MnaBa 4. KopnyckynsipHble CBOMCTBa U3ny4YeHus

B namem moBceTHEBHOM OIIBITE CBOWMCTBA BOJIH U YACTHUI] YETKO pazaelstorcs. Ho B macmrabax
aTOMOB TPOSIBIAETCS TAaK HA3bIBAEMBIM KOPIYCKYJISPHO—BOJHOBOM AYyaJM3M: YacCTULbI OPOSBISIOT
BOJIHOBBIE CBOWMCTBA, a BOJIHBI — CBOMCTBa 4yacTHL. B 3TOH riaBe pacCMOTpEHBI ABa SBICHHUS, B
KOTOPBIX M3JIy4Y€HUE IPOSBIISECT CBOMCTBA YACTHIL: HEYNPYroe B3aUMOJCHCTBHE C aTOMaMH —
(doroddhdexT u siBICHHE OTHAYM B KOMIITOHOBCKOM paccessHud. O0a 3TH SBIICHUS UTPAIOT BAXKHYIO
pons B actpodusuke. Poroaddext GopMHpyeT CHEKTPhl ra30BBIX TyMaHHOCTEH M 3BE3J MHOTHX
THIIOB, @ KOMIITOHOBCKOE PACCESIHUE — CIEKTPHI IPKUX aKTUBHBIX HCTOYHHUKOB.

4.1 domoaghghekm

SAsnenue poro3addekra Ob0 00HapyxkeHO B 1887 r. HemenkuMm ¢usukom [. Tepuem. Ileproie
¢yHnaMeHTanbHbIe HccaenoBaHus BeimoaHeHbl A.I. CroneroBeim B 1888 1., a 3arem B I'epmannn —
®. Jlenapmom (1899 r.). OTKpBITHE hOTOIPEKTA TTOZBOIMWIO CACNATh CIEAYIOIUN [Iar Ha MyTH K
CO3/IaHMIO KBAaHTOBOI Teopuu cBera mocie runoressl [lnanka. IInaHk nmepBoHaYalbHO MOJIATal, 4TO
KBaHT — 3TO IMOPLHMH SHEPTUH, KOTOPHIMH OOMEHHMBAIOTCS KBaHTOBAHHBIC OCHMJUIATOPHI C IIOJIEM
W3My4YeHus, W TONbKko B 1905 r. DHHIITEHH chOpMyITUpOBaN TMPEACTaBICHHE O KBaHTaX, KaK O
YaCTHUIAX, JIETAIIUX CO CKOPOCTh CBETA U UMEIOIINX YHEPTHUIO fie.
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Fue 4.1.1
Cxema onBIme No wayuedno dotosdoperta.

B cxeme Ha puc. 4.1.1 momaércs HampspKeHHE, MPEMSTCTBYIONIEe MPOXOXKICHHIO TOKa B TpyOKe.
OKOIIKO OCBEMIAIOCh W3ITyUYeHHEM ONpeAeNi€HHOW HHTEHCUBHOCTH M YacTOTHI, YTO MPHBOIIIO K
UCIYCKaHUIO 00JTydaeMoil MOBEPXHOCTHIO METAJlIa AJIEKTPOHOB U TMOSIBICHUIO 3JIEKTPUYECKOTO TOKA.
[Ipuxoauioce yBeTUYMBATH 3alMpPAOINee HANpsKEHHUe, YTOOBI TOK IMpekpartwics. Takum o0paszom,
MOXXHO OBLIO TONYYHUTh BOJIET—AMIIEPHBIE XapaKTEPUCTHKH TPUOOpa: 3aBUCHMOCTh TOKa OT
3aMMAPArONIero HAMPSHKEHUS TPU PA3IHYHBIX CTETIEHSX OCBEIIEHHOCTH KaTo/a W YaCTOTHI MaJafoero
cBeTa. Beiienum ueThipe 3akoHOMepHOCTH GoTo3ddekTa.

. YBennunBaem ocBemEéHHOCTh W kaToma cBeTOM (DMKCHPOBAHHOW YAaCTOTHI, MPU 3TOM PaCTET
cwia Toka. OHAKO CYIECTBYET OMpPENeIEHHOE 3HA4YeHHWE 3allMParoIllero HampshKeHHsS, KOTOPOMY
OTBEUACT MPEKpaIICHUEe TOKa MPH JI000oM 3HaueHuu V. Ha puc.4.1.2 uzo0OpakeHbl
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TPU KpPHUBBIE, COOTBETCTBYIOIIME DPA3HBIM 3HAYEHUSIM OCBeIIEHHOCTH: W, < W, < W;. Bce oHu
cxonsTcs Ha ocH aberuce B ogHoM Touke U.
II. MeHsieM 4acTOTy CBETa ®, COXPAHsISI TIOCTOSHHYIO OCBEIIEHHOCTH (puc. 4.1.3).
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Puz. 4.1.3. PasHel2 4acToThl
MPM QHOW OCEELLEHHOZTI

