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H3ny4eH~e, B03H~Ka~~ee np~ KaHan~poeaH~~ 3neKTPOHOB ~ no3~T

poHOB ~ OTn~4a~~eeCA OT TOpM03HOrO, KOrepeHTHOro TOpM03HOrO 
~ nepeXOAHOro ~3ny4eH~H, 6~no npeAcKa3aHO KyMaxoe~M/1/~ 3Kcne-. . 
p~MeHTanbHO o6Hapy*eHo B 8LACc y4acT~eM cne~~an~cTOB ~3 
Ep$H ~ X$TH/2/~ APYr~M~ rpynnaM~/3-4fC ~enb~ AeTanbHoro ~c
cneAOBaH~A ~3ny4eH~A penAT~B~CTCK~X 4aCT~~ B Kp~cTannax an
napaTypa, ~cnonb30BaHHaA B AY6He AnA AeMOHCTpa~~~ OTKnOHeH~A 
penAT~B~CTCK~X npOTOHOB ~30rHYT~M~ MOHOKP~CTannaM~/5~6~na ne
peHeCeHa Ha 3neKTpoH-no3~TPOHH~H ny40K ycKop~TenA H$83 /Cep
nyxoe/, cy~eCTBeHHO MOA~$H~~pOBaHa, AOnOnHeHa cneKTPOMeTpOM 
AnA H3MepeH~A 3HeprHH •Y-KBaHTOB H cneKTpOMeTpOM BTOpH4H~X 
4aCT~~ AnA ~AeHT~$~Ka~HH no3~TPOHOB /3neKTpOHOB/ ~ H3MepeH~A 
~X 3HeprHH /p~Co 1/, 

C~HHT~nnA~HOHH~e C4eT4HKH coenaAeH~H 81,82,83 ~ aHTHcoenaAe
HHH A1,.A2,!A3 e~pa6aTblean~ CHrHan 3anycKa ycTaHOBKH, ,QpeH$OB~e 
KaMepbl DC1, DC3 ~ DC4, cocTOA~He ~3 4 X~ 4 Y nnocKocTeH, a TaK
*e DC2, COCTOA~aA H3 2X H 2Y nnocKOCTeH, ~cnonb30BanHCb AnA pe
rHCTpa~~~ KOOPAHHaT no3HTPOHOB, HAeHT~$~Ka~HA no3HTPOHOB ocy
~ecTBnAnacb nHBHeB~M 4epeHKOBCK~M C4eT4~KOM H3 CBHH~OBOrO CTeK
na, a HX HMnynbC nocne B3a~MOAeHCTB~A C KpHCTannoM H3MepAnCA 
aHanH3~PY~~HM MarHHTOM M3 c T04HOCTb~ -1,5%. 3Hepr~A $OTOHOB, 
Hcny~eHHbiX B KPHCTanne, H3MepAnacb ·y-cneKTPOMeTpOM Ha OCHOBe 
t~~HTHnn~py~~ero Kp~cTanna Csl(Tl) AHaMeTpOM 150 MM H AnHHOH 
230 MM, OKPY*eHHbiM CB~H~OBOH 3a~HTOH H aHTHCOBnaAaTenbHbiMH 
C4eT4HKaMH A4-A12. c~~HTHnnA~HOHHble C4eT4HK~ A4 H A12 ~cnonb-
30BanHCb TaK*e AnA Bblpa60TKH MDOHHOro 3anycKa, npH nOMO~~ 
KOTOpOrO no HOHH3a~HOHH~M nOTepAM rr 0 -Me30HOB npOH3BOAHnaCb 
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PHc,l. 3KcnepHMeHTanbHaH ycTaHOBKa. 
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• . PHc. 2. CneKTpanbHaR IIJIOTHOCTh H3Jiyt~eHHR KaHaJIHpoaaHHbiX 

II03HTpOHOB: a - C yrJiaMH IIaAeHHR Ha KpHCTaJIJI OT 0 AO 
20 MKpaA; 6 - C yrJiaMH IIaAeHHR BHYTPH KPHTHtleCKOrO yrna; 

B- C yrJiaMH IIaAeHHR OKOJIO KpHTHtleCKOrO yrna/KpHBhle 

IIpOBeAeHbi Ha rJia3/. 

