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BBEtlEHHE· 

TeopeT~4eCKoe npeACKa3aHI-1e CBO~CTB 3neKTpOMarHI-1THOrO 1-13ny
\ " 

4eHI-1fl'penflTI-1BI-1CTCKI-1X KaHanl-1pOBaHHWX 4aCTI-14 nocnyml-1no cTI-1MynpM 
Anfl Wl-1pOKOrO 3Kcnep~MeHTanbHoro- I-1CCneAOBaHl-1fl 3Toro flBneHl-1fl/ 2- 10/, 
Ha~6onee I-1HTepeC~We AaHHwe, nonY4eHHwe C npl-1MeHeHl-1eM COBpeMeH
HWX 3KCnepl-1MeHTanbHWX MeTOAI-1K, ~pI-1BeAeHW B pa60Tax /6-10/, 

B HaCTOfl~e~ CTaTbe npeACTaBneHW pe3ynbTaTw I-1CCneAOBaHI-1R xa
paKTepl-1CTI-1K y-1-13nY4eHl-1fl 3neKTpOHOB, KaHanl-1pOBaHHWX BAonb Ha
npaBne~l-1a OCI-1 <111> B MOHOKpl-1CTanne KpeMHl-1fl TOn~I-1HO~ 41 MKM.\ 
npeABapl-1TenbHWe AaHHwe, nonY4eHHwe Ha He6onbwo~ 4aCTI-1 CTaTI-1CTI-1
4eCKoro MaTepl-1ana, 6wnl-1 ony6nl-1KoBaHw HaMI-1,paHee/9( 

3KCnepl-1MeHTanbKafl YCTaHOBKa, Ha KOTOPO~ npOBOAl-1nl-1Cb I-1ccne

B/ 11/XoOPAI-1HaTW 3neKTpOHOB,
AOBaHl-1fl, nOAPo6HO onl-1CaHa npoweAWI-1X 

4epe3 YCTaHoB~y, 1-13Mepflnl-1Cb C nOMO~blO c~cTeMW APe~<t>oBwx KaMep. 
3TO n03Bonflno onpeAennTb yrnw BXOAa 4aCT~4 B Kpl-1CTann 1-1 yrn~ 

BwxoAa C T04HOCTblO 7 1-1 30 MKpaA COOTBeTCTBeHHO. ~Mnynbc 3neKT
pOHOB, npoweAw~x 4epe3 Kpl-1CTann, 1-13MepflnCR no I-1X OTKnOHeHl-11O " 
B aH~nI-13I-1pYIO~eM MarHI-1Te. HAeHTI-1<t>I-1Ka4~1fl 3neKTpOH0!3 OCYlJ.leCTBnfl
naCb C nOMO~blO 4epeHKOBCKI-1X C4eT41-1KOB nonHoro nornO~eHl-1fl. 

3Heprl-1fl y-KBaHTOB 1-13MepRnaCb C41-1HTI-1nnfl41-10HHWM AeTeKTopOM 
Ha ~CHOBe Kpl-1CTanna CsJ(TfioKpymeHHwM CBI-1H40BO~ 3alJ.lI-1TO~,1-1 C4eT
41-1KaMI-1 aHTI-1COBnaAeHl-1fl. CpeAHeKBaApaTI-14Hafl OWI-16Ka B 1-13MepeHI-11-1 
3Heprl-11-1 Y-KBaHTOB B o6nacTI-1 100 M3B çocTaBnflna -1%. AnepTypa 
KOnnl-1MaTOpa, pacnonomeHHoro nepeA AeTeKTopoM, n03Bonflna 1-13Me
PflTb yrnw BwneTa y-KBaHTOB /OTHOCI-1TenbHO HanpaBneHl-1fl ABl-1meHl-1fl 
nepBI-14HOrO 3neKTPo~a/ B npeAenax ~1 ~3 MpaA, C nOMO~blO 041-1U.\alOU.\I-1X 
MarHI-1TOB, a TaKme B pe3ynbTaTe MI-1H~M1-13a41-11-1 Be~ecTBa C41-1HTl-1nnfl
41-10HHWX C4eT41-1KOB ~ BaKYYMl-1pOBaHl-1fl pa604e~ o6nacTI-1 ycTaHoBK~ 

KOnl-14eCTBO Be~ecTBa, B KOTOpOM B03HI-1KaeT <t>oHoBoe TOpM03Hoe 1-13
nY4eHl-1e, õuno YMeHbUleHO AO 5x 10-4 paAI-1a41-10HHblX Anl-1~. 

