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Nekuus 3
«ANEeKTpoMarHMTHoe B3aumMoaenucTeme 4YacTul, C BeLlecCTBOM»

Pusnyeckune npouecchbl ANA 3apAXKEeHHbIX YacTvl

Pdusnyeckue npouecchbl AnA raMma- KBaHTOB

YoenbHble MOHM3AaUMOHHbIe NOTePU ANA TAXenbIX YacTvu
Npachuk yaenbHbIX MOHM3AUNOHHbIX NOTEPb 3HEPruun

A dekT NNIOTHOCTH

Nepexon ot eaAnHMUL M5B /ey KeAvHMUAM -, p /(Z/CMz)
ConoctaBneHne MOHU3ALUMOHHLIX MOTepPb AN pa3HbIX YacTuly
YoenbHble MOHN3AUUOHHbIE NOTEPU IHEPrum Ans 3NeKTPOHOB

BbiBoAbI



Pusnyeckune npoueccChbl AnA 3apAaAXeHHbIX YacTuy

Llenb nsyyeHusa — onpeaeniutb 3aKOHOMEPHOCTU NOTEPb
3Heprun HaneTawLWMX YacTUL, B 3aBUCUMOCTMU, KaK OT XapaKTepUCTUK
camux yactuy (3Heprua T, ckopocTb V, Macca m, areKTpUYeCKUMn 3apag,
Z), TaK n OT NapamMeTpoB cpeabl, Yepe3 KOTOPYH OHU NPOXoaAT

(nnoTHoOCTM p, MaccoBoe Yncro A, 3apsa sapa Z, npo3padvyHoOCTb ANA
BUAUMOIO CBeTa).

Takas geTanM3auus No3BONSEeT pellaTb ABYeANHYIO 3a4a4y:
-3acpchekTMBHAA perncrpauumsa nagaroLlero Ha BeLwecTBO U3NTy4YeHuUs;

-OLleHKa ero NpoHM1KaloLLen CnocoOOHOCTHU C LieNnbHo 3aLUThbI OT
paguaumm.

3agayda pelsaeTcsi C y4eTOM TOJSIWMUHDBI
ML

1 Yarmua eHu (2), Ha KoTOopYyrO NagaeT YacTumua

Py (1): ecnn mmweHb ToHKasn (dx), To

<> / - RS BbIYUCIIAIOTCA YAellbHbIe NoTepu

3Heprum (dE/dx), ecnu Tonctasa —

paccMmaTpuBaeTCcs NpoLuecc BO BCeM
o6beme (No TonwuHe).



Pusnyeckue npouecchbl ANnA 3apAaXeHHbIX 4YaCTUuly

1. Ynpyroe B3anmogeucTtBue C aTOMHbIMU 3fIEKTPOHAMM (MOHU3ALMUOHHLIE
NnoTepu 3apsKeHHbIX YacTul,):

Z1 +e 121 +e
2. Ynpyroe paccesiHue Ha sigpax (MHOrokpatHoe paccesiHue):

1+ 7Z 121 + Z

3. TopMO3HOE U3ryyeHne, KOTOpPOe XapaKTepPHO TONbKO Asl ANIeKTPOHOB:

etz—>e+z+y
4. YepeHKOBCKOE U3rly4YyeHUue, KOTopoe BO3HUKaeT B NpoO3padvyHOn cpeae, ecnu

3apsXKeHHas YyacTuua aBuxeTcs ObiCTpee, YeM CKOpocTb cBeTa (v > ¢/n, roe
N — OMNTUYECKUU NoKasaTesnb NpPenomMneHus) .

YacTtnua Ha cBoem NyTU KPpaTKkoOBpeMeHHO nonsAapuiyeTt MoJieKysbl cpeabl,
KOTOpPbIe npu agenondapu3aumn NCnycKaroT BUOUMbIN CBeT.



Pusnyeckue npouecchobl AsfnAd ramma- KBaHOB

Ynpyroe paccesiHue Ha 3fieKTpoHax cpeabl (KoMnToH-3dhekT):

'
y+e—>y'+e
PoTtoadhdekt. Bsaumogencreme y-KkBaHTa ¢ HeTparibHbIM aTOMOM.
[Mpu 3TOM Y-KBaHT nornowaeTcs, BbiIOMBas U3 aToMa 351eKTPOH:

Yy +amom — e~ +(amom)”

PoxneHune 3aneKTpoH-NO3UTPOHHOM Napbl, B 3fIeKTPOMarHUTHOM nore
saapa:

y+e—>e +z +
OGpa3oBaHUe KacKkagHOro JIuBHA Npu nonagaHuu B BeLWeCcTBO
3NEeKTPOHAa UNN Y-KBaHTa BbICOKOM 3Heprumn (bonbLue KpUTUYECKON).
NocnepoBaTesibHOCTbL NPOLLECCOB TOPMO3HOIO U3JNy4YEeHUA U
oOpa3oBaHuA Nap YacTul B TOFICTOM MULLEHUN NPUBOAAT K
NaBMHOOOpPA3HOMY HapacTaHUIO YUCIa BTOPUYHbLIX YacTuy (e -, e+, Y)
no rnyobuHe.