Henpep~aHaA KanH6poaKa ·y-cneKTpOMeTpa a npo~ecce Ha6opa 
cTaTHCTHKH /Ka*AWH AeCATWH 3anycK ycTaHOBKH/. CpeAHeKBaApa
TH4HaA OWH6Ka B H3MepeHHH 3HeprHH ·y-KBaHTOB, O~eHHBaeMaA 
H3 AaHHWX KanH6pOBKH C nOMO~b~ paAHOaKTHBH~X HCT04HHKOB 
137c8 , 60c0 , Po H Be, cocTaanAna 3% AnA o6nacTH 3HeprHH oKono 

1 M3B. 
~TOHW OT pacnaAa " 0 -Me30HOB, BWXOAA~He H3 MHWeHH BHyT

peHHero ny4Ka ycKOPHTenA H¢83, KOHaepTHpoaanH e+e- napw a pa
AHaTope, ycTaHOBneHHOM BHe KaMepw YCKOpHTenA. no3HTPOHW /HnH 
3neKTPOHW/ OTKnOHAnHCb MarHHTOM B KaHan, HX HHTeHCHBHOCTb 
COCTaBnAna OKOnO 10 6 Ha 10 12 npOTOHOB, naAa~~HX Ha BHYTPeHH~~ 
MHWeHb YCKOPHTenA, aAPOHHaA KOMnOHeHTa ny4Ka He npeawwana 
0,5%. JtnA yMeHbWeHHA $OHOBOrO TOpM03HOrO H3ny4eHHA Tpacca 

3 



I 

N 
200r a 

/8! I 
t/t ~ jll!!l! 

H I 
jl 11!1 1111 Hill 

#f ~~ 
! f ;if f Hffijf 

fit1 I t~ 
i 1t1 1 I dHiitfttf 

, ... I I I I I 0 I I 

BCE C06biTHR 

160 

120 

80 

40 

2000 1000 0 1000 2000 
8v1(MKpadJ .... 

PHc,3, YrnoBoe pacnpe)J;eneHHe na,ll;aiO!qHX Ha KPHCTann 
!10311TpOHOB! a - nona)J;aiOIIIHX B anepTypy cneKTpOMeTpa; 
6 - HcnycKaiOIIIHX y-KBaHTbi B o6naCTH 30<E. <80 M3B; 
B - HcnycKaiOIIIHX y -KBaHThi B o6naCTH 600 <E y< I 000 M3B, 

• 
npoxomAeH~H ny4Ka saKyyM~posanacb, M~HHMH3~posanocb ae~ec1so 
C48T4~KOB ~ MaHnapOBbiX OKOH, C :nOH >t<e 1.1enb10 ~cnonb30Bam1Cb 
TaK>Ke OTKnOHHIO~He MarH~Tbl Ml H 112, pacnono>KeHHble TaK, 4TO. 
B anepTypy y -cneKTPOMeTpa nonaAaJl~ TOnbKO Te <IJOTOHbl, KOTOploJe 
6bln~ HCny~eHbl B KPHCTann~4eCKOH MI-!WeHH H SO BTOpOM 6JlOKe 
APeH<IJOBbiX KaMep. 6noK DC2 pa6oTan np~ noHH>KeHHOM AaaneHHiil 
/150 Topp/, CyMMapHoe Kon~4ecTso <IJOHOBoro ae~ecTaa cocTaB~Rno 
scero 3xlo-4 paAHaJ.IHOHHOH AnliiHbl. 

