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

1.1. Onekmpuueckuii 3aps0. 3akon Kynona

Bce Tena criocoOHBI 31€KTPU30BaThCA, TO €CTh IPHOOPETATh JIEK-
TpUUECKUH 3aps]. 3apa] — 3TO HEOTHhEMJIEMOE CBOMCTBO MaTepuH,
KOTOpPOE MPOSIBISIETCS] BO B3aMMOJICHCTBUY 3aPSXKEHHBIX YaCTHIL WIH
Tes1. B oTimume oT Macchl Tena 3apsii MOKET OBITh ABYX BHJIOB: MOJIO-
JKUTENBHBIA U OTpULATENbHBINA. [Ipn B3anMo1eHiCTBUY OTHOMMEHHBIE
3apsiibl OyAyT OTTAJIKUBATBHCSA, a Pa3HOMMEHHBIC — MPHUTATHBATHCS.
Hocutensimu 3apsiaa sIBISIOTCS HEKOTOPBIE AJIEMEHTapHbIC YaCTHUIIbI,
MMEIOIINE OJUHAKOBBIA 10 aOCONIOTHON BENWYMHE 91eMEeHMApHbLU
3aps0, 0003HayaeMblii OyKBOH e MM —e COOTBETCTBEHHO. OOBIYHO
YaCTHIIbI, HECYIINE MPOTHUBOMOIOKHBIE 3apsiJibl, IPUCYTCTBYIOT B Te-
Jax B OAMHAKOBOM KOJIMUECTBE M paclpesieieHbl paBHOMEpHO. Eciu
B IIPOIIECCE AIIEKTPHU3ALNH TEJ WIN TIepepacpeieNeHus 3apsii0B HaM
yAacTcs MOJMYYUTh B KaKOH-TO 00JacTH M3OBITOK 3apsiioB OAHOTO
3HaKa (Hampumep, +Q), To rae-To B APyrod objactu 00s3aTebHO
00HapyKUTCS COOTBETCTBYIOIIMH 3apsii MPOTHUBOIOIOKHOTO 3HAKa
(—Q). Iockonbky 3apsn oOpa3zyercss U3 AJIEMEHTApHBIX 3apsA0B, TO
ero BenuuuHa OyzaeT kpaTHa e: Q = Ne.

TakuM 00pa3oM, MOXXHO C(OPMYIHPOBATH 3AKOH COXPAHEHUS
NEKMPULECKO20 3aPA0d: CYMMAPHBIIL 3aps0 dNeKMPULECKU US0NUPO-
BAHHOU CUCTNEMbL HE USMEHAEMCHL.

Tak, Ipu TPEHUHU KOXKa WM CTEKIIO 3apsDKAOTCs TIOJI0KUTENBHO,
a MeX WM CMOJIa — OTPULATEIBHO.

XapakTep B3aMMOJCHCTBUS MEXAY 3apsDKCHHBIMU TEJIaMH ObLIT
ycraHoBieH Kynonom m HocuT ero ums. s ero GpopMynupoBKH
MOJIB3YIOTCS IOHATUEM MOYeuH020 3apsadd. TOYeUHBIM 3apsiioM Ha-
3BIBAIOT 3aPSHKEHHOE TEJ0, pa3MepaMH KOTOPOTo MOYKHO MpeHeOpeyb
M0 CPAaBHEHHUIO C PACCTOSHUSMH JI0 APYTHX 3apsDKEHHBIX Tell, ¢ KOTO-
PBIMH OHO B3aHMOJICHCTBYET.

W3mepss ¢ MOMOIIBIO KPYTHIIBHBIX BECOB CHITY B3aHMMOJICHCTBUS
MEXKIY ABYMsI 3apsDKEHHBIMU TeJIaMH, MMEIOIIMMH Pa3IndHbIe IO Be-
JMYUHE 3apsbl U PACIIONIOKEHHBIE Ha Pa3IMYHOM PACCTOSHUM APYT
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ot sipyra, KyJioH yCTaHOBHMII, UTO cuia 63aumooeticmeus 08yx Henoo-
BUINCHBLIX MOYEUYHbIX 3apﬂ()06 nponopyuoHaiIbHa eeiluvune Kaoico002o
U3 3apa0oe u 06pPaAMHO NPONOPYUOHANLHA KEAOPAMY PACCMOAHUL
medncoy numu. Hanpasnena cuna 60016 npamot, coeounsaoweti smu
Sap}ldbl. HpH 9TOM 3apsadbl C PAa3JIMYHBIM 3HAKOM HNPUTATHUBAKOTCH,
a OJUHAKOBBIC — OTTAJIKMBAIOTCH.
3aKoH KyHOHa MOJKHO 3alrcaTtb B BEKTOPHOM BUC:
Fi,= —k Q: Q;

r2

€12, (1.1)

rae k — Ko3(pQUIMEHT MPONOPIHUOHATILHOCTH, KOTOPBIH 3aBUCHUT OT
BbIOOpa cUCTEMBI eMHULL, Q, ¥ Q, — BENMYMHBI B3aMMO/IEHCTBYIOIMX
3apA/I0B, ¥ — PACCTOSHUE MEK]Y 3apsaMy, €, — CAMHUYHbBINA BEKTOD,
HalpaBJICHHBIN OT 3apsja | K 3apany 2, F,, — cuna, nelcTByIoIas Ha
3apsan 1 co croponsl 3apsiga 2 (puc. 1.1).

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

ITockonbKy cuiia, IeMCTBYIOIIAsE HA BTOPOU 3apsi/l, paBHa 110 Be-
JUYYHE W TIPOTHBOIIONIOKHA 110 HATIPABIECHHIO ITEPBOH, TSI Hee OyeT
CIIPaBEINBO COOTHOIIICHHE!

Q1 Q2
Fp1= k=53~ €1 (1.2)

Ecnu uzonupoBaHHas cucteMa COAEPKUT HECKOIBKO TOYCUHBIX
3apsiiOB, TO IJISl CUJIbI Fa, JIEHCTBYIOLIEH HA MPOU3BOJIBHBIN U3 3apsi-
noB Q , OyJIIeT BBITIOTHATHCS NPUHYUN CYNEPNOZUYULL:

Fa:ZFm' (1.3)

rae F — cuna, ¢ KoTopoii seicTByeT Ha 3apsaa Q 3apsan Q, B oTCyT-
CTBHE OCTaJIbHBIX 3aps110B. CYyMMHPOBaHHE BeJIETCA 110 BCEM 3apsaaM
cucTeMbl. M MOJKHO CKa3aTh, YTO CYMMAPHASL CUNd, Oeucmeyiowas
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Ha NPOU3BONILHIL 3APA0 CUCTEMbl, PAGHA CYMMe CU, OCUCNEYIOUUX

Ha 21MOom 3apso0 cO CMOPOHbL OCMATbHBIX 3APA008.
3naueHue ko3(dduiuenta k B 3akoHe Kyiona Oyaer ompene-
JISITH BBIOOP COOTBETCTBYIOIICH CUCTEMBI €IUHMUIL. B crcTeMe euHUIL
CI'CD (abcontomnas snekmpocmamuyeckas cucmema eouruy) k =1
u 3akoH KyioHa ompesenser equHuIly 3apsna. B MexyHapogHOM
cucteme enuHul] CY 0OCHOBHOM eIMHUIICH B 3JICKTPUIECTBE SBISICTCS
amnep (A), a enununa 3apsina — kyaox (Kit = Axc). Koapdunuent
TIPOTIOPIMOHATBHOCTH k B 3aKkoHe KyJioHa MOJOKMUIM paBHbIM 1/47E, .
Benuunny &, Ha3bIBAIOT SJIEKTPUYECKOH MOCTOSHHOW, OHA paBHA
0,885 10" ®/m 1 uMeeT pasMEepPHOCTD DIIEKTPUIECKOl emrocT (Pa-
pana), nesieHHoW Ha JuHY (MeTp). Tenepb B palliOHaIM30BaHHOM
¢dopme 3akon Kyrnona st motyiist cuibl B cucteme CU 3anuceiBaercst

CIICAYIOMINM 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-
3BIBAEMOTO noiem. Harpumep, B cirydae B3aMMOAEHCTBHUS dJIEKTpHIe-
CKHX 3aps/I0B TOBOPSAT 00 2.1ekmpuieckom noje. bynem cautaTh, 4To
KKABIN 3apsij CO3/1aeT BOKPYT ceOs anekmpuueckoe noie, TO €CTh
TaK U3MEHsIET CBOMCTBA OKPY’KAIOIIETO Ce0s MPOCTPAHCTBA, YTO JIFO-
00if IPyTOit AIEKTPUUISCKHN 3apsia (Ha30BEM €0 NPOoOHbIM 3apsioom)
OKa3bIBaeTcs MO/ eHCTBIEM HEKOTOPOH cuitbl. CienoBaTeNnbHO, 9TO-
OBl yCTAaHOBHUTH HAJIMYHE B HEKOTOPOH TOYKE MPOCTPAHCTBA AIIEKTPH-
YECKOTO ITOJISA, IOCTATOYHO TOMECTUTH B 3Ty TOUKY NPOOHDbIU 3aps0 |
YCTaHOBUTH HATMYHUE JCHCTBYIONIEH Ha HETO CHITbl. O BETMIHHE TTOJIS
MOXXHO CYIHUTH IO BEIMYHWHE CHJIBI, NEUCTBYIOMIEH HA npooOHbIlL 3a-
pa0. CaM npobusiii 3aps0 NOHKEH 0aTh moueyHbiM U HEe JOIKEH BHO-
CUTh BO3MYIICHHUS B UMEIOIIIEECs dIIEKTPHIECKOE TOJIe.

IToMecTM MPON3BOIHHBINA TIPOOHBII 3aPsIT q,,, B HEKOTOPYIO TOY-
Ky, ITOJIO’KEHUE KOTOPO OyZeT 3a7aBaThCs Py C-BEKTOPOM F OTHO-
cutenbHo 3apsana Q (puc. 1.2).



Puc. 1.2. OnpeneneHue HATUYUS IEKTPUIECKOTO MOJIS

B coorBercTBUM ¢ 3akoHOM KylioHa MBI onpejenuM, 4To Ha
TIPOOHBIH 3apsia OymeT AeCTBOBATh CHIIa
1
F= e q%q 2 (1.5)
Opnako w3 Qopmynel (1.5) ciemyer, uTo Ccuiia, JICUCTBYOIAS
Ha IPOOHBINA 3apsiji, 3aBUCUT HE TOJIBKO OT BEJIMYMH, 33/IAfOLIHUX I10JIe
(Qu r), HO ¥ OT BEJIMYMHBI POOHOTO 3apsiia q,,: [Toaromy mia onHO-
3HAYHOT'O OTPEJIeTICHHSI XapaKTEPUCTHKHU AIICKTPUUECKOTO MOJISt OYESBHU/I-
HO HAJIO B3STh OTHOILICHUE F/qnp, KOTOpoe OyAeT OJJMHAKOBBIM JUISl BCEX
poOHBIX 3apsnoB. Cuia, Oeticmeyowas Ha eOUHUYHbILL HENOOGUNCHDLIL
NOOACUMENbHBIU NPOOHBILL DNEKMPUECKUL 3aPsI0, HA3bIBAENCSl HANPS-
JHCEHHOCMBIO INEKMPUUEecKo20 nojia u oboznadaemcs E. HanpskeHHOCTD
JJIEKTPUUECKOTO TIOJISl €CTh BEKTOp, HANpPaBJI€HHE KOTOPOTO COBMAIAET
C HaINpaBJIEHUEM CHJIbI, ISHCTBYIOIIEH Ha MOJI0KUTENBHBIN TPOOHBIH 3a-
psin. MU3mepsiercs HanpsbkeHHOCTH 1101t B H/Kn v B/m. []ist cuitel, neid-
CTBYIOLIEH B AJIEKTPUUECKOM 110Jie E Ha HEMOABUKHBIM TOUEHUHBIN 3apsi]T
g, B COOTBETCTBHH C 3TUM OIIpeJIeTICHHEM Oy/IeT BBITIOIHSTHCS:

F=qE. (1.6)

W3 popmyel (1.5) i HANPsSHKEHHOCTH AJIEKTPUIECKOro 1oJist £
TOYEUHOTO 3apsiga Q MOKHO MOTYYHUTH:
1 Q

475y 12

e,. (1.7)

HanpaBneH BCKTOP HAIPSAKCHHOCTHU 3JICKTPUICCKOI'O I1OJIA BAOJIb
HpHMOﬁ, npoxonameﬁ qepe3 JaHHYIO TOYKY, U 3apdad OT 3apsaa, €CIIN
3apian HOJ'IO)KI/ITCJ'IBHLIf/i, " K 3apdany, €CJIN 3apsij OTpHHaTCHLHLIﬁ.
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Jliist onpeieNieHust HAPsHKEHHOCTH SJICKTPHYECKOTO MOJIS CUCTE-
MBI 3apsI0B, OYSBHUIHO MO AHATIOTHU C MPUHIMIIOM CYTEePIO3UINH
it cua (1.3), MOKHO BOCIOJIB30BATHCS MPUHIMIIOM CYTEPIO3UITUHH
JUISL HAIPSDKEHHOCTH, COTJIACHO KOTOPOMY HANPAICEHHOCb NOJISL CU-
cmembl HeNOOBUINCHBIX MOUEUHBIX 3aPsi008 PABHA 6EKMOPHOU CYyMME
HANPANCEHHOCMU NoJlell, CO30A8AeMbIX KaAXHCObIM 3apsiooM No Om-
OeNlbHOCIU 8 OMCYMCmaUe Opyeux 3apsioos:

E =Y Ei, (1.8)

rJie CyMMHPOBAHHUE BEACTCS 10 BCEM 3apsiaM, CO3AIOLIUM II0JIE.

[TpuHIMT Cynepno3nuIiy MO3BOJISET BEIYUCIUTD HATIPSHKEHHOCTD
HOJISL JIF00O0# CHCTEMBI TOUSUHBIX 3aps/IOB.

JI71sl OJTHOTO OMHUCAHUSI AIICKTPHYECKOTO TOJISl CHCTEMBI 3apsi/IOB
HEOOXOIMMO B Ka)KJOM TOYKE MPOCTPAHCTBA YKa3aTh HAIpaBICHUE
BekTopa E u ero BennuuHy. KapTuHa moiy4uTcst 3HAYUTEIBHO Ha-
TIISIHE, €CITU IS er0 TpaduuecKoro NpeICTaBIeH s BBECTH TTOHS-
THE CUNOBbIX JUHUL HANPAACEHHOCTNU dNIeKmpuyecko2o noa. Jlnanu
HaNpsHKEHHOCTU TPOBOIAT TakMM 00pa3oM, YTOOBI KacaTelbHas K
HUM B KaK/IOW TOYKE COBIAJaja C HalpaBICHHEM BEKTOpa Hampsi-
eHHocTu E B TaHHOM TOYKe, a TyCTOTA JIMHUN BHIOUPACTCS TaK, YTO
KOJIMYECTBO JIMHUI, IEPECEKAIONINX SIUHUYHYIO TOBEPXHOCTh (IIep-
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 npuBeseHb CHIIOBBIE TMHUN M30JIMPOBAHHBIX MOJIO-
KHUTETHLHOTO ¥ OTPUIIATENILHOTO 3apsiioB (a, 0), CUIOBbIE JIMHUN Ha-
MPSKEHHOCTH AJIEKTPUYECKOTO TOJISl CHUCTEMBI IBYX 3aps/I0B OJJHOTO
(B) ¥ MPOTHUBOMOJIOKHOTO (T) 3HaKOB. CHUJIOBBIM JIMHUSAM TPHUITHCHI-



BAaC€TCAd HaAIIPABJICHUEC, COOTBCTCTBYIOLICC HAIIPABJIICHUIO BEKTOpaA E,
TO €CTh MOKHO 3aMCTUTh, YTO OHHM HAYMHAIOTCA Ha IMOJOXKUTCIBbHbBIX
3apsjax ujiu B 6CCKOHC‘{HOCTI/I, a 3aKaHYMBAKOTCAd Ha OTPUHATCIIbHBIX
3apsjax UJin TaKKe B OECKOHEUYHOCTH.

B r

Puc. 1.4. Dnekrpudeckoe moJie OJ0KUTENBHOTO (),
oTpHunarensHoro (0) 3apsAa0B, CUCTEMBI IBYX 3apsI0B OJHOTO (B)
Y TIPOTUBOIIONIOKHBIX (T) 3HAKOB

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

[Tonstne nomoka 6exmopa 4acTo BCTpeyaeTcs B pa3iMyuHbIX pa3-
Jenax (GU3MKH, HCTIOIb3YIOUIMX MaTeMaTHYECKHI arnapaT BEKTOPHO-
ro aHanuza. B rupponuHamuke, ryie MOHATHE MTOTOKA OBUIO BBEIEHO
BIIEPBbIC, OHO UMEJIO CMBICI pealbHOr0 00beMa KHJIKOCTH, TpOTe-
KaIoIEro Yepe3 MaJlyto TIIOMAAKY S, MEPIEeHIUKYIIPHYIO K BEKTOPY
CKOPOCTH KHJIKOCTH 32 HEKOTOPBIHA TPOMEKYTOK BpeMeHH (V' = Sv df).
Ecnu mnomanka OyneT pacrofioykeHa napajuiebHO BEKTOPY CKOPO-
CTH YaCTHII KHJKOCTH, TO TIOTOK »XHJKOCTH 4depe3 Hee OylneT paBeH
HyJt0. B ciiydae pacrosioskeHus TIOMAAKH 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 MmOHSTHE BEKTOpa Iiomanku 8 = S n, rue
N — 9TO €MHUYHBIA BEKTOP B HANPaBICHUH HOPMAJM K IUIOMIAAKE S,
JUIS TIOTOKA (BEKTOpa CKOPOCTH) MOXKHO 3amucath: V' =S8v = Sv cos o.
Beipaxkenust mogoOHOTo pojia yacTo BCTPEUAIOTCS M B IPYTUX paslie-
nax ¢usuka. OOBIYHO UX paccMaTpUBAIOT Uil OECKOHEUHO Maloi dS
TUTOLIAJIKH, B TIpe/iesiaX KOTOPOW BEKTOP COOTBETCTBYIOILECH BETMYHHBI
He MEHSIETCSl, U Ha3bIBAIOT IOTOKOM BEKTOpa yepes Iiomanxy dsS. Jlms
OTpeieIeH!s IOTOKa Yepe3 HEKOTOPYIO MOBEPXHOCTH S HEOOXOAMMO
MPOBECTH CyMMHPOBaHHE (MHTETPUPOBAHKE) MO BCEH ILIOIIAIKE.

Tak, mnst 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 CKaJIsIpHAs BEIUYUHA, U TOTOKH HECKOJb-
KHX BEKTOPOB Yepe3 OJIHY TUIOIIAKY CKJIAJIBIBAIOTCS anreOpandecki.
Bosppariasce k rpaduyeckoMy ONHCAHUIO AJIEKTPUYECKOTO TIOJI,
MOKHO CKa3aTh, YTO MOTOK BekTopa E XapaKTepuU3yeT KOJIUYECTBO
CUJIOBBIX JIMHUMU, TIEPECEKAIOLIUX 3aJaHHYIO IIOIIATKY .

Teopema ["aycca cBsi3bpIBaeT BEIMUMHY HOTOKA Y€pPE3 MPOU3BOJIb-
HYIO 3aMKHYTYIO HOBEPXHOCTDb C 3apsiaMy, HAXOISUIUMUCS BHYTPU
9TOM MOBEPXHOCTH. {7151 BBIBOA 3TOM TE€OpPEMBI PACCMOTPHUM CHavaIa
oJIe, CO3/IaBaeMOE TOUCYHBIM 3apsJIOM, U €ro MOTOK 4epe3 chepu-
YECKYIO TOBEPXHOCTh S ¢ paAnycoM R, IIEHTp KOTOPOIl COBMAIAET C
aTuM 3apsioM. [lone Ha moBepxHOCTH cepsl B cooTBeTcTBHH C (1.7)
OMpPEIEISICTCS BBIPAKECHUEM

__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 yepes Bcio cdepy paanycom R:
=1 Q¢_2Q
P = s 5= o (1.12)
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[Ipu rpaduyeckom onrcaHUX TEKTPUUECKOTO TTOJISI MBI OTMEYa-
JIM, YTO MOTOK BekTopa E xapakTepu3yeT KOJINYECTBO CUJIOBBIX JIH-
HUM, Mepecekarolyx 33aHHyo mwiomaaxky. Puc. 1.5 noscuser, yto
BeIpaskeHue (1.12) OyzaeT cripaBeATNBO I TOBEPXHOCTU TPOU3BOITb-
HOU (OPMBEL.

Puc. 1.5. TloTok BekTopa E yepe3 3aMKHYTbIE IOBEPXHOCTH
pa3IuIHON POPMBI

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

ITonb3ysice Teopemoil I'aycca, HETPYIHO BBIYUCIUTH 3HAUCHHE
HaMpPSHKEHHOCTHU N0JIs E 171 HEKOTOPBIX MPOCTEUIINX CITy4acB.

1. Dnexmpuueckoe none 6eCKOHEUHOU, PABHOMEPHO 3APANCEHHOU
Humu

st BBIYMCIICHUSI HANPSDKEHHOCTH SJIEKTPUYECKOTO Mo Oec-
KOHEYHOH, paBHOMEPHO 3apsDKEHHOM HHUTH OKPYXHM €€ OTPE30K
JUIMHOHW [ UJIMHAPOM C paJuyCcoM OCHOBaHHUS R, OCb KOTOPOTO CO-
BIIaJIaeT ¢ HUTBIO (puc. 1.6, a). B cuny cuMMmeTpun 3agayu, HOTOKK
Yyepe3 BEpXHEE W HIKHEEe OCHOBAHMS LMIMHAPA OyAyT paBHBI HYJIO.
[Torox yepe3 OOKOBYIO HUIMHIPUIECCKYIO TOBEPXHOCTH OylIEeT paBeH
©®=ES  =E2nRI 3apsan O, HAXOAWMACS HA OTPE3KE HUTH BHY-
TPU UWIMHAPA, MOKHO BBIPA3UTh Yepe3 JTHMHEHHYIO IUIOTHOCTh 3apsi-
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Jia T (3apsi1, NpUXOJAIIuiics Ha equHuIly JTuHbl HuTH) Q = 7 /. Torna
B COOTBETCTBHUH C Teopemon ["aycca 3amuiem:

@ = 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 Tmoiist Oec-
KOHEYHOH, paBHOMEPHO 3apsKEHHOHN TNIOCKOCTH B KAUECTBE 3aMKHY-
TOI MOBEPXHOCTH BbIOEPEM LMIMHIP C IO b0 OCHOBAHUS S, OCh
KOTOPOTO TEPIEHANKYIISIPHA PAacCMaTPUBAEMON 3apsHKCHHOU IUIO-
ckoctH (puc. 1.6, 6). B cuny cuMMeTpun 3aauu, B JaHHOM cllydae
OyZIeT OTCYTCTBOBATh MOTOK BekTopa E yepe3 OOKOBbIE TOBEPXHOCTH
HUIMHIIPA, a TOTOK Yepe3 OCHOBaHUs OyneT coctaBisats 2 S E. 3apsin
Q ydyacTka IUIOCKOCTH, HAaXOJSIIECrocsl BHYTPU LMJIUHIPA, BBIPA3HM
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

pPaBHOMEPHO 3apsHKCHHON OECKOHEYHOH IUIOCKOCTH HE 3aBUCHUT
OT PacCTOSIHUS J10 ATOM IIIOCKOCTH.
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3. Dnexmpuueckoe none 08yxX napaiieibHulX 6€CKOHEUHbIX, Pag-
HOMEPHO U NPOMUBONOJIONCHO 3APANCEHHBIX NIOCKOCMEl

Mt aToro citydast yio0Hee BOCIOIb30BaThCS IPUHITUIIOM CyTIep-
no3uryn. [loje BHE MIOCKOCTEH B 3TOM ciydae OyJeT paBHO HYIIIO,
MOCKOJIBKY HAMPSXKEHHOCTH KaXKIOM U3 MIIOCKOCTEH PaBHBI MO BEIH-
YUHE U MPOTUBOMOJOKHEI 110 HAMPABICHUIO, B TO BpeMs KakK IOJe
MEX]Ty IJIOCKOCTSIMH YABOUTCS M OYJICT PaBHO:

E= 2. (1.15)
20

1.4. I[lomenyuan snekmpuuecko2o noJs

[Ipu mepemerieHuM 3apsiioB AIIEKTPUUYECKOE IOJE COBEpLIAET
paboty. Ilocuntaem paboTy, KOTOPYIO COBEpIIACT IEKTPUUECKOE
Tojie TOYCYHOro 3apana Q HaJx HEKOTOPHIM NPOOGHBIM 3apsiioM (.
IpU €ro NepeMeIeH!H U3 HEKOTOPOH TOYKHM MpocTpaHcTBa | B TOU-
Ky 2 (puc. 1.7). Touku 1 u 2 3a1a10Tcs COOTBETCTBYIOLIMMH PAIHyC-
BEKTOpaMu r, U r,. IIpu nepeMerienuu 3apsaaa Ha HEKOTOPOM MaJloM
yuactke iyt dl pabora OyJer:

dA=Fdl=Fdlcosa=Fdr, (1.16)

roe F — cuna, AcHCTByroImasi Ha MPOOHBIA 3apsia B COOTBETCTBUHU
¢ 3akoHoM KyJioHa, a o — yroj Mex/ly HalpaBJICHUEM JIeHCTBYIOIIEN
CWJIBI M HamlpaBleHHeM TiepemMenienns dl. YunuteiBas 3axkoH KynoHa,
MOy YUM:

A, =IFdlcosa=lq_Qdrldns, r=q,_Qldnz, (1/r,—1/r,). (1.17)

Puc. 1.7. K onpenenennto pabOTHI AIEKTPOCTATHICCKON CHITBI

12



Takum 00pa3oM, MbI TIOJYYMIIH, YTO PadOTa B 3JIEKTPOCTATUYC-
CKOM T10JIE€ HE 3aBUCHUT OT TPAEKTOPHH, BIOJb KOTOPOI nepeMernaercs
3apsill, a OMPENENSACTCS TOJIBKO HAYalbHBIM ¥ KOHCYHBIM TIOJI0KEHHUSI-
MU 3apsijia. TO 3HAYMT, UTO HJIEKTPOCTATUYECKOE T10JI€ MOTEHINAIBHO.
B aTOM ciiyyast MOKHO YTBEpXKIIaTh, YTO 3apsi/l, IOMEIICHHBINA B 3J1CK-
TPUYECKOE T0JIC, MOXKHO OIKCHIBATH HEKOTOPOH (PYHKIUEW — IMOTEH-
uranbHOU SHepruel (W), kotopas cBsizaHa ¢ paboTOH COOTHOLLICHUEM:

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

[ToTennmanbHas SHEPrHsl U3MEPSAETCS C TOYHOCTBIO IO ITOCTO-
STHHOHM BeNWYHMHBI. B snekTpuyecTBe 3a HONh MPUHUMAIOT 3HAYEHHE
MMOTEHIIMAIBHON PHEPTUHN 3apsa, HaXOAIIETocs B OECKOHEYHOCTH.
B srom crydae moTeHImManbHas dHEpTUs OyaeT paBHa padoTe, KOTo-
PYIO COBEpIIAaeT IMEKTPUIECKOe TOJe MPH MEePEeMENeHIH 3apsiaa 13
JTAHHOW TOYKU B OECKOHEYHOCTb.

[TorenmmanpHas sHeprHA (TakK *kKe, KaK ¥ CHJIa) 3aBUCUT HE TOIBKO
OT BEJTMYMHBI SJEKTPHYECKOTO OIS, HO M OT BEJIMYHMHEI 3apsiya (B 1aH-
HOM cilydae MpoOHOro). s Toro 4ToObl XapaKTepHU30BaTh TOIBKO
AIIEKTPUIECKOE TI0JIe, BBOJIAT HOBYIO BEJMYMHY — NOoTeHnnal. [loren-
[IMall B JAHHOW TOYKE ITOJISl paBeH MOTEHIINAIBHON SHEPTHH TPOOHOTO
3apsizia, TOMEIIEHHOTO B IaHHYIO TOUKY, A€JICHHOW Ha BETMIMHY 3TOTO
3apsina. [loreHmman — 3To PHEpreTUdecKas XapaKTepHUCTHKA AIIEKTPO-
CTaTUYECKOTO IT0JIS, OHA SIBJIIETCS] CKAJIIPHOM BEJIMYMHOM.

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

Ennanna mamepenuns noreHnuana — BonsT (B). s morenmua-
JIOB TaKXKe CIIPaBeIJINB MPHUHIIAI CYTIEPIIO3UITUHN: NOMEHYUAN NOJis
cucmemvl 3apa008 paeer aneedpaulecKkoll cymme NOmMeHYuaio8 8cex
IMUX 3aps008.

10

_— 1.21
e (121)

9= 2@, =X

A€ CyMMHPOBAaHUE BEACTCA 110 BCEM 3apsaaaM CUCTEMBI. HOCKOJ’ILKy Io-
TCHIMAJ SABJISCTCA CKaﬂﬂpHOﬁ BCJ'H/I‘{I/IHOI‘/'I, B pdaa€ CiIydacB €ro BbIYUC-
JICHUEC TPOLIC, YEM BBIYUCICHUC HAIPAKCHHOCTHU 3JICKTPUYICCKOT'0O MOJIA.
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[Monb3ysick cootHomenusmu (1.18) u (1.19), pabory no nepeme-
LICHUIO 3apsa ¢ MOKHO BBIPA3UTh Yepe3 MOTCHITHA:

A, =W -W,=q(p, —0,). (1.22)

VYuureiBas TO, YTO Mbl NPUHAIN [MOTCHUHUAJIBbHYIO 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 YHCIEHHO paBeH pabore, KO-
TOPYIO HAZI0 COBEPIIUTH HAJI TOJIOKHUTEIHHBIM €TUHIHYHBIM 3aPSIOM
JUTSL yIaJIeHHst €T0 U3 ATOM TOYKH B OECKOHEYHOCTb.

Mexy MOTeHIMANbHON DJHEpPruei 3apsga B JIEKTPHYECKOM
TI0JIE M CHJIOH, JISHCTBYIOIIEH HA HET'O CO CTOPOHBI TOJISl, CYIIECTBYET
CBs13b. J[J1s1 yCTaHOBIIEHUS 3TOH CBS3M IEPEMECTUM 3apsif ¢, HaXOs-
IIWIACS B DIIEKTPHYECKOM IT0JIE 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). YuutbiBas, uto 4, = W — W,, MOxHO
3aIiCaTh:

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

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

AHaJIOTUYHBIE PACCYKICHHUS MOYKHO TIPOBECTH JIJIS IEPEMEIICHUH
BJIOJIb OCell Y U Z, TorJia it MPOEKIUi CUIIbI Ha OCH Y U Z MOTy4YuM:

_ oW ow .
Fy__a—, g ——m—-. (126)
y 0z

U okoHUYATENTHHO 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
VYuureiBas, 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 OJMHAKOBBIA MOTEH-
[MaJl, Ha3bIBaeTCs SKBUMIOTCHIMATLHON NOBEPXHOCTHI0. PaboTa 311ek-
TPUYECKHUX CHJI MPU MEPEMEIEeHUN 3apsiia M0 3KBUIOTEHIHAIBHOMI
MoBepXHOCTH paBHa Hynr. CooTHorieHue (1.28) MoxHO 3amucarh
JUTSL TPOM3BOJIbHOTO HanpasieHus |. Torna muis m000ro HanpaBIeHUs
Ha SKBUIMOTEHIMAIBHOW TIOBEPXHOCTU OyIeT CIIpaBeAINBO:

a

E, = —a—‘f =0, (1.29)
TO €CTh MPOEKIHsI HANPSKEHHOCTH MMOJIsl Ha J1F000€e HampaBieHUE Ha
SKBUINOTCHLUUAIBFHON TMOBEPXHOCTH paBHA HYJIO, YTO PaBHOCHIILHO
YTBEP)KACHHUIO, YTO JIMHUM HANPSHKCHHOCTH DIIEKTPUYECKOTO ITOJIS
Bcerga OynyT NEpHeHIUKYJSPHBI SKBUIOTCHLUHUAIBHBIM TOBEPX-
HOCTSIM. OKBHITOTEHIMANbHBIC TIOBEPXHOCTH MOXKHO H300pa3uTh
rpapuuecku. Hampumep, i TOYedyHOTro 3apsiia dKBHIIOTCHIHAIb-
HBbIE TIOBEPXHOCTU OYAyT MPEACTaBIATH COOOH BIIOXKEHHBIE CQepbl
(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 (), OTPHULIATEIHLHOTO (0) 3apsIoB,
CUCTEMBI JBYX 3apsI0B OJHO (B) ¥ MMPOTHBOIOJIOKHEIX (T) 3HAKOB
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Paznocts IIOTCHIIMAJIOB
Ap=¢ —p,=A,/q (1.30)
OyJIeT paBHa paboTe MO NePEMEINICHHUIO 3apsaa U3 1-ii TOUuKH BO 2-10,
,I[CJ'ICHHOI‘/'I Ha BCJIMYUHY 3apsaia. Ha IMPAKTUKEC YaCTO UCIOJBb3YCTCA
BCJIMYMHA, Ha3bIBa€Masl HAIIPSAKCHUEM (O603Ha‘laeTCH l]) HaHpH)KC-

HUEC TAKIKC UBMEPSCTCA B BOJIbTAX U OTIIMYACTCA OT Pa3HOCTU INOTCH-
OaJIoB TOJIBKO 3HAKOM:

U=¢,— ¢, =-Ap. (1.31)

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

2.1. unonv. [lusnekmpuku 6 snekmpuieckom noie

Dnexmpuueckum Ounoiem Ha3vl8aemces CUCmeMda, COCMOoAuas U3
08YX OOUHAKOBBIX NO GENUUUHE PAZHOUMEHHBIX MOYEUHbIX 3aPsi008 (¢,
PACHONOANCEHHBIX HA PACCOSHUY [, MHO20 MeHbuLeM pacCmOsHULL 0O
cucmemvl. B paznudnbie GopMyIibl, KOTOPBIE MONYYarOTCs ISl Pac-
4yeTa HalPSHKSHHOCTH ITOJIsl, TOTEHIIMANA U IPYTHE, BXOJUT BEIMYNHA
P = q |, Ha3BIBAIOIIASICS 2IeKMPUHECKUM MOMEHMOM Ounos. 31ech ¢
— abcomroTHAs BETMYMHA 3apsna, a [ — BEKTOp, MPOBEICHHBIN OT OTPHU-
[aTeIBHOTO 3apsna K mojokurensaomy (puc. 2.1). HampsoxkeHHOCTD
AIIEKTPUIECKOTO TOJISI JIUIONIST YObIBAET 0OPATHO MPOMOPIUOHAIBEHO
KyOy paccrosuust E ~ p/r’, a moTeHIman ¢ ~ p/r.

Ha 3apsiiel TUTIONS, HAXOMSAIIMECS B AJIEKTPHUYECKOM TOJIe, JIeH-
CTBYET T1apa CHJI, IPUJIOKEHHBIX K 3apsjiaM +¢ u —g. DTU CHUIIbI PAaBHBI
10 BEIMYMHE W TIPOTHUBOIIOJIOKHBI TI0 HampasiieHuto (puc. 2.1). Mo-
MEHT 3TUX CHJI CTPEMHTCS TOBEPHYTH MO B0 CHIIOBOM JTMHUH.
MOMEHT CHJT TaK)Ke BBIPAYKACTCS Yepe3 ICKTPHUSCKU MOMEHT JTU-
OIS

N=[pE]l=ngqlEsina 2.1)

Y HaIpaBJIeH TaK, YTOOBI IOBEPHYTH 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 8eUeCMBd, NLO0-
X0 npogodsuue snekmpuyeckuli mox. MHOTHE CBOHCTBA TUIJICKTPH-
KOB, ITOMEIIIEHHBIX B DIEKTPHUYECKOE TI0J€, OOBSICHAIOTCS TIOBEICHH-
eM JUnoJiel. JIudIeKTpUKN COCTOSAT U3 HEUTPAIIbHBIX B IIEJIOM MOJIe-
KyJI. DJIEKTPOHBI U sI/Ipa B aTOME JAMAJIEKTPUKA TPOYHO CBS3aHBI JPYT
C IPyTOM W HE MOTYT ITepeMeniaTbcsa He3aBUCUMO. MOXHO BBIIEIHUTh
HECKOIIbKO THIIOB JMAJIEKTPUKOB: HEMOJSPHBIE U MOJIIPHBIE, TUDIICK-
TPUKHU C MOHHOM M KOBAJIGHTHOU CBSI3BIO.

Y HEeNONSPHBIX AUAIEKTPUKOB MOJIEKYJBI B OTCYTCTBHE BHEIII-
HEro DJJIEKTPUYECKOTO MO CUMMETPHYHBI (Hampumep, OOJBIINH-
CTBO Ta30B). LIEHTPBI TSHKECTH TONOKHUTEIHHBIX W OTPHUIIATEIHHBIX
3aps0B WX MOJIEKYJ coBmamaroT (puc. 2.2, a). B Takom cocrostHun
OHH HE O00JIaaI0T COOCTBEHHBIM JJIEKTPUYECKHMM MOMeHTOM. [lon
JIEHCTBHEM BHEITHETO 3JIEKTPUYECKOTO OIS 3apsiAbl B HEMOJISAPHOM
MOJIEKYJIe CMEIIAIOTCS JIPYT OTHOCHUTENBHO JAPYTa: MOJOKUTEIbHBIC
— TI0 HAIpaBJICHUIO TOJISA, OTPHUIATEIbHBIE — MPOTHB (pHc. 2.2, 0).
B pesynbrare mMomnexkyna mpHOOpeTaeT IHUITONBHBIN AIEKTPUIeCKUN
MOMEHT, MTPOTIOPIINOHATIHHBIN BETHINHE HAIIPSKEHHOCTH dJIeKTpHde-
CKOTO TIOJIS:

P=P¢E, (22)

T71e [ — MONSIPU3yeMOCTh MOJIEKYJIbI.

VY TONAPHBIX IUAIIEKTPUKOB MOJIEKYJIBI HECHMMETPUYHBI (Ha-
mpumep, CO). LIeHTpsI 3apsAI0B MOTOKUTSIBHBIX 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 TEMmIoBOro IBWkeHus (puc. 2.2, B). OpueHTtaums Iu-
MOJBHBIX MOMEHTOB MOKET OBITh MMPOU3BOJIBHOM, U JICHCTBUE BHEI-
HETO DIIEKTPUUECKOTO TOJISI 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 IUTIO0Jb, BEJIMUKMHA TUTIOJIBHOTO MOMEHTa KOTOPOW OT BEJIMUHHBI
BHEILIHETO MOJISl TPAKTUYECKU HE 3aBUCHT.