MoHun3aumoHHoe TOPMOXEeHUue 3apAaAXeHHbIX YacTuy

PeweHue 3apaun Bbluncnenmna dT/dx HayHemM ¢ KyNTIOHOBCKOro
B3aumopeucTBus Tsekenon yactuubl (M1, Z1) co cBO6OAHLIM 3NIEKTPOHOM
(T1>>1). Yactnua M1 nponetaet MUMMO € Ha pacCTossHUU p (NPULENbHbLIN
napameTp).

Pasnoxum cunbl F1 1 F2 Ha nepneHAUKynsipHbie U
napannenbHble cocTaBnsawwme. APhdheKTUBHO

Q V Jan - | AEUCTBYIOT TONMbKO NepneHANKYnsapHbIe

P | cocTaBnawwWwMe CUN. YnpouweHue: 3aMeHUM
nepemMeHHYH Curly, KotTopasa AeUCTBYeT Ha y4YacTKe
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[lepreHAUKYAAPHBIN UMITYJIbC SJICKTpOHA: p,, = [ /N =——"

p- N

2 4

2z e

DHeprus, KOTOPYo IIpruoOpeTraeT MeKTpoH: N, | = 2
p 1 me



MoHun3aumoHHoe TOPMOXEeHUe 3apAaXeHHbIX 4YaCTuy

- NonHasa aHeprusa ATe, npnodbpeteHHasn
ZimVs / x BCEeMU 3fIeKTPOHaMU C npuuesibHbIM
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YyeT AMana3soHa npuLenbHbIX napaMmeTpoB
£ min
=C | 4P _ o

p max

Ap™™ =2mV,; —) =h/Ap™ =h/2mV, - hJl1- B> /2mcp,

Ap inApmx:h; CApminApmaXZhC;—)_],OmaX:hC;

~O
< te Z1

Lo
63auUm epaweHusl /

ar
dx

p max

Aprz h, ApmaxAxmin ~ h, Apmin .Axmax ~ h

£ min

ATOM BellecTBa MULLIEHN

max 1 h h € ~ €
g @ < teepam teepam ~ ~ ~ Mycre tgpau! ~ tesauM
I/l ve veh ]2

_ hy. _ hB,c
[2 l_ﬁlz Iz 1_ﬁ12

max __

2n?2
A _ P _ gy 220D

dx £ min L(A-B7)




MoHun3aumoHHoe TOPMOXEeHUue 3apAaAXeHHbIX YacTuy

2 2
Nony4yaem chopmyny bete-brnoxa dE | MsB _&n, ‘In 2’meVl

de | cv | Vim, o L3-B)

KoHleHTpanust 5JIeKTPOHOB: 1, = Nos (am) : ,0(%) : Z(L)
A 2 cM am

I[J'DI CPABHCHHU HOHU3AIIMOHHBIX IIOTCPb B PA3HBIX BCIICCTBAX,
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3aBUCUMOTb MOHU3ALMOHHBIX TOTEPH OT NapaMeETPOB

yactuupl (1) w  wmuienu (2):

2 2 N2
1 dE ~212(Zz)ln m, ﬁlz |
P dx Vl Az [2(1_ﬂ1)



Mpadhmk yaenbHbIX MOHU3ALUMOHHBLIX NOTEPb IHEPIrUM

Tdt dE/dx npeacTaBnsieT cobom
NoTepu 3HePrmm B TOHKOM
crnoe npu ouKcnpoBaHHOMU

- 10%-50% dHepruum T1.

pax

M3B
Z 2/tM°

MuHumym chbyHKLUN
T{p-npomon) pocturaetca npu V,/C > 0,96

|
I mc ~n0MiB

2
————— o goprye beme-broxa unu T] ~ (2 - 3) M 1C
C y4emom pEASIMUBLCITICKUX 3@@eximal

1) T, <[ -3NeKTpOH CBA3aH. JHeprus TpaTUTCA Ha BO30YyXXAeHUe aToma.

2) I<<T <<mc® .3pecb dE/dx: 1/V? .3T0 0BGYyCNnOBMEHO yMEHbLUeHUeM
3t heKTMBHOro BpeMeHU CTONIKHOBEHUS C 3NIeKTPOHaMM .

3) 1, = me” - CKOpoCTb V. = c, BpeMsi CTONIKHOBEHUs1 Mano MeHsieTcs. ATo
npuBoaUT K MuUHUMymy dE/dx.

4) T, > mc® - HAYMHAKOT 3aMeTHO AeNCTBOBaTb PeNnATUBUCTCKME 3PPEeKThI.
BbiTArmBaHue nonepevyHoro afieKTPUYecKoro rnoss HaneTtarwen
yacTuubl .