KpeMH~eBbiH ·MaHoKp~cTann, BblnonHeHHbiH s B~Ae A~CKa AHaMET
poM 22 MM ~ TOn~~HOH 0,5 MM, C J.leHTpanbHOH 4aCTbiO, BbiTpaBleH
HOH AO TOn~~Hbl 90 MKM, ~Men oxpaHHOe KOnbJ.IO ~3 nonynpoaoA
H~KOBOrO AeTeKTOpa, KOTOpoe ~CnOnb30BanOCb AnH 1.1eHTP9BKiil ~p~c
Tanna s ny4Ke •. nonHposaHHaH nepeAHHfl rpaHb, nepneHA~KynRPI-iaH 
oc~ <111>. ~cnonbaosanacb AnH npeAeapa-nenbHOH IOCT~poaK~ KPI-ic
Tanna no oTpaM<eHHOMy naaepHOMY ny'ly. nono>KeH~e KpHcTanJ1orPa
<l>~4ecK~x oceH ~ ~x ~AeHT~<IJHKaJ.I~H onpeAenHn~cb no nHKaM s •e-
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pORTHOeTH H3ny4eHHR •y-KBaHTOB npH epa~eHHH KpHeTanna B rOHHQ
MeTpe. ~nR npoBeAeHHR HeeneAOBaHHH nnoeKOeTb /110/ yeTaHaBnH
eanaeb ropH30HTanbHO H napannenbHO HanpaeneHH~ ny4Ka, AnR 
HeKn~4eHI-1R enHRHHR oeeeoro KaHanHpoeaHHR Kp!-1eTannorpa!I>H4ee
KaR Oeb < 111> OTBOpa4HBanaeb OT oe11 ny4Ka Ha 0, 5°. 