[Ipu Manbix 3HAYCHHSX 3aMUPAFOIICTO HAMPSDKEHUS B TPYOKE TEKYT OJUHAKOBBIC TOKH IPU Pa3HBIX
gacToTax. 3aTeM KpHWBBIC PACXOIATCSA, W MEHBIIEH YacTOTE COOTBETCTBYET MEHBINEE 3HAUCHUE
HaIPsDKCHMSI, TP KOTOPOM TOK ITOJTHOCTBIO MTPEKPAIIaeTCS.

III. M3mepeHHas MaKCUMallbHAas DSHEPrUs DJJIEKTPOHOB 1 JMHEWHO 3aBUCUT OT YacTOTHI
MaJarouiero U3ay4eHus, 4To WutocTpupyercs puc.4.1.4. Benuurna 7' mponopuuoHaibHa
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Puc. 4.1.4. MaskcumansHas
sHeEprMA PoToINEKTROHA

Pa3HOCTH ® — M, TIIC 9 — YaCTOTa, OMPEACIIAIONas «KpacHyIo TpaHuIy» (hoTodddekra: n3ayucHue
C 4aCTOTOM ® < ¥y HE MOKET BbI3BATh TOK JAXKE MPU CAMOU CHIIbHOW OCBEIIEHHOCTH.

JluneiiHasi 3aBUCUMOCTh PHEPTHH BBUICTAIONIETO JICKTPOHA OT YacTOTHl HEOOBSICHUMA C TOYKH
3peHus KJIACCUYECKOil MeXaHHWKH. B camoM nene, B 1moe 3JIeKTPOMAarHUTHOW BOJHBI HANPSKEHHOCTD
JJIEKTPUYECKOTO IO £ W, clemnoBaTelbHO, CKOPOCTh ¥ PacKaunBaeMOTO MM JJIEKTPOHA 3aBHCAT OT
BPEMEHU T10 TAPMOHUYECKOMY 3aKOHY exp(—iwt). 13 BToporo 3akoHa HeroToHa
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Takum 00pazoM, KHHETHYECKas SHEPrus MOJDKHA MaaaTh OOpaTHO IPOIOPIIMOHAIBHO KBaJpaTy
YacTOTHI, B SIBHOM TIPOTHBOPEUYNH C IKCIICPUMECHTOM.

IV. Peakius katoga Ha OONydYeHHE CBETOM NPAKTUYSCKHM MIHOBECHHA: M3MEPEHHOE BpEMs
3aIepKKU 3aBEIOMO MEHbIIIE 107 ¢ MIPH TIOTOKE OONYYaIOIIero CBETa HE BBIIIE 107" Br/em® Dror
(hakT TakxKe HEOOBSCHUM C TOUYKHM 3pEHHS KiacCHYeckol MexaHukw. I[loscHuM cka3zanHoe. Ha
puc.4.1.5 nzobpaxena
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Puc.4 1.5 Boallywgenwe kpucranna
ANSKTPOMATHWTHOR BONHORA

KpUCTAJUIMYECKasi CTPYKTypa BeEIIecTBa Karoja. PaccTosHue MexXIy y3jIaMH PEmIETKH COCTAaBIISICT
okono 1A. TlycTs NOTOK NafaroIero Ha KaToj U3MydeHHs PaBeH

F=10""Br/cm” =107 apr/(cm” ¢) =10° 3B/(cm” ¢).

IIpeamonoxxuM, YTO OJJIEKTPOMATHUTHAs BOJIHA Y KaKIOTO aroMa KpPUCTAUIMYECKON pPEIIeTKU
OTPBIBACT MO OJHOMY JJICKTPOHY U NMPOHHUKACT Ha TIYOMHY MOPSIKA JUTMHBI BOJHBI M3JIyUYCHUS A ~
1000 A, To ecTh, Ha ThICAUY C0EB KpucTanna. Ha kBaapaTHEI CAHTUMETP OJHOTO CIOS IPUXOIUTCS
10" aromos. Takum o0pa3oM, mMmajgaromMii Ha KBAJPATHBI CaHTUMETP CBETOBOW IOTOK
pacipenemsiercst Mexxay N = 10" aromamn. Ecnm kamblii atoM oTZaéT B (QOTOTOK O OZHOMY
3MEKTPOHY, TO CKOPOCTh MPHOOPETEHHs SHEPTHH IEKTPOHOM cocTasisier F/N = 107" 3B/c. Jlnst Toro,
YTOOBI 3JIEKTPOH MOT TOKHHYTh METAllI, EMy Hall0 COBEpIIMTH padOTy BBIXOHa A TOpsSAKAa OJHOTO
snektponBonsta. Ha sto morpebyercs 10'° cexynm, o ectp 300 €T, B SIBHOM HPOTHBOPEUHH C
JKCcTepuMeHTOM. [IpoTuBOpeUne OCTaHETCS W B TOM CIIy4ae, €CIId MPEANOIOXKUTh, YTO H3IyUeHUE
OCBEIIACT JIUIIh BHEIIHUH c10M Kpuctaiuia. [IpaBia, ckopocTh HaOOpa SHEPTUU BO3PACTACT B THICAUY
pa3, HO BCE paBHO BpeMs 3a/IepKKH OyIeT W 3[eCh Upe3MEepHO OONBbIINM — TIOPSIKA YEeTHIPEX
MECSIICB.