5) T >> me? — HAYMHaeTCcH npouecc 3KpaHUPOBaHUS NOMS YacTULbI.



MoHu3aumoHHoe TOPMOXeHuUue 3apAaAXeHHbIX YacTuly

Ha ogHoOM puUCyHKe
npuBeaeHbl KAYeCTBEHHbIe
rpacdhuku dE/dx gna Tpex
pPa3HbIX YacTuUl: TTE-Me30Ha,
p+- NPOTOHa n a++- yacTuubl.
KpuBble nogo0OHbI, HO
CcMelleHbl OTHOCUTESIbHO

— ; — apyra, B 3aBUCUMOCTHU OT
/M C TTpC Mo C / Macchbl YacTuL, U UX 3apsaoB.
C yuetom achcpekTa E  4n-7? n, Lot 2me02B2
NIOTHOCTU = 1 > In 21 -0 (Bl ) -UB,))
dx m, -V, ](1 —B: )

rae 6 — yuntbiBaeT adpdeKkT nroTHOCTU U umeet BuA (npm B — 1):

5(B) = - In(1 — B?) - 2In(|lhv ) — 1, rae v, — nnasmMeHHas YacToTa 3M1eKTPOHOB.
DPyHKuMA 5(B) KomnechpyeT norapuq)Mqucmw pocTt dE/dx npu

BbICOKOM aHepruun. MNMpakrtnyeckun, nonHoe BbinonaxuBaHue pyHkummn dE/dx

npoucxoaut npu T, = 50 m1c2. ®PyHkuma U(B,) yumTbiBaeT notepu aHeprum

Ha BO30yXaeHue aTtoma.



MOoHU3aLUMNOHHBIe noTepun SHepPrmm INeKTpoHoB

MexaH13M NoTepb 3HEepPrum HaneTalrLero afieKTpoHa Npwu
CTONKHOBEHWUMU C 3fleKTPoHaMu cpeabl B LLeNIOM aHanormyeH
npoueccy B3aumMoaencTBuA Taxenbix Yyactmy. Oco6eHHoCcTHn
obycnoBrneHbl Manon Maccou HaneTalLero 3NeKTPoHa U
0O6MeHHbIMU 3cdhhpeKkTamMmn Mmexay ToXOAeCTBEHHbIMU YacTulamMm

dT _4me’-n, In m,cB; _z(m—1+ﬁf)ln2+(1—l312)+%(1_M)

dx m, -V’ 21(1—Bf)

AHanun3 aton hopMyrbl NOKa3bIBaeT, YTO B HEPENIATUBUCTCKOM npeaerne
(B,<<1) npu oAMHaKOBOW CKOPOCTH , yAellbHble MOHU3ALMOHHbIe NoTepu
NPOTOHA U 3NEKTPOHA OTNNYAITCA He3HaAYUTESNbHO.

Ecnu unx aHeprum 6yayT oAMHaAKOBbI, TO OTHOLLUEHME yAerbHbIX NOTepb B
3Tou obrnacTtu 6yaeTt CUNIbHO OTNIMYaTbLCA B OTHOLUEHUU Macc mplme.

B ynbrpapenatuBuctckon obnactu (T=10 MN2B) chakTop 3aBMCUMOCTHU OT
ckopocTu (V.= c) nponapaeTt, U MOHU3ALMOHHbIE NOTepU 3Hepruu
BblipaBHMBaKOTCA: (dEldx)el(dE/dx)p = 2.



BbiBoa:
-3apsiXXeHHble YacTulbl B CNloe BellecTBa TPATAT CBOK 3HEPruio Ha
BO30yXXAeHue U MOHN3aLuKo aToMoB;

-OAHOKpaTHas nepegada aHeprum B cpegHeM cocTtaBnsieT Mmasnyro
Benn4YuHy (aecaTtku aB);

-yaenbHble NOHU3aUMOHHbIe NoTepu (B TOHKOM Crloe) 3aBUCAT OT
3apsifa U CKOpocTu Yactuubl JF / dx ~le / 1/12 ;

-HaTonwuHe 1 2/cn”  (Ax(ch *)=Ackt )-p(cht )
BefINYMHa NoTepb 3HepPrumn cnabo 3aBUCUT OT XapaKTepPUCTUK
BellecTBa NornoTuTens (3apsaa, MacCoBOro YMcrna, NoTHOCTH,
noTeHuuana uoHusaumm atoma - 72,, A4,,p,,1, ).

JTO OTHOCUTCH K 6bICprIM YyacTuuyamM, KMHeTnu4decKasa IHeprus
KOTOPbIX 3HAYUTEJN1bHO NnpeBbillaeT cpe,qHMﬁ noTeHuUuunan
MOHU3aLUUUN BellecCTBa.