Takum 00pa3om, Mo JUIIEKTPHK, TOMEUICHHBIA B DIIEKTpUYe-
CKO€ I0JIe, TOBOPSIT, UTO OH noispuszyemcs. Kak BUIHO U3 3TOTrO pu-
CYHKa, TOJISIPH3aLusl COMPOBOXKIACTCS BO3HUKHOBEHHEM B TOHKOM
HOBEPXHOCTHOM CJO€ AUDIEKTPUKA U30BITKA CEA3AHHLIX 3apsA006
OJTHOTO 3Haka. Eciin monsspru30oBaHHbBIN TUAIEKTPUK PA3IeIUTh MOIO-
JaM, KaXJast U3 MOJOBUHOK OCTAHETCs] He3apsKEHHOM, a Ha ee BHOBb
00pa30BaHHBIX KOHIIAX 00Pa3yIOTCs CBSI3aHHBIC 3apsiibl COOTBETCTBY-
IOILIETO 3HAKa.

B ampnexTprkax ¢ MOHHOMW CBSI3bIO JUIOJILHBIA MOMEHT BO3HH-
KaeT 3a CUeT CABHra HOHOB JPYT OTHOCHTENBHO Apyra. B kpucramiax
C KOBQJICHTHOW CBSI3bI0 CMELIAIOTCS AJIEKTPOHBI, OCYLIECTBISIOUINE
XUMUYECKYIO CBS3b.

Ecnu 0003Ha4nTh CyMMapHBIN 3J€KTPHYECKHI MOMEHT HEKOTO-
POro Majoro sJieMeHTa o0beMa AUAIIEKTPUKA, OTHECEHHBIH K BEJH-
YHMHE 3TOro 00beMa OYKBOH P (Ha3bIBACTCS NOAAPUIOBAHHOCb AU~
JIEKTPHKA), TO JUIS JII0OOT0 THIIA TUIJIEKTPUKOB OYAET CIIPaBeJIUBO:

P==gFE, (2.3)

TAC & — AUBJICKTPpHUYCCKass BOCIIPUUMYNUBOCTD AUBJICKTPUKA — 6C3p33-
MCpHas BCINYUHA, HC 3aBUCAIAs OT BCJIIMYNUHBI BHCIITHET'O I10JIA.
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Puc. 2.2. Henonsipuslii (a, 0) ¥ MOJSIPHBIA AUAIISKTPUKH (B, T)

Onexmpuueckoe none 6 ousnekmpuxe. [Jusiekmpuyeckas npoHu-
yaemocmo

Jo cux nop Mbl U3y4aiu 3JEKTpUUECKOe 1oJie B BakyyMe. Pac-
CMOTpPUM, KaK MEHSIOTCS XapaKTEpUCTUKU ITI0JiI B BEIUECTBE €CIHU
MIPOCTPAHCTBO MEXIY 3apsKEHHBIMU IUIACTUHAMHU 3aIllOJIHUThH JIU3-
JIEKTPUKOM. MBI OrpaHUYUMCS CIIy4aeM, Korjaa JU3JIEKTPUK OJHOPOI-
HBIM U U30TPOIHBIH, T. €. €r0 CBOMCTBA OJIMHAKOBBI BO BCEX TOUYKAX U
[0 BCEM HampabJicHUsIM. TakuMu CBOWCTBaMHU 00J1a/1al0T ra3000pas-
HBIC U JKUJKHE, a TAKKe HEKOTOPBIC TBEPABIC TUINCKTPUKHU (CTEKIIO,
dapdop, 500HUT, pe3UHA U T. I1.).

Ilyctb 31eKTpUYecKoe M0JIE CO3/1aHO JBYMsl IUIOCKMMH Tapaj-
JIETHHBIMU TUTACTMHAMH, 3apSKCHHBIMU PA3HOMMEHHBIMU 3apsigaMu
C OJMHAKOBOW MO MOJYJIIO MOBEPXHOCTHOM IJIOTHOCTBIO 3apsiaa o.
Eciu paccrosiHue d MeXAy IUIACTHHAMU MHOTO MEHBIIE pa3MEpoB

19



TUTACTHH, TO TIOJIe MEX/Y TUIACTHHAMHY MPAKTUYECKA OTHOPOAHO. B
BaKyyMe Pa3HOCTb MOTEHLHAIoB Mexay miactunamu U, = Ed, rne
E, — HanpsHKeHHOCTH T0JIs B BakyyMme. Eciiu ke IpoCcTpaHCTBO Mesk-
Jly TUTACTHHAMU 3aMOJIHUTH TUICKTPUKOM, TO 3apsi/] Ha MIaCTHHAX
HE M3MEHHUTCS, OJTHAKO PAa3HOCTh MOTEHIIMATIOB MEXKAY TUIACTHHAMHU
yMmenbtest: U < U,. COOTBETCTBEHHO yMEHBIIUTCSA M HANPSKEH-
HOCTh noJist: £ < E.

BennumHy &, TOKa3bIBAIOIIYIO, BO CKOIBKO pa3 HAMPSIKECHHOCTh
nojist E B IUANEKTPUKE MEHbILE HANPSKEHHOCTH HOJIs £ B BaKyyMe
(Mpy HEM3MEHHBIX MapamMeTpax UCTOUHUKOB TIOJIS), HA3BIBAIOT JTUD-
JICKTPHYECKON TPOHUIIAEMOCTHIO BEIECTRA!

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

ITpu HATHYUH JUDICKTPUKA MEXKIY ABYMsI apaIeIbHBIMK TUT0-

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

OTBIT MOKA3bIBAET, YTO 3HAUCHUS & JUTS PA3HBIX JAUIICKTPUKOB
Pas3INYHBI, TOITOMY 9Ta BEJUYMHA CIYXKHUT JJIEKTPUUIECKOI XapakTe-
PHUCTHKOMW CPEJIbI, T. €. BEIIECTBA TUIICKTPHKA.

YMeHbIIIeHHEe HAMPSHKEHHOCTH TOJS B JIMIJIEKTPUKE OOBACHS-
€TCS TeM, YTO B JUIJICKTPHUKE MO JACHCTBUEM DIICKTPUUECKOTO TOJIS
BO3HHMKAET MOJISIPU3AIHOHHBIHN 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 TIOTSIPH3AIIMOHHOTO 3apsiia Mo
JICHCTBUEM BHEIITHETO DIICKTPUIECKOTO MOl HA3bIBAIOT MOJIPHU3AIIH-
eit nuanextprukoB. CyIIHOCTD SIBJICHUS MOJSPU3AIINH 3aKITI0YACTCS B
TOM, YTO YACTHUIIBI, U3 KOTOPBIX COCTOUT TUICKTPHUK (ATOMBI UITA MO-
JICKYJIBI), 1eOPMUPYIOTCS U TPEBPAIIAIOTCS B TUTIONH, BEICTPAUBATO-
[IUECS BJIOJb JIMHUIA HAMPSHKEHHOCTH BHEITHETO 10151, Tak Kak 3HaKK
MOJISIPU3AIMOHHBIX 3aPSIIOB AUAICKTPUKA MTPOTHBOTIONIOKHBI 3HAKAM
CBOOOTHBIX 3apsII0B, CO3MAr0NUX moje (puc. 2.3), To cymmapHas Ha-
MPSHKEHHOCTH TOJISE B IUAJICKTPHUKE B & pa3 MEHbIIE HAMPSHKEHHOCTH
MOJISl B BAaKyyMe.
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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 WM aJIOMHHUS IPUMEp-
HO B 10%° pa3 BbIIIe MPOBOANMOCTH CIIOABI HIIH TOJUITHICHA. [Ipo-
BOJHHUKAMH SBJISIFOTCS IIPAKTUYECKU BCE METAIJIBI. DTy CIIOCOOHOCTH
MIPOBOJHUKOB OOBSCHSIOT HAJIMUUEM y HUX CBOOOAHBIX 3JIEKTPOHOB
(371€KTPOHOB MPOBOAMMOCTH), KOTOPBIC TIPH HATMYHH HJIEKTPUIECKO-
IO 1OJIsE MOTYT CBOOOJTHO TIEpEeMEIIAaTRCs 110 BCceMy 00pasIy.

Takum 00pazoMm, eciy MPOBOJHHUK ITOMECTHUTH B 3JEKTPHUECKOE
T0Jie, 3JIEKTPOHBI B HEM NMPHUIYT B ABMKEHUE, KOTOpoe OyIeT NpoaoI-
JKaTbCsl 10 TEX MOP, TIOKa 3apsif, HaBeICHHbIH UMM, HE CKOMIICHCHPY-
€T 110JIe BHYTPH NMPOBOJIHUKA (puc. 2.4). Ecnu Teneps B MpUCyTCTBUM
MOJIs pa3AeuTh NPOBOAHUK HA JIBE YAaCTH, TO, B OTIMYHE OT JU3JICK-
TPHKA, KaKJast 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 ycioBUs. Bo-mepBbIX, dIeKTpHue-
CKO€ T0Jie BHYTPU MPOBOJHHMKA OyJeT paBHO HYJIO. DTO O3HAYaeT,
YTO MOTEHIMal BHYTPU MPOBOAHMKA Be3le (B TOM YHCIe, U Ha IO-
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 COOOLIUTH KaKOK-INOO0 3apsi, TO OH 00s13a-
TEJIBHO PACHpPEACIUTCS 10 MOBEPXHOCTH TaK, YTOOBI COOII0AATNCH
BBIIIE MEpEeUYNCIeHHbIe ycloBus. Pacnpesnenenue 3apsiioB mo mo-
BEPXHOCTHU fABJIAETCS TakXke cielcTBHeM 3akoHa Kyrnona: onHou-
MEHHBIE 3apsAbl JOJAKHBI OTTAIKUBATHCA. VIcXo1s U3 3TOro, MOXKHO
3aKJII0YUTh, YTO Ha IOJIOM MPOBOJHUKE 3apsij paclpeacinTcs Tak
K€, KaK Ha CIIJIOIIHOM, M BHYTPH MOJOCTU MIPOBOJIHUKA 3JIEKTpUYe-
CKoe 1oJie OyJIeT paBHO HYJIIO, YTO MOKHO MCIIOJIb30BATh IS DJIEK-
TPOCTATUYECKOMN 3aIUTHI.

[IpoBoaHMK, KOTOPBII HAXOAUTCS JOCTATOYHO AAJIEKO OT APYTUX
MPOBOJHUKOB, TN U 3apsi/IOB, HA3BIBACTCS YEOUHEHHbIM NPOGOOHU-
kom. IloTeHIman 3Toro NMpoBOJHHMKA MPOIOPLUOHATIEH €ro 3apsy.
Q = Cop. KoappuumeHT nponopuroHaibHOCTH B 3TOM COOTHOILICHHN
C = Q/¢p Ha3bIBaCTCS 271EKMPOEMKOCHbIO YETUHEHHOTO IPOBOAHUKA,
WM TIPOCTO eMKOCThI0. Exnnuna nzmepenust emkoctu — papana (D).
YCTpolcTBO, COCTOSIIIEEe U3 HECKOJIBKUX MPOBOJAHUKOB (HAIpUMED,
JBYX MapajuleNbHBIX MJIACTUH), CIIOCOOHOE HAKaIIUBaTh 3apsill, HO-
CUT Ha3BaHME KOHJEHCATOpa.

B orcyTrcTBHE 37€KTpHUYECKOrO MOJIS AJIEKTPOHBI B MPOBOJAHUKE
HaXOATCA B COCTOSTHUM XaOTHUYECKOTO TEIJIOBOTO JIBUKEHMS, M TIPU
YCPEIHEHNH 32 HEKOTOPBIH MaJIbIi MPOMEKYTOK BpEMEHH Yepe3 Ipo-
M3BOJIbHOE cedeHHEe S BHYTPU MPOBOJHHUKA 3aps] HE MEPEHOCUTCS.
IIpu HanoOXEHUU BHEUIHETO JIEKTPUUYECKOro MOJS Ha XaOoTHYECKOe
TEIUIOBOE JIBUKEHHME HAKJIAAbIBACTCS YMOPSAOYEHHOE JBHIKEHHE
JJIEKTPOHOB € HEKOTOPOU CKOPOCTHIO v, OTJIIMYHOM OT HyJIs1. B pesyib-
TaTe 3TOr0 YMOPSI0YEHHOTO JBUKEHUS 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 HAMIpPaBJICHUC NEPEMCIICHUS MMOJIOKUTCIIbHBIX 3apsa0B.

Ecnu BenuurHa TOKa MOKET OBITh pa3J'II/I‘IHOI71 B PAa3HBIX CCUYCHU-
AX ONPOBOAHHUKA, €€ XaPAKTCPU3YIOT INIOTHOCTHIO TOKA:

j=dllds. (2.9)

Ecau mb1 6y,I[CM CUNUTATh, YTO TOK MMECPCHOCAT IJICKTPOHLI ITPOBO-
JUMOCTH, a4 UX YHUCJIO B CINHHUIIC o0beMa IMPOBOJHUKA 0003HaYUM 32 1
(HaBI:IBaGTCH KOHICHTpauusa 33.p$[,[[OB), TO MOKHO HAUTHU CBA3b MCKOY
CKOPOCTHIO YIIOPAAOYCHHOI'O ABUIKCHUS 3JICKTPOHOB U INIOTHOCTBIO
TOKa:

j=dlldS=nev. (2.10)

Kak BumHO 13 puc. 2.5, 3a BpeMsi dt uepe3 cedeHne IpOBOAHUKA
S mporayT 3MeKTpoHbI U3 o0bema dV = dS dl = dS v dt, konmudecTBO
KOTOPBIX cocTaBUT N = n dS v dt, a nepeHeceHHbIl 3apsan Q =n dS v dt
e, oTKya ¢ yaetoM (2.7), (2.9) cnenyet (2.10). [TockonbKy Hampase-
HHE TOKa j IPY MAJIOM CEUSHUH COBIAJIACT C HAIIPABICHUEM CKOPOCTH
v, ypaBHeHue (2.10) MOKHO 3amucaTh 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 TMPEANPHHUMATH MEP IO €r0 MOePKAHHIO, TO
HepeMeleHNe 3apsAa0B 10 ACHCTBUEM 3JIEKTPOCTATUUYECKOH CHIIBI
(F = gE) mpuBeneT K TOMy, 4YTO BHYTPH NPOBOJHHUKA TIOJIE€ MCUE3HET
Y TOK TTPEKPATUTCS.
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Puc. 2.5. K onpenenenuto Puc. 2.6. Coznanue 3.1.c.
TUIOTHOCTH TOKa JUISL TIOJUIEPIKaHUS TOKa

J1J1s TOrO 4TOOBI TOK TIOJIEPKUBATH, HEOOXOIUMO OT KOHIIA ITPO-
BOJIHMKA C MEHBIIIUM IMOTCHIIMAJIOM HEIPEPHIBHO OTBOJUTH MPHHO-
CUMBIC TyJIa TOKOM 3apsiJibl, @ K KOHILYy C OOJIBIITUM MOTEHI[UAIOM MX
HENPEPBIBHO MOABOJUTH (HOCUTEIIM TOKA TOJIATAIOTCS TOJIOKHUTEIb-
HBIMH), puC. 2.6. Takum 00pa3om, B 3aMKHYTOM IETH IS [TOJIICpIKa-
HUSl TOKA JIOJDKHBI OBITh YYacTKH, T7e¢ Obl MOJOKUTEIbHBIC 3apsi/Ibl
JIBUTAJTUCH B HAIPABJICHUU BO3PACTaHUS TIOTEHIIMAJIA, TO €CTh IIPOTHUB
CWJI BJIeKTpocTaTudeckoro mnojs. [lepemenieHue 3apsaoB Ha TaKUX
y4acTKaX BO3MOXKHO TOJIBKO 3a CUET CHUJI HE 3JIEKTPOCTATHYECKOTO
MIPOUCXOXK/ICHUS, HA3bIBACMBIX CHIOPOHHUMU CULAMU. DTU CUIIBI MO-
T'YT BBI3bIBATHCS XUMHUUECKUMU Ipolieccamu, Tuddy3uci, u3MeHsFo-
HIMMHCS MATHUTHBIMU TIOJISIMHU WM UMETh UHYIO TIPUPO/TY.

JelicTBrE ATHX CTOPOHHUX CHJI MOXKHO XapaKTEpH30BaTh pado-
TOM, KOTOPYIO OHH COBEPIIAIOT 10 MEPEMEIICHUIO 3apsI0B 10 LSIH.
Benuuunna, paBHast paboTe CTOPOHHUX CHJI HaJl SAMHUYHBIM TIOJI0KH-
TETBHBIM 3aPSI0OM, HA3BIBACTCS AJICKTPOJABIKYIIECH CUION (3.1.C.) U
0003HaYaeTc €.

e=Alq. (2.11)

Cornocragisist 9Ty popmyiy ¢ ¢ = W/q, , 1ist TOTEHIHANA MOKHO
C/IeNaTh BBIBOJ, YTO 3.J11.C. HIMEET Ty )K€ pa3MEpHOCTh, YTO U MMOTEH-
uai (B).

O6mryto paboTy, CoBepIIaeMyIO Hal 3apsioM, IPU €T0 IepeMe-
HICHUH 10 KOHTYPY MOYKHO TPE/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 MOJIOKUTEIBHBIM 3apsoM 3JEKTPOCTaTHYe-
CKUMH U CTOPOHHHMMH CHJIaMH, Ha3bIBACTCA MaJeHUEM HaNpsOKEHUs,
WM MIPOCTO HanpsikeHueM U.

U=¢p -9, *e. (2.13)

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

OM 3KCIIepUMEHTAIBHO YCTAaHOBMII, UYTO MEXK/ly HalpsKEHUEM Ha
HEKOTOPOM y4YacTKe LENH U TOKOM, IPOTEKAOLINM 10 HEMY, BBINOJ-
HSI€TCS] COOTHOLLIEHHE:

1=UIR, (2.14)

rae R — DIEeKTpUYECKOe CONPOTHUBIEHHE, KOTOPOE XapaKTepu3y-
€T TeOMETPUYECKUE CBOMCTBA MPOBOJHMKA (IJIMHY MPOBOAHMKA /[ M
TUIOIIA/Ib €T0 MOMEPEYHOro ceYeHus S) U COoCOOHOCTh IEKTPOHOB
JTAHHOT'O MaTepuaa rnepeMelaTbest Mo AeHCTBUEM DIIEKTPUUECKOTO
noJ1st (3NEKTPOIPOBOTHOCTD 7).

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

rae p = 1/o — BennunHa, 00paTHast IPOBOJUMOCTH, Ha3bIBAETCS Y 1€IIb-
HBIM CONPOTHUBIIEHUEM MaTepuana. B 3aBUCMMOCTH OT HalIU4Hs HC-
TOYHHKA 3.]11.C. BhIpakeHue (2.14) HocuT Ha3BaHus 3aKkoHa OMa st
HEOJTHOPOTHOTO MJIM OJTHOPOJIHOTO Y4acTKa LM COOTBETCTBEHHO.

g MeTanyoB BeIMYMHA CONPOTUBIIEHMS OKa3bIBAETCS 3aBUCH-
el OT TeMrnepaTypsl IO 3aKOHY:

R=R(1+aT), 2.16)

rae 0. — TemneparypHblii kodduuuent conporusnenus (TKC), R,
— CONPOTHBJIEHHE MpoBOAHMKaA Ipu Temmneparype 0°C. 3aBuCMMOCTh
R(T) ucrionb3yercsi B TEPMOMETPAX CONMPOTHBICHUS AT H3MEPEHUS
TEMIEPaTypHl.

Ecnu Tok, mpoTekaromuii Mo MpoBOJHHUKY, HEPABHOMEPHO pac-
NpeZesieH 10 CEYECHUI0, TO 3aKoH OMa OyAeT BBIMOTHATHCS IS Kax-
JIOTO 3JIeMEHTa MPOBOAHMKA JIMHOW dl M cedyeHueM dS. 3HaueHUe
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TOKa, BBIPQXKEHHOE Yepe3 ero IJIOTHOCTh, OyzaeT / = j dS, a comnpo-
tuBieHue R = dl/o dS, cam 3axon Oma npumet Bun: jdS = dU o dS/dl,
OTKyJ1a MOCJIC COKpAIICHUS dS MOTydaeMm:

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

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

j=Eo. (2.18)

2.4. [locneoosamenvroe
U napanienvbHoe coeOuHeHue nPO8OOHUKO8

THocneoosamenvroe coedunenue. Ilpu mocnenoBaTeIbHOM CO€-
JTUHEHUH TIPOBOJIHUKOB (COTPOTHBIICHHI) TOK, MPOTEKAIONINI Yepes
HUX, IMEET OMHAKOBOE 3HaueHue (puc. 2.7, a). Obmee HANIPsHKCHHE
CKJIJIBIBACTCS U3 HANPSDKEHUI HA KaXIoM u3 Hux: [, =1 =1, = [,
U,=U, +U,+ U, Otkyna:

I,=UJR,

U=IR LR, + R, = I(R1 TR, tR, ),

RZR1 +R2+R3. (2.19)
a 0

Puc. 2.7. [locnenoBarensHoe (a) 1 napajuiensHoe (0)
COCIMHEeHHUE MTPOBOJHUKOB
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Hapannenvruoe coeounenue. llpm mapajulebHOM —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)

[TocnenoBarenbHOE COETMHEHHE MPOBOJHUKOB HCIOJIB3YETCS
JUTSL pacIiUpeHHst AMana30HOB U3MEPEHHI BOJIBTMETPOB (J100aBOYHOE
COTNPOTHUBIIEHNE), a MApaJUIEIbHOE — aMIIEPMETPOB (IIYHT), puc. 2.8.

Puc. 2.8. lllyHT 1 100aBOYHOE COIPOTHUBIICHNE

IyHT oTBETBINSIET HA ce0sl YacTh TOKa, a Ha T00AaBOYHOM COMPO-
TUBJICHUHA MTPOUCXOAUT MAACHUC YaCTHU HAIIPAKCHUA.

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

2.5. Ilpasuna Kupxeogha

Jnst pacuéra B CIOXKHBIX DJICKTPUYECKUX LEMAX IMOJIb3YIOTCS
npasmwiamu Kupxroda. IlepBoe mpasmno Kupxroda crpasemimBo
IUISL 37108 UETIH. Y3el — mouKa 91eKmpuieckoti cxemul, 20e CX0OUMCsl
bonee ywem 08a npogoonuxa (puc. 2.9, a).

OTO NpaBUIIO ABJSIETCS CICACTBUEM 3aKOHA COXPAHEHNUS 3apsiia U
YTBEPXKIACT, UTO al2eOpauteckas CymMmma moKos, CX00Auuxcs @ y3Je,
pasHa uymio.

2 1=0. (2.21)
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Bropoe mpaBmiio sBIsSeTCS CIEACTBHEM CIIOKCHUS ypaBHEHHH,
HaIMCaHHBIX 10 3aKOHYy OMa /sl MPOU3BOJIBHOTO 3aMKHYTOI'O KOH-
Typa (puc. 2.9, 6) nemnu:

IlRl ¢ - ¢2+ € [3R3 P50, T €3
LR, = 0, — o, te, IR, =9, —¢ *e,.
ITocne cnoxeHus: BCceX ypaBHEHHMM 3HAY€HUS MOTEHLUATOB CO-
KpaTiITCﬂ N OKOHYATCJIILHO HOJ'Iy‘lI/ITCﬂI

2IR =2 (2.22)

a §)

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

ITo mepBomy mpaBmiry Kupxroda 4mcino He3aBHCHMBIX ypaBHe-
HUI Ha OJHO MEHBIIE, YeM O0IIee YMCIIO Y3JI0B, a 0 BTOPOMY — Ha
OJIHO MEHBIIIe, YeM 00IIIee YMCIIO0 3aMKHYTHIX KOHTYPOB IIETIH.

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).
ITpu 3TOM ypaBHEHHUs 1Sl y37I0B [0 MepBoMy TpaBuny Kupxroda

COBIIAJANOT, 4 MOCJICAHCC YPABHCHHUC AJI1 KOHTYPOB MOXKHO IOJYYUTH
CJIOKCHUCM IBYX 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 peBparieHus SBIseTcs padoTa.

W3 s1exTpoCcTaTUKU U3BECTHO, YTO

A=q(p,—9)=qU. (224)

st mocTosTHHOTO TOKAa ¢ = ¢, W, UCTONB3ys 3akoH OMa is
yuactka 1en# (U = [R), TIOITyqInM:

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

Ot hopMyITBI 5KBUBAJICHTHBI, €CITH HA pACCMATPUBAEMOM yJacT-
K€ HEeT HCTOYHHUKA DIIEKTPOABIKYIIEH CHIIBI 3.]1.C.

IIpu npeBpallieHUuH JIEKTPUUECKON SJHEPTUHU B TEIIOBYIO pacyeT
BBIJIETISIEMOT0 KOJIMYECTBA Teria ® MpOU3BOANTCS MO 3aKOHY COXpa-
HEHUS SHEPTUH:

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

OT0 BBIpaKEHHE HOCHUT Ha3zBaHue 3akoHa [xoymnsa-Jlenma.
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Ecau paccMaTpuBaThb pa60Ty, COBCPIICHHYIO TOKOM 3a CAUHUILY
BpPEMCHHU, TO MOJTYy4YUM €TO MOIIHOCTh!:

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

(I)OpMyJ'Ia MOIITHOCTH CIipaBCyIMBa KaK Ui MOCTOSIHHOI'O, TaK U
AJ11 IEPEMEHHOI'0 TOKOB.

2.7. 3emHoe anexmpuuecmso

WHTepecHo oTMETUTH (PAKT, ITO O OOBIYHBIA NIEHH HAJl POBHOM
MOBEPXHOCTHIO 3€MJIM D3JIEKTPUYECKHH MOTEHIMAT BO3pAcTaeT IIo
Mepe noapema pumMepro Ha 100 B ¢ kaxapiM MeTpom, TO eCTh B BO3-
JyXe HaJl TIOBEPXHOCTBIO 3EMJIM MMEETCS BEPTUKAILHOE DJICKTpHUE-
ckoe nrone E Benuunnoit mopsiaka 100 B/m. 3nak mosns cOOTBETCTBYET
OTPHUIATETIFHOMY 3apsily 36MHOM MOBEPXHOCTH. DTO O3HAYaeT, YTO
MTOTCHITMAIT Ha YPOBHE HaIew rooBsl moutu Ha 200 B BhImIE MOTEH-
ana Ha ypoBHe msatok! Cpa3y MOKeT BO3HUKHYTh Boripoc: «[louemy
K€ HaC JIO CHX TI0p He yJIapsieT dJICKTPHUSCKIM TOKOM, BeJlb U3BECTHO,
4TO yXe Hampspkenue 36 B omacHo mist sxn3Hn?» OTBET 10CTaTOYHO
MPOCT — HAIlle TEeJIO SBISIETCS JIOCTATOYHO XOPOIINUM IPOBOJTHUKOM, a
MOBEPXHOCTh MPOBOJIHUKA, KAK OTMEUAIIOCh paHee, OyJeT SBISThCS
HKBUTIOTCHIIMAILHON ¢ TOTEHIINAIOM 3EMJIH.

[To Mepe yBenmueHHs BHICOTHI BETUUMHA HANPSHKEHHOCTH JJICK-
TPUYECKOTO TIOJISI YMEHBIIIACTCS M MPAKTHICCKH NCYE3aeT Ha BBICOTE
nopsaka 50 kM. OOmiast pa3HOCTh MOTEHIIMATIOB MEXKIY MOBEPXHO-
CThIO 3eMJIM M BEPXHHUMH CIIOSIMH aTMocdepsl nmeeT nopsgok 400
000 B. Ha BrIicoTe 60mee 50 kM TIpOBOUMOCTH aTMOC(]EpHI, 32 CYET
dhoTorhdexTa OT COMHEUHBIX JIyUeH, CTAHOBUTCS JOCTATOYHOU, UTO-
OBI CUNTATh €€ TaK)Ke YKBHUIOTEHITHATHHOU. Takum o0pa3om, 00IIyIo
KapTHHY MO>KHO ITPEJICTaBUTh, Kak 3TO W300pakeHo Ha puc. 2.11. O6-
HIMH 3apsiJl Ha TTOBEPXHOCTH 3eMJIM TPH 3TOM COCTAaBJISIET TPUMEPHO
-6 10° K.
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Puc. 2.11. ®opmupoBaHue 3IEKTPUUECKOTO MO 3eMITU

OnHako, BCJCJACTBHE HAJIMYMSL OTJCIBHBIX MOHOB U B MpPOME-
JKYTOYHOM cJioe arMochepbl, MeXAy OOKIaAKaMHU MPOTEKaeT TOK
C IUIOTHOCTBIO O0KOJI0 10¢ MKA Ha kBaxpaTHbId MeTp. OIHON U3 Mpu-
YMH 00pa3oBaHUsl HOHOB SIBJISIIOTCS KOCMUYecKue ny4yn. Ha Bennuu-
HY MOHHOTO TOKa B 3HAYMTEIILHOW CTETNEHU BIHSIIOT aTrMoc(hepHbIe
Y IPUPOJIHBIE siBIIeHUS. HecMOTpsi Ha ero oueHb MajeHbKOE 3Haye-
HUE, YYUTBIBasI OOLIYIO II0IIAAb 3€MHOM MOBEPXHOCTH, OOLIHIA 3JIeK-
Tpuueckuii Tok cocrapisier npumepHo 1800 A. Ilpu HanpskeHUH
400 000 B momuocTh ero 6yzer 700 MBt. Kpome Toro, 3ameueHo,
YTO B TEYEHHE CYTOK 3HAYCHHE HCIBITHIBACT KOJICOaHHUs IMOpsIKa
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,
4yT0o0BI paspsauTh 3eminto. CHOBa BO3HMKAET BOMPOC: KaK ke 3apsij
3emun IepsKUTCS?

Okazanoch, 4To «baTapeei», MOMOTHSIOMEH 3apsia 3eMIIH, SB-
JSIOTCST TPO3bl. MOJHUU CHAOXKAIOT MOBEPXHOCTh 3€MIIM OTPHIIA-
TeJbHBIM 3apsiioM. CpeIHUI TOK MOJTHHUH TaKKe JOJDKSH COCTABIISITh
1800 A B obnactsix, rjie MPOXOMASAT TPO3bI, a 3apsj], NPUHOCHMBIN
MOJIHHMSIMH, 3aT€M PaBHOMEPHO PACTEKAETCs MO MOBEPXHOCTH 3eMIIH
Y YHOCHUTCSI TaM MOHAMH.

Kaxnpie cytku Ha 3emie rpemut okoio 300 Tpo3 W UMEHHO
Ha 19 yacoB mpuXoaUTCs WX HAWOONbIIas aKTUBHOCTh. TOK B MHKE
MostHIH MOxeT nocturath 10 000 A, mepenecennsrit 3apsn — 20 K.
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['nasa 3. MazHumHoe no.sie 8 aKyyme

3.1. Bzaumooericmeue MacHumo8 u mokosa

Paccmorpum nBa siBienus. IlepBoe, Xopouio BceM HM3BECTHOE, —
3TO NPUTSKCHHUE WM OTTAJIKUBAHHE MarHUTOB. [IpUHSTO CUMTATh,
YTO y MarHuTa €CTh JIBa MOJI0CA — CEBEPHBIN U FOKHBIH. OHOUMEH-
HBIC IOJIF0CA MArHUTOB OTTAJIKMBAIOTCS, a PA3HOUMEHHBIC — MPUTSI-
TUBAIOTCS. 3/1eCh BaXKHO OTMETUTh, YTO 10 OTJACIIbHOCTH MarHUTHBIC
OJIFOCA CYIIECTBOBATh HE MOT'YT. ECITM MbI pa3/iejiiM MaruuT, Harpu-
Mep, MoMojIaM, TO y KaX10¥ M0JI0BUHKH BHOBb 00pa3yeTcst iBa MOJIO-
ca. Takum 00pa3om, UMesl 10T PYKOU CTPEJIKY KOMITaca U MarHuT, Mbl
MO’KEM OIPE/ICIIUTH MOJIF0CAa MarHUTa. BaskHBIM BO BCEX ATHUX OMbBITaX
SIBJIICTCS TO, YTO OJIMH MarHUT WJIM CTPEJIKa KOMIIaca, KOTOpast TaKkxkKe
SIBJIICTCS JICTKUM TOJBMOKHBIM MarHUTOM, ONpEACIICHHBIM 00pa3oM
«yyecmeyromy» NPUCYTCTBUE TJE-TO PAIOM JPYTHX MarHuTOB U 0€3-
OIMO0YHO TOYHO ONPEACISAIOT Hanpasienue Ha HuX. Wi, qpyruMu
CJIOBaMH, OJIMH MArHUT JCHCTBYET Ha APYTOH, Ja)Ke eClii OHU HaXO-
JIITCSI Ha PACCTOSIHUU APYT OT JApyra.

Bropoe aBnenue — 31o B3auMoieicTBUE TOKOB. Ha OCHOBaHUU OMIbI-
TOB AmrmiepoM OBIJIO YCTaHOBJICHO, YTO J1Ba MpoBoAHWKa (puc. 3.1, a)
MPUTATHBAOTCS, €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, npuxoadmasacs Ha CAUHUIY AJIMHBI IIPOBOAHMKA, OKa3a-
JIaChb MpOoNOopHHUOHAaJIbHA BEJIMYMHC TOKOB B IPOBOAHUKAX U O6paTHO
nmponopuruoHajibHa paCCTOSAHUIO MEKIY HUMU:

21,1
F=k—=, 3.1)

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

VYpasuenue (3.1) ciry>kKUT OCHOBAaHUEM IS OTIPEACIICHUS MHH-
bl cuma Toka. Tak, B cucteme CU equauma Toka — amrep (A) — 3To
TaKOH TOK, TPH MPOITYCKaHWU KOTOPOTO Yepe3 1Ba OECKOHEUHO JJTHH-
HBIX MTPOBOJHMKA, HAXOJAIINXCS HAa PACCTOSHUU | M JIpyT OT zpyra,
BosHukaeT cuna 2 107 H na merp. YpaBuenue (3.1) npu 3TOoM 3aru-
CBIBAETCS B PAIlMOHATIM3UPOBAHHOHN (opme:

F = to 21115

2
am b (3.2)

Ie [, — MarHUTHas MOCTOsiHHAsA, paBHas 1,26 10° rempu Ha MeTp
(I'a/m). Enunanna 3apsina — xkynos (K) — mpu aTom ompenensiercss Kak
3apsj, NPOTEKAIOINH Yepe3 CeUeHUE NMPOBOJHMKA 3a OAHY CEKYHIY
npu cuiie Toka 1 A.

[IpumepHo B TO ke BpeMst DpcTeq 00HApYy KU, YTO TOK, POTE-
KaOIUI 10 MPOBOJAHMKY, OKa3bIBAET OPUEHTHUPYIOIIEE AEHCTBUE HA
MarHuTHYIO cTpenky (puc. 3.1, B). [Ipuyem npu n3MeHeHnH Hampas-
JICHWH TOKa CTpelika noBopaunBaercs Ha 180°. Takum oOpazom, ObLI
CZeJaH BBIBOJ, YTO Ha MarHUTHYIO CTPEJKY MOTYT JACHCTBOBATbH HE
TOJIBKO HaXOJSIINECS PSIOM JPYrde MarHuThl, HO U IPOBOJHUKH C
TOKOM. JTO yKa3blBaeT Ha OJAMHAKOBYIO NPHUPOAY B3aUMOJCHCTBUS
MarHuTOB M IIPOBOJHUKOB C TOKOM.

Tenepb ONBITHI C MarHUTaMH MOXKHO OOBSICHHUTBH CIICAYIOLINM
oOpazom. [lepBblif MarHUT co3aaeT B NPOCTPAHCTBE OKOJIO cels Mae-
HUmMHoe noje. ITO 1Moje JSHCTBYET Ha BTOPOM MAarHUT WM MarHUT-
HYIO CTpeJIKy. Bo BTOpOM ombITe IPOBOJHMK, IO KOTOPOMY IPOTEKa-
€T TOK, CO31aeT BOKPYT ce0s1 MAarHUTHOE MOJIE, U 3TO MarHUTHOE TI0JIE
JeHCTBYET Ha BTOPOH MPOBOJHMK C TOKOM HJIM MAarHUTHYIO CTPEJIKY.
Ho B 00oux ombITax ObUIO 3aMEYEHO, YTO STO MAarHUTHOE T10JIC UMe-
€T BIIOJIHE OMNpENEJICHHOE HanpasieHue, T. €. SBISCTCS 6eKMOPOM.
OCHOBHYIO KOJMYECTBEHHYIO XapaKTEPUCTHKY MarHUTHOI'O TOJS B
Ka)XJI0} TOUKE Ha3bIBAIOT MArHUTHOW MHAYKLUEH 1 0003Ha4Yal0T OyK-
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Boil B. ITocKOJIBKY MarHUTHOE TIOJI€ HEBUIMMO, YTOOBI XOTh KaK-TO
HarJIsITHO MPEICTaBUTh €ro cede, TOrOBOPHIINCH TpauuecKu H300pa-
JKaTh €T0 B BHUJE JIMHUI CO CTpeJIKaMM, KOTOPbIE HA3BAIU MACHUMI-
HbIMU CUNO6LIMU TUHUAMU. Y CIIOBUIINCDH, YTO MATHUTHBIE CHJIOBBIE
JIMHUM BBIXOAST U3 CEBEPHOIO IMOJIF0CA MOCTOSIHHOIO MarHuTa 1 BXO-
JIAT B FO’KHBIN MOJTIOC M BHE MarHWTa CUJIOBas JIMHMS HAlpaBlIeHA OT
CEBEPHOTO MOJII0CA K F0’KHOMY. MarHuTHBIE JINHUU HE IEPEeCeKatoTcs
MEXIY co0oii, 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 MarHuTHOM MHAYKUMH B B Kaxkaod Touke OyneT Ha-
MpaBJICH MO KacaTeJIbHOM K CUJIOBOM JIMHUHU, a BEJINUMHA MarHUTHOM
WHAYKIUU OyIeT MPOornopiruoHalibHa KOJUUSCTBY JIMHUH, TEPeCeKar0-
[IUX SIUHUYHYIO IUIOMIAIKY, IePICHIUKYISIPHYIO UM, pHc. 3.2, a.

MarnutHoe 1oJie HE OKa3bIBaeT JAEUCTBUA Ha MOKOSIIHUECS 3apsi-
JIbl ¥ IOKOSILIUMHUCS 3apsAJIaMU HE CO3JAETCA.

