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«B3anmopgeuncreBue ramMmma-KBaHTOB C BellecTBOM»

lNMpoueccbl B3aMmmMoaencTBUA raMmma-KBaHTOB
dPoToahdekT

Xapaktepuctukm cedyeHus botoadpheKkra
CeyeHune poToachdekTa

HanpaBneHue BbifieTa afieKTpoHa
KomntoH-3adppekT

CeyeHune KoMNTOH-3(pheKTa Ha INEKTPOHe

Ce4yeHue KoMmnToH-3chcheKTa Ha NPOTOHE



NMpoueccbl B3ammMoaeucTBUA raMMa-KBaHTOB

9/m B3anmogencTBue raMmmMa-KBaHTOB:

~-poToahhekT;
- yrpyroe paccesiHme Ha aneKkTpoHax (KoMnToH-3ddeKT);
- poXXaeHue nap yacTtuu,.

lNMpouecchbl nponcxoaaTt B obnactu aHeprum k3B - cotHun MaB,
KOTOpble Hauboree 4acTo MCNONbL3YKTCA B NPUKNaAHbIX
uccrenoBaHUAX.

PaccmoTpum 3aBUCUMOCTbL OT 3Heprun Ey u xapakTepucTuk
BelleCcTBa (A 7
Z,p)

CBsA3b MexAay aHepruen y-KkBaHTa v ero 4fIMHON BOJSIHbI:
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PoToadhgexT

y % doToahdekT — 31'0 npouecc BbIONBaHUA
; N 3rIeKTPOHAa U3 HeUTpanbLHOro atoma, noa

/
1 @ \ AEVUCTBUEM ramMmMa-KBaHTa y + amom —> e + (amom)’

- CBOOOAHLIN 3NIEKTPOH He nornowaetr

raMMa-KBaHT 4 o >§¢

lNMycTtb peakuusa naetr Py +P = Pe ucnornb3syem 4-MMnNynbChbl ®
Bossepem B kBagpat (P, +P) =(R)’, B’+2PP+P’=(P)
Mpeobpasyem 0+2P(E,,iE, )L, (m,c?,i0)+(m,c*)’ = (m,c*)’

2(Eymec2 +E -0)+ (m,c*) =mSc*
NMocneaHee paBeHCTBO OKa3biBaeTCA cnpaBensiuBbiM, €Cnu EV= 0,
T.€. FfAMMa-KBaHTa HEeT. 3HauuT
Y + e e

Mpu ¢poToadhdekTe anekTpoH nornyyaeT IHepruro T —F ] _K
I.— noTeHunan noHusaumm T ,- KNHETUYECKasi IHEPrUsA‘MoHa '



XapaktepucTukm cedyeHmna potoadpdekra

PoT03hdEKT BO3MOXKEH, €CNN 3HEPrusa y-kBaHTa bonblue
noTeHumana noHn3auum Ey > 1. (K, L, M...-oborno4kn)
Ecnu EV </ , TO BbIOUBaHWE 3MEKTPOHOB NPOMCXOAUT
TONbKO C BHELIHUX obonoyek L, M..

BblbrnBaHmne 3anekTpoHOB C BHYTPEHHUX 060noYeK
COMNPOBOXAAETCA MOHOXPOMATUYECKUM PEHTIEHOBCKUM
XapakTePUCTUYECKUM N3NYYEHUEM, BO3HUKAKOLLMM MPU
nepexoae aTOMHOro 3fieKTpoHa Ha ocBOO6OAMBLLNINCA
ypoBeHb. [1py 3TOM MOXeT BO3HUKATb Lenbln Kackaa
B3aMMOCBA3aHHbIX NEPEXOOB.

I'Iepe,qat-la IHEPrnMn NoHa oaHOMY U HECKOJTbKNM Op6VITaJ'IbeIM
ANIEKTPOHaM, NpmBOAUT B BbIJ1IETY N3 aTOMa 3JIEKTPOHOB Oxe.




CeyeHune choToahdekTa

A

0427/[7/ Ecnu aHeprua y-kBaHTa MeHbLLE YeM NoTeHUuan
NOHN3aLUM caMon Hapy>XHOM 0BOSOYKN, TO
cedeHne potoaddpekta paBHO HyIMHO.