np11 o6pa60TKe AaHHbiX OT6~-tpanl1eb e06biTI1R, eonpOBOlKAa~~l1eeR 

BbiAeneHHeM e y-eneKTPOMeTpe 3HeprHH 6onbwe 5 M3B, Bblpa6aTbiBa~
~11e n0311TPOHHbl~ eHrHan B 4epeHKOBeKOM e4eT4HKe H3 eBHH~OBOrO 
eTeKna H HMe~~l1e 3HeprH~ n03HTPOHOB 60nbWe 8 f3B. ~R KalKAO-
ro none3Horo eo6biTHR onpeAenRnHeb yron BXOAa no311TPOHa e KpHe
Tann /e T04HOeTb~ npHMepHO 7 MKpaA/, ero yron BbiXOAa, BTOPI14-
HaR 3Hepri1R n0311TPOHa 11 3Hepri1R 11eny~eHHOro !l>oToHa. Ha p11e.2a 
npeAeTaeneHa eneKTpanbHaR nnoTHOeTb H3ny4eHI1R AnR eo6biT11H e yr
naMI-1 naAeHHR MeHbWe 20 MKpaA OTHOei1TenbHO nnoeKOeTI1 /110/. 
~R n0311TPOHOB e 3HeprHeH 1 0 f3B KPI1T114eeKI-1H yron KaHanHpo-. 
saHI1R AnR 3TOH nnoeKoeTH paeeH npi1MepHO 65 MKPaA. Ha 3TOM 
pl1eyHKe noKa3aHbl TaKlKe TeopeTI14eeKoe paenpeAeneHHe, paee4HTaH
HOe e y4eTOM HeA11nOnbHOeTI1 113ny4eHHR, AaHHble 3Kenepi1MeHTa/ 2/ 
AnR n0311TPOHOB e 3HeprHeH 10 f3B e y4eTOM npeo6pa30BaHI1R OT 
anMa3a K KpeMHI1~ 11 113MepeHHaR eneKTpanbHaR nnOTHOeTb AnR an~
MHHI1R, paAHa~HOHHaR AnHHa KOTOporo OTnH4aeTeR OT KpeMHI1R 
npHMepHo Ha 1%. nony4eHHble AaHHble xopowo eornaey~TeR e Teope
TH4eeKHMH npeAeTaeneHHRMH. H3ny4eHHe, o6yenoeneHHOe KaHanl1-
poeaHI1eM, npHMepHO B 50 pa3 npeeoeXOAHT I-1HTeHei1BHOeTb TOpM03-
HOrO 113ny4eHHR, HMeeT OTHOeHTenbHO Y3KHH nHK B o6naeTI1 3Hep
ri1H y-KeaHTOB OKano 50 M3B, 4TO eoOTBeTeTeyeT npeAeKa3aHHRM 
KyMaxoea It~ ~aHHble e o6naeTI1 MeHbWe 50 M3B oTnl14a~TeR 11 OT 
TeopeTI14eeKI1X npeAeTaeneHI1~ 11 OT AaHHbiX 3KenepHMeHTa/2/. B11AeH 
y3KHH, eTaTHeT114eeKH o6eene4eHHbiH ni1K B o6naeTI1 3Hepri1H 
25 M3B. ~R ynbTpapenRTI1BI1eTeKI1X 3Hepri1H reHePI1PY~TeR BblewHe 
rapMOHI1KH H3ny4eHI1R, oeooeHHO AnR yrnoe naAeHHR, 6nH3KI1X 
K KP11TI14eeKoMy /eM. pHe.26 He/. Co6biTI1R, noKa3aHHble Ha pl1e.26, 
nelKaT BHYTPI1 KPI1TI14eeKoro yrna, a Ha p11e.2e - OKOnO KpHTI1-
4eeKOrO yrna; npORBneHI1e nep110A114HOeTH, nO-B11A11MOMy, eOOTBeT
CTByeT rapMOHI14eeKOH eTpyKType eneKTpoe, npeAeKa3aHHOH KyMa
XOBbiM. 3aB11ei1MOeTb eepORTHOeTI1 113ny4eHI1R OT yrna naAeHI1R no-
3HTPOHOB OTHOei1TenbHO nnoeKOeTH /110/ MOlKeT 6b1Tb npol1nn~eTp11-
poeaHa p11e.3. Ha pl1e.3a npeAeTaeneHo yrnoeoe paenpeAeneHI1e 
naAa~~ero no3HTpOHHOro ny4Ka. Ha p11e.36 noKa3aHo TaKoe IKe 
paenpeAeneHI1e AnR eo6biTI1H e 11enyeKaHI1eM y -KeaHTa e o6naeTI1 
30 < E y < 80 M3B. PaenpeAeneHI1e 11MeeT WHPI1HY, epaBHI1MY~ e Kpi1-
TH4eeKI1M yrnOM KaHanl1pOBaHI1R,I1 RBnReTeR AOKa3aTenbeTBOM TOrO, 
4TO C06biTI1R B n11Ke cneKTpanbHOH nnOTHOeTI1 o6ycnoeneHbl n0311T
pOHaM110 naAa~~HMH Ha KPHCTann BHYTPI1 Kpi1TI14eCKOrO yrna KaHa
nHpOBaHI1R. Ha PHe.3e noKa3aHo paenpeAeneHI1e eo6biTHH e 
600.<E;y<1000 M3B, AaneKO OT o6naeTI1 nHKa /eM. pHe.2a,6/. BI1AHO, 
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4TO e06biTI1R eKOppenl1pOBaHbl e no3HTpOHaMH, naAa~~HMI1 nOA yr
naMH HaMHOrO 60nbWe KPHTH4eeKOrO H HCnycKa~~HMH ~OTOHbl TOp
M03HOrO H3ny4eHHR. 

HaM xoTenocb 6bl no6naroAaPI1Tb aKaAeMHKa H.H.6oron~6oea, 
npo!l>eccopa fl.fleAepMaHa, aKaAeMI1Ka A.A.floryHoea, npo!l>eccopa 
A.M.oanA11Ha 3a nOAAePlKKY 3Toro 3KcnepHMeHTa, KonneKTHB fla6o
paTOPHI1 BbiCOKHX 3HeprHH 11 nepcoHan ycKopHTenR H!I>B3 3a noMo~b 
e pa6oTe. 
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