Jns MarHuTHBIX MOJIEH, KaK U JJI AJIEKTPUUYECKUX, CITPABEIJIUB
MPUHLNI CYTIEPIIO3ULUHU:

B=3B. . 3.3)

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

DNEeKTpUYecKoe ToJie, KOTOPOE CO3/aBal TOKOSIIMNACS TOYeU-
HBIA 3apsii, B CHJIy M30TPOIMH TPOCTPAHCTBA MMEJO IEHTPAIBHO-
CUMMETPUYHBIN XapakTep. Eciu 3apsig 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 OXKHUJIATh, UTO MArHUTHOE
ToJIe JIBIDKYIIETrocs 3apsiia OyJeT UMETh OCEBYH) CHMMETPHIO, PHC.
3.3. OueBUIIHO, YTO OHO AOJDKHO 3aBHCETh OT BEIMYUHBI 3apsi/a, CKO-
pPOCTH, a TaK¥Ke IMOJIOKEHUSI PACCMATPUBAEMOMN TOYKU OTHOCHUTEIILHO
3apsifia. Y CTaHOBJICHO, YTO:

q[v=r]
B=k——, (3.4)

/i€ k — MMOCTOSsTHHAS, 3aBUCAIIAS OT BRIOOpPA CUCTEMBI SUHUIIL.

q

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

B cucreme CI'CM k = 1, equHuIia u3MepeHUs] MarHUTHOM
naaykiuu — rayce (I'c). B cucreme CU ennHaAIa N3MEepeHNS MarHUT-
HOM mHayKIu — Tecna (Tir), a ko3P PUIUEHT MPOMOPITMOHATEHOCTH
k= p /4.

Teneps paccMOTPUM MPOU3BOJIBHEIN MPOBOJHUK, IO KOTOPOMY
MpOTEKAET AeKTpuueckuil Tok 1. Uucino HocuTene Toka Ha ydyacTke

npooguuka dl Oymer coctaBiaTh nSdl, M KaKIelif B COOTBETCTBHH
N [vxr]
¢ (3.4) O6yner co3naBath MarautHoe mose By = 4z 3 (mpenrio-

JIaraeTcsl, YTO HOCUTENIIMU TOKA SIBJISIOTCS 3neKTp0}f1)1), av—Ccpenssis
CKOPOCTb MX YIOPSZOYEHHOTO JBIKEHUS, IPUHUMAIOIAs YIaCTHE B
CO3aHNU MarHUTHOTO NoJIsl. TemIoBoe IBUKEHHUE JIEKTPOHOB UMEET
B KaXIbli MOMEHT CJly4allHOE HaIIpaBJI€HUE U IIPU CYMMUPOBAHUU
BKJIaJ]a B MAarHUTHOE TTOJIE HE JacT.
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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 cleiaHa 3aMeHa
jdl=jdl.

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

W3 cooTHOmIeHus (3.5) BUIHO, YTO HANIPABICHNUE MATHUTHOM WH-
JyKUMW NEPIEHINKYJSPHO IUIOCKOCTH, MPOXOAIIECH Yepes3 2JEMEHT
TOKa dl 1 paccMaTpuBaeMyIo TOUKY.

[Tonb3ysce popmynoii (3.5), MOKHO BEIYUCIUTH MAarHATHOE TI0JIE
0ECKOHEYHOT O TIPOBOJIHUKA C TOKOM, pUC. 3.5. DJIeMEeHT MPOBOIHUKA
dl 6ynet co3maBath 1moJie:

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

VYuureiBas, uyto 1 = 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
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CyMMapHOe 3HaueHHe MHAYKLIWU AJI BCETO NMPOBOJHMKA IOJTY-
YHUTCS, €CIM BhIpakeHHe (3.6') MPOMHTETPUPOBATH 110 BCEM yIIaM 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-
00l cUCTeMy OXBAaTBIBAIOIIUX IMPOBOJ] KOHIICHTPHUECKUX OKPYKHO-
creit, puc. 3.5. [lomoOHOE TOJIe HOCUT Ha3BaHWE BUXPEBOTO IOJIS:
JIMHUYU HAIPSDKEHHOCTH €ro 3aMKHYTHI U HE UMEIOT Havyalla 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, €CJIM B KAYECTBE KOHTYpPa BHIOPATh OKPYKHOCTh pa-
Juyca b ¢ ISHTPOM, JISXKAIIUM Ha MPOBOHMKE, IUPKYJISIUSI BEKTOpa
HANPSHKEHHOCTH MarHUTHOTO TOJISI BJIOJIb 3TOT'0 KOHTYpa OyIeT:

o 2027b

_H
JBdl == _— Ho 1, (3.8)

Bripaxkenue (3.8) HOCUT Ha3BaHUE TEOPEMBI O IUPKYJIISAINH BEK-
TOpa MarHUTHOW MHAYKIIMHU, KOTOPas paBHAa CyMMapHOMY TOKY, IIpoO-
HU3BIBAIOIIEMY KOHTYP, YMHOXEHHOMY Ha [,
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3.3. Cuna Jlopenya. 3axon Amnepa

BsaumopeiicTBre IpOBOTHUKOB MBI OOBSICHUIIH CIIEIYIOIIHM 00-
pasoMm. JIBmKymuecs 3apsapl MEpBOrO MPOBOTHUKA CO3IAIOT BOKPYT
ce0si MarHWTHOE TIOJIE, BEJTMYWHY KOTOPOTro MBI ompeneniu (3.7).
DTo ToJe, B CBOK OYepelb, JIOJDKHO JIEHCTBOBATH HA JBMKYIIHECS
3apspl BTOPOTO MTPOBOTHUKA.

Cuna, nedicTByromas Ha OTACTHHBIN 3apsi J, BEPOSITHO, OyAeT
3aBHCETh OT BEJIMYUHBI 3apsijia, €r0 CKOPOCTH Vv W BEIMYHMHBI U Ha-
MpaBjeHUs NoJs B. YCTaHOBIIEHO, UTO:

F =k q [vxB]. (3.9)

B cucreme CU k = 1 u ypaBaenue (3.9) sBisieTcss OCHOBaHHEM
JUISL OTIpEJICTICHUsI €IMHNIBI MATHUTHON MHIYKIUH. PackpbiBasi Bek-
TOpHOE Tpou3BeieHne, B cucreme CU momyanm:

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

T7Ie 0. — YTOJI MEX/ly HallpaBJIeHUEM JIBH)KECHUS 3apsifia U HalIPaBJICHU-
€M MarHuTHOTO I10JIsl, @ 1 — €AMHUYHBIN BEKTOP, NEPICHANKY IS PHBINA
IUIOCKOCTH, B KOTOPOH JIexat Bekropa v U B. Takum obpasom, cuia,
JecTByOMIas Ha JBMDKYLIMICS 3apsi B MarHUTHOM I10JI€, BCEra Ha-
IpaBjIeHa NEPIEHINKYIISIPHO HapaBJICHHUIO IBUKECHUS, HE COBEpILa-
eT paboTbI U He MOXKET H3MEHUTH SHEPTHIo 3apsina. Cuiia paBHa HYJIIO,
€CJIM HalpaBJICHUE JBIKCHHS COBIIAJAET C HalpaBlICHUEM OIS (Ha-
IpaBjieHa IPOTHB).

B o6uiem ciyuae, mpy HUIMYKMHU U 3JIEKTPUYECKOTO OIS CyMMap-
Hasl cuila, ICHCTBYIOIIAs Ha JIEKTPOH, HOCUT Ha3BaHUs cuivl Jlopen-
ya v paBHa:

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

[Tonb3ysice BepaxkeHwreM (3.9), MOXKHO ONpENeTUTh CHITY, JeH-
CTBYIOIIYIO Ha ITPOBOIHUK C TOKOM, TOMEIIICHHBII B MArHUTHOE TIOJIE.
Cuna (3.9) neficTByeT Ha KakIbli 21EKTPOH npoBoHuKa: F = e [vXB]
W TIepeaeTcsl MPOBOJAHUKY, IT0 KOTOPOMY OHH JIBHKYTCS. B pesyib-
TaTe Ha eIUHUILY JIUTHHBI TPOBOIHNKA OYET IeWCTBOBATh CyMMapHast
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CuJia, paBHad y1(a3aHHOI7[, yMHO)KeHHOfI Ha 4YH1CJIO 3JICKTPOHOB B pac-
cMaTpuBacMoOM o0BeMe MMPOBOJAHHKA:

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

3nech yuteHo, uTo 12 e v =j u S dl j 3ameneno Ha [ dl. Beipaxxenue
(3.12) HOCHT Ha3BaHUE 3aKOHA AMIIEpa.

Tenepb, BO3BpaIasch K Hayaly rJaBbl, MOXKHO MMOCYUTATH CHITY,
JEHCTBYIONIYIO CO CTOPOHBI MPOBOJHMKA, MO0 KOTOPOMY HPOTEKaeT
TOK /|, Ha MapajJIeNbHbI €My IIPOBOJIHHUK, 110 KOTOPOMY TEYET TOK
L, puc. 3.6.

Puc. 3.6. K onpezenenuto Cuiibl MEXIy IPOBOJHUKAMU

Cornacao (3.7), nepBblii MPOBOJHUK B 00JIaCTH BTOPOTO OYy-
J€T CO31aBaTh MHAyKUMIO B, = u 2[ /4mb, HanpaBieHHyIO mep-
MEeHIUKYJIIPHO eMy. DTo moie, cormacHo (3.12), Oyner neicTBo-
BaTh Ha JIBIKYIIHMECS JIEKTPOHBI BTOPOTO MPOBOJHHKA C CHUIIOW
F =1 [dle1] =n u, 211 I, dl/4rh, i Ha CAMHUILY JIJIUHBI
F=u,2I I, /4xb, cMm. (3.2).
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I['nasa 4. AeneHue
As1eKmpomMazHUmMHOU uHdykyuu Papades.
YpasueHus1 Makcegesi1a

Omxkpoimus @apadea u Makceenna oniamunu éce 3ampamaot
Ha cO8pPeMeHHYI0 HAYKY, XOTs B T€ BpEMEHA UX MpaKTHUecKas 3HaYu-
MOCTh ObLJIa HE OUEBHIHA.

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

e HenoaBwkHbIE 3apsbl CO3AIOT BOKPYT Ce0sl dJIEKTPUUECKHUE
OJISI.

e JIBrKy1Irecs 3apsAabl CO3/1Aal0T MArHUTHBIE TTOJIS.

Ho ecnu nBmxymuecs 3apsapl (371eKTpHUYECKHe MOJs?) CO3Aal0T
NOJIsl MATHUTHBIE, TO HE OyJeT JM ABMKEHWE MarHuTa (MarHUTHOTO
M0JIs1) BBI3BIBATDH MOSBJICHUE IEKTPUUYECKHX TOJIEH (MM TOKOB)?

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

4.1. HAenenue snexmpomacnumnotl unoykyuu dapades

IIpocreiimuii onbIT, B KOTOPOM IPOSIBISETCS SIBJIECHUE JIEKTPO-
MarHATHOW WHAYKIWH, U300paxkeH Ha puc. 4.1.

LE LR

LULL

Puc. 4.1. Bo3HUKHOBEHHE TOKA B KAaTYyILIKe IPU BHECEHUU B HEE
M BHIHECEHHUH 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 BEJHWYHHA 3.11.C. OyneT TeM Ooblie, 4eM 0OoJIbIle CKOPOCTh JBH-
JKEHUS] MarHUTA.

MoXHO cKa3aTh, 4YTO WAEU IMOAO0OHOTO OMbITA BUTAIHU B TE€ Bpe-
MEHA B BO3/YyX€, I0CKOJIbKY B TOYHOCTU TAKUE K€ OIBITHI OJHOBpE-
MeHHO ¢ Dapajeem NMpoOBOAUI APYIOW, HUKOMY CETOIHS HEU3BECT-
HBIH mBelinapckuil pusnk Komnagon. Ho mockosbKy OH HCTIONB30Ba
YYBCTBUTEJIbHBIN T'aJIbBAHOMETP, Ha KOTOPBIM MAarHUT MOI OKa3aTb
BJIMSIHUE, OH BBIHEC €TI0 B COCETHIOI0 KOMHATY U TAKHM 00pa3oM ObLI
o0OpeyeH Ha MmpoBall.

Bonee moapoOHBIE OMBITHI OBUIM MOCTAaBIIEHBI 3aTE€M C ABYMS
NapauleIbHO PACHOIOKEHHBIMU PSAJIOM BUTKaMu, puc. 4.2. [lepBriit
KOHTYp OBLI MOACOEJMHEH K MCTOYHHMKY TOKA, BEIMYHHY KOTOPOTO
MOYKHO OBUIO PeryJInpoBath Py MOMOILHU PeocTaTa, U TAKUM 00pa3oM
CO3/1aBAJIOCh KOHTPOJIMpPYyeMoe MaruuTHoe noje. Ko BTopoMy KOHTY-
PY HOACOETUHSIICS U3MEPUTENBHBIN TPHOOP.

Ilepswiii onvim 3axiroyancs B TOM, UTO 3HaUY€HHE TOKa B IEPBOM
KOHType (C03/1aBaéMOro MM MArHHUTHOTO MOJI) yeeauuusanocs. B
3TOM CJIy4ae BO BTOPOM KOHTYp€ BO3HHKAJ TAK HA3bIBAEMbII UHIYK-
LUOHHBIA TOK, HAIIPABICHHBIA B CTOPOHY, HPOMUBONONOIHCHYIO TOKY
B [IEPBOM KOHTYPE.

Puc. 4.2. Bo3HUKHOBeHHE MHIYKIIMOHHOTO TOKa B KOHTYpE
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Bmopoii onbim cOOTBETCTBEHHO NMPOBOAMIICS NPU YMeHbUeHUU
TOKa B MEPBOM KOHType. B 3TOoM ciyuae HampaBieHHEe MHAYKIHOH-
HOT'O TOKa BO BTOPOM KOHTYpE CO6na0a0 C HANPaBICHUEM TOKa B
NePBOM KOHTYpe.

Crenyromuii onsim 3aKIIOYalCsS B TOM, YTO MPHU MOCTOSHHOM
3HAYEHUH TOKA B IEPBOM KOHTYpE OH CHauasa npudIudicaics Ko BTO-
pOMY KOHTYpY, a 3aTeM yoasics OT Hero. HampaBieHne MHAyKUU-
OHHOT'O TOKa BO BTOPOM KOHTYpE IPU 3TOM CHayvaja (Ipu mpuoImKe-
HUH) OBIJIO IPOMUBONONIONCHO, A 3aTEM COBRAOANO C HATIPABICHUEM B
NePBOM KOHTYpe.

OO01muM BO BCEX 3TUX ONBITAX OBLIO TO, YTO MECHSJIACH BEIIMYMHA
MarHuTHOro MoToka @, = BS, NPOHU3BIBAIOIIETO BTOPOH KOHTYP.

Ha ocHoBaHuu aHanm3a 3THX U JAPYrux onbitoB Dapaneit chop-
MYJIMPOBaJI 3aKOH AJIEKTPOMArHUTHOH WHAYKLHUH: GeIUYUHA HAGO-
OuMOil 8 KOHmYype 3.0.C. RPONOPUUOHAIbHA 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.]1.C. M 3HAK «MHUHYCH
B opmyuie (4.1) BeipaxaroT npasuio Jlenya.

Ecnu KoHTYp COCTOUT HE U3 OJHOTO BUTKA, TO MArHUTHBIHN ITOTOK
B (4.1) yMHOXKaeTCs Ha YHCIIO BUTKOB.

DTOT 3aKOH JIGKUT B OCHOBE pabOTHI AJIEKTPOTCHEPATOPOB,
TpaHc(hopMaTOPOB M MHOTHX JPYTHUX MMPUOOPOB M YCTPOMICTB.

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 JBIDKEHHE 3apsjioB. /[BrmkeHne
3apsI0B BO3HUKAET TOJ ISHCTBUEM CHIIBI, KOTOpasi, BEPOSITHO, UMEET
AJIEKTPUYECKYIO TIPUPOIY. MBI yXKe 3HaeM OJIHy TaKyl CHIY — 3TO
cuia, IeUCTBYIOLIas Ha 3apsij B dJekTpuueckoMm noie F = eE. Takum
o0pa3oM, clemyeT, 4TO M3MEHSIONIeeCs MarHUTHOE T0JIe TIPUBOIHT
K BO3HHKHOBEHHIO JJIEKTPUYECKOTO 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 HAIMYMIO CBOOOHBIX AJIEKTPOHOB), KOTOPOE CYIIECTBYET
B MPOCTPAHCTBE C M3MEHSIONIUMCS] MarHUTHBIM TIOJIEM HE3aBUCHUMO
ot Hero. CyTh SBJICHHS DJIEKTPOMArHUTHOW WHIIYKIIUM COCTOHT HE B
BO3HUKHOBEHHH 3JICKTPUYECKOIO TOKA B KOHTYPE, 2 B BO3HUKHOBE-
HUU DJIEKTPUYECKOTO TOJIsI, KOTOPOE 3TOT TOK BBI3bIBAET. DTOT BBIBOJI
BIIEpBBIC OBLI ciesiaH MakcBeuiom.

[ToydeHHOE TaKUM CIOCOOOM I0JIE CYIIECTBEHHO OTIHYACTCS
OT TOJIs, co3JaBaeMoro 3apsimamu. [1oCKONbKY IOCIIEIHHE OTCYT-
CTBYIOT, CUJIOBBIC JIMHUK 3TOTO IOJISI HE MOTYT Ha HUX HAYUHATHCS U
3aKaHYUBATHCS. B OTiMuUMe OT AJNIEKTPUUECKOTO IMOJIs, CO3[aBaeMOr0
3apsiiaMH, 3TO TI0JIC UMEET BUXPEBOU XapaKTep U €ro CUIOBBIC JTMHUU
3aMKHYTHI, puc. 4.3. HanpasieHue moJis COBNaacT ¢ HalpaBICHUEM
TOKOB B BOOOpa)kaeMOM KOHTYPE.

S

Puc. 4.3. BuxpeBoe 31eKTpUUYECKOE 10JIe

B ornnumne oT 35eKTpUUYECcKOro MoJis, CO3AaBaeMoro 3apsia-
MU, BUXPEBOE I0JIE HE SIBISETCS MOTeHIMaIbHBIM. PaboTa Han 3apsi-
JIOM TIpH 00X0/Ie 3aMKHYTOTO KOHTYpa He OyJIeT paBHa HYJIIO, TaK KaKk
Ha BCEX yyacTkax oHa OyIeT MMeTh OJHH 3HakK. PaboTa BHXpeBOro
JIEKTPUYECKOT0 MOJIS IPU NEPEMELIEHUH €UHUYHOTO MOJI0KHUTENb-
HOT'O 3apsifia IO 3aMKHYTOMY KOHTYpY OyJIeT YHCJICHHO paBHa 3.1.C.
WHAYKLMHU, HABOAUMOH B MPOBOJHUKE, TOMELIEHHOM B 3TOT KOHTYP:

|[Edl=¢=—do, /dt 4.2)
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Ecnu B mpocTpaHCTBO, I'/ie UMEETCS BUXPEBOE JIIEKTPUUECKOE
oJie, IOMECTUTh HEe MPOBOSALINNI KOHTYp, a CIIJIOLUIHON POBOAHHUK,
TO B MMPOBOJHUKE MOTEKYT TOKH B COOTBETCTBUU C CUIIOBBIMH JIMHUS-
MU 3TOTO MOJsA, puc. 4.3. DTH TOKM TaK)K€ HA3bIBAIOTCS BUXPEBHIMH,
i Tokamu Pyko. BuxpeBble TOKM MOTYT UTPaTh KaK TOJOKUTEIb-
HY10, TaK 1 OTPULIATENbHYIO POsib. OHU MPUMEHSIOTCS, HAapuMep, AJ1s
TOPMOYKEHHS CTPEIIKU B DJIEKTPOU3MEPUTENBHBIX TPHOOpax, OECKOH-
TAKTHOTO HarpeBa METAJUIOB, JaTYMKaxX AJs Hepa3pylLIarollero KOoH-
Tpousisi. B To ke Bpems B cepaeuHNKaxX TpaHC(HOPMATOPOB OHH BEIET
K HEHYXXHOMY HarpeBy. IloaTomy cepaeyHMKH WM HAOMparoTCs U3
TUTACTHH, Pa3phIBAIOLINX KOHTYpa BUXPEBBIX TOKOB, MJIM W3TOTaBIIHU-
BAaIOT U3 (PEPPOMArHETHKOB C BHICOKHM Y/EIBbHBIM 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)

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

@, =|Bds=o0. (4.4)

o J[Bmxymrecss 3apsAapl MOPOXKAAI0T MarHuTHBIE TOJs. CBs3b
ANEKTPUUYECKUX TOKOB U CO3AABAEMBbIX UMHU I10JIEM 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 = - aB/dt. (4.6)
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Co6paB BCC€ OTHU JaHHBIC, MakcBenn peuni, 41O JIsd MOJTHOMU
CUMMETPHU HE XBATACT OAHOI'O 3B€HA: MAIrHUTHBIC TTOJIS JOJI’KHBI BO3-
HUKAThb U NMPU USMCHAIOIUXCA DJICKTPUUCCKUX ITOJIAX. DTO MOXHO
MPOWJUIIOCTPUPOBATH HA MPUMEPE C KOHACHCATOPOM, I/I306pa)KeHHOM

Ha puc. 4.4.
B obOnactu BHe OOKIaJOK KOHJEHCATOPA MarHUTHOE TIOJIE IIO-

POXKOACTCA TOKaAMHU. BHYTpI/I O6KJ'Ia,Z[OK B CUJIY HETIPCPBIBHOCTHU TOXKE
JAOJDKHO CYHIECTBOBATH MArHUTHOC IIOJIC, KOTOPOC MOXKCET IMMOPOK-

JIATHCSI U3MEHSFOIIUMCS JICKTPHUYSCKUM TTOJIEM.
Takum oOpazom, MakcBesut qomnoyiHut ypaBHenue (4.5) emie of-

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

I[O6aBKy K TOKY OH Ha3BaJl TOKOM CMCIHICHMS, [TIOCKOJIbKY I10 pa3-
MCEPHOCTH OHAa 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 MHTETpaJIbHOH Gopme).
Pemennem 3Toit CHCTEMBI SIBIISIETCSI BOJIHA, Ha3BaHHAS AJIEKTPO-

MarHUTHOM M PaclipoCTPaHSAIOLIAACs B BAKYYME CO CKOPOCTBIO CBETA

=g,
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CxemMaTHU4YHO PACIPOCTPAHSIONIAsICS 3JIEKTPOMarHUTHAsl BOJIHA
n3zo0paxena Ha puc. 4.5, a. l3mensronieecs: 3JIeKTpUUECKOE TIOJIE B
obnactu 1 mopokIaeT U3MEHSIOIIEECs] MATHUTHOE TI0JIe B 00JacTu 2,
KOTOPOE, B CBOIO OUEPE/Ib, BEET K BOSHUKHOBEHUIO N3MEHSIOIIEr0Cs
AIIEKTPUYECKOTO TOJIsl B 00JIACTH 3, U TaK 3TOT MPOLECC paclpocTpa-
HSIETCS CO CKOPOCTBIO CBETA. B 2J€KTPOMArHUTHOM BOJIHE BekTopa E
1 B 00pa3yroT npaBblil BUHT C HAIIPaBJICHUEM PacIpOCTPAaHEHUS, CO-
MIPOBOXKIAIOIIMMCS TIepeHOCcoM 3Hepruu (puc. 4.5, 0). Bnocneacreun
B 1888 roay snekrpoMarHUTHBIC BOJIHBI OBLIHM 3KCIIEPUMEHTAIBHO OT-

kpbIThL I'. I'epuem.
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Puc. 4.5. DnekrpomaruuTHasi BoJHa
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I'nasa 5. MaeHumHble ceoilicmea seujecmad

5.1. Hanp}lﬂfceHHOCWlb MACHUNIHOZ20 NOJIA

MarHuTHbI€ TOJS CO3/IAt0TCS OCTOSSHHBIMU MarHUTamu, 3JIEK-
TPOMAarHuTaMy WM MPOBOJHUKAMHU C TOKOM. B TO ke Bpemsi MbI
3HaeM, 4TO, IOMUMO MaKpPOTOKOB (MJIM TIPOCTO TOKOB), TEKYIIUX IO
MIPOBOIHUKAM, B JTFOOOM TeJie CYIIECTBYIOT MUKPOCKOTIMYECKUE TOKU
(MMKpPOTOKH, WJIH TOKH AMIIepa), CO3/1aBaeMble JABIKEHUEM DJIEKTPO-
HOB B aTOMax 1 MojieKyyiax. C OTHOW CTOPOHBI, BHEITHUE TTOJISI, CO3-
JIaBA€MbI€ MaKpPOTOKAaMU MJIM MTOCTOSIHHBIMU MAarHUTaMH, JEHCTBYIOT
Ha MUKPOTOKH, B TO K€ BPEMS 3TH MUKPOTOKH CO3Jal0T CBOE MarHUT-
Hoe rnose. MarauTHasi HHOYKUus: B — xapakTepusyeTr pe3yJbTUPYIo-
niee AeMCTBUE MUKPO- U MaKpOTOKOB, IOATOMY B 3aBUCHT OT Cpelibl,
B KOTOPOH CO3/1a€TCs MOJIE U OT PACIIOJIOKEHUS MAKPOTOKOB U MOCTO-
STHHBIX MarHATOB. YKa3aHHBIA (DaKT MOXKET 3HAYUTEIHHO YCIOKHHUTh
TEXHUYECKUE PACUETBI, €CIIH MT0JIB30BATHCS TOJIBKO XapaKTEPUCTUKON
nonist B. [losToMy OblTa BBe/ieHa eI11e O[HA BEINYHHA, XapaKTePH3YIo-
1iasi MarHUTHOE 110JI€, HAa3BaHHASl HANPANCEHHOCHIbIO MAZHUMHOZ0
nona n obo3Havaemas Oyksoi H.

Takum 00pa3zom, HaNMpsSHKEHHOCTh MarHuTHOro monst H — xapak-
TEpU3YeT I10JIe, CO3/1aBaeMOe MaKpOTOKaMH (COJICHOUaMH, KaTyIIIKa-
MU, IPOBOJHUKAMHE C TOKOM) W TOCTOSTHHBIMU MarHUTaMHU.

Bennuuna MmaruuTHOM MHIYKIIMK B B BelliecTBe CBsi3aHa ¢ HaMpsi-
YKEHHOCTBIO MarHUTHOTO N0Jis1 H COOTHOLIEHUEM:

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

rie J — MarHATHBIH MOMEHT (HaMarHMYE€HHOCTH) CAMHHIIBI 00beMa
BEIIECTBA, { U ¥ — MATHUTHBIC BOCHIPUUMYHUBOCTH U MIPOHHUIIAEMOCTh
BEIIIeCTBAa COOTBETCTBEHHO. MarHuTHas POHHUIIAEMOCTb | TOKa3bIBa-
€T, BO CKOJIBKO Pa3 MarHWTHAas MHIYKIHS B BENIECTBE OTIUYACTCS OT
MarHATHOW MHAYKIUH B BakyyMme (71 Bakyyma u = 1). Ilo 3nauenuto
MarHATHOW MPOHUIIAEMOCTH ( BEIIECTBA JAETATCS Ha 3 TPYMIbL: oua-
MAa2HemuKu, napamazHemuKy u eppomacHemuxu.
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5.2. luamacnemuxu

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

Puc. 4.6. lnamaruetuk

BpallleHHE 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 JAVNaMardH€TuKoOB ( HE-
3HaunTenbHo MeHbIe 1 (0,999...), a y — orpunarensua. JlnaMarHuTHEI-
MU CBOMCTBaMH 00JIaIal0T BUCMYT, rpaduT, cepedpo, Meb U IpyTHe.

5.3. llapamacnemuxu

[TapamarHUTHBIME CBOICTBaMHU 00J1aJal0T BELIECTBA, Y KOTOPBIX
CYMMapHBIi MarHUTHBIII MOMEHT aTOMOB HE paBeH Hymo. B orcyT-
CTBHE BHEIITHErO MarHUTHOTO TIOJISi MAaTHUTHBIE MOMEHTHI OT/ETBHBIX
aTOMOB B pe3yJIbTaTe TEIUIOBOTO JIBM)KCHHUS HAIPABICHBI XaOTHYHO.
Bo BHemiHeM 1oje MarHWTHbIE MOMEHTHI OT/EIBHBIX aTOMOB HAuYH-
HAIOT OPHEHTHPOBATHCS 110 MO0 ISl mapaMarHeTHKOB 4 HE3HAUH-
tenpHO Oosbie 1 (1,000..), a y — monoxurensHa. [lapamaraeTnkamu
SIBJISIOTCS OJIOBO, ATIOMUHUM, TIIATHHA, MapraHel U ApyTHe.
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5.4. @eppomacnemuxu

Haspanne (eppomMarHeTHKOB IPOUCXOIUT OT HanOoJee pacipo-
CTPaHEHHOT'O MPEICTABUTENS ITOT0 Kilacca — xesesa. M3 aucThIx 3ie-
MEHTOB (peppOMarHUTHBIMM CBOMCTBAMHU 00JaalOT TaKXKe HHKEIb,
KOOaIbT, TaJ0TMHNM.

VY (eppoMarHeTUKOB UMEIOTCS 00JACTH — JOMEHBI, MMEIOIINe
pasmepsl nopsiaka 1...10 MM, B mpenenax KOTOPBIX B pe3yJibTaTe
JIeHcTBUSL OOMEHHBIX CHJI KBAHTOBOW MPUPOABI aTOMHBIE MarHUTHbIE
MOMEHTBHI BEICTPANBAIOTCS B OIPEACICHHBIX HalpaBieHUsAX. B oTcyT-
CTBHE BHELIHEI0 MarHUTHOTO TIOJIS IOMEHBI OPUEHTUPOBAHBI TaK, YTO
UX CyMMapHasi HAMarHH4eHHOCTh paBHa HYJIO, ()eppOMAarHETHK pa3-
MarandeH (puc. 4.7, a).

[Ipu yBenn4yeHnn HANPSHKEHHOCTH BHELIHEIO MAarHUTHOIO IOJIS
T€ JOMEHbI, HAMAarHHYEHHOCTh KOTOPBIX UMEET «OIaronpusiTHOE» Ha-
npaBjeHue, OyayT yBEJIMUUBATHCS B pasMepe 3a CUET YMEHbIICHHUS
pasMepoB IOMEHOB C «HEOJIAaronpusATHBIM» HalpaBJIeHMEM Hamar-
HuaeHHocTH (puc. 4.7, 6 ). IIoCKONBKY 3TOT MPOIECC MPOUCXOIMT
3a CYET CMELICHUS IOMEHHBIX I'PaHMIL, OH OyAeT HPOJODKATHCS 1O
TeX MOp, MOKa JOMEHbI ¢ «ONaronpusTHO» OPHUEHTUPOBAHHBIM 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, UMECT He-
TUHEWHbIH xapaktep. Ha HavanpHOM monorom yuactke (1) mporecc
uzaer o0paTumo, T. €. IPH OTKIFOUEHHUH 10JIs1 (JeppOMAarHeTHK BEPHET-
csl B MCXOJHOE cocTosiHue. Ha kpyTom yuacTke (2) cMmemieHue rpa-
HUI] UIeT ckaukamu (ckadku wiu d¢dekxt bapkrayzena) u mporecc
HeoOpaTuM (B YBETMYEHHOM MaciiTade y4acTOK KpHUBOi M300pakeH
cnpasa). Ilpu nanpHeimeM yBeIMUeHUN HANpsDKEHHOCTH BHELIHETO
MarHATHOTO Mo (Y4acTOK 3) HaMarHMYEHHOCTh BEIIeCTBa OyeT
MIOBOPAYMBATHCS B HAIIPABICHUH BHELLTHETO MAarHUTHOTO 110JIS1 U, B KO-
HEYHOM CcueTe, CoBIaeT ¢ HuM (puc. 4.7, r). HampsikeHHOCTH BHEI-
HEr0 MarHUTHOTO I0JIsl, IIOCe KOTOPOH HAMAarHW4E€HHOCTh oOpasia
Gombure He pacteT (puc. 4.7, 1), Ha3bIBaeTCs noem nacvlugenusn H ,
HaMarHM4E€HHOCTh 00pasua — HAMAZHUYEHHOCHbIO Hacblujenua J .
JanpHelmmii pocT MarHUTHOW MHAYKUUU OPOUCXOJUT TOJNBKO 3a
CYeT POoCTa BHENIHETo MarauTHoro noisi. Hmxe (puc. 4.7, e) n3obpa-
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JKE€Ha 3aBUCHMOCTh MarHHTHOM MPOHUIIAEMOCTH OT MPHIIOKEHHOTO
nioJist 1(H), KoTopast TakyKe HeJTMHEHHASI.

HBH

(S

Puc. 4.7. HamaranunBanue gpeppomMarHeTnka

Kak yxe ormeuanocs, mporecc HaMarHMuuBaHus eppoMarte-
TUKOB SIBJIIETCS] HEOOPATUMbIM. DTO 3HAUMT, YTO €CJIU MBI U3 HAMar-
HHYEHHOTO 10 HACBIILEHHs COCTOSHMSA (H = H ) HauHeM yMEHbIIATh
BHEIIHEE 110JIe, TO HAMAarHUYEHHOCTh 00pa3ia He OyneT U3MEHATHCS
B COOTBETCTBHH C KpuBoW HamarumuuBanus 0—1 (puc. 4.8, a). Tak,
IpH YMEHBIIEHUH HANPSHKEHHOCTH 110J1 oT H 1o 0 HamMarHu4eH-
HOCTb B 00pasue U3MeHUTCs OoT J 10 J B COOTBETCTBUM C KPUBOM
1-2. DTo sBNCHHUE, CBA3aHHOE C HEOOPATHMMOCTBIO IIpolecca cMme-
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LIEHUS IOMEHHBIX TpaHUI] Ha y4yacTKe 2 KpUBOW HaMarHUYMBaHMUS,
HOCHUT Ha3BaHWE MACHUMHO20 2ucmepe3ucd. 3HaueHUe UHIYKLIHUU
J_TIpH OTKJIIOYEHHOM BHEIIHEM I0JIE HOCUT Ha3BAHUE OCHMAMOUHOU
HAMAZHUYEHHOCIU.

Ecnmu x ¢peppoMaraeTiky, HaXOASIIEMYCsl B COCTOSIHUHM OCTaTO4-
HOM HaMarHW4E€HHOCTH, TENepb MPUKIIAABIBATh BHELIHEE MAarHUTHOE
T0JI€ IPOTUBOTIOJIOKHOIO HanpasjeHus ot 0 10 —H , TO HaMarHu4eH-
HOCTh 00pa3ua OyJeT U3MEHATHCS B COOTBETCTBUU C KpUBOW 2—3—4.
[lone —H , mpu KOTOPOM HAMATHUYEHHOCTH 0Opasia obpamaercs B
0, HOCUT Ha3zBaHUE Ko3Ipyumuenoi cunpl. llpyn ganpHeilem yse-
JMYEHHH 0OPAaTHOTO BHELIHErO MArHMTHOTO MOJIS 10 3HaYeHus —
(eppomarneTHk Oyl€T HAMarHMYUMBATLCS JIO HACBINEHUS J  TaKKe
oOpaTtHoro HanpasieHus (Touka 4). Ilpu mocienyroneM U3MEHEHHH
BHELIHEro nous or —  no +H HaMarHM4eHHOCTh oOpasua Oyner
M3MEHATHCS B COOTBETCTBUM C KpuUBOH 4 — 5 — 6 — 1, mpoxojs mo-
CJIeI0BaTeIbHO Yepe3 3HauUeHUs] OCTAaTOYHOM HaMarHW4eHHOCTH, KO-
SPLUUTUBHON CHUJIBI U HACBHILEHHS POTUBOIOJIOKHBIX 3HaKOB. [loimy-
YUBILNAsCSA 3aMKHyTas KpuBas 1-2-3—4-5-6—1 HocuT Ha3BaHUE npe-
denvbHoil nemnu cucmepe3uca. Ilpu nocnenoBaTeIbHOM U3MEHEHUU
HaNpsHKEHHOCTH BHENIHErO MArHUTHOTO MoJist OT +H 1o —H v Tak
Janee HaMarHH4eHHOCTh (peppoMarHeTuka OyAeT U3MEHThCS B COOT-
BETCTBUHU C JAHHOU NPEEIIBHON IETIIEH TUCTEPE3Hca.

a §)

Puc. 4.8. a) [lepemaranunBanue ¢peppomMarHeTuka
U €T0 MEeTIIS TUCTepe3uca; 0) UK pa3MarHUIUBaHUA (eppoMarHeTHKa
B IIOCTEINEHHO YOBIBAIOIIEM MarHUTHOM TOJIE
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Ecau Ipu rIepeMariniMBaHu HAPSAKCHHOCTD MOJIA 6paTI> MCHb-
e Hm, TO MAarHuTHasd MHAYKIUA 6y):[eT TAKXC U3MCHATHCS I10 IICTIIC
TUCTEPEC3HCa, HO MCHBIICTO pa3Mepa, KOTOpass HA3bIBACTCS 4YaCTHOU
MmeTaek rucrepesuca. Ecnu Ipu MoCJICA0BATCIIbHOM IIE€PEMaruinimnBa-
HUHU MAKCUMAJIbHOC MOJIC MOCTCIICHHO YMCHBUIATL 0 O, TO (beppo—
MAara€TuK CHOBA MPUACT B Pa3SMArHMYCHHOC 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 PABHBI?

Ipumep pewenus. HanpsoKeHHOCTh TONS TOYEYHOTO 3apsjia

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

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

Hue Oyner 3.

* Toueunsie 3apsnpl ¢, = q, = —q ¥ 00pa3yroT ¢ Toukoi C paBHO-
OepeHHbII TpeyroNbHHUK. YKa3aTh Hanpasierue nois E B Touke C.
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* ToueuHsblil 3apsin +g HaXOIUTCS B LEHTPE CHEpUUeCcKOr Io-
BepxHocTH. Ecii 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 HANPSJNCEHHOCMU NEKMPUYECKO20 NOJISL Yepe3 3AMKHYMYI0 NOGepX-
HOCMb PAGEH AN2eOpauyecKkoll CyMme 3aKII0UeHHbIX GHYMPU SMOU No-
sepxHocmu 3aps006, denennotl na ). @, = Q/e, Takxum 06pasom, TTOTOK
BEKTOpa HANpPsHKEHHOCTH JIEKTpocTaTiHieckoro mojs E yepe3 noBepx-
HOCTB c(hepbl ONPEILIISIETCs TONIBKO 3apsilaMy BHYTPH TIOBEPXHOCTH.

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

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

* B anexkTprudeckoMm 1mosie TIocKoro KOH/IEHCaTopa MepeMeraeTcs
3apsi +¢ B HarpaBieHuu 1-2. PaboTta cuit mojist Ha 3TOM y9acTke ... .

IIOJIOKHUTCIIbHA, OTpULATCIIbHA, paBHa HYJIIO.
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Pabota cuner onpenensiercs kak A = Fdl = Fdlcos ¢ — cxansip-
HOE NPOM3BE/ICHUE CHIIBI Ha TIepeMenieHue (¢ — yron mexay F u di).
DJeKTpUUEeCcKOoe ToJIe U CUIla, ASHCTBYIOMIAsl Ha TIOJIOKUATENbHBIHN 3a-
psiz, HampaBJIeHBI OT + K —.

B ciyuae mepemenieHusi B HampaBleHHH 1—2 yroin MexIy Ha-
npaBJeHUuEeM CHUIIBI (TI0JIs1) U TIepeMelleHus paBeH ¢ = 45° u paboTta
OyJICT MOJIOKUTEIIBHA.

* 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 moJst Ha 3TOM y4acTKe ... .

[TonoxxuTenbHa;  OTpUIIATENbHA; paBHa HYJIIO.

