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3Kcnepi1MeHTa1lbHble 11CC1leAOBaHI1R 1131ly4eHI1R KaHa1111POBaHHbiX 31leK

TpOHOB 11 n0311TPOHOB Bb1COK11X 3Hepri1A, Bbln011HeHHble B PRAe 1la6opa
TOPI1H/l-4/ , nOATBePA111111 TeopeTI14eCKI1e npeACKa3aHI1R /S/ o6 · yee1111-

4eHI111 cneKTpallbHOA n110THOCTI1 1131ly4eHI1R no cpaBHeHI1~ C aMOp$HbiM 

TellOM B OTHOCI1Te1lbHO Y3KOH 061laCTI1 3Hepri1H y -KBaHTOB. 

B AaHHOH pa6oTe npi1BOARTCR pe3y1lbTaTbl 11CC11eAOBaH11R 1131ly4eHI1R 

31leKTPOHOB, KaHa1111POBaHHbiX BA011b OCI1 < 111 > MOHOKPI1CTa111la KpeM
H11R T011~11HO~ 41 MKM. 

3Kcnepi1MeHTa1lbHaR ycTaHOBKa 11 ee OCHOBHble xapaKTepi1CTI1KI1 Oni1-

CaHbl B pa6oTaX / J,6/ , C noM~b~ APeH<jlOBbiX Kal<lep, BXOAR~I1X B cneK

TPOMeTp, 113MepR1111Cb KOOPA11HaTbl 31leKTpOHOB, npoweAW11X 4epe3 

yCTaHOBKy, 4TO n03B011R110 onpeAe11RTb yrllbl BXOAa 4aCTI14 B Kpl1c

Ta1111 C T04HOCTb~ OK0110 7 MKPaA, a yrllbl BbiXOAa - OK0110 30 MKpaA. 

no OTK1lOHeHI1~ 31leKTpOHOB B aHa1111311PY~~eM MarHI1Te onpeAe11R11CR 11X 

BTOPI14Hb1A 11Mny1lbC noc11e B3ai1MOAeHCTBI1R C KPI1CTa111lOM, a 11AeHTI1-

$11Ka411R ocy~eCTB11R1laCb 4epeHKOBCKI1M11 C4eT411KaMI1 n011HOrO nor1lo

~eHI1R, Bbln011HeHHbiMI1 113 CB11H40Boro cTeKlla . BTOPI14Hb1H 11Mny1lbC 

31leKTPOHa 113MepR11CR B 11HTepBa1le 7-10 r3B/c, 4TO onpeAe11R110Cb 

anepTypoH KOOPA11HaTHOro AeTeKTOpa. 

3Hepri1R y -Ka·aHTOB 113MepR1lacb C411HTI11111R4110HHbiM AeTeKTopoM 

Ha OCHOBe KPI1CTa111la CsJ(Tl),OKpy~eHHbiM CBI1H40BOH 3a~I1TOH, 11 

c4eT411KaMI1 aHTI1cosnaAeHI1A. AeTeKTOP Ka11116posa11cR c noMo~b~ 

paA110aKTI1BHbiX 11CT04HI1KOB I37Cs, 60c0 , Po -Be . B npo4ecce Ha6o

pa CTaTI1CTI1KI1 npOI13BOA11110Cb OTHOCI1Te1lbHOe MOH11TOpl1pOBaHI1e no 

110H113a4110HHbiM noTepRM IL -Me30HOB c noMO~b~ npo4eAYPbl "Me4eHbiX 11 

$OTOHOB, KOrAa 3Hepri1R y-KBaHTOB cpaBHI1Ba1laCb C nOTepRMI1 3Hep

rl111 31leKTPOHOB. CpeAHeKBaApaTI14HaR ow116Ka a 113MepeHI111 3Heprl111 

y-KaaHTOB ~ o611acT11 100 M3B cocTaB11R1la oKOllO 1%. AnepTypa Ko11-

1111MaTopa, pacnollo~eHHoro nepeA AeTeKTopoM, no3B011R1la 113MepRTb 

1131ly4eHI1e B npeAellaX ~1 MPaA. C nOMO~b~ OTK110HR~~I1X MarHI1TOB, 

a TaK~e B pe3y1lbTaTe MI1H11MI13a41111 Be~eCTBa C411HT111111R4110HHbiX 

C4eT411KOB 11 BaKYYMI1POBaHI1R pa6o4eA 061laCTI1 YCTaHOBKI1 K011114eCT

BO Be~eCTBa, Aa~ero $OHOBOe TOPM03HOe 1131ly4eHI1e, 6bl110 yMeHb
WeHO AO 5x10- 4 paA11a4110HHbiX A1111H. 