Bce BeimenpuBenEHHbIC TPYJHOCTH CHUMAIOTCS, €CIM MPEACTaBUTHh MOTOK HU3IYYCHHUS C
4acTOTOW ® B BUJE KOPITYCKYII, JIETSIINX CO CKOPOCThIO cBeTa. Kaxmass KopmycKyiaa UMEeT SHEPTHIO
hw. @otoH npu dotodrddexTe mpormamaet, nmepeaaBas CBOI SHEPTHIO aTOMY, TJIaBHBIM 00pazoM —
3neKTpoHy. JIMHeWHas 3aBUCHMOCTh DJHEPTUU DJeKTpoHa I OT YacTOThl ® (TPETUH IIyHKT)
OKa3bIBACTCS CIIEJICTBHEM 3aKOHA COXPaHEHHS SHEPTUU:

(1.1) T=ho—-A=h m—% =h(o-0,),

rie A = hwo. Eciu m10THOCTH Yncia OTOHOB COCTABISIET N, TO OCBEIEHHOCTh PaBHA

W= o-c Ny,
Tok B TpyOKe pacTéT npu yBEIMYCHUH OCBEIIEHHOCTH, HO TOJILKO TIPH YCIIOBHH, YTO DHEPIUsl KBaHTa
Oonbiie paboTel BeIxoAa. Takum oOpasom, momydaroT oObsicheHue myHKTH | m II. Ilynkt IV B
TUIIOTE3€ KBAaHTOB OTpa)kaeT TOT (akT, 4To (OTOH B3aMMOJICHCTBYET POBHO C OIHUM aTOMOM, a HE C
LEJIBIM aHCaMOJIeM.

Ponb atomHoro Aa0pa.

B ¢opmymne (1.1) He mpocMaTpuBaeTcst sSIBHO pOJIb AaTOMHOTO SiIpa, TOYHEE, aTOMHOT'O OCTaTKa —
siipa M OCTaBLIMXCS C HUM 3JEKTpOHOB. Ha mepBhIi B3IMIAA MOXKET MOKa3aThCsd, YTO aTOMHOE A1pO
SIBIISICTCS] M3JIMITHIM B PacCMaTpUBAaeMO MOJENN: ONTHYECKUI 3IIEKTPOH CaM MOTJIOIIAET YHEPTHIO
(hoTOHA M TIPEOJI0JICBACT IHEPrETHUCCKUN Oaphep, paBHBIM paboTe Beixona A. Tem He MEHee, TPEeThs
yacThLa Heo0XoanMma, MHade He OyAeT BBHIMOJHEH 3aKOH COXpaHeHHsl uMmIynbca. IlokaxkeM, 4To,
HaIpUMep, HEBO3MOKHA PEaKIHSI

y+e‘—>e"*,

B KOTOPOHM KBaHT MOTJIOLIACTCS YEIUHEHHBIM JIEKTPOHOM. 3alHIlIeM 3aKOHbI COXpaHEHUs SHepruu £
Y UMITyJIbCa P JUIS 3aMKHYTOH CHCTEMBbI «KBaHT + 3JIEKTpOH». HanloMHUM H3BECTHbIE BBIPAXKEHUS AJIS
E u p xak ¢pyHKIMH CKOPOCTH V:



E =ym,’
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W3 HUX MOXKHO MOTYYHUTh YHEPTHIO KaK (PYHKIMIO KBaJIpaTa MOMEHTA!

2 .22 2 4

(1.2b) E"=pc +m,c".

