JKcnepuMeHTanbHble meToabl B PBI

- Bzanmopgencreme nsrny4yeHums ¢ BeLleCTBOM
» [leTeKTOpbI YacTUy,



BBeaoeHue

Buaobl ®yHOaMeHTanbHbIX B3aMMO4eNCTBUN
rpaBuUTaLng
cunbHoe («agepHoe»)

9NEeKTpOMarHuTHoe +
cnaboe
= anekTpocnaboe



DNeKkTpoMarHuTHoe B3anMogencTBume:
- 9JIeKTpuYeckue 3apaabl
- poTOH

KBaHTOBas MexaHuKa
KBaHTOBas Teopusa nong

KBaHTOBada anekTpoanHamumka

PenatmBmucrtckasg mMexaHuka



HekoTopble 0603Ha4YeHNS U COOTHOLLEHUS
PENATUBUCTCKOU MEXAHUKMK




EaonHuubl nsmepexHna n doyHaameHTarnbHblie NOCTOSAHHbIE

E2=(mc?) 2 + (pc)? >

E] =3B
p] = 3Blc
'm] = aB/c?

ApAx=h >
[X] =hc * 3B
KoadhdumumeHT npeobpaszoBaHus
hc = 200 MaB*®m (1 Pm =103 cm)

c=1 - m
h=1 2> E,=w =2w /A > (400 Hm) 1 =3.14 3B

k=8.6*1053B/K > KT(300K) =26 *103 3B



EonHuubl nsmeperHnsa n dyHaaMmeHTanbHble NOCTOAHHbIE

[NocTosiHHasa B3aumogencteua a =e?/(hc) = 1M137...

Knaccu4yeckun pagunyc arfiekTpoHa
ro.=e?/(m,c? =a*(hc)/(m,c?
= 1/137 * 200 MaB*®m /0.511 MaB =2.8 ®m
(papuyc HykrnoHa ~ 1 ®m)
Pagunyc bopa

ag = (hc)?/ (m,c? e?)=r./a®> =53 *101% cm



CTONKHOBEHME TAKENOWN YacTULbl CO CBOOOAHBLIM 3MNEKTPOHOM

1. 3agaya: HanT MakCMMaribHYH KUHETUYECKYIO SHEPrUKo (oTaaun)
anekTpoHa T B CTONIKHOBEHUW C YaCTULIEW MAcCoOn M N UMIMYNbLCOM P

o
T
o
i

2. PaccmoTpeTh pelleHune B 2-X npenerbHbIX criydasax:
2
[Mpy m << p << m#/m,

Mpn p >>m?/m,

(cooTtBetcTBYeT P>>40 3B anga m=m_= 140 MaB)



NOHM3aLMOHHbIE MOTEPU SHEPTUM

» KyrioHoBCKO€e B3anMoLencTBme 3apsaXXeHHOW YacTulbl C anekTpoHamu (1
agapaMmn®) B-Ba

* loHn3auus n Bo3dyxaeHue



VloHU3aLMOHHbIE NOTEPU 3HEPTrUn. [lpocTtad

Moaersb
o o 2
MonepeyHbiii NepefaHHbIt ONEKTPOHY = _ Ze'b
I/IMI'IyJ'IbC ana CUrbl J— (X2+b2)%
Ap , =[F dt—22e2
pJ__ 1=y

