7 =c/c_ . Cpenia, y KOTOpoii n = const,
Ha3bIBACTCS] OJJHOPOIHOM. OnTrdeckas anuHa myTH (L) — mpousBeaeHue
TeOMETPUIECKOH AIMHBI (S) HAa ONTHYECKYIO IIIOTHOCTE: L = ns.
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B ocHOBY reomeTpuueckoil ONTUKM MOYKHO TOJOXKHUTH IPUHIIUI
®depma UM NPUHIMIT HAUMEHBIIETO BPEMEHHU, KOTOPBIA (GopMymu-
pyeTcs clIeIyomuM 00pa3oM: ceem pacnpocmpansaemcs no makomy
nymu, 011 Komopo2o mpebyemcs HauMeHbuiee 6pems, Uiy no nymu
¢ MUHUMANLHOU Oonmuveckou Oaunou nymu. W3 3Toro mpuHIMIA, B
YaCTHOCTH, CIEAYET:

1) B 0THOPOHOM cpefie CBET pacipocTpaHsIeTcs IPSIMOIUHENHO;

2) ecnu U3 TOYKU | B TOUKY 2 CBET paclpoCTpaHsUICs MO MyTH S,
TO U3 TOYKH 2 B TOUKY | OH MOMJIET MO TOMY XK€ MyTH.

W3 3Toro xe mpUHLMIA MOYXHO BBIBECTH 3aKOHBI OTPAKEHUS U
MIPETOMIICHUSI.

2.2. 3akomnbl ompasicenus u npeiomieHusl ceema

Paccmotpum omHOponHyto cpeny. IlycTh cBeT oT MCTOYHHKA B
TOYKE A JOJDKEH TMOMAacTh B TOUKY B, OTPa3sUBIINCH OT MOBEPXHOCTH
CD. IlpsimoMy TIOTIaIaHNIO CBETA U3 TOYKU 4 B TOUKY B TIPENsATCTBYET
sKpaH I, puc. 2.1.

OT00pa3uM UCTOYHNK A cMMMeTpu4dHO mockocti CD u mpeario-
JIO’KUM, YTO TaM HaXOIHUTCA CPea C TAKUM K€ TToKa3aTesleM IpPeioM-
nennst. CoracHO MPUHIUITY HAUMEHBIIETO0 BPEMEHH B 3TOM CIIydae
CBET OyJET paclpoCTPaHATLCSA OT TOUKH A, 10 TOYkU B 1o npsmoi,
TaK KaK ONTHYECKas JJIMHA My TH €ro Haumenbmast. Jlyay 4,0 B HuK-
Hel TOJYIUIOCKOCTH COOTBETCTBYET 1yd AO B BepxHei. Takum 00-
pazoM, MOKHO cpOpMYIIUPOBATH 3aKOH OTPaKCHWSI. JIyu nadarowuil,
JIyY OMPAdNCEHHBIU U HOPMATL 8 MOYKe NAOEHUS 1edCam @ 0OHOU No-
ckocmu. Ilpu s5mom yeon nadenus pagem y2iuy OmpadlceHusl.

n

n ]

B

@

OJéO O D

Gmmmm e
~

B

Puc. 2.1. K BeIBOY 3aKOHA OTpakKeHHUS

73



Paccmotpum Teneps rpaHully pasjena IByX cpej C Ioka3aTens-
MU TIPENOMIICHMS 71, ¥ 71, JUIS1 OTIPEJIETIEHHOCTH OyIeM CUUTaTh n, <1,
(puc. 2.2). OT ucrounuka 4, Haxozsmerocs B cpeae | Ha paccTOsSTHUM
h, OT NOBEPXHOCTH, CBET JIOJKEH MONACTh B TOUKY B B cpejie 2 Ha pac-
CTOSIHMH /1, OT HOBEPXHOCTH.

A

m

X 52

I‘hg

n B
Puc. 2.2. K BbIBOy 3aKOHA ITPETOMIICHUS

PaccrostHre OT TpOeKITu TOUKH A A0 MPOESKIINN TOYKH B 0003Ha-
yuM 3a / 1 OyJieM UCKaTh PACCTOSHUE X, COOTBETCTBYIOIIEEC HOPMaJIH
B TOYKE Ma/ICHUS JIy4a, WAYIIETO MO ITyTH C HANMEHBIINM BpEMEHEM.
g cyMMapHOTO Ty TH MMEeM:

L=ns, +n,s, =nh’+x> +n,h +(1-x)". 2.1

W3 ycnoBust MuHUMYMa onTHueckoi mmHbel myTy (dL/dx = 0)
clleyer:
dl, nx  n(l-x)

& JBtr JE+d-2)

OTKyna OKOHYATEIHHO TIOTYUNM:

X [—x . =0
—”15——”2——”151ﬂ3—”15m7‘—
1

L)

o . n, sinr
n smi=n,smN7r wm -\ =——. (2.2)

n, sini
3akoH mpenomieHus (3akoH CHemmyca) MOXHO chopMyupo-
BaTb: Y4 NAOAIOWUL, VY NPELOMACHHBII U HOPMATL 8 MOYKe NAOCHUs
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zexrcam 8 00HoU ninockocmu. Ilpu smom omuowieHue cunyca yena npe-
JIOMAEHUSL K CUHYCY Yena NA0eHUsi PAGHO OTMHOWEHUIO NOKA3ames npe-
JIOMIIEHUs. NEPBOU CPeOdbl K NOKA3AMENI0 NPETOMACHUS CPeObl BMOPOIL.

2.3. Henenue noino2o 6HympenHe20 ompaiceHus

OTneNbHBIH MHTEpEC MPEJCTABISIET CIIydai, KOTaa CBET MajaeT
Ha FPAHHUILy M3 CPEJIbI C OOJIBIIEH ONTHYECKOH IIOTHOCTBIO (17, > 1),
puc. 2.3. B aToM ciydae eciu MBI Oy/IeM YBEIMYUBAThH YTOJl TadCHIS
i, TO TIPU HEKOTOPOM YTIIIe MaJeHUs — KPUMUYECKOM yele WIH yeie
nonnozo enympenne2o ompagicenus (i, ) NPENTOMIICHHBIA JTyd Ha4-
HET CKOJIB3UTH 10 TpaHuIle paszaena cpen (r=90°). B cooTBeTcTBHU C
(2.2) aToT yroa OyAeT onmpenesaThCsl COOTHOIICHUEM:

Ipo = arcsinn /n,. (2.3)

3HaveHUs yriia MOJIHOTO BHYTPEHHETO OTPaKEHHS Uil HEKOTO-
PBIX CpeJl IPUBE/ICHBI B TAONHIIE.

[pu yriax GoJbie KPUTHYECKOTO IIPOUCXOUT MOITHOE OTpaxKe-
HUe sHeprud. Tak, Hanpumep, TIPU OTPAKEHUH OT CAMOTO XOPOIIETO
3epkaia TepsieTcs okoio 4% sHepruu.

11 X

mn BN
Puc. 2.3. SIBnenue mogHOTO BHYTPEHHETO OTPasKEHHS

OTO SIBIICHUE MHPOKO HCIIOJB3YCTCA B TCXHUKE.

Tabnuma
Mamepuan n Lo ©
Boga 1,33 48
Crekio 1,5 40
KBapig 1,7 36




Obopomnas npusma. Xox lyda B 000POTHOH NpuU3Me NpUBEICH
Ha puc. 2.4 a.

&)Y

a §)

Puc. 2.4. OGopoTHas mpu3Ma: a — X0 Jiyua B IpHU3Me,
0 — npuMeHeHne 00OPOTHOM PU3MBI B OMHOKJIE

Ha rpanp @ 06a pa3za iy4 magaer mo HOpMald ¥ MPOXOJIUT, HE
npeoMisisick. Ha rpanu 6 u 6 yd mamaer moxa yrioMm 45°, 9to s
CTeKJIa W KBapla OOJbIle KPUTHYECKOTO YT, U TaM IMPOUCXOIHT
MOJTHOE BHYTpPEHHee oTpakeHue. Takum o0pa3oM Jyd MEHSEeT CBOe
HampaBJIeHNEe Ha IIPOTHBOTIOIOKHOE.

[Ipumenenne pu3Mbl B OMHOKJIE TIOKa3aHo Ha puc. 2.4, 0.

Ilosopomnas npuzma. XoJ jyda B MOBOPOTHON MpU3ME NpUBE-
JIeH Ha puc. 2.5.

<3

a o

Puc. 2.5. TloBopoTHast mpu3Ma: a — X0/ JIyda B IpU3Me,
0 — MpUMEHEHHE TOBOPOTHOM NMPHU3MBI B IIEPUCKOTIE

Ha rpanu a u 6 nmyun nagaroT o HOPMAaJIU U MPOXOAT, HE TIpe-
nomisisick. Ha rpasb 6 1yd magaer moJ yriom 45°, TaMm IpoucXonuT
MOJTHOE BHYTPEHHEE OTpakeHUe U Jy4 noBopaunBaercs Ha 90°. I1pu-
MEHEHUE MTPU3MBbI B IEPUCKOIIE ITOKa3aHo Ha puc. 2.5, 0.

HeoOxonumMo OTMETHTH IIMPOKOE TNPUMEHEHHE BOJOKOHHOM
ONTHKH, OCHOBAaHHOM Ha SBJICHUH ITOJIHOTO BHYTPEHHETO OTPaXKECHHUS.
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2.4. Jlunzwi. Xo0 nyuetl u nocmpoenue uz00paxdceHull.
Dopmyna 1uH3bl

Cdepudeckas nrH3a MpEACTaBISAET cOO0I MPOCTPAHCTBO, Orpa-
HUYEHHOE C JIByX MPOTHBOIOJOXKHBIX CTOPOH CHEPUYECKUMH II0-
BepxHOCTAMU. [IpsmMasi, coeqnHSAIOMAs IEHTPHI ITUX MTOBEPXHOCTEMH,
SIBIISIETCS TTIABHOW ONTHYECKOW OChIO Takoi TUH3HI (puc. 2.6). Jluaza
Ha3bIBAETCS TOHKOM, €CJM €€ TOJIIMHA BAOJb INIABHOW ONTHYECKOU
OCH CYIIIECTBEHHO MEHBIIIE PaInyCOB KPUBU3HKI €€ TTOBEPXHOCTEH. B
3aBHCHMOCTH OT KPUBHU3HBI TOBEPXHOCTEH U COOTHOIIEHHS TTOKa3aTe-
JIeH TpesIoMIIEHUsT MaTepralla JIMH3BI ¥ CPEIbl, B KOTOPOI HaXOIUTCS
JUH32a, OHA MOKET OBITh TOJOXKHUTEIHHON (coOMparomiei) uiu OTpu-
HaTeNbHON (paccenBaromiei).

- (_0_ ...... .

Puc. 2.6. (a) [lpumepsl 1H3 pasnuuHoi GopMsl; (0) ycinoBHbIE 0003HaUe-
HUS MOJIOKUTENIbHON U OTPULIATENIbHOM JIMH3 U [IPEAMETA.
0-0,— onTryeckas oCh JIMH3

[TocTpoenne n300paXkeHUs U PA3INIHBIX TOJI0KEHHUH TTpeIMe-
Ta OTHOCHUTENIHHO TTOJIOKHUTEIHHOHN JIMH3bI MMOSICHEHO Ha pHC. 2.7.

a2

Puc. 2.7. TToctpoenne n300paskeHUH B TIOJI0KHUTEIBHON JTHH3E

77



Beipaxenue
—t—=—= 2.4
r (2.4)

Ha3bIBaeTCsA (OpMyJION TOHKOH JMH3BL B sT0M Qopmyne a, — pac-
CTOSIHUE OT TPEAMETA JI0 JIMH3bI, a, — PACCTOSHUE OT JIMH3BI 10 HU30-
Opakenust, F'— GoKycHOe paccTOsIHUE JTUH3BI.

Jns mocTpoeHuil UCNONB3YIOTCS Ba U3 TPEX JIydeil, X0J KOTO-
PBIX H3BECTEH: JIy4, MAYILIMM 10 JIMH3bI MMAPAJUIEIBHO ONTUYECKON
ocH, TIOCJIe JIMH3BI ToieT uepe3 Gpokyc; nyd, HAYHIHUH A0 JUH3bI Ye-
pe3 pokyc, mocine TUH3BI MOHIET NapayieIbHO ONTHYSCKON OCH JINH-
3Bl JIy4, UAYIIUN Yepe3 UEHTP JUH3bI, UIET, HE IpeaoMirsiach. Jlei-
CTBUTENIbHOE M300pa)KeHHEe MOJydaeTcsl Ha MepecedeHnu Jydyel, u
€ro MOXKHO HaOJIr01aTh Ha 3kpaHe (puc 2.7, au 2.7, 0). Ha puc. 2.7, B
NepeceKaroTcs He JIy4YH, a X NMPOoJobKeHUs. B 3ToM ciyyae roBopsr,
qTo I/I306pa)KCHI/IC MHUMOC 1 €TI0 MOXHO YBUJCTH I'JIa30M, HO HC Ha
skpane. [ly4ok sydeii, monasaronuii Ha XpyCTaIUK ri1a3a, IpeaoMIs-
eTcs U JlaeT ACHCTBUTEIbHOE H300pakeHNE Ha CeTUaTKe I71a3a.

Abeppayuu (nocpewnocmu) nun3z. V300paxkeHue, MOJydeHHOE
IIpyu NMMOMOIIHX JIMH3BI, MOKET UMETH UCKAKCHUS. PaCCMOTpI/IM Hanoo-
Jiee 4yacTo BCTpEUaroInecs U3 HUX.

Cohepuueckas abeppayus. IIpn ucrioab30BaHUH BCEH TTOBEPXHO-
CTH c(epUIecKOr JIMH3BI AJISI TOCTPOSHHS U300PaKEHUSI TOUSHHOTO
HNCTOYHHUKA OKA3bIBACTCHA, UTO Kpas JIMH3bI OTKJIOHAIOT JIy4YU CHUJIbHEC,
YeM CpeJIHsS YacThb JIMH3BL. B pe3ynbTare 9TOro n300pakeHue Todey-
HOI'0 MCTOYHUKA Ha SKPAHE MMOJIYYaCTCd B BUAC PACIIJIBIBUATOIO ITATHA.
g ycrpanenus 3Toi abeppaiinu ciiefyeT MO0 yMEHbIIaTh anepry-
py MydKa cBeTa, JINOO0 YCIOXKHSITH ONTHYECKYIO CHUCTEMY, BKJIIOUYas B
Hee OTPULIATENIbHYIO JIUH3Y.

Koma. [1ns nuH3, MCIPaBICHHBIX Ha CHEPUUYCCKYIO a0eppalluio,
JUTSL UICTOYHHKA, JIeXKAaIlero Ha IIaBHOM ONTHYECKOW OCH, MOXKET CO-
XpaHAThCS ceprueckas adeppaius JUIsi HCTOYHHUKA, PACTIONI0KEH-
HOT'O B CTOPOHE OT IJIABHOHM onTuueckoi ocu. Takast abepparus Ha-
3pIBaeTcst KoMoi. Ilpyu Hanmm4auyu KoMbl 300pakeHne TOYEYHOIO UC-
TOYHHKA MPEJCTABISIET CO00i BBITAHYTOE MATHO. COOTBETCTBYIOICH
KOM6HHaHHCI71 TMOJIOXKUTCIIbHBIX U OTPULUATC/IbHBIX JIMH3 MOXHO W3-
0aBUTHCA OT TaKOM abeppaluu.
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Acmuemamuzm. VI300paskeHne TOUEIHOT0 UCTOYHUKA B KOCBIX JTy-
Yax UMEET BUJI JIByX B3aUMHO IMEPIICHINKYIISIPHBIX, CMEIICHHBIX JIPYT
OTHOCUTEIBHO JIpyTa MPSIMOJIMHEHHBIX OTPE3KOB, T. €. ABJISAETCS ACTHT-
MaTHYecKuM. DTOT BUJ abeppaly yCTpaHseTcsl IMyTeM 1moadopa pa-
JILYCOB KPMBHU3HBI U ONTUYECKHUX CHJI TIPEJIOMJISIOIINX TOBEPXHOCTEN.

Jlucmopcus. Jluctopcust — 310 abepparusi, KoTopasi 00yCIIOBIN-
BaeT HEOJAMHAKOBOCTH IMOIMEPEYHOr0 yBEJIWYEHHUS B Mpejenax MoJis
3penus. Ecin yBenmueHue Bo3pacTaeT ¢ yAaJeHUEM OT ONTHYECKOH
ocH, UMEET MECTO MOAYIIKooOpasHas auctopeus. [lpn ymeHbIeHHH
yBeIU4EHHs — 00YK000pa3Hasl.

Xpomamuuecxasn abeppayus. PaccMOTpeHHBIE BbILIE abeppaluu
CBOWCTBEHHBI BCEM ONTHYECKUM CHCTEMaM Jis TF000i 00J1acTH CreK-
Tpa (B TOM 4YHCIe, U JUIsI MOHOXPOMAaTHYECKOTO JIa3epHOro M3ITyye-
HUS). XpoMaTrueckas abeppaius 00yclIoBlIeHa IBICHUEM AUCIIEPCHH
BEIIECTBA JIMH3BI (3aBUCUMOCTH TOKA3aTeNs IPEIOMICHHSI OT JUTUHBI
BOJHBI). [lucniepcust Mmarepuana JMH3bI 00YyCIOBIMBAET 3aBUCMOCTD
(OKYCHOTO PacCTOSIHMS JIMH3BI OT JJIUHBI BOJHBI. DTO OOCTOSITEIb-
CTBO MPUBOJUT K TOMY, YTO U300paKeHHE HEMOHOXPOMATHUYECKOTO
WCTOYHMKA JJIS1 Pa3HBIX JUIMH BOJIH (I[BETOB) HAaXOAMTCS Ha Pa3HbIX
paccTosSHUSX, YTO ONpEACIIeT OKpaIllMBaHHE KOHTYpa N300paKeHusI.
KomOuHMpyst TUH3BI, W3TOTOBJICHHBIC M3 Pa3IHYHBIX MaTEpUaOB,
yAaéTcs Co3aTh axpOMaTHYHYIO (TO €CTh UCIPABIEHHYIO HAa XpoMa-
THYECKYIO adeppalyio) ONTHYECKYIO CHCTEMY .

OTmeTHM, YTO JUIsl OJJHOBPEMEHHOI'O yCTpaHEHHs BCEX BH/IOB
abeppanmii JUH3bI TpeOyeTCsl COCTABUTh BEChbMa CIOXKHYIO ONTHYE-
CKYIO cUCTeMY (COBpEMEHHBIE 0OBEKTUBBI AJIsl POTOANAPATOB MPE-
CTaBISIIOT CHUCTEMBI, COCTOSIIHE U3 OOJBIIOTO KOIUYECTBA JIMH3).
o aTo¥ MpuYMHE B Ka)KJJOM KOHKPETHOM CJIydae cTaparoTcs ycTpa-
HUTbH CaMble CYIIECTBEHHbIC abeppaluy.

2.5. Yempoiicmeo u xo00 nyueti 6 Mukpockone

IIpocreiiiias MoJieilb MUKPOCKOIIAa COCTOMT M3 JIBYX IOJIOXKH-
TETHHBIX JIMH3, OJTHA U3 KOTOPHIX SBISIETCS OOBEKTUBOM (0OpamieHa
K TIpeaMeETy), a Apyras — okyisipoM (oOparmieHa K HaOII0IaTesro).
B 3aBucuMocTH 0T COOTHOMIEHNST (POKYCHBIX PACCTOSTHHUM ATHX JINH3
M WX B3aUMHOTO PACIIONIOKEHUS MOKHO MOJIEIMPOBATH MUKPOCKOTIBI
C Pa3MTUYHBIM YBEITHYEHHEM.
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[Ipu HaOMIONEHUK TIPEAMETOB C MOMOILBIO ONTHYECKUX MPHOO-
POB YITIOBOH pa3mep n300paKeHHsI OKa3bIBACTCS CYILIECTBEHHO OO0JTb-
nre, 4YeM YIJoBOH pazMep oObeKTa MpU HAOIIOIEHHH HEBOOPY>KEH-
HBIM T71a30M. OTHOILIEHHE TAHTEHCOB YTJIOB 3pEHHS U300paKeHUs U
npeaMeTa Ha3bIBAIOT YIJIOBBIM YBEJIIMUEHUEM ONTUYECKOro mproopa.
[Tpu 5TOM B Cltyyae MUKPOCKOIA MOJIararoT, YTO IPEeJIMET pacCMaTpH-
BAETCs HA PACCTOSHUM HAMIydIIero 3penust D = 25 cm.

Xon iaydell B MUKPOCKOIIE TPUBEEH Ha puc. 2.8.

PacueTsl mMOKa3bpIBalOT, YTO yBEIMYCHHE MHKPOCKONA MOXKET

OBITh OIPEJICIICHO 10 POopMyIIe:
1—' — tg@l — DU (L 7F96 7Fa}c)

rg @l F o6 Fax‘

) (2.5)

rae L — paccrosiHue Mex 1y 0OBEKTUBOM U OKYJISIPOM ([UIMHA TyOyca
MHKpOCKoma); D — pacCTOSHUE HAaWJTyYIIEro 3peHus, PaBHOE 25 CM;
F _wuF — (hoKyCHbIE paCCTOSHUS JIMH3, U3 KOTOPBIX COOPaH MUKpO-
CKOII.

OTMeTnM ermie pas, u4To BblpakeHHe (2.5) i yriioBOTO YBENlu-
YeHHUs MUKpOCKona /' cripaBeAJIuBO B MPEAIOI0KEHUN aKKOMOAAIUN
riasza Ha OeckoHeyHOCTh. Ecnu rna3 HaOmiogaresst MEHsIeT akKkOMO-
JIAIMIo, TO MEHSETCs yBeJNW4YeHHe MHuKpockoma. OgHako pasHUIla
MEXKIY KOAPPHUIMEHTAMH YBEIMYCHUS B 3TUX CIy4asx OKa3bIBaeTCs
HE3HAYUTEIHHOH.

I L

-2
-

l—‘
-

Puc. 2.8. Xox nyuelt B MUKpOCKOIIE
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CormnacHo ¢opmyre (2.5), yBequueHHe MUKPOCKOIA MOYKHO CIe-
JIaTh CKOJIb YTOAHO OONBIINM, OTHAKO HAYHHAS C ONPE/CICHHBIX 3HA-
YeHUI MBI yKe He Oy/IeM BHUIETh HOBBIX JIETANICH, TaK KaK CyIIECTBY-
€T Mpe/IesT pa3perieHns MUKPOCKOTIA:

0,514
A= nsinQ ’ (2.6)
CBSI3aHHBIM C BOJHOBOH MpPHUPOJION cBeTa ({7 — YMCciIoBas arneprypa
00BEKTUBA).

CyliecTByeT J0CTATOYHO MHOTO PA3HOBUAHOCTEH ONTHYCCKHUX
MHUKPOCKOITOB: TPOXOSIIETr0 ¥ OTPAKEHHOTO CBETA, TEMHOMOIbHBIH
(c GOKOBBIM OCBEIICHUEM C Pa3HBIX CTOPOH ), MOJISIPU3AIIMOHHBIH H JIP.

I'nasa 3. BosiHOBAs1 onmuka

3.1. Ilpunyun ['toticenca

B pamkax reoMeTpryecKkoil ONTUKUA CBET HE JIOJKEH IIPOHUKATH
B 00J1aCTh TEOMETPHUECKON T€HU. B ITEHCTBUTENTLHOCTH CBET IOTMa-
JIaeT 3a HeNpO3pavHyo rpaHully, npuueM 3¢dekr Tem cruinbHel, yem
MEHbIIE pa3Mepsl npendarcTeuil. [Ipu pazmepax mienu uim guamerpe
OTBEPCTH, CPAaBHUMBIX C JJIMHOM BOJIHBI, 3aKOHBI I'€OMETPUYECKOU
ONTHKH pabOTaTh NMEPECTAIOT.