nY40K 3neKTpOHoB/12/ c I-1MnynbcoM 10 f3B/c I-1Men,yrnOBYIO pacxo-. 
AI-1MOCTb OKono 1 MpaA. ~MnynbcHw~ pa36poc B riY4Ke COCTaBnfln npl-1
MepHO +1,3%, a np~MeCb aAPOHOB He npeBwwana 0,5%. , 

npl-1-oõpaõor xe AaHHblX o rõap anac s C06blT-l-1fl, ynoaner eopmouiae 
ycnoB~flM I-1AeHTI-1<t>I-1Ka41-11-1 '3neKTpOHOB 4epeHKOBCI{I-1MI-1 C4eT4I-1K-aMI-1 non
Horo nornoU.\eHI-1~ 1-1 COXpaHeHl-11O 3Heprl-11-1 B KamAOM aKTe 83aI-1MOAe~CT

Bl-1fl. 

OP~EHTAU~OHHWE SABHC~MOCT~ BEP08THOCT~ ~SnY4EHHR 

BeponTHOCTb 1-13nY4eHI-1fl <t>OTOHOB 3neKTpOHaMI-1 3aBI-1CI-1T OT nonflp
Horo yrna BXOAa 3n~a OTHOCMrenb,flo-~I-1CTanndrpa<t>1-14eCKO~ OCI-1 

t$~ ~. .. ; "! e- rrr 
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PHc.l.	 PacrrpeAeneHHe QHCna CO

l.\6hITHH, rco ropsre conpoaoxnarmcr, 

;H3nYQeI-meM y -KBaIITOB c 3HeprHe:ii 

0'1' 1.0 AO 600 'M3B, B 3aBHCliMOCTH ' 

OT yrna nxorra 3JIeKTpOHOB B KPH

c r ann , 8 li 8y - npoexuaa rrorrap-.x 
Horo yt'na Ha OCH a6CU;Hc-e li op
AHHaT B npm-royr-om.aoã CHCTeMe .... 

KOOPAHHaT. 
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PHc.2. 3aBHCHMOCTb QHCna 3ape


'rHCTpHpOBaHHhÍx' y -KBaH'rOB OT 0.2 t ,
 
rronHpHoro yrna BXOAa 3~eKTpOHOB'
 

, I 
B xpnc r ann AnH pa3nHQHhIX AHa 0.1 L,----'-------;:;-:.~----'-L:nn·· o 200 400 
rra30HOB 3HeprHH y-KBa~TOB. ep (MKJl8,It) 

H a3111MYTaIlbl:loro yrna . Ha pIIIC. 1 npeACTaBIleHO pacnpeneneune C06bl-' 
TIII~, B KOTOpWX 3IleKTpOHOM 6WIl IIIcny~eH y-KBaHT c 3Heprllle~ oI 
ro AO 600 t13B. 3,TO pacnpeneneuae OTl.leTIlIIIBO IIIIlIlIOCTplllpyeT BIlIIIRHllle 
OCI:1 < 111> 11I nnocxocreã (110) Ha ~epoRTHoCTb ~13Í1Yl.leHIIIR y -KBaHTOB. 

Ha plllc.2 nQKa3aH~ 3aBlllCIIIMOCTIII ~lIIcIla 3aperlllcTplllpoBaHHwx y
KBaHTOB OT nOIlRpHoro yrIla BXOAa 3IleKTpoHOB OTHOCIIITeIlbHO OCIII 
<111> KplllCTaIlIla 'AIlR pa3IlW-\.HbIX Alllana30HOB 9HeprlllJ1 y-KBaHToB. 
Pacnpenene-iaa npuaeneuu K eAIIIHl1L.te AIlIIIHbl KplllcTaIlIla, a Ka}KAaR .IIIX 
TOI.lKa HOpMlllpOBaIlaCb Ha I.lIIICIlO 3IleKTpOHoB B TeIlecHoM yrIl~, COOT
BeTcTBy~~eM IIIHTepBaIlY nOIlRpHblX yrIloB BxoAa. KaK BIIIAHO 11I3 PIIICYH
xa , AIlR KaHaIlIIIPOB-aHHbIX 3IleKTpOHOB I Op ~ 130 MKpaAI BblXOA y
KBaHTOB MaKCW.1aIleH • ,lJ,IlFl "HaA6apbepHblxll 3IleKTpoHOB IfJp > 130 MKpaAI 
BblXOA y - KBaHToB cyurecraeuuo MeHbwe. B 3HepreTIIII.leCKOM Alllélna30.[le 