3anunremM YPaBHCHUC, BBIPAKAIOIICC 3aKOH COXpPAaHCHUS DHEPTUH. ﬂO CTOJIKHOBCHHS SHEPTHUA q)OTOHa
2

paBHaA h(,O, a SHCPIrusAd 3JICKTPOHA paBHA S9HCPIrUH IIOKO mi, C . ITocne cToakHOBEHUS (l)OTOH HCye3acT:

2 2.2 2 4
ho+m,c \pc +mic .

hk =p

Bropoe ypaBHeHHE TIacHT, YTO 3JIEKTPOH 10 CTOJIKHOBEHHUS MOKOUTCA. Bo3Bens nmepBoe ypaBHEHUE B
KBAJApaT M MOACTABHB B Hero /i’k’ BMecTo p’ (UTO SBISETCS CIIEACTBHEM BTOPOIO YpABHEHH:)
MIPUXOJIUM K OECCMBICIICHHOMY PE3yJbTaTy:

o=0.

OH MMeeT MPOCTOe OOBACHEHHE: JJIEKTPOH M (OTOH HE MOTYT MMETh OJHOBPEMEHHO OJMHAKOBBIC
3HAaYEeHUS WMITylIbca W SHeprud. OCoOEHHO SICHO STO BHAHO Ha MPUMEPE HEPEIATHBHCTCKOTO
ANIEKTPOHA, SHEPTHSI, UMITYJILC H CKOPOCTh KOTOPOTO CBSI3aHBI U3BECTHOM (HOPMYJIOii:

E=pr/2.

HanmoMHMM coOTHOIIEHHE MEXAYy SHEprueil M HUMIyNIbcoM (OTOHA KaK YacTHIBI, Macca MOKOs
KOTOPOM paBHa HYJIIO:

Eg=pgc.

Orcrozna cienyer
E 1pv

E, :2péc'

(4]

U3 nocnenHei GpopMysisl XOpOIIO BUJHO, YTO, AEUCTBUTENIBHO, IPU V < ¢ paBHbBIC 3HAYCHUS SHEPTUU
9JIEKTpOHA U (POTOHA BO3MOXKHEI TOJIBKO B cllydae p > Py -

3anuieM 3aKOHbI COXpaHCHHUA JIsI CUCTCMBI U3 TpéX YacTHUIl: (1)0TOHa, QJICKTPOHA U sJpa.
2 2

P
(13a) ho = —+L 14
2M  2m,
(13b) Kk = P+p
3nece P u M, — cooTBeTCTBEHHO, MMITyJIbC M Macca siapa. BaxkHo, 4TO Aapo Ha TpU TOpsAKa

BCJIMYMHBI TAKEIJICC DJICKTPOHA!
(14)  M>1836m,.

910 ACJIa€T BO3MOKHBIM OJJHOBPEMEHHOC BBINTOJIHCHUE IBYX HCPABCHCTB!
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IlepBoe u3 Hux — (1.5a) — MO3BOJIIET HE YUHUTHIBATH SAPO B YpaBHEHHHU 3Hepruu u cBogut (1.3a) k
(1.1a). XoTst UMITyJIbCHI 3TEKTpOHA p U siapa P B (1.3b) 3HAUNTENBHO MPEBOCXOAT UMITYJILC POTOHA
Ak o aOCONFOTHOM BEIMYMHE, HO BEKTOPHI P 1 P HAIPaBIICHBI 8 pa3sibie CIMOPOHbL M1 UX CYyMMA MOXKET
OBbITh paBHA MaJOMy 10 BeiudnHe Bektopy K. UTak, sapo kommeHcupyeT OOMbIIYI0 4acTh UMITYJIbCA
9NEKTPOHA, IPAKTHYECKH HE 3a0HMpasi SHEPTUIO KBAaHTA.

4.2 3¢pcpekm KomrnmoHa

A. Komnron B 1922-23 r.r. mpoBOAWJI OMNBITHI 1O PACCESTHUIO PEHTTEHOBCKHUX Jyded Ha
cBOOOMHBIX anekTpoHax. OH TMOKasaj, 4TO B pe3yJbTaTe paccesHHs IJIMHA BOJHBI W3IYYCHHS
YBEIMYMBACTCA, TIPH 3TOM IMPOBEAEHHBIE UM PacCyKIEHHS MOATBEPIMIA KOPIMYCKYISIPHYIO TEOPHIO
cBera. Paccmorpum Tteopuio s¢ddexra Kommnrona mns ciaydas NepBOHAYaIbHO IOKOSIIETOCS
anektpona. Ha puc. 4.2.1 nuzo0paxkeHsl

Puc. 4.2.1. Pacceanwe
{DOTOHE Ha MOKCALLEMCA
ANeKTpoOHE

HanpasJICHHS UMITYJIbCOB (POTOHA U 3ieKkTpoHa. O003HAYMM MOCPEACTBOM O Yroyl MeKAy UMITYJIbCaMU
¢oToHa 10 M mocne CTONKHOBEHUs (yron paccesHusi). Ilycts ©yp 1 @ 0003Ha4al0T, COOTBETCTBEHHO,
4acTOTy MAJaroLIero M PacCeIHHOTO M3Iy4deHuUsl. AHANOTH4HbIe 0003HAYCHUS IPUMEM AJISI BOJTHOBBIX
BEKTOpPOB Ko u K. IMmynibe anekTpoHa mocine yaapa 0003HauuM P. HarmoMHUM, 4TO B PENSTHBUCTCKON
MEXaHMKE SHEprus 3JeKTpoHa E, Kak M BCSIKOH YacTHLBl C OTIMYHOM OT HyJS Maccod MOKOS
BBIPA)KAeTCs 4ePe3 MOLYJIb UMILYJIbCA p CICLYIOIUM 00pa3oM:

B :pzcz I (mecz)z.