- dex = b_22

Mcnonb3yem .[ )/ bm

€ : Ap? 1 _22%* 1
OHeprus (HepensiTuB. cyvain)  AT=-— 272
e m,v- b
[Mepenada aHeprum anekTpoHam,
cogepKalimmcs ¢ NOTHOCTLIO N, B > 4
konbuesom cnoe (b, b+db) * dx , Am n.z°e" dp
: d“T=AT aVn_ = .— dx
o6bémom dV = 21rb db dx € meV2 b
b 2.4 2.4
MonHas noTeps d_E= I X d T(b)db—4nnez e Inbmax 2nnez e |nATmax
dx b _. ax m. v bmin meV2 ATrin

min €



MoHn3auunoHHbIe notepu aHeprun. Popmyna bete — brioxa

i : _
dE _22 ZK In zmeyzﬁ —B2—§
de BZ A | 2
4me* N
KIA=""°"TA _4nr2m N,/A=03MsB*em?/r (A =1r/moun)

m.A

3aecb N, —uncno Asoraapo,

Z N A — aTOMHbIK HOMEpP 1 MaccoBOe YNCNO BELLECTBA,
| — ero (cpedHul) nomeHyuan UoHuU3ayuu,

Z — 3apsg (B eguHuuax €) MOHU3NPYLLEN YacTuUlbl,

B - cKOpOCTb

e,r, 1 M, — 3apsiJ, KIIaCCHYECKUH paJnuyC M Macca dJIEKTPOHA.

N.B.
‘m >>m,
* HET TOXOECTBEHHOCTH

* HET yY€Ta cnunHa



KpuBasa dE/dx kak d-us By

dE H=FE

—_—— —

A=z T f chit
o0 .

100
L

20}

10 ¢ NPUMEHUMOCTL




loHMU3aLNOHHbIE NnoTeEPU MHOOHA B XKEJ1e3€E

a) T T TV I0] T T T 1T T T T TTITT0] T 171

151 -
B MIKOOHbDbI B >KeJlies3e ]
N - 1/v2 ]
% — -
- 10:‘ -
' -
m p— -
CI) - -
= :
| > 5 —
]y — ~
! - In V2 |n V -
L 1 sl i1 ti1ssmal 11l 11 nun:

0.01 0.1 1 10 100

p [[2B/c]




lOHN3aLUNOHHELIE NOTEPM.
AP dEKT NNOTHOCTU cpebl

2 (pakTopa pocTa NoTeEPb C Y B KBAHTOBO-MEXaHNU4YeckoM nogxoae (-na
Bete-bnoxa kak bopHoBCckoe npubnmxeHne 3agavm paccesiHus):

* poCT Ty

* [lopeHUEBO «CxXaTme» npoaonbHOM KOMMNOHEHTHI MOSiIA = POCT BKNaga
«fanbHUX» CTOSIKHOBEHUU

KomneHcupytowun cakrop - nonspusauus cpegpl (W, - NnasmMeHHas
YyacToTa B JaHHOM B.-Be). PakTop «MNIOTHOCTU cpeabl» B d.-ne bb:

hw
§=2In_2pY | const

|
Ann.e? 7
hm:/ e=291/—B =r/em’
o . Py 2 (lp]l=r/cm™)

npuBoauT Kk 3ameaneHuto (In y2 2 Iny) penaTuBUCTCKOro pocTta noTtepb B
obnactny >y, =1/ w,




rlepBI/I‘-IHaFl N BTOPpU4YHadA MOHN3aLNA.

O - ONEKTPOHbI
« 2 cTaAN MOHM3aUMN. npsamMasn (nepBuYHan) + aHepruyHbie ()

3NEeKTPOHbLI (BTOPMYHaA) (1<<T<<Tax)

* QHEepreTU4YeCKNn CrnekTp & — AaNeKTPOHOB:

T(p) <1/ p’
dN; (T) oc dV(p) ec pdpoc d(p?) c d(1/T) oc 1/ T2

d°Ns; 1._,2Zz> 1 0077 MbB

~S

dTpdx 2 AB2T2 T2 rlem

2

* yrosn Bbinieta o - IANMNEeKTPOHOB OTHOCUTEJIbHO MMNYyJibCa 4YaCTUlbl.