KauecTBenHoe 00bsICHEHHE pacHpOCTpaHEHHs CBETa 3a Mperpa-
JIO MOKET OBITh JTaHO C TIOMOINbIO npuHyuna I roiieenca. CormacHo
STOMY IPUHLMITY, KayK/Jasl TOUKA, Ky/la JOLIE] CBET B JAHHBIM MOMEHT
BpEMEHH 7 (KaJas TOYKa BOJIHOBOTO (DPOHTA), SBJIAETCA MCTOYHH-
KOM C(EepUYeCKUX BTOPUYHBIX BOJIH, U JUIS TIOJYYEHHS BOJIHOBOTO
(poHTa B MOMEHT #, + Af Ha0 COEMHUTH BCE TOYKHM, KyJa JOIIE
CBET B 9TOT MOMEHT, puc. 3.1, a. Ha puc. 3.1, a cpena B HuxHEH Ya-
CTH PHUCYHKa Ipe/IojaraeTcsi ONTHYeCKn MeHee rioTHoi. Ha puc.1,
0 M300pakeHo TaJleHHe CBEeTa Ha dKpaH ¢ oTBepcTreM. CienaB cooT-
BETCTBYIOIINE TIOCTPOEHHS, MOKHO yOEAUTHCS, YTO CBET OyJAeT Io-
MaaaTh B 00J1aCTh TEOMETPUIECKOM TEHH.

IIpuntun ['folireHca maeT TOJNBKO KAa4eCTBEHHOE OOBSICHECHHE
BOJIHOBBIX SIBJIEHU.
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_T.X.X'XX.:_———
2R EREE

Puc. 3.1. [Ipunnun I'toiirenca

3.2. Uumepghepenyus ceema

BonHoBast npupoza cBera Hanbosee sIPKo OTPAsKACTCsI B SIBICHUSIX
uHTepPepeHINH 1 AU(PAKLIUH CBETa, B OCHOBE KOTOPBIX JICKHUT ClO-
Jrcenue 6o, SIBnenne uateppepeHIrnd U AMHPaKIUd UIMEIOT, TOMHMO
MX TEOPETHYECKOr0 3HAYECHUSI, ITMPOKOE MPUMEHEHHE HA IIPAKTHKE.

PaccmoTpum Z1Be BOJIHBI OJJMHAKOBOM YacTOTBI, KOTOPBIE TIPUXO-
JSIT B OJJHY TOUKY:

E cos(wt + o) n E cos(wt + a,). (3.1

Ecnu xonebGanus 3TUX BOJIH MPOUCXOJAT B OJHON INIOCKOCTH, TO
aMIUTUTY1a Pe3yJbTHPYIOLIEro KojeOaHus OyAeT ONpeaeisIThCs Bbl-
paskeHHEM

E*=E?+E?+2E E cos o, (3.2)

rae 0 = a, — a, — pasHoCThb (a3, a cnaraemoe 2E E,coso Ha3bIBaeTCs
HHTEP(HEPCHIIUOHHBIM YICHOM.

Panee oTMeuanoch, YTO CBET M3Jy4aeTCsl MPU SHEPTETHUCCKHX
nepexo/iaXx OTACIbHBIX aTOMOB WJIM MOJICKYJ OTJCIbHBIMHU I[yraMu
W B 00IIEeM cllyyae HampaBlieHHs KOJeOaHUM U (a3bl pa3HbIX I[yrOB
HUMCIOT MPOM3BOJIbHBIC HAMPABICHHUS U 3HAYCHUS, MMOITOMY HUHTEp-
(bepeHIuss MOXKET HaOJIF0IaThCs, €CJIA BOJIHY KaKUM-JIHOO CIIOCOOOM
cHauasa pa3Jae/iuTh Ha JIBE, a 3aTEM CBECTH B OJTHOM TOYKe, pHcC. 3.2,
a. B aTom cityuae pasHocTh a3z d = &, — @, Ui paccMaTpUBacMOi
TOYKH OyJIET OCTABATHCSI MOCTOSIHHOW, TAKUE BOJIHBI HA3BIBAIOT KO2e-
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penmuvimu. B cirydyae HEKOTepeHTHBIX BOJIH 0 MEHSIETCSI XaOTUYHO H
cpeaHee 3HaueHue cosd OyneT paBHo Hymo. MHTepdepeHnn B 3ToM
cirydae HabmoaaThCs He OyIeT:

<E>=<E>?+<E>’wml=1+I  (33)

B criyyae KOTEpEHTHBIX BOJIH BBIPAKEHHE JJISI HHTCHCHBHOCTH
Oyzer:

I=1+1,+2cosd/I,1, (34

B wacthom ciyuae, korga [, = I, = [ B Toukax, rae cosé = 1 (Boi-
HBl HAXOAATCS B OJHOM ¢ase, puc. 3.2, 0), aMIIuTy1a BOJHBI OyaeT
Y/IBaMBAThCS, & MHTEHCUBHOCThL OyJIET B YeThIpE pasa Oonbiie /, a B
TOYKax, TJe cosd = -1 (BoiHBI B ipoTHBOdA3e, puc. 3.2. B), aMILUTUTY-
Jla 1 THTEHCUBHOCTH OyIyT paBHBI HYJIIO.

0=

a 0 B

Puc. 3.2. MnaTepdepenmus ceera

PaccmoTpum onuH M3 CrOCOOOB HAOMIOACHUS MHTEpPEpeHIINU
Ha MpuMepe Tak Ha3blBaeMoro onwvima FOnea, puc. 3.3. CBer oT Hc-
TouHuka O, (HapuMep, HUTHU JIAMIIOYKH HaKaJMBaHUsA) MONAaeT Ha
HENPO3Pa4HbIi SKpaH ¢ MPOTHKEHHOH y3kod menbto O,. CormacHo
npuHImy [foiirenca, Kakaas TOUKa MM SBISICTCS BTOPUYHBIM UC-
TOYHUKOM H3JIy4SHUsI, ¥, TAKUM 00pa30M, OT IIeau OyJeT pacmpo-
CTpaHSTHCS BOJHA C UIUHIpUYecKuM (ppoHToM. Ha myTn 3T0H BOJI-
HBI YCTAHOBJIEH BTOPOI 3KkpaH ¢ aAByMs mensmMu O u O' Ha paccTos-
HUH d YT OT JPYra, KOTOPbIE TaKKe OYAYT SBJISATHCS BTOPUIHBIMH
KOTE€PEHTHBIMH UCTOYHMKaMH. Ha paccTosiHuM L yCTaHOBIIEH dKpaH
Ut HaOmoieHust naTepdepennnu. Onpenenum pasHoCcTh Xxona As =
§, = §, IJIsL Iy4el OT UCTOYHUKOB O u O' no HekoTOpO#t Touku P, Ha-
XOJISIIIEICS HAa paCCTOSAHUM X OT OCHU cUMMeETpuUu. JlJig KBaapaToB pac-
cTOAHUHN U3 TpeyroabHUKoB OPA u O'PA nmeeM:
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1[4 d2 I
X771

Puc. 3.3. OnpiT FOHTa

d
522 == L2 =+ (x+5)2

$12=L%+ (x — g)z ’ (3.5)
OTKYya IOCJIC BIYUTAHUSA MMOJTYyYUM:
2 2 — —
sP=s2=(s,—s)(s,+s)=2dx (3.6)

Cuwras s,+ s, = 2L, Ui pa3sHOCTH X012 As = 5, — 5, TIOJTyIUM:

As = (x d)/L. (3.7

W3 ycnoBus MOJTyYeHUs] MAKCHMYMa WHTEHCUBHOCTH As = tml

(m — menoe 9rco) ¥ MUHIMYMa HHTEHCUBHOCTH As = +(m+"2)A MOX-

HO HalTH KOOPJAMHATH MAKCUMYMOB U MUHHMYMOB, & TAK)KE PACCTOs-
HUSI MEXKTY HUMH:

1
AL (m+2)AL AL
= imT; xMI/IH = iTZ’ Ax = P . (38)

xMaKC

Jannas cxema HaOJIOAEHHs peann3oBaHa B HHTEpepoMeTpe
Penes, xoTopblil ucnonb3yeTcs s ONpEAETeHHs] MallbIX KOHIEH-
Tpauui MPUMECH B KMJIKOCTH IO M3MEHEHUIO MOKa3aTelssd MpesioM-
nenusi. Cxema nHTepdepoMeTpa npuseaeHa Ha puc. 3.4. B 6moke 1
HaXOJATCS UCTOYHHUK CBeTa (JTaMIouka HakanuBaHus Ha 3,5 B) u aBa
9KpaHa: ¢ OAHOM M JAByMs IIENSIMHU COOTBETCTBeHHO. Ha myTu myueit,
CO3JIAI0IINX UHTEPPEPEHIMOHHYIO KAPTHHY B CBETOHENPOHUIIAEMOM
KOpITyce 2, yCTaHOBJIEHBI /IBE€ OAMHAKOBBIX KIOBETHI 3 1 4: 0JIHA C pac-
TBOpUTENEM, Apyras ¢ pacTBOpoM. Pa3HOCTh Xona iydeil MpUBOIUT
K CMEIIEHUIO0 KapTHHbI OTHOCUTENIBHO JTAJIOHHOM, MMOJy4YeHHON IpH
OTCYTCTBHHM pa3HOCTH Xxoxaa. s HaOmoaeHus: uHTepQepeHINOHHBIX
KapTHH HUCIIOJIb3YETCsI MUKPOCKOII 5, TaK KaK pacCTOSHUS MEXIy I10-
JIOCaMU B IaHHOW T€OMETPUHU UMEET MOPSI0K AECATHIX A0JIEH MM.
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1 2 3C— 5
P e—

Puc. 3.4. UnTepdepomerp Penes

Hpyrue crmocoObl MOMydeHHUs] MBYX KOTEPEHTHBIX HWCTOYHHUKOB
MoKa3aHsl Ha puc. 3.5.

Ha puc. 3.5, a m3o0paskeno 3epkaino Jlnoiina. Ha sxpan D cBet mo-
MaiaeT HETIOCPEACTBEHHO OT ncTouHrKa O 1 ero n3odpakenus O* B 3ep-
Kane 3. PaccTrostHue Mex 1y UICTOYHUKaMHU paBHO 2d, T7ie d — paccTosHue
OT UCTOYHHMKA 10 3epkaia. O0nacts HaOmoeHus nHTepdepeHimu — PO.

Ha puc. 3.5, 6, B u r ipencTaBiaeHbsl OM3epKano, OMIMH3a U Ou-
npuszma Openensd. J[Ba MHUMBIX HCTOYHUKA B TIEPBOM ClIydae Mmoiayya-
IOTCSI TIPH OTPAKCHUH OT JIBYX 3€pPKaJl, paCIIOJIOKEHHBIX 10T HEOOIb-
MM yTJI0M ¢. Bo BTOpoMm citydae uHTephepupyroT JydH, UAYIIHE OT
JIByX M300paykKeHNI MCTOYHHKA B MOJIOBHHKAX JIMH3bI, Pa3JABUHYTHIX
Ha HeOoJIbIIOE paccTosTHIE. B mocnenHeM ciryyae JiBa HCTOYHUKA I10-
JIy4aroTcsi B pe3yJibTaTe MPEJOMIICHHS Jyded B JIBYX CUMMETPUYHO
PaCIOJIOKEHHBIX PU3MaX, UMEIOIIUX IIPU BEPILIMHE MAJIbIA yroJl.

VWUV VW

B T

Puc. 3.5. Cxembl HaOmroneHNs HHTEpEpEHITHH cBeTa: 3epKano Jloiina (a),
6msepkaino (0), oumH3a (B) 1 Ounpusma (r) OpeHenst COOTBETCTBEHHO
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OTaenbHO PacCMOTPUM HMHTEPEPEHIMIO CBETa TPH Ompadice-
HUU OM MOHKUX NJleHOK WY TUTaCTUHOK. B 3TOM cilydae npu najeHun
TUIOCKOM (MAYyILEeH OT yJaJleHHOTO MCTOYHUKA) CBETOBON BOJHBI MPO-
HCXOJIUT OTpakeHUE OT JBYX MOBEPXHOCTEN AaHHOM MIacTUHKU. [1pn
OTPEICICHHBIX YCIOBHAX 3TH OTPAKEHHBIC JTyYH MOTYT HHTEpEpPHpO-
BaTh. X0/ JIlydell B 3TOM cllyyae MpuBeJsieH Ha puc. 3.6, a. JIyu 1 npe-
JIOMJISIETCSI B TOUKE A, OTpaXkaeTcsi OT MPOTUBOIOJIOKHON TOBEPXHOCTH
TUIeHKHU B Touke C ¥ BTOPUYHO MperomisieTcs B Touke B. OnTuyeckuit
myTh €ro paBeH JmuHe mytd AC/ (s,), YMHOKEHHOMY Ha ONTUYECKYFO
TUIOTHOCTH TIeHKH. OOmiasi pasHocTh xoaa OyJaeT CKIIaabIBaThCs U3
ONTUYECKOrO MyTH NMEPBOTO Jy4a B IUIACTHHE U BTOPOrO Jyda B BO3-
nyxe DB (s,), KpOMe TOTO, B TOUKE B MPOMCXOIUT CIBUT Ha TIOJIOBUHY
JUTUHBI BOJIHBI TIPH OTPaYKEHUU OT ONITHYECKHU OOJIee TUIOTHOM CPe/Ibl:

As =ns, — s, =2b\(n" —sin® @ —;. (3.9)

Habutoienue naTepepeHIiny B IJICHKaX BO3MOYKHO TOJBKO MPH
YCJIOBHH, YTO €€ TOJIIMHA HEe MpeBbImaet <~ 0,06 M.

VYcnoBue MakcHMyMa OyAeT BBITIONHATHCS IS PasHBIX JUTHH
BOJIH TIOJ] Pa3HBIMU YTJIaMHU TP OJHOW TOJNIIMHE TUICHKH WIIH IS
pasHbIX TomuH. Ha mpakTHKe JaHHBIH BUI HHTEPPEPEHIIUNH MOKHO
HAOJTF0IaTh Ha MBUTHHBIX ITy3BIPSIX MM IJIEHKAX OCH3WHA Ha BOJIE WITH
acainpre.

Puc. 3.6. UntepdepeHniys B TOHKOI 1IIeHKE (),
cxeMa HaOmoeHus koser; Herorona (0)
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Eme omnum mpuMepoM HHTEpPEpPEHLMH B TOHKMX IUICHKaxX
(moNIockl paBHOM TONIIMHEL) SBIISIIOTCS Kosbla HeioTona. OHu Ha-
OMIOAAlOTCsl MPU OTPAKEHUHM CBETA OT CONPUKACAIOIIUXCS APYTr C
JIPYrOM MOBEPXHOCTH CTEKJISTHHOM IJIACTMHKM U BBIMYKJION JMH3BI C
OonpmuM pagnycoM KpuBHu3HBI R (puc. 3.6, 6). Ponp ToHKOH TIEH-
KM, OT MOBEPXHOCTEH KOTOPOH OTpa)karoTCs KOT'€PEHTHBIE BOJIHBI,
UTpaeT BO3AYIIHBIN 3a30p MEXKAY CTEKISAHHON INIACTUHKON U JIMH30U
(oTpakeHHsI OT IPYIuX MOBEPXHOCTEH HE OKAa3bIBAIOT BIWSHHS MPU
YCIIOBHUHU OOJBIION TOIIIUHBI MIACTHHBI U TUH3BI). [Ipr HOpMaIbHOM
MaJeHUN CBETA IOJIOCHl PABHOM TOJIIMHBI UMEIOT BUJ KOHIEHTPH-
YEeCKUX OKPYKHOCTeH. Pa3sHOCTh xoma mHTephepupyromux Jydyeid B
3TOM ciy4dae OyneT

AS:2X+%, (3.10)

/1€ X — TOJIIIMHA BO3LYILITHOTO CJIOf, & CABUT Ha MTOJIOBUHY JUIMHBI BOJI-
HBI TPOMCXOINT 3a CUET PA3HBIX YCIOBUM NP OTPAKEHUH OT BEPXHEH
Y HWOKHEH rpaHul] BO3AYLIHOM MpOoCioiiku. B Toukax, AJi1 KOTOPBIX
pa3HOCTh XOfa Jy4el Oy/eT KpaTHa JJTHHE BOJHHI As = kA, OynyT Ha-
OJI0aThCs CBETJIBIE KOJIBIIA, @ B TOUKAX, I KOTOPBIX As = (k + )4,
— temHble. IIpu 3TOM B neHTpe Oyaer HaOMIOAATHCS TEMHOE IISITHO
(k= 0). YcnoBue 00pa3oBaHUs k-T0 TEMHOTO KOJbIIA TIPX 3TOM Oy/eT

A
As =2x+ 5T (k + 2)\. VI3 mpoCTBIX TEOMETPUYECKUX COOOpasKeHHH

MOKHO TIOJYy4YuTh (puc. 3.6, 0) 001IyI0 hopMyITy IS paIiyCOB KOJIEIl
Hprorona:

r:\/R/i(m—l)/Z m=1,2,3,...), (3.10)

A€ YETHBIM /71 COOTBETCTBYIOT paJInyChl CBETJILIX KOJICI], 4 HCYCTHBIM
— TCMHBIX.
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3.3. JJu¢paxyus ceema na Kpyenom omeepcmuiu.
3onbl Ppenens

@DpeHenb MoKa3all, 4YT0 B HEKOTOPBIX CIydasx AJISI ONTHYECKOH
BOJIHBI AMIUIATYJa PE3YJIbTUPYIOLIET0 KOJICOaHUsI MOXKET ObITH Olle-
HEHa NMPOCTHIM T'€OMETPUUYECKUM CYMMHUPOBAHUEM BOJIH, IPULIEIIINX
OT OIpEeIeNIEHHBIX YUYaCTKOB BOJIHOBOTO (poHTa. CyTh METO1a HOsIC-
HeHa Ha puc. 3.7, a. Jlna onpenenaeHus CyMMapHOH MHTEHCUBHOCTH
B Touke P ot ucrounnka O chepruecknii BOJTHOBOH (hpOHT B 00macTu
HpPENsTCTBUS (HapUMep, 3KpaH C KPYIJIBIM OTBEPCTHEM) pa30uBa-
€TCs Ha KOJIbLIEBbIC 30HBI TaK, YTO PACCTOSHUE OT Kpas CIeayroLeH
30HBI IO TOYKU P OTIMYaeTcs Ha OJIOBUHY AJIMHBI BOJIHBI — A/2. B pe-
3ynbTaTe KojaeOaHus, MPUXOSIIUe B TOUKY P OT COCeIHHUX 30H, Oy-
IyT HaXOAWUTHCS B IPOTHUBO(da3ze.

h+3x A2
b+ 2 x A2
b+ A2

P

Puc. 3.7. Tudpaxunst dpeHesnst Ha KPYIIIOM OTBEPCTHH

PesynpTupyromiee 3Haue€HHE AMITUTYABI OYAET ONpenesThCs
COOTHOUIEHHEM IUIOMIAJIell OTKPBITHIX YETHBIX U HEYeTHBIX 30H Dpe-
Hens. Tak, eciu B InaMeTpe OTBEpPCTHS YKIabIBaeTCs ABe (WU Apy-
roe 4eTHOE Yuciio) 30Hbl DpeHets, B TOUKe P CBETOBBIE BOJIHBI OyIyT
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racuTh APYT Ipyra u OyAeT HabIroAaThCs TeMHOE TsITHO. Eciu uncio
30H HEUETHOE, TO CBETOBBIC BOJIHBI OT MOCIIEIHEH OTKPBITOH 30HbI ra-
CUTBHCS HEe OyAyT U OyneT HabIroAaThCs CBETIIOE TSITHO.

[Ipu cmemiennu OT TOYKU P B CTOPOHY IUIsI CiIydasi, IPUBEJCH-
HOro Ha puc. 3.8, a (OTKpBITO 3 30HBI), CHauana OyJIeT OTKPBIBATHCS
yerBepTas 30Ha (puc. 3.8, 0) U UHTEHCUBHOCTh CBETa OYJIET YMCHb-
matecs. 3aTteM (puc. 3.8, B) OTKpBIBATHCS HAUHET 30HA TIsITast M UH-
TEHCHBHOCTB Bo3pacTeT. B pe3ynbrare Ha sKkpaHe OyneT HaOMoaaTh-
Csl CUCTEeMa CBETIIBIX U TEMHBIX KOJICI[ CO CBETIIBIM MSTHOM IO LIEHTPY
(puc. 3.8, 1). B ciydae yetHoro ymcna 30H OpeHesns, yKIaabIBaro-
HIMXCA B TMAMETPEe OTBEPCTHS, B LIEHTPE KapTHUHBI OyneT HabIroAaTh-
csl TeMHOe TSITHO (puc. 3.8, ).

00Q

Puc. 3.8. O6pazoBanue Au(PaKIIHOHHON KAPTHHBI OT KPYTJIOro OTBEPCTHS

A

Pagunycel 300 @penens MOXKHO ONPEAETIUTh, OJIb3YsACh 0003HA-
4eHHAMH pUC. 3.7, 6, BhIpaxas r, * MOCIEI0BATENIBHO U3 IPIMOYTOJIb-
HBIX TpeyroidbHuKoB OAb u PAB, cokpamias u npeHeOperasi MajibiM
caraembiM (mA/2)

rl=a*-(a-h,)’ =(Z)+n/[7/1)2 —(b+h,) =2ah, =bmi+(m;) —2bh,,
OTKyJa . b ) )
" (b +a) u 'y = m. (3.11)

Ecnu ncrounuk cBeta Haxo uTCsl HA OECKOHEYHOCTH (@ = L, TIO-
ckas BojtHa), To ¢popmyna (3.11) misg pagumycoB IpuMeT BHUIL:

r.=~bmAi . (3.11"

&9



3.4. Quppaxyus @payneopepa om wenu

PaccMoTpuM MIIOCKYIO CBETOBYIO BOJIHY, NMAJAIOLIYI0 HA JJIUH-
HYIO IIEJIb, 32 KOTOPOM pacroIoKeHbl HUIHHAPUYECKas coOuparomas
JIMH3a U 3KpaH B e¢ (POKAIbHOMN IIOCKOCTH, KaK 3TO N300paKeHO Ha
puc. 3.9, a (HarpaBiIeHHE LU U OCh JIMH3bI IEPIICHAUKYIISPHBI ILI0-
CKOCTH PUCYHKQ).

BropuuHble BOJNHBI, MOChUIAEMbIE OTACIBHBIMM TOYKAMHU B Ha-
NPaBJICHUH, OIPEACISIEMOM YIJIOM ¢, COOEpYTCSl B HEKOTOPOM TOUKE
9KpaHa P. AMIUIMTYZAbBI OTICNIBHBIX KOJICOAHUHM PaBHBI, a Pa3HOCTb
(a3 A ans IByX yKa3aHHBIX Ha puc. 3.9, a touek O u A OyaeT onpee-
JISTHCS OTPE3KOM A B, Tak kak ontuueckue nytd OP u BP 01uHaKOBBI.

