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Ill 
B pa5oTe 5bm rrpeano)l(eH HOBbiA MeToA KonneKTHBHoro ycKopeHH.51 

HOHOB t KOTOpbiH II03BOnsreT yCKOpSlTb HOHH30B8HHbie TSl)l(enbie 8T0Mbl llO 
J2,3/ B 

5onblliHX 9Hepi"HH , OCHOBe MeTOL\8 ne)I(HT B03MO)I(HOCTb C03A8HHSl 

sneKTpOHHO-HOHHbiX CI"YCTKOB, KOTOpbie YCKOpsriOTCSl 1 KBK uenoe, BHelliHHMH 

sneKTpoMarHHTHbiMH rronsrMH, CoaaaHHe crycTKa aaq~~:aaeTcsr c ¢opMHpoBaHH.51 

BO BHelliHeM MBI"HHTHOM IIone TOHKOI"O KOnbUB pensrTHBHCTCKHX sneKTpOHOB, 

5onbrnoA paa~~:yc KoToporo R , ManhiH - a • B aToM Konbue B peaynbTaTe 

HOHH38UHH IIpOHCXOAHT HBKOIIneaHe HOHH30B8HHhlX BTOMOB, ITpouecc HBKOII-

5 /2,3,4/ B 
neHHSl paCCMOTpeH B pa OTBX , 0 BpeMsr HBKOIIneHHSl IIpH CTOnKHOBeHHH 

aneKTpOHOB C 8TOM8MH H HOHBMH B03HHK8eT TOpM03HOe H3nyqeHHe :aneKTp0-

/4/ HOB, IToTepH sneKTpOHOB BcneACTBHe 9TOI"O rrpouecca AOCT8TOqHQ Manhi , 

BMeCTe C TeM, TOpM03HOe HanyqeHHe MO)I(HO HCIIOnb30B8Tb Ansr AHBFHOCTHKH 

crycTKa, 

TopMoaaoe HanyqeaHe pensrTHBHCTCKoro sneKTpoaa Ha aTOMHOM srape 

y - pensrTHBHCTCKHA ~18KTOp cymecTaeaao aaHaoTporrao. B cnyqae y >> 1 

aneKTpoHa a rroKosrmeMcsr crycTKe) rroqTH ace Ha~yqeaHe cocpeaoToqeao 

rae _fL- - 1- - rrnocKHA 
{} 4 ,2(} B ManoM TeneCHOM yrne O "" TT SID 2 

2 y 
yron Me)I(AY aarrpaaneaHeM pacnpocTpaHeHHsr 

/5/ 
K TpaeKTOpHH B TOqKe HanyqeHHH 

3 

Y -KBBHTa H K8C8TenbHOfi 

~ .................. ____ __ 



r 
i 

CpeaHee KOnH~ecTBO 
hv -

y -KBaHTOB N c ::meprHeii: E= -- > E , mc2 o 

HCIIyCKaeMb!X KOnbUOM B eaHHHUY BpeMeHH B yron /'1 0 rroa KOTOpb!M 

BHaH~ uOCBemeHHaH* ~aCTb aeTeKTOpa Hsny~eHHH (eM. pHC. 1), paBHO: 

dN 

dt 

!'1 
4 

(1) 

~(Z0,E)- ce~eHHe Hsny~eHHH Y -KBaHTa C 3HeprHeii:, 3aKniD~eHHOH B HH

TepBane E , E +dE , Ha Rape c sapHaoM Z 0 ; n z z - rrnoTHOCTb TH
o 

)KenbiX ~aCTHU ( Z O - 3apHa Hapa, Z - 38pHa HOHa), j j e - ITnOTHOCTb 

ITOTOKa sneKTpOHOB B KOnbUe. 

J1HTerpHpOBaHHe ocymecTBnHeTCSI ITO ce~eHHID KOnbUa Q • 178 
2 

• <Pop-

Myna (1) ITOny~eHa ITpH ycnoBHH ITp03p8~HOCTH ITOTOKa sneKTpOHOB anSI 

y -KB8HTOB. 

Ecmr pasMep aeTeKTopa d >> a , ITnoTHOCTH sneKTpOHOB H TH)KenbiX 

~aCTHU IIOCTOSIHHbl ITO ce~eHHID KOnbUa Q , TO: 

2 
y fd ¢ 

rae N e - rronHoe ~Hcno sneKTpoHoB B Konbue. 