> T T (HepenATMB. cny4van;
co ~ ~5 i
S0xT— = 0~7 Kobetich, Katz. Phys.Rev. 170, 391 (1968))
T(m, ++/p° +m?)
cos2 0 ~ ( e \/p7) p>>m.m. T T<m, > T <<l= ng

(T+2m,)p° T+2m, 2m,



OrpaH N4EHHbIE NOHN3aLUWNOHHbIE TNOTEPMW.

Ecnu ana pernctpaumuv AOCTYNHblI OAHOKpaTHble OrpaHu4YeHHble
notepuc 1< T, :

3ameHa T, (Y) =2 T, = const, T.e. yMeHbLUEHME PENATUBUCTCKOrO
pocta B dE/dX

C yuetom cpakTopa nnotHoctn notepu dE/dXx BbIXOoAAT HA nnaTo
Pepmu: dE/dx(y) = const

Bo3MOXHbI TaKXe ABaXAbl orpaHNU4YeHHble notepu: T <T<T_,



CDJ'IyKTyaLI,I/Il/I NOHU3aAUMNOHHbLIX MOTEPDb.

- ®-na bb — pna cpegHUx noTepb

» KakoB pa3bpoc BOKpyr cpegHero?

Ona eqUHNYHOroO CTONKHOBEHUSA

_1dN_C
" NdT T2

W(T)

TmaX
TW(T)dT
<T>_ITmin _ Timax Tmin |nTmax ~T_. |nTmax
B Tmax _T —T T = 'min T
W(T)dT max — 'min min min
Tmin
T

max

) T°W(T)dT
<T2> — & “min

Tmax ~ Tmamein
W(M)dT
Tmin

63 =(TH —(T)Y? = Trnay Tmin



CDJ'IyKTyaLI,I/Il/I NOHU3aAUMNOHHbLIX MOTEPDb.

Ona «Ttoncrtoro» cnos B.-Ba, HO ¢ AE << E («MHOro» HesaBUCUMbIX
CTONIKHOBEHUN)

(AE) =N(T)

2 2
GE =NGT

1o = — Tmax 1
(AE) — [(AE) |, Tmax
Tmin

MpocTon (HeTUNUYHbLIA, HU3KO3HEPrnyHbIK) cnydaun: T, <<AE
* OYeHb MHOIo CTONIKHOBEHUU

» «paboTtaeT» UMNT -=> layccoBo pacnpepeneHue
CE 1

(AE) * Jpx




PacnpeneneHue JlaHpay

CnoxHbin cnyyaun T, >~ AE (BbicoKasa 3aHeprus,, TOHKUM crnov B-Ba)
* AE - n3 manoro yncna ctonkHoBeHuu (~1)
* W(T) — «<nnoxoe» (o, BErnuKo)

* LUMNT He paboTaeT
Pacnpenenenue Jlanpay MOHMZaIMOHHEIX ToTep: AL E cyoe px:

W oz, AE)A(AE) = £ (A) d(AE)

The & = %%%px a2 0.077px MaB (z =8 =1, Z/A = 1/2, [ex] = r/cm?) -
Mepa. TOJIIMHE] B.-Ba (M CPSmHUX IIOTEPE).

1 i+
Gi(A) = f explulnu + du)du

2m2 J —icc+o

A= &L;“‘EQ - HOpMHPOBaHHOS OTKJIOHEHH S 0T HaMbonee EEpOATHEIX IIOTEPE

ABy = é[in (225 8) — 52 4 0.423]

CpegHee 4ncno crtonkHoBeHnnm <N>=x dN/dx ~10¢/ |

[MpumMeHMMOCTL pacnpes. JlaHoay 100 I << ¢ < 10 Tmax



PacnpeneneHue JlaHpay

AE, oc px/npX

(AE) oc pX 0.3 T T T T T 71
= 1 cM aproHa
5 i
FWHM =~ 4& goz
FWHM S
~(0.20 S
(AE) 2 r
0
G 0.1F
FWHM — full width at half maximum T
O —
=
= 0 1 IJ | | |

(LUnpunHa Ha nonysbIcOTE)