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

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

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

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

* OOKJIaIKM TITIOCKOTO KOHJEHCATOpa WMEIOT TTOBEPXHOCTHBIC
IJIOTHOCTH 3apsjia +o U —20 cOOTBETCTBEHHO. Kak BBINISAUT £ U ¢
BHE W MEXY TIIACTHH?

* [Ipn momenmeHu HemoJIAPHOT0 AUAJIEKTPHUKA B DIIEKTPOCTATH-
YECKOe ToJIe ...

1) MPOWUCXOANT OPHEHTHPOBAHUE HMEBIINXCS JIEKTPHUECKUX
JUTIONHFHBIX MOMEHTOB MOJIEKYIT; BEKTOP MOIIPU30BAHHOCTH 00pasiia
HaTpaBJIeH 10 HAITPABIEHUIO BHEIITHETO TIOJIS;
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2) B o0pasLe NpUCYTCTBYIOT TOJIBKO MHAYLMPOBAHHBIE YIIPyTHe
JIEKTPUYECKHE AUIMOJIbHBIE MOMEHTHI aTOMOB; BEKTOP MOJIIPU30BaH-
HOCTH 00pa3la HallpaBJieH NPOTUB HANIPABIECHUSI BHELTHETO TTOJIS;

3) B oOpasie NpUCYTCTBYIOT TOJBKO MHAYLMPOBAHHBIE YIIPyTHe
JIEKTPUYECKHE AUIMOJIbHBIE MOMEHTHI aTOMOB; BEKTOP MOJIIPHU30BaH-
HOCTH 00pa3ia HarpasJieH MO HAMpaBJICHHUIO BHEITHETO MOJIS;

4) NpOUCXOOUT OPHUEHTHPOBAHUE HMEBIIMXCS AIIEKTPUUECKUX
JUIIOJIEHBIX MOMEHTOB MOJIEKYJT; BEKTOP MOISIPU30BaHHOCTH 00pa3ua
HaInpasJieH [IPOTHB HaNpaBJICHHUS BHEITHETO MOJIS.

Ipumep pewienus. Y HeMOJSIPHOTO AMAJIEKTPUKA LIEHTP OTPH-
LATEJIBHBIX 3apsA0B CMEIIAETCS MPOTUB I0JIS, MOJIOKUTENIBHBIX 3a-
PSAAOB — M0 TOJIO, T. €. TUMOJIBHBIA MOMEHT MHIynHupyercs. Hamnpas-
JIEHWE JUIOJBHOTO MOMEHTa OT LIEHTpa OTPULATENbHBIX 3apsiioB K
LEHTPY MOJIOKUTENBHBIX, T. €. 110 MO0 3.

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

* Ha pucyHke mpencTtaBieHa 3aBUCUMOCTH IJIOTHOCTH TOKa j,
MIPOTEKAIOIIETO B MPOBOJAHUKAX | M 2, OT HAMPSXKEHHOCTH dJICKTPH-
yeckoro nois E.

OTHOIIIEHUE YICITBHBIX TIPOBOJIMMOCTEN ITUX DIIEMEHTOB PABHO ...

1) 4; 2) Vo 3)2; 4) 1.
Ilpumep pewenus. 3akon Oma B muddepennmanpHoi hopme
umeet Bug (2.18): j = oF. TlooTomy oTHOWEHHUE 7 /0, OyneT paBHoO 2.
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* JIBa NpOBOAHMKA, U3TOTOBJICHHBIE U3 OJHOTO MaTepHaja, paB-
HOH JUIMHBI, HO Pa3HOro ceveHus (S, > S)), BKIKOYEHBI MOCTIEN0BA-
TEJILHO B I1ICTIb.

HanpskeHHOCTD 3JIEKTPUYECKOTro MO ...

1) onuHakoBa B 000MX MPOBOJAHUKAX;

2) Gozblie B IPOBOJHHKE C CEYCHUEM S,

3) GoblIe B IPOBOAHHKE C CCYCHUEM S

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

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

B OAHOPOAHOM MArHUTHOM IIOJIC Ha FOpPI3OHTaJ'ILHLII>i IpoOBO-
JAHUK C TOKOM, HAIlpaBJICHHBIM BIIPABO, HeﬁCTByCT cuiia AMnepa, Ha-
IpaBJICHHAs NEPIICHANUKYJISIPHO INIOCKOCTU PUCYHKA OT Ha6J'HO)_IaTCJ'I$l.

G —1
® F

[Ipu 3TOM JTMHUY MAarHUTHOM WHAYKIMH TIOJISI HATIPABJICHSHI ...
1) BBepX; 2) BIIpaBo; 3) BHU3; 4 BneBo.

Ipumep pewenus. Cuna Ammnepa, JIeHCTByIolass Ha IPOBO-
JTHHK C TOKOM B MarHUTHOM II0Jie, onpeaessiercs: popmyioit (3.12)
F,= I [dIxB], nanpaBJieHUE €€ ONPEIENAETCS 110 MPaBuIly «OypaBuu-
ka» ripu ero BpamieHuu ot j (I) k B. UToObI OypaBunK «BBUHYHBAJICS,
BpalleHUE JIOJDKHO OBITh 10 YacOBOHM CTpelsiKe, 3HAYUT, MAarHUTHAsS
WH]IyKIIHs HAllpaBlieHa «BHU3Y.

* MarHuTHOe 1ose CO34aH0 JBYMs NapaJlIeIbHBIMU JJINHHBIMU
HPOBOJIHUKAMHU C TOKaMu /| u [, pacrioyioxXeHHbIMH TEPIICHIUKYIISP-
HO IIJIOCKOCTH YEPTEkKA.
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Ecmu 21, = I, T0o BEKTOp MArHUTHOM WHAYKIKMU B pe3ybTupyro-
IIETo IMO0JIs B TOUKE A HAINpaBJieH ...:
1) BHU3;  2) BBEpX; 3) B1EBO; 4) Bripaso.

* Ha pucynke n300pakeHbl ceueHHs IBYX MapajuiebHbIX MPsIMO-
JIMHEHHBIX JUIMHHBIX IIPOBOJHUKOB C IIPOTHBOIIOJIIOXKHO HAIPAaBIICH-
HBIMM TOKaMH, 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 HEOOJIbIIAs IPOBOASIIAS PaMKa.

IIpu BBIKIIOYEHUH TOKAa B MPOBOJHUKE YKa3aHHOTO HaIlpaBJe-
HUS, B pAMKE BOSHUKHET HHAYKIIMOHHBIN TOK HAMIPABICHHUS ...:
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 DIICKTPOMATHHUT-
Hoit mHIyKIu Papazes (4.1) DMLy = —d(DM/dt = —d(BS)/dt, tne
@ — MarHWTHBIN MOTOK, POHU3BIBAIONINIA KOHTYp, B — 3Ha4YeHne

M
MaArHUTHOW WHIYKIWHU, S — TUIONa b BUTKOB KOHTypa. J.JI.C. MaK-
CHUMaJlbHA 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-
HOTr'O IT0JIA UMCCT BHU/I:

[(Edl)=— (0 B/d1)dS,

(L) )
[(Hdl) =[(j + 0D/ 81)dS,
(L) ()

I(DdS) = Ipav

) %)

[(Bds) =0
()
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Crnenyromias cuctemMa ypaBHEHUI:

[(Edly=—-[(&B/81)dS

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

[(BdS) =0.
(S)

CnpaBeniuBa AJis 31€KTPOMAarHUTHOTO MOJS. . .:

1) B oTCyTCTBHE 3apsKEHHBIX TEJ M TOKOB ITPOBOJAMMOCTH;

2) B OTCYTCTBHE 3apsKEHHBIX Tell;

3) npu HAIMYKMH 3aPSHKSHHBIX TNl ¥ TOKOB IMPOBOIMMOCTH;

4) B OTCYTCTBHE TOKOB ITPOBOJIUMOCTH.

Ilpumep pewenus. B 3agaHusx 1aHHOTO THTIA TPEOyeTCs BHUMA-
TEJIHHO CPABHUTH U MTPOAHAIN3UPOBATH YPABHEHUS MIEPBOH U BTOPOM
CHCTEM.

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

[IpaBas wacTh ypaBHeHWS 3 JJaHHOW CHCTEMBI PaBHA HYJIIO,
TO €CTh OTCYTCTBYET p — IJIOTHOCTB DIIEKTPHUUECKUX 3aPs/IOB.

Takum 00pazom, MpaBUIIbHBIA OTBET 1.
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Yacts 2. Koste6aHUus U BOJIHBI

I'n1asa 1. Kosne6amesvHoe dsudiceHue. CB80600HbIe,
3amyxawuwjue, 8bIHyHCOEHHbIE KO/1e06aHUs

KonebaTenbHpIMA HA3BIBAIOT TPOIIECCHI, UMEIOITUE OMpPE/IeIICH-
HYIO TIOBTOPSIEMOCTH BO BPEMEHH.

Konebanust MOTyT OBITh MEXaHUYECKUMH, JICKTPUISCKIMH H T.
1. KonebarenpHbIe Mpoiecchl MOTYT UCIIOIB30BAThCS B KU3HH, & MO-
TYT OKa3bIBaTh BPEIHBIE Pa3pYIINTEIbHbIE TOCIEACTBHS.

B ciyyae mexaHmYecknx KojeOaHMI MOBTOPAIOTCS M3MEHEHHS
MOJIO’KEHUS], CKOPOCTH U YCKOPEHHS KaKUX-JIH0O0 TEll.

Cuty, I01 BO3JCHCTBHEM KOTOPOH TPOUCXOIUT KOJICOATETHHBIN
MPOIIECC, HAZBIBAIOT 8038pAUAOWeli CUNLOU.

Komnebanust MOTYT OBITE c80000HbBIMU (COOCMBEHHbIMU) WU Gbl-
HyocOennvimu. CBOOOTHBIC KOJCOAHWS SBIISIOTCS He3AmyXaroujumi,
€CJIA He TIPOUCXOUT PACCENBAHMUS YHEPTUN B OKPYIKAIOIIYIO CPELy.

Buinyoscoennvie konebanus COBEPIIAIOTCA TOJT BO3ACUCTBHEM
BHEITHEH MEPUONUYCCKA W3MEHSIOMEHCS CHIBI  (BBIHYKIAIOIICH
CHJIBI).

l"apmoHnYecKUME KOJIEOaHUSIMH HA3bIBAIOT KOJIEOaHUs, TIPH KO-
TOPBIX CMEIIEHHE TeJla OT TIOJ0KESHHUS PABHOBECHUSI COBEPIIAETCS IO
CHHYCOHUATHFHOMY (KOCHHYCOUIATEHOMY ) 3aKOHY.

J1g 03HaKOMIJICHHS C BEIMYMHAMH, XapaKTEPHU3YIONUMH KOJIe-
OaTeNBbHBIN TMPOIECC, PACCMOTPUM TPOCTYIO (PU3UICCKYIO MOICIb,
HaInpuMep, Kojaebanus Tea Ha nMpykuHKe 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 OTKJIOHUTb €ro Ha PAacCTOSHHE X, TO BO3BpALIAIOLIast
cuia, coriacHo 3akoHy ['yka, Oynet F' = —kx. CornacHo BTopoMy 3a-

60



koHy Hbl0TOHA, ypaBHEHHE IBMKEHUS OyeT: ma = F = —kx Wiy, y4u-
TBIBad, 4TO a = d*x/df* ,

d?x d?x k
F——kx—m;nﬂnﬁju—x =0. .
Bynem uckath penienue ypaBHeHus B BUIE: X = Acos(ot + @),
TOrIa
dx dz &}2
== —Awgsin(wot + @), = —Awycos(wot + ¢,). (1.2)

IMoxcrasnss (1.2) B (1.1), MOJYYHM:
k
aﬁlcas(a}ot + o) — Awy? cos(wot +@g) =0, (1.3)
OTKYyAa JUIsl YTJIOBOM 9aCcTOTHI KOJICOAHMIA IOy INM:
k
CUO - E (1.4)

Takum o0Opa3oM, pemieHHeM ypaBHEHUS SIBISETCS CHHYCOHWIA
(KocuHyCcOHu/Ia), TO €CTh U3MEHEHHS AMIUTUTYAbl OTKIIOHEHUS Tella OT
MTOJIO’KEHUSI PABHOBECHS, €r0 CKOPOCTh M yCKOpeHHEe OyayT TpOHC-
XOJIMTh B COOTBETCTBUM € puC. 1.2. Hauanbuyto dasy ¢, 1o Bo3moxk-
HOCTH HaJl0 MPHUHATH 32 0.

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

e ) (1.5)

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

K€ CHHYCOMJIa, HO C DKCIOHEHIUAILHO YOBIBAIOIIEH aMIUIATYIOM

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

Jlyis BEIHYXKJICHHBIX KOJICOaHWH TOOABUTCS BHEIIHSS BHIHYXK]Ia-

romas cuna F = f cos Qt v ypaBHeHHUe Oy/IeT UMETh BUJI:
k

dtz ~+ 2,6— - —x = fo cos Qt, (1.6)

peleHne KOTOPOTO BBIXOAWT 3a PaMKH JaHHOTO Kypca. B cmyuae,

KOTJIa 9acTOTa BBIHYKIAIOMIEW CHIIbI ) COBMagaeT ¢ cOOCTBEHHOU

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

TUTATY1a KOJIGOaHUI PE3KO BO3pacTaer.

[IpumepoM CBOOOTHBIX KOJEOAHWA MOXET CITyKWUTh Mamema-
MUYecKuti MasmHuk — MaTepruajgbHas TOYKa Macchl m, ITOJIBENICH-
Has K HEMOJIBMYKHON TOYKE HA HEBECOMOW HEPACTSHKUMON HUTH (MIIN
CTepIKHE) IUTMHOMH | 1 coBepmIaroimas JBMKEHNE B BEPTUKAILHON TLITO-
CKOCTH TIOJT ICWCTBHEM CHIIBI TsDKecTH — mg (puc. 1.3).

YpaBHEHHE TUHAMHKH BPAIATEIILHOTO ABMKEHHUS B ATOM CTydae
AMEET BUI:

1p = N =—mgl sing, (1.7)
rjie [ — MoMeHT uHepiuu Tena (B 1aHHoM ciy4vae [ = ml?), N — mo-
MEHT JCWCTBYIOIIEH CHJIBI, [ — 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'IH MaJIbIX er'IOB MOJKXHO CUUTATH smqp = (0, TOraa OKOHYATCIIBHO

IOJIy4YHM: 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
€r0 PEIEHUEM SABJIACTCS TaPMOHUYECKOE KOJIEOaHUE C YaCTOTOM :

@ =asin(of+ ). (1.10)

['nasa 2. Ynpyaue 60J1Hbl

2.1. I[Ipoodonvhbie u nonepeutvle G0JIHbL.
Xapaxmepucmuxu 80HbL

Panee MBI yxe paccMaTpuBaiM yIPYTHE€ CHJIbL, BO3HUKAIOLIUE
MEXIy COCEIHUMHU OOJACTSIMH TBEPIOTO TEJIa M MOMIHHSIIONINECS 3a-
kony I'yka. TBepmoe Temo MOXKHO TPEICTaBUTh KaK COBOKYITHOCTH
OTACNBHBIX YaCTHII, CBS3aHHBIX MEXIy COOOH YIpPYrUMH CHIAMH.
[Tox yacTuuell B JaHHOM Cily4ae IoJIpa3yMeEBAETCsl JOCTATOYHO MaJjlast
o0JiacTh Tena, HO COCTOSINAsl U3 3HAYUTEIBHOTO YHCIA aTOMOB HIIH
Mostekyi. [Ipearnonoxum, 9To 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 WJIM KacaTelIbHOM K MOBEpXHOCTH). [laHHOe
BO3MYIIICHUE M3-32 HAJMYUS CHJI YIIPYTOCTH OYJET MepeaBaThCsi CO-
CEJIHUM YaCTHIIAM U TaKKUM 00pa3oM OyJIeT paclpOCTPAHSITLCS 10 TEIY.
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I[pouiece pacmpocTpaHeHUs] MEXaHUYECKUX KoJieOaHWH, COPOBOK/IA-
FOLIHUICS TIEPEHOCOM SHEPTUH, HO HE COIPOBOXKIAIOIIHUIICS TEPEHOCOM
BEILECTBA, HOCUT Ha3BaHUE ynpyeol 60Hbl. B 3aBUCHMOCTH OT TOrO,
KaK JIBUKYTCS YacTHUI[bl IO OTHOILEHHIO K HalpaBJIEHUIO paclpocTpa-
HEHMs1, BOJIHBI JEJIATCA Ha npooo/bHble U nonepeutvle (TUI BOIHBL).
B npooonvhoii 6onne HanpaBrieHne JBIKCHUS YaCTHL COBNAAACT C Ha-
MpaBjeHuEM ee pacnpoctpaHeHus (puc. 2.1, a). IIpogonbHbele BOTHBI
MOT'YT PaclpoCTPaHATBCA B JIIOOBIX CpeiaX: TBEPABIX, JKUIKUX U Ia300-
OpasHbIX. 3a X CyLIECTBOBAHWE OTBEYACT YIPYrocTb 00beMa — CIO-
COOHOCTH Tena BO3BpallaTh CBOM 00BEM MOCIIE MPEKpaIeHus BO3ACH-
ctBUsl. B nonepeunoii sonne xoneGanus 4acTHL MPOUCXOAAT B HAIIPaB-
JIEHWH, TIEPIIEHINKYJIIPHOM HaNpaBJICHUIO paclpOCTPaHEHUs! BOJIHBI
(puc 2.1, 6). Ilonepeunsie BOIHBI MOTYT PAaCIPOCTPAHSTHCS TONBKO B
TBEPABIX TeJax, 32 HUX OTBEYAET YIMPYrocTb (pOpMBI — COCOOHOCTD
Tela BO3BpallaTh CBOIO (HOpMY IOCHE MPEeKpalleHUss BO3ACHCTBHS.
Bonna B BelecTBe pacnpocTpaHseTcs ¢ ONpeAeiIeHHON CKOPOCThIO, 3a-
BUCSILEH OT MEXaHUYECKUX XapaKTepPUCTUK 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, — 3T0 4acTtoTa koyiebanui (f), nepuox (7), nmuHa
BOJIHBI (1), CKOPOCTh PAacpOCTPaHEHHS BOJIHBI (V), aMILTUTYAa KOJie-
Oanuit yactur (A4), ”HTEHCUBHOCTB BOJIHBI (/) U BEJIMUMHA 3BYKOBOT'O
JaBieHus (p). Mexny nepeuucieHHbBIMH XapaKTepUCTUKAMU U IH-
KJINYECKOM YaCTOTOU CYILECTBYIOT OIIPEIEICHHBIE CBSI3U:

A=vT=v/f,f=1T, 1~ A o ="2xf. Q2.1

64



CoOBOKYMHOCTH TOUYEK, Ky [TPUIILJIa BOJIHA B JaHHBI MOMEHT, Ha-
3bIBACTCS (PpOoHmMOoM 60HbL. B 3aBUCMMOCTH OT popMBbI PPOHTA BOIHBI
BBIJICTISIIOT MI0CKUe, YUIUHOpuYeckue u cgepuieckue BomHbl. B cpene
0e3 MOTJIOICHUST aMIUTUTYAa KOJeOaHWi YacTHIl TUIOCKOM BOJIHBI HE
3aBHUCHUT OT PACCTOAHUS JI0 NCTOYHHKA, & 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 pacrupenensiThesi Ha IIOMmaab chepsl, KoTopast
MPONOPLMOHATIbHA KBAIPATy PACCTOSAHUSA 10 UCTOYHHKA.

2.2. VpasHnenue ynpyeou 601Hbl

Wrak, B ynpyroil BOJIHE NPOUCXOAUT IEPUOJHUYECKOE KO-
nebaHne YacTHUI[ OKOJIO WX TOJIOKEHUs paBHOBecHs. CwmemieHue
JaCTUl OTHOCHUTCJIIBHO TIIOJIOKCHUA pPaBHOBECHUA IIPUHATO o00o-
3HauaTh OykBOH . PaccMOTpMM IIJIOCKYIO BOJIHY, pacIipocTpa-
HSIOIIYIOCS B HAIPaBJIEHUH X CO CKOPOCThIO V. IlycTh B mumockocTn
x = 0, KonebaHus ONMMCHIBAIOTCS YpaBHEHUEM

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

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

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

Boipakenue, crosinee B KBaJpPaTHBIX CKOOKAaX HOCHUT Ha3BaHHUE
¢hasvr BosIHBL, COBOKYIHOCTD TOYEK, TJIC BOJHA MMEET OJUHAKOBYIO
(hazy, Ha3BIBACTCS B0IHOBOL NOBEPXHOCIDBIO.

YpaBHEHHIO BOJIHBI MOXHO MPHUAAaTh CHMMETPUYHBIA OTHOCH-
TEJIBHO X U [ BUJI:

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

KOTOpas HOCUT Ha3BaHUEC 60/IHO6020 HYUCd.
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[Ipu pacipocTpaHeHnH ABYX BOJH C OJUHAKOBOW YaCTOTOM 1 aM-
TUIUTYZ0H HaBCTpedy ApYyT APYTY BO3HUKAET cmosauas 6onna. OHa He
MIEPEHOCHUT SHEPTHU U XapaKTepHU3yeTcs TEeM, YTO B Hel YepeayroTcs
o0macTy, Tae aMIUIUTYyAa KojneOaHuil paBHA HYJIIO — y3JIbl BOJHBI, U
o0macTH, rzie aMIIUTy1a KojebaHuii MakcuMaabHa — 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 10 20 ['m.

36yx —uactota ot 20 I'y 1o 20 x['m.

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

T'unep3eyx —vactora Beiie 1 I'T'm.

Koumponvusie 3adanus

® Jliis1 cheprueckoii BOJHBI CIIPABEIMBO YTBEPKICHHUE ...

1) aMmIMTYy1a BOJIHBI HE 3aBUCHUT OT PACCTOSHUS JI0 HCTOUYHHKA KO-
neO6anui (U yCIIOBUH, YTO TIOTIIOIICHHEM CPEJIbl MOYKHO TIpeHeOpeyb);

2) aMITUTyZia BOJHBI O0paTHO MPOMOPLIHOHAIBHA PACCTOSTHUIO
JI0 ICTOYHHKA KoyeOaHuii (B HEMOTJIOMIAIOICH cpefe);

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

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

[ukiyeckas 9acToTa KoneOaHnii TOYKH paBHa ...:
H2ch  2)1ch 3)4ch 4)3 ¢
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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/dt* = -x ©’
cos(wt +¢) = -acos(wt +¢,).

B touke ¢ MakcuManbHbIM OTKIOHEHHEM (¢ = 0,8 ¢), coriacHo pu-
CYHKY, X, = 1(M), a, = -x @° = -4(M/C?), To ecThb @’ =4 umu @ = 2 (c™).

e Ha pricyHke mpe/icTaBlicHa 3aBUCUMOCTh aMILIUTY bl KoJieOa-
HUH MAaTEeMaTHYECKOTO MasTHUKA OT YACTOTHI BHEITHEH cuJIbl. JITuHa
HUTH MasTHUKA PaBHA...:

Ao

P

2

LS

1
1
i
5

1] 25 50 75 00125 1

1 m; 0,02 m; 0,1 m; 0,2 M.
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Ilpumep pewenus. AMILTUTYNa MaKCUMalbHa, KOTJAa YacTOTa
BHEIITHEN CUJIBI COBIIAZAET C COOCTBEHHOM 4acTOTON KOJIeOaHUI Ma-
aTHUKA. YacTtora KoJieOaHUI MAaTeMaTHYeCKOro MasTHUKA 3a/1acTCs

hopmyJioit Wy = E, rjie / — JyInHa HUTH, g — YCKOPEHHE CBOOOTHOTO
najacHusl.

e Ha pucynke (cM. mpeapiayIee 3aJaHue) mpecTaBiIcHa 3aBU-
CUMOCTB aMILIUTY B! KoJiebanuii rpy3a maccoii 0,1 kr Ha Ipy»XHUHE OT
4acTOTh! BHENIHEH cuitbl. Koo uimeHT xecTKoCTH Mpy>KUHBI paBeH:

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

e Korebanue MaTepualbHON TOYKH, BO3HHKAIOLICE IO/ JICH-
CTBHEM BHEIITHEH MEPUOTUUECKH U3MEHSIOMICHCS CHIIBI, IPOUCXOTUT
0 32KOHV:

d?x

at?
e B — KOdpUUMEHT 3aTyXaHus; ) U @ — HUKIMYECKHE YaCTOThI
COOCTBEHHBIX M BBIHYKJIEHHBIX KOJIEOaHUH COOTBETCTBEHHO, f; — am-
TUTMTYJIa BBIHYKJIAIOIIEH CHJIbI, OTHECEHHAs K Macce Teja. 3aBHCH-
MOCTh CMEILICHHS X MaTepUAIbHON TOYKH OT BPEMEHH UMEET BUL, T10-
Ka3aHHbBI HA PUCYHKE ...:

1; 2; 3.

d
+ Zﬁd—f + obx = f,cos o,

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

BPEMEHH { JJIs1 3aTyXalolUX 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 eonnamu aenawmcesa ... (YKaKuTe He MeHee
ABYX BAPHAHTOB OTBETAa):

- PaAMOBOJIHBI

- BOJIHBI, PaCIPOCTPAHSIONINECS BJIOJb CTPYH MY3bIKAIbHBIX WH-
CTPYMEHTOB;

- CBETOBBIC BOJIHBI B BAaKyyMe;

- BOJIHBI Ha TOBEPXHOCTH KUAKOCTH;

- 3ByKOBBIE BOJIHBI B BO3/IyX€.

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

& =0,01 sin(10°¢ — 2x).

CKOpOCTh pacripoCTpaHEeHHUs] BOJTHBI B M/C paBHa ...:

500; 1000; 2; 0,01.

Ipumep pewenus. B obuieM cirydae Tuiockas CHHyCOUIalbHAs
BOJIHA, PACTIPOCTPAHSAIONMIASICS BIOJIb ocu X, umeeT Buf (2.3), (2.4)
npu a, = 0:

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

[IpuBo/s ypaBHEeHHE, TaHHOE B YCIOBUH 3a/1a4H, K TAKOMY BU]LY,
MOJTy4UM

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

OTKY/Ia, CPAaBHUBAsS C OOIMM YpaBHEHHEM, mojydaem 1/v = 2/10°
i v = 500.
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® VYpaBHEHME IUJIOCKOM CHUHYCOMUJAJIbHOW BOJIHBI, pacnpocTpa-
HSIOWIecs BAOJIb ocu X, UMEeT BUJI;

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

BoisiHOBOE UKCI0 UMEET PA3MEPHOCTS ...:

e VYpaBHCHHE IUIOCKOH CHHYCOMJAIILHOW BOJHBI, PAacCIpo-
CTpaHstolIeiicss Baoab ocu X co ckopocthio 500 M/c, mMeeT BHI
§=10,01 sin(10° — 2x).

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

e [[nockast cunycoungansHas BoiHa E(x, 1) = A cos(wt — kx) pac-
MpOCTpaHseTcs B ynpyroit cpeae. CKkopocTh KoJeOaHUN YacTHIL Cpe-
JIBI, OTCTOSIIIIUX OT UCTOYHUKA HA PACCTOSHUH X = 1/6 B MOMEHT Bpe-
MeHu ¢ = T/4, paBHa ... .

D) Aw/2;  2)-Awl2;  3)-Ao\3/2;  4)-Aw.

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

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

C y4eToMm TOro, BOTHOBOE YUCIIO k = 271/4, a TUKIMYECKast 4acToTa
® = 27v = 27/ T, BeIpaKeHUE JJIs1 CKOPOCTH MOYKHO IEPEIUcaTh B BUJIC:

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

[Moxcrassist 3HaueHus x = 4/6 u ¢ = T/4, nony4yaem:

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

e Ha pucyHke moka3aHa OpHUEHTAIMS BEKTOPOB HAMPSKEHHO-
ctH anekTpudeckoro E u maruutHoro H mosieil B 9J€KTPOMArHuT-
HOH BOJIHE.

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

I'nasa 1. IIpedsapumenvHble ceedeHUs

Cser mpescTaBisieT co00H AIIEKTPOMAarHUTHBIE BOJHBI C JUTMHOM
Bonuk! 0,4...0,76 MxMm wan gactoroii (0,39...0,75) 10" I'r 1 Ha mika-
JIe 3JIEKTPOMArHUTHBIX BOJIH 3aHMMAET OYeHb HE3HAYUTEIbHYIO 00-
nacTb. BelzieneHne ONTHKY B OTACIBHBIN pa3ien GU3UKN OO0 BICHIETCS
B TIEPBYIO OYEpElb TEM, YTO CBET XapaKTEPHU3YeTCs CIEUPUISCKIM
BO3/ICHICTBHEM Ha OPTaHbI UyBCTB M OTBEYAET 3a MHOTHE MTPOIECCHI B
mpupojie. 3aKOHBI €r0 PaCIpPOCTPAHEHHS U B3aUMOJICHCTBHS OIHCHI-
BaroTcs ypaBHeHHsIMH MaxkcBema. CiocoOb! IOTYUYeHHS U perucTpa-
MU AHAJIOTUYHBI CII0C00aM TSI JIEKTPOMArHUTHBIX BOJIH COCETHUX
nuana3oHoB. Jpyroro ocoboro ¢huszuueckozo cMbICIA HET, T. €. CMBICIT
cyTy00 6uonocuyeckuii. Hamo Toipko m100aBUTH, UTO BO3ACHCTBHE HA
OpraHbl YyBCTB, KaK ITOKA3bIBAET OMBIT, OKAa3bIBAET KOMITOHEHTA Ha-
MPSDKEHHOCTH DJIEKTPUIECcKoro most £, OHO e ompesessieT u Ipyrue
ouonorndeckue, HOTOXUMUIECKUC U PUINKO-XHMHICCKHUE TIPOIIECCHI.

CBeueHme Tel MOXKET OBITh BBI3BAHO PA3ITUYHBIMH MPUYNHAMH,
T. €. DHEPTHs, pacxoayemMas CBETSIIUMCS TeJIOM Ha H3ITydeHHe, MO-
KET TIOTTOJTHATHCS 32 CUET: a) XUMUIECKHUX PEaKITuil — XeMHIITIOMUHEC-
[EHINS; 0) CaMOCTOSITEIIPHOTO Ta30BOTO Pa3psiia — DIIEKTPOIFOMH-
HECIICHITNS; B) 60MOapIUPOBKH JICKTPOHAMH — KaTOIOJTIOMHUHECTICH-
U, T) o0aydeHne CBETOM — (POTOTIOMUHECIICHITUS; 1) HarpEeBaHUS
— TETIOBOE M3ITyUYCHHUE.

BpeMst mpoliecca mpu M3IyUEHHH cBeTa mMmeeT mopsmok 107%c,
MOSTOMY B PaMKaxX 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. Eciv oHa mMeeT
oTIpe/ieNieHHbIe TUIOCKOCTH KoJieOaHus BeKTOpOoB E n B, TOBOPST, 4TO
BOJTHA TUIOCKO MOJIAPU3068aHd. B eCTECTBEHHOM CBETE B KaKIOM ITyTe
OpHEHTAIMs IIOCKOCTeH KojebaHusi BEeKTOpoB E W B mpou3BOIb-
Ha — TOBOPSAT, YTO TAaKOW CBET HE HOJAPU308aH. 3aBUCHMOCTH CBETO-
BOTO TIOTOKA, MPUXOASIIETOCS Ha HEKOTOPBIA JHAara3oH THH BOJH
U = d®/d} or amuHBI BOJIHBI XapaKTEPHU3YET CHEKMPAIbHYIO NIOM-
Hocmwb cBeTa. Ha puc. 1.1 B kauecTBe npumMepa MpUBEICHbI CIIEKTPaIb-
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HBIE TUIOTHOCTH COJIHEYHOTO CBETa (a) M CBETA, MPOILEJIIET0 4epes3
cBeTo(puibTp (0), KOTOPBIA HA3BIBAIOT KEAZUMOHOXPOMATNUUHBIM.
[TockonbKy, Kak y:ke OTMEYaoCh, OAHOW U3 IPUYMH BBIACICHUS
paszena ONTUKU SIBJSIETCSl BO3JEHCTBHME CBETa HA OpPraHbl UyBCTB,
Ba)KHBIM SIBJISIETCS] BOIIPOC O BOCHPHUSTHHU T71a30M CBETa B PA3THUHBIX
CHEKTpaJIbHBIX Iuana3oHax. JlaHHas XapaKkTepUCTHKa HOCHUT Ha3Ba-
HUE KPUBOM OTHOCHTEJILHON CIIEKTPAIbHON YYBCTBUTEIBHOCTH TJIa3a.
JlaHHas xapakTepuCTHKa MHIUBHIyajibHa. Ee mpuMepHbIid Buj n30-
OpakeH Ha puc. 1.1, B. [lo Buay oHa Giim3Ka K KpHUBOH CIIEKTpaIbHON
TUIOTHOCTH COJTHEYHOTo cBeTa. Ee cMBbIC 3aKiIrouaeTcss B TOM, 4TO MO
ocu Y oTKJIaabpIBaeTCs BenWyuHa V(A), 00paTHO MpOIOpLHOHATIbHAS
BEJIMYMHE TOTOKA CBETOBOH 3HEPrHM, BBI3BIBAIOIIAS OJMHAKOBBIC
sputenbHble omymmenus V(4,)/V(4,)=U(4,)/U(4)). Ilpu s5ToM Makcu-
MaJlbHOE 3HaueHune 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 OOBSICHEH B PaMKaxX T'€OMETPHUECKON ONTHKHU. B aTOM pazze-
JIE TIONIB3YIOTCS CIIETYIOIIMME OHATHAMMU. JIyd — TMHMSA, BIOJIE KOTOPOM
pacrnpocTpaHsieTcsi CBET WK cBeToBasi sHeprus. [lokazatens npenomie-
HUA Cpe/ibl (ONTHYecKask TNIOTHOCTH) — OTHOIIEHHE CKOPOCTH CBETA B Ba-
KyyMe K CKOPOCTH cBeTa B cpezie 7 =c/c_ . Cpenia, y KOTOpoii n = const,
HA3bIBACTCS] OJJHOPOIHOM. OnTrdeckas auHa myTH (L) — mpousBeaeHue
TeOMEeTPUYECKOH ATMHBI (S) Ha ONTHYECKYIO IIIOTHOCTE: L = ns.
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B ocHOBY reomeTpuueckoil ONTUKM MOYKHO TOJOXKHUTH IPUHIIUI
®depma WM NPUHIMIT HAUMEHBIIETO BPEMEHHU, KOTOPBIA (popMyiu-
pyeTcs caeayoluM 00pa3oM: ceem pacnpocmpansaemcs no makomy
nymu, 011 Komopo2o mpebyemcs HauMeHbluiee 6pems, Uiy no nymu
¢ MUHUMANLHOU onmuyveckou Oaunou nymu. VI3 3TOro mpHHIMIA, B
YaCTHOCTH, CIEAYET:

1) B OTHOPOJHOM Ccpefie CBET pacipocTpaHseTcs NPSIMOIUHENHHO;

2) ecnu U3 TOUKU | 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
MIPETOMIICHMUSI.

2.2. 3akomnbl ompasicenus u npeiomieHusl ceema

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

OT00pa3uM UCTOYHNK A cMMMeTprYHO 1ockocti CD u mpeario-
JIO’KUM, YTO TaM HaXOIHUTCA Cpea C TAKUM )K€ TToKa3aTesleM IpPeoM-
nennst. CoracHO MPUHIMITY HAUMEHBIIETO BPEMEHH B 3TOM CIIydae
CBET OyJET paclpoCTPaHATLCSA OT TOUKH A, 10 TOYKU B 1o npsmoi,
TaK KaK ONTHYECKas JUIMHA My TH €ro Haumenbmast. Jlyay 4,0 B HuK-
Hel TOJYIUIOCKOCTH COOTBETCTBYET JIyd AO B BepxHei. Takum 006-
pazoM, MOKHO cpOpMYIIUPOBATH 3aKOH OTPaKCHWsI. JIyu nadarowuil,
JIyY OMPAdNCEHHbIU U HOPMATL 8 MOYKe NAOEHUS 1edCam @ 0OHOU No-
ckocmu. Ilpu s5mom yeon nadenus pagen y2iuy OmpadceHusl.

Puc. 2.1. K BeIBOY 3aKOHA OTpakKeHHUS

73



Paccmotpum Teneps rpaHully pasjena IByX cpej C Ioka3aTens-
MU TIPENOMIICHMS 71, ¥ 71, JUISl OTIPEJIETIEHHOCTH Oy/IeM 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.

Puc. 2.2. K BbIBOy 3aKOHA ITPETOMIICHUS

PaccrostHre OT TpOeKITNN TOUKH A A0 MPOESKIIUN TOYKH B 0003Ha-
yuM 3a / 1 OyJieM UCKaTh PACCTOSHUE X, COOTBETCTBYIOIIEE HOPMaJH
B TOYKE Ma/ICHUS JIy4a, WAYIIETO MO ITyTH C HANMEHBIINM BpEMEHEM.
s cymMMapHOTO TyTH MMEeM:

L=ns, +n,s, =nh’+x> +n,h +(1-x)". 2.1

W3 ycnoBust MuHUMYMa onTHueckoi mmHbel myTd (dL/dx = 0)
clieyer:
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,smMr wm - =——. (2.2)

n, sini
3akoH mpenomieHus (3akoH CHemmyca) MOXHO chopMyiHmpo-
BaTb: Y4 NAOAIOWUL, Y4 NPELOMACHHBII U HOPMATL 8 MOYKe NAOSHUs
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zexcam 8 00HoU ninockocmu. Ilpu smom omuowieHue cunyca yena npe-
JIOMAEHUSL K CUHYCY Yena NA0eHUsi PAGHO OTMHOWEHUIO NOKA3ames npe-
JIOMIIEHUsL NEPBOUL CPeOdbl K NOKA3AMENI0 NPETOMACHUS CPeObl BMOPOIL.

2.3. Henenue noino2o 6HympenHe20 ompaiceHus

OTneNbHBIH MHTEpEC MPEJCTABISIET CIIydai, KOTaa CBET MajaeT
Ha IPAHHUILy M3 CPEJIbI C OOJIBIIEH ONTHYECKOH IIOTHOCTBIO (17, > 1),
puc. 2.3. B aToM ciydae eciu MBI Oy/IeM YBEIMYUBATh YTOJl TaACHIS
i, TO TIPU HEKOTOPOM YIIIe MaJCHUS — KPUMUYECKOM yele WIH yeie
nonnozo enympenne2o ompadgicenus (i, ) NPENOMIICHHBIA JTyd Ha4-
HET CKOJIB3UTH 10 TpaHuIle pasaena cpen (r=90°). B cooTBercTBHU €
(2.2) aToT yroa OyaeT onpenesaThCsl COOTHOIICHUEM:

Ipo = arcsinn /n,. (2.3)

3HaYeHUs yriia MOJIHOTO BHYTPEHHETO OTPaKEHHS Uil HEKOTO-
PBIX Cpejl TPUBEJICHBI B TAONHIIE.