PaccmoTpuM HampaBsiieHHe, AJs1 KOTOPOTO, HalpuMep, pas-
HOCTPH X0/1a KpaHUX Jy4deil OyaeT KpaTHa JyMHE BONHBI A = k4. Ha
puc. 3.9, 6 mpuBeneH ciry4aid, korna k = 2. B atom ciydae neiicTBue
COCEIHUX 30H OyAeT KOMIIEHCHUPOBATh APYT APYTra, U, CIIEAOBATEIbHO,
Jy4d, UAYyIIME B 3TOM HAIIPaBJICHUH, COOPABIINCH HAa HKPaHE, NaLyT
TEMHYIO T0JIOCY. YCJIOBHUE Ul YIJIOB, IPH KOTOPBIX aMIUIUTY/Aa Ha
sKpaHe obpamtaercs B 0, 3anumercs:

bsinp=tki(k=1,2,3...). (3.12)

A=xsing
B

p OKpan
a 0

Puc. 3.9. Iudpakmus @payrrodepa oT menn
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=20b -Ab 0 Wb 2D sing

Puc. 3.10. Pactipesiesienyisi HHTEHCUBHOCTH B 3aBUCUMOCTH
OT CHHYCa yTi1a HaOJIIOACHUS

Ecnu xe pazHocTh X01a A = b sing nydei oT KpaeB mienu OyneT
KpaTHa [MOJIOBUHE JJIMHBI BOJIHBI, TO HCﬁCTBHe OI[HOI\/'I 30HbI OKaXETCA
HEKOMIICHCUPOBAHHBIM U B 3TOM HAIpaBJICHUU OyjeT HaOIroAaThes
MAaKCUMYM MHTCHCUBHOCTHU. YcnoBue MaKCUMyMa 3alnIICTCA:

b sing = (£k+1/2), (k=1, 2, 3). (3.13)

OOmmii BUI pacnpeiesieHHsi THTEHCUBHOCTH B 3aBUCHMOCTH OT
CHHYCa yTia HaOJItoJeHus TpuBeieH Ha puc. 3.10.

3.5. Qugppaxyuonnas pewemxa

JudpaknponHas pemeTka TPeACTaBIsIeT COOOW COBOKYITHOCTD
0OJTBIIIOTO YHCIIa OIMHAKOBBIX, OTCTOSIINX JAPYT OT Apyra HA OAHO U
TO K€ paccTosiHue mmenei (puc. 3.11, a). Paccrosane d Mexmy cepenu-
HaMHU COCEJIHUX IIeJIeH Ha3bIBaeTCs MEPUOIOM peleTKH. Yunco menen
Ha 1 MM pemeTku Moxet gocturath 1000, a obmee wrcmo — 100000.
[lupokoe mprMeHeHNEe HAXOIAT OTpakKaTeNbHBIE PEIIETKH, KOTOpPhIe
MOJTY9at0T, HAHOCS Ha OTITOJIMPOBAHHYIO IIOBEPXHOCTH METAJIA Iapaj-
JISNBHBIC TITPUXHA TOHKAM aJIMa3HbIM pe3noM (puc. 3.11, 6).

PacromosxnM mapasuieTbHO peieTKe CoOnpaTebHYO THH3Y, B (ho-
KaJIbHOM TIJIOCKOCTH KOTOPOW MOCTaBUM 3KpaH. BhICHUM Xapaktep
TUQPPAKITNOHHON KapTHHBI, TOJTyJaloIelicss Ha dKpaHe TpH TaJCHUH
HOPMAaJIbHO Ha PEIIETKY IJIOCKOM CBeTOBOW BOJHBI. Kaxkas u3 mienei
JTacT Ha DKpaHe KapTHHY, ONMHCHIBAEMYIO KPHUBOW, M300paKCHHON Ha
puc. 3.10, npu 3TOM JIJIs1 HAPABIIEHUH, OIIPEIEIIIEMbIX YCIOBUEM:

dsing =+mi,(m=0, 1, 2, ...) (3.14)
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KoJieOaHUsI OT OT/ACIBHBIX IIeNiel OyayT B3aUMHO YCHUJIMBATH JPYT
JIpyTa, BCICACTBUE YET0 aMILTUTYa KOJeOaHuil B COOTBETCTBYOIIUX
TOYKaxX 3KpaHa OyjaerT umerh MakcuMymbl. @opmyna (3.14) Ha3bIBa-
ercst Gopmysioi TUGPAKIIMOHHONW PEIIESTKH U OINpPENessSeT HaIrpaB-
JICHUS Ha IJIaBHbIE MAKCUMYMbI HHTEHCUBHOCTH ISl COOTBETCTBYIO-
X AauH BoiH. [lonokeHue riaBHOro MakcuMa HYJIEBOTO MOPSIKa
(m = 0) 1 BCeX JUIMH BOJIH COBIIAJIACT.

0

Puc. 3.11. ludpakunonnas pemrerka

[IpumepHbIii BuI AnGpPaKIMOHHON KapTHHBI IPUBEICH Ha puc. 3.12.
B cootserctBuu ¢ (3.14) pu yMeHbLICHHN IEPUOAA PELICTKU ¢ CHHYCBI
YIJIOB Ha COCEJJHUE MaKCUMYMBI OyZIeT yBEIMUMBATHCS, & HAIIPABIICHUS
JUTSI MAKCHUMYMOB O0J1ee JUTMHHBIX BOJIH (KPACHBIX) IIPU JTaHHOM IIEPHOJIE
perIeTKy OyyT Jaiblie OT HAIIPaBJICHHS [1a/ICHHUS CBETA.

I

24d —-Ad 0 Ald  2Ad  sing

Puc. 3.12. ludpaknroHHas KapTuHa
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3.6. Jlucnepcus ceema. Ilocnowenue ceema

W3 teopun MakcBesuia clielyeT, YTo B BaKyyMe BCE 3JIEKTpoMar-
HHUTHBIC BOJIHBI HE3aBHCUMO OT MX YacTOTHI (IUIMHBI BOJIHBI) pacIpo-
CTPAHSIOTCS C OAHON M TOM 7K€ CKOPOCTHIO €, UTO TOATBEP)KIACT OIIBIT.
OzHako 0Ka3bIBACTCS, UTO [OKA3ATEIb IPETOMICHHS (1 = ¢/C_ ) Belle-
cTBa (Cpeabl) 3aBUCUT OT YACTOTHI KOJIEOAHUH CBETOBOI BOJIHBI U TEM
caMbIM OT JJIMHBI BOJHBL. Ho ecnu mokasarens NpeoMICHUS 3aBUCUT
OT YacTOThI, TO U CKOPOCTb PacIpPOCTPAaHEHHs CBETa B BEIECTBE TaK-
K€ 3aBUCHUT OT YaCTOTbI. 3aBUCUMOCTb CKOPOCTHU BOJIHBI OT €€ YaCTOTHI
(MM ASIMHBL BOJIHBI) Ha3bIBAIOT Jucnepcuel. PesynbraTom nucnepcun
SBJISIETCS CIEKTPAIIbHOE Pa3IoKEHHE OENoro cBera MpH ero MpesioM-
nernu B ipu3me (puc. 3.13). PaccMoTpuM Oernbiii CBET, MaAatouii U3
BaKkyyMa (BO3[yXa) Ha OAHY M3 I'PaHEl NMPHU3MBbI, H3rOTOBJICHHON U3
crekina GuuHT, oA yriaoM i = 60°. ITokasarenn npesoMIeHAs s
Pa3HBIX JJIMH BOJIH M Pa3HbIX CTEKOJI IaHbI B TAOJIHLIE.

Tabnuma
Lisem Jlnuna eonmel, THokazamenv nperomnenusi, n
HM Gaunm KPOH
Kpachbiii 670 1,643 1,514
3eeHbIi 540 1,657 1,520
duoieToBbIi 400 1,685 1,532

VYTIIbI IpEeTIOMIICHHS B COOTBETCTBUH ¢ 3akoHOM CHemutnyca (2.2)
COCTABJIAIOT JUISA 9THX LIBETOB 7, = 31°48', P = 31°28'u Ty = 30°55".
[Tocne npenomiieHHs Ha BTOPOM I'paHM JIy4H BBIAAYT U3 IPU3MBI 1101
COOTBETCTBYIOIIUMHU YIJIAMH 7' : r’xp =50°28", r' =52°18, r’cb =55°
(puc. 3.13).

KPaCHBII
3eMTeHEHII
(UOTETOBHIT
CTEKNI0 (IIIHT

Puc. 3.13. Aucnepcus cBeTa B pu3mMe
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JaHHoe siBIIeHHE Pa3JIOKEHHUS OEeloro CBeTa B CHEKTp 3a CYeT
JUCTIEPCUH UCIIOIB3YIOT B MPU3MATHUECKHUX CIIEKTPOCKOMAaXx.

3aBUCHMOCTD TIOKa3aTelisi MPEJIOMIICHHUS 71 OT YaCTOThI KosieOaHUH
ANIEKTPOMArHUTHOW BOJHBI (IMCIIEPCHOHHAs KpHBas), TOKa3aHa Ha
puc. 3.14 crutomHoit muHuel. Hanbonee peskne n3MeHeHHs oKa3are-
JIs1 IPEJIOMIIEHHSI IPOUCXOAAT BOJIM3U PE30HAHCHBIX YacCTOT, T. €. B TEX
ClIy4asix, KOTJja 4acToTa 3I€KTPOMarHUTHON BOJIHBI COBIAAET C OJHOM
13 COOCTBEHHBIX YaCTOT KOJIeOaHH AIIEKTPOHHOro obnaka atoma. Bia-
JIM OT PE30HAHCHBIX YacTOT IMOKAa3aTeslb MPEIOMJIEHUS BO3pACTaeT C
POCTOM YacTOTHI AJIEKTPOMATHUTHOW BOJTHEI (HOpMaslbHasl TUCTICPCHS),
BOJIM3M K€ PE30HAHCHOM YacTOTHI HAOMIOAAETCSl PE3KUii criajl MoKasa-
TEJS IPENOMIICHHSI C POCTOM YacTOTHI (AHOMaIbHAs AUCTICPCHSL).

Puc. 3.14. lucnepcuoHHas KpuBas

Juig oObsicHEHUs SBIEHUS JUCIIEPCHH TOJB3YIOTCS JIEKTPOH-
HBIMU MPEJICTABICHUSMU CTpOEHHUS BellecTBa. [loa aeiicTBueM anek-
TPOMAarHUTHOW BOJIHBI DJIEKTPOHHOE 00JIaKO aToMa (HITH MOJIEKYJIbI)
COBEpIIAeT BBIHYKICHHbIE KOJIeOaHMs, CIIeZIOBATENbHO, aTOM IIpe-
BpallaeTcsi B MHUHUATIOPHBIN AJIEKTPUYECKUNA IUIONb. DIEKTpUYe-
CKU{ MOMEHT 3TOT0 aTOMapHOTO JIUIIOJS COBEPIIAET BBIHYKICHHBIE
KOJIEOaHUsI C YacTOTOM, paBHOW YacToTe KoJeOaHUH HANPSHKEHHOCTH
MoJIs, M C aMIUTUTYJION, 3aBUCSIIENH OT COOTHOIICHUS MEXIY 4acTo-
TOH KOJIeOaHUH IJIEKTPOMArHUTHOTO IOJII M COOCTBEHHOW YaCTOTOM
AJIEKTPOHHOTO o0Jsiaka. Ho mpy pa3HbIX aMIUTUTYAaX dJIEKTPUUECKUI
MOMEHT aTOMapHOT0 AMUIIOJNA pa3iudeH. B pe3ynbTare pa3HbIM 4acTo-
TaM KoJjieO0aHuil HanpsYKEHHOCTH TOJISi COOTBETCTBYIOT Pa3HbIE 3HAYE-
HUS TIOKa3aTessl MPeJIOMIICHHS, YTO U TIPUBOINT K AUCIIEPCHH.
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Kak YK€ OTMCYAJIOCh, DJICKTPOMATrHUTHBLIC BOJIHBI (B TOM 4YHUCIIC,
nu CBCT), mpoxoas 4e€pe3 BCUICCTBO, BLI3LIBAOT BBIHYKACHHBIC KO-
nebaHust DJICKTPOHHOI'O 00J1aka aTOMOB WIIH MOJICKYJI. Tem caMpiM
BCLICCTBO nozrowiaem 4aCTb SHEPruu BOJIHBI, U UHTCHCUBHOCTD I10-
cne/:[Heﬁ o Mepe€ NpOHUKHOBCHUA BFJ'Iy6I: BCIIECTBA YMCHBIIACTCA.
HOZJZOM/;eHue CBC€Ta — DOTO 3aTyXaHUC KOJIeOAHMI CBETOBOMU BOJIHEI,
O6yCJ'IOBJ'ICHHOC €C B3aHMO,I[CI>iCTBPICM C BCIICCTBOM.

O‘lCBI/I}_'[HO, YTO CTCIICHD IIOTJIOIICHMA CBE€TA 3aBUCUT OT TOJIIIIM-
HEI d cllos BCIICCTBA. Ecau 0003HaunTH [0 HHTEHCUBHOCTh CBETOBOM
BOJIHBI A0 MoIlagaHusA B BCHICCTBO, a I — eec MHTEHCHUBHOCTH IIOCE
MMPOXOXKACHUS CJI0S BCUICCTBA TOJIIIUHOMN d, TO CIIpaBCJIMBa CICAYIO-
1as 3aKOHOMCPHOCTb, Ha3bIBa€Mast 3dKOHOM Byzepa:

I =1, exp(-ud), (3.15)

rae 1 — K03()OUIUEHT MOTI0MEHHs.

KoadduumenTt nornomeHus 4 3aBUCUT OT YaCTOTHI BOJIHBI; HHBI-
MU CJIOBaMH, Hapsiiy ¢ nucnepcueil koddduuuenta npeaoMieHus,
numeercs nucnepcus kodddunuenta nornomenus. Ha puc. 3.14 myn-
KTUPHOW KpUBOW MOKa3aHa 3aBUCUMOCTH KoddduiuenTta morioiie-
HUS (L OT 4acTOThI . Kak BUIHO, MAKCUMAaJIbHO BEIIECTBO MTOTJIOIIAET
CBET BOJIM3U COOCTBEHHOMH 9acTOThl @ JlaHHOE SABJIEHUE €CTh CJIE]-
CTBHE 00IIEro CBOWCTBA BBIHYKJCHHBIX KOJIEOaHUH: CHCTEMa MOTJIO-
[1aeT HauOOJIBIIYIO MOITHOCTD MIPU PE30HAHCE.

Y aTOMOB M MOJIEKYJ MMEETCS HE OJHA COOCTBEHHAasl 4acToTa,
a Habop COOCTBEHHBIX YAacTOT, BOJHM3HM Ka)XIOW M3 KOTOPBIX KO-
3G PULMEHT MOTIOIIEHHs Pe3KO Bo3pacTaeT. B TBepAbIX Tenax win
pacTBopax M3-3a CHJIBHOTO B3aUMOACHCTBHS MEXKIy aTOMaMH HIIH
MOJIEKYJIaMU 00JIaCTH TOTJIOIIECHHSI YIIUPSIOTCS U MPEBPAILAOTCS B
MOJIOCHI TIOTJIOLIEHUS], MEXKY HUMH JISKUT 00J1aCTh YaCTOT, KOTOpBIE
noryomarorcst cnado. Ha aTtom ocHOBaHO neiicTBue cBETO(MIBTPOB,
KOTOpBIE MPEJCTABISIOT COOON IUIACTHHBI U3 CTEKJIA C MPHUCAIKaMU
TeX WM MHBIX COJIEH, IUIEHKH U3 IIaCTMACC, COICpIKallle HEKOTOPhIe
OpraHUYecKre KpPaCUTENIM WU PACTBOPHI KpacHUTENIEH B BOJE, CIIUPTE
W IpYTUX pacTBOPUTENSX. B 3aBUCMMOCTH OT XMMHUYECKOTO COCTaBa
CBETOQUIIBTP NPOIYCKAET TOJBKO OINpPEIENCHHYI0 00JacTh 4acToT,
MOTJIONIAs OCTANbHBIE.
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W30upaTenbHbIM MOTJIONIEHHEM CBETa OOBSICHACTCS LBET TeJa.
Ecnu Teno mouTu mosHOCTBIO OTpaXkaeT B OJJMHAKOBOW Mepe Bce Ma-
JAroIKe Ha HETro JIyYH, TO IPU OCBEIICHUU ero OeJbIM CBETOM OHO
BUJHO Kak Oenoe. OCBELIEHHOE CBETOM OJHOTO LBEeTa (MOHOXpOMa-
TUYECKUM CBETOM), TAaKOE TEJIO OTPAXKAeT €ro M Ka)eTcs OKpalleH-
HBIM B TOT K€ IBET. TOYHO TaK ke BeJeT ce0sl cepoe TENo — OHO JINIIb
MOTJIONIAET YacTh CBETA HAa BCEX yYacTKax CIEKTpa OJUHAKOBO. Yep-
HbIM Ha3bIBAIOT TEJO, KOTOPOE MPAKTUYECKH MOJHOCTBIO MOTJIOUIAeT
BCE CBETOBbIE BOJIHBI BUIMMOTIO y4acTKa CIEKTpa.

Ecnu Teno m30uparenbHO MOTIONAET HEKOTOPHIE YYACTKH CIIEK-
Tpa, TO B OTPA)KEHHOM CBETE OHO Ka)keTcsl [IBETHBIM. [1ycTh, Hanpumep,
TEJIO CUJIBHO TOIJIOIIAET CHHE-3€NIEHBIN YUacTOK CIIEKTpa, TOT/AA, ECIIH
OCBETUTH €ro OEJBbIM CBETOM, OHO OTPa3UT KPacHO-OPaHKEeBBIM yda-
CTOK CIIEKTpa, U MBI YBUIUM TeNO KpacHbIM. HeTpymHo cooOpasuts,
YTO €CJIM 3TO TEJI0 OCBETHTh CHHHM CBETOM (HJIM 3€JE€HBIM), TO OHO
OyzeT BBITJISETD Kak yepHoe. ONbIT NOATBEPKAACT ITOT pe3yJbTar.

3.7. llonapuzayus ceema

3.7.1. 3axon Manrwca

B Havarne nepBoii r1aBbl TOBOPHIIOCH, YTO B €ECTECTBEHHOM CBETE
KosieOaHusi BekTopa E MpOMCXOIUT XaOTHYHO B MPOU3BOJBHBIX Ha-
npasieHusx. Ecian kakum 1mbo crnocodoM ynopsaoduTh 3TH Kojieba-
HUS, TO MOJYYUTCSI CBET NOAPU306aHHbII. B 3aBUCUMOCTH OT TOTO
KakK yHOpSJOYECHBI 3TH KoJeOaHHs, MOKHO BBIJICIIUTH CBET MOJISIPHU-
30BaHHBIN JTMHENWHO (IJIOCKO), MOJIIPU30BAHHBIN MO KPYTy U MO 3J-
nurcy. B mepBoM citydae, KOTOPBI MBI OyZieM paccMaTpuBaTh Ooree
noapoOHo, kKonebaHus BekTopa E MPOUCXOIAT B OAHOM MIOCKOCTH.
Bo BTOpOM U TpeTheM ciiydasix KOHell BekTopa E ABMKeTcs o Kpyry
1 3JUIMIICY COOTBETCTBEHHO.

J1 TIT0CKO MOJISIPU30BaHHOIO CBETA MIIOCKOCTh, B KOTOPOH Mpo-
UCXOIAT KoNiebaHust BekTopa E, Ha3bIBaeTCs MIOCKOCTHIO KOIeOaHui,
a TIepIEeHINKYJISIpHAs ei MIIOCKOCTh — MIOCKOCTBIO MOJISPU3ALINH.

VYceTpoiicTBa, ¢ TOMOIIBIO KOTOPBIX MOYKHO MOIYYHUTh IIIOCKO MO~
JIIPU30BAaHHBIN CBET, HA3bIBAIOTCS MOJSIPU3ATOPaMU. DTH YCTPOHCTBA
MPOITYCKAIOT CBET C KOJEOaHUSIMHU B OJJHOH IIIOCKOCTH, KOTOPYIO Ha-
3BIBAIOT TJIOCKOCTBIO MOJISIPU3ATOpA.
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PaccMoTpuM MII0CKO MOJSPU30BaHHBINA CBET, MPOILEALIHNA Yepe3
noJsipuzaTop /71 1 magarommii Ha noJspu3aTop /12, MIOCKOCThH MpPo-
MyCKaHUsI KOTOPOTO PacIoIoKeHa MO YIJIOM ¢ K TNIOCKOCTH KojieOa-
Hui, puc. 3.15, a.

Puc. 3.15. K BeBOy 3ak0Ha Martoca

Ecmm ammumuryny xonmebanuit E pa3noXuTh Ha JABE COCTABIISIO-
mue: napanienbyo (E) n nepnenaukyispHyto (E|) miockoctu no-
TSPU3aTOpPa, TO, BEPOSITHO, Yepe3 MOIAPHU3ATOP MPOHIET KOMIOHEHTA
E,., puc. 1, 6. Ilockoneky E;= Ecosg, 111 ”HTEHCUBHOCTH TPOIIE/-
mrero ceera 0ymem nmeth (I ~ E?):

I=1 cos’p. (3.16)

Cootromenue (3.16) HOCHUT Ha3BaHME 3aKoHA Manioca.

[MonsiprzaTtop MOXKET OBITh HE HCaTbHBIM, TOTAa CBET, TPOIIC-
1M yepe3 Hero, OyeT MOoJIPU30BaH yacmuyto. JIisl 4acTHYHO OIS
PH30BAHHOTO CBETA MOYKHO BBECTH MOHSATHE CTCIICHHU MOJISIPU3ANUH P:

P= (IMaKC — IMHH)/(I + IMHH), (3.17)

Makc

rae [ — MaKkCHMMaJbHOE 3HAYCHUE HHTEHCUBHOCTH CBETA, TIPOITYILEH-
HOT'O Yepe3 UJICabHbIA MOJIAPU3ATOp, a [ — COOTBETCTBEHHO €10 MH-
HUMaJIbHOE 3HaYEHHE TPH NEePIICHANKYIIAPHOM MOJI0KEHUH TIOCKOCTH
nossipusaropa. st nosnspusosantoro ceera/ =0u P=1.

Ecnu Ha monsipusaTtop majaer eCTeCTBEHHBIH CBET, IIOCKOCTU
KoJIe0aHMs B KOTOPOM MMEIOT XaOTHYECKOe pacIpe/esieHne, TO H-
TEHCHUBHOCTH TOJISIPU30BAHHOTO CBETA, IMPOMIEAIIEr0 4Yepe3 MOJs-
puzarop, Oyner pasHa / /2, OCKOJIbKY Cpe/IHEE 3HAUCHUE COS’(p 3a
Mepruos paBHO 2. Ecniu Ha mMyTH 3TOTO CBETa MOCTaBUTH BTOPOM TO-

JIIPU3aTOP, TO B COOTBETCTBHUH C (3.16) HHTEHCHBHOCTH CBETa OyIeT
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MenAThes ot [ /2 no 0. B nocnennem ciydae roBopsT, 4To MOJISPH-
3aTOPBI CKpeujeHbl, TO €CTh TNIOCKOCTH UX MPOIyCKaHMs MepreH -
KYJISIPHBIL.

3.7.2. Memoowsi nonyuenus noiapu308aHHo20 ceema

Honapuzayus npu ompasicenuu om oudrekmpura. Ecim Ha 1ud-
JIEKTPUK IT0JT HEKOTOPHIM YTIIOM IaJ[aeT €CTECTBEHHBI CBET, TO OT-
paXEHHBIN CBET OKA3bIBAETCS] YACTUYHO MOJIIPU30BAHHBIM, puC. 3.16,
a. [lpn magennn cBeta 1Moj HEKOTOPBIM YTIIOM, YAOBJIETBOPSIOIIEM
YCIIOBUIO

tg@Bp =n/n, (3.18)

OTPaKCHHBI CBET OKa3bIBACTCS IOJIHOCTBHIO MOJSIPU30BAHHBIM.
VYron QBP HazbIBaeTcs yenom bprocmepa, a cootnomenue (3.18) — 3a-
koHom bprocmepa. llpu Bemonaennn ycnoswust (3.18) oTpakeHHBINH 1
MPETOMIICHHBIH JIy4n OKa3bIBaIOTCS MEPIEHANKYISPHbBI APYT IPYTY,
puc 3.16, 6.