2 

./ 

lO, 01'~ Ey ~ 3 f3BI MaKCIIIMaJ1bHaR BeIllIIl.llIIHa COCTaBJ1~eT -30 y-KBaH'

TOB B nepeCl.leTe Ha OAIIIH caHTIIIM~Tp KpIllCTaJ1Ila. BIlIIIRHllle OCIII Ha Bbl

XOA Y -KBaHTOB OCTaeTCR cy~ecTBeHHbIM' AO yr.noa axona nplllMepHO
 
400 MKpaA. ,lJ,~R 60JlbWIII~ yrnoB YPOBeHb 1113IlyYe~~~ cTaHOBIIITCR no

-,
 

CTORHHWM 11I onpeAeIlReTCR, B OCHOBHOM, nJ1ot~oc~~WM KaHaJ1HpOBa
H11I eM 3IleKTpOHOB. ~CKIllOl.leHIII~ cocTaàJ1RIOT y~KBaHTW 60IlbWIIIX'3~ep


n1~ 12 ~ E y ~ 3 f3B, plllC. 21, AJ1R KOTOpblX BepORTHOCTb 1113J1Yl.leHIÍIR
 
npaKTlIIl.leCKIII He 3aBltlCIH or-vr.na BXOAa 3J1eKTpOHa.
 

CpaBHeHllle t AaHHWMIII, nOIlYl.leHHWMIII AriR' n03111TpoHbB TaKo~ ~~ 
3Heprllllll/l0<cBIIIAeTeIl~CTByeT o pa3n~I.lIIIRX B AIIIHaMIIIKe ABH~eHIIIR 
3IleKTpOHOB 11I n03111TpOHOB B npOL.teCce qceBoro KaHaJ1l11pOBaHIIIR. TaK, 
MaKCW-1'aI1bHaR BepORTHOCTb 1113IlYl.leHIIIR y -KBaHTOB AocçlllraeTcR AJ1R 
yrJ10B BXOAa 3IleKTpOHOB B KpIIICTaJ1Il, 6Illll3KIIIX K HYIlIO 115~20 MKpaA,
plllc.2/, B TO BpeMR KaK AIlR n03111TpOHOB MaKCIIIMaIlbHaR BepORTHOCTb 

'f I 

.. 
f	 AOCTJ..1raeTCR nP.1II yrnax , 6J11113KIIIX '1< KplllTlIIl.leGKOMY 110~ 3TO 06bRCHReT


CR TeM, I.lTO nplll yrIlax BXOAa,6IlIll3KIIIX K HYIlIO, 3IleKTpOH Mo~eT
 

nOAXOAIIITb t< OCIII, B 06IlaCTb 60IlbWIIIX rpaAllleHTOB nonea , ror-na f<aK
 
AIlR n03111TpOHOB 3TO ~MeeT MeCTO nplll yrIlax BXOAa, ~IlIll3KIIIX K Kplll~
 

TIII4ecKoMy .....
 

PA,lJ,~AU~OHH~E nOTEP~ 3HEPf~~ 3JlEKTPOHOM 

H~ plllc.3 npeACTaBIleHW pe3YIlbTalw 1113MepeHIIIR paAlllaL.tIllOH~WX no
Tepb 3Hepr~~ 3IleKTpOHOB B 3aBIllCIIIMOCT~ or nOIlflpHóro yrJ1a BXOAa 
B KpIllCTaIlIl. KplIIBwe nOIlyl.leHW B Tex ~e YCJ10BIIIRX, I.lTO 11I AaHHwe, 
nplllBeAeHHwe Ha plllc.2. 

06pa~aeT Ha ce6R BH~~aHllle TOT $aKT, I.lTO ~aKcIIIMa~bHwe nOIlHwe 
nOTeplll Ha 1113J1Yl.leH~e 3Ile~TpOHOM MorYT COCTaBIlRTb ~10 f3B Ha CM. 
ECIlIII oroõpar s C'06bITIIIR no KplllTep~1O 10, 1 ~ Ey S 0,,4 f3B/, TO B 3TOM 
CIlY4ae MaKCIIIMaJ1bHwe paAlllaL.tIllOHH~e nOTeplll COCTaBIlRIOT -2,8 f3B Ha I 

1 CM Kp~CTaIlIla ~J1R KaHaIl~pOBaHHWX 3IleKTpOHOB. np~ 3TOM nOTeplll 

3Heprllllll ,HaA6apbepHblMIII 3IleKTpbHaMIII 1130 20P < 400 MKpaAI COCTaa
IlRIOT nplIIMepHQ 600-900 M3B Ha 1 CM. 