[pyron npenernbHbIN Criydan - eCnv dHeprus y-
— KBaHTa o4yeHb bornbwiada (Ey >> /), TO MOXHO
Iv I Ik £y cyMTaThb YTO ANEKTPOH cBOOOAEH, a Ha CBODOAHbIX
aneKkTpoHax doTo3(PdEKT HE BO3ZMOXKEH.

aglt, //
C pPOCTOM SHEpPrn cevyeHne acUMMTOTUYECKH
CTPEMUTCS K HYTIO.

B obnactu aHeprum noTeHumanoB MoHn3aumn
I L I £y oBonouek (Ey = |) ceveHve npeTepneBaeT cKauKy

Ha oTpeske I, < Ey <1, cevyeHne Ha M-obonoyke nagaet, NOCKOMNbKY
YMEHbLUAETCS CBA3aHHOCTb 3NeKTpoHa Ha 3TON 060MN0YKE NO OTHOLLEHUIO K
SHEPrMn raMma-kBaHTa, B TO BpeMs Kak doToaddekT ¢ L-0bonoykn eLle
9HEpPreTn4eckn 3arnpeLLeH.



CeyeHune poToachdekTa

BnuaHue cunbHOW CBA3aHHOCTM 3r1EKTPOHa B aTOMe Ha cedeHne dpotoadodpekTa

o . 5
OTPaXaeTcA B CTENEHHOW 3aBUCMMOCTN OT 3apsfa agpa O, . /
KBaHTOBO-MexaHU4eckuin pacyeT TpebyeT 3HaHNA - o = |M|2 _ |J‘l// Igl//dv ?
dOYHKUMN aTOMHbIX 311EKTPOHOB Ha pa3HbIX 0b6onoykax

QddekTnBHOE ceveHne potoaddekTa ¢ BHyTPEHHEN K-000M104KM
onpeaenseTcs COOTHOLLEHUAMMU (CM?/aTom):
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e o,=—ncu=0,66-10"* 2 TOMCOHOBCKOE CeYeHMe paccesiHuS
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Ceverne o, (E,) ObicTpo nagaet ~ﬂIﬁEy7/21/ ~ E



Han PaBlieHUe BblJieTa 3JIeKTPOHa

Ecnu nyyvyeKk raMmMma-KBaHTOB Ey << mecz nonaga€eT Ha atoMbl, TO
BblOMBaeMble AJNIEKTPOHbI BbJ1ETAKOT NpenmMyLleCTBeEHHO B HanpaBJIEHUMN,
nepneHankyndapHomMm MMNyribCy (*)OTOHOB BOOJIb BEKTOPA 3JTIEKTPNYHECKOIO

nona g BOMHbL. Moatomy. ¢ ~sin® 0 -cos” @[ f(E)]
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yrrnoBoe pacnpegerneHue pacnpegenexune ans
hoTO3aNEKTPOHOB ANst HEOONbLUNX BbICOKO3HEPrnYHbIX POTOHOB

SHEPTUIA < ¢

doToaPPEKT - OCHOBHOW NPOLIECC NOrSoweHns POTOHOB NPU HEBLICOKMX
aHeprmnax. OcobeHHO aPHEKTUBHO MOITOLLEHMNE HA TSXKENBLIX aTOMax.




KoMnToH-3dpekT: aHeprusa paccesHHoro potoHa

) Ynpyroe paccesiHue y-KkBaHTa BbICOKOWU
- ! !
y ﬁ 3HEPrMM Ha aTOMHOM 3MEKTPOHE ¢ + e =y '+ ¢
©®

\{ QHepruga KBaHTa MHOro bonblue noteHumana

o’ NOHU3auun Ey >> [ ; anekTpoH MOXHO cuYuTaTb
CBOOOHBbIM
B aTOM npouecce y-KBaHT C 9Heprunemn Ey (BONHa - A = E) Npu pacceaHnn
. - h y
NposiBNAN CBOWCTBA YacTuupl ( p=— )

BbISICHUM, Kak 3aBUCUT 3HEpPrusi paccessHHOro KBaHTa Ey' oT yrna paccesHusa 0

CoxpaHeHuve 4-nmnynbcos Py +P = Py +Pe' (Py +P —Py ')2 =(P ')2

T : -
])y(Ey9lpyc) ])}/(Ey ’Slpyc)