3anuiem YpaBHCHUS, BBIPpAKAIOMIUC 3aKOHBI COXPAHCHUS SHEPIrUr U UMITYJIbCA:

hw, +m,c’ = ho+yp’c’ +m.ct

nk, nk+p.

Craraemoe m.c” B JIeBOM YaCTH TIEPBOTO YPABHEHHUS PABHO SHEPTHH TIOKOS AEKTPOHA.

VeauHuM paaukani B MpaBOM YacTH MEPBOTO YPaBHEHHUS, a BO BTOPOM ypaBHEHHH mepeHecéM /K
B IIeBYIO YacTh. I10cIe 3TOr0 BO3BOIMM B KBAJApaT 00a ypaBHEHHS M BTOPOE YMHOKaeM Ha c’. Tereps
B YpaBHEHHsI BXOAMUT YTOJI PACCESHUSI K MOIYJIb UMITYJbCa!

o, -2 oo, + o’ + 2i(w, —o)m,c’> +mic* = p’c®+m’ct
R koc® =20 koke® cosO+h* k¢’ = pc’.
— — TJ
3 e @

Brrutem NEPBOC YPABHCHUC CUCTCMbI U3 BTOPOTO U, YUHUTHIBAA CBA3b



o = kc

MCKAY YaCTOTOH Y BOJIHOBEIM YHCJIOM, IMOJTYYUM:
(ORI h
(2.1 — = (1-cos9).

2
W,  mc

M3 mocnemHelr ¢GopMysBl CIIETyeT, YTO OTHOCHTEIHRHOE HM3MEHEHHE YacTOTHI (CIEAOBATENBHO, U
OHEPTHUHU KBaHTa) 10 NOpAAKY BCIIMYMHBI PAaBHO OTHOIICHHIO HepBOHa‘IaJ’IBHOﬁ OHEPruM KBaHTa K
OHEPTHUHU MMOKOALICTOCA IJICKTPOHA:
0-m, ho,
—~—
® mec

3Ha4YNUTEeNbHOE M3MEHEHHE YacTOThl MPOM30MAET B TOM CiIydae, €CIM PHEPrusl KBaHTA CPaBHHMA C
SHEPTUEH MTOKOS AIIEKTPOHA:

howg ~ mc® ~ 511 x3B.
9HepFI/II/I I’l’lC2 COOTBGTCTByeT KOMIITOHOBCKas JJIMHA BOJIHBI:

(2.2) Ac=h/(mc)=2.42631-107 A.

OHa oTiMYaeTcs MHOYKUTEIEM 27T OT BBEAEHHOMN paHee Ac:
(2.3) Ac =27mkc.

C nmomombio Ac MOXHO yIpOoCTUTH (2.1):
2.4 A—Ao = Ac (1 —cosO).

HaunOonbiee yBenumueHne JUIMHBI BOJIHBL, HA 2A¢, IPOUCXOAUT MPU paccesHUM Hasal, Ha yroua 0 = m.
BennunHa KOMIOTOHOBCKOTO CMELICHUS Majia, II03TOMY €ro MOXHO HaOJIoAaTh TOJBKO B
KOPOTKOBOJIHOBOM JIHANla30HE — PEHTI€HOBCKOTO WJIHM Y—H3Iy4YEHHUSI.

ITpu paccmotpenun >ddexkra Komnrona mbpl onepupoBaiun ¢ (GOTOHOM, Kak C YaCTHLEH —
paccMaTpUBaIM €ro B3aMMOJICIHCTBHE C 3JIEKTPOHOM KaK CTOJIKHOBEHHE OMnbApaHBIX mapoB. Korma
JKe TI0CJIE PACCESTHUS Mbl ONPEACIIUIN AJIMHY BOJHBI, HAIIpUMEp MO AU(DPAKLUHU, TO ONEPUPOBAIU C
(doroHOM, Kak ¢ BoHOW. TakuM 00pa3oM, KOPITyCKYJISIPHBIE M BOJIHOBBIE XapaKTEPUCTUKU U3ITYYCHUS
CIICAYIOT HETMOCPEACTBEHHO Apyr 3a aApyroM. OIHOBPEMEHHO K€ IPOSBIATH BOJIHOBBIE U
KOPIYCKYJISIpHBIE CBOMcTBa (OTOH He MokeT. Kak Mbl yBHOUM B JaJbHEWIIEM, 3TO CBS3aHO C
COOTHOIIIEHHEM HeompeaeneHHocTeil ["aitzendepra.