[pu yriax 6oJbie KPUTHYECKOTO IIPOUCXOUT MOTHOE OTpaxKe-
HUe sHepruu. Tak, HanpuMmep, TIPU OTPAKEHUH OT CAMOTO XOPOIIETO
3epkaia TepsieTcss okomo 4% SHepruu.

Puc. 2.3. SIBnenue mogHOTO BHYTPEHHETO OTPasKEHHS

OTO SIBIICHUE MHPOKO HCIIOJB3YCTCA B TCXHUKE.

Tabnuma
Mamepuan n Lo ©
Bona 1,33 48
Crekio 1,5 40
Ksapig 1,7 36




Obopomnas npusma. Xox gyda 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 ¥ MPOXOAUT, HE
nperoMisisick. Ha rpanu 6 u 6 yd mamaer moxa yrioMm 45°, 9to s
CTeKJIa W KBapla OOJbIle KPUTHYECKOTO YTIiIa, U TaM IPOUCXOIHT
MOJTHOE BHYTPEHHee oTpakeHue. Takum o0pa3oM Jyd MEHSET CBOe
HampaBJeHHE Ha IPOTHBOTIOIOKHOE.

IIpumenenne pu3Mbl B OMHOKJIE TIOKa3aHo Ha puc. 2.4, 0.

Ilosopomnas npuzma. XoJ jyda B MOBOPOTHON MpHU3ME NpUBE-
JIeH Ha puc. 2.5.

<3

a o

Puc. 2.5. TloBopoTHast mpu3Ma: a — X0/ JIyda B IpU3Me,
0 — MpUMEHEHHE TOBOPOTHOMN MPHU3MBI B IIEPUCKOTIE

Ha rpanu a v 6 nmyun nagaroT o HOPMAaJH U MPOXOAT, HE TIpe-
nomitsisick. Ha rpasb 6 1yd magaer moj yriom 45°, TaMm IpoucXonuT
MOJTHOE BHYTPEHHEE OTpakeHUe U Jy4 noBopaunBaercs Ha 90°. IIpu-
MEHEHUE MPHU3MbI B IEPUCKOIIE MTOKa3aHo Ha puc. 2.5, 0.

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

Cdepudeckas nrH3a MpEACTaBISLET cOO0I MPOCTPAHCTBO, Orpa-
HUYEHHOE C JIByX MPOTHBOIOJOKHBIX CTOPOH CHEPUUECKUMH II0-
BepxHOCTAMU. [IpsiMasi, coeqMHAIOMAs IEHTPHI TUX MTOBEPXHOCTEM,
SIBIISIETCS TTIABHOW ONTHYECKOW OChIO Takoi TUH3HI (puc. 2.6). Jluaza
Ha3bIBAECTCS TOHKOM, €CJIM €€ TOJIIMHA BAOJb INIABHOW ONTHYECKOU
OCH CYIIIECTBEHHO MEHBIIIEe PaINyCOB KPUBU3HKI €€ TTOBEpXHOCTEH. B
3aBHCHMOCTH OT KPUBHU3HBI TOBEPXHOCTEHN U COOTHOIIEHHS TTOKa3aTe-
JIeH TpeIOMIIEHUST MaTepralla JIMH3bI ¥ CPEIbl, B KOTOPO HaXOIUTCS
JIUH3a, OHA MOKET OBITh TIOJOXKHUTEITHHON (coOMparoieii) uil OTpu-
HaTeNbHON (paccenBaromiei).

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 MTpeIMe-
Ta OTHOCHUTENBHO TTOJIOKHUTEIHHOHN JIMH3bI MMOSICHEHO Ha pHC. 2.7.

Puc. 2.7. TToctpoenne n300paskeHUH B TIOJI0KHUTEIBHON JTHH3E
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Beipaxenue
—t—=—= 2.4
r (2.4)

Ha3bIBaeTCsA (POpMyJION TOHKOH IMH3BL B sT0M Qopmyne a, — pac-
CTOSIHUE OT TIPEAMETA JI0 JIMH3bI, d, — PACCTOSHUE OT JIMH3BI 10 HU30-
Opakenust, F'— GoKycHOe paccTOsIHUE JTUH3BI.

Jns mocTpoeHuil UCNONB3YIOTCS Ba U3 TPEX JIydeil, X0J KOTO-
PBIX M3BECTEH: JIy4, MAYILIUM 10 JIMH3bI MAPAUIEIBHO ONTUYECKON
ocH, TIOCJIe JIMH3BI ToieT uepe3 Gpokyc; nyd, HAYIIHUH A0 JUH3bI Ye-
pe3 pokyc, mocie TMH3BI MOHIET NapasieIbHO ONTHYSCKOH OCH JIMH-
3Bl JIy4, UAYIIUN Yepe3 UEHTP JUH3bI, UIET, HE IpeaoMirsiach. Jlei-
CTBUTENIbHOE M300pa)KeHHE MOJydaeTcsl Ha MepecedeHnu Jydel, u
€ro MOXHO HaOJIr01aTh Ha 3kpaHe (puc 2.7, au 2.7, 0). Ha puc. 2.7, B
NepeceKaroTcs He JIy4yH, a X MPOoJoLKeHUs. B 3ToM ciyyae roBopsr,
qTo I/I306pa)KCHI/IC MHUMOC 1 €TI0 MOXXHO YBUJACTH I'JIa30M, HO HC Ha
skpane. [ly4ok sydeii, monasaronuii Ha XpyCTaTUK ri1a3a, IpeaoMis-
eTcs U JIaeT ACHCTBUTEIbHOE N300pakeHNE Ha CeTUaTKe IJ1a3a.

Abeppayuu (noepewnocmu) nun3z. V300paxkeHue, MOJydeHHOE
IIpyu NMMOMOIIHX JIMH3BI, MOKET UMETH UCKAKCHUS. PaCCMOTpI/IM Hauoo-
Jiee 4yacTO BCTPEUaroInecs U3 HUX.

Cohepuueckasn abeppayus. IIpn ucrionb30BaHUH BCEH TTOBEPXHO-
CTH c(epUIecKor JIMH3BI ISl TOCTPOSHHS U300PaKEHUSI TOUCHIHOTO
HNCTOYHUKA OKA3bIBACTCHA, UTO Kpas JIMH3bI OTKJIOHATOT JIYy4YU CHUJIbHEC,
YeM CpeJIHssS YacThb JIMH3BL. B pe3ynbTare 9T0oro n300pakeHue Todey-
HOI'0 MCTOYHUKA Ha SKPAHE MMOJIYYaCTCs B BUAC PACIIJIBIBUATOIO ITATHA.
g ycrpanenus 3Toi abeppaiinu ciiefyeT MO0 yMEHbIIaTh anepry-
py MydKa cBeTa, JINOO0 YCIOXKHSITH ONTHYECKYIO CHUCTEMY, BKJIIOYas B
Hee OTPULIATENIbHYIO JIUH3Y.

Koma. [1ns nuH3, MCIPaBICHHBIX Ha CHEPUUYCCKYIO a0eppaluio,
JUTSL UICTOYHHKA, JIeXKAIero Ha IIaBHOM ONTHYECKOW OCH, MOXKET CO-
XpaHAThCS cepuueckas adeppaius JUIsi HCTOYHHUKA, PACTION0KEH-
HOT'0 B CTOPOHE OT IJIABHOHM onTuueckoi ocu. Takast abepparus Ha-
3bIBaeTcst KoMoi. Ilpu Hanmm4aumu KoMbl M300pakeHne TOYEYHOIO UC-
TOYHHKA MPEJICTABISIET CO00i BBITAHYTOE MATHO. COOTBETCTBYIOIICH
KOM6I/IHaHI/ICI71 TMOJIOKUTCIIBbHBIX U OTPUUATCIIbHBIX JIMH3 MOXHO H3-
0aBUTHCA OT TaKOM abeppaluu.
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Acmuemamuzm. VI300paskeHne TOYEIHOT0 UCTOYHUKA B KOCBIX JTy-
Yax UMEET BUJI JIByX B3aUMHO IMEPIICHANKYJISPHBIX, CMEIICHHBIX JIPYT
OTHOCHUTEIBHO JIpyTa MPSIMOJIMHEHHBIX OTPE3KOB, T. €. ABJISAETCS aCTHT-
MaTHYecKuM. DTOT BUJ abeppaluy yCTpaHseTcsl IMyTeM 1oadopa pa-
JINYCOB KPUBHU3HBI U ONTUYECKUX CHJI TIPEJIOMJISIFOIINX TOBEPXHOCTEN.

Jucmopcus. Jluctopcust — 310 abepparusi, KoTopasi 00yCIIOBIN-
BaeT HEOJAMHAKOBOCTH IMONEPEUHOr0 yBEJIWYEHHUS B Mpejenax MoJis
3penus. Ecin yBennueHue Bo3pacTaeT ¢ yAaJeHUEM OT ONTHYECKOU
ocH, UMEeT MECTO MOAYIIKooOpasHas auctopeus. [lpn ymeHbIeHHH
yBEIUYEHUs — 00YK000pa3Hasl.

Xpomamuuecxasn abeppayus. PaccMOTpeHHBIE BbILIE abeppaluu
CBOWCTBEHHBI BCEM ONTHYECKUM CHCTEMaM Jis TF000# 00J1acTH CIeK-
Tpa (B TOM 4YHCIeE, U JUIsI MOHOXPOMAaTHYECKOTO JIa3epHOro H3Iyye-
HUs). XpoMaTrueckas abeppalus 00yclIoBlIeHa SIBICHUEM AUCIIEPCHH
BEIICCTBA JIMH3BI (3aBUCUMOCTH TOKA3aTeNs IPEIOMICHHSI OT JUTUHBI
BOJIHBI). [lucniepcust Mmarepuana JMH3bI 00YCIIOBIUBAET 3aBUCHMOCTD
(OKYCHOTO PacCTOSIHMSI JIMH3BI OT JJTUHBI BOJHBI. DTO OOCTOSTEIb-
CTBO MPUBOJUT K TOMY, YTO U300paKeHHE HEMOHOXPOMATHUYECKOTO
WCTOYHMKA JJI Pa3HBIX JUIMH BOJIH (I[BETOB) HaXOAMTCS Ha Pa3HbIX
paccTosSHUSX, YTO OMpEACIeT OKpallluBaHHE KOHTYpa N300paKeHusl.
KomOuHMpyst MTUH3BI, W3TOTOBJICHHBIC M3 Pa3IHYHBIX MaTEpUANIOB,
yAaércsl co3aTh axpOMaTHYHYIO (TO €CTh UCIPABIEHHYIO HAa XpoMa-
THYECKYIO adeppalfio) ONTHYECKYIO CHCTEMY .

OTMeTHM, YTO JUIsl OJJHOBPEMEHHOI'O yCTpPaHEHHs BCEX BH/IOB
abeppanmii JUH3bI TPeOyeTCsl COCTABUTh BEChbMa CIOXKHYIO ONTHYE-
CKYIO cUCTeMY (COBpEMEHHbIE 00BEKTUBBI AJIs1 POTOANAPATOB MPE-
CTaBISIIOT CHUCTEMBI, COCTOSIIHE W3 OOJBIIOTO KOIUYECTBA JIMH3).
o aTo¥ MpuYMHE B Ka)KJJOM KOHKPETHOM CJIydae cTaparoTcs ycTpa-
HUTbH CaMble CyIICCTBEHHbIC abeppaluy.

2.5. Yempoiicmeo u xo00 nyueti 6 Mukpockone

IIpocreiiiias MoOJielb MUKPOCKOIIAa COCTOMT M3 JIBYX IOJIOXKH-
TETHHBIX JIMH3, OJTHA U3 KOTOPHIX SBIISIETCS 0OBEKTUBOM (0OpareHa
K TIpeaMeTy), a Apyras — okyisipoM (oOpalmieHa K HaOII0maTesro).
B 3aBucuMocTH 0T COOTHOMIEHNST (POKYCHBIX PACCTOSTHHUM ATHX JINH3
M WX B3aUMHOTO PACIIONIOKEHUS MOKHO MOJIEIMPOBATH MUKPOCKOTIBI
C Pa3MTUYHBIM YBEITHYEHHEM.

79



[Ipu HaOMIONEHUK TIPEAMETOB C MOMOILBIO ONTHYECKUX MPHOO-
POB YITIOBOH pa3Mep n300paKeHHsI OKa3bIBACTCS CYILIECTBEHHO 00JTb-
nre, 4YeM YIjoBOH pazMep oObeKTa NpU HAOIIOIEHHH HEBOOPY>KEH-
HBIM I71a30M. OTHOILIEHHE TaHTEHCOB YTJIOB 3pEHHS U300paKeHUs U
npeaMeTa Ha3bIBAIOT YIJIOBBIM YBEJIIMUEHUEM ONTUYECKOro mprbopa.
[Ipu 3TOM B Cilyuae MUKPOCKOIIA MOJATalo0T, YTO MPEAMET pacCMaTpH-
BAETCs HA PACCTOSHUM HAMIydIIero 3peHus D = 25 cM.

Xon mydell B MUKPOCKOIIE TPUBEEH Ha puc. 2.8.

PacueTsl mMOKa3bpIBalOT, YTO yBEIMUCHHE MHKPOCKONA MOXKET

OBITh OIPEJICIICHO 10 PopMyIIe:
1—' — tg@l — DU (L 7Fm5 7Fa}c)

rg@l FaE-Fx

a.

) (2.5)

rae L — paccrosiHue Mex 1y 0OBEKTHBOM U OKYJISIPOM ([UIMHA TyOyca
MHKpOCKoma); D — pacCTOSHUE HAWTyYIIEro 3pEHus, PaBHOE 25 ¢M;
F _wuF — (boKyCHbIE paCCTOSHUS JHMH3, U3 KOTOPBIX COOPaH MUKpO-
CKOIL.

OTMeTnM erie pas, 4To BhIpakeHHe (2.5) i yriioBOroO YBeNlu-
YeHHUs MUKpOCKona /' CripaBeAIuBO B NPEAIOI0KEHUN aKKOMOAAIUN
riasza Ha OeckoHeyHOCTh. Ecnu rna3 HaOmiogaresst MEeHsIeT akkOMO-
JIAIMIo, TO MEHsSeTCs yBeNWdeHHe MHuKpockomna. OgHaKo pa3HUIlA
MEXKIY KOdPQHUIMEHTAMH YBEJIMUYECHHUS B 3TUX CIy4asx OKa3blBaeTCs
HE3HAYUTEIHHOM.

Puc. 2.8. Xox nyuelt B MUKpOCKOIIE
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CornacHo ¢opmyre (2.5), yBequueHHe MUKPOCKOIA MOYKHO CIe-
JIaTh CKOJIb YTOAHO OONBIIMM, OTHAKO HAYHHAS C ONPE/CICHHBIX 3HA-
YeHUI MBI yKe He Oy/IeM BHUIETh HOBBIX JIETalICH, TaK KaK CyIIECTBY-
€T Mpe/IesT pa3peleHus MUKPOCKOTIA:

0,514
A= nsinQ ’ (2.6)
CBSI3aHHBII ¢ BOJHOBOW MPHUPOION cBeTa ({2 — YUCIIOBas amepTypa
00BEKTUBA).

CylecTByeT J0CTaTOYHO MHOTO PA3HOBUAHOCTEH ONMTHYCCKHUX
MHUKPOCKOITOB: TPOXOSIIET0 ¥ OTPAXKEHHOTO CBETA, TEMHOMOIbHBIH
(c GOKOBBIM OCBEIICHUEM C Pa3HBIX CTOPOH ), MOJISPU3AIIMOHHBIH H JIP.

I'nasa 3. BosiHOBAs1 onmuka

3.1. Ilpunyun ['oticenca

B pamkax reoMeTpryecKkoil ONTUKUA CBET HE JIOJKEH IIPOHUKATH
B 00J1aCTh TEOMETPHUECKON T€HU. B IMEHCTBUTENTLHOCTH CBET IOMA-
JIaeT 3a HENpPO3pavHyo rpaHully, npuuem 3¢dekr Tem cruinbHel, yem
MEHbIIE pa3Mepsl npendarcTeuil. [Ipy pazmepax mienn uim quamerpe
OTBEPCTHM, CPAaBHUMBIX C JJIMHOM BOJIHBI, 3aKOHBI I'€OMETPUUYECKOU
ONTHKH pabOTaTh MEPECTAIOT.

KauecTBenHoe 00bsICHEHHE pacpOCTpaHEHHs CBETa 3a Mperpa-
JIO MOKET OBITh JTaHO C TIOMOINBIO npuHyuna I roiieenca. CormacHo
STOMY IPUHLHITY, KayK/Jasl TOUKA, Ky/1a JOLIEN CBET B JAHHBIM MOMEHT
BpEeMEHH # (KaXJas TOYKa BOJIHOBOTO (DPOHTA), SBJIAETCA MCTOYHH-
KOM C(EepUYECKUX BTOPUYHBIX BOJIH, U JUIS TIOJYYEHHS BOJIHOBOTO
¢poHTa B MOMEHT #, + Af HAaIO COEIMHUTH BCE TOYKHM, KyJa JOIIE
CBET B OTOT MOMEHT, puc. 3.1, a. Ha puc. 3.1, a cpena B HuxHEH Ya-
CTH PHUCYHKa MpEe/IojaraeTcsi ONTHYeCKn MeHee rioTHoi. Ha puc.1,
0 M300pakeHo TaJleHHe CBeTa Ha dKpaH ¢ oTBepcTreM. CienaB cooT-
BETCTBYIOIINE TIOCTPOEHUS, MOKHO yOEAUTHCSA, YTO CBET OyJAeT Io-
MajaTh B 00J1aCTh TEOMETPHUIECKON TEHH.

IIpunnun [folireHca maeT TONBKO KAa4eCTBEHHOE OOBSICHECHHE
BOJIHOBBIX SIBJIEHUM.
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Puc. 3.1. [Ipunnun I'toiirenca

3.2. Uumepghepenyus ceema

BonHoBast npupoza cBera Hanbosee sIPKo OTPAsKACTCsI B SIBICHUSIX
uHTepdepeHINH 1 AU(PAKLIUU CBETa, B OCHOBE KOTOPBIX JICKHUT Cl1O-
JrceHue 6onn. SIBnenne uateppepeHInu U AMHPaKkIUd UMEIOT, HOMHMO
UX TEOPETHYECKOr0 3HAYCHUSI, ITMPOKOE IPUMEHEHHUE HA IIPAKTHKE.

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

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

Ecnu xonebGanus 3TUX BOJIH MPOUCXOJAT B OJHON INIOCKOCTH, TO
aMIUTUTY/1a Pe3yJbTHPYIOLIEro KojeOaHus OyAeT ONpeaeisThCS BbI-
paKeHHEM

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

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

Panee oTMeuanoch, YTO CBET M3Jy4aeTCsl MPU SHEPTETHUCCKHX
nepexo/iaXx OTACIbHBIX aTOMOB WJIM MOJICKYJ OTJCIBHBIMHU I[yraMu
U B 00IIEeM cllyyae HampaBlieHHs KOJeOaHUM U (a3bl pa3HbIX I[yTOB
UMCIOT MPOM3BOJIBHBIC HAMPABICHHUS U 3HAYCHUS, MOITOMY HUHTEp-
(bepeHIuss MOXKET HaOJIF0IaThCs, €CJIA BOJIHY KaKUM-JIHOO CIIOCOOOM
cHavasa pa3Je/iuTh Ha JIBE, a 3aTEM CBECTH B OJTHOM TOYKe, pHcC. 3.2,
a. B aTom cityuae pasHocTh a3z d = a, — @, Ul paccMaTpUBacMOi
TOYKH OYJIET OCTABATHCSI MOCTOSIHHOW, TAKKE BOJIHbBI HA3bIBAIOT KO2e-
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penmuvimu. B ciryuae HEKOT€pEeHTHBIX BOJIH 0 MEHSIETCSI XaOTUYHO H
cpeaHee 3HaueHue cosd OyneT paBHo Hymo. MHTepdepeHunn B 3ToM
ciydae HabmoAaThCs He OyIeT:

<E>=<E>?+<E>’uml=1+I  (33)

B ClIydya€ KOI'CPCHTHBIX BOJIH BBIPAKCHUC [Ji1 MHTCHCHUBHOCTHU
Oyzer:

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

B wactnom ciyuae, korga [, = I, = [ B Toukax, riae cosé = 1 (Boi-
HBl HAXOAATCS B OJHOM (aze, puc. 3.2, 0), aMIIMTy1a BOJHBI OyaeT
Y/IBaMBAThCS, & MHTEHCUBHOCThL OyJIET B YETHIpE pasa Oonbiue /, a B
TOYKaxX, TJe cosd = -1 (BOMHBI B ipoTHBOda3e, puc. 3.2. B), aMIUIUTY-
Jla 1 THTEHCUBHOCTH OyIyT paBHBI HYJIIO.

0=

a 0 B

Puc. 3.2. MnaTepdepenmus ceera

PaccmoTpum onuH M3 CrOCOOOB HAOMIOACHUS MHTEpPEpeHIINU
Ha MpuMepe Tak Ha3biBaeMoro onsima FOnea, puc. 3.3. CBer oT Hc-
TouHuka O, (HapuMep, HUTHU JIaMIIOYKH HaKaJMBaHHUsA) MONAAeT Ha
HENPO3Pa4HbIi SKpaH ¢ MPOTHKEHHOH y3kod menbto O,. CormacHo
npuHImny [foiirenca, Kakaas TOUKa MIEIH SBISICTCS BTOPUYHBIM UC-
TOYHHUKOM H3JIyYCHUsI, ¥, TAKUM 00pa30M, OT IIeIu OyJeT pacmpo-
CTpPaHSTHCS BOJHA C IMIUHIpUYecKuM (ppoHToM. Ha myTr 3T0H BOJI-
HBI YCTAHOBJIEH BTOPOM 3KkpaH ¢ aAByMs mensmMu O u O’ Ha paccTos-
HUH d IPYT OT JAPYra, KOTOPbIE TaKKe OYAYT SIBJISATHCS BTOPUIHBIMH
KOTE€PEHTHBIMH UCTOYHMKaMH. Ha paccTosiHuM L yCTaHOBIIEH dKpaH
JuTsl HaOmoieHnst naTeppepennnu. Onpenenum pazHocTh xona As =
§, = §, IJIsL Iy4el OT UCTOYHUKOB O u O' no HekoTopoit Touku P, Ha-
XOJISIIIEICS HAa paCCTOSAHUM X OT OCHM cUMMETpuUu. JlJig KBaapaToB pac-
CTOAHUHN U3 TpeyroabHUKOB OPA u O'PA nmeeM:
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Puc. 3.3. OnpiT FOHTa

: (3.5)
OTKyI[a ITOCJIC BBIYHUTAHUSI HOJ'IyLII/IM:

sP—s2=(s,—s5)(s,ts)=2dx (3.6)

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

As = (x d)/L. (3.7

W3 ycnoBus Mody4eHUs] MAKCHMYMa MHTEHCUBHOCTH As = tmld

(m — uenoe 4YnCIl0) ¥ MUHUMYMa HHTEHCUBHOCTHU As = £(m+2) 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

JanHas cxema HaOJIOAEHHs peann3oBaHa B HHTEppepoMeTpe
Penest, koTopblil ucnonb3yeTcs JUIsl ONpeAeseHHns MallblX KOHIEH-
Tpauui MPUMECH B KMJIKOCTH 10 M3MEHEHUIO MOKa3aTelslsd MpesioM-
nenusi. Cxema nHTepdepoMeTpa npuseaeHa Ha puc. 3.4. B 6moke 1
HaXOJSTCS UCTOYHHUK CBeTa (JTaMIouka HakanuBaHus Ha 3,5 B) u aBa
9KpaHa: ¢ OAHOM M JByMs IIEISIMHU COOTBETCTBeHHO. Ha myTu myueit,
CO3JIAI0IINX WHTEPPEPEHIMOHHYIO KAPTHHY B CBETOHEPOHUIIAEMOM
KOpIyce 2, yCTaHOBJIEHBI /IBE€ OJMHAKOBBIX KIOBETHI 3 1 4: 0JIHA C pac-
TBOpUTENEM, Apyras ¢ pacTBOpoM. Pa3HOCTh Xona jydei MpUBOIUT
K CMEIIEHUI0 KapTHHBI OTHOCUTENIBHO ITAJIOHHOMH, MOJy4YeHHON HpHu
OTCYTCTBHHM pa3HOCTH Xxoxaa. s HaOmoaeHns: HHTep(epeHINOHHBIX
KapTHH HUCIIOJIb3YETCs] MUKPOCKOII 5, TaK KaK pacCTOSTHUS MEXY I10-
JI0OCaMU B IaHHOW T€OMETPUHU UMEET MOPSI0K AECATHIX A0JIEH MM.
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Puc. 3.4. UnTepdepomerp Penes

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

Ha puc. 3.5, a m3o0paskeno 3epkaino Jnoiina. Ha sxpan D cBet mo-
MaiaeT HETIOCPEACTBEHHO OT ncTouHrKa O 1 ero n3odpakenus O* B 3ep-
Kane 3. PaccTrostHue Mex 1y MICTOYHUKaMHU paBHO 2d, T7ie d — paccTosHIe
OT UCTOYHHMKA JI0 3epkaia. O0nactsb HaOmoeHust nHTepdepenimu — PO.

Ha puc. 3.5, 6, B u r ipencTaBieHbl On3epkano, OWIMH3a U Ou-
npuszma Openensd. J[Ba MHUMBIX HICTOYHUKA B TIEPBOM Cllydae Moiayya-
IOTCSI TIPH OTPAKCHUH OT JIBYX 3€pPKaJl, paCIIOJIOKEHHBIX 10T HEOOIb-
MM yTJI0M ¢. Bo BTOpoMm cirydae uHTephepupyroT JydH, UAYIIHE OT
JIBYX M300pa)KeHWH MCTOYHUKA B MOJOBUHKAX JIMH3BI, Pa3IBUHYTHIX
Ha HeOoJIbIIIOE paccTosiHKE. B mocnenHeM ciryyae JiBa HCTOYHUKA T10-
JIy4aroTcsi B pe3yJibTaTe MPEJOMIICHHS Jydel B JIBYX CUMMETPUYHO
PaCIOJIOKEHHBIX MPU3MaXxX, UMEIOIIUX [IPU BEPILIMHE MAJIbIA yroJl.

VWUV VW

B T

Puc. 3.5. Cxembl HaOmroneHNs HHTEpEpEHITHH cBeTa: 3epKano Jloiina (a),
6msepkaino (0), oumH3a (B) n Ounpusma (1) OpeHennst COOTBETCTBEHHO
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OTaenbHO PaccCMOTPUM HMHTEPEPEHIMIO CBETa TPH Ompadice-
HUU OM MOHKUX NJleHOK WY TUTaCTUHOK. B 3TOM ciydae npu najeHun
TUIOCKOM (MAYyILEel OT yJaJleHHOTO MCTOYHUKA) CBETOBON BOJHBI MPO-
HCXOJIUT OTpakeHUE OT JBYX MOBEPXHOCTEN AaHHOM MiacTUHKU. [1pn
OIPEICICHHBIX YCIOBHAX 3TH OTPAKEHHBIC JTyYd MOTYT HHTEpEepHpO-
BaTh. X0/ JIlydell B 3TOM cllyyae NpuBeJieH Ha puc. 3.6, a. JIyu 1 npe-
JIOMJISIETCSI B TOUKE A, OTpaykaeTcsi OT MPOTUBOIOJIOKHON MOBEPXHOCTH
TUIeHKH B Touke C ¥ BTOPUYHO MperomisieTcs B Touke B. OnTuyeckuit
yTh €ro paBeH JmuHe mytd AC/ (s,), YMHOKEHHOMY Ha ONTUYECKYIO
TUIOTHOCTH TIeHKU. OOmiasi pasHocTh xoaa OyJaeT CKIaabIBaThCs U3
ONTUYECKOTO MyTH NMEPBOTO Jy4a B IUIACTHHE W BTOPOTO Jyda B BO3-
nyxe DB (s,), KpOMe TOTO, B TOUKE B MPOMCXOIUT CABUT HA TIOJIOBHHY
JUTMHBI 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.

VYcmoBue MakcHMyMa OyAeT BBITIONHATHCS IS PasHBIX UTHH
BOJIH TIOJ] Pa3HBIMU YTJaMHU TMIPH OJHOW TOJNIIHMHE TUICHKH WIIH IS
pasHbIX ToamuH. Ha mpakTHKe JaHHBIH BUI HHTEPPEPEHIIUNH MOKHO
HAOJTF0/IaTh Ha MBUTHHBIX ITy3BIPSIX MM IIEHKAX OCH3WHA Ha BOJIE WITH
acainpre.

Puc. 3.6. UntepdepeHniys B TOHKOI 1IIeHKE (),
cxema HaOoieHus koser; Herotona (0)
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Eme omauM mpumepoM HHTEp(EpEHIMH B TOHKHX IUICHKAX
(OIOCHl PaBHOM TOJIIIUHBI) SIBISIOTCS Koyiblla HeroToHa. OHU Ha-
OJIFOJTAIOTCSL MPU OTPAKCHUU CBETAa OT CONPUKACAIONIUXCS JIPYT C
JIPYTOM MOBEPXHOCTU CTEKJISIHHOW TUIACTUHKHU U BBIMYKJIOW JIMH3BI C
OonpmmM pagnycoM KpuBHu3HBI R (puc. 3.6, 6). Ponp ToHKOH TIEH-
KM, OT TIOBEPXHOCTEH KOTOPOM OTPa)KarOTCS KOTEPEHTHBIC BOJIHBI,
WUTPaET BO3AYLIHBIN 3a30p MEXAY CTEKJISIHHOM IJIACTUHKON U JIMH30M
(oTpaxkeHHsI OT APYTrUX MOBEPXHOCTEH HE OKa3bIBAIOT BIUSHUS NPU
YCJIOBUH OOJIBIION TONIIUHBI TUTACTUHBI U JIWH3KI). [Ipy1 HOpMallbHOM
MaJCHUU CBETA MOJIOCHl PABHOM TOJIIMHBI UMEIOT BUJ KOHLIEHTPH-
YECKUX OKPYXKHOCTeH. PazHocTh X01a MHTEphEepUpyomux yuei B
3TOM ciydae OyneT

AS:2X+%, (3.10)

T7Ie X — TOJIIIMHA BO3LYLITHOTO CJIOS, & CABUT Ha MTOJIOBUHY JUIMHBI BOJI-
HBI TPOMCXOINT 3a CUET PA3HBIX YCIOBUM NP OTPAKEHUH OT BEPXHEH
Y HWKHEH rpaHul] BO3AYLIHOM Mpocioiiku. B Toukax, AJi1 KOTOPBIX
pa3HOCTh XOfa Jy4el Oy/eT KpaTHa JJTHHE BOJNHHI As = kA, OyyT Ha-
OJII0aTHCS CBETJIBIE KOJIBIIA, @ B TOUKAX, I KOTOPBIX As = (k + )4,
— temHsble. IIpu 3TOM B neHTpe Oyaer HaOMIOAATHCS TEMHOE ISITHO
(k= 0). YcnoBue 00pa3oBaHUs k-T0 TEMHOTO KOJBIIA TIPX 3TOM OyIeT

A
As =2x+ 5T (k + 2)\. 113 mpoCTBIX TEOMETPUUYECKUX COOOparkeHHUH

MOKHO NOJYy4YuTh (puc. 3.6, 0) 001IyI0 hopMYyITy IS paiyCOB KOJIEIl
Hprorona:

r:\/R/i(m—l)/Z m=1,2,3,...), (3.10)

A€ YETHBIM /771 COOTBETCTBYIOT paJInyChl CBETJILIX KOJICI], & 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 IPOCTHIM T'€OMETPUUECKUM CYMMHUPOBAHUEM BOJIH, IPULIEIINX
OT OIpEeIeJICHHBIX YYaCTKOB BOJIHOBOTO (poHTa. CyTh METO/1a HOsIC-
HeHa Ha puc. 3.7, a. I onpenenaeHus CyMMapHOH MHTEHCUBHOCTH
B Touke P ot ucrounnka O chepuuecknii BOJTHOBOH (hpOHT B 001acTn
HpPEnsTCTBUS (HapUMep, 3KpaH C KPYIJIBIM OTBEPCTHEM) pa30uBa-
€TCs Ha KOJIbLIEBbIC 30HBI TaK, YTO PACCTOSHUE OT Kpas CIeHyIoLIeH
30HBI 1O TOYKU P OTIMYaeTcs Ha OJIOBUHY AJIMHBI BOJIHBI — A/2. B pe-
3ynbTaTe KojaeOaHus, MPUXOIIUe B TOUKY P OT COCeIHHUX 30H, Oy-
IyT HaXOAUTHCS B IPOTHUBO(dA3e.

b+3x A2
b+ 2x A2
b+ A2
O P
T b
| /)
a
0

Puc. 3.7. Tudpaxunst dpeHesnst Ha KPYIIIOM OTBEPCTHH

PesynpTupyromiee 3Haue€HHE AMITUTYABI OYAET ONpenesThCs
COOTHOUIEHHEM IUIOIIA 1€l OTKPBITHIX YETHBIX U HEYEeTHBIX 30H Dpe-
Hens. Tak, eciu B InaMeTpe OTBEPCTHS YKIabIBaeTCs ABe (WU Jpy-
roe 4YeTHOE YuCcIio) 30Hbl DpeHets, B TOUKe P CBETOBBIE BOJHBI OyIyT
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racuTh APYT Ipyra u OyAeT HabIroAaThCs TeMHOE TsITHO. Eciu uncio
30H HEUETHOE, TO CBETOBBIC BOJIHBI OT MMOCIIEIHEH OTKPBITOM 30HbI ra-
CUTBHCS HEe OyAyT u OyneT HabIr0AaThCs CBETIOE TSITHO.

[Ipu cmemieHnu OT TOYKU P B CTOPOHY IUIsI CiIydasi, IPUBEJCH-
HOro Ha pHc. 3.8, a (OTKpBITO 3 30HBI), CHauana OyIeT OTKPBIBATHCS
yerBepTas 30Ha (puc. 3.8, 0) U UHTEHCUBHOCTh CBETa OYJIET YMCHb-
mratecsl. 3ateM (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, ). B ciyuae yetHoro ymcna 30H DpeHens, yKIaabIBarO-
HIMXCS B THAMETPEe OTBEPCTHS, B LIEHTPE KapTHUHBI OyneT HabIr0AaTh-
csl TeMHOe TSITHO (puc. 3.8, ).

a 0 B r I

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

Pagunycel 300 @penens MOXKHO ONPEAETUTh, MOJIb3YsACh 0003HA-
4eHHAMH puC. 3.7, 6, BhIpaxas r, * HOCIEI0BATENBHO U3 IPIMOYTOJlb-
HBIX TpeyroidbHuKoB OAb u PAB, cokpamias u npeHeOperas MajibiM
cmaraembim (mA/2)%:

OTKyJa

b= bmA _ labmA
" (b +a) u 'y = m. (3.11)

Ecnu ncrounuk cBeta Haxo uTCsl HA OECKOHEYHOCTH (@ = L, TIO-
ckas BojiHa), To ¢popmyina (3.11) mis pagumycoB IpuMeT B

r.=~bmAi . (3.11"
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3.4. Quppaxyus @payneopepa om wenu

PaccMoTpuM MIIOCKYIO CBETOBYIO BOJIHY, NMAJAIOLIYI0 HA JJIUH-
HYIO IIEJIb, 32 KOTOPOM pacroIoKeHbl IMIMHAPUYIECKas coOuparomas
JIMH3a 1 3KpaH B e¢ (POKAIBbHOHN IUIOCKOCTH, KaK 3TO N300paKeHO Ha
puc. 3.9, a (HarpaBieHHE LU U OCh JIMH3bI IEPIICHAUKYIISPHBI ILI0-
CKOCTH PUCYHKQ).

BropuuHblie BOJNHBI, NMOChUIaEMble OTACIBHBIMM TOYKAMHU B Ha-
MPaBJICHUH, ONPEACISIEMOM YIJIOM ¢, COOEpYyTCsl B HEKOTOPOM TOUKE
9KpaHa P. AMIUIMTYAbBI OTHCNIBbHBIX KOJICOAaHUHM paBHBI, a Pa3HOCTb
¢a3 A ans IByX yKa3zaHHBIX Ha puc. 3.9, a touek O u A OyaeT onpene-
JISITHCS OTPE3KOM A B, Tak kak ontuueckue nytd OP u BP 01uHaKOBBI.

PaccMmoTpuM HampasiieHHE, 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 citydae neiicTBue
COCEIHUX 30H OyAeT KOMIIEHCHUPOBATh APYT APYTa, U, CIICAOBATEIbHO,
Jy4d, UAYIIME B 3TOM HAIIPaBJICHUH, COOPABIINCH HA IKPaHE, NaayT
TEMHYIO T0JIOCY. YCJIOBHE Ul YIJIOB, IPH KOTOPBIX aMIUIUTY/Aa Ha
sKpaHe obpamtaercs B 0, 3anumercs:

bsing=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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Puc. 3.10. Pactipesiesienyisi HHTEHCUBHOCTH B 3aBUCUMOCTH
OT CHHYCa yTia HaOJIFOACHUS

Ecnu xe pazHocTh X011a A = b sing nydei oT KpaeB mienu OyneT
KpaTHa [MOJIOBUHE JJIMHBI BOJIHBI, TO HCﬁCTBHe OI[HOI\/'I 30HbI OKaXETCA
HEKOMIICHCHPOBAaHHBIM U B 3TOM HaIpaBJICHUU OyjeT HaOIroAaThCs
MAaKCUMYM MHTCHCUBHOCTHU. YcnoBue MaKCUMyMa 3alnIICTCA:

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

OO6mmit BuA pacupeeeHnsi ”HTEHCUBHOCTH B 3aBUCHUMOCTHU OT
CUHYyca yriia HaOJroAeHus ipuBe/ieH Ha puc. 3.10.

3.5. Qugppaxyuonnas pewemxa

JudpaknponHas pemeTka TPeACTaBIsIeT COOOW COBOKYITHOCTD
0OJBIIIOTO YHCIIa OIMHAKOBBIX, OTCTOSAIINX JAPYT OT Apyra HA OAHO U
TO K€ paccTosiHue mmenei (puc. 3.11, a). Paccrosane d Mexmy cepenu-
HaMHU COCEJTHUX IIeJIeN Ha3bIBaeTCs MEPUOIOM peleTKU. Yunco menen
Ha 1 MM pemeTku Moxet gocturath 1000, a obmee wrciao — 100000.
[lnpokoe mprMeHeHNnEe HAXOIAT OTpakKaTeNbHBIE PEIIETKH, KOTOpPhIe
MOJTY9at0T, HAHOCS Ha OTITOJIMPOBAHHYIO IIOBEPXHOCTH METAJIA Iapaj-
JIENBbHBIC TITPUXHA TOHKAM aJIMa3HBIM pe3noM (puc. 3.11, 6).