, —J0 CTOJKHOBEeHHS = —TOCJ€ CTOJKHOBEHMS
P (m,",i-0) P (E,,ip.c)

. Ey
[onyyaem 3aBMCUMMOCTb SHEPrMN PaCCEAHHOTO Ey = Z
-kBaHTa E '(O) Ha yron B BUAOE y

Y , (0) Hay 6 A 1+ —(1-cos6)

m,c



KoMnToH-3(hheKT: aHeprusa paccesHHOro 3afIeKTpoHa

3Hepr|/|$| PacCeAaAHHOro ArieKTpoHa B 3aBUCMMOCTU OT yIna ero paccedaHnsd ¢ "
CBA3b YIT10B pacCeAHHbIX YaCTULU:. 3J1IEKTPOHA O n Y-KBaHTa 0
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m, . E, m,c
rnony4aeTcs ynpoLleHHoe BhipaxeHue E = 7z = 1 : ;
—COS
0151 SHEPrM PaCCesiHHbIX rAMMa-KBaHTOB 5 (1-cos0)
m.c
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3Hepr|/|s=| raMMa-KBaHTa MNnocrie paccedHnda He 3aBUCUT OT Ha4varibHOu AHEPIrnn

m ¢’ 0,5M»>B
Ons sanektpoHa E =—=¢ =
" 1—=cos® 1-—cosb

Hanpumep, npu paccesHun Hasag ( @ = 9()°) Bceraa aHeprus AZ{Q;B 0,25

Takown pesynsrar - NposABreHne KOPNyCKYNApPHbIX CBOUCTB raMMa-KBaHTa




CeyeHune KomnToH-3ahpheKkTa Ha INEKTPOHe

[lns aHeprun ooToHOB

COOTBETCTBYHOT OJ1INHbI BOJTIH B obnacTtu

’B<E, <10°M>B

10%em <A <10 cm

[Tpn HU3KKMX aHeprusax ( E < 1) onuHa BOSHbI 3HAYUTENBbHO BonbLIE pa3MepoB
aTtoma. poxoxaeHne 3/M BOSHbI BbI3bIBAET KOrepeHTHbIE KonebaHnsa aToOMHbIX
9MEKTPOHOB Mo AENCTBUEM MNEPEMEHHOW COCTaBSOLLEN 3NEKTPUYECKOrO Mos4.
OIEKTPOHbI NEPEn3ny4varoT BOMHY TOW Xe 4aCcTOTbl (TOMCOHOBCKOE paccesiHue).
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KBaHTOBO-MexaHn4eckas gpopmyna
KnenHa-HuwunHbl-Tamma
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CeyeHue koMmnToH-3chpeKTa Ha NPOTOHE

Bo3moXxeH nn KoMnToH-3chheKkT Ha npoToHe? KayecTBEHHOE pacCMOTpPEHNE

yKasblBaeT, YTOObl MPOB3anMOLENCTBOBATL, raMMa-KBaHT JOMMKEH “rnonacTb

B 9NTIEKTPOMArHUTHYO nrowaaky” MAULLEHN ~ A2 , KoTOpas
GKOMnm ﬁ ﬁ
XapakTepnayeTcsst KOMNTOHOBCKOW ASIMHOW BOSHbI A = wm A =
e p
YyacTuubl. m,c m,c
2
p
o m 6
OTcroga HaxoOuM OTHOLLIEHUE o = — | <10
Komnm mp

BuaHo, 4TO KOMNTOH-3(PHEKTOM HA NPOTOHAX MOXHO NpeHebpeyb.

AHanornyHoI BbiBOA MosiydaeTcs U3 TOYHbIX OOpPMYI ANns cevYeHUs

o ~5 ~p° ~1/m? NyTeM 3aMeHbl BENnUnHbl 7> ~1/m’
o e e

Komnm
Ha 3HaYeHue 3.2 ~1/m,? B Cry4ae paccesiHNA Ha NPOTOHE.
p P

I'IpM B3aMMOOENCTBUM rAaMMa-KBaHTOB C BELLIECTBOM NnpPoOABIAKOTCA
KBAHTOBO-MeXaHU4YeCcKne CBOUCTBa MVIKpOO6'beKTOB