05
90°

a §)

Puc. 3.16. Ionspuzanust mpu OTpaKeHUN OT AUIIEKTPUKA

OdeBHIHO, YTO TIPETIOMJICHHBII CBET OYyJIET TOXKE MOJSIPU30BaH,
mpaBAa YacTHUYHO. J[Is TOBBIMICHHS CTENEHH IOJISPHU3AIUN IIPO-
IIEAIIET0 CBETa €ro MOXKHO 3aCTaBUTh MPOXOIUTH Yepe3 psIl pac-
MTOJIO’KEHHBIX MapaIeNbHO JPYT APYTY CTEKIITHHBIX IIACTHH. Takoe
YCTPOMCTBO Ha3bIBaeTCs cTonoil CToJIeToBa U SIBISETCS AOCTATOYHO
TIPOCTHIM TIOJISIPH3ATOPOM.

98



Honspuzayus npu osotinom ayuenperomuenuu. Ilpn npoxoxne-
HUU CBeTa 4epe3 OOJIBIIMHCTBO KPUCTAJUIOB HAOJIIOJIACTCSI SIBJICHUC
JIBOMHOTO Jy4YeTpeIOMIICHHUs. SIBJIICHUE 3aKII0YaeTcs B TOM, YTO
MpH MAJICHUY HAa TPaHb TAKOTO KPHCTAJIA JIyd pa3jelisieTcsl Ha JBa,
pacpoCTpaHsIIOIINECs] B Pa3HBIX HAMPABICHUIX U C Pa3HBIMH CKO-
poctsimMu. B mpocrefinieM citydae 00HOOCHbIX KPUCTAILIOB OJHMH JTyY
MOTYMHSICTCS. OOBIYHBIM 3aKOHaM. OH Ha3bIBACTCSI OOBIKHOBEHHBIM U
o0o3Havaercst OykBoii 0. Bropoii iy — HeOOBIKHOBEHHBIH (0003HaYa-
eTCsl ¢) — JJaKe MIPU HOPMAJIBHOM IaJICHUH OTKJIOHSETCSI OT HOPMAaJIH.
Y JIBYOCHBIX KPHCTaJUIOB 00a Jiy4a SIBISIOTCS HEOOBIKHOBCHHBIMH.
OMNBITH TIOKA3aJIM, YTO 00a Jiy4a — OOBIKHOBEHHBINH U HEOOBIKHOBCH-
HBI — TIOJTHOCTBIO TOJIIPH30BAHBI BO B3aUMHO IMEPIICHIUKYJISPHBIX
wiockoctsx (puc. 3.17, a). SIBneHuWe NBOWHOTO JTydYenperToMIICHUS
0OBSICHSICTCSI aHU30TPOTIHEH KPUCTAILIOB (Pa3InyreM CBOMCTB B pa3-
HBIX HarpaBiieHus1X). Tak, 1 0OBIKHOBEHHOTO JIy4a CKOPOCTh pac-
MPOCTPaHEHUs OJINHAKOBA BO BCEX HAMPABJICHUSX, a JJII HEOOBIKHO-
BEHHOT'O OHa OOJIbIIIE B HANPABJICHUU ocU Kpuctasia (puc. 3.17, 0).

Och KpucTamia

e

-~

e
* B — 1 .,
7= Ch KPHCTAIIA
0 e
L

o

2 ﬂ

a 0

Puc. 3.17. JIBoiiHOE MyuenpenoMiIeHUe B KPUCTAILIe

Xoa 0OBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JIy4eil B KpHCTalIe
MO>KHO IMOSICHUTE ¢ TIOMOIIbIo npuHItMTa [ 'fofirerca. Ha puc. 3.17, 6
MMOCTPOEHBI BOJIHOBBIE TIOBEPXHOCTH OOBIKHOBEHHOT'O M HEOOBIKHO-
BEHHOI'O JIy4el ¢ LIEHTpaMU B TOUKax 1 U 2, Jexalux Ha NOBEPXHO-
CTH KpHCTaJlIa TPH HOPMaJIbHOM TafieHnu. J{J1s1 0OOBIKHOBEHHOT O JTy4a
OHHM TIPEJICTABIISIOT COOOW KOHIIEHTPUYECKHE OKPYKHOCTH C IIEHTpa-
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MU B COOTBETCTBYIOIUX TOYKAX, a JIsi HEOOBIKHOBEHHOTO — OBAJIBI,
BBEITSIHYTBIC BJIOJIb OCH KpuCTaiuta. HampaBieHnue Jiydeld o U e cooT-
BETCTBYET OCSIM, IIPOBEICHHBIM U3 TOUYeK | U 2 B HANPaBICHUH TOUYEK
KacaHUsl COOTBETCTBYIOIIUX BOJHOBBIX (DPOHTOB U MX OTHUOAFOIIHUX.
W3 puc. 3.17, 6 cnepyer, 4TO HampaBieHWE OOBIKHOBEHHOTO Jy4a O
COBIMAJIaCT C HOPMaJbI0 K COOTBETCTBYIOIICH BOJIHOBOW TOBEPXHO-
cti. HeoOBIKHOBEHHBIH ke JIyd ¢ 3aMETHO OTKJIOHSIETCS OT HOpMAaJIA
K BOJIHOBOW MTOBEPXHOCTH B CTOPOHY aKyCTHYECKOH OCH.

Tonspouowvt. HekoTopeie U3 TaKUX KPUCTAJLIOB 00JIAIAI0T CBOW-
CTBOM — Ouxpouzmom (TOTIIOMIEHHE OJHOTO U3 Jyiydeid). Tak, B Kpu-
CTaJlylaX TypMajiuHa 0OIKHOBEHHBIH JIyY MOTJIOIIASTCS MPH TOJIIIMHE
kpuctayuia 1 MM. B kpucramiax cynbgara HoQUCTOro XMHUHA JIyd I10-
romaercs yxe Ha pacctosHuu 0,1 MM. DTO CBOHCTBO UCIIOIB3YETCS
JUTSL I3TOTOBJICHHSI YCTPOMCTBA, Ha3bIBAEMOTO 10/apoudom. Tlonspo-
WJI IPEJICTABIISIET COOOM JIBE CTEKIISTHHBIC TUIACTHHBI, MKy KOTOPbI-
MU HaXOJUTCS LEIUTYJIOU HAS TUICHKA, B KOTOPYIO BBEJICHO OOJIBIIOE
KOJIMYECTBO OJIMHAKOBO OPUCHTUPOBAHHBIX KPUCTAJUTMKOB CyJb(ara
HOJIMCTOrO XMHUHA.

Tpusma Hukona (Huxons). I1ons3ysch sIBIEHUEM IBOMHOTO JTyde-
MIPEIOMIICHHS | SIBIICHHEM TOJTHOTO BHYTPEHHETO OTPaKEHHS, MOYKHO
MIOCTPOUTH €UIE OJTHO YCTPOMCTBO, Ha3bIBaeMoe npu3Mon Hukossa ninum
npocto HukosieM. YCTpOHCTBO COCTOUT U3 JIBYX ITPHU3M, BBIPE3aHHBIX
13 UCIIAHJICKOTO IIITaTa ¥ CKJICCHHBIX KaHAJICKUM 0ajihb3amMoM, puc. 3.18.
Wcnanackuii mmat o0agaeT SBICHUEM JIBOMHOTO JIy4YeTpPeIOMIICHUS,
a IoKa3aTeNb TMPEIIOMJICHUS KaHAJCKOrO Oaibh3ama YIOBJICTBOPSET
ycnoButo n,<n.<n_. Takum 00pa3om, yron majeHus OObIKHOBEHHOTO
JIy4da Ha TPaHUILy pa3Jielia MOXKHO CJIENIaTh TAKOM, YTO OOBIKHOBEHHBIH
Jy4 OYJIeT UCIIBITHIBATH MTOJTHOE BHYTPEHHEE OTPaKEHHE.

/AYES.
—

Puc. 3.18. Tlpuzma Huxomns

I
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Honsapuzayua npu pacceanuu ceema. HYacTUUHas NONAPU3ALUS
CBETa MPOUCXOUT MPH PACCESTHUU CBETa Ha HEOJTHOPOJHOCTSIX CPEJIBI
B HANpaBJICHUH, IEPIICHANKYIIIPHOM HATIPABICHUIO PACTIPOCTPAHCHUSL.

Uckycemeennoe 0eotinoe  nyuenpenomienue. B Tpo3padHbIx
aMOp(HBIX TellaX, a TaKXKe B KPHUCTaUIaX KyOWYeCKOW CHCTEMBI,
He 00JIaJaroIIUX €CTECTBCHHON aHMU30TPONHEH, MOXET BO3HUKATH
JIBOMHOE JIy4EeTPEIOMIICHUE O/ BIMSHUEM BHEUIHUX BO3ICHCTBUIL.
B wacTHOCTH, 3TO TPOUCXOAUT MPH MEXAHHUYECKUX JehopMaIusax
Tell. Mepoll BO3HUKAIOUIEH ONTHUYECKONM aHU30TPONHUU CIYKUT pas-
HOCTB TIOKa3aTeseil mpeaoMiIeHHsI OOBIKHOBEHHOTO U HEOOBIKHOBCH-
HOTO JIy4ei. OMBIT JaeT, YTO ATa PA3HOCTh MPOMOPIMOHAIbHA HATIPSI-
JKeHUIo o = F/s B JaHHOU Touke Tena (T. €. CHIIe, IPUXOIAIICHCS Ha
CIUHUILY TIIOIIATH).

Ecnu moMecTuTh CTEKISTHHYIO MIIACTUHKY MEXAY CKPCIICHHBIMU
MOJIIPU3aTOPAMU, TO, TIOKA CTEKJIO He JIe(OpMUPOBAHO, TaKast CUCTE-
Ma CBETa He MpomyckaeT. Eciu ke miIacTUHKY MOABEPTHYTH CKATHUIO,
CBET 4Yepe3 CHCTEMY HAaYMHACT IPOXOJIUTh, MPUYEM HabrogaeMas B
MPOIIEANINX JIydaX KapTHHA OKA3bIBAETCS HCICHIPEHHOMN IIBETHBIMU
nosiocamu. Kaias Takas 1mosoca COOTBETCTBYET OJMHAKOBO jaedop-
MHUPOBaHHBIM MeCTaM IUTacTUHKH. Cle0BaTEeNbHO, MO PACIONIONKE-
HUIO TIOJIOC MOKHO CYJIUTh O pacHpeleieHUU HAMpsHKCHUH BHYTPU
IUIacCTUHKUA. Ha 2TOM OCHOBEBIBAa€TCS ONTHYCCKUNM METOH HMCCISIO-
BaHMsI HampsDKeHUH. M3rotoBieHHas U3 MPo3pavyHOro HU30TPOIMHOTO
MaTepuana (Harmpumep, U3 TUIEKCHUIIIaca) MOJICTh KaKOH-TH00 JeTanu
WM KOHCTPYKIUU MOMEIIACTCSI MEKTy CKPEIICHHBIMU TOJISIPU3aTO-
pamu. Mojens mojaBepraercsi IeHCTBUIO HArpy30K, MOJO0HBIX TEM,
Kakue Oy/IeT HCIBITBIBATh caMo mu3jeine. HaOnronaemas mpu 3ToM B
MPOXOJIsIeM OelIoM CBeTe KapTHHA MO3BOJISICT ONMPEICIUTh pacipe-
JICJICHUE HATPSHKCHUH, a TAKXKE CYIUTh 00 MX BEIIMYUHE.

JIBoltHOE TyuenperoMIeHUE B KUIKOCTSIX U B TBEPABIX Telax
MOKET BO3HHUKATh IOJ BO3JCUCTBHEM NPUIOKEHHOTO BHEIIHETO
anektpuaeckoro moist (3pdext Keppa). dddext Keppa o0bsicHsieTcs
PA3IUYHON MOJISIPU3YEMOCTBIO MOJICKYJT MO Pa3HBIM HAIMPaBICHUIM.
B otcyTcTBHe TOJISI MOJIEKYJIBI OPUEHTHPOBAHBI XaOTUYECKUM 00pa-
30M, TIO3TOMY KHJIKOCTh B II€JIOM HE OOHapyXHBAcT aHU30TPOITHH.
[Mox neficTBrEeM TOJISI MOJISKYJIBI IOBOPAYMBAIOTCS TaK, YTOOBI B Ha-
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NPaBJICHUH TOJI1 OBUIM OPHEHTHPOBAHBI MO0 UX JUIOJILHBIE DJICK-
TpUYECKHE MOMEHTHI (y TOJSAPHBIX MOJIEKYI), JIMOO HamlpaBIICHUS
HanOOJbILIEH MONIAPU3yeMOCTH (Y HENMOJSIPHBIX MOJIeKy). B pe3ynb-
TaTe JKUAKOCTb CTAHOBUTCS] ONTHUYECKH aHU30TPOITHON

3.7.3. Aenenue epawenus niockocmu noaapusayuu

Ecmecmesennoe spawenue. Onmuyecku axmushvie cpedvl. He-
KOTOpBIC BEIIEeCTBA, HA3bIBAEMbIC ONTHUYCCKH aKTHBHBIMH, 00naa-
IOT CIOCOOHOCTHIO BBI3BIBATH BPAICHUE IIOCKOCTH MOJSPU3AINH
MPOXOJIAIIETO Yepe3 HUX MIIOCKO-MOJSIPU30BaHHOrO cBeta. K uncmy
TaKUX BEINECTB MPUHAIUICKAT KPUCTAJUIMYECKUE Tena (Hampumep,
KBapIl, KHHOBAPh), YACTHIC KUAKOCTH (CKUTIHIApP, HUKOTHH) M pac-
TBOPBI ONTHYECKH AKTUBHBIX BEIIECTB B HEAKTUBHBIX PACTBOPHUTEIISAX
(BOIHBIE PacTBOPHI caxapa, BUHHOM KUCIOTHI H JIp. ).

Kpucraninueckre BenecTBa CHibHEE BCEro BPAIAtOT MIIOCKOCTh
MOJISIPU3AIMK B CIydae, KOTrJla CBET PaclpoCTPaHSeTCsl BJOJb ONTH-
YEeCKOM OCH KpHCTaluia. YTOJ MOBOPOTa ¢ MPOMOPIUOHANICH MyTH /,
NPOMICHHOMY JTy4OM B KPUCTAJIIE:

¢ = ol (3.19)
KoaddummenTt o Ha3pIBalOT MOCTOSHHOW BpaIleHUs. JTa MOCTO-
STHHAsI 3aBUCHUT OT JUTHHBI BOJHBI (JIUCTIEPCHS BpaIlaTeIbHOHN CIIOCO0-
HOCTH).
B pactBOpax yron moBopoTa IJIOCKOCTH IMOJISIPU3AIMH ITPOIIOP-
IMOHAJICH TTyTH CBETA B pacTBOpe / M KOHIIEHTPAIUU aKTHBHOTO Be-
mectBa C:

o =a] CL (3.20)

3neck [a] — BenmU4MHA, Ha3bIBaeMasl yJeIbHOM MOCTOSIHHOM Bpa-
LICHHUS.

B 3aBucumocTH OT HanpaBiIeHUs BpaIleHUs MJIOCKOCTH HOJISpHU-
3allMM ONTUYECKU aKTHBHBIE BEIIECTBA MOAPA3IEISIIOTCS Ha IPABO- U
neBoBpararonme. Hanpasnenne BpaieHus (OTHOCUTENBHO JIy4ya) He
3aBUCHUT OT HarpaBieHus ayd4a. [loaTomy ecnu j1yd, mporeamui ye-
pe3 ONTUYECKU aKTUBHBIN KPUCTAILT BIOJIb ONTHUECKOM OCH, OTPa3UTh
3epKAJIOM M 3aCTaBUTh NMPOUTH Yepe3 KPUCTAILI ellle pa3 B 0OpaTHOM
HaIpaBJIeHUH, TO BOCCTAHABJIMBAETCS NEPBOHAYAIbHOE IOJO0KEHHE
TUIOCKOCTH MOJISIPU3ALIHH.
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Bce onTudeckn akTHBHBIC BEIIECTBA CYIISCTBYIOT B JBYX pas-
HOBHJIHOCTSIX: MPaBOBpallaroieii u jesoBpamaromnieir. CymecTByroT
MIPaBO- M JIEBOBPALIAOIINN KBapIl, IPAaBO- U JICBOBPAIAOIINI caxap
U T. 1. MONEKyJbl UM KPUCTAIIBI OJJHOW PA3HOBUIHOCTHU SIBIISTFOTCS
3epKaJIbHBIM OTPAXKCHHEM MOJICKYJ WM KPUCTAJLIOB JPYTrod pa3Ho-
BUIHOCTH (puc. 3.19).

X X
z >T T<> z
Y Y

Puc. 3.19. CummMeTpusi ONTHYECKH aKTUBHBIX BEIIECTB

Ecan MEXKAY ABYMs CKPCIICHHBIMU MOJAPpU3aTOPaAMU IIOMECTUTD
ONTUYECKU aKTUBHOE BEIIECTBO (KPUCTAILT KBapIia, MPO3PAYHYIO KO-
BETY C PacTBOPOM caxapa U T. II.), TO TI0JI€ 3PEHHS MPOCBETISIETCS.
YroOnl cHOBa MOJIYy4YUTh TEMHOTY, HYXXHO IMOBCPHYTH OAWH H3 IIO0-
JISIPU3aTOPOB HA yTON @, OompenemnsieMblii BeipakeHueM (3.19) umm
(3.20). B ciyuae pacTtBopa, 3Hasl yICIBHYIO MOCTOSHHYIO BPAICHUS
[a] maHHOTO BEIIeCTBA U AIUHY /, MOKHO, ©3MEPHUB YTOJI TTIOBOPOTA (,
onpeaenuts no Gopmye (3.20) kounenrpamuo pacrsopa C. Takoi
Croco0 omnpesesieHUs] KOHIICHTPAIUN TPUMEHSIETCS B ITPOU3BOJICTBE
pa3JIMyYHBIX BEIIECTB, B YaCTHOCTH B CaXapoOBapEeHUHU, COOTBETCTBYIO-
il mpuOop HaszbIBaeTCs caxapuMerpom (puc. 3.20).

171

172
K _J
O;@-.\\_.-_ ............. _N_:._

Puc. 3.20. YcTpoiicTBo caxapumeTpa
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Macnummnoe spawenue niockocmu noasipuzayuu (3¢pgexm Da-
paoest). ONTHYECKH HEAKTUBHBIC BEIIECCTBA MPHOOPETAIOT CIOCOO-
HOCTh BpAIaTh TUIOCKOCTH MOJIIPU3AIMK IO/ JICHCTBHEM MArHUT-
HOTO ToJIst. DTO siBJIeHHe OblI0 0OHapyxeHo dapageeM U MOITOMY
Ha3bIBaeTCs UHOTA a¢ppexmom Dapades. OHO HAOIIOTACTCS TOIBKO
MPU PacTpOCTPAHEHUH CBETA BJIOJb HATIPABICHUS] HAMATHUYCHHOCTH.
ITosTomy st HabroaeHus dddexra Dapajes B MOTOCHBIX HAKOHEY-
HHUKaX JJICKTPOMATHUTA MPOCBEPIUBAIOT OTBEPCTHUS, Yepe3 KOTOPhIC
HPOITYCKAeTCsl CBETOBOM Jiyd. VccieayemMoe BEIecTBO MOMEIaeTest
MEXY TMOJTIOCAMU JJIEKTPOMArHHUTA, WM KIOBETY C HCCICTyEeMbIM
BEILIECTBOM MTOMEIIAIOT B COJICHOH . YTOJI MOBOPOTA TIOCKOCTH TIO-
JISIPU3AIMA ¢ TPOMIOPIIUOHATICH TYTH [, TPOXOJIUMOMY CBETOM B Be-
[IECTBE, ¥ HAMATHUYCHHOCTH BeIlecTBa. HaMarHMueHHOCTh, B CBOIO
ouepeib, MPOMOPIMOHATBHA HAMPSHKEHHOCTH MArHuTHOTO mojst H.
ITosTOMY MOXHO HAITHCATH:

o =VIH. (3.21)

Koaddurtuent ¥ Haspiaetcst oCTOSHHOM Bepe, nin yaenbHbIM
MarHUTHBIM BparieHueM. [TocTosiHHAs V, Kak W MOCTOSIHHAS Bparile-
HUSI ¢, 3aBUCHUT OT JUTMHBI BOJHBI. HampasieHue BpalieHus onpee-
JISICTCS HATIPABJIICHUEM MAarHUTHOTO moJist. OT HAMpaBJICHUS JTyJa 3HAK
BpalieHusT He 3aBUCUT. [109TOMY, €ClTi, OTpa3uB JIyd 3epKajioM, 3a-
CTaBHUTh €0 TPOWUTH Yepe3 HaMarHUUEHHOE BEIECTBO €Ile pas B 00-
paTHOM HAMpPaBJICHUHU, TOBOPOT MIOCKOCTH MOJISIPU3AIINH YIBOUTCS.

MarHuTHoe BpalieHHE TUTOCKOCTH MOJSPU3AIHH 00YCIOBIIe-
HO BO3HHKAIOIIEH MO JCWCTBHEM MArHUTHOTO TIOJIS TpErecCHen
9MEKTPOHHBIX OpOUT. ONTHYUECKU aKTHBHBIC BEIIECTRA MO/ ICHCTBH-
€M MarHUTHOTO IOJISi MPHOOPETAIOT JOMOJHUTEIBLHYIO CIIOCOOHOCTD
BpaIarh MIOCKOCTh MOJIIPU3AIINH, KOTOpAs CKJIaIbIBACTCS C UX eCTe-
CTBEHHOH CITOCOOHOCTBIO.
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I'rasa 4. KeaHmoeass onmuka

4.1. Tennogoe uznyueHnue

Kax YK€ O0TMECYAJIOCh, U3JTYYCHUC TCJIaMU SBJICKTPOMArHUTHBIX
BOJIH (B YaCTHOCTH, CBETA) MOXKET OCYIIECTBIISATHCS 32 CUET Pa3Nny-
HBIX BUJIOB DOHCPTHUH. Hawnb6onee YHUBCPCAJIIBHBIM ABJIACTCS TCILNIOBOC
M3Iy4YeHHe, KOTOPOe MPOUCXOAUT TP JTI000H TeMriepatype 3a c4eT
BHYTPEHHEH 3HEpPIruu Teil. TerioBoe U3JIyueHHE SIBISETCS] PABHOBEC-
HBIM, T. €., €CJIH TEJIO IIPH HEKOTOPOH TeMIIepaType MOMECTUTH B H7e-
aJBFHO OTPAXKAIONTYI0 000710UKy (puc. 4.1), KOTHMIEeCTBO U3ITYyUCHHOM
VM 2HEPTUHU OyAeT PaBHO KOJUYECTBY SHEPTUH ITOTIIONEHHOH.