2 !'1 
sin-

4 

( la) 

<1>yHKUHSI !'1(¢) , a TaK*e ypaBHeHHSI, oiTpeaenSIIDmHe rrpeaenhi HHTer-

pHpoBaHHSI ITO cp , HaXOaSITCSI H3 ITpOCTb!X reoMeTpH~eCKHX IIOCTpoeHHH 

THITa pHc. 1 (TaM *e yKasaHbi HCITOnhsyiDmHecSI o6osHa~eHHS1). B cny~ae, 

KOraa He TOnbKO 7 << l , HO H ; << l 0 {3 < l _ , MO)KHO ITony~HTb IIpH-

6nH)KeHHOe 3Ha~eHHe reoMeTpH~ecKoro ¢aKTopa G (::.... f3. y ) .. ~ y 2 r d ¢ sin
2 ~ 

2 17 . 4 
B aHanHTH~eCKOM BHae: 

{
_1.(3~-...!...), 

G( .!!..., y) .. 317 2 y 
2 

_l_ y 2( ~) 2 ( 3.!..- ~-). 
317 2 y 2 

4 

a - l 
"2"" >-y· 

a - l 
-<-. 
2 y 

( 2) 
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Pnc. 1. CxeMa pacrronoJKeHHH neTeKTopa D TopMoaHoro Hany'leHHH. 
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PHC. 2. 0THOIIIeHHe HHTeHCHBHOCTH TOpM03HOI'O H3nyqeHHSI, IIOIIanaJOIIIef'O 

B neTeKTOp, K IIOnHOH HHTeHCHBHOCTH H3ny'IeHHSI BCef'O KOnbua. 
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CeMei!cTBO KpHBb!X G ( ~ • f3. y ) I y .. oon .. t a IIpencTaBneHo Ha pH c. 2. 
. tgf3= 2,5 tg 2-

DpH H8KOIIneHHH HOHOB OllH08TOMHOro ra3a OllHOro COpTa HHTeHCHBHOCTb 

H3.riy'IeHHSI H KOnH'IeCTBO Y -KB8HTOB, IIOII8ll8101IlHX B neTeKTOp 38 BpeMSI 

I , COOTBeTCTBeHHO p8BHbi: 

rne 

dN dN a 
""""dd = ( dt )o G ( 2' f3' y ) s (t ), 

dN a 
N(l)=(-) G (-

2
,{3, y) p(t), 

d t 0 

( dN ) = N 
d I 0 

E 

en,. f dE'4l(Z 0 ,E') 
e Eo 

(3) 

(4) 

(5) 

HHTeHCHBHOCTh H3ny'IeHHSI BCero cryCTKa B H8'I8nhHbiH MOMeHT BpeMeHH 

I =0 n a - IInOTHOCTh Heil:TpanhHbiX 8TOMOB B6nH3H crycTKa, cj:JyHK-

Zo 
~ n t 

UHH s(t) =..L.._~~ H p(t)= fs(t')dt' /4/ 
aail:neHbi B pa5oTe , 

n o .. 
0CHOBHOH BKnan B HHTerpan ( 5) ll8IOT Manbie 3H8'IeHHSI E • noa

TOMy, Hcxonsr H3 yno6cTBa Bbi'IHcneHHil:, Hcrronh3yeM Bbipa>KeHHe 41 ( Z 
0

, E), 
/5/ crrpasennHsoe B cny'Iae MB.'lbiX 9He prHfi E ( rronHoe 9KpaHHposaaHe) : 

4 Z~ 2 1 E 2 2 E -t/a 
4l(Zo.E>=- r -E ([1+0--)--..-0- -)] fn(l83Z

0 
)+ ..!o_..§.)l (B) 

137 e Y .:> Y 9 Y ' 

e - KnaccH'IeCKHil panHyc aneKTpoaa. 

¢opMynofi (6) MO>KHO 

'IeHHOH CBepxy BenH'IIfHOH 

HHSI IIOny'IHM: 

nonh30B8ThCSI llO 9HeprHH y -KB8HTOB, OrpaHH-

E --
y2 __ 

B pe3ynhTaTe HHTerpHposa-
137 + y max 
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4 
X 1[3 

4Z~ N 
137 e 

2 
·c n r 

a e 
X 

2 2 
( 7) 

-t/3 E E-Fo E -Eo -t/3 
fn183Z 0 +1/9][ fn-+--] + fn 183Z 0 1. 