vrnoaur PACnPEAEJlEH~~ fAMMA-KBAHTOB 

-Ha pwc . 4 nplllBeAeHbl pacnpeneneuaa C06bITIII~ no yrIlaM aune r a ::" .~ 

y-KBaHTOB 11I3 Kp~CTaIlna AIlR 3IleKTpOHOB c nOIlRpHblMIII yrJ1aM~ BXOAa 
Op :s 12'0 MKpaA O~HOCIIITéJÍbHO OCIII <111 », ~3MepRIlacb BepTIIIKaIlbHa.R 
n~OeKL.tIllR yrIloB ~WIleTa y-KBaHTOB OTHoGIIITeJ1bHO roplll30HTaIlbHo~ 

, nIlOCKOCTIII , B RóÍ"OPO~ nexana OCb < 11 f>. CnJlOWHO~ KPH~O~ nOKa3aH 
pe ayne r ar annpoKclIIM'aL.tIllIll 3KcneplllMéHTaI1bHblX AaHHblX pecnpenenexae-i 
f aycca. ,lJ,IlR C06bITIII~, oroõpauuux. no YCIlOBI.1IO - 0,.1 :s E y :s 0,5 f3B, 
WlllplllHa cpeAHeKBaApaTlIIl.lHOrO OTKIJOHeHIIIR (1 cocTaBIlReT105~8 MKpaA, 
a AfiE co6,brTIII~, B KOTOpblX 3HeprlllR y -KBaHToB' 3BKJ1lOl.leHa B IIIH"Fep .iI 

'.. aane 0,6::; Ey ' ~ 1'," f3B, a = 115~ 12 MKPaA. KaK ~I1AHO 11I3 pOCYHKa, 
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PHc.3. Pacrrpep;eneHue pap;liaIJ;liOH
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Paê.4. P acrrpenerrenae C06blTHH o 1 2 3 o 1 2 3no yr'rtax asme'r a y -KBaHTOB ns 

3 H E P r lt1.fI (r38JKpliCTanna gnH 3neKTpOHOB c rro
I.-200 o 200 

JHlpHblMH yr'rrar-m nxona MeHhlIJe t Pnc , 5. 3aB.HCliMOCTb cnercrpansnon rrnOTHOCTIi li3nytleHlifl 

1'20· MKpap; o r-áocn-r errsno OCIi OT 3Hepr.H1i y -KBaHTOB P;JlH pasnauasrx yrJWB BXOP;P. :')neKTe~ (MRpE:UÜ t 
<111>. pOHOB B KpliCTarrn.1, 

]
j 

l' 

cnEKTPA~bHAR nnOTHOCTb H3nY4EHHR 

Ha pv.c.5 npeAçTaBneH~ pacnpeAeneH~R cneKTpaDbHo~ nnOTHOCT~ 

~3ny~eH~R B 3aBv.C~MOCT~ OT 3HeprH~ Y-KBaHTOB AnR 3neKTpoHoB 
B pa3n~~H~X A~ana30Hax BXOAH~X yr~oB. 3T~ pacnpeAeneH~R TaKme 

y-KBaHT~, ~ànY4eHH~e B npo~ecce oceBoro KaHan~poBaH~R 3neKTpoHoB, HOpM~pOBan~Cb Ha Ton~~HY Kpv.CTanna ~ Ha 4~cno 3neKTpOHOB 8 CO
pacce~Ba~TCR. B KOHYC c yrnoB~M pacTBopoM, np~6n~3~TenbHo cOBn; OTBeTcTBy~~eM A~ana30He yrnoB BXOAa. nYHKT~pOM nOKa3aH. ypOBeHb 
Aa~~~M c Kp~T~4ecK~M yrnoM KaHan~poBaH~R, 4TO HeCKonbKO w~pe cneKtpanbHO~ nnOTHOCT~ TOpM03Horo ~3ny~eHH~ H3 an~M~H~eBO~ M~-, . 
KOHyca TÓpM03Horo ~3nY4eH~R B aMop$HQM Tene TaKotl me Ton~~Hbl /18/. weHH. 
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np~BeAeHHWe AaHHwe ~nfl~CTp~PY~T 3aB~C~MOCTb CneKTpanbHO~ 

nnOTHOCT~ ~3nY4eH~~ OT yrrla BxoAa 3neKTpOHa B Kp~CTann. Ha~6o

nee ~1HTeHc.~BHO ~3ny4a~T anekrpouu c BXOAHbIM~ yrnaM~ Op:S 40 MKpaA'. 
MaKc~MYM cneKTpanbHo~ nnOTHOCT~ nem~T B 06naCT~ 3~epr~~ ~OTO