Puc. 4.1. TemoBoe paBHOBecHe

VHTEHCHBHOCTh TEIUIOBOTO W3IYYEHHUS TIPUHATO XapaKTepH-
30BaTh IHEP2EMUUECKOU C6emUmMOocmpi0 R — BETMYMHOW IOTOKA
SHeprum (B BaTTax), HCITyCKAeMOW €IMHHUIIEH TTOBEPXHOCTH BO BCEX
HaIpaBleHMUsIX. DTa BeIMYUHA ABIsieTCs (DYHKITUEH TeMIepaTypsl U,
KpOME TOTO, 3aBUCHUT OT YacTOTHI ®. [|JIsT HHTEHCMBHOCTH TETUTOBOTO
M3IyYeHUs B TUara3oHe 9acToT do MOXHO 3aIrncarh

dR =r_ do. 4.1)

Bennuuna r, B (4.1) HaswbiBaeTcs ucnyckamenvnoi cnocoono-
Ccmblo Tena W TaKKe SBISAETCS (PYHKIHEH 4acTOTHI M TeMITepaTyphl.
3Has MCIyCKATENbHYIO CIIOCOOHOCTD T, MOKHO BBIYMCIIUTBL SHEpPre-
TUYECKYIO CBETUMOCTH!

R=[dR_=[r deo. 4.2)
0
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Wzny4yenne MOKHO XapaKTepU30BaTh BMECTO YaCTOThI 0 JUTMHON
BOJIHBI A. Y4acTKy crektpa dw OyAeT COOTBETCTBOBaTh MHTEpBAI
JUTMH BOJH d/. OTipeieNnsioniye OA1H U TOT K€ Y4acTOK BEJIMYUHBI d@
U dA CBSI3aHBI MPOCTBHIM COOTHOIICHUEM, BBITCKAIOIINUM U3 (POPMYJIBL:
A=c/v=2rc/w (YacToTa v U YTIIIOBas YaCTOTa (» CBSI3aHBI COOTHOIIIE-
HUEeM @ = 27v). JJuddepenunpoanne 3Toi GOpMyIIbl AaET:

2
2 o =" do. (4.3)
@ 2mc

3HaK MUHYC B 9TOM BBIP&KEHHHU yKa3bIBaeT Ha TO, YTO C BO3pac-
TaHUEM OJIHOW W3 BEMYUH Jpyras yObIBaeT, TOITOMY B abHEHIIIEM
MBI €ro He Oy/IeM MHCaTh.

Jlonst s3HEepreTHYecKoi CBETUMOCTH, TIPUXOJISIIASCS HA HHTEPBAI
dX\, MmosxeT ObITH 11O aHasioruu ¢ (4.1) npejgcraBicHa B BUC:

dR, =r, dj. (4.4)

Ecmm uaTepBanst do u dA, Bxomsimue B Beipakenus (4.1) u (4.4),
CBsI3aHBI COOTHOIIEHNEM (4.3), T. €. OTHOCATCA K OJTHOMY U TOMY K€
YYaCTKy CIEKTpa, TO BeMM4UHbI dR 1 dR, OynyT coBnanars: r dw =
¥, dj. 3aMEHHUB B IPaBOii 4acTH d/ ¢ COOTBETCTBUH ¢ (4.3), MOTyYnM:

dA =

2 h
r.do=r, —ﬂzcda) =r,—do, (4.5)
@ 2m
OTKyJa )
=B 2 (4.5)
@ 2mc

IIpu nonaganuy Ha 3JIEMEHTAPHYIO IJIOIIAJIKY TEJa ONpPENEIIEH-
HOI'O MOTOKAa 3HEPruu chm, 00YCIIOBJIGHHOTO 3JICKTPOMAarHUTHBIMH
BOJIHAMH B UHTEPBAJIC YacTOT dw, 4acTh ero d® 'w OyJIeT MOTJIOIICHA.
Benuuuna

oy, =dPD' [dD (4.6)

T

HA3BIBACTCS HO2/IOUWLAMEIbHOIL CROCOOHOCHIbIO TCA, Op = o(T,m).
OueBunHo, uto o T,) HE MOXkeT ObITh OoubInie 1. st Tena, moyHo-
CTBIO HOTJIONIAOMIETO NaJAloIIee Ha HEro M3jydeHue, o, = 1, u Ta-
KOC TEJI0 Ha3bIBAIOT AOCONIOMHO YepHbiM WK wephbim. Tenac o, =
o(T) = const < 1 Ha3BIBAIOT cepbiMUL.
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Od4eBuHO, YTO MEK]Y UCIYCKATENbHOM 7, M MOTJIOATENbHOM
@, . CIOCOOHOCTSMH JIOOOTO THIIA UMEETCS ONPEICTIERHAs CBA3b. [lei-
CTBUTEIILHO, TTYCTh UMEETCS 3aMKHyTasi 000JI0UKa TIPU TeMIIepaType
T v BHYTpH Hee Tella 0OMEHUBAIOTCS PHEPrHel Mex 1y co0oi 1 000-
JIOUKOM MYyTEM M3JIyYEHUS U MOTJIOUIEHUsA. Uepe3 HEKOTOPOe BpeMs
HACTYITUT TEIJIOBOE paBHOBecHe. B TakoM coCTOSIHHM TENo ¢ 00Jb-
el 7, TepAET B €IMHMILY BPEMEHH C CMHUIIBI TIOBEPXHOCTH OOJIbILE
SHEPI'HH, YeM TeJI0, 00JIaaroIee MEeHbIIICH r,. T. x. T'= const, T0 u
MOTJIONIATEIbHAS CIIOCOOHOCTH €0 JIOJKHA OBITh OOJIBIIIE, T. €. TOJIK-
HO BBIIOJIHATBCA yenosue: (r, Jo, ), = (r, Ja ), = (t Ja )= ...,
I1€ UHAEKCHI COOTBETCTBYIOT Pa3HBIM TEJIaM.

Kupxrod ycraHoBuI, 4TO A5 JIFOOBIX TEJ CIPABEIUBO COOTHO-
LIEHHUE:

o0, =AwD)=r, 4.7)

Wnn omuowenue ucnyckamenvHou u no2nouamenbHou cnocoo-
Hocmel He 3a8uUcum Om Npupoovl mei U A61Aemcs YHUBEPCANbHOU
¢ynryueti wacmomsl (OnruHwvl 801HYBL) U Memnepamypsl. Ho MOCKOTh-
Ky JUls abCOJIFOTHO YEPHOTO Tena &, = 1, To 3Ta QyHKIMS paBHA €To
ucnycKkamenvHotl CnocoOOHOCMu ¥, i XapaKTEPU3yeT TOJNHYI IIOT-
HOCTb U3JTYyYSHHOUN SHEPTUH MPH TEIUIOBOM PaBHOBECHHU. AOCOIIOTHO
YEPHBIX TEJ B IPUPOJE HE CYIIECTBYET. XOPOILIEH MOAEIBIO UEPHOTO
TeJa SIBJISIETCS] 3aMKHYTasl TOJIOCTh, HMEIOIIas MAJIEHbKOE OTBEPCTHE
(Syrs <<, 0cr)> PHUC. 4.2.

T10JI0CT

Puc. 4.2. Monenb abCOIOTHO YEPHOTO Tesa

Wzmydenue, mpoHUKIIIEe BHYTPh MOJIOCTH Y€pe3 OTBEPCTHE, Tpe-
KJIe YeM BBIUTH Ha3al, IMpeTepIrieBaeT MHOTOKPATHBIE OTPaKEHHS OT
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cTeHOK. [Ipy KaKI0M OTpaKeHHH YacTh DHEPTHH MEPeaaeTCsi CTCH-
K€, B pe3yJIbTaTe Yero MPAKTHUECKH BCSI DHEPTHUS MEPEACTCS CTEHKE.
CormnacHo 3akony Kupxroda, ucmyckatenbHas CriocOOHOCTh TaKOTO
Tena ommska K f{w,T) npu TeMriepaType CTeHOK mosioctH 7.

Pe3ynbTaThl 3KCIEPUMEHTOB, TOMYYEHHBIC C TAKOW MOJENBIO,
npuBefeHsl Ha puc. 4.3. PasHble KPUBBIE OTHOCATCS K Pa3UUHBIM
3HAUCHUSIM TeMIlepaTypbl 7 abCOMIOTHO dYepHOro Tena. [Lmomiass,
OXBaThIBacMasi KPUBOM, JAaeT DHEPrEeTHYECKYI0 CBETHMOCTH abCo-
JIFOTHO YEePHOTO TeJia MPU COOTBETCTRBYIONIECH Temmeparype. Kpubie
CIEKTPATLHOTO PACIPEICICHUS U3TyYCHUST aOCOIOTHO YEPHOTO Tea
JUTs 00JIee HU3KUX TEMIIepaTyp HETUKOM JIeKAT BHYTPH KPUBBIX, CO-
OTBETCTBYIOIINX O0JIee BRICOKUM Temreparypam. M3 pucyHka BUIHO,
YTO DHEPreTHYecKas CBETUMOCTh CHJIBHO BO3PACTAET C TEMIIepary-
pOH, a MAKCUMYM HCITYyCKATEILHON CITOCOOHOCTH CABHUTAETCSI B CTO-
poHy 0oJiee KOPOTKHX BOJIH.

P47

-

+10") —

NIAN
AN

TN,
T~

800N

g 7 V4 J A

Puc. 4.3. UznyuarenpHas CIOCOOHOCTH YEPHOTO Tea

Ha puc. 4.3 npuBenena He kpusas fw,T), a xpusas ¢(4,7), mo-
CKOJIBKY B DKCIIEPUMEHTAIBHBIX paboTax ynoOHee U3MepsTh (U3-
MEHSTbH) JUIMHY BOJHBL, a He yactoTy. O0e (pyHKIUH CBSI3aHBI APYyT
¢ npyrom (hopMyIoii, aHaIOTHYHOH (4.5, 4.5"):

f@.1) == Ty =2~ pa.T). 4.8)
® 2me
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Cornacho (4.8), ans Toro 4toOsl M0 U3BecTHOM PyHKIMHU A w,T)
HaiTn pyHKuuio ¢(4,7), Hy>)KHO 3aMeHUTh B pyHKImU flw,T) 4acToTy
o Ha (27c/A) ¥ OTyYeHHOE BBIpOKCHUE YMHOXKUTH Ha (27¢/A%):

o(A,T) = 2%(:/[(27%’7,) u obpatHo: f(@,T)= 2—”C¢(%[C,T) . (49

a)Z

4.2. @opmynwr Panesa — [owcunca u llnanxa

Paneit u [IxuHc caenany noneITKy onpenenutb GyHkiuto flw, T),
MCXO/s U3 TEOPEMBbI KJIIACCHYECKON CTaTHCTUKU O paBHOpacIpeee-
HUM DHEPTUH TI0 CTEeNeHsM cB0OObl. OHHM NPEANONOKHIIN, YTO Ha
Ka)K710€ JIeKTPOMarHuTHOE KoJjiebaHue MPUXOJAUTCS B CPETHEM dHEp-
THs, paBHas ABYM IOJIOBHUKaM kT 0JHa MOJOBUHKA HA JJIEKTpHYE-
CKYI0, BTOpast — Ha MarHUTHYIO SHEPTHIO BOJHBI

Paccmotpum n3nyuenue, Haxojsdlieecs B paBHOBECHM C Belle-
ctBoM. Iyt 3TOrO mpencTaBuM cede HIBaKyWPOBAHHYIO IOJIOCTh,
CTEHKH KOTOPOHU MOANEPKUBAIOTCA IIPU NTOCTOSIHHOM Temneparype 7.
B paBHOBECHOM COCTOSIHMM SHEPTHUsi U3IydeHHs OyJeT pacrpesene-
Ha B 00BeMe MOJIOCTH ¢ ompeneneHHo ioTHOCThIO ¢ = u(7T). Crek-
TpaJIbHOE pPAacCIpeielIeHne 3TOM SHepruM MOKHO OXapaKTepU30BaTh
ynkumed u(w,T), onpenensemoii ycnosueMm: du = u(w,ldw, tre
du,_, — 1OIIsl TUIOTHOCTH SHEPTUH, PUXO/IAIIASACS HA MHTEPBAI YaCTOT
dw. TloHast IIIOTHOCTH YHEPTHUH MOXKET OBITh NIPEACTaBICHA B BUJIE:

u(T) = [u(w, Tdw. (4.10)
0

PaBHOBecHast IIOTHOCTH dHEPTUH U3yueHHs u( 1) 3aBUCUT TOJIb-
KO OT TeMIepaTyphl U HE 3aBUCUT OT CBOWCTB CTEHOK IOJIOCTH. DTO
CIIEAyeT U3 TEPMOAMHAMHYECKHX COOOpaKEHH.

PaBHOBecHast TNIOTHOCTH U3JTY4YEHHUS ¢ CBA3aHA C SHEPTeTHUECKOM
CBETHMOCTBIO a0COIIOTHO YEPHOTO Tesia R COOTHOLICHUEM

R = cu/4 umu flw,T) = cu(w,T)/4. 4.11)

I'paduk, MOCTPOCHHBIN B COOTBETCTBHH € POPMYIION
2 2

w(@.T) = %kl’” wm f(e,T) = —

yoet i (4.12)
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noixyueHHou Paneem u J>kuncom, npuBeseH Ha puc. 4.4 (MIyHKTUP-
Hasl JIUHUS).

@, 10! o’
gA

1
1
1
1

-

Vv T=2000K

5 10 A, MEM

Puc. 4.4. PapHOBeCcHas INIOTHOCTh U3Ty4EHUS

Opnaxo dhopmyna Panes — /[pcunca ynoBIETBOPUTEIBHO COTIIA-
CyeTCsl ¢ DKCIIEPUMEHTOM (CILIONIHAS KPUBas Ha pHC. 4.4) TOIBKO TIpH
OOJBIINX IJIMHAX BOJH M PE3KO PACXOAUTCS C IKCHEPUMEHTOM IS
MaJbIX UIMH BONH. MuTerprpoBanue (4.12) Mo BceM JUTMHAM BOJH
JTAeT /711 PAaBHOBECHOW IJIOTHOCTH M3ITydeHHs] OECKOHEYHO OOJIBIIOEe
3Ha4YeHHe. DTOT Pe3yibTaT, MOJYYUBIINN Ha3BaHWE Yabmpdagduone-
moeoil Kamacmpoghl, TPOTUBOPEUHUT OIIBITY .

BrBon dopmynsl Pamest — JknHca ¢ KIIaCCHYIECKOM TOYKH 3pe-
HUS ABisieTcsa 6e3ynpednsiM. [loaTomy pacxoxaenne 3Toil GopmMyIisl
C OTBITOM YKa3bIBAJIO HAa CYIIECTBOBAHHE KaKHUX-TO 3aKOHOMEPHO-
CTei, He COBMECTUMBIX C TPECTABICHISIMH KJIACCHYECKOW CTaTHCTH-
YeCKOW (PU3HUKH U AIIEKTPOJUHAMHUKH.

®opMyITy, COOTBETCTBYIOIIYIO OITBITHBIM JTaHHBIM,

heo’ 1 ho’ 1
w,T)= — ) (4.13)
f( ) 472_202 eXp hﬁ 71 273.02 2:’1%;) 1
kT ¢ -

nonyuwn [1maHK, HO JIs ATOTO OH OTKA3aJIcs OT KIIACCHYECKHUX Tpe]l-
CTaBJICHUH U TIPEITOJIOKII, YTO DJIEKTPOMArHUTHOE 3Ty4eHHE TIPO-
HCXOJUT B BHJIE OTICIHHBIX MOPIUN (KBAHTOB), BETMYNHA KOTOPHIX
MIPOMOPIIOHANBHA YaCTOTE U3TYUCHHUS:

e=ho. (4.14)
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Koaddurment npornopuronansHoctu B popmysie (14) i = h/2r,
h=6,62 10 JIx ¢, rae & HOCUT Ha3BaHKE TOCTOSHHOM ITnanKa.

®opmyna [Tnanka (4.13) ycnemHo oObsicHUIA TOTY4YEHHBIN pa-
Hee U3 TePMOAMHAMHUYECKUX cOOOpakeHuit 3akoH Cmegana — bonb-
UMaHa, KOTOPBIA YCTAaHOBUII CBSA3b MEKAY SYHEPTETHUECKON CBETHMO-
CThIO a0COJIIOTHO YEPHOTO Tejla R, M €ro TeMnepaTypoi:

R =oT", (4.15)

rae o — nocrosHuas Cregana — bonbimana, pasnas 5,7 10* Br/(m? K*).
[IpeobpazoBanus B coorBercTBuU ¢ (4.9) mist ¢(4, T) naror:

4r*he? 1 mhet 1
exp( )-1
kTA

U3 dpopmynsl [Tnanka st ¢(4,7) nocie npupaBHUBaHUS K HYJIIO
ee IMPOM3BOAHON MO TeMIeparype cileayeT YCTAaHOBJIECHHBIH paHee
9KCIIEPUMEHTAIILHO 3aKOH cMeuieHus Buna.

T2, = b, 4.17)

rae A — JJIMHA BOJHBI, COOTBETCTBYIONIAS MaKCMMyMy Ha KPHMBOM
(puc. 4.3, 4.4), a b — nocrosinHas, paBnas 2, 9 10° m K.

KpuBsie paBHOBECHO# TIOTHOCTH M3ITYYCHUS IJIS PA3HBIX TEM-
nepaTyp OblUTH IpUBEACHBI paHee Ha puc. 4.3. Kak BuaHO U3 pucyHKa,
TUIOIIA/Ib [TOJT KPUBOM C pOCTOM TEMIIEpPATyphl yBEINYUBAETCS B COOT-
BETCTBUHU C 3aKOHOM (4.15), a MakCHMyM cMeliaeTcsi B 00J1acTh Ooee
KOPOTKHX BOJIH B COOTBETCTBHUH C 3aKOHOM (4.17).

4.3. @omosppexm

OcHoBHBIE 0cOOcHHOCTH sABICHUS (PoTodddekTa OBUTH HCCITe-
nmoBaubel A. I'. CtomeroBeiM. Ha puc. 4.5 cxemaTudeckn U300paxe-
Ha yCTaHOBKa My m3ydeHus Qorodddekra. J[Ba MeTaIHIECKUX
AJIEKTPOJIA, K KOTOPHIM MOXKET I10/IaBaThCs HAMPSHKEHUE Pa3InIHON
MOJISIPHOCTH, Pa3JIelieHbl BAKYYMHBIM MPOMEKYTKOM. Bennuuny Ha-
NPSDKCHUST MOYKHO MEHSITH IMOTEHIIMOMETPOM. [IOBEpXHOCTh OJHOTO
13 JIEKTPOJIOB 00JIy4aeTcsi MOHOXPOMAaTHYIECKUM U3JTy4ueHueM. B pe-

111



synbTare Goroddderra ¢ MOBEpXHOCTH B BAKYYMHOM IMPOMEKYTKE
MOSIBIISIFOTCS. CBOOOJIHBIE DIIEKTPOHBI, U BO3HUKAET 3JIEKTPHUYECKHI
TOK, U3MEPSAEMBI UyBCTBUTEIBHBIM aMIIEPMETPOM.

C TOYKHM 3peHUsI KIIAaCCUUECKOM TeopuH caM GakT o0pazoBaHus Go-
TO3JIEKTPOHOB BBITJISAUT COBEPIIEHHO €CTECTBEHHBIM. DJIEKTPUUIECKOE
T0JI€ BOJIHBI PACKauMBAET HJIEKTPOHBI, HAXOASIINECS BHYTPH TBEPIOTO
Tena. B pesynpTrare X KMHETHYECKas SHeprus BozpacraeT. Ecnu kuHe-
THUYECKasl SHEPTHUsl MPEBBICUT PadOTy BBIXOAA, HJIEKTPOH C HEKOTOPOI
BEPOSITHOCTHIO MOKET BBUIETETH C MOBEPXHOCTH TBEPAOTO TEINA.

L

(V)
N
—

l

Puc. 4.5. YcranoBka st nzydenus potordpdexra

OcTaHOBHMMCSI Ha pE3yJIbTaTax OMNBITOB M 00CyAWM, YTO M3
HUX MOXXHO, @ YTO HeJb3s HOHSATh B PaMKax KJIACCHYECKHUX Ipe.-
craBneHuil. Ha puc. 4.6 mnpuBeneHa MONy4YeHHAass B JKCIEPU-
MEHTE 3aBUCHUMOCTh (DOTOTOKA OT HHTCHCHUBHOCTH H3JIyUCHHUS.

I3 (botoToK)

@ (cBeta)

Puc. 4.6. 3aBucumocts GPOTOTOKA OT MHTEHCUBHOCTH M3ITyYEHUSI
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OTa 3aBUCUMOCTh OKa3ajJach MPSAMO MPONOPLUOHATIBHON, UYTO
€CTECTBEHHO C KJIACCMUYECKOW TOUKH 3PEHMS: C YBEJINUEHUEM NHTEH-
CUBHOCTHU M3Jy4YEHHsI pacTEeT 3HEPrus, NoriomaeMas IeKTpOHaMH B
MIPUITOBEPXHOCTHOM CJIO€ METAJIIA, & CIIEJIOBATENBHO, YBEINUUBAETCS
BEPOSITHOCTh UX BBUIETA, T. €. BeIHMuuHa (hoToToKa. OOCyAUM Tenepb
3aBUCUMOCTb (POTOTOKa (TP HEKOTOPOH MOCTOSHHOH MHTEHCHBHO-
CTH) OT BEJIMYUHBI IIPUII0KEHHOTO MEX Y JIEKTPOJaMHU HANPSHKEHUS
(puc. 4.7). D10 HampspKEHHE MOXKET KaK YCKOPSITh DJIEKTPOHBI, IMO-
MaBILKE B BAKYyMHBIH IPOMEXKYTOK, TaK © TOPMO3HUTD MX, BO3BpaLast
00paTHO Ha BJEKTPOJ, MPEMATCTBYS MX BbUIeTy. Eciin HampsbkeHue
YCKOpPSIET DJEKTPOHBI, OHU NPHOOPETAIOT JIOMOJHUTEIBHYIO CKO-
pOCTh, HAIIPABJIEHHYIO K MPOTHUBOMOJI0KHOMY JIEKTpoay. B pesyis-
TaTe BEIMYMHA (OTOTOKA B LEMH PACTET, IOKA HE JOCTUI'HET HEKO-
TOPOTO MAaKCUMAJILHOTO 3HAYEHUSI [, COOTBETCTBYIOLIETO TOMY, 4TO
BCE AJIEKTPOHBI, BBIJIETEBILINE C TOBEPXHOCTH, JJOCTUTIIU MPOTHBOIIO-
JIO’KHOTO 3JIeKTpoAa. [lanbHeliee yBenuueHe HapsKeHNs yxKe He
MPUBOJUT K YBeIHYeHHUIO (poToTOKa. B cucteme HaOmonaeTcsi Hachl-
meHne. BenmuunHa TOoka HaCBIIEHUS, OAHAKO, JUHEWHO 3aBUCUT OT
WHTEHCUBHOCTHU M3ITyueHHs. YeM Oouiblile HHTEHCUBHOCTD, TeM 00JIb-
1Ie 3JeKTPOHOB TMOKUAAET MOBEPXHOCTh METaja, TeM OOJbIIe TOK
HACBILICHMS.