PacromosxnM mapasuieTbHO peieTKe CoOnpaTebHYO THH3Y, B (ho-
KaJIbHOM TIJIOCKOCTH KOTOPOW MOCTaBUM 3KpaH. BBIACHUM Xapaktep
TUQPPaKITNOHHON KapTHHBI, TOJTyJaroIelicss Ha SKpaHe TpU TaJCHUH
HOPMAaJIbHO Ha PEIIETKY MJIOCKOW cBeTOBOW BOJHBI. Kaxknas u3 mienei
aCT Ha DKpaHe KapTHHY, OMHCHIBAEMYIO KPHUBOM, M300paKCHHON Ha
puc. 3.10, npu 3TOM JIJIs1 HAPABIIEHUH, OTIPEIEIIIEMbIX YCIOBUEM:

dsing =+mi,(m=0, 1, 2, ...) (3.14)
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KoJieOaHUsI OT OT/ACIBHBIX IIeNiel OyayT B3aUMHO YCHUJIMBATH JPYT
JIpyTa, BCICICTBUE YET0 aMILTUTYa KOJeOaHUl B COOTBETCTBYOIIUX
TOYKaxX 3KpaHa OyjaerT umerh MakcuMymbl. @opmyna (3.14) Ha3bIBa-
ercs Gopmysiol TUGPAKIIMOHHONW PEIISTKH U OINpPENesseT HaIlpaB-
JICHUS Ha IJIaBHbIE MAKCUMYMbI HHTEHCUBHOCTH ISl COOTBETCTBYIO-
X AauH BoJiH. [lonokeHue riaBHOro Makcuma HYJIEBOTO MOPSIKa
(m = 0) u1st Bcex JUTMH BOJIH COBITAJIACT.

a 0

Puc. 3.11. ludpakunonnas pemrerka

[IpumepHbIii BuI AnGpPaKIMOHHON KapTHHBI IPUBEICH Ha puc. 3.12.
B cootserctBuu ¢ (3.14) npu yMeHbLIEHHT IEPUOAA PELIECTKU ¢ CHHYCBI
YIJIOB Ha COCEJJHUE MaKCUMYMBI OyZIeT yBEIMUMBATHCS, & HAIIPABJICHUS
JUTSI MAKCHUMYMOB Oo0J1ee JUTMHHBIX BOJIH (KPacHBIX) IIPU ITaHHOM IIEPHOJIE
perIeTKy OyyT Jaiblie OT HAIIPaBJICHHS [1a/ICHHUS CBETA.

Sing

Puc. 3.12. ludpaknroHHas KapTuHa
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3.6. [lucnepcus ceema. Ilocnowenue ceema

W3 teopun MakcBesuia clielyeT, YTo B BaKyyMe BCE 3JIEKTpoMar-
HHUTHBIC BOJIHBI HE3aBHCUMO OT MX YacTOTHI (IUIMHBI BOJIHBI) pacipo-
CTPAHSIOTCS C OAHON U TOM 7K€ CKOPOCTBIO €, YTO OATBEP)KIACT OIIBIT.
OpHaKo OKa3bIBACTCS, UTO IMTOKAa3aTeN b MPETOMIICHUS (11 = C/Cqm) BelIle-
cTBa (Cpeabl) 3aBUCUT OT YACTOTHI KOJIEOAHUH CBETOBOI BOJIHBI U TEM
caMbIM OT JJIMHBI BOJIHBL. Ho eciu mokasarenb NpeoMICHUS 3aBUCUT
OT YacTOThI, TO U CKOPOCTh PAcIpOCTPAaHEHHs CBETa B BEIECTBE TaK-
K€ 3aBUCHUT OT YaCTOTbI. 3aBUCUMOCTb CKOPOCTHU BOJIHBI OT €€ YaCTOThI
(MM AJTMHBL BOJIHBI) Ha3bIBAIOT Jucnepcuel. PesynbraTom nucnepcun
SBJISIETCS CIIEKTPAIIbHOE PA3IOKEHHE OENoro cBera MpH ero MpesioM-
nernu B ripu3me (puc. 3.13). PaccMoTpuM Oernbiii CBET, MaAatoniii U3
BaKkyyMa (BO3[yXa) Ha OAHY M3 I'paHel NMPHU3MBbI, W3TOTOBJICHHON U3
crekna GuuHT, oA yriaom i = 60°. TTokasarenn npesoMIeHAs s
Pa3HBIX JUTMH BOJIH M Pa3HbIX CTEKOJI IaHbI B TAOJIHLIE.

Tabnuma
Lisem Jlnuna eonmel, THokazamenv npenromnenus, n
HM Gaunm KDOH
Kpachbiii 670 1,643 1,514
3eneHbIi 540 1,657 1,520
duoieToBbIi 400 1,685 1,532

VYTIIbI IpEeTIOMIICHHS B COOTBETCTBUH ¢ 3akoHOM CHemutnyca (2.2)
COCTABJIAIOT JUISA 9THX LBETOB 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’Kp =50°28", r' =52°18, r’cb =55°
(puc. 3.13).

Puc. 3.13. Aucnepcus cBeTa B pu3mMe
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JaHHoe siBIIeHHE Pa3JIOKEHHUS OEeloro CBeTa B CHEKTp 3a CYeT
JUCTIEPCUH UCTIONB3YIOT B MPU3MATHUYECKHUX CIIEKTPOCKOMAaX.

3aBUCHMOCTD TIOKa3aTelisi MPEJIOMIICHHUS 71 OT YaCTOThI KoJieOaHUH
ANIEKTPOMAarHUTHOW BOJIHBI (IMCIEPCHOHHAs KpHBas), TOKa3aHa Ha
puc. 3.14 crutomnoit tuHuel. Hanbonee peskre n3MeHeHHs oKa3are-
JIs IPEJIOMIIEHHSI IPOUCXOAAT BOJIM3U PE30HAHCHBIX YaCTOT, T. €. B TEX
Cllydasix, KOTJja 4acTOTa 3I€KTPOMarHUTHON BOJIHBI COBIAJAET C OJHOM
13 COOCTBEHHBIX YaCTOT KOJIeOaHHI AJIEKTPOHHOro obnaka aroma. Byia-
JIM OT PE30HAHCHBIX YacTOT IMOKAa3aTeslb MPEOMJIEHUS BO3pACTaeT C
POCTOM YacTOTHI HIIEKTPOMATHUTHOW BOJTHBI (HOpMaslbHasl IUCTICPCHS),
BOJIM3H K€ PE30HAHCHOM 4acTOTHI HAOMOAAETCsl PE3KUii criajl Mmokasa-
TEJS IPENOMIICHHSI C POCTOM YacTOThI (AHOMAIbHAs AUCTIEPCHST).

Puc. 3.14. lucnepcuoHHas KpuBas

Juig oObsicHEHUs SBIEHUS JUCIIEPCHH TOJIB3YIOTCS JIEKTPOH-
HBIMU MPEJICTABICHUSMU CTpOEHHUs BellecTBa. [1oa aeiicTBueM anek-
TPOMAarHUTHOW BOJIHBI DJIEKTPOHHOE 00JIaKO aToMa (M MOJIEKYJIbI)
COBEpIIAeT BBIHY)KICHHbIE KOJIeOaHMs, CIIeZ0BAaTENbHO, aTOM IIpe-
BpallaeTcsi B MMUHUATIOPHBIN AJIEKTPUYECKUN NUIONb. DIEKTpHUYe-
CKH{ MOMEHT 3TOT0 aTOMapHOTO JTUIIOJS COBEPIIAET BHIHYKICHHBIC
KOJIeOaHUsI C YacTOTOM, paBHOW YacToTe KoJeOaHUH HANPSHKEHHOCTH
MOJIsA, M C aMIUTUTYJION, 3aBUCSIIENH OT COOTHOIICHUS MEXIY 4acTo-
TOM KOJIeOAHHUH IJIEKTPOMArHUTHOTO IOJIT M COOCTBEHHOW YaCTOTOM
AJIEKTPOHHOTO 00siaka. Ho mpy pa3HBIX aMIUTUTYAaX dJIEKTPUUECKUI
MOMEHT aTOMapHOT0 AMUIIOINA pa3fiudeH. B pe3ynbTare pa3HbIM 4acTo-
TaM KoJjieO0aHuil HanpsyKEHHOCTH TOJIsi COOTBETCTBYIOT Pa3HbIE 3HAYE-
HUS TIOKa3aTessl MPEeJIOMIICHHUS, YTO U TIPUBOINT K AUCIIEPCHH.
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Kak YK€ OTMCYAJIOCh, DJICKTPOMATrHUTHBLIC BOJIHBI (B TOM 4YHUCIIC,
u CBCT), nmpoxoas 4e€pe3 BCUICCTBO, BLI3LIBAOT BBIHYKACHHBIC KO-
nebaHust QJICKTPOHHOT'O 0o0J1aka aTOMOB WIIH MOJICKYJI. Tem campiM
BCLICCTBO nozcrowiaem 4aCTb SHEPruu BOJIHBI, U UHTCHCUBHOCTD I10-
cne/:[Heﬁ o Mepe€ NpOHUKHOBCHUA BFJ'Iy6I: BCIIECTBA YMCHBIIACTCA.
HOZJZOM/;eHue CB€Ta — DOTO 3aTyXaHUC KoJIeOaHMI CBETOBOMU BOJIHEI,
O6yCJ'IOBJ'ICHHOC €C B3aI/IMO,I[CI\/’ICTBI/IeM C BCIICCTBOM.

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

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

rie 1 — K03 QUIHMEHT MOTJIONICHHUS.

Koadduument noraomeHus 4 3aBUCUT OT YaCTOTHI BOJIHBI; HHBI-
MU CJIOBaMH, Hapsiiy ¢ nucrnepcueil koddduuuenta npeaoMieHus,
umeercs nucnepcus ko3ddunuenta nornomenus. Ha puc. 3.14 myn-
KTUPHOW KpUBOW MOKa3aHa 3aBUCHMOCTH KoddduimenTta mnorioiie-
HUS (L OT 4acTOThI . Kak BUIHO, MAKCUMAaJIbHO BEIIECTBO MTOTJIOMIAET
CBET BOJIM3U COOCTBEHHOMH 9acTOThl @ . JlaHHOE SABJIEHUE €CTh CJIE]-
CTBHE 00IIEro CBOWCTBA BBIHYKJCHHBIX KOJICOaHUH: CHCTEMa MOTJIO-
[1aeT HauOOJBIIYIO MOITHOCTD MIPU PE30HAHCE.

Y aTOMOB M MOJIEKYJ MMEETCsS HE OJHA COOCTBEHHAsl 4acToTa,
a Habop COOCTBEHHBIX YAacTOT, BOJHM3M KaXIOW M3 KOTOPBIX KO-
3G PHULMEHT MOTIOIIEHHs Pe3K0 Bo3pacTaeT. B TBepAbIX Tenax win
pacTBopax M3-3a CHJIBHOTO B3aUMOACHCTBHS MEXKIY aTOMaMH HIIH
MOJIEKYJIaMU O0JIACTH TOTJIOIICHHS! YIIUPSIOTCS U MPEBPAILAIOTCS B
MOJIOCHI TIOTJIOLIEHUS], MEXKY HUMH JISKUT 00J1aCTh 4aCTOT, KOTOpBIE
noryomarorcs cnado. Ha 3Tom ocHOBaHO neiicTBue cBETO(MIBTPOB,
KOTOpbIE MPEJCTABISIOT COOON IUIACTHHBI U3 CTEKJIA C MPHUCAIKaMU
TeX WJIM MHBIX COJIEH, IUIEHKH U3 IIaCTMACC, COICpIKaIllie HEKOTOPhIe
OpraHUYEeCcKUe KPAaCUTENIN WM 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 moJHOCTBIO OTpaXkaeT B OJJMHAKOBOW Mepe BCe Ma-
JAroIUe Ha HETrO JIyYH, TO IPU OCBEIICHUU ero OeJbIM CBETOM OHO
BUJHO Kak Oenoe. OCBENIEHHOE CBETOM OJHOTO LBeTa (MOHOXpOMa-
TUYECKUM CBETOM), TAaKOE TEJIO OTPAXKAET €ro M Ka)xeTcs OKpalleH-
HBIM B TOT K€ 1IBET. TOYHO TaK ke BeJeT ce0sl cepoe TENo — OHO JIMIIb
MOTJIONIAET YacTh CBETA Ha BCEX yYacTKax CIEKTpa OJUHAaKoBO. Yep-
HbIM Ha3bIBAIOT TEJ0, KOTOPOE MPAKTUYECKH MOJTHOCTHIO MOTJIOUIAeT
BCE CBETOBbIE BOJIHBI BUIMMOTIO y4acTKa CIEKTpa.

Ecnu Teno m30uparenbHO MOTIOMAeT 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, €CIIH
OCBETUTH €r0 OEJbIM CBETOM, OHO OTPa3UT KPacHO-OPaH)KEeBBIM yda-
CTOK CIIEKTpa, U Mbl YBUIUM TeNO KpacHbIM. HeTpymHo cooOpa3uts,
YTO €CJIM 3TO TEJI0 OCBETHTh CHHHM CBETOM (MJIHM 3€JE€HBIM), TO OHO
OyzeT BBITJISLIETD Kak yepHoe. ONbIT HOATBEPKIACT ITOT pe3yJbTar.

3.7. llonapuzayus ceema

3.7.1. 3axon Manrwca

B Havarne nepBoii r1aBbl TOBOPHIIOCH, YTO B €ECTECTBEHHOM CBETE
KosiebaHusi BekTopa E MpOMCXOIUT XaOTHYHO B MPOU3BOJIBHBIX Ha-
npasieHusX. Ecian kakum 1mbo crnocoboM ynopsgodnuTh 3TH KojieOa-
HUS, TO MOJYYUTCSI CBET NOApPU306anHbli. B 3aBUCUMOCTH OT TOTO
KaK yHOpSIOYECHbI 3TH KoJeOaHHsI, MOKHO BBIJICIIUTH CBET MOJISIPHU-
30BaHHBIN JIMHEHHO (IIOCKO), MOJISIPU30BAHHBIN MO KPYTY U MO -
nurcy. B mepBoM citydae, KOTOPBIM MBI OyZieM paccMaTpuBath Oolee
nopoOHo, KonebaHus BekTopa E MPOUCXOIAT B OAHOM MIOCKOCTH.
Bo BTOpOM U TpeTheM cilydasix KOHell BeKTopa E IBMXeTcs o Kpyry
1 3JUIMIICY COOTBETCTBEHHO.

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

VYceTpoiicTBa, ¢ TOMOIIBIO KOTOPBIX MOYKHO MOIYYHUTh MJIOCKO MO-
JIIPU30BAaHHBIN CBET, HA3bIBAIOTCS MOJSIPU3ATOPaMU. DTH YCTPOHCTBA
MPOITYCKAIOT CBET C KOJCOaHUSAMHU B OJJHOH IIIOCKOCTH, KOTOPYIO Ha-
3BIBAIOT TJIOCKOCTBIO MOJISIPU3ATOpA.
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PaccMoTpuM MII0CKO MOJSPU30BaHHBINA CBET, MPOILEALIHNA Yepe3
nossipuzaTop /71 1 magarommii Ha noJsipu3aTop /12, MIOCKOCTH MpPo-
MyCKaHUsI KOTOPOT'O PacIoIoKeHa MO YIJIOM ¢ K TNIOCKOCTH Kojeba-
Hul, puc. 3.15, a.

a §)

Puc. 3.15. K BeBOy 3ak0Ha Martoca

Ecmn ammumuryny xonmebanuit E pa3moXuTh Ha JABE COCTABIISIO-
mue: napaniensyo (E) n nepnenaukyispHayto (E|) miockoctu no-
JSPU3aTOPa, TO, BEPOSITHO, Yepe3 MOIAPHU3ATOP MPOHIET KOMIOHEHTA
E,., puc. 1, 6. Ilockoneky E;= Ecosg, 1J11 ”HTEHCUBHOCTH TPOIIE]-
mrero ceera oymem umeth (I ~ E?):

I=1, cos’p. (3.16)

CootrHomenue (3.16) HOCHUT Ha3BaHMEe 3aKoHA Manioca.

[Monsipr3aTop MOXKET OBITH HE HJCaTbHBIM, TOTa CBET, TPOIICI-
i yepe3 Hero, OyeT MOJIIPU30BaH yacmuyto. JIisl 4aCTHYHO OIS
PHM30BAHHOTO CBETA MOYKHO BBECTH MOHSATHE CTCIICHHU MOJISIPU3ANUH P:

P= (IMaKC — IMHH)/(I + IMHH), (3.17)

Makc

rae [ — MaKkCHMaabHOE 3HAYCHUE HHTEHCUBHOCTH CBETA, TIPOITYILEH-
HOT'O Yepe3 UJICANbHbIA MOJIAPU3ATOp, a [ — COOTBETCTBEHHO €10 MHU-
HUMaJIbHOE 3HaYEHHE MPH NePIICHANKYIIAPHOM MOJI0KEHUH TNTIOCKOCTH
nossipusaropa. st nossipusosantoro ceera/ =0u P=1.

Ecnu Ha monsipuszaTtop majaer eCTeCTBEHHBINH CBET, IIOCKOCTU
KoJIe0aHMsI B KOTOPOM MMEIOT XaOTHYECKOe pacIpe/eieHne, TO MH-
TEHCHUBHOCTH TOJISIPU30BAHHOTO CBETA, IMPOMIEAIIETr0 4Yepe3 MOos-
pusatop, Oyner pasHa / /2, OCKOJIbKY Cpe/lHEE 3HAUYCHUE COS’(p 3a
Mepros paBHO 2. Ecu Ha MyTH 3TOTO CBETa MOCTaBUTH BTOPOM TTO-

JISIPU3aTOP, TO B COOTBETCTBHUH C (3.16) HHTEHCHBHOCTE CBETa OyIIET
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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 oudnekmpura. Ecim Ha Tud-
JIEKTPUK IT0/T HEKOTOPHIM YTJIOM IaJaeT eCTEeCTBEHHBIH CBET, TO OT-
PaXXEHHBIN CBET OKA3bIBAETCSI YACTUYHO MOJIIPU30BAHHBIM, puC. 3.16,
a. [lpu magennn cBeta 1Moj HEKOTOPBIM YTIIOM, YAOBJIETBOPSIIOIIEM
YCIIOBUIO

tg@Bp =n/n, (3.18)

OTPaKEHHBIH CBET OKa3bIBACTCS IOJIHOCTBHIO MOJSIPU30BAHHBIM.
Yron QBP HazbIBaeTcs yenom bprocmepa, a cootnomenue (3.18) — 3a-
koHom bprocmepa. Ilpu Bemonaennn ycnosust (3.18) oTpakeHHBINH 1
MPETOMIICHHBIH JIy4n OKa3bIBAIOTCS MEPIEHANKYISAPHbBI APYT IPYTY,
puc 3.16, 6.

a §)

Puc. 3.16. Ionspuzanust mpu OTpaKeHUN OT AUIIEKTPUKA

OdeBHIHO, YTO TIPETIOMJICHHBII CBET OYyJIET TOXKE MOJSIPU30BaH,
mpaBAa YacTUYHO. J[Is TOBBIMICHHS CTENICHH IOJISPHU3AIUN IIPO-
IIEAMIET0 CBETa €ro MOXKHO 3aCTaBUTh MPOXOIUTH Yepe3 psIl pac-
MTOJIO’KEHHBIX MapaIeNbHO JPYT APYTY CTEKIISTHHBIX IUIAaCTHH. Takoe
YCTPOMCTBO Ha3bpIBaeTCs cTonoil CToJaeToBa U SBISETCS AOCTATOYHO
TIPOCTHIM TIOJISIPH3ATOPOM.
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Honspuzayus npu osotinom ayuenperomuenuu. Ilpn npoxoxne-
HUU CBeTa 4epe3 OOJIBIIMHCTBO KPUCTAJUIOB HAOJIIOJIACTCSI SIBJICHUC
JIBOMHOTO JTyderperoMyIcHUs. SIBiIeHHE 3aKiIo4aeTcs B TOM, UYTO
MIpH MAJICHUY HA TPaHb TAKOTO KPHCTAJIA JIyd pa3jelisieTcsl Ha JBa,
PacCIpOCTPaHSIONUIUECS. B PA3HBIX HAMPABICHUSIX U C PA3HBIMH CKO-
poctsimMu. B mpocrefinieM citydae 00HOOCHbIX KPUCTAILIOB OJMH JIyY
MOTYMHSICTCS. OOBIYHBIM 3aKOHaM. OH Ha3bIBACTCSI OOBIKHOBEHHBIM U
o0o3HavaeTcst OykBoi 0. Bropoii iy — HeOOBIKHOBEHHBIH (0003HaYa-
eTCs ¢) — JJaKe MIPH HOPMAIBHOM ITaJICHUH OTKJIOHSETCSI OT HOPMAaJIH.
Y NBYOCHBIX KPHCTAJIOB 00a Jiy4a SIBISIOTCS HEOOBIKHOBCHHBIMH.
OMNBITH TIOKA3aJIM, YTO 00a Jiy4a — OOBIKHOBEHHBIN U HEOOBIKHOBCH-
HBI — TIOJTHOCTBIO TOJIIPU30BAHBI BO B3aUMHO IEPIICHIUKYJISPHBIX
wiockoctsx (puc. 3.17, a). SIBneHuWe NBOWHOTO JTydYenpeToOMIICHUS
0OBSICHSICTCSI aHU30TPOTIHEH KPUCTAIIOB (Pa3InyleM CBOMCTB B pa3-
HBIX HarpaBiieHus1x). Tak, 1y 0OBIKHOBEHHOTO JIy4a CKOPOCTh pac-
MPOCTPaHEHUS OJINHAKOBA BO BCEX HANPABJICHUSX, a JJII HEOOBIKHO-
BEHHOT'0 OHAa OOJIbIIIE B HAPABJICHUU OocU Kpuctasia (puc. 3.17, 0).

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 OOBIKHOBEHHOTO M HEOOBIKHO-
BEHHOI'O JIy4el ¢ LIEHTpaMU B TOUKax 1 U 2, Jexaiux Ha NOBEPXHO-
CTH KpHCTaJIa TPH HOPMaJIbHOM TafieHnu. J{J1s1 0OBIKHOBEHHOT O JTyda
OHH TIPEJICTABIISIOT COOOW KOHIIEHTPUYECKHE OKPYKHOCTH C IIEHTpa-
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MU B COOTBETCTBYIOIUX TOYKAX, a JIsi HEOOBIKHOBEHHOTO — OBAJIBI,
BBEITSIHYThIC BJIOJIb OCH KpucTa/uta. HampasieHnue Jiydeld o U e coOT-
BETCTBYET OCSIM, IIPOBEICHHBIM U3 TOUYeK | U 2 B HANPaBICHUH TOUYEK
KacaHUsl COOTBETCTBYIOIIUX BOJHOBBIX (DPOHTOB U MX OTHUOAFOIIHUX.
U3 puc. 3.17, 6 cnepyer, 4TO HampaBieHWE OOBIKHOBEHHOTO Jy4a O
COBIMAJIaCT C HOPMaJbI0 K COOTBETCTBYIOIICH BOJIHOBOW MOBEPXHO-
cti. HeOOBIKHOBEHHBIH ke JIyd ¢ 3aMETHO OTKJIOHSIETCS OT HOpMAaJIA
K BOJIHOBOW MTOBEPXHOCTH B CTOPOHY aKyCTHYECKOH OCH.

Tonspouowvt. HekoTophie U3 TaKUX KPUCTAJLIOB 00JIAIAI0T CBOW-
CTBOM — Ouxpouzmom (TOTIIOMIEHHE OJHOTO U3 Jiydeid). Tak, B Kpu-
cTaJljlaX TypMajdiuHa 0OBIKHOBEHHBIH JIyY MOTJIOIIASTCS MPH TOJIIIMHE
kpuctayuia 1 MM. B kpucramiax cynbgara HoQuCTOro XMHUHA JIyd I10-
romaercs yxe Ha pacctosHud 0,1 MM. DTO CBOHCTBO UCIIOJIB3YETCS
JUTSL I3TOTOBJICHHSI YCTPOMCTBA, Ha3bIBAEMOTO 10/sapoudom. Ilonspo-
WJI IPEJICTABIISIET COOOM JIBE CTEKIISTHHBIC TUIACTHHBI, MKy KOTOPHI-
MU HaXOJHTCS LEJUTYJIOUHAS TUICHKA, B KOTOPYIO BBEICHO OOJIBIIOE
KOJIMYECTBO OJIMHAKOBO OPUCHTUPOBAHHBIX KPUCTAJUTMKOB CyJb(ara
HOJIMCTOrO XMHUHA.

Tlpusma Hukona (Huxons). I1onb3ysch sIBIEHUEM IBOMHOTO JTyde-
MIPEIOMIICHHS | SIBIICHHEM TOJTHOTO BHYTPEHHETO OTPasKEHHS, MOYKHO
MIOCTPOUTH €UIE OJIHO YCTPOMCTBO, Ha3bIBaeMoe npu3Mon Hukossa ninum
npocto HukosieM. YCTpOHCTBO COCTOUT U3 JIBYX ITPH3M, BBIPE3aHHBIX
W3 UCIIAHJICKOTO IIIaTa M CKJICCHHBIX KaHAJICKUM 0ajib3aMoM, puc. 3.18.
Wcnanackuii mmat o0agaeT SBICHUEM JIBOMHOTO JTy4YelpPeIOMIICHUS,
a IoKa3aTeNb TMPEIIOMJICHUS KaHAJCKOro Oaibh3ama YIOBJIETBOPSET
ycnoButo n,<n.<n_. Takum 00pa3om, yroin majeHus OObIKHOBEHHOTO
JIy4a Ha TPaHUILy pa3Jielia MOXKHO CJIENIaTh TAKOM, YTO OOBIKHOBEHHBIH
Jy4 OYJIeT UCIIBITHIBATH MTOJHOE BHYTPEHHEE OTPaKEHHE.

Puc. 3.18. Tlpuzma Huxomns
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Honsapuzayua npu pacceanuu ceema. HYacTUUHAs MOISPU3ALUS
CBETa MPOUCXOUT MPH PACCESTHUU CBETa Ha HEOJTHOPOJHOCTSIX CPEJIBI
B HAMpaBJICHUH, IEPIICHANKYIIIPHOM HATIPABICHUIO PACTIPOCTPAHCHUSL.

Hckycemeennoe 0eotinoe  nyuenpenomienue. B Tpo3pauHbIx
aMOp(HBIX TellaX, a TaKXKe B KPHUCTaUIaX KyOWYEeCKOHW CHCTEMBI,
He O0JIaJaroIUX €CTECTBCHHON aHMU30TPONHEH, MOXET BO3HUKATH
JIBOMHOE JIy4eTIPEIOMIICHUE IO/ BIMSHUEM BHEUIHUX BO3ICHCTBUIL.
B wacTHOCTH, 3TO TPOUCXOAUT MPH MEXAHHUYECKUX JehopMaIusax
Tesl. Mepoll BO3HUKAIOUIEH ONTHYECKONM aHU3O0TPONHUU CIYKUT pas-
HOCTB TIOKa3aTeleil mpeaoMiIeHHsI OOBIKHOBEHHOTO U HEOOBIKHOBCH-
HOTO JIyueil. OMBIT JaeT, YTO ATa PA3HOCTh MPOMOPIIMOHAIbHA HATIPSI-
JKeHUI0 o = F/s B JaHHOU Touke Tena (T. €. CHIIe, IPUXOIAIICHCS Ha
CIUHUILY TIIOIIATN).

Ecnu moMecTuTh CTEKISTHHYIO MIIACTUHKY MEXAY CKPCIICHHBIMU
MOJIIPU3aTOPAMU, TO, TIOKA CTEKJIO He JIe(OpMUPOBAHO, TaKast CUCTE-
Ma CBETa He MpomyckaeT. Eciu ke miacTUHKY MOABEPTHYTH CKATHUIO,
CBET 4Yepe3 CHCTEMYy HAaYMHAET IPOXOJIUTh, MPUYEM HabirogaeMas B
MPOIIEANINX JIydaX KapTUHA OKA3bIBACTCS UCICIHIPEHHOMN IIBETHBIMU
nosiocamu. Kaxias Takas mojyoca COOTBETCTBYET OJMHAKOBO jaedop-
MUPOBaHHBIM MeCTaM IUTacTUHKH. CleoBaTeNbHO, MO PACIONIONKE-
HUIO TIOJIOC MOKHO CYJIUTh O pacHpeleieHUH HAMpsLKCHUH BHYTPU
IUIacCTUHKUA. Ha 2TOM OCHOBEBIBAa€TCS ONTHYCCKUM METOH HMCCISIO-
BaHMsI HampsDKeHUH. M3rotoBieHHas U3 MPO3pavyHOro HU30TPOIHOTO
MaTepuana (Harmpumep, U3 TUIEKCHUIJIaca) MOJICTh KaKOH-TH00 JeTanu
WM KOHCTPYKIIUU MOMEIIACTCSI MEKTy CKPEIICHHBIMU TOJISIPU3aTO-
pamu. Mojens mojaBepraercsi IeHCTBUIO HArpy30K, MOJO0HBIX TEM,
Kakue OyJIeT HCIBITBIBATh caMo mu3jeine. Habnronaemas mpu 3ToM B
MPOXOJISIeM OelIOM CBETe€ KapTHHA TO3BOJISICT ONMPEACIUTh pacipe-
JICJICHUE HATPSHKCHUH, a TAKXKE CYIUTh 00 MX BEIIMYUHE.

JIBoltHOE TyuernperoMICHUE B >KUIKOCTSIX U B TBEPABIX Telax
MOKET BO3HHUKATh TOJ BO3JCUCTBHEM NPUIIOKEHHOTO BHEIIHETO
anextpuaeckoro noist (3pdext Keppa). dddext Keppa o0bsicHsieTcs
Pa3IUYHON MOJISIPU3YEMOCTBIO MOJICKYJT MO Pa3HBIM HAIPaBICHUIM.
B otcyTcTBHE TOJISI MOJIEKYJIBI OPUESHTHPOBAHBI Xa0TUYECKUM 00pa-
30M, TIO3TOMY KHJIKOCTh B II€JIOM HE OOHapyXKHBAcT aHU30TPOITHH.
[Mox neficTBrEeM TOJISI MOJISKYJIBI IOBOPAYMBAIOTCS TaK, YTOOBI B Ha-
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NPaBJICHUH TOJIs1 OBUIM OPHEHTHPOBAHBI MO0 UX JUIOJILHBIE JJIeK-
TpUYECKHE MOMEHTHI (y TOJSAPHBIX MOJIEKYI), JIMOO HamlpaBIICHHS
HanOOJbIIEH MONIAPU3yeMOCTH (Y HENMOJSIPHBIX MOJIeKy). B pe3ynb-
TaTe JKUAKOCTh 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 (CKUTIUIApP, HUKOTHH) M pac-
TBOPBI ONTHYECKH AKTUBHBIX BEIIECTB B HEAKTHBHBIX PACTBOPUTEIISAX
(BOHBIE PaCTBOPHI caxapa, BUHHOM KUCIOTHI | JIp. ).

Kpucraninueckre BelnecTBa CHibHEE BCEro BPAAtOT MIIOCKOCTh
MOJISIPU3AIMK B Cydae, KOTrJla CBET PaclpoCTPaHSeTCsl BJOJb ONTH-
YEeCKON OCH KpHCTalluia. YTOJ MOBOPOTa ¢ MPOMOPIUOHANICH MyTH /,
NPOMICHHOMY JTy4OM B KPUCTAJIIE:

¢ = ol (3.19)
Koaddumment o Ha3pIBalOT MOCTOSHHOW BpaIleHUs. JTa MOCTO-
STHHAsI 3aBUCUT OT JUTHHBI BOJHBI (JIUCTIEPCHS BpallaTeIbHOHN CIIOCO0-
HOCTH).
B pactBOpax yron moBopoTa IJIOCKOCTH IMOJISIPU3AIMH TPOTIOP-
IMOHAJICH TIyTH CBETa B pacTBOpE / M KOHIIEHTPAIIUU aKTHBHOTO Be-
miectBa C:

o =|a] CL (3.20)

3neck [a] — BenU4MHA, Ha3bIBaeMasl yJeJIbHOM MOCTOSIHHOM Bpa-
LICHHUS.

B 3aBrucumocTH OT HanpaBieHUs BpaIleHUs MJIOCKOCTH HOJISpU-
3allMM ONTUYECKU aKTHBHBIE BEIIECTBA MOAPA3IEISIIOTCS Ha IPABO- U
neBoBpararonme. Hanpasnenne BpamieHus (OTHOCUTENBHO JIy4ya) He
3aBUCHUT OT HarpaBieHus ayda. [loaTomy ecnu j1yd, mpomeammi ye-
pe3 ONTUYECKU aKTUBHBIN KPUCTAILT B/IOJIb ONTHYECKOM OCH, OTPa3UTh
3epKaJIOM M 3aCTaBUTh MMPOMTH Yepe3 KPUCTAILI eIl pa3 B 0OpaTHOM
HaIpaBJIeHUH, TO BOCCTAHABJIMBAETCS NEPBOHAYAIbHOE IOJOKEHHE
IUIOCKOCTH MOJISIPU3ALIHH.
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Bce onTuueckn aKTHBHBIC BEINECTBA CYIIECTBYIOT B JBYX pas-
HOBHIHOCTSIX: MPaBOBpAINarorieil u tesoppamniaroiieii. CymecTByroT
MPaBO- U JIEBOBPAIIAIOIINI KBapIl, MPABO- U JICBOBPAIIAOIIHN caxap
U T. 1. MONEKyJIbI WM KPUCTAIUTBI OJJHOM Pa3HOBUIHOCTHU SIBIISIFOTCS
3epPKATBHBIM OTPAKECHUEM MOJIEKYJT MM KPUCTAIIOB IPYTro# pasHO-
BuHOCTH (puc. 3.19).

Puc. 3.19. CummMeTpusi ONTHYECKH aKTUBHBIX BEIIECTB

Ecan MEXKAY ABYMs CKPCIICHHBIMU MOJAPpU3aTOPaAMU IIOMECTUTD
ONTUYECCKU aKTUBHOE BEIIECTBO (KPUCTAILT KBApIia, MPO3PAYHYIO KO-
BETY C PacTBOPOM caxapa U T. II.), TO TI0JI€ 3PEHHS MPOCBETISCTCS.
UToObI CHOBA MOJYYHTh TEMHOTY, HYXKHO MOBEPHYTh OJUH M3 TIO-
JIIPU3aTOPOB HA yTOJN @, OompenensieMblii BeipakeHueM (3.19) umm
(3.20). B ciiyuae pacTtBopa, 3Hast yIEIBHYIO MOCTOSHHYIO BPAICHUS
[a] manHOTO BemecTBa U JUIMHY /, MOXKHO, U3MEPHUB yTOJI TIOBOPOTA P,
onpeaenuts no Gopmye (3.20) kourenrpamnuo pacrsopa C. Takoi
Croco0 ompesesieHUs] KOHIICHTPAIUY TPUMEHSIETCS B ITPOU3BOJICTBE
pa3IMuYHBIX BEIIECTB, B YACTHOCTH B CaXapOBapEeHUHU, COOTBETCTBYIO-
il mpubop HaszbIBaeTCs caxapuMerpom (puc. 3.20).

Puc. 3.20. YcTpoiicTBo caxapumeTpa
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Macnummnoe spawenue niockocmu noasipuzayuu (3¢pgpexm Da-
paoest). ONTHYECKH HEaKTUBHBIC BEIIECTBA MPHOOPETAIOT CIOCOO0-
HOCTh BpAIIATh TUIOCKOCTH MOJIIPU3AIIUK IO/ JCHCTBHEM MArHUT-
HOTO MoJisi. DTO siBJIeHHE ObII0 0OHapyx)eHo dapaaeeM U MOITOMY
Ha3bIBaeTCs UHora a¢gppexmom Papades. OHO HAOIIOTACTCS TOIBKO
MIPU PacTpOCTPAHEHUH CBETA BIOJb HATIPABICHUS] HAMATHUYCHHOCTH.
ITosTomy st HabroaeHus dddekra Dapajes B MOTOCHBIX HAKOHEY-
HUKaX JICKTPOMArHUTA MPOCBEPIUBAIOT OTBEPCTHUS, Yepe3 KOTOPhIC
NPOITYyCKAeTCsl CBETOBOM Jiyd. VccieayemMoe BEIecTBO MOMEIAeTCst
MEXKy TMOTIOCAMU D3JIEKTPOMArHHUTA, WM KIOBETY C HCCICTyEeMBbIM
BEILIECTBOM MTOMEIIAIOT B COJICHOH . YTOJI MOBOPOTA MIOCKOCTH TIO-
JISIPU3AIMA ¢ TIPOTIOPIIMOHATICH TYTH [, TPOXOJIUMOMY CBETOM B Be-
[IECTBE, ¥ HAMATHUYCHHOCTH BelecTBa. HaMarHMueHHOCTh, B CBOIO
ouepeib, MPOMOPIMOHATBHA HAMPSHKEHHOCTH MArHuTHOTO mojst H.
ITosTOMY MOXHO HAITHCATH:

o =VIH. (3.21)

Koadduuuent V na3piBaercst nocTosHHOM Bepae, nin ynensHbiM
MarHuTHBIM BpaiieHueM. [locrosiHHas V, kak U NOCTOSIHHAsT Bpallle-
HUS ¢, 3aBUCUT OT JUIMHBI BOJIHBI. HanpaBieHue BpaiieHus onpe/e-
JISICTCSI HATIPABJICHUEM MarHUTHOTO 11oJist. OT HaIlpaBJICHUs JIy4ya 3HaK
BpallleHus: He 3aBUcHUT. [loaToMy, eciu, OTpa3uB Jyd 3epKajioM, 3a-
CTaBUTh €r0 NMPONTH Yepe3 HAMarHU4YCHHOE BEIIECTBO €Ile pa3 B 00-
paTHOM HAIPaBJICHUH, [IOBOPOT IUIOCKOCTH MOJISIPU3AIIMU YIBOUTCSL.

MarautHoe BpalleHHUE IUIOCKOCTH MOJSIpU3aluid  00yCIIoBIIe-
HO BO3HHUKAIOLIEH MOJ AEHCTBUEM MAarHUTHOIO MOJIA IMpeleccuei
3JIEKTPOHHBIX OpOUT. ONTUYESCKH aKTUBHBIC BEIIECTBA MO/ JICHCTBU-
€M MarHUTHOT'O TOJIsl PHOOPETAIOT JOMOIHUTEIBHYO CIIOCOOHOCTh
BpalllaTh IJIOCKOCTh MOJIIPU3AIIH, KOTOPAsl CKJIa/IbIBACTCS C UX €CTe-
CTBEHHOH CITIOCOOHOCTEIO.
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I'nasa 4. KeaHmoeass onmuka

4.1. Tennosoe uznyueHue

Kax YK€ O0TMECYAJIOCh, U3JTYYCHUC TCJIaMU SBJICKTPOMArHUTHBIX
BOJIH (B YaCTHOCTH, CBETA) MOXKET OCYIIECTBIISATHCS 32 CUET Pa3Nny-
HBIX BUJIOB DOHCPTHUH. Hawnbonee YHUBCPCAJIIBHBIM ABJIACTCS TCINIOBOC
M3Iy4YeHHe, KOTOPOe MPOUCXOAUT TpH JIF000I TeMriepatype 3a cyeT
BHYTPEHHEH 3HEpPruu Teil. TEeroBoe N3JIyueHHE SIBISIETCS] PAaBHOBEC-
HBIM, T. €., €CJIH TEJIO ITPH HEKOTOPOH TeMIIepaType MOMECTUTH B H7Ie-
aJBFHO OTPAXKAIONTYI0 000710UKy (puc. 4.1), KOTMIEeCTBO M3ITYyUCHHOM
¥M 2HEPTUHU OyAET PaBHO KOJUYECTBY SHEPTUH MOTIIOMIEHHOH.