Ha puc. 422 MNpEeACTAaBJICHBI CIICKTPblI KOMIITOHOBCKOI'O pAaCCeAHUA JIMHUU cepe6pa

ho=0.56267 A (Bepxumii rpaduk cieBa) mpu (GUKCUPOBAHHOM 3HAYEHHH yIJa PACCESHHS I
Pa3IMYHBIX BEIIECTB.
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Puc, 4.2.2, 32BWCMMOCTE CNEKTDA DAcCEMBAEMBIX (DOTOHOR
OT 3apAja Aapa paccevsaTens.
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Bemmuuna cmemenust AA = A — Ay, B cornacuu ¢ ¢hopmMmyJioi (2.4), He 3aBUCHUT OT MaTepraia MHUIIICHH,
TaK KaK paccessHue MPOUCXOIUT Ha CBOOOJHBIX AJIEKTPOHAX.

KomnToHOBCKOE paccesHHe, B OTIWYHE OT PACCMOTPEHHOro Bbimie ¢orodddexTa, SBHO
MOKa3bIBA€T pOJIb SApa M OKPYKAOIIUX €ro 3JeKTPOHOB BHYTPEHHHX obOonouek. Hapsmy co
CMEIIEHHONW IJIMHON BONHBI A (TpaBblii MUK M), MPUCYTCTBYET MUK MEPBUYHOTO H3Ty4yeHHS P,
UHTEHCUBHOCTb KOTOPOI'O PacTET ¢ yBEIMYECHUEM 3apsia sapa Z ayeMeHTa pacceusarens. [lossnenue
HECMEIEHHOTO TTHKA O0YCIIOBJICHO paCCesTHHEM Ha 3JIEKTPOHAaX BHYTPEHHHX 00004eKk. OHU jKECTKO
CBS3aHBI C SIPOM, TaK YTO UMIyJbC (oToHAa meperaércs Bcell macce aToMa. YUHUTHIBasA, YTO
cmermeHue AL 0OpaTHO MIPOMIOPIIMOHATHHO MacCe PACCEUBATEINS, IPUXOANM K BBIBOAY, UTO YCHIICHHE
HECMENIEHHOW KOMITOHEHTHI C POCTOM Z CBSI3aHO C YBEIIMYCHUEM IO BHYTPEHHUX 000JI0UEK.

4.3 O6bpamHoe KOMIMMOHOBCKOEe paccesiHue.

Berlme MBI paccMOTpenu CTOJKHOBEHHE (POTOHA C HEMOABHMKHBIM 3JIEKTPOHOM, KOorna (OTOH
TEpsieT PHEPTUIO, a 3MEKTpoH e mpuoOperaer. Eciim ke 3JIEKTPOH IEpBOHAYAIBHO ABHIAJCS, TO
CTAaHOBUTCSI BO3MOXKHOM meperadya (OTOHY KHMHETHUECKOM SHEpruM dJIeKTpoHa. Takoe
B3aUMOJICHCTBHE MPHHATO HA3BIBATh «OOpaTHBHIM KOMITOHOBCKUM paccesHuem». O000mum dpopmyiry
(2.4), cBsi3aB M3MEHEHHE YaCTOTHI U3ITYUYCHHs HE TOJBKO C YIIIOM paccesiHus O, HO U ¢ IapaMeTpamu
JBIDKEHHS 3JIEKTPOHA.

CKopocCTh 3JIeKTpoHa 0003HauYMM V. BBenéMm «ramMmma—haxkTopy

G y=——.  B=t
1-B c

3HaueHUd BCEX BEIMYMH A0 CTOJKHOBEHUS MOMETHUM HHIEKCcOM «0». HampaBneHue uMmynncoB
¢orona mo croinkHOBeHHs Ko W mocne paccesHuss K u3MepseM OTHOCHTENBHO HUMIYJIbCA Po
HEBO3MYIIEHHOTO 3JIEKTPOHA. Y101 Mexay Kou poHa puc. 4.3.1 00603HauHM 0L,



N
A,

Puc. 4.3.1. Mmnynkckl
3NeKkTpoHa U hoToHa.

a Mexay K u pp — o. Pacuérel BenéM B pamkax 4-MepHBIX BEKTOpPOB. Tak, UMITYJbC DICKTPOHA

COCTOWT U3 «IPOCTPAHCTBEHHOW» KOMIIOHEHTHI P M «BPEMEHHON» ym c. AHAJIOTNYHBIC KOMIIOHCHTHI
ummybca poTtoHa paBHsl 7K u fiw/c. KBagpat 4—MepHOTO BEKTOpa

(3.2) as={a, b}
B MCTPHUKE CHeHHaﬂbHOﬁ TCOPHUU OTHOCUTCIIBHOCTH PaBCH
(3.3) (asas) = a* — b*.