Iy
IHaCE ---------- - mmm e m s (pj
jl'Har:l - > (Dl
,'/ D> Dy
Us U

Puc. 4.7. 3aBucuMocTb (POTOTOKA OT HAMPSHKEHHUS MEXTY AIIEKTPOIaMHU

Jpyras cutyamusi BO3HHUKAET, KOTAa MOJSIPHOCTH MOIAHHOTO Ha-
NPSOKEHUS] W3MEHEHA U JIEKTPOHBI MOMAJAI0T B TOPMO3SLIEE I0JIE,
NPEISTCTBYIONIEEe UX BbUIETY. B 3TOM ciydyae (OTOTOK yMEHBIIAeT-
Csl M NMPU HEKOTOPOM HANPSDKCHUH 00paliaercst B HyJb, YTO COOT-
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BETCTBYET CIy4alo, KOrJa HU OJMH U3 DJICKTPOHOB HE CMOT' IOCTHUYb
MOBEPXHOCTH MPOTHUBOMOIOKHOTO 3JEKTPOAa. DTO MOHITHO: CyIle-
CTBYET HEKOTOPOE 3HaUY€HHE MaKCUMalIbHOH KHHETUYECKOH SHEPTHU
¢doTtosnekTpoHoB. [ToaTOMY (POTOTOK HOKEH MPEKPaTUTHCS, KOTrnAa
3anupatomiee Hanpsbkenue U yposneTBopsieT yciosuto: eU > E, rae
E — makcumanpHasi KWHeTHYecKas SHeprus (oToanekTpoHoB. Heno-
HSTHO APYTO€: Ka3a10Ch Obl, 4eM 0O0JIbIlIe MHTEHCUBHOCTD N3TY4YEHUS,
TeM OOJIBIYI0 KHHETHYECKYIO SHEPTHIO MOTYT HAOUPAaTh SIEKTPOHBI.
JlelicTBUTENBHO, C YBEINUEHUEM HHTEHCUBHOCTH BO3JICHCTBYIOLIETO
W3JTy4EHUs SHEPTHUS BBUICTAIOIINX C TIOBEPXHOCTH 3JIEKTPOHOB JAOJIXK-
Ha BO3pAacCTaTh, CIIEA0BATEIbHO, BEIUUMHA 3aIMPAIOIIETO HarpsbKe-
HUSl yBEIMYUBATHCS. OJKCIIEPUMEHT IOKa3blBaeT 0OpaTHOE: 3aIlu-
paroniee HanpspkeHue U, a 3Ha4UT, 1 MAKCUMAJIbHAs KMHETHIECKAs
9HEprusi POTOAIEKTPOHOB HE 3aBUCAT OT MHTEHCUBHOCTH U3JTy4CHHUS.
PaccmoTpum erie 3aBUCHMOCTD BETTMUUHBI 3aMIUPAIOLIETO HAIPSI-
JKEHHUS OT YaCTOThI M3TyueHHUs (TIOTy4EeHHYIO IPU MOCTOSIHHON UHTEH-
CHUBHOCTH u3Iy4eHus). COOTBETCTBYIOLIAs 3aBUCUMOCTb NMPHUBEICHA
Ha puc. 4.8. Kak BUIHO, C yBeTHMUECHUEM YaCTOTHI M3IyUYCHUs BEIHU-
YMHA 3alUPAIONICT0 HANPSHKEHUS JIMHEHHO PacTeT, YTO CBUACTEIb-
CTBYET O BO3pacTaHHH C YaCTOTON 3Hepruu GoTodnekTpoHoB. Camoe
MHTEPECHOE, YTO CYLIECTBYET HEKOTOPOE MUHHMAaJIbHOE 3HAuCHHE
4acTOTHI M3JTy4eHHs @ (T. H. KpacHas rpanuna Gporospdexra), npu
KOTOpO# MOkeT HabmromaThest GpoTodddext. ns 3HaueHuid yactor
o <o 0orodpdekr HeBo3MOKeH. C TOUYKU 3pEHUS KIACCHYECKOM
(U3UKY CyLIEeCTBOBaHNE KPACHOHN IpaHUIIbI OOBSICHUTD HEJb3S.

U;

Dy w

Puc. 4.8. 3aBrCHMOCT BETHYNHBI 3aMTUPAIOIIETO HATIPSHKEHUS
OT YacCTOThI U3ITyUCHHUS
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Boeixon w3 cosnmaBlieiics cuTyanuu ObUT TIpeUIOKeH A. DWH-
mreiiHoM. PasBuBas unen Ilnanka, DUHINTEHH BBICKA3al MpPEIo-
JIOKEHHE, YTO CBET MPEICTABISET COOOM MOTOK YacTUI[ — KBAaHTOB

cBeTa, (POTOHOB, HECYLIUX DHEPTHUIO & = il 0, KOTOpasi MOKET ObITh
3aTpaueHa Ha yJlaJleHue 3JIEKTPOHOB M3 BeulecTBa. lIpeanonoxenue
0 TOM, YTO CBET pacHpocTpaHseTcs B MPOCTPAHCTBE U MOTJIOUIAETCS
BEIIECTBOM MOPIUSIME & = 71 @, TI03BOJISET CPa3y e OOBSICHUTD He-
3aBHCHMOCTD 3aITUPAIOLIET0 HAMPSKEHUSI OT MHTEHCUBHOCTH U3JTyde-
HUSI M CYLIECTBOBAHUE KPACHOH rpaHuubl PoTodderTa, 3aragouHon
C TOYKHM 3pEHUS KIIACCHYECKOH (DU3HKH.

JeiicTBUTeNnbHO, ypaBHEHHE OWHIITENHHA Ui KHHETHYECKOU
SHEPTUH JIEKTPOHOB, BEIPHIBAEMBIX M3 aTOMOB (C TIOBEPXHOCTHU TBEP-
JIOTO TeJa) MOJIEM 3JIEKTPOMAarHUTHOW BOJIHBI, UMEET B

my?

ha)=A+T, (4.18)

rae A- pa60Ta BbIXO4a (HOTGHL[I/IS.H HMOHM3aIlMH aToMa JJIs1 aTOMHOTI'O

dorosddexra). B ciiyuae fi w < A sHEpruM KBaHTa HEAOCTATOYHO IS
yAaJIeHUsI AIEKTPOHA C TIOBEPXHOCTU U PoT03(PPEKT HEBO3MOKEH.

N3 (4.18) MOXHO OIpeneiuTh 3alHparoliee HanpsHKeHUE:
U, = h wl/e— Ale. I3mepsis 3anuparolee HanpsKEeHUE IPH ABYX JITH-
HaxX BOJH (IIpHU JBYX YacTOTax), MOXHO pacCUMTaTh MOCTOSHHYIO
mnauka i =e(U,, — U, )0, - 0,).

OpHaKo OKa3aJoch, YTO TMPH OYEHb BHICOKUX HHTEHCHBHOCTSIX
u3nydeHust (HanmpuMmep, c(HOKyCHPOBaHHOE Ia3epHOE H3IyYCHHUE),
Hapsly ¢ TpoIleccaMy TOTIIONIEHUS OJHOTO KBaHTa cBeTa (0aHO(O-
TOHHBIN MPOIIECC), CYNMIECTBEHHBIMI OKa3bIBAIOTCS TaKKE IMPOIIECCHI
MHOTO()OTOHHOTO TIOTJIOIIEHUS, T. €. MPOIECCH], B KOTOPBIX TPOHC-
XOJIUT OAHOBPEMEHHOE IOTJIOICHHE Cpa3y HECKOJIbKUX (POTOHOB.
[IprMeHNTENBEHO K TPOIIecCy MOHU3AIIMHT ATO O3HAYaeT HCUE3HOBCHHE
KpacHOH rpaHuIibpl GoTtodddexra: ecinu SHEPrusi KBaHTa HEAOCTATOY-
Ha JIJIS BBIPBIBAHUS 3JIEKTPOHA M3 aTOMa, B CHIIEHOM IT0JIE 3ITyYCeHHUS
WOHM3AIIHS MOKET MMPOU30UTH B Pe3yIbTaTe MOTJIONICHHUS Cpasy BYX
(OoTOHOB (ABYXKBaHTOBBIN (GoTO3PPEKT), a B ob1Iem ciaydae — N ¢o-
TOHOB (N-KBaHTOBHIH (oTodPdexT). [loTeHmansr HoHu3auu 00Jb-
LIIMHCTBA aTOMOB COCTABISIIOT 10—15 3B, sHeprus KBaHTOB U3TyUYECHHUS
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BUAMMOTO AMamnasoHa yactotr ~2 »B. IlosTomy moHuU3anms aTomMoB
ONTUYECKUM H3IIyYCHHEM BO3MOXKHA JIMIIb B pe3yjbTaTe MHOrodo-
TOHHOTO noriomeHus. C y4eToM CKa3aHHOTO ypaBHEeHHe DHHINTeHHA
MOYKHO 00OOIIUTE Ha CiIydail MHOTOKBaHTOBOTO (hoTodddexra

2
mV
ryie N — 9iCII0 MOTJIONICHHBIX (DOTOHOB.

OKCIEepUMEHTAIbHO MHOT'OKBAHTOBBIM aTOMHBIN (oTorddekt
0BT 0OHapyxkeH B 1964 rony.

=Nnrw-—A, (4.19)

4.4. Topmosnoe penmeenogckoe uziyuenue

KBanToBas mpupoaa »IIeKTpOMarHUTHOTO W3ITyYeHUS MPOSBIIS-
€TCsl TaKkKe B CBOMCTBAaX TOPMO3HOTO PEHTTEHOBCKOTO W3IYUYECHHS.
TopMO3HOE PEHTTeHOBCKOE M3IydeHHE BO3HHKAeT Mpu OoMOapu-
POBKE OBICTPBIMU AJIEKTPOHAMH METAJUTMUECKUX MHUIIeHEH. B amek-
TpPOHHOI TpyOKe (puc. 4.9) cBOOOIHBIE IIEKTPOHBI BOSHUKAIOT BCIIE]I-
CTBHUE TEPMOIIEKTPOHHON SMUCCUH C HATPEBAEMOI'0 TOKOM Karona K
(BombhpamoBoit criupanu). Lumuanp ] cimyxut ans GoKyCHpOBKA
AJIEKTPOHHOTO Tyuka. [laBieHue ra3a B TakMX TPyOKax COCTaBIISIET
107...107 MM pT. CT. AHTHKATOJ TPYOKH AK CIYXKHUT OJHOBPEMEHHO
Y aHOJIOM.

Puc. 4.9. YcrpoiicTBo a1t HaOIIOJeHUS] TOPMO3HOTO W3ITyUEHHs

[Toutn Bcs sHEPTHs 3JIEKTPOHOB BBIAENIAETCS HAa aHTHUKATOJE B
BHJIe Teruia (B M3MydeHue mpeBpamaetcs jumb 1...3 % sHeprun).
IloaToMy B MOIIHBIX TpyOKax aHTHKATOA MPUXOIUTCS MHTEHCHUBHO
oxJaxaarb. C 3Toi Lebi0 B Telle aHTUKATOAA JIENAl0TCs KaHajbl, 110
KOTOPBIM IIUPKYJIHPYET OXJIAXKAAIONIAs )KUIKOCTD (BOJIa MIJIM MAcJo).

Ecnmu mexnay KaTogoM M aHTHKATOJOM TMPHIIOKEHO Harpsbke-
Hue U, 3JeKTpOHBI pa3roHstoTcs 10 s3Hepruu eU. Ilonas B BEUIECTBO
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AHTHUKATO/a, DIICKTPOHBI UCIBITHIBAIOT CHIILHOE TOPMOKEHHE M CTa-
HOBATCS UCTOYHUKOM JJIEKTPOMAarHUTHBIX BOJH. HampspkeHue Ha
PEHTIeHOBCKOH TpyOKe MoxkeT pocturath 50 kB, u ckopocTh diek-
TpoHa npu 3toM coctaiseT 0,4 c. CornacHo KIacCH4ecKoM 3JeKTpo-
JUHAMHUKE, IPU TOPMOXKCHUH AJIEKTPOHA JOJKHBI BO3HHKATH BOJHEI
BCEX JJIMH — OT HYJISl 10 O€CKOHEYHOCTH. J[JIMHa BOJHBI, HA KOTOPYIO
MPUXOANUTCSI MAKCUMYM WHTEHCHUBHOCTH M3TYYEHUS, TOJDKHA YMEHb-
HIaTHCS IO MEpe YBEIMUCHHSI CKOPOCTH JICKTPOHOB, T. €. HaIpsKe-
Hust Ha TpyOke U. Ha puc. 4.10 naHbl 5KcIiepuMEeHTaNbHBIE KPUBBIC
pacripeneneHuss MHTEHCHBHOCTH TOPMO3HOTO PEHTI€HOBCKOTO M3JY-
YeHUs M0 JUTMHAM BOJIH, MOJyYeHHBIE I pa3HbiX 3Hauennid U. Kak
BUJHO M3 PUCYHKa, BBIBOJBI TEOPHUH B OCHOBHOM IOJITBEPIKIAIOTCS
Ha omnbiTe. OJHAKO UMEETCS OJJHO MPUHIUIUAIBHOE OTCTYINICHHE OT
TpeOOBaHMH KIIACCHYECKOH 31eKTpoArHaMHUKH. OHO 3aKII04aeTcs B
TOM, YTO KPHBBIE pacrpe/ieieHUs] HHTEHCUBHOCTH HE UAYT K Hadary
KOOpJIMHAT, @ OOPBIBAIOTCS MPH KOHEYHBIX 3HAYCHUSX JUTMHBI BOJHBI
Ay IKCTIEDHMEHTAJILHO YCTAHOBJIEHO, YTO KOPOTKOBOJIHOBAsI IPAaHU-
112 TOPMO3HOT'O PEHTIE€HOBCKOTIO CIIEKTPa A CBA3aHa C yCKOPSIOIIUM
HanpspkeHHueM U COOTHOIICHHEM:

A = 12390/U, (4.20)

rae /IMHH BbIpa’XCHA B aHI'CTpEMax, a U — B BOJbTaX.

al =50 K8
a2
=40k
Y=30KE
s Fr

Puc. 4.10. Pacnipenenenrne HHTEHCUBHOCTH
TOPMO3HOI'0 PEHTI'CHOBCKOT'O U3JIYUCHUA 110 JJIMHAM BOJIH
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CyH_[eCTBOBaHI/IC KOpOTKOBOJ’IHOBOﬁ T'paHulbl HETIOCPCACTBECHHO
BBITEKAET M3 KBAHTOBOM MpUpOAbI U3JTYyUCHUS. ﬂeﬁCTBI/ITeHLHO, €CJIn
H3JIYUYCHHUEC BO3HUKACT 3a CUCT SHCPIUHU, TepﬂCMOfI DJICKTPOHOM IIpH

TOPMOXKCHHNHU, TO BCIIMYMHA KBAHTA /] @ HC MOKCT IIPCBBICUTL SHCP-

ruto sekTpona eU: i o < eU.
Otcroa mosy4aercsi, 4To 4acTOTa U3JTyUYEHUs] HE MOKET TPEBbI-

CHUTH 3HAUCHUA fi .= eU, CJI€J0BATCIbHO, JJIMHA BOJHBI HE MOXCT
OBITh MEHBIIIE 3HAUCHUS:

A =2nc/o  =2nhclel, 4.21)

IJIE YUTEHO, uTO € = fi = 21 fi ¢/A.

Takum 00pa3oM, Mbl MIPHIILTH K SMITUPHUECKOMY COOTHOIICHUIO
(4.20). Haitnernoe u3 conocrasienus (4.20) u (4.21) 3HadeHue s
A, XOPOILO COTJIACYETCS CO 3HAYECHUAMH, ONPENETCHHBIMA UHBIMH

Ml
crniocobamu. M3 Bcex MeTONOB omnpeenenus noctosuuoi [hnanka #
METOJI, OCHOBaHHBI Ha N3MEPEHNH KOPOTKOBOIHOBOW T'PAaHUIIBI TOP-
MO3HOT'O PEHTT€HOBCKOTO CIIEKTPa, CANTAETCS CAMBIM TOYHBIM.
Kpome TOpMO3HOTO PEHTT€HOBCKOTO W3Iy4YEHHsI, CBSI3aHHOTO C
TOPMOKEHHEM DIIEKTPOHOB B KAaTO/E M MMEIOIIETO IMUPOKUNA HeTpe-
PBIBHBIM CIIEKTp, €CTh XapaKTEPUCTHUECKOE PEHTTCHOBCKOE H3ITy-
YeHHe, CBA3aHHOE C IepPeXo/laMu JJIEKTPOHA MEXIY BHYTPEHHUMH
SHEPreTUYECKUMHE YPOBHSIMH H SBISAIONIEECS MOHOXPOMATHIECKIIM.

4.5. Onetm Bome. @omomnwi. /lasnenue ceema

I[.TIH OOBSICHEHHS pacnpeacicHus SHEPrum B CIICKTPC PaBHOBECHO-
T'0 TCIJIOBOI'O U3JIYy4YCHHUA JOCTATOYHO, KaK IOKa3aJl HJ'IaHK, JAOIMyCTUTD,

YTO CBET TOJIBKO MCITYCKAETCS TOPLUHAMU 71 . J{yist 00bscHeHUs (HOTO-
3 peKTa T0CTATOUHO MPEAIIONOKHUT, YTO CBET TOTJIONIACTCS] TAKHMHU
ke nopausiMu. OaHako DUHIITEHH MOLIEN 3HAYUTEIbHO Aajbiie. OH
BBIIBUHYJI THIIOTE3Y, YTO CBET U PACIPOCTPAHSCTCS B BHUIE AUCKPET-
HBIX YaCTHUIl, HA3BaHHBIX MIEPBOHAYATILHO CBETOBHIMU KBaHTaMu. Brio-
CJICZICTBUY ATH YaCTHIIbI TTOTYYHIN Ha3BaHUE (POTOHOB.

['unore3za OiiHmTeliHa ObLIa MOATBEP)KIACHA PSAIOM OIBITOB.
Haubonee HenocpencTBeHHOE MOATBEp K AeHHE an onbiT bote. Ton-
Kast MeTayuindeckas osbra @ (puc. 4.11) nmomenianach MEXIy AByMs
razopazpsaHbIMu cueTyukamu Cu.
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Puc. 4.11. YcTanoBka J1s mpoBeIeHUs OMBITOB boTte

1 @
,W Ve

®donpra ocpemanach CIa0bIM ITyYKOM PEHTI'€HOBCKHX Iy4ei,
MOJT IEHCTBUEM KOTOPBIX OHA cama CTAHOBWJIACH MUCTOYHHUKOM PEHT-
TeHOBCKHX JIy4el (3TO sBIIeHHE Ha3bIBA€TCS PEHTI€HOBCKOW (ryo-
pecuiennueii). BenencTeue Manoit HHTEHCHBHOCTH TIEPBHYHOTO Tyd-
Ka, KOJIMYECTBO KBAHTOB, UCITYCKAEMBIX (POJBIOM, OBLIIO HEBEIHKO.
[Ipu momagaHuy B OIMH M3 CYETYNKOB PEHTIC€HOBCKUX JIy4el OH cpa-
OaThIBaJl ¥ IPUBOAMI B JEHCTBHE OCOOBIN MeXaHU3M M, jenaBIIAi
OTMETKY Ha JABIDKYyIIeics neHte JI. Ecau Obl m3imy4aemas dHEpTus
pacmpocTpaHsiach pABHOMEPHO BO BCE CTOPOHBI, KaK 3TO CIEAYET U3
BOJIHOBBIX TIPEJICTABICHHUN, 00a CYETYHKA JIOJDKHBI ObUTH OBl cpada-
THIBaTh OJIHOBPEMEHHO W OTMETKU Ha JIEHTE MPHUXOIWINCH OBl OJHA
MPOTUB APYroil. B neficTBUTEIHHOCTH ke HAOII0aIOCh COBEPIICH-
HO OecCIops/I0YHOE PACIIONIOKEHNE OTMETOK. DTO MOKHO OOBSICHHUTH
JIUIIb TeM, YTO B OT/JEJIbHBIX aKTaX UCITYCKaHUsI BOSHUKAIOT CBETOBEIC
YaCTHUIIBI, JIETAIINE TO B OJTHOM, TO B IPyTOM HAaIIPaBIICHUH.

Wrak, ObTO SKCIIEPUMEHTAIILHO J0KAa3aHO CYIIECTBOBaHKE OCO-
OBIX CBETOBBIX YacTull — (hoToHOB. POTOH 00JIa1aeT SHEPTHEH

€=hw=2nhc/A, (4.22)

OTIpeIeTIIEMON TOJBKO €T0 YaCTOTOH WK JTMHON BOJHEI A. [lomcTa-
HOBKa YHCJICHHBIX 3Ha4eHUH B (4.22) mpuBoauT K Gopmyie (4.20) s
Ay = 12390/U, rie U BoIpaxeHa B 5IEKTPOH-BOJIBTAX, & A — B AHTCTPE-
Mmax. [limae BomHbI 4 = 0,555 MM = 5550 A COOTBETCTBYET SHEprus
¢otona ¢ = 2,23 3B. [t peHTreHOBCKUX Jyueit (A = 10*...10° A) suep-
rus (OTOHA ISKHUT B mpeAernax oT 15 38 go 100 Mas.
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CornacHo TeOpUr OTHOCUTEIILHOCTHU, YACTHIIA C YHEPTHEH & 00-
namaet mMaccot m = g/c?. TloficTaBUB 3HAUCHHUE &, TOTYUHM JIJISI MACChI
(hoTOHA BBIpaXKCHHE:

m= hw/c* (4.23)

®DOTOH eCTh YacTHIlA, ABHKYIIASACI CO CKOpocThio c. [lomcra-
HOBKa B (opmyny m =m,/N1—V?/c® 3nadenms v = ¢ obparmaer
3HaMeHaTe) b POPMYIIbI B HYJIb. BMecTe ¢ TeM, Kak MbI BUJICIIH, Macca
(dhoTOHa KOHEYHA. DTO BO3MOYKHO TOJHKO B TOM CIIydae, €CIM Macca
nokost porona m, = 0. Takum 00pazom, GpOTOH — 3TO 0cobas yacTua,
OTJIIMYAOIIASICS OT JIPYTUX, UMEIOIIUX HE HYJIEBYIO Maccy mokosi. He
MMesi MacChl IOKOs1, (JOTOH MOXKET CYIIIECTBOBATh, TOJILKO JIBUTASICh CO
CKOpOCThIO cBeTa. [looxus B popmyine E =c p2 + mg c’ m, =0,
noiy4uuM E = ¢p, OTKyJa cieayer, 4to (OTOH 00J1aaeT HMITYIIbCOM

p=¢élc=hwlc=2nh/A (4.24)

VYuts, 9to 27/ paBHO BOJHOBOMY YHUCHY Kk, T. €. MOJIYIIO BOJ-
HOBOTO BeKTopa k, UMITyJIbC (POTOHA MOMKHO 3arucath B BEKTOPHOM
BUJIC:

p=hk (4.25)

W3 mammums y ¢oToHa MMIyIbCa BBITEKAET, YTO CBET, ITaalo-
IV Ha KaKoe-THOO0 TeJo, JOKEH OKa3bIBaTh Ha 3TO TEJO JAaBlICHHE,
paBHOE MMITYJIbCY, coobmaeMoMy (OTOHAMH €IWHUIIE TTOBEPXHOCTH
B eIUHUIY BpeMeHH. [IyCTh TIOTHOCTH TTOTOKA (POTOHOB (WHCIO (ho-
TOHOB, TAJAIOIINX HAa €IWHUIYy TIOBEPXHOCTH B €IWHUILY BPEMEHH)
paBHa N. Eciii Bce ()OTOHBI TIOTJIOMIAIOTCS TEJIOM, JaBIIEHWE PaBHO
P = pN = eN/c. Ilpu ycioBum, 910 Bce (DOTOHBI OTPAKAIOTCS TEIOM
B 0OpaTHOM HampaBIIeHWH, MaBJIeHUE OyIeT B ABa pasza Ooipie: P =
2pN = 2¢N/c. Hakoner, ecnu oTpakaercs noyst GOTOHOB, paBHAS p
(p — K03 HUIIHEHT OTpasKeHHUSI ), ¥ TTOTIIOMIASTCS T0JIsI, paBHas (1 — p),
JUTS TABJICHUS TIOJTYYUTCSI BRIPAKEHHE:

P=2epNic +¢e(l1 —p)N/c=(1+p)eN/c. (4.26)

IInorHOCTH TIOTOKA (I)OTOHOB N MOXHO NpEACTABUTDH KaK ITPOU3-
BCACHHC IIJIOTHOCTH (l)OTOHOB n (T. €. KOJIMYECCTBA (1)OTOHOB B €auU-
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HUIle 00beMa) Ha UX CKOPOCTh ¢, T. €. N = nc. Jlanee, 3amedasi, 4To
MPOM3BENICHHE 1€ JaeT PHEPTUio (POTOHOB, 3aKIIOYCHHBIX B AUHUIIC
o0beMa w (IUIOTHOCTB HEPTHH ), MOKHO Hamucath: P = (1 + p)w, uto
COBIMAJIaeT C BBIPAXKEHHEM, TOJTYUYEHHBIM B paMKax 3JEKTPOMAarHUT-
HOW TEOPUHU.