Puc. 4.1. TemoBoe paBHOBecHe

VHTEHCHBHOCTh TEIUIOBOTO W3IYYEHHUS TIPUHATO XapaKTepH-
30BaTh IHEP2EMUYECKOU C6emuUmMocmpio R — BETMYMHOW IOTOKa
SHeprum (B BaTTax), HCITyCKAeMOW €IMHHUIIEH TTOBEPXHOCTH BO BCEX
HamnpaBleHHUIX. DTa BeIMYUHA sABIsieTCs (DYHKITUEH TeMIepaTypsl U,
KpOME TOTO, 3aBUCHUT OT YaCTOTHI ®. [|JIsI HHTEHCUBHOCTH TETTIOBOTO
M3Iy4YeHUs B TUara3oHe 9actoT do MOXHO 3aIrucarh

dR =r_ do. 4.1)

Bennuuna r, B (4.1) HasweiBacTCs ucnyckamenvnoi cnocoono-
Cmblo TeNa M TaKKe SBISETCS (PYHKIHMEH 4acTOTHI M TeMIIepaTyphl.
3Hast MCIyCKATENbHYIO CIIOCOOHOCTD T, MOYKHO BBIYMCIIUTBL SHEPre-
TUYECKYIO CBETUMOCTH!

R=[dR =[r do. 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/. OTipeieNnsionye OA1H U TOT K€ y4acTOK BEJIMYUHBI d@
U dA CBSI3aHBI IPOCTBHIM COOTHOLICHUEM, BBITCKAIOIINM U3 (POPMYJIBL:
A=c/v=2rc/w (4acToTa v U yTIIOBas 4aCTOTa (» CBSI3aHBI COOTHOIIIE-
HUeM @ = 27v). JJuddepenunpoanne 3Toi GopMyIIbl AaET:

2
2 o =" do. (4.3)
0] 2mc

3HaK MUHYC B 9TOM BBIP&KEHHHU yKa3bIBaeT Ha TO, YTO C BO3pac-
TaHUEM OJIHOW W3 BEJMYUH Jpyras yObIBaeT, IOITOMY B JalbHEHIIIEM
MBI €ro He 0y/IeM MMHCaTh.

Jlost S3HEepreTHYecKoi CBETUMOCTH, TIPUXOJISIIASCS HA HHTEPBAI
dX\, MmosxeT ObITH 110 aHajoruu ¢ (4.1) npejgcraBicHa B BUC:

dR, =r, dJ. (4.4)

Ecmm waTepBanst do u dA, Bxomsimue B Beipakenus (4.1) u (4.4),
CBsI3aHbBI COOTHOMIEHNEM (4.3), T. €. OTHOCSTCA K OJTHOMY U TOMY K€
YYaCTKy CNEKTpa, TO BeMMYUHBI dR u dR, OynyT coBnanars: r dwm =
¥, dj. 3aMEHHUB B IPaBOii 4acTH d/ ¢ COOTBETCTBUH € (4.3), MONyYnM:

dA =

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

IIpu nonaganuy Ha 3JIEMEHTAPHYIO IJIOLIAJIKY TEJIa ONpPEAEIIeH-
HOI'O MOTOKAa 3HEPruu chm, 00YCIIOBJIGHHOTO 3JICKTPOMAarHUTHBIMH
BOJIHAMH B UHTEPBAJIC YacTOT dw, 4acTh ero d® 'w OyJIeT MOTJIOIICHA.
Beanunna

oy, =dPD' /dD (4.6)

T

HA3bIBACTCS HO2/IOUWLAMEIbHOI CHOCOOHOCHIbIO TCA, Op = o(T,w).
OueBunHo, uto o T,) HE MOXKeT ObITh OoubIie 1. st Tena, moyHo-
CTBIO HOTJIONIAOMIETO MaJAl0IIee Ha HEro M3jydeHue, o, = 1, u Ta-
KOG TEJI0 Ha3bIBAIOT AOCONIOMHO YepHbiM Wn wephbim. Tenac o, =
o(T) = const < 1 Ha3BIBAIOT cepbimUL.
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O4eBuHO, YTO MEK]TY UCIYCKATENbHOM 7, M MOTJIOATENbHOM
@, . CIOCOOHOCTSAMH JIOOOTO THIIA UMEETCS ONPEICTIERHAs CBA3b. [lei-
CTBUTEIILHO, TIYCTh UMEETCS 3aMKHyTasi 000JI0UKa TIPU TeMIIepaType
T v BHYTpH Hee Tella 0OMEHUBAIOTCS PHEPrHel Mex 1y co0oi u 000-
JIOUKOM IMyTEM M3JIyYEHUS U MOTJIOUIEHUA. Uepe3 HEKOTOPOE BpeMs
HACTYITUT TEIJIOBOE paBHOBecHe. B TakoM cocTosiHMM TEno ¢ 00Jb-
el 7, TepAET B €IMHMILY BPEMEHH C CMHUIIBI TIOBEPXHOCTH OOJIbILE
SHEPI'HH, YeM TeJI0, 00JIaaroIee MEeHbIIICH r,. T. x. T'= const, T0 1
MOTJIONIATEbHAS CIIOCOOHOCTH €0 JIOJIKHA OBITh OOJIBIIIE, T. €. TOJIK-
HO BBIIOJIHATBCA yenosue: (r, Jo, ), = (r, Ja ), = (t Ja )= ...,
I1€ UHAEKCHI COOTBETCTBYIOT Pa3HBIM TEJaM.

Kupxrod ycraHoBuiI, 4T0 A5 JIFOOBIX TEJ CIPABEIUBO COOTHO-
LIEHHUE:

o0, =AwD)=r, 4.7)

Wnn omnowenue ucnyckamenvHou u no2iouwamenbHou cnocoo-
HOCmell He 3a8uUcum Om Npupoovl mei U A61Aemcs YHUBEPCANIbHOU
¢ynxyueti wacmomsl (OnuHwvl 80HBL) U Memnepamypsl. Ho MOCKOTh-
Ky Juls abCOJIFOTHO YEPHOTO Tena &, = 1, To 3Ta QyHKIMsS paBHA €To
ucnyckamenvHotl cnocoOHoCmu ¥, i XapakTEPU3yeT TOJNHYH TIOT-
HOCTb U3JTYyYSHHOUN SHEPTUH MPH TEIUIOBOM PaBHOBECHHU. AOCOIIOTHO
YEPHBIX TEJ B IPUPOJE HE CYIIECTBYET. XOPOILIEH MOAEIBIO YEPHOTO
TeJa SIBISIETCS] 3aMKHYTasl TTOJIOCTh, HMMEIOIIas MAJIEHbKOE OTBEPCTHE
(Syrs <<, ,0cr)> PHUC. 4.2.

T10JI0CT

Puc. 4.2. Monenb abCOIOTHO YEPHOTO Tesa

Wzmydenue, mpoHUKIIIEe BHYTPh MOJIOCTH Y€pe3 OTBEPCTHE, Tpe-
JKIIe 4eM BBIWTH Ha3aJ|, IPeTeprieBaeT MHOTOKPATHBIE OTPAKEHUS 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 TeMIiepatype CTeHOK mosiocTtH 7.

Pe3ynbTaThl 3KCIIEPUMEHTOB, TMONYYEHHBIE C TAKOW MOJEINBIO,
npuBeaeHsl Ha puc. 4.3. PasHble KpUBBIE OTHOCATCS K Pa3THUHBIM
3HAYEHUSIM TeMIepaTypbl 7 abCOMOTHO uYepHOro Tena. [Lmoriass,
OXBaThIBacMasi KPUBOM, JAaeT DHEPreTHYECKYI0 CBETHMOCTH abCo-
JIFOTHO YEePHOTO TeJia MPU COOTBETCTRYIONIECH Temmeparype. Kpubie
CIEKTPATLHOTO PACIIPE/ICICHUS U3TyYCHUST a0COIOTHO YEPHOTO Tea
JUTs 60JIee HU3KUX TEMIIepaTyp HETUKOM JIeKaT BHYTPH KPUBBIX, CO-
OTBETCTBYIOIINX OOJIee BRICOKUM Temreparypam. M3 pucyHka BUIHO,
YTO DHEPreTHYecKas CBETUMOCTh CHJIBHO BO3PACTAET C TEMIIepary-
pOH, a MAKCUMYM HCITyCKATEILHON 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 flw,T), a xpusas ¢(4,7), no-
CKOJIBKY B JKCIIEPUMEHTAIBHBIX paboTax ynoOHee U3MepsTh (U3-
MEHSTh) JUIMHY BOJHBL, a He yactoTy. O0e (pyHKIMH CBSI3aHBI APYT
¢ 1pyrom (hopMyIoii, aHaIIOTHYHOH (4.5, 4.5"):

f@.1) == Ty =2~ pa.T). 4.8)
® 2me
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Cornacho (4.8), anst Toro 4roOsl Mo U3BecTHOM PyHKIMHK fw,T)
Haitn QyHKuuio ¢(4,7), Hy>)KHO 3aMeHuTh B pyHKmu flw,T) 4acToTy
o Ha (27c/A) ¥ NOTyYeHHOE BBIpOKCHUE YMHOXKUTD 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 paBHOpacIpeese-
HUM DHEPTUH TI0 CTENeHsM cBOOObl. OHHM HPEANONOKHIIN, YTO Ha
Ka)K710€ JIeKTPOMarHuTHOE KoJjiebaHue MPUXOJAUTCS B CPEITHEM dHEP-
THs, paBHas ABYM IOJIOBHUKaM k7 0JHa MOJOBUHKA HA dJIEKTpHYE-
CKYI0, BTOpast — Ha MarHUTHYIO SHEPTHIO BOJHBI

Paccmotpum n3nmyuenue, Haxojslieecs B paBHOBECHM C Belle-
ctBOoM. Iyt 3TOr0 mpencTaBuM cede HIBaKyWPOBAHHYIO IOJIOCTh,
CTEHKH KOTOPOH MOANEPKUBAIOTCA IIPU NTOCTOSIHHOM Temneparype 7.
B paBHOBECHOM COCTOSIHMM SHEPTHUsi U3IydeHHs OyJeT pacrpesene-
Ha B 00BeMe MOJIOCTH ¢ ompeneneHHou ioTHOCThIO ¢ = u(7T). Crek-
TpaJIbHOE pPAacCIpe/ielIeHne 3TOM SHEpruM MOKHO OXapaKTepU30BaTh
ynkumer u(w,T), onpenensemoii ycnosueMm: du = u(w,l)dw, tre
du,_, — 1OIIsl TUIOTHOCTH SHEPTUH, PUXOJIAIIASACS HA MHTEPBAI YaCTOT
dw. TlomHast IIIOTHOCTh YHEPTHUH MOXKET OBITh NIPEACTaBICHA B BUJIE:

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

PaBHOBecHast IIOTHOCTH dHEPTUH U3yueHus u( 1) 3aBUCUT TOJIb-
KO OT TeMIepaTyphl U HE 3aBUCUT OT CBOWCTB CTEHOK IOJIOCTH. DTO
CIIEAyeT U3 TEPMOAMHAMHYECKHX COOOpaKEHHH.

PaBHOBecHast TNIOTHOCTH M3JTY4YEHHUS ¢ CBA3aHA C SHEPTeTHUECKOM
CBETHMOCTBIO a0COIIOTHO YEPHOTO Tesla R COOTHOIIIEHUEM

R = cu/4 vmu fw,T) = cu(w,T)/4. 4.11)

I'paduk, MOCTPOCHHBIN B COOTBETCTBUH ¢ POPMYITON
2 2

w(@.T) = %kl’” wm f(e,T) = —

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

Puc. 4.4. PapHOBeCcHas INIOTHOCTh U3Ty4EHUS

Opnaxo dhopmyna Panes — /[pcunca yoBIETBOPUTEIBHO COTIIA-
CyeTCsl ¢ DKCIIEPUMEHTOM (CILIONIHAS KpUBas Ha pHC. 4.4) TOIBKO TIpH
OOJBIIMX IJIMHAX BOJH M PE3KO PACXOAUTCS C IKCHEPUMEHTOM IS
MaJbIX UTMH BOMH. MuTerprpoBanne (4.12) 1Mo BceM UITMHAM BOJH
JTAeT /711 PAaBHOBECHOMW IJIOTHOCTH M3ITydeHHs] OECKOHEYHO OOIBIIOe
3Ha4YeHHEe. DTOT Pe3yibTaT, MOJYYUBIINN Ha3BaHWE yabmpagduone-
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 TIPECTABICHISIMH KJIACCHYECKOW CTaTHCTH-
YeCKOW (PM3HUKH U AIIEKTPOJUHAMHUKH.

®opMyITy, COOTBETCTBYIOIIYIO OITBITHBIM JTAaHHBIM,

(4.13)

nosryuw [1maHK, HO JIs ATOTO OH OTKA3aJcs OT KIIACCHYECKHX TPe]l-
CTaBJICHUH U TIPEITOJIOKII, YTO DJIEKTPOMArHUTHOE M3ITy4eHHE TIPO-
HCXOJUT B BHJIE OTICIHHBIX MOPIUN (KBAHTOB), BETMYNHA KOTOPHIX
MIPOMOPIIMOHAIBHA YaCTOTE U3TYUCHHUS:

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

®opmyna [Tnanka (4.13) ycnemrHo oObsicHUIA TOTY4YECHHBIN pa-
Hee U3 TePMOAMHAMHUYECKUX cOOOpakeHui 3akoH Cmegana — bonb-
UMaHa, KOTOPBIA YCTAaHOBHUII CBSA3b MEKAY YHEPTETHUECKON CBETHMO-
CThIO a0COJIIOTHO YEPHOTO Tejla R, M €ro TeMnepaTypoii:

R =oT", (4.15)

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

. (4.16)

U3 dpopmynsl [Tnanka mist ¢(4,7) mocie npupaBHUBaHUS K HYJIIO
ee IMPOU3BOAHON MO TeMIeparype cileayeT YCTAaHOBJICHHBINH paHee
IKCIIEPUMEHTAIILHO 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.

Kpussie paBHOBECHO# TIOTHOCTH M3ITY4YCHUS U PA3HBIX TEM-
nepaTyp ObUTH IpUBEACHBI paHee Ha puc. 4.3. Kak BuaHO U3 pucyHKa,
TUIOIIA/Ib ITOJT KPUBOM C pOCTOM TEMIIEpATyphl yBETUYUBAETCS B COOT-
BETCTBUH C 3aKOHOM (4.15), a MakCHMyM cMelIaeTcsi B 00J1acTh Ooee
KOPOTKHX BOJIH B COOTBETCTBHUH C 3aKOHOM (4.17).

4.3. @omosppexm

OcHoBHBIE 0cOOcHHOCTH sBICHUS (PoTodddekTa OBUTH HCCITe-
nmoBaubel A. I'. CtomeroBeiM. Ha puc. 4.5 cxemaTudecku u300paxke-
Ha yCTaHOBKa My m3ydeHus Qorodddekra. /[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 MOHOXPOMAaTHIECKUM U3JTy4ueHueM. B pe-
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synbTare Goroddderra ¢ MOBEpXHOCTH B BAKYYMHOM IMPOMEKYTKE
MOSIBIISIFOTCSL CBOOOJIHBIE DIIEKTPOHBI, H BO3HUKAET 3JIEKTPHUYECKHI
TOK, U3MEPSAEMBI UyBCTBUTEIBHBIM aMIIEPMETPOM.

C TOYKHM 3peHUsI KIITACCUUECKOM TeoprH caM GakT o0pazoBaHus (o-
TO3JIEKTPOHOB BBITJISAUT COBEPILIEHHO €CTECTBEHHBIM. DJIEKTPUIECKOE
T0JI€ BOJIHBI PACKauMBAET HJIEKTPOHBI, HAXOASIINECS BHYTPH TBEPIOTO
Tena. B pesynpTrare X KMHETHYECKas SHeprus Bozpacraer. Ecnu kuHe-
THUYECKasl SHEPTHUsl MPEBBICUT PadOTy BBIXOAA, HJIEKTPOH C HEKOTOPOI
BEPOSITHOCTHIO MOKET BBUIETETH C MOBEPXHOCTH TBEPAOTO TEINA.

Puc. 4.5. YcranoBka st nzydenus potordpdexra

OcTaHOBHMMCSI Ha pE3yJIbTaTax OMNBITOB M 00CyAWM, YTO M3
HUX MOXXHO, @ YTO HeJNb3s HOHSATh B PaMKax KJIACCHUYECKUX Ipe.-
craBneHuil. Ha puc. 4.6 mnpuBeneHa IMONy4YeHHAsT B JKCIEPU-
MEHTE 3aBUCHUMOCTh (DOTOTOKA OT HHTCHCUBHOCTH HW3JIy4CHHUS.

Puc. 4.6. 3aBucumocts GPOTOTOKA OT MHTEHCUBHOCTH M3ITyYEHUSI
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OTa 3aBUCUMOCTh OKa3ajJach MPSAMO MPONOPLUOHATIBHON, UYTO
€CTECTBEHHO C KJIACCMUYECKOW TOUKH 3PEHMS: C YBEINYEHUEM NHTEH-
CHUBHOCTHU M3Jy4YEHHsI pacTeT 3HEPrus, NoriomaeMas JIeKTpOHaMH B
MIPUITOBEPXHOCTHOM CJIO€ METAJIA, & CJIEJIOBATENBHO, YBEINUMBAETCS
BEPOSITHOCT UX BBUIETA, T. €. BeIHMuuHa (hoToToKa. OOCYyANM Tenepb
3aBUCUMOCTH (POTOTOKa (TP HEKOTOPOH MOCTOSSHHOH MHTEHCHBHO-
CTH) OT BEJIMYUHBI IPUIIOKEHHOTO MEXY 2JIEKTPOJaMHU HANPSHKEHUS
(puc. 4.7). D10 HampspKEHHE MOXKET KaK YCKOPSITh DJIEKTPOHBI, IMO-
MaBILKE B BAKYyMHBIH IPOMEXKYTOK, TaK © TOPMO3HUTD MX, BO3BpaLIast
00paTHO Ha DJEKTPOJ, MPEMATCTBYS MX BbUIeTy. Ecin HampsbkeHue
YCKOpPSIET DJEKTPOHBI, OHU NPHOOPETAIOT JOMOJHUTEIBHYIO CKO-
pOCTh, HAIIPABJIEHHYIO K MPOTHUBOMOJIOKHOMY JIEKTpoay. B pesyis-
TaTe BEIMYMHA (OTOTOKA B LEMH PACTET, TOKA HE JOCTHI'HET HEKO-
TOPOTO MaKCUMAJILHOTO 3HAYEHUSI [ , COOTBETCTBYIOIIETO TOMY, 4TO
BCE JJIEKTPOHBI, BBIJIETEBILIUE C IOBEPXHOCTH, JJOCTUTIIU MPOTHBOIIO-
JIO’KHOTO 3JIeKTpoAa. [lanpHeliee yBenuueHe HaNpsKeHNs yxKe He
MPUBOJIUT K YBeIHYeHHUIO (poToTOoKa. B cucteme HaOmromaeTcsi Hachl-
meHne. BenmuunHa TOka HACBIIEHUS, OAHAKO, JMHEWHO 3aBUCUT OT
WHTEHCUBHOCTHU M3ITyueHHs. YeM Oouiblile MHTEHCUBHOCTD, TeM 00JIb-
1Ie 3JEKTPOHOB MOKUAAET MOBEPXHOCTh METajia, TeM OOJbIIe TOK
HACBILICHMS.

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

Jpyras cutyanusi BO3HHUKAET, KOTAa MOJSIPHOCTh MOIAHHOTO Ha-
NPSOKEHUST N3MEHEHA U JIEKTPOHBI MOIAAAI0T B TOPMO3ALIEE I0JIE,
NPEISTCTBYIONIEE UX BbUIETY. B 3TOM ciydae (OTOTOK yMEHBIIAeT-
Csl M MPU HEKOTOPOM HANPSDKCHUH 0Opaliaercst B HyJb, YTO COOT-
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BETCTBYET CIy4alo, KOrJa HU OJMH U3 DJICKTPOHOB HE CMOT' IOCTHUYb
MOBEPXHOCTH MPOTHUBOMOJIOKHOTO 3JEKTPOAa. DTO MOHITHO: CyIle-
CTBYET HEKOTOPOE 3HaUY€HHE MaKCUMalIbHOH KHHETUYECKOH SHEPTHU
¢dotosnekrpoHoB. [ToaTOMY (QOTOTOK HOIKEH MPEKPaTUTHCS, KOTrnAa
3anupatomiee Hanpsbkenue U ypoBrneTBopsieT yciosuto: eU > E, rae
E — mMakcumanpHasi KWHeTH4ecKas SHeprus (oToanekTpoHoB. Heno-
HSTHO APYTo€: Ka3a1och Obl, 4eM 0O0JIbIlIe MHTEHCUBHOCTD N3TY4YEHUS,
TeM OOJIBIYI0 KHHETHYECKYIO SHEPTHIO MOTYT HAOUPaTh SIEKTPOHBI.
JlelicTBUTENBHO, C YBEINUEHUEM HHTEHCUBHOCTH BO3JICHCTBYIOLIETO
M3JTy4EHUs SHEPTHUS BBUICTAIOIINX C IOBEPXHOCTH 3JIEKTPOHOB JOJIXK-
Ha BO3pacTaTh, CIIEA0BATEIbHO, BEIUUMHA 3aIMPAIOLIETO HarpsbKe-
HUSl yBEIMYUBATHCS. OJKCIIEPUMEHT IOKa3blBaeT 0OpaTHOE: 3aIlu-
paroniee Hanpspkenue U, a 3Ha4UT, 1 MAKCUMAJIbHAs KMHETHIECKAS
9HEprusi POTOAIEKTPOHOB HE 3aBUCAT OT MHTEHCUBHOCTH U3JTY4YCHHUS.
PaccmoTpum erie 3aBUCHMOCTB BETTMUUHBI 3aIIUPAIOLIETO HAIPSI-
JKEHHUS OT YaCTOThI M3Ty4eHHUs (TIOTy4EHHYIO IPU MOCTOSIHHON UHTEH-
CHUBHOCTH u3y4eHus). COOTBETCTBYIOLIAs 3aBUCUMOCTb MPHUBEICHA
Ha puc. 4.8. Kak BUIHO, ¢ yBeTHMUECHUEM YacCTOTHI M3IyYECHUs BEIHU-
YMHA 3alUPAIONIECT0 HANPSDKEHUS JTMHEHHO PacTeT, YTO CBUACTEIb-
CTBYET O BO3pacTaHHH C YaCTOTON 3Hepruu GoTodnekTpoHos. Camoe
MHTEPECHOE, YTO CYLIECTBYET HEKOTOPOE MUHHMAaJIbHOE 3HAuCHHE
4acTOTHI M3JTy4eHHs @ (T. H. KpacHas rpanuna Gporospdexra), npu
KOTOpO# MOkeT HabmroaaTbest GpoTodrddext. ns 3HaueHuid yactor
® <o 0orodpdekr HeBo3MOKeH. C TOUYKU 3pEHUS KIACCHYECKOM
(U3UKY CyLIECTBOBaHNE KPACHOM IpaHUIIbI OOBSICHUTD HEJb3S.

Puc. 4.8. 3aBrCHMOCT BETHYNHBI 3aMTUPAIOIIETO HATIPSHKEHUS
OT YacTOThI U3ITyYCHUS
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Boeixon w3 cosnmaBlieiics cuTyanuu ObUT TIpeUIOKeH A. DWH-
mreitHoM. PasBuBas unen I[lnanka, DUHINTEHH BBICKA3al MpPEIo-
JIOKEHHE, YTO CBET MPEICTABISET COOOM MOTOK YacTUI[ — KBAaHTOB

cBeTa, (POTOHOB, HECYLIUX DHEPTHUIO & = i 0, KOTOpask MOKET ObITh
3aTpaueHa Ha yJlaJleHue 3JIEKTPOHOB M3 BeulecTBa. lIpeanonoxenue
0 TOM, YTO CBET pacHpocTpaHseTcs B MPOCTPAHCTBE U MOTJIOLIAETCS
BEIIECTBOM MOPIUSIME & = 1 @, TI03BOJISET CPasy e OOBSICHUTD He-
3aBHCHMOCTD 3aITUPAIOLIET0 HAMPSKEHUS] OT MHTEHCUBHOCTH U3JTyde-
HUSI M CYLIECTBOBAHUE KPACHOH rpaHuubl PoTodderTa, 3aragouHon
C TOYKHM 3pEHUS KIIACCHYECKOHN (DU3HKH.

JeiicTBUTENbHO, ypaBHEHHE OWHIITENHHA Ui KHHETHYECKOU
SHEPTUH JICKTPOHOB, BEIPHIBAEMBIX M3 aTOMOB (C TIOBEPXHOCTHU TBEP-
JIOTO TeJa) MOJIEM 3JIEKTPOMArHUTHOW BOJIHBI, UMEET BHUL:

my?

ha)=A+T, (4.18)

rae A- pa60Ta BbIXO4a (HOTGHI_[I/IS.H HMOHM3aIlMM aToMa JJIs1 aTOMHOTI'O

dorosddekra). B ciyuae fi w < A sHEpruM KBaHTa HEAOCTATOYHO IS
yAaIeHWUsI AIEKTPOHA C TIOBEPXHOCTU U PoT03()PEKT HEBO3MOKEH.

W3 (4.18) MOXHO OIpeNeiuTh 3alHparoliee HanpsHKEHUE:
U, = h w/e— Ale. I3mepsis 3anuparolee HanpsKeHUE IPH ABYX JTH-
HaxX BOJH (IIPHU JIBYX YacTOTax), MOXHO pPacCUMTaTh IMOCTOSHHYIO
mnauka i = e(U,, — U, )/(0, - 0,).

OpmHaKo OKa3aJoCh, YTO TMPHU OYEHb BBICOKUX HHTEHCHBHOCTSIX
u3nydeHust (HanmpuMmep, c(HOKyCHPOBaHHOE Ja3epHOE H3IIy4eHHUE),
Hapsly ¢ TpoIleccaMy TOTIIONIEHUS OJHOTO KBaHTa cBeTa (0aHO(O-
TOHHBIN MPOIIECC), CYNMIECTBEHHBIMI OKa3bIBAIOTCS TaK)KE IMPOIIECCHI
MHOTO()OTOHHOTO TIOTJIOIIEHUS, T. €. MPOIECCH], B KOTOPBIX TPOHC-
XOJIUT OAHOBPEMEHHOE IOTJIOICHHE Cpa3y HECKOJIbKUX (POTOHOB.
[IpuMeHNTENBEHO K TPOIIecCy MOHU3AIIMHU ATO O3HAYaeT HCUE3HOBCHHE
KpacHOH rpaHutisl GoTtodddhexra: ecinu SHEPrusi KBaHTa HEAOCTATOY-
Ha JIJIS BBIPBIBAHUS JIEKTPOHA M3 aTOMa, B CHIIEHOM IT0JIE M3TyYCeHUS
MOHM3AIHSA MOKET MMPOU30UTH B Pe3yJIbTaTe MOTJIONICHHUS Cpasy JBYX
(OoTOHOB (ABYXKBaHTOBBIN (oTO3PPEKT), a B obmIem ciaydae — N ¢o-
TOHOB (N-KkBaHTOBBIH (oToddexT). [loTeHmanbsl HoHU3aIuu 00Jb-
LIMHCTBA aTOMOB COCTABILIIOT 10—15 3B, sHeprust KBaHTOB U3TYUYECHHUS
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BUAMMOTO AMamnasoHa yactotr ~2 »B. IlosTomy moHuU3anms aTomMoB
ONTUYECKUM H3IIyYeHHEM BO3MOXKHA JIMIIb B pe3yjbTaTe MHOTodo-
TOHHOTO noriomeHus. C y4eToM CKa3aHHOTO ypaBHEeHHe DHHINTeHHA
MOYKHO 000OIIUTE Ha CiTydail MHOTOKBaHTOBOTO (hoTodddexra

2
mV
rzie N — 9iCII0 MOTJIOIICHHBIX (DOTOHOB.

OKCIePUMEHTAIbHO MHOTI'OKBAHTOBBIM aTOMHBIN (poTosddekrt
0BT 0OHapyxeH B 1964 rony.

=Nnrw-—A, (4.19)

4.4. Topmosnoe penmeenogckoe uziyuenue

KBanToBas mpupoaa »IIeKTpOMarHUTHOTO W3ITyYeHUS MPOSBIIS-
eTCsl TakKe B CBOMCTBAaX TOPMO3HOTO PEHTTEHOBCKOTO W3IYUYECHHS.
TopMO3HOE PEHTIeHOBCKOE W3Iy4YeHHE BO3HHKAeT Mpu OoMOapu-
POBKE OBICTPBIMHU AJIEKTPOHAMH METAJUTMUECKUX MHUIICHEWH. B amek-
TPOHHOI TpyOKe (prc. 4.9) cBOOOIHBIE IIEKTPOHBI BOSHUKAIOT BCIIE]I-
CTBHUE TEPMODIEKTPOHHON SMUCCUH C HAarPEBAEMOI0 TOKOM Karona K
(BombhpamoBoit crimpanu). Lumuanp 1] ciyxut ans GoKyCHpOBKA
AJIEKTPOHHOTO Tyuka. [laBieHue ra3a B TaKMX TPyOKax COCTaBIISIET
10°...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 jumib 1...3 % sHeprun).
IToaToMy B MOIIHBIX TpyOKax aHTHKATOA MPUXOIUTCS MHTEHCHBHO
oxjaxaarb. C 3Toi Lebio B Telle aHTUKATOAA JIENAl0TCs KaHaJbl, 110
KOTOPBIM IIUPKYJIHPYET OXJIAXKAAIONIAS )KUIKOCTD (BOJIa MIJIM MAcJIo).

Ecnmmn mexay KaTogoM M aHTHKATOJOM MPHIIOKEHO Harpsbke-
Hue U, 3JeKTPOHBI pa3roHsAtoTcs 10 sHepruu eU. Ilonas B BEUIECTBO
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AQHTHUKATO/a, DIICKTPOHBI UCIBITHIBAIOT CHIILHOE TOPMOKEHHE M CTa-
HOBATCS UCTOYHUKOM JJIEKTPOMAarHUTHBIX BOJH. HampspkeHue Ha
PEHTIeHOBCKOH TpyOKe MokeT pocturath 50 kB, u ckopocTh diek-
TpoHa 1pu 3toM cocTtaisieT 0,4 c. CormacHo KIacCH4ecKoM 3JeKTpo-
JTUHAMUKE, IPU TOPMOXXCHUH AJIEKTPOHA JOJKHBI BO3HHKATH BOJHEI
BCEX JJIMH — OT HYJISl 10 O€CKOHEYHOCTH. J[JTMHa BOJIHBI, HA KOTOPYIO
MPUXOANUTCSI MAKCUMYM WHTEHCHBHOCTH M3TYYCHUS, TOJDKHA YMEHb-
HIaTBCS IO MEpe YBEIMUCHHS CKOPOCTH JICKTPOHOB, T. €. HaIpsKe-
Hust Ha TpyOke U. Ha puc. 4.10 naHbl 5KcliepUMEeHTaNbHBIE KPUBBIC
pacripeneneHuss MHTEHCHBHOCTH TOPMO3HOTO PEHTI€HOBCKOTO M3Iy-
YeHUS 10 JUTMHAM BOJIH, MOJyYeHHBIE I pa3Hbix 3Hauenui U. Kak
BUJHO M3 PUCYHKa, BBIBOJBI TEOPHUH B OCHOBHOM IOJITBEPIKIAIOTCS
Ha omnbiTe. OJHAKO UMEETCS OJJHO MPUHIUIUAIBHOE OTCTYINICHHE OT
TpeOOBaHMH KIIAaCCHYECKOH 31eKTpoArnHaMHUKH. OHO 3aKII0YaeTcs B
TOM, YTO KPHBBIE pacrpe/ieieHUs] HHTEHCUBHOCTH HE UAYT K Hadary
KOOPJIMHAT, @ OOPBIBAIOTCS MPH KOHEYHBIX 3HAYCHUSX JUTMHBI BOJHBI
Ay JKCTIEDHMEHTAJILHO YCTAHOBJIEHO, YTO KOPOTKOBOJIHOBAsI FPAaHU-
112 TOPMO3HOT'O PEHTIE€HOBCKOIO CIIEKTPa A CBA3aHa C yCKOPSIOIIUM
HanpspkeHrueM 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 MMpUpOAbI U3JTYyUCHUH. ﬂeﬁCTBI/ITeHBHO, €CJIn
H3JIYUYCHHUEC BO3HUKACT 3a CUCT SHCPIUHU, TepﬂCMOfI DJICKTPOHOM IIpH

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

ruto sekTpona eU: i w < eU.
OTcroa mony4aercsi, 4To 4acTOTa U3ITyUYEHUs] HE MOKET TPEBbI-

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

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

IJIE YUTEHO, uTO € = /i @ = 21 fi ¢/A.

Takum 00pa3oM, MbI MIPHIILTH K SMITHPHUECKOMY COOTHOIICHUIO
(4.20). Haitnerroe u3 conocrasnenus (4.20) u (4.21) 3HaueHue s
A, XOPOIO COTJIACYETCS CO 3HAYECHUAMH, ONPENETECHHBIMA UHBIMH

Ml
crniocobamu. M3 Bcex MeTONOB omnpeenenus noctosuuoi [hnanka #
METOJI, OCHOBAHHBI Ha N3MEPEHNH KOPOTKOBOIHOBOW I'PAaHUIIBI TOP-
MO3HOT'O PEHTT€HOBCKOTO CIIEKTPa, CANTAETCS CAMBIM TOYHBIM.
Kpome TOpMO3HOTO PEHTT€HOBCKOTO W3IyUYEHHsI, CBSI3aHHOTO C
TOPMOKEHHEM DIIEKTPOHOB B KAaTO/IE M MMEIOIIETO IMUPOKUNA HeTpe-
PBIBHBIM CITEKTP, €CTh XapaKTEPUCTHUECKOE PEHTICHOBCKOE H3ITy-
YeHHEe, CBA3aHHOE C IepPeXo/laMU JJIEKTPOHA MEXIY BHYTPEHHUMH
SHEPreTHYECKUMH YPOBHSIMH H SBISAIONIEECS MOHOXPOMATHIECKIIM.