HOB OKono 250 M3B. Era 8en~4~Ha npe8wwaeT yp08eHb ~3nY4eH~~ 

'8 aMop~HOM T~ne np~6n~3~TenbHO B 70 pa3. CneAyeT o6paT~Tb 8H~
MaH~e ~ Ha TOT-~aKT, 4TO pacnpeAeneH~e cneKTpanbHO~ nnOTHOCT~ 

" " a cnY4ae oce8oro KaHan~pOBaH~~ 3neKTpOH08 cy~ecr8eHHO w~pe 

/np~MepHO 8 3 paaá/ H np~6n~3~Tenb'HO B 2 paaa senue /B MaKc~MY
Me/ ~~anOr~4Horo pacnpeAeneH~~ An~ n03~TpoH08/11/. 

AaHHwe, ~nonY4eHHwe 8 HacTo~~e~ pa60Te, Ka4eCT8eHHo cornacy~~
ca c TeopeT~4ecK~1M~ npenc r aaneuua-m , pa38~TbIM~ B paõo'rax /13-16/. 
AHan~T~4ecK~e MeToAw pac4eTa cneKTpanbHO~ nnOTHOCT~ ~3nY4eH~~, 

nonY4eHHwe 8 ~T~X pa6oTax, QCHoaaHw Ha MOAenbH~x ~peACTá8neH~~X 
~ He Y4~TwBa~T HeKoTopwX peanbHwx oco6eHHocTe~ ycpeAHeHHoro no
TeH~~ana Kp~cTannprpa$H4ecK~x oce~, Hanp~Mep, ero aC~MMeTp~~. 
Y4eT 3Kcne-p~MeHTanbHbIX ycnoB~~ 8 3T~X pac-re r ax np~BoA~T K etue 
60nbW~M TPYAHOtTAM. AaHHwe no cneKTpanbHO~ nnorHocT~ ~3nY4eH~~ 

A11A 3J1eKTpOHOB 8 10 r3B', nonY4eHHble c 110MOlllb~ MOAen~po8aH~fl "rpaex
TOP~~'AB~meH~f1 8 peanbHOM ycpeAHeHHOM ~OTeH~~an~ oce~ Kp~cTan

n~/17<YAOBneTBop~TenbHO cornaCY~TcA c 3~cnep~MeHTanbHwM~ pe
3ynbTaTaM~ HacTo~~e~ pa60Tw. 

H.eMHor04HcneHHble onyõruucoaeuuue .axcnepnae-rtans aue ApHHble 
AnA 3ne~pE)HÓB 8bICOK~X 3Hepr~~ /2- 5/ fl8HO HeAoCTaTo4Hbl Anfl, npo
BeAeH~fl AeTanbHoro cpaBHeH~fl non~~eHHwx pe3ynbTaToB. 

f 3AKlll'JY EH1-1 E 

Ilonyveuu axcnepaxe-rransuue AaHHble, xapa~Jep~3y~~~e ~3nY4e

H~e, B03H~Ka~~ee B npo~ecce B3aHMoAe~cTBHfl 3neKTpOHOB c 3Hepr~- / 
e~ 10 r3B c MOHOKp~CTallnOM KpeMH~fl Tan~~Ho~ 41 MKM, opHeHT~po

BaHHblM OCb~ <111> snoru, HanpaBneHHfl A8~meH~fl 3neK:rpOHOB. npHae
AeHW xapaKTep~CT~K~ 3neKTpoMarH~THorq ~3nY4eH~A AnA pa3n~4HWX 

yrnoa BXOA.a 3neKTpoHOB B 'xpucr ann , a TaK}Ke Aal-lHble, xapexrepv
3y~~~e nOTep~ 3Hepr~~ Ha H3nY4eH~e. 

nOKa3aHO, 4TO cneKTpanbHaA nnOTHOCTb ~3J1Y4eH~~ 3neKTpOH08 
, B npo~ecce oce80ro KaHan~pOBaH~fl npeawwaeT cneKTpan~HY~ nno~

HOCTb r opxoauoro -~3nY4el·h1H ~3 aMOp$HO~ M~weH~ 8 70 paa . Ilony
4eHHwe ~aHHwe cornaCY~TCf1 c TeopeTH4ecKHM~ npeAcTa8neH~~MH. 
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