4.6. Dppexm Komnmona

OCOo0EHHO OTYETIMBO MPOSBISIOTCS] KOPITYCKYJISIPHBIE CBOMCTBA
CBETa B SBJICHUH, KOTOpOE MoNy4riio HazBaHue 3 dekra KomnroHa.

B 1923 r. A. KoMmnToH, Hcclenys paccesHue PEHTTEHOBCKUX
JMyded pa3MYHBIMH BENIeCTBAMH, OOHApPYXKWJ, 4YTO B paccesH-
HBIX JIy4aX, Hapsly C HM3JIyuYeHHEM IEePBOHAYAIBHON JJIMHBI BOJI-
HBI J, COIEpIKaTCs TaKKe JTydd OOJBINEH JIMHBI BOJHEI A'. PazHoCTh
AL = (A'— 1) okazanach He 3aBUCSIICH OT A B OT IPUPOIBI paCcCENBAIO-
HIEro BelecTBa. JKCIEPUMEHTAIBHO ObLIa YCTAHOBIICHA CIICYIONIAs
3aKOHOMEPHOCTb:

AL = (A= A) = A,(1 —cosb), 4.27)

rie 6 — yroi, 00pa3yeMblil HalpaBJICHHEM PACCESTHHOTO M3ITyUCHNS C Ha-
TIPABJICHUEM TIEPBUYHOTO ITy4Ka, A, — IIOCTOsIHHAsA, paBHas 0,0242 A.

Cxema ompiTa Kommrona mokaszana Ha puc. 4.12. Beimensiemsrit
nuadparMaMu /[ y3Kuid My40K MOHOXPOMAaTHIECKOTO (XapaKTepHUCTH-
YECKOT0) PEHTT€HOBCKOTO M3IYUYESHHs HATPAaBISUICS Ha pacCcemBaro-
mee BemecTBo PB. CrieKTpaabHBIH COCTaB PACCESHHOTO M3JIYUCHUS
WCCJIeTOBAJICS C TIOMOIIBIO PEHTT€HOBCKOTO CTIEKTPOMETPA, COCTOS-
mero u3 kpucramia Kp 1 moHu3auuoHHOM kamepsl K.

Puc. 4.12. Cxema myst HabmoaeHus 3¢ dexra Komnrona
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Ha puc. 4.13 npencraBieHsl pe3ysibTaThl UCCIIC0BAHUS PacCerBa-
HUsl MOHOXPOMATHYECKHUX JTyuel (muuust K Monubnena) Ha rpagure.

. i

KMo

Q)

A=457 9 B=735°

Puc. 4.13. Pe3ynbpTaThl HCCIIEIOBAHUS PACCEUBAHUS
MOHOXPOMaTHYECKHX JIyuel munuu K, Monnbena Ha rpadure

Kpuas (puc. 4.13, a) xapakrepusyeT NEpBHYHOE H3ITyuCHHE.
OcranbHbIe KPUBBIE OTHOCSTCS K PAa3HBIM yTJIaM paccesiHus 6, 3Haue-
HUSI KOTOPBIX yKa3aHbl Ha pucyHke. [lo ocu opauHaAT OTIO0KEHA HH-
TEHCUBHOCTh M3JIYY€HHs, 10 OCH abCIIUCC — BEIIMYHMHA, TIPOTIOPIIAO-
HaJbHas JUIMHE BOJIHBI.

Puc. 4.14 xapakTepu3yer 3aBUCUMOCTb COOTHOIICHUS] UHTEHCHUB-
HOCTEN cMelIeHHON M U HeCMENIEHHOW P KOMIOHEHT OT aTOMHOI'O
HOMEpa pacCeHBarOIIEro BeliecTBa. BepxHsis KpuBas B IEBOM CTOJIO-
1I€ XapaKkTepU3yeT NePBUYIHOE M3TyueHue (unus K, cepedpa).
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Puc. 4.14. 3aBHCHMOCTEL COOTHOIIEHNS] HHTEHCUBHOCTEN
CMEIIEHHON M U HECMENIEHHON P KOMIIOHEHT
OT aTOMHOTO HOMEpa PacCEHBAIOIIETO BEIIECTBA

IIpu paccestHUU BeHIECTBAMH C MaJibiM aTOMHBIM HOMepowm (Li,
Be, B) npakTHuecKu BCe pacCesHHOE U3TyUYCHUE UMEET CMEIICHHYIO
JUTHHY BOJHBI. [0 Mepe yBeTUUeHHsI AaTOMHOTO HOMepa Bce OobIast
YacTh M3JYUYCHUS PACCEUBACTCS 0€3 U3MEHEHUS TMHBI BOJTHBI.

Bce ocobennocTr ¢ dexkra KomnroHa MOXXHO OOBSICHUTH, pac-
CMaTpHBasl PACCESTHUE KaK MPOIECC YIPYToro CTOJIKHOBCHHUS PEHTTE-
HOBCKHX (DOTOHOB C MPAKTHUECKH CBOOOTHBIMHE dieKTpoHaMu. CBO-
OOMHBIMH MOKHO CUMTAaTh Hawbojee ciabo CBS3aHHBIC C aTOMaMU
AJICKTPOHBI, SJHEPTHSI CBSI3U KOTOPHIX 3HAYUTEIBHO MEHBIIIC TOH dHEP-
THH, KOTOPYIO (POTOH MOMKET MepeaTh dJICKTPOHY MPU COYTaPEHHH.

IlycTh Ha TMEPBOHAYANBHO MOKOSIIMUCS CBOOOHBIA SJICKTPOH

nazaet GoToH ¢ sHeprueit fi w u umiysbcom i k/2n. DHeprust nek-
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TPOHA JI0 CTOJKHOBEHHS paBHa 1 C* (1, — Macca TOKOs 3JIEKTPOHA),
UMITYJIEC paBeH Hymo. [locie CTONKHOBEHMSI SHEPTUS HIIEKTpOHA OY-
JeT mc?, a UMITyJIbC mV. DHEprus 1 UMIYJIbC (POTOHA TOKE U3MEHSIT-
csl ¥ cTanyT paBubiMu Al w' u h k'. Cxemarnano s¢dexr Komnrona
n300paxeH Ha puc. 4.15. V3 3ak0OHOB COXpaHEHUS PHEPTUH U UMITYJTb-
ca MOHO BBIBECTH cooTHOmenue AL = (L'~ 1) =2n 7 (1 — cosB)/m,c.

.

Puc. 4.15. Cxema a3 dexra Komnrona

Benmuuuna

A=2nhimc (4.28)

HOCHUT Ha3BaHHE KOMITTOHOBCKOM JUJINHBI BOJIHBI. HO}ICTaHOBKa quc-
JICHHBIX 3HAYCHMH IS DJICKTPOHA naet 3HadeHue 3, 86 107! cm mim
nocIie yMHOKeHUs Ha 27 3Hauenue 4, = 0,0242 A, uto xopouo coria-
CyeTCs CO 3HaUeHUEM B aMIupuaeckoi hopmyie (4.27).

[Tpu paccessarn GOTOHOB Ha BIIEKTPOHAX, CBS3b KOTOPHIX C aTo-
MOM BC€JIMKa, o0OMeH 3HepFI/IeI>II " MMITYJIBCOM IPOUCXOIUT C aTOMOM
Kak 11e7bIM. Tak Kak Macca aToMa HaMHOT'O IPEBOCXOJTUT MacCy JIeK-
TPOHA, KOMIITOHOBCKOE CMEIICHUE B 3TOM CiIydae HHYTOXKHO MaJo.
ITo mMepe pocTa aTOMHOrO HOMEpa YBEIMYUBACTCS OTHOCHUTEIBHOE
YHCIIO 3JICKTPOHOB C CHIILHOU CBSI3bIO, Y€M M 00YCIIOBIIUBACTCS OCIIa-
Oenne cMenieHHON muHuN (puc. 4.14).

4.7. omonomunecyeHyus

HeKOTOpLIe TCJIa MMPU OCBCIICHHU HE TOJIBKO OTpaXar0T 4acCTb
magarmero Ha HuxX CBE€Ta, HO U HAYMHAIOT CBCTUTLHCA. Taxoe cBeue-
HHUC, WU JTIOMUHeCYeHYUA, OTIINIaCTCA BaKHOM 0COOEHHOCTBIO: CBET
JJIOMUHCCICHIIUN UMECCT MHOM CHeKTpaﬂBHLIﬁ CcoCTaB, 4EM CBE€T, BbI-
3BaBIINMI CBEUCHUE.
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ITpuMepoM JIeTKO HAOIIOIAEMON JTFOMUHECIIEHIIMA MOXKET CITy-
JKUTh CHHEBATO-MOJIOUHOE CBEUYCHHE KEPOCHHA, PACCMATPUBACMOTO
Ha THEBHOM cBeTy. OueHb OOMBIIOE YHUCIIO PACTBOPOB KPACOK U JPY-
THX BEIIECTB 00OHAPYIKUBAIOT JIIOMHHECIICHITUIO, OCOOCHHO TOJ AeH-
CTBHEM HCTOYHHMKOB, MCIYCKAOIIMX YIbTPa(UOICTOBBIN CBET (Ha-
pUMep, dICKTPUUECKON AYTH WM PTyTHOW jamiiel). CBeueHHe Ta-
KOTO POJia HA3bIBAIOT POMOIOMUHECYCHIUEIL, KETasl TIOTICPKHYTh,
YTO OHO BO3HUKAET MO/ ICHCTBUEM CBETA.

M3MeHeHne T[BeTa CBEUCHHS M0 CPABHEHHUIO C IIBETOM BO30YK-
JIAFOIIETO CBETAa HEPEIKO 3aMeTHO Ha ria3. Eie myuiie HabmogaeTcst
yKa3zaHHas 0COOCHHOCTh, €CIIM CPABHUTD CIIEKTP CBETA TFOMHHECIICH-
UK CO CIIEKTPOM BO30YKIAIONIEro cBeTa. Bee aTH HAOMIOIeHHS TTO-
Ka3bIBAIOT, UTO Cem JIOMUHECYEHYUU Xapakmepusyemcs 6oavulell
ONIUHOU BOJIHBL, UeM c8em 8030yJicoarowull, 9TO Ha3BIBACTCS HPAgU-
aom Cmokca.

Kirou k monnmanuio mpasuina CToKca Jal0T KBAHTOBBIC MTPEACTAB-
nenusi. BooOpasum, 4To CBEYEHHE BBI3BIBACTCS MOHOXPOMATHYCCKUM
CBETOM 4acTOThl V. Takum 00pa3zoM, MOJIEKyJia JTFOMHUHECIIHPYIOIIETO

BEIIECTBA MOTJIONIAET YHEPTHIO B BHJE KBaHTA 71 . [Iporecchl, Bbi-
3bIBa€MbI€ TOTIOIEHHON 3HEpruel B MOJIEKYJIE, IOBOJIBHO CIIOXKHBI.
YacTb SHEpPruM KBaHTa PacXOAyeTCsl Ha 3TH MPOLECCH], a YacTh BHOBb
UCITyCKaeTCsl B BUJE CBETA JIIOMUHECLEHUUH. McrmyckaeMblii KBaHT
JIOJDKEH, CIE0BAaTeIbHO, UMETh MEHBIIYI0 SHEPIUIo, T. €. COOTBET-
CTBOBATh MEHBILIEH YacToTe @' DTO yMEHBIICHUE YacTOThI (YBelInue-
HHE JUIMHBI BOJIHBI) M COCTaBIISICT coAepKanue npasuia CTokca.

[IpuMeHsst ICTOUHUKHU CBETa, COAEPIKAINE 3HAUUTEIBHOE KOJIH-
YEeCTBO KOPOTKHX (YIbTpadUOIETOBBIX) JTy4eH, MOXKHO OOHAPYKUTh,
YTO MOYTH BCE Tela 00Ja1aloT ClIocOOHOCTHIO B OOJIBbILEH HITH MEHb-
el CTeneHu JIoOMHHecHupoBaTh. Hepenko ynaércs 3HaYMTEIBHO
YCHJINTh JIIOMHHECIIEHIINIO, CHJIBHO OXJIAAUB TEJI0, HAPUMEp HOrpy-
3MB €0 B *KMJIKHH BO3IYX.

HexkoTtopslie Tena coxpaHsioT ciocOOHOCTb CBETUTHCSI HEKOTOPOE
BpEMsI 110CJIE TOr0, KaK OCBELLEHUE UX NPEKPATUIIOCH.

Takoe nocneceeuenue MOXKET UMETh PA3INYHYIO JUIUTEIBHOCTD.
B HexoTOpBIX 00BEKTaX OHO MPOAOIIKACTCS OUEHb Majloe BpeMs (Je-
CATUTBICSYHBIE JIOJU CEKyHABI M MeHbIle). B apyrux oHo TsaHeTcs
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MHOTO CEKYHJI U JIaKe€ MHHYT (4acoB), TaK YTO HAOIIOJICHUE €r0o He
MPEJICTABIIICT HUKAKUX TPYIHOCTEH.

[IpunsiTO Ha3BIBATH CBEUCHUE, TPEKPALIAIOIICECs BMECTE C OCBE-
HICHUEM, hiroopecyenyueil, a cBeUCHUE, UMEIOILEe 3aMETHYIO U~
TEIBHOCTb, — hochopecyenyueil.

SBnenne anuTenbHON (QochopecleHIMn OOHAPYKUBAIOT MHO-
THE CICIUAIBHO MMPUTOTOBICHHBIC KPUCTALIMYECKUE MOPOIIKH. mu
TIOJIB3YOTCS JJIs1 U3TOTOBJICHUS TaK Ha3bIBACMBIX (hocghopecyupyrowux
9Kparog. JINCT KapTOHA, TIOKPHITHIH, HAPUMEP, TIOPOIIKOM CEPHUCTO-
ro IMHKA, MPEeJCTaBIsIeT Xopoluii (ochopeciupyronmii 3KpaH, co-
XPaHSIOIINI CBOE CBEUCHHE JIBe-TPH MUHYTHI ITOCIIE OCBEIICHUSI.

Takue dKpaHbBI CBETATCS U MOJ JIEHCTBUEM PEHTICHOBCKHUX JIy-
yeif. ClieyeT OTMETUTh, BIPOYEM, UTO SIBJICHHE JIFOMUHECICHIIUU
MOJT ISHCTBHEM PEHTTEHOBCKUX JIydel 00JIee CII0KHO, YeM TOoJ JIeH-
CTBUEM OOBIYHOT'O CBETa, MO0 MPU 3TOM UTPAIOT POJIb OBICTPHIC AJICK-
TPOHBI, BEIPHIBAEMBIC PEHTTEHOBCKUMH JTyYaMH.

OueHb BaKHOE MPUMEHEHHE HAIlUIU B mociienHee Bpems (ocdo-
pECLUPYIOIINE TTOPOIIKKA TIPU M3TOTOBJICHHH JIAMIT JIHEBHOTO CBETA.
B ra3ocBeTHbIX JlaMnax CBeUCHHE, BOSHUKAIOIIEE MPU AJIEKTPUICCKOM
TOKE B rase, HalpuMep B Mapax PTyTH, OOBIYHO COJIEPIKUT MHOTO YiTb-
Tpa(UOJIETOBOTO CBETa, HE TOJBKO HE MPUTOJIHOTO JUIS OCBEIICHUS,
HO W BPEIHOTO JuIs T71a3a. [1oKpbiBasi BHYTPEHHOCTh TAKUX JIAMIT CIIe-
[IUATbHO M3TOTOBJICHHBIM (DOC(HOPECIMPYIOIIMM COCTAaBOM, YJAJIOCh
MIPEBPATUTH 3TOT YJIbTPA(UOICTOBBIN CBET B BUIMMBIi (B COTJIaCUU C
npaBwioM CTokca). ITO MPUBOAUT K OOJBIION 3KOHOMHUH 3JIEKTPOI-
Hepruu, n00 B TAKWX JIaMIIaX B SHEPTHIO BUIUMOTO CBETa IIPEBpaIacT-
Csl IPUMEPHO B TP pasa OoJbIast IO JICKTPHUUSCKON IHEPTUH, YeM
B JIaMTIOYKax HakanmuBanus. [logOupas cocraB docdopeciupyromiero
BEIIECTBA, MOKHO JOOUTHCS TAKXKE M YIYYIICHHUS CIIEKTPAIBHOTO CO-
CTaBa M3JIy4aeMOro CBETa, MPHUOJIMKAS €r0 K CIEKTPAIbHOMY COCTaBY
JTHEBHOTO CBETa. TaK yCTPOEHBI COBPEMEHHBIC JIAMITBI THEBHOTO CBETA.

Kpome ymomsiHyTOro yKe NpUMEHEHHs JTFOMUHECICHIIUN IS
dochopecuupyronux 3KpaHOB U PA3IMYHBIX CBETAIIUXCS KPACOK IS
JICKOPATUBHBIX U TEATPAIBHBIX IEJICH, HEOOXOIUMO OTMETHUTH CIIe
OJIHYy Ba)kKHYIO 00JacTh e€¢ NMpPUMEHEHUs. SIBICHHS JIFOMUHECIICHIINN
XapaKTePU3yITCS KpaiiHe BHICOKOM YYBCTBUTEIBHOCTBIO: JJOCTATOY-
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HO mHoraa pacnonarate 107 r cBeTsmerocs: BeuecTa, Hapumep,
B BHJE PAacTBOPA, YTOOBI UMETh BO3MOXKHOCTH OOHapyXUTh €ro Mo
XapaKTepHOMY CBEYEHHIO. B03MOXHO HaOIIofeHUE MPH TTOMOUIM
JIOMHHECIICHIIMA HHYTOXXHBIX CIJIEOB BEIIECTBA, COCTABIISIFOLIETO
MUJUTHOHHYIO JIOJIIO MIPOIICHTa B KaKOH-HUOYIb cMech. JTa BBICOKas
YyBCTBHTEJIBLHOCTH JieNIacT TIOMHUHECICHLIUIO BaYKHBIM CPEACTBOM 00-
Hapy>KEeHHsI HEKOTOPBIX HUYTOKHO MAJIBIX PUMECEH, MTO3BOJISIOIINX
CYIUTH O KaKUX-JIMOO 3arpsi3HEHUSX WU MPOLECccax, MPUBOASIINX K
W3MEHEHHUIO HCXOHOTO BEIIECTBA.

[Tpu momommy JTIOMHUHECHEHIIUN MOYXXHO OOHApy>KUTh CaMble Ha-
YaJbHBIC CTaJUHM 3alHUBAHUS MPOAYKTOB. M3BECTHBI MPUMEHEHHMS
JIOMHHECIICHTHOTO aHaju3a MpH pasBeake HepTu. Ecnu mousa, us-
BJeKaeMasi npu OypeHHH, COACPKUT HUYTOXKHBIE CleAbl HEPTH, TO
MX MOKHO JIETKO OOHApY X HTh 1O (urroopecteHun. Takum o0pazom,
yaaeTcs CyauTh O OnmM3ocTH HeTEHOCHBIX ciioeB. CyIIeCTBYeT M
MHOTO JAPYTUX 001acTell TeXHUIECKOTO MPUMEHEHHUS TFOMHHECIICHT-
HOT'0 aHaJIu3a.

Bele ObIT paccMOTpeH psAf SIBICHHH, B KOTOPBIX CBET BEAET
cebs1 kak MOToK yacTul (poToHoB). OIHAKO TaKWe SBJICHUS, KaK WH-
tepdepeHyst 1 AMPPaKLIUs CBETA, MOTYT OBITh OOBSCHEHBI TOJIBKO Ha
OCHOBE BOJIHOBBIX IpezicTaBieHui. Takum oOpa3oM, cBET 0OHApYKH-
BACT KOPNYCKYNAPHO-80JIHO60U Oyanu3zm (IBOUCTBEHHOCTb): B OJ-
HUX CITydasX IPOSIBIISICTCS €ro BOJIHOBAsI IPUPOJa — M OH BeJeT cebs
KaK DJIEKTPOMAarHuTHas BOJHA, B PYTUX — KOPIYCKYJIsIpHAs TPUPOAa
CBETa — U OH BeZleT ce0s1 KaKk NOTOK ()OTOHOB.

Koumponwvnusie 3a0anus

e CBeT MepexoIUT U3 ONTHUSCKH 00JIee TUIOTHOM CPEIbl C TTOKa-
3aTeNieM MPENTOMIICHHS 71, B ONTHYECKH MEHee MUIOTHYIO ¢ ToKa3are-
neM mipenomnenus n, < n, Ilpu yrne nagenus nyueu i > arcsin(n,/n,)
MPOUCXOJHT ...

1) momsipu3aIus cBeTa;

2) peoMIICHUE CBETa Ha TPAHMIIC paseia Cpe;

3) motHOE OTpaKEHUE CBETA OT IIPO3PATHON CPEIbI;

4) nupakmms cBeTa;

5) uaTepdEepeHIINS CBETA.
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e Tonkas mieHKa BCJIICACTBUC SABJICHUS I/IHTep(bepeHLlI/II/I B OTpa-
JKCHHOM CBETC MMEET 3€JICHBIM I[BET. HpI/I YBCINYCHUU KO3(1)(1)I/ILII/IGH-
Ta TPEJIOMJICHUS IIJICHKU €€ LIBCET CTAHCT ...:

CHHHUM,; KpaCHBIM; HC U3MCHUTCA.

Ipumep pewenus. Paznocts Xona nydeii npu HTEp(EPEHINH B
TOHKHX IUIEHKaX paBHa!