4.5. Onetm Bome. @omomnwi. /lasnenue ceema

I[.TIH OOBSICHEHHS pacnpeacicHus SHEPrum B CIICKTPC PaBHOBECHO-
T'0 TCIIOBOI'O U3JIYy4YCHUA JOCTATOYHO, KaK ITOKa3aJl HJ'IaHK, JAOIMYyCTUTD,

YTO CBET TOJIBKO MCITYCKAETCS TOPLUHAMU 71 . J{iist 00bsAcHeHUs (HOTO-
3 peKTa T0CTATOUHO MPEAIIONOKHUTE, YTO CBET TOTJIONIACTCS TAKHMHU
ke nopausiMu. OaHako DUHIITEHH MOLIEN 3HAYUTEIbHO Aanbliie. OH
BBIIBUHYJI THIIOTE3Y, YTO CBET U PACIPOCTPAHSCTCS B BUIE AUCKPET-
HBIX YacTHUIl, HA3BaHHBIX MIEPBOHAYATILHO CBETOBHIMU KBaHTaMu. Brio-
CJICZICTBUY ATH YaCTHIIbI MTOTYYHIN Ha3BaHHE (POTOHOB.

l'unore3za OiiHmTeliHa ObLIa MOATBEP)KIACHA PSIOM OIBITOB.
Haubonee HenocpencTBeHHOE MOATBEpKAeHHE an onbiT bote. Ton-
Kast MeTayuindeckas osbra @ (puc. 4.11) momenianach MeXIy ABYyMs
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-
TeHOBCKUX Jy4el (3TO sBIIEHHE Ha3bIBA€TCS PEHTI€HOBCKOW (ryo-
pectieHnueit). BenencTeue Manoit HHTEHCHBHOCTH MIEPBHYHOTO Tyd-
Ka, KOJMYECTBO KBAHTOB, MCITYCKAEMBIX (POJBIOM, OBLIO HEBEIHKO.
[Ipu momaganuu B OIMH M3 CYETYNKOB PEHTIC€HOBCKUX JIy4el OH cpa-
OaThIBAN U TIPUBOIMI B JIeMCTBHE OCOOBIN MeXaHU3M M, AenaBIIAi
OTMETKY Ha JBIKYyIIeics neHte JI. Ecau Obl m3imydaemas dHEpTus
pacmpocTpaHsiach pABHOMEPHO BO BCE CTOPOHBI, KaK 3TO CIEAYET U3
BOJIHOBBIX TIPEJICTABICHHUN, 00a CYETYHKA JOJDKHBI ObUTH OBl cpada-
THIBaTh OJIHOBPEMEHHO W OTMETKH Ha JIEHTE MPHUXOIWINCH OBl OJHA
MPOTHUB APYroii. B neficTBUTEIHHOCTH ke HAOII0aOCh COBEPIICH-
HO OecCIopsI0YHOE 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 CYIIECTBOBAHHE OCO-
OBIX CBETOBBIX YacTHIl — poToHOB. DOTOH 00NIaTaeT FHEPrHEH

€=hw=2nhc/A, (4.22)

oTpeAesIeMON TOIBKO €T0 YacTOTOHN WM JTMHON BOJHEI A. [TomcTa-
HOBKa YHCJICHHBIX 3Ha4eHWH B (4.22) mpuBoauT K Gopmyne (4.20) mis
A = 12390/U, rne U BoIpaxeHa B 5IEKTPOH-BOJIBTAX, & A — B AHTCTPE-
Mmax. [limae BomHb! 4 = 0,555 MM = 5550 A COOTBETCTBYET dHEprus
dotona ¢ = 2,23 3B. [t peHTreHOBCKUX Jyueit (A = 10*...10° A) sHep-
rus (OTOHA ISKHUT B mpeAernax oT 15 38 go 100 Mas.
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CornacHo TeOpur OTHOCUTEIILHOCTHU, YACTHIIA C YHEPTHEH & 00-
namaet Maccoit m = g/c?. TlofcTaBUB 3HAUCHHUE &, TOTYUHM JIJISI MACChI
(oTOHA BEIpaXKCHHE:

m= hw/c* (4.23)

®oTOH ecTh yacTula, ABHXKYHIAsACs co ckopocThio ¢. [loacra-
HOBKa B (opmyny m =m,/N1—V?/c® 3nadenms v = ¢ obparmaer
3HaMeHaTellb GopMyJIbl B HyJIb. BMecTe ¢ TeM, Kak Mbl BUJICIH, Macca
(hoTOHa KOHEYHA. DTO BO3MOYKHO TOJHKO B TOM CIIydae, €CJIM Macca
nokost porona m, = 0. Takum 00pazom, GpOTOH — 3TO 0cobas yacTua,
OTJIMYAOIIASICS OT JPYTUX, HMEIOIIUX HE HYJIEBYIO Maccy mokosi. He
MMesi MacChl IOKOs1, (JOTOH MOXKET CYIIIECTBOBATh, TOJIBKO JIBUTASICh CO
CKOpOCThIO cBeTa. [looxue B popmyne 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 YHCHY Kk, T. €. MOIYJIO BOJ-
HOBOTO BekTopa k, UMITyJIbC (POTOHA MOMKHO 3arucaTth B BEKTOPHOM
BUJIC:

p=hk (4.25)

W3 manmmums y ¢hoToHa MMIyIbCca BBITEKAET, YTO CBET, Iaaro-
I Ha KaKoe-THOO0 TeJo, JOKEH OKa3bIBaTh Ha 3TO TEJO JAaBlICHHE,
paBHOE MMITYJIbCY, coobmaeMomMy (OTOHAMH €IWHUIIE TTOBEPXHOCTH
B eIWHUITY BpeMeHH. [IyCTh TIOTHOCTH TTOTOKA (POTOHOB (WHCIO (ho-
TOHOB, MAJAIOIINX Ha €IWHUILYy TTOBEPXHOCTH B €IWHUILY BPEMEHH)
paBHa N. Eciii Bce ()OTOHBI TIOTJIOMIAIOTCS TEJIOM, JTaBIICHUE PaBHO
P = pN = eN/c. Ilpu ycinoBum, 910 Bce (DOTOHBI OTPAKAIOTCS TEIOM
B 00OpaTHOM HampaBlIeHWH, MaBJIeHUE OyIeT B ABa pasza Ooibie: P =
2pN = 2¢N/c. Hakoner, ecnu oTpakaercs moysi GOTOHOB, paBHAS p
(p — K03 HUIIHEHT OTpaskeHHSI ), ¥ TTOTIIOMIASTCS T0JIsI, paBHas (1 — p),
JUTS TABJICHUS TIOJTYYUTCSI BRIPAKEHHE:

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

IInorHOCTH TIOTOKA (I)OTOHOB N MOXHO NPpEACTABUTH KAK ITPOU3-
BCACHHC IIJIOTHOCTH (l)OTOHOB n (T. €. KOJIM4YCCTBA (1)OTOHOB B €auU-
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HUIle 00beMa) Ha UX CKOPOCTh ¢, T. €. N = nc. Jlanee, 3amedasi, 4To
MPOM3BENICHHE 7€ JAaeT PHEPTUio (POTOHOB, 3AKIIOYCHHBIX B AWHUIIC
o0beMa w (IUIOTHOCTB SHEPTHH ), MOKHO Hamucath: P = (1 + p)w, uto
COBIMAJIaeT C BbIPAKEHHEM, TMOJTYUYEHHBIM 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 pa3IMYHBIMH BeENIeCTBAMH, OOHApPYXKWJ, 4YTO B paccesH-
HBIX JIydaX, Hapsay C HM3JIyuYeHHEM IEePBOHAYAIBHON JJIMHBI BOJI-
HBI A, COIEpKaTCs TaKKe JTydd OOJBINECH JIMHBI BOJHEI A'. PazHocTh
AL = (A'— 1) okazaiach He 3aBUCSIICH OT A B OT IPUPOIBI paCcCENBAIO-
IEr0 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
nmuadparMaMu /[ y3Kuid Ty40K MOHOXPOMAaTHIECKOTO (XapaKTepHUCTH-
YECKOT0) PEHTT€HOBCKOTO M3JYUYESHHs HAIpaBISUICA Ha paccemBaro-
mee BemecTBo PB. CrieKTpaabHBIH COCTaB PACCESHHOTO M3JIYUCHUS
MCCJIeIOBAJICS C TIOMOIIBIO PEHTIT€HOBCKOTO CIIEKTPOMETPA, COCTOS-
mero u3 kpucramia Kp v moHu3aunoHHo kamepsl K.

Puc. 4.12. Cxema myst HabmoaeHus 3¢ dexra Komnrona
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Ha puc. 4.13 npencraBieHsl pe3ysibTaThl UCCIICI0BaHUS PacCeHBa-
HUsl MOHOXPOMATHYECKHUX JTyuel (muuust K MonubOiena) Ha rpagure.

. i

KMo

Q)

A=457 9 B=735°

Puc. 4.13. Pe3ynbpTaThl HCCIIEIOBAHUS PACCEUBAHUS
MOHOXPOMATHYECKHX Jiyuel munuu K, Monnbena Ha rpagure

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

Puc. 4.14 xapaxkTepusyer 3aBUCUMOCTb COOTHOIICHUS] UHTEHCHUB-
HOCTEH cMelIeHHON M U HeCMELIEeHHOW P KOMIOHEHT OT aTOMHOI'O
HOMEpa pacCeHBarOIIEro BellecTBa. BepxHsis KpuBas B IEBOM CTOJIO-
1I€ XapaKkTepU3yeT NePBUIHOE M3Tyuenue (unus K, cepedpa).
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Puc. 4.14. 3aBHCHMOCTEL COOTHOIIEHNS] HHTEHCUBHOCTEN
CMEIIEHHON M 1 HECMENIEHHON P KOMIIOHEHT
OT aTOMHOTO HOMEpa PacCEHBAIOIIETO BEIIECTBA

IIpu paccestHUU BEHIECTBAMH C MaJibiM aTOMHBIM HOMepowm (Li,
Be, B) npakTHuecku Bce paccesHHOE U3TYUYCHUE MMEET CMEIICHHYIO
JUTHHY BOJHBI. [To Mepe yBeTUUeHHsI aTOMHOTO HOMepa Bce OoJbIast
YacTh M3JYUYCHUS PACCEUBACTCS 0€3 M3MEHECHUS UTUHBI BOJHBI.

Bce ocobennocTr ¢ dexkra KomnroHa MOXXHO OOBSICHUTH, pac-
CMaTpHBasi PACCESTHUE KaK MPOIECC YIPYToro CTOJIKHOBEHHUS PEHTTE-
HOBCKHX (DOTOHOB C TPAKTHUECKH CBOOOTHBIMHU diieKTpoHaMu. CBO-
OOMHBIMH MOYKHO CUMTAaTh Hawbojee ciabo CBS3aHHBIC C aTOMaMH
AJICKTPOHBI, JHEPTHSI CBSI3U KOTOPHIX 3HAYUTEIIBHO MEHBIIIC TOH DHEP-
THH, KOTOPYIO (POTOH MOMKET MepeaTh dJEKTPOHY MPU COYIaPEHHH.

IlycTh Ha TEPBOHAYANBHO MOKOSIIMUCS CBOOOHBIH SJICKTPOH

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

.

Puc. 4.15. Cxema a3 dexra Komnrona

Benmuuuna

A=2nhnimc (4.28)

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

[pu paccessarn GOTOHOB Ha AIIEKTPOHAX, CBS3b KOTOPHIX C aTo-
MOM BC€JIMKa, o0OMeH 3HepFI/Ieﬁ 1 UMITYJIbCOM IPOUCXOIUT C aTOMOM
Kak 11e7bIM. Tak Kak Macca aToMa HAMHOT'O PEBOCXOJTUT MacCy K-
TPOHA, KOMIITOHOBCKOE CMEIICHUE B 3TOM CIIydae HHYTOXKHO MaJo.
ITo Mepe pocta aTOMHOTO HOMEpa YBEIMYMBAETCS OTHOCHTEIBHOE
YHCIIO 3JICKTPOHOB C CHIILHOM CBSI3bIO, Y€M M 00YCIIOBIUBACTCS OCIIa-
Oenne cMenieHHON muHUN (puc. 4.14).

4.7. omonomunecyeHyus

HeKOTOpLIe TCJIa MMPU OCBCIICHHU HE TOJIBKO OTpaXar0T 4acCTb
nmagarmero Ha HuxX CBE€Ta, HO U HAYMHAIOT CBCTUTLHCA. Taxoe cBeue-
HHUC, WU JTIOMUHeCYeHYUA, OTIINIACTCA BaKHOM 0COOEHHOCTBIO: CBET
JJIOMUHCCICHIIMN UMECCT WHOM CHeKTpaJ'IBHLIﬁ CcoCTaB, 4EM CBE€T, BbI-
3BaBIIHMI CBEUCHUE.
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ITpuMepoM JIeTKO HAOIIOAEMON JTFOMUHECIICHIIMA MOXKET CITy-
JKUTh CHHEBATO-MOJIOUHOE CBEYCHHE KEPOCHHA, PACCMATPUBACMOTO
Ha THEBHOM cBeTy. OueHb OOMBIIOE YHUCIIO PACTBOPOB KPACOK U JPY-
THX BEIIECTB OOHAPYIKUBAIOT JIIOMHHECIICHITUIO, OCOOCHHO MO JAeH-
CTBHEM HCTOYHHMKOB, MCIYCKAOIIMX YIbTPa(UOIETOBBIN CBET (Ha-
pUMep, dICKTPUUECKON AYTH WA PTyTHOW jamiibel). CBeueHHe Ta-
KOTO POJia HA3bIBAIOT hOMOIIOMUHECYeHIUEIL, KeTasl TTOTICPKHYTh,
YTO OHO BO3HUKAET MO/ ICHCTBUEM CBETA.

M3MeHeHne 1[BeTa CBEUCHHS M0 CPABHEHHUIO C IIBETOM BO30YK-
JIAFOIIETO CBETa HEPEIKO 3aMeTHO Ha ria3. Eie myuiine HabmoaaeTcst
yKa3zaHHas 0COOCHHOCTh, €CITM CPABHUTH CIIEKTP CBETA TFOMHHECIICH-
UK CO CIIEKTPOM BO30YKIAIONIEro cBeTa. Bee aTH HAOMIOIeHHS TT0-
Ka3bIBAIOT, UTO Cem JIOMUHECYEHYUU Xapakmepusyemcs 6oavulell
ONIUHOUL BOJIHBL, UeM c8em 8030yJicoarowull, 9TO Ha3BIBACTCS HpPAgU-
aom Cmokca.

Kirou k monnmanuio mpasuina CTokca Jal0T KBAHTOBBIC ITPEACTAB-
nenusi. BooOpasum, 4To CBEYEHHE BBI3BIBACTCS MOHOXPOMATHYCCKUM
CBETOM 4acToThl V. Takum 00pa3zoM, MoOJIeKyJia JTFOMUHECIIPYIOIIETO

BEIIECTBA MOTJIONIAET YHEPTHIO B BHJE KBaHTa 71 . [Iporecchl, Bbi-
3bIBa€MbIC TMOTJIOLICHHON SHEpruell B MOJEKyJie, JOBOJIBHO CIIOKHBI.
YacTp SHEepruy KBaHTa PacxoyeTcsl Ha 3TH MPOLECCHI, a YacTh BHOBD
UCITyCKaeTcsl B BHJE CBETa JIIOMHUHECHEHIWH. McmyckaeMblii KBaHT
JIOJDKCH, CIIEAOBATENIbHO, UMETh MEHBUIYIO SHEPrHio, T. €. COOTBET-
CTBOBATh MEHBILICH YacToTe @' DTO yMEHBILIEHUE YacTOThI (YBelIUUe-
HHE JUIMHBI BOJIHBI) M COCTaBIISICT coAeprkanue npasuia CTokca.

[IpuMeHsist HICTOYHUKHU CBETa, COACPIKAIINE 3HAUUTEIBHOE KOJIH-
YEeCTBO KOPOTKHX (YIbTpadrOJIETOBBIX) JTy4eH, MOXKHO OOHAPYKUTh,
YTO MOYTH BCE Tela 00Ja1aloT ClIoCOOHOCTHIO B OOJIbILECH MM MEHb-
nIeld CTeneHu JIIOMUHECHHpoBaTh. Hepeako ymaércst 3HaUMTENBHO
YCHJIUTD JIIOMUHECLEHIINIO, CHIIBHO OXJIaUB TEJI0, HApUMEp MOrpy-
3MB €T0 B KHUJIKUI BO3IYX.

HexkoTtopslie Tena coxpaHsioT ciocOOHOCTb CBETUTHCSI HEKOTOPOE
BpEMsI TIOCJIE TOTO, KaK OCBEIICHUE UX MPEKPATUIIOC.

Takoe nocneceeuenue MOXET UMETh PA3THYHYIO JITUTEIBHOCTS.
B HeKoTOpBIX 00BEKTaX OHO MPOAOIIKACTCS OUEHb Majloe BpeMs (Je-
CATUTBICSYHBIC J0JIM CEKyHIbl M MeHblIC). B Apyrux oHo TsHETCS
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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 cBeUYeHUE, NMEIOILEe 3aMETHYIO U~
TEIBHOCTb, — hochopecyenyueii.

SBnenne anuTenbHON (QochopecleHIMn OOHAPY)KUBAIOT MHO-
THE CICIUATBHO MMPUTOTOBICHHBIC KPUCTALITMYECKUE MOPOIIKK. mu
TIOJIB3YOTCS JJIsl U3TOTOBJICHUS TaK Ha3bIBACMBIX (hocghopecyupyrowux
9Kparog. JINCT KapTOHA, TIOKPBITHIH, HAPHUMEP, TIOPOIIKOM CEPHUCTO-
ro IMHKa, MPEeJCTaBiIsIeT Xopolmnii (Gochopeciupyronmii 3KkpaH, co-
XPaHSIOIINI CBOE CBEUCHHE JIBe-TPH MUHYTHI ITOCIIE OCBEIICHUSI.

Takue sKpaHBI CBETATCS U MOJ JIEHCTBUEM PEHTICHOBCKHUX JIy-
yeit. ClieyeT OTMETUTh, BIPOYEM, UTO SIBJICHHE JIFOMUHECICHIIUU
MOJT ICHCTBUEM PEHTTEHOBCKUX JIyuel 00JIee CII0KHO, YeM MO JeH-
CTBUEM OOBIYHOT'O CBETa, MO0 MPU 3TOM UTPAIOT POJIb OBICTPHIC AJICK-
TPOHBI, BEIPHIBAEMBIC PEHTTEHOBCKUMH JTyYaMH.

OueHb BaXKHOE MPUMEHEHHE HAIlUIK B mociienHee Bpems (ocdo-
pEeCLUPYIOIIME TTOPOIIKKA TIPU M3TOTOBJICHHH JIAMIT JIHEBHOTO CBETA.
B ra3ocBeTHbIX JlaMnax CBeUCHHE, BOSHUKAIOIIEE MPU AIEKTPUICCKOM
TOKE B rase, HalpuMmep B Mapax PTyTH, OOBIYHO COJIEPIKUT MHOTO YiTb-
Tpa(UOJETOBOTO CBETa, HE TOJBKO HE MPUTOJHOTO JUIS OCBEIICHUS,
HO W BPEIHOTO JuIs T71a3a. [1oKpbiBasi BHYTPEHHOCTh TAKUX JIAMIT CIIe-
[IUATbHO M3TOTOBJICHHBIM (DOC(HOPECIMPYIOIIMM COCTABOM, YIAJIOCh
MIPEBPATUTH 3TOT YJIBbTPA(UOICTOBBIN CBET B BUIMMBI (B COTJIACHUU C
npaBwioM CTokca). ITO MPUBOAUT K OOJBIION 3KOHOMHUH 3JIEKTPOI-
Hepruu, n00 B TAKWX JIaMIIaX B SHEPTHIO BUIUMOIO CBETA IIPEBpaIacT-
Csl IPUMEPHO B TPU paza OoJbIast 10 JICKTPHUUSCKON IHEPTUH, YeM
B JIaMTIOYKax HakanmuBanus. [logOupas cocraB docdopeciupyromiero
BEIIECTBA, MOKHO JOOUTHCS TAKKE M YIYUIICHHUS CIIEKTPAIBHOTO CO-
CTaBa M3JIy4aeMOro CBETa, MPHUOJIMKAS €r0 K CIEKTPAIbHOMY COCTaBY
JTHEBHOTO CBETa. TaK yCTPOSHBI COBPEMEHHBIC JIAMITBI THEBHOTO CBETA.

Kpome ymomsiHyTOro yKe NpUMEHEHHs JTFOMUHECICHIIUN IS
(dochopecuupyronrx 3KPaHOB U PA3TMYHBIX CBETAIIUXCS KPACOK IS
JICKOPATUBHBIX U TEATPAIBHBIX IEJICH, HEOOXOIUMO OTMETHUTH CIIe
OJIHYy Ba)kKHYIO 00JacTh ¢ NMpPUMEHEHUs. SIBICHUS JIFOMUHECIICHIINN
XapaKTePU3yHTCS KpailHe BHICOKOM YYBCTBUTEIBHOCTBIO: JJOCTATOY-
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HO mHoraa pacnonarate 107 r cBeTsmerocs: BeuecTBa, Hapumep,
B BHJE PacTBOPA, YTOOBI UMETh BO3MOYKHOCTH OOHApYXUTh €ro MO
XapaKTepHOMY CBEYCHHIO. B03MOXHO HaOIIofeHWE MPH TOMOIIM
JIOMHHECIICHIIMM HHYTOXXHBIX CIJIEOB BEIIECTBA, COCTABIISIFOIIETO
MUJUTHOHHYIO JIOJIIO MIPOIICHTa B KaKOH-HUOYIb cMecH. JTa BBICOKas
YyBCTBHTEJIBLHOCT JieNIacT IIOMHUHECICHLIMIO BaKHBIM CPEACTBOM 00-
Hapy>KEeHHsI HEKOTOPBIX HUYTOKHO MAJIBIX PUMECEH, MTO3BOJISIOIINX
CYIUTh O KaKUX-JIMOO 3arpsi3HEHHUSX WU MPOLECcCcax, MPUBOASIINX K
M3MEHEHHUIO HCXOHOTO BEIIECTBA.

[Tpu momomy JTIOMHUHECHECHIMN MOYXXHO OOHApY>KUTh CaMble Ha-
YaJbHbIC CTaJUHM 3arHUBAaHUS IMPOAYKTOB. M3BECTHBI NMPUMEHEHHMS
JIOMHHECIICHTHOTO aHaju3a MpH pasBeake HepTu. Ecnu mousa, us-
BJeKaeMasi npu OypeHHH, COACPKUT HUYTOXKHBIE CleAbl HEPTH, TO
MX MOKHO JIETKO OOHApYXHTh 1O (uroopeceHun. Takum o0pazom,
yaaeTcs CyauTh O Onm3ocTd He(TeHOCHBIX ciioeB. CylIecTByeT M
MHOTO JAPYTHX 00NacTell TeXHUIECKOTO MPUMEHEHHUS TFOMHHECIICHT-
HOT'O aHaJIM3a.

Bele ObIT paccMOTpeH psAf sIBICHHH, B KOTOPBIX CBET BEAET
cebs1 kak MOoTOoK yacTul] (poToHOoB). OHAKO TaKWe SBICHUS, KaK WH-
Tepdepenyst 1 AUpPaKLIUs CBETa, MOTYT OBITh OOBSICHEHbI TOJIBKO Ha
OCHOBE BOJTHOBBIX IpezicTaBieHuil. Takum oOpa3oM, cBET 0OHApYKH-
BACT KOPNYCKYNAPHO-80JIHO60U Oyanu3zm (IBOUCTBEHHOCTh): B OJI-
HUX CITy4dasX IPOSIBIISICTCS €ro BOJIHOBAsI IPUPOJa — M OH BeJeT cebs
KaK DJIEKTPOMAarHuTHas BOJHA, B PYTUX — KOPIYCKYJIsIpHAs TPUPOAa
CBETa — U OH BeJleT ce0s1 KaKk NOTOK ()OTOHOB.

Koumponwvnusie 3a0anus

e CBeT MepexoIUT U3 ONTHUYSCKH 00JIee TUIOTHOM CPEIbl C TTOKa-
3aTeNieM MPENTOMIICHHS 71, B ONTHYECKH MEHee MIIOTHYIO ¢ ToKasare-
neM nipenomienus n, < n, Ilpu yrne nagenus nydeu 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 HMEET 3CJICHBIM I[BET. HpI/I YBCINYCHUU KO3(1)(1)I/ILII/IGH-
Ta IPEJIOMJICHUS IIJICHKU €€ LIBCT CTAHCT ...:

CHHHUM, KpaCHBIM; HC U3MCHUTCA.

Ipumep pewenus. Paznocts Xona y4deil npu HHTEp(EPEHINH B
TOHKHX IUICGHKaX paBHa!

As = 2b4/(n* —sin® @) —% ,

r7ie b — TONIIMHA TJICHKH, 1 — TIOKa3aTelb (Ko GHUIIEHT) penomie-
HUSI, (@ — YTOII, 07l KOTOPBIM BeETCS HAOIIOICHHE. 3eJIeHBIH 1IBET CO-
OTBETCTBYET yCJIOBHIO As = mA,. (m —nenoe uncno). [Ipu ysenmuenun
MOKa3aTes MpeoMIIeHUsT As yBeMUHTCS, U ycnoBue As = mA Oyner
BBITIOJHATHCS IS CBETa C OOJBIIECH UTHHOM BOJTHBI, T. €. IS KPACHOTO.

e ToHKas mIeHKa BCJIICACTBUC SABJICHUSA I/IHTep(I)epeHLII/II/I B OTpa-
JKEHHOM CBETE€ MMEET 3CJICHBIN OBCT. HpI/I YBCINYCHUHN (yMeHBH_Ie-
HI/II/I) TOJIIWHBI IIJICHKW €€ IBET CTAHECT ...:

CHHHUM, KpaCHbIM; HC U3MCHUTCA.

e /IBa TapMOHMYECKHUX OCLIJUIATOPA, KOJIEOJIIOMMXCS C OAMHA-
KOBBIMH 4aCTOTOWH M Ha4dadbHOH (ha30ii, HAXOAATCS HA PACCTOSHUU
/=2 npyr ot apyra, rae A — JJIMHa BOJIHbI n3ny4eHus. Paccrosnue L
JI0 TOUKHU HaOroAeHust M MHOTO OOJIbLIe pacCTOSIHUS / MEXKILy OCLIHJI-
JSTOpaMH. AMIUIUTY A Pe3yJIbTUPYIOIECH BOJHBI MaKCHUMaJbHA MPH
YTJI€ U3TYUCHUS () PABHOM ...

Ipumep pewenus. MakcumyM HHTEpPEPECHUINOHHONW KapTH-
HBI OyJeT mpu paszHoctu xona jyuerd A = A. llpu L>>] A = [ sing =
=21 sing, oTKyna sing = 2, a ¢ = 30°.
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e YVcraHoBKa I HaOmrogeHus Kojel HbroToHa ocBelaercs
HOPMAaJIbHO MaJaI0IIUM MOHOXPOMATHUYECKUM CBETOM C JIJIMHOU BOJI-
Hbel 0,6 MkM. TonmuHA BO3AYIIHOTO CIIOS MEXIY JHH30M (IUIOCKO-
BBINYKJIOW) ¥ CTEKJISTHHOMN TUIACTHHKOW B TOM MECTE, TJi¢ HaOJIto1aeT-
Cs1 YETBEPTOE TEMHOE KOJIBIIO B OTPAXKEHHOM CBETE, PaBHA ...

e Ha nuadparmy ¢ KpyriibIM OTBEpPCTHEM paanycoM | MM majgaet
HOpPMAaJIbHO MapajieNbHbIA MMydok cBeTa juinHoi 0,5 mxm. Ha mytn
Jy4ei, IpoIIeInX Yepe3 OTBEPCTHE, Ha paCCTOAHNHU 1 M OMelaroT
sKkpaH. B nentpe skpana B Touke P OyneT HabmoaaThCs . ..

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

B nentpe Oyaer TeMHOE ISITHO, B OTBEpPCTHE YKJIabIBacTCs 2
30HbI OpeHens.

e Ha pucyHke mpejcraBieHa cxema pa3OHeHHs BOJIHOBOH IO-
BepxHOCTH @ Ha 30HbI DpeHers. PasHocTs xona Mexay jgyyamu N P
u N,P paBHa ...:

32%  2)12% 3 40;  5)2
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e [TocTosiHHast TU(paKIMOHHON pemeTkn paBHa 2 MKM. Hawu-
OOJIBILINIA TIOPSAOK CHIEKTpa JJIsl XKEITOW JTUHUM HaTtpus A = 589 HM
PaBeH ...

Ipumep pewenus. TlonoxeHns: MaKCUMyMOB IH(PPaKIHOHHOM
pelieTky onpeensercs GopMyIIoi: dsing = mA, TAe m — 1eJI0e YUCIIO,
oTpeeNsIoNIee MOPIJ0K MaKCUMYyMa.

Jnst HaubGombIero nopsiaKa ¢ JOIKHO ObITh MeHbIe 90°, sing = 1,
T.em = d/A=2000/589 = 3,39. MakcumanbHbIH MOPSIOK 3.

e BTOpoil nopsAa0K 3€J€HOM TMHUU TAPOB PTYTH C IJIMHON BOJIHBI
546 MKM COBIaJIaCT C TPETHUM TMOPSIKOM YJIBTPA(QHOIETOBON JTHHUN
C JUIMHOU BOJIHEI ... MKM.

e lImerotcs 4 nudpakiMOHHBIX PEHIETKU C Pa3IMYHBIMH TIOCTO-
SHHBIMU d (TIEpPHOAaMH PELIETKH ), OCBELIaeMbIC OJHUM H TEM K€ MO-
HOXPOMAaTHUYECKUM H3ITyYEHHEM pa3IMyHOW MHTeHCHBHOCTH. Kakoi
PUCYHOK WJUIIOCTPUPYET IOJIOKEHUE INIABHBIX MAaKCUMYMOB, CO3/a-
BaeMbIX TU(PPAKIHOHHON PEIIETKON ¢ HAaMMEHBIIEH TTOCTOSHHOM pe-
nretku? (J — MHTEHCUBHOCTH CBETA, ¢ — YToJI AU(PaKIINK).
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Ipumep pewenus. TlonoxeHHss MaKCUMyMOB AU(PPAKIIMOHHON
pelietku onpeaensercs GopMyIioit: d sing = me, T m — UEJN0e YUC-
JI0, OTIPEIETISIoIEe MOPAA0K MakcuMyma. T. 0., HAUMEHBIIIECH TTOCTO-
STHHO# OyJIeT COOTBETCTBOBATH OOJIbIIICE 3HAUCHUE Sing, T. €. PUC. a).

e Onna 1 Ta xe AU(PaKIMOHHAS PelIeTKa OCBEIIaeTCs Pas3iny-
HBIMU MOHOXPOMAaTHUYECKUMHU U3IIYYEHUSMU C PA3HbIMU UHTEHCUBHO-
ctsamu. Kakoil puCyHOK COOTBETCTBYET CIy4ar0 OCBEIEHHS CBETOM
C HauMEHbIIEH JUIMHON BOJHBI? (J — MHTEHCUBHOCTH CBETA, () — YTOJ
JUQpaKin).

e [Ipu majgeHuun cBera U3 BO3/yXa Ha JUAJIEKTPUK OTPAKEHHBIN
Jyd TIOJTHOCTBIO MOJIsipru30BaH. [IpenoMieHHbIH JTyd pacipocTpaHsieT-
cs ox yriioMm 30°k Hopmainu. [Ipu aTom nmaparonuii 1yd cocraBisieT
C HOPMaJIBIO yTOI ...:

30°; 45°; 60°; 90°.

Ipumep pewenuz. I1onHas noyspu3anys Npyu OTpaKEHUH IPOHC-
XOJMT IPY MaJCHUH CBETa Ha TPaHHMILy pasjena noj yriiom bproctepa,
KOTOPBIN OMPEJISIIIETCS] COOTHOLICHHEM l‘g95p =n,/n,raen, un, —xo-
3G PUIMEHTHI TPETOMIICHHSI CPE.

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

o [lomHast mosIpU3aIus MPU OTPAKESHUHN TTPOUCXOINT TP ITajIe-
HUU CBETA Ha IpaHully paszzeiia noj yriiom bprocrepa, KOTopslii orpe-
JIeNISIETCS COOTHOIIEHHEM tg&Bp =n,/n,, TAE n, U n, — NOKA3aTeNN Ipe-
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nomnienus cpen (i Bosayxa n, = 1). Jlyu ceera majgaer u3 Bosayxa
Ha rPaHuUIly pa3jiena c mokaszareneM npenomieHus a. [IpenomienHsiit
Jy4 pacnpocTtpansercs moj yriom 30°k Hopmau.

[Tokazartenb mpenoMIIeHHs CpeJibl PaBeH ...:

;3 V2, 1,33; 2.

e ECTECTBEHHBIN CBET C MHTCHCHBHOCTBIO [, MagaeT Ha BXOJ
YCTPOMCTBA, COCTOSAIIETO M3 ABYX CKPEIICHHBIX TOISAPOUIOB. MexX Ty
MONIAPOUAAMH TTOMECTHIIH €Ile OJWH MOJSPOUI, OCh KOTOPOTO CO-
CTaBJISET C OCHIO MIEPBOTO yroi §. OTHOIIEHNE NHTEHCUBHOCTH CBETA,
IPOIIEUIETO Yepe3 cucTeMy (/,), K MHTEHCHBHOCTH TAJAIOLIETO Ha
cucremy (1)), paBHo ...

Hpumep pewenus. Tlonspuzatop (NEpBbIH) MPOMYCKAET TOJO-
BUHY €CTECTBEHHOIO cBeTa: [ = 10/2, a 1ocJie BTOPOro, COIIACHO 3a-
KoHy Mastoca, MHTeHCUBHOCTB Oynet I, = I cos*o = (I /2)cos*a.. Ilo-
Clle TPETHErO MOJSAPU3ATOPa HHTEHCHBHOCTH COOTBETCTBEHHO OYIET
I, = Lcos*0 = (I /2) cos’a. cos*0, Tiie € — yron Mexy HanpapJieHH-
€M IUIOCKOCTH IMPOITYCKaHHsI MOJISIPU3aTOpa U IIOCKOCTBIO TOJISAPH-
3auuy, B JJaHHOH 3amaue 0 = 90°— a, 1. €. I, = ([ /2) cos’*a cos*0) =
(1,/2) cos*a. sin*a. = (I /8) sin’2a.. T. 0., I,/ I, = (1/8) sin*2a.

Yureno, uto cosf = cos(90°— a) = sina, sina coso. = (1/2) sin2a.

e Ha myTu eCTECTBEHHOTO CBETA ITOMEIICHBI ABE MIIACTUHKH Typ-
MayinHa (1Ba nojsipuzaropa). [locie npoxoxk/ieHus IepBOH MIaCTUHBI
CBET MOJIHOCTBIO MOJIsipu30BaH. Eciu /| v [, — MHTEHCUBHOCTH CBETA,
IPOMLIEUIETO MIACTUHBI 1 U 2 COOTBETCTBEHHO, U I, = (/,/4), TO yron
Mexy HampasieHussMu OO u O'O' paBeH ...:

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

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

e Paniy’KHbIe IISITHA HA IOBEPXHOCTU BOJBI, MOKPBITOW TOHKOHN
TUIEHKOM OeH3MHA, OOBSICHSIOTCS ...

1) narepdepenuueii ceera;

2) nudpakuueit ceta;

3) mossipu3arueil cpera;

4) nucriepcueii cBeta.

5) MOTTIOIEHUEM CBETA;

e AHOMasbHas AUCIIEpCHs CBETa 00YCIIOBJIEHa ...
1) narepdepeHueii ceera;

2) nudpakuueit ceta;

3) mossipu3arueil cpera;

4) MOTJIOIICHUEM CBETA.

e Eciin yBenmnuuTh B 2 pa3za 0OBEMHYIO TUIOTHOCTH CBETOBOM

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

Ilpumep pewenus. JlaBnenune cBera ompeaensercs (pOpPMYIO:

E ) U

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

yeckasi OCBENIEHHOCTh TIOBEPXHOCTH, T. €. IIOTHOCTh MOTOKA CBETO-
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BOI SHEPIUM AJIEKTPOMArHUTHOTO U3TYUYEHHsI aal0IEero nepreH/ -
KYJIIPHO Ha IJIOMaAb S miockocTu P; p — koadduuuent orpakenns
OT MOBEPXHOCTH; ® — IIOCKOCTh SHEPruH; @ — MOTOK U3IyYEeHHS.

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

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

e Ha gepHy0 IIIACTHHKY MajaeT MOTOK cBeTa. Ecimum uncio dhoTo-
HOB, MAJAIONINX Ha €INHUILY TIOBEPXHOCTH B €IMHHILY BPEMEHHU yBe-
JUYUTE B 2 pasa, a YepHYI0 IUIACTHHKY 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 a0CONIOTHO YEPHOTO Tena
ot myHb BotHE pu T = 6000 K (1). Eciu TemmepaTtypy Tena yMeHb-
AT B 4 pasa, TO AJTMHA BOJIHBI, COOTBETCTBYIOIIAS MaKCUMyMYy H3-
Ty4YeHHs, ...

1) ymensImmuTcs B 4 pasa;

2) YMEHBITIUTCS B 2 pasa;

3) yBenmauTes B 4 pasa;

4) yBenmuaHTCS B 2 pasa.

IIpumep pewenus. CornacHo 3akoHy cmemienust Buna 4 = b/T,
TO €CTb, €CJIM TeMIIEpaTypa YMEHBIIUTCS B 4 pasa, BO CTOJILKO XK€ pa3
JOJDKHA YBEITUUUTHCS AJTMHA BOJHBI MAKCUMYyMa, T. €. OTBET 3).
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e Ha pucyHke mokasaHbl KpUBbIE 3aBUCUMOCTH CHEKTPAJIbHOU
TUIOTHOCTH SHEPTETHUECKONH CBETUMOCTH a0COJIIOTHO YEPHOTO Teja
OT JAJIMHBI BOJIHBI IIPH Pa3HBIX TemrepaTypax. Eciu qnuHa BoiaHbI, co-
OTBETCTBYIOIIAasl MaKCUMyMYy H3JIy4eHUs], yBeIU4YmIack B 4 pasa, To
TemIeparypa 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, o kpuBast 1 coorBerctByeT Temneparype (B K) ...:

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

e Ha pucynke mokasaHbl HalpaBieHus nagaromero ¢Gorona (y),
paccessHHOTO (poTOHA (Y') M AMEKTpOHA OTHAauM (€). YToJd paccesHus
90°, HanpaBjeHUE OBWKEHHS DJIEKTPOHA OTAAaYM COCTaBIISIET C Ha-
npasjieHueM nazaarouero ¢porona yron ¢ = 30°. Ecnu umnynbce na-
naromiero porona P . 3 (MsB*c)/M, TO MMITYJIbC PACCESHHOTO (POTOHA
(B TeX K€ €IMHMLIAX) PABEH ...:

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

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

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

e Ha pucyHke mokaszaHbl HaIpaBJieHus najiaroiero GporoHa (y), pac-
cestHHOTO (hoToHa (') 1 1ekTpoHa oTAauH (¢). Yron paccesHus 90°, Ha-
MPaBJICHUE JIBM)KCHHUS 3JIEKTPOHA OTJa4YM COCTABIISACT C HAIPABJICHUEM
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nazarorero Gporona yroin ¢ = 30°. Eciu umiyiibe sekTpona otiaun P,
..., TO MMITYJIbC PACCESHHOTO (POTOHA (B TEX 7K€ €MHMIAX) P, PaBeH ...

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

OTO NPUBEIIOK ...:

1) yBenM4eHNIO 3HaYEHHsI TOKA HACBIILEHUS;

2) yBeIMYEHHUIO pabOTHI BEIX0/A 3JICKTPOHA,

3) yBETUYEHHUIO 3HAYEHUS 33]IeP>KUBAIOIIET0 HANPSHKEHUS;

4)yMeHBIICHUIO PabOThI BBIXOJa JICKTPOHA.

e JI;is HEKOTOPOTO MaTepuaia (OTOKATOIA HAa PUCYHKE MpPHBE-
JICHA TIPSIMAast d, COOTBETCTBYIOIIAst 3aBUCUMOCTH SHEPTHH (DOTODJICK-
TPOHOB OT YacTOTHI Majaroriero ceera. I[pu 3amene marepuana ¢o-
TOKATO/la Ha MaTepuay ¢ MeHbIlell padoToii BHIX0/a 3aBHCHMOCTD
OyZeT COOTBETCTBOBATH MPSAMOH ...:

b; c; d; a.

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

¢ Ha pucynke n300pakeHbl CTalliOHapHbIE OPOUTHI aTOMa BOJIO-
pona cornacHo Mozenu bopa, a Takke yCIIOBHO M300pakeHbI mepe-
XO/IbI AJIEKTPOHA C OJIHOM CTAlIMOHAPHOW OPOMTHI HA JAPYTYIO, COIPO-

136



BOJKAAIOLIMECs] M3JIyuYeHHEM KBaHTa dHEpruu. B ynbrpaduoneToBoit
00acTH CieKTpa 3T Nepexo/ibl AatoT ceputo Jlalimana, B BUAMMOM —
ceputo banemepa, B undpaxpacHoit — ceputo [lamena.
Hawnmenspiueit (Hanbonblieil) yactore kBaHTa B cepuu Ilamena
(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.
OouiblIel yacToTe B JIF000M CEpUH COOTBETCTBYET OOJbINASI SHEPIHs
nepexo/1a Wik COOTBETCTBEHHO MEHbBINAS JTMHA BOJHBI.

e Ha pucyHke (cM. npeapiyIiee 3aJJaHie) n300paxKeHbl CTaluo-
HapHble OpOUTHI aTOMa BOJOPOJa COTNIacCHO Mojenu bopa, a Taxxke
YCIIOBHO M300pakeHBI MEPEXOAbI DIIEKTPOHA C OJHOW CTaIlHOHAPHOM
OpOUTHI Ha APYTYIO, COMPOBOXKIAIOIINECS N3TYyYEeHHEM KBaHTa dHEp-
rud. B ynbrpaduoneToBoil 001acTH CIEKTpa 3TH MEPEXObl JaroT
ceputo Jlaiimana, B Buanmon — ceputo banbmepa, B nHpakpacHoi
— ceputo [Tamena.

Haubonpiueit yactore kBanta B cepun [lamena (Jlaiimana, banb-
Mepa) COOTBETCTBYET MEPEXOLT ...

e Jle-bpoiinb 06001mMI COOTHOIIEHUE p = A/A Ha JIFOOBIE MUKPO-
YaCTUILbI, UMITYJIbC KOTOPBIX paBeH p. Eciu 1uinHbI BOJIH 1e-bpoits
YaCTHUI[ OJJMHAKOBBI, TO HAUOOJIbIIIEH CKOPOCTHIO 00JIa/IaeT ...

1) a-uactuma; 2) HeHTpoH; 3) MpOTOH;  4) AIIEKTPOH.
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