Eo Y 2y 2 

llpe.nenbi HHTerpHpoBaHHSI Eo • E orrpe.nenSIJOTCSI crreKTpanb&ol!: 'IYBCTBHTenb

HOCTbJO aeTeKTopa, KonH'IeCTBO perHCTpHpyeMbiX 38 BpeMSI H8KOIIneHHSI 

y -KB8HTOB 38BHCHT OT CIIeKTpanbHOH 'lyBCTBHTenbHOCTH neTeKTOpa H g¢-

flJeKTH.BHOCTH perHCTpaUHH, llnSI l{HarHOCTHKH cryCTKa MO}I{-

HO HCIIOnb30B8~b·repM8HHl!:-nHTHeBhll!: l{eTeKTOp1 y KOTOpOro M8KCHM8nbH8SI 

CIIeKTpanbH8SI 'IYBCTBHTenbHOCTb ne}I{HT B o6naCTH SHeprHl!: Y -KB8HTOB 

0,1 - 1,0 MsB, a s¢!jleKTHBHOCTb perHcTpauHH c s&epreTH'IeCKHM paspeme

&HeM "' 2% COCTaBnSieT H9CKOnbKO ):{9CSITKOB IIpOUeHTOB, l.JaCTOTa CHHXpOTpOH

HOrO HsnyqeHHSI sneKTpOHOB1 rrpe.ncTaBnSIJOillero Co6ofi ~OH B STHX HSM9p9HH

SIX1 Ha MHOrO IIOpSIJlKOB M9Hbille perHCTpHpyeMbiX 'laCTOT rrsny'leHHl!:, 11s-

MepSISI HHT9HCHBHOCTb Hsny'I9HHSI 1 MO}I{HO H8HTH C TO'IHOCTbJO no H9CKOnbKHX 

npOU9HTOB cyMMapHyJO IInOTHOCTb TSI}I{9nbJX 'laCTHU B KOnbue. B cnyqae H8KOII

.IleHHSI KC9HOH8 ( Z o = 54) KOnH'I9CTBO IIOCTYIIBJOiliHX B ):{9T9KTOp y -KB8H-

A -5 
TOB B yKasaHHOH o6naCTH SHeprHH C pas6HBKOH Ha HHT9pBanhl ut=10 CeK 

IIOK838HO Ha pHc,3, 3TH ):{8HHbi9 CBH):{eTenbCTByJOT 0 TOM 1 'ITO MO}I{HO HSY'I8Tb 

npouecc &aKorrneHHH Kce&oHa B crycTKax c KonH'IecTBoM aneKTpoHOB N 8> 3.1012
• 

11sy'I9HH9 H8KOIIn9HHSI HOHOB1 o6pasyJOiliHXCSI HS l{ByXaTOMHOrO rasa, 

B qaCTHOCTH 1IpOTOHOB1 Tpe6yeT CII9IlHanbHOrO paCCMOTp9HHSI,TeM He Me&ee, 

14 
MO}I{HO C'IHTaTb, 'ITO B crycTKe c N

8
= 10 B03MO}I{HO Ha6nJOneHHe rrpouecca Ha-

Konne&HSI IIpOTOHOB IIpH yCnOBHH1 '1TO IInOTHOCTb MoneKyn BO):{Opo.na B OKpeCTHO

CTH crycTKa 6y.neT IIpHMepHO Ha l{B8 IIOpSinKa BbJille KOHU9HTpaUHH MOneKyn 

oCTaTO'IHoro rasa. 
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t.· IO~~K. 
PHc. 3. KonH'ieCTBO Y -KBaHTOB c saeprHeii 0,1 < hv <: 1,0 MsB, 

flOII8Ll8101IlHX B LleTeKTOp B HHTepBan !l t = 10-5 CeK. 
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B· aaKmoqeHHe OTMeTHM, 'ITO rrpennaraeMbrii: MeTon nHarHOCTHKH 

no3BOnHeT OIIpenenHTb H IIOnHOe 'IHCnO sneKTpOHOB B KOnbue, IIOCKOnbKy 

H3B9CTHa Ha'l:anbHaH KOHU9HTp8UHH TH)I{9nbiX '18CTHII. 

ABTopbr 6naronapHT A.E.KyaHenoBa,. IO.U.OraHecHHa H H.E.Py6HHa 

38 06Cy)l{n9HHe paCCMOTpeHHbiX BOIIpOCOB. 
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