Cucrema ypaBHEHHI, BbIpa)karomias 3aKOHbI COXPAHEHHsI SHEPTUH M WUMIIYJIbCA, B YETHIPEXMEPHOUN
(hopMe BBITJISIUT CIACAYIONIMM 00pa3oM:

(3.4) poa + hkos = ps + hk,.

Brinuiniem siBHBIC BBRIPAKECHUS JJI YETHIPEXMEPHBIX BEKTOPOB, BXOASIIUX B 3TO YPaBHCHHE:
3.5) Pa= {ymeV, ymec},

3.6) ks = {K, o/c}.

U3 (3.5) u (3.6) cnenyet

(3.7) (Paps) = (Poapos) = _meczn (ksks) = (Koa koa) = 0.
Bossens (3.4) B kBagpaT u yuuTbiBas (3.7), MOTyYUM HOJIE3HOE TOXKIECTBO:

(3.8) (p4ka) = (Poakos)-

C ero moMoIb MOXHO UCKITIOYHTE U3 (3.4) HEM3BECTHBIN BEKTOP pg4. JJJIsl 3TOT0 CKANIPHO YMHOXKHM
(3.4) Ha ky:

(paks) = (poaks) + h(koaks).
U B TIOJIYYCHHOE YpaBHEHHE MTOACTaBUM (3.8):
(3.9 (Poakos) = (poaka) + 1 (koaks).

CKassipHBIE POU3BEAECHHUS YSTHIPEXMEPHBIX BEKTOPOB PACKPBIBAIOTCS CIIEAYIOIINM 00pa3oM:
(poakos) = por o cOSQLy /c— Yo M 0,
(Poaks) = po-@-cosa. /c — yome o,
(kosks) = @ow(cosO-1) /.
IMoacraBum ux B (3.9) ¥ COKpaTUM MOTyYEHHOE BBIpAXKEHUE Ha MY:
2
®oPopo — @9 = Pop — ® + Ame® (cosO —1) /(yomec?).

31ech BBEACHBI 0003HAUECHUS

Ho = cos(ay),  n=cos(a).



Tenepb MpuxoauM K OKOHYATCIbHOMN (bOpMyJ'Ie A1 UBMCHCHUA YaCTOTbI MPU KOMIITOHOBCKOM
paccesaHnu:

0 1-
(3.10) 2= hioﬁo .
®o l1=pBy +——-(1-cos0)
YOmec

[omydenusiit pe3yabTaT 0000maeT popmyny (2.4) U cpaBeNIUB MPH JTFOOBIX CKOPOCTSIX 3JIEKTPOHA

0 CTONKHOBEHHS. MHOXHTENb Yo TEpel Mec> OOBACHACTCH YBEIMUCHHEM MACCHl JBHKYIIEHCS
gactuilsl. [Ipu paccesaun Ha mokosmmemcs (vo =0) amextpone (3.10) cBomutcs k (2.4) u u3MeHEHUE
YacTOTHI CBSA3aHO JIMIIB € 3()(HEKTOM OTHAYH.

B ciydae OBICTpPBIX AJIEKTPOHOB M HU3KOYACTOTHOTO M3JTYUCHUS

311 2 <

2
]/OI’I’leC

s dekToM oTHauM MOKHO TpeHeOpeus U (3.10) mepexoauT Kk Qpyroit cBoei npeaeabHol Gopme:

(3.12) ﬂ:%'
o, 1-pp,

[Tokaxkem, 4TO 37€Ch OCHOBHYIO poiib HrpaeT 3¢dexr Homnepa. ns storo mepeiiném B cucremy
MOKOS JIEKTPOHA © B meit yactora (hoTOHA IO paccesHUSA paBHA

of =yo-(1-uB,).

B nmpubmmxenun (3.11) usmMeneHneM 4acToTel (OTOHA MPH pacCcesHUH B CUCTEME TOKOS 3JIEKTPOHA
MOXHO NpeHeOpeyb:
(e

— n(©
o =0, .

BOBBp&H.[ﬂSICL B J1a6opaT0pHy}0 CI/ICTeMy OTCLIéTa, Haxoaum
(e)
® 1-
©= =0, HoBy )
y(1—uBy) 1-pB,

Mer feiictBuTenbHO nonyqamiu (3.12).

OOuWH MexaHU3M OXNaXkAEeHUsI CONTHEYHOW KOPOHbI.