As = 2b4/(n* —sin® @) —% ,

r7ie b — TONIIMHA TJICHKH, 1 — TIOKa3aTelb (Ko GHUIIEHT) penomIie-
HUSI, (@ — YTOII, OJ] KOTOPBIM BeAETCS HAOIIOICHHE. 3eJIeHBIH 1IBET CO-
OTBETCTBYET YCJIOBHIO As = mA,. (m —nenoe uncno). [Ipu ysenmuenun
MoKa3aTes MperoMIIeHUsT As yBeIMUuTCs, U ycinoBue As = mA Oyner
BBITIOJTHATHCS IS CBETa C OOJBIICH UTHHOM BOJTHBI, T. €. TS KPACHOTO.

e ToHKas mIeHKa BCJIICACTBUC SABJICHUSA I/IHTCp(I)epeHLII/II/I B OTpa-
JKEHHOM CBETE€ MMEET 3CJICHBIN OBCT. HpI/I YBCIIMYCHUU (yMCHBH_Ie-
HI/II/I) TOJIOWHBI IMJIICHKW €€ IBET CTAHECT ...!:

CHUHHM,; KpaCHBIM; HC U3MCHUTCA.

e /IBa TapMOHMYECKHUX OCLIUIATOPA, KOJEONIOMINXCS C OAMHA-
KOBBIMH 4aCTOTOH M Ha4dadbHOH (ha30ii, HAXOAATCS Ha PACCTOSHHUU
/=2 npyr ot apyra, rae A — JJIMHa BOJIHbI n3ny4enus. Paccrosnue L
JI0 TOUKU HaOroAeHust M MHOTO OOJblIe pacCTOSIHUS / MEXKILy OCLIHII-
JSITOpaMH. AMIUIMTYa Pe3yIbTHPYIOIIECH BOJHBI MaKCHUMalbHA MPH
YTJI€ U3IYUEHUS () PABHOM ...

x A \\‘M

Ipumep pewenus. MakcumyM HHTEpHEPECHUINOHHONW KapTH-
HBI OyJeT mpu paszHoctu xona jyuerd A = A. llpu L>>] A = [ sing =
=2 sing, oTKyna sing = 2, a ¢ = 30°.
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e YVcraHoBKa I HaOmrogeHus Kojel HbroToHa ocBeaercs
HOPMAaJIbHO MaJal0IIUM MOHOXPOMATHUYECKUM CBETOM C JIJTMHOU BOJI-
Hbel 0,6 MkM. TonmuHA BO3AYIIHOTO CIIOS MEXIY JHH30M (IUIOCKO-
BBINYKJION) ¥ CTEKJISTHHOM TUIACTHHKOW B TOM MECTe, TJi¢ HaOJIto1aeT-
Cs1 YETBEPTOE TEMHOE KOJIBIIO B OTPAXKEHHOM CBETE, PaBHA ...

e Ha nnadparmy ¢ KpyriibIM OTBEPCTHEM paanycoM | MM majgaet
HOpPMAaJIbHO MapajieNbHbIA Mydok cBeTa JinHoi 0,5 mxm. Ha mytn
Jy4ei, IpoIIe X Yepe3 OTBEPCTHE, Ha PaCCTOAHNHU 1 M moMelaoT
sKpaH. B nentpe skpana B Touke P Oynet HabmoaaThCs . ..

—
—_—
[ —

—
—

[ ——
—_—

OcCBelIeHHOCTh B LIEHTPE OYAET 3aBUCETh OT TOTO, CKOJIBKO 30H
@peHens (m) yKiIaablBaeTCs B OTBEPCTHH: MPH HEYETHOM 7 Oyner
CBETJIOE IISITHO. IIDH YE€THOM — TeMHoe. Pajuyc m-it 30HBI [UIs 110~
CKOM BOMHBI 7, = NLmA wmar >=Lmianar=1wmm=107m, 4
=0,5 Mmkm = 5x10°m u L = 1 M momyumnm: m = 10°%/0,5x10°m = 2.

B nentpe Oyaer TeMHOE IMSTHO, B OTBEPCTHE YKJIaAbIBacTCs 2
30HbI OpeHens.

e Ha pucyHke mpeicraBieHa cxema pa30OWeHHs BOJHOBOH TO-
BepxHOCTH @ Ha 30HbI DpeHests. PasHocTs xona Mexy igydamu N P
u N,P paBHa ...:

325 2124 3 40;  5)2
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e [TocTosiHHasT TU(PaKIMOHHON pemieTkn paBHa 2 MKM. Hawu-
OOJIBILINIA TIOPSIOK CHEKTpa AJIsl XKEITOW JTMHUM HaTtpus A = 589 HM
PaBeH ...

Ipumep pewenus. TlonoxeHns: MaKCUMyMOB IH(PPaKIHOHHOM
pelieTky onpeensercs (GopMyIIoi: dsing = mA, TAe m — 1eJI0e YUCIIO,
OTpeeIIsIoNIee MOPJ0K MaKCUMYyMa.

Jst HauOombIero nopsiaKa ¢ JOIKHO ObITh MeHbIe 90°, sing = 1,
T.em = d/A=2000/589 = 3,39. MakcumanbHbIi MOPSIOK 3.

e BTOpoil nopsAa0K 3€J€HOM JMHUU TAPOB PTYTH C IJIMHON BOJIHBI
546 MKM COBIaJIa€T C TPETHUM TMOPSIKOM YJIbTPA(QHOIETOBON JTHHUN
C JUIMHOU BOJIHEI ... MKM.

e lImeroTcs 4 nudpakUMOHHBIX PEHIETKU C Pa3IMYHBIMH TIOCTO-
SHHBIMU d (TIEPHOAAMH PELETKH), OCBELIaeMbIEe OJHUM H TEM K€ MO-
HOXPOMAaTHUYECKUM H3ITyYEHHEM pa3IMyHOW MHTeHCHBHOCTH. Kakoit
PUCYHOK WJLIIOCTPUPYET IOJOKEHUE INIABHBIX MAaKCUMYMOB, CO3/a-
BaeMbIX TU(PPAKIHOHHON PEIIETKONW ¢ HaMMEHbBIIEH TTOCTOSHHOM pe-
nretku? (J — MHTEHCUBHOCTH CBETA, ¢ — YToJI AU(PaKINN).

I I
8
6
4 4
2 2
04 02 02  04sing 04 02 0 02 04sing
a) 0)
I I
8
6 6
4 4
2 2
04 02 02  04sing 04 02 0 02 04sing
B) r)
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Ipumep pewenus. TlonoxeHHss MaKCUMyMOB AU(PPAKIIMOHHON
pelietku onpenensercs GopMyioit: d sing = me, T m — UEJN0e YUC-
JI0, OTIPEIETISIOIIEe MOPAA0K MakcuMyma. T. 0., HAUMEHBIIIEH TTOCTO-
STHHO# OyJIeT COOTBETCTBOBATH OOJIbIIICE 3HAUCHUE Sing, T. €. PUC. a).

e Onna U Ta e AU(PaKIMOHHAS pelIeTKa OCBEIIaeTCs Pasiiny-
HBIMH MOHOXPOMAaTHYECKUMH H3ITyUYCHUSIMH C pa3HBIMH HHTEHCHBHO-
cTsiMu. Kakoil pUCYHOK COOTBETCTBYET CIIy4ar0 OCBEIIEHHSI CBETOM
C HauMMeHbIIEeH UIMHON BONHBI? (J — HHTCHCUBHOCTD CBETA, () — YIOJl
JTUQpaKIn).

e [Ipu majieHny cBeTa W3 BO3/yXa HA AMAIICKTPHK OTPa)KCHHBIH
Jyd MOJTHOCTBIO TOJISIpU30BaH. [IpeoMIICHHBIH JTyd pacipoCTpaHsIeT-
cst moxx yriom 30°k Hopmaiu. [Ipy 3TOM nagarouuii Iyd COCTaBISCT
C HOPMAJIBIO YTOI ...:

30°; 45°; 60°; 90°.

Ipumep pewenus. TlonHas MoasIpU3aLus IPH OTPAKSHUH TIPOUC-
XOJIUT MPH MaJICHUH CBETa Ha TPpaHMILy pasjena moj yrioM bprocrepa,
KOTOPBIN OMPEJISIISICTCS] COOTHOIICHUEM l‘g95p =n,/n,raen, un, —xo-
3G PUIMEHTHI TPETOMIICHHSI CPE.

60°_|_60°
05
90°
30°

[Tonb3ysick 3aKOHOM TPEJIOMIICHHS, MOKHO TI0Ka3aTh, 4TO Jyd,
MIPEOMIICHHBIN TIPY ATOM, TMEPHEHANUKYISIPEH JIydy OTpPaKeHHOMY,
T. €. OTPAKEHHBIN JIy4 JOJDKEH PaclpOCTpaHAThCs moJ yriom 60° k
HopMad. [lockonbKy yroi nmafieHus paBeH yriy OTpaXXeHHsI, yroJ a-
JieHus Toxe 60°.

o [lomHast mosIpU3aIus MpU OTPAKESHUN TTPOUCXOINT TIPH IajIe-
HUM CBETA HA TPaHUILy pazjielia noJi yriom bprocrepa, KoTopblii onpe-
JIeNISIETCS COOTHOIIEHHEM tgﬁBp =n,/n , TAE n, U n, — NOKA3aTeNM Ipe-
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nomnienus cpen (i Bosayxa n, = 1). Jlyu ceera majgaer us Bosayxa
Ha rPpaHuUIly pa3jiena ¢ mokaszareneM npeiaomieHus a. [IpenomienHsii
Jy4 pacnpocTtpansercs noj yriom 30°k Hopmau.

[Tokazartens mpesoMIIeHHs CpeJibl paBeH ...:

;3 V2, 1,33; 2.

¢ ECTECTBEHHBIN CBET C MHTCHCHBHOCTBIO [, MagaeT Ha BXOJ
YCTPONCTBA, COCTOSIIIETO U3 IBYX CKPEIICHHBIX MOJISIPOUI0B. MeX Iy
TTOJIIPOUTIAMH TIOMECTHIIM €IIle OJHWH IOJISIPOHUI, OCh KOTOPOTO CO-
CTaBJISIET C OCHIO TIepBOTO YyroJ . OTHOIIIEHNE NHTEHCUBHOCTH CBETA,
IPOIIEUIETO Yepe3 cucTeMy (/,), K MHTEHCHBHOCTH TAJIAIOLIETO Ha

cucremy (1)), paBHo ...
: L 90°
f?\ {3

Ipumep pewenus. TloaspusaTop (nemeﬁ) HPOITYyCKAeT MOJIO-
BUHY €CTECTBECHHOIO cBeTa: [ = 10/2, a 1ocJie BTOPOro, COIIaCHO 3a-
KoHy Mastoca, MHTEHCUBHOCTB Oynet I, = I cos*o = (I /2)cos*a.. Ilo-
Clle TPETHETO MOJSAPU3ATOPa HHTEHCHBHOCTH COOTBETCTBEHHO OYET
I, = Lcos*0 = (1/2) cos*a. cos®0, rie € — yron Mexy HampapjieHH-
€M IUIOCKOCTH IMPOITYCKaHHsl MOJISIPU3aTOpa U IIOCKOCTBIO TIOJISAPH-
3auuy, B JJaHHOH 3amaue 0 = 90°— a, 1. e. I, = ([ /2) cos’a cos*0) =
(1,/2) cos*a. sin*a = (I /8) sin2a.. T. 0., I,/ I, = (1/8) sin*2a

Yureno, uto cosf = cos(90°— a) = sina, sina coso. = (1/2) sin2o.

e Ha myTu eCTECTBEHHOTO CBETA IMOMEIICHBI ABE MIIACTUHKU Typ-
MayinHa (1Ba noJsipuzaropa). [locie npoxok/ieHus IepBOH MIaCTUHBI
CBET MOJIHOCTBIO MOJIsipu30BaH. Eciu /| v [, — MHTEHCUBHOCTH CBETA,
IPOMIE/ILIETO MIACTUHBI 1 ¥ 2 COOTBETCTBEHHO, U I, = (/,/4), TO yron
Mexy HampasineHussMu OO u O'O' paBeH ...:

45°; 90°; 30°; 60°.
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L rpa(l)I/IKI/I AUCTICPCUOHHBIX KPHUBBIX 3aBUCUMOCTEH IOKa3aTes
nmpeJIoMJICHUs CpeAbl OT YaCTOTBHI (® U NJIMHBI BOJIHBI A CBETa UMEIOT
BU, Hpe[[CTaBJ'ICHHLIfI Ha pUCyHKax.

h

HopmanbHO# aucniepcun COOTBETCTBYIOT YYACTKH ...
ABu C'D’;  BCuCD’ ABu B'C'; BCuB'C.

e Pasiy’KHbIE IISITHA HA IIOBEPXHOCTU BOJBI, IOKPHITOW TOHKOHN
IJIEHKOM O€H3MHA, OOBSICHSIOTCS . ...

1) narepdepenuueii ceera;

2) nudpakuueit ceta;

3) mossipu3arueil cpera;

4) nucriepcueit cBerta.

5) MOTTIOIEHUEM CBETA;

e AHOMaJIbHas AUCIIEpCHs CBETa 00YCIIOBJIEHA ...
1) narepdepenuueii ceera;

2) nudpakuueit ceta;

3) mossipu3arueil cpera;

4) MOTJIOIICHUEM CBETA.

e Eciin yBenmunTh B 2 pa3za 0oOBEMHYIO IUIOTHOCTH CBETOBOM

SHEPruu, TO JaBJICHUE CBETA ...:
YBEJIMUUTCA B 4 pa3a; yBEJIMUYMTCS B 2 pa3a; OCTAHETCS HEU3MEHHBIM.

Ilpumep pewenus. JlaBnenune cBera ompeaemnsercs (OpPMYIO:

E ) U

P=—"(1+p)=w-(1+p)=—2(1+p)=——(1+p), rre E, — sneprern-
c S-c t-S-¢c

yeckasi OCBENIEHHOCTh TIOBEPXHOCTH, T. €. IIOTHOCTh MOTOKA CBETO-
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BOI SHEPIUM AJIEKTPOMArHUTHOTO U3TYUYEHHsI aIal0IEero nepreH/ -
KYJIIPHO Ha IJIOMAaAb S miockocTu P; p — koadduuuent orpakenus
OT MOBEPXHOCTH; ® — IIOCKOCTh SHEPruH; @ — MOTOK U3IyYEeHHS.

CBsI3p AaBlIeHUs] C TUIOTHOCTBIO CBETOBOM 3HEPruu JIMHEIHasd,
T. €. JaBJIEHUE YBEJIMUYHUTCS B 2 paza

e Eciu 3a4epHEHHYIO IUIACTUHKY, HA KOTOPYIO MMAaJaeT CBET, 3a-
MEHUTh Ha 3€pKaJbHYIO TOM K€e MJIOILIAIN, TO CBETOBOE JABJICHHUE ...:
YBEJIUUUTCA B 2 pa3a; yMEHBLIUTCS B 2 pa3a; OCTAHETCS HEU3MEHHBIM.

e Ha gepHy0 IIIACTHHKY MajaeT MOTOK cBeTa. Ecimm uncio dhoTo-
HOB, MAJAIONINX Ha €INHUILY TIOBEPXHOCTH B €IMHHITY BPEMEHHU yBe-
JUYUTH B 2 pasa, a YepHYI0 IUTACTHHKY 3aMEHUTH 3€pKaIbHOM, TO CBE-
TOBOE JaBIICHHE ...:

1) yBenmautes B 2 pasa;

2) YMEHBITIUTCS B 2 pasa;

3) ocTaHeTCS MPEKHUM;

4) yBemmuntcs B 4 pasa.

e Ha pucyHke mnoka3aHa KpuBas 3aBUCUMOCTH CHEKTpajbHOM
TUTOTHOCTH SHEPTeTHYECKOW CBETHMOCTH a0COIIOTHO YEPHOTO Tena
ot ek BorHE pu T = 6000 K (1). Ecnn TemmepaTypy Tena yMeHb-
AT B 4 pasa, TO AJTMHA BOJIHBI, COOTBETCTBYIOIIAS MAaKCUMyMY H3-
Ty4YeHHs, ...

1) ymeHsImIUTCS B 4 pasa;

2) yMEHBITIUTCS B 2 pasa;

3) yBenmuutes B 4 pasa;

4) yBemuuHTCS B 2 pasa.

500 1500 A HM

IIpumep pewenus. CornacHo 3akoHy cmemienust Buna 4 = b/T,
TO €CTb, €CJIM TeMIIEpaTypa YMEHBIIUTCS B 4 pasa, BO CTOJILKO XK€ pa3
JIOJDKHA YBEITUUUTHCS AJTMHA BOJHBI MAKCUMYMa, T. €. OTBET 3).
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e Ha pucyHke mokas3aHbl KpUBbIE 3aBUCUMOCTH CHEKTPAJIbHOU
TUIOTHOCTH JHEPTETHYECKONH CBETUMOCTH a0COJIIOTHO YEPHOTO Teja
OT JAJIMHBI BOJIHBI IIPH Pa3HbIX TemmnepaTypax. Eciu qnuHa BoaHsl, co-
OTBETCTBYIOIIAasl MaKCUMyMYy M3JIy4eHUs], yBeIH4YmiIace B 4 pasa, To
Temreparypa adCoIIOTHO YEPHOTO Tela:

1) ymeHbIIMIIACh B 2 pasa;

2) yMeHbIIMIACh B 4 pasa;

3) yBenuuuiach B 2 pasa;

4) yBenuuuiach B 4 pasa.

e Ha pucyHke mokasaHbl KpUBbIE 3aBUCUMOCTH CHEKTPAJIbHOU
TUIOTHOCTH JHEPTETHUECKONH CBETUMOCTH a0COJIIOTHO YEPHOTO Teja
OT JUIMHBI BOJIHBI NIPH pa3HBIX TeMreparypax. Ecin kpuBas 2 coot-
BETCTBYET CIIEKTPY M3JIyueHHsI aDCOIIOTHO YEPHOTO Teja PU TeMIIe-
parype 1500 K, to kpuBast 1 coorBercTByeT Temneparype (B K) ...:

1) 1000; 2) 6000; 3) 3000; 4) 750.

e Ha pucynke mokasaHbl HalpaBJieHus nagaromero ¢gorona (y),
paccessHHOTO (poTOHA (Y') M AMEKTpOHA OTHAuM (€). YToJd paccesHus
90°, HanpaBjeHUE OBMKEHHS DJIEKTPOHA OTAAaYM COCTaBIISIECT C Ha-
npasjieHueM nazaatouiero ¢porona yron ¢ = 30°. Ecnu umnynbc na-
naromiero gporona P . 3 (MsB*c)/M, TO MMITYJIbC PACCESIHHOTO (POTOHA
(B TEX K€ €IMHMLIAX) PABEH ...:

1) V3; 2) 243; 3) 1,5; 4) 1,3V3;

e

Py

Ipumep pewenus. Tpu 3¢ddexre KomnToHa BHIMOTHSIIOTCS 3a-
KOHBI COXPaHEHHSI DHEPTUH U UMITYJIbCA.

CornacHo 3aKOHY COXpaHEHUs umIyibca P, = P N3 pucynka
BHJIHO, 4TO P = P 1g30 =3 (MaBxc)/m X 13 = \/3 T.e. oter 1.

e Ha pucyHke rmokaszaHbl HarpaBjieHus naiarorero Gporoxa (y), pac-
cessHHOTO (hoToHa (y') M AneKTpoHa oT/1auu (e). Yron paccesHus 90°, Ha-
NpaBJIcHUE JIBFKCHHS JIEKTPOHA OTJa4d COCTABILSICT C HATPaBICHUEM
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nazarorero Gporona yron ¢ = 30°. Eciu umitysibe sekTpona otiaun P,
..., TO MMITYJIbC PACCESHHOrO (POTOHA (B TEX 7K€ €MHMIAX) P, PaBeH . ..

e [Ipu n3ydeHnn BHEMIHETO POTOAIPPEKTa yBETUUUIN OCBEIICH-
HOCTb KaTOJa.

OTO NPUBENIOK ...:

1) yBenTM4EHNIO 3HaYEHHsI TOKA HACBIILEHUS;

2) yBeIMYEHHUIO pabOTHI BEIXO/1A 3JICKTPOHA,

3) yBETMYEHNIO 3HAaYEHUS 33]IeP>KUBAIOIIET0 HAMPSKEHUS;

4)yMeHBIICHUIO PabOThI BBIXOJa JIEKTPOHA.

e JIyis HEKOTOPOTO MaTepuaia (OTOKATOMa HAa PUCYHKE MpPHUBE-
JICHA TIPsIMast @, COOTBETCTBYIOIIAst 3aBUCUMOCTH YHEPTHH (DOTODIICK-
TPOHOB OT YaCTOTHI Majaroriero ceera. [Ipu 3amene marepuana ¢o-
TOKATO/la Ha MaTepuas ¢ MeHbIlell padoToil BHIX0/a 3aBUCHMOCTD
Oy/eT COOTBETCTBOBATH MPSAMOH ...:

b; c; d; a.

E.=ml™)2

bac d

v

Ipumep pewenus. st dorodddexra DHHINTCHH YCTAHOBHI
3akoH: hv = (mV?)/2 + A, rne h — MOCTOSIHHAS TIJIaHKA, V — YacToTa
majiaromiero ceera, (mV?)/2 — KHHeTHYeCKast YSHEPTUsl BHIOMBAEMOTO
¢doroaniekTpoHa, 4 — pabora BeIxojia MaTepuaia. Touka nepeceueHus
MPSIMOM ¢ OCBhIO V COOTBETCTBYET KpacHOW rpanumiie Gporodddexra,
KOTJla PHeprusi kBaHta cBera ((GoTroHa) paBHa paboTe BbIXOJA MaTe-
puana. Eciu A, < A4, To sneprus (mV?)/2 = hv — A Gyner Gonblie u
KpHUBas TIOKAET MapajuielIbHO TIEPBOM U BHIIIE, T. €. OyzeT b.

¢ Ha pucynke n300pakeHbl CTalliOHApHbBIE OPOUTHI aTOMa BOJI0-
pona cornacHo Monenu bopa, a Takke yCIIOBHO M300pakeHbI mepe-
XO/IbI AJIEKTPOHA C OJIHON CTAlIMOHAPHOW OPOUTHI HA JPYTYIO, COIPO-
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BOJKAAIOLIMECs] M3JIyuYeHHEM KBaHTa dHEpruu. B ynbrpaduoneToBoit
o0acTH CieKTpa 3T Nepexo/ibl AatoT ceputo JlaliMana, B BUAMMOM —
ceputo banemepa, B undpaxpacHoit — ceputo [lamena.
Haumenbieli (HauOoubIniei) yacToTe KBaHTa B cepuu [lamieHa
(Jlaiimana, banbMepa) COOTBETCTBYET MEPEXOI. . .
EHB
0
=054 T
=084 (11
150~ l
338 -

Cidrn 8 =

>

-1355 I

CornacHo noctynaty bopa nznydeHue npoucxoauT Npu Iepexo-
JIe DJIEKTPOHA C OAHOM CTallMOHAPHOW OPOUTHI HA APYTYIO.

YacroTa 1 3HEprusi CBsA3aHbl COOTHOIICHUEM E = hv = hc/A, T. e.
OosiblIell yacToTe B J1F000 CEpHH COOTBETCTBYET OOJbINASI SHEPTHs
nepexo/1a Uik COOTBETCTBEHHO MEHbBIIAS JTMHA BOJTHBI.

e Ha pucyHke (cM. npeapiyliee 3aJlaHie) n300paXkeHbl CTaluo-
HapHbIe OpOUTHI aTOMa BOJOPOJa COTNIACHO Mojenu bopa, a Taxxke
YCIIOBHO M300pakKeHBI MEPEXOAbI DIIEKTPOHA C OJHOW CTAIlHOHAPHOM
OpOUTHI Ha APYTYIO, CONPOBOXKIAIOIIUECS U3TYUCHUEM KBaHTa YHEP-
rud. B ynbprpaduoneToBoil 001acTH CIEKTpa 3TH MEPEXOIbl JAarOT
ceputo Jlaiimana, B Buanmon — ceputo banbmepa, B nHdpakpacHoi
— ceputo [Tamena.

Haubonbiueit yactore kBanra B cepun [lamena (Jlaiimana, banb-
Mepa) COOTBETCTBYET MEPEXOLT ...

e Jle-bpoiinb 06001MI COOTHOIIEHUE p = A/A Ha JIFOOBIE MUKPO-
YaCTULbI, UMILYJIbC KOTOPBIX paBeH p. Eciu 1uinHbL BOJIH 1e-bpoits
YaCTHIl OTMHAKOBBI, TO HAUOOJIBIIEH CKOPOCTHIO 00JIa/1aeT .. .

1) a-uactuna; 2) HelTpoH; 3) MpPOTOH;  4) AIIEKTPOH.
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