B xocMuyecknx 00beKTax yacTo HabIIOAAeTCsl CUTYAIUs, KOTAa TOPSYHe SJISKTPOHBI HaXOAATCS
B MOJIE XOJIOAHOTO H3IydeHUsS. lIpuMepoM MOXKET CIYKWUTh COJIHEYHAsT KOPOHA, MPOHHU3BIBacMast
uznydeHueM ¢orocdepbl: TeMmiepaTypa KOPOHBI TOYTH B Thicsuy pa3 Bbeime. OOpatHoe
KOMITOHOBCKOE PacCesHUE CTPEMHUTCS YPaBHATH 3HAUCHUS TeMIIepaTyphl U3IYUSHHS U 3JIEKTPOHOB. B
YCIIOBHSIX COJTHCUYHOM KOPOHBI BRITIONHsAETCS yeimoBue (3.11), 1 MBI MOXEM TIOJIE30BATHCS (POPMYITOi
(3.12). MakcumainbHas IOTepst SHEPTHUN JIEKTPOHOM HMEET MECTO TPH JIOOOBOM COyAapeHuu (Cly = T,
a=0):
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Kol 1+,

~1+28,.

0 max 0

CrienoBaTenbHO, BEPXHSIA OLEHKA JUIS NMPHUOOPETEHHONM KBAaHTOM HSHEPIUHM 3a ONUH aKT PacCesHHs
paBHa

(3.13) Ae . =2¢gB,.
QHCKTPOH HCIIBITBIBACT B CEKYHIY
(3.14) N=Nyore

coyaapeHuii ¢ poTroHamHu. 311eCh

2

=6.65-107fi °

(3.15) GT=§TEI’ =—7

CCUCHHUE PACCEsSHUS M3IyYeHUS CBOOOJHBIM DIIEKTPOHOM, TaK HA3bIBAEMOE, TOMCOHOBCKOE CCUCHUE.
IImoTHOCTS, YHWCHa KBaHTOB BhMHCIHAeM 10 ¢opmyne (1.3) tpersedt rnaBel. OIEHHUM Bpems,

HEOOXOAMMOE ISl TOTO, YTOOBI AJIEKTPOH C HAdalbHOU B3Heprueil £y oxmaauics o E(p. Host

YHCIICHHBIX OIEHOK monoxuM £y, = 100 3B. [Ipubmu3uTelbHO Tak MOXHO OICHHTH TEMIIEPaTypy
COJIHEYHOM KOPOHBI, XOTSI OHA HEOJHOPOJHA M B HEW €CThb Y4YacTKM C pPa3HOH TeMIiepaTypoil.

Bennunny Eg npumeM paBHOW Temmeparype conHeyHon porochepst — 0.5 9B, a mioTHOCTS vncna
¢poronos BbramcnumM 1o opmyne (1.3) Tperbel TiaBbl, monokuB 1= Eg. Benuuuna Eg
npeHeOpeXUMO Majla 1o CpaBHEHHUIO ¢ Ex. CiemoBarenbHO, YHCIO aKTOB paccesHHs, Heo0X0oIumoe

JUISl yMEHBUIEHUS SHEPTUHU DJIEKTPOHA OT Ey 110 Ed), MOKHO NMPUHATH PABHBIM OTHOWIEHUIO Ey / A€may.
N3 (3.13) u (3.14) cnemyer HWKHSAS OIEHKA IS BPEMEHH OXJIAKICHHUS JICKTPOHA TPH OOpaTHOM
KOMITOHOBCKOM PaCCEsSHUH:

(3.16) t.,, S S
ASmax NGGOC

Ml MOJIYYHJIM OLICHKY BPEMCHU OXJIAXKIACHHUA DJICKTPOHOB, CIPABCAJIUBYIO IO MOPAAKY BCJIMYMUHBI.
TakuM 00pa3oM, COJIHEUHass KOpOHAa 0e3 HEMpephIBHOIO TMOJOTPEeBa MOTia OBl OCTaBaThCsS TaKOi
ropsiueil Bcero OKoJjo 4aca. B AeliCTBUTENEHOCTH OHA OCTBIHET ropas3io ObIcTpee, TaKk Kak ACHCTBYIOT
Ooyiee MOIHBIE MEXAHW3MBl OXJIAXKJICHHS, YeM KOMIITOHOBCKOE paccesHre — BO30YXKICHHE
JIUCKPETHBIX YPOBHEH HOHOB U TOPMO3HOE M3nyueHue. [ToquepKkHEM, 4TO OIIEHKH JaHHOTO pasjeia He
SBISIFOTCA  TOYHBIMH  pacu€TamMu. OHM  TpeJHAa3HAYEHbl JHUINL Ui WIIFOCTPALUH  POJH
KOMITTOHOBCKOT'O paccesHusl B acTpo(hU3UKe.
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