ny40K 3~eKTpOHOB C 11Mny1lbCOM 10 r3B/c, 11Mny1lbCHbiM pa36pOCOM 

npi1MepHO 1,3%, npi1MeCb~ aAPOHOB He 6o11ee 0,5% 11Me11 yrllOBY~ 
paCXOA11MOCTb no BepTI1Ka1111 11 ropi130HTa1111 OK0110 1 MpaA. 

n e peAHRR n01111POBaHHaR rpaHb MOHOKpi1CTa111la, nepneHA11KY11RpHaR 

OCI1 < 111 > , 11Cn01lb30Ba1laCb A11R ero npeABapi1Te1lbHOH ~CTI1POBKI1 
no oTpa~eHHOMY 1la3epHoMy 11Y4Y. Kp11CTa11110rpa$114ecKI1e oc11 11 n1loc

KOCTI1 11AeHT11$11411POBa1111Cb no ni1KaM B pacnpeAe11eHI111 BepORTHOCTI1 

1131ly4eHI1R y -KBaHTOB np11 Bpa~eHI111 KPI1CTa1111a B rOH110MeTpe. 
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np~ a6pa6aTKe AaHH~X aT6~pan~Cb ca6~T~R, YAaBneTBapR~~~e Tpe-
6aeaH~RM ~AeHT~~~Ka~~~ 3neKTpaHaB 4epeHKaBCK~M~ C4eT4~KaM~ nan
Hara narn~eH~R ~ CaXpaHeH~R CYMM~ 3Hepr~~ y-KBaHTa ~ BTap~ 4 -
Hara 3neKTpaHa. CneKTpanbHaR nnaTHaCTb ~any4eH~R HapM~paeanacb 
Ha aA~H naAa~~~ 3neKTpaH ~ Ha eA~H~~y An~H~ KP~CTanna. ~nR 3Ta
ra e 4~cna nepe~4H~x 3neKTpaHae BHac~nacb nanpaeKa Ha reaMeT
P~4ecK~e a6peaaH~R, a e 4~cna aaper~cTp~paeaHH~x y-KeaHTae -
Ha 3~~eKT~BHaCTb BaCCTaHaeneH~R TpeKaB co6~T~~, Ha 3~~eKT~B
HaCTb y-AeTeKTapa, CBR3aHHy~ C MepTB~M epeMeHeM era BpeMeHHa
ra TpaKTa ~ HeraTaBHaCTb~ cneKTpaMeTp~4eCKara TpaKTa, KaTapaR 
anpeAenRnacb e peaynbTaTe npaeepK~ era Hyneeara ypaBHR aa 2 MKC 
Aa npaxamAeH~R pa6a4e~ 4acT~~~-
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PHc.S. 3aBHCHMOCTb qHcna 3ape-
rHCTpHpoBaHHbiX y -KBaHTOB B HH-

@/MKpap,/ 

PHc.4. 3aBHCHMOCTb cpep,HeKBap,
paTHqHoro yrna MHoroKpaTHoro 
pacceHHHH OT yrna BXOP,a 3neKT
poHa OTHOCHTenbHO OCH 
KpHCTanna. 
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yrna BbiXOP,a 3neKTPOHa OTHOCH
TenbHO ocH < I I I> MOHOKpHcTa.rr.rra 
KpeMHHH.ilYHKTHpOM 0603HaqeHo 
3KCnepHMeHTanbHO H3MepeHHOe 
qHCno ~OTOHOB H3 aniDMHHHeBaH 
MHWeHH. 

Ha p~c. 1 npeACTaeneHa pacnpeAeneH~e ca6~T~~. a KaTap~x 6~n 
~cny~eH y-KeaHT C 3Hepr~e~ aT 20 Aa 600 M3B, B 3aB~C~MaCT~ aT 
yrnaB BXaAa (~ ,Oy )3neKTpaHaB B Kp~CTann*. 3TaT p~CyHaK aT-
4eTn~Ba ~nn~cTp~pyeT en~RH~e ac~ <111> ~ nnacKacTe~ /110/ Ha 
BepaRTHaCTb ~3ny4eH~R y-KaaHTaB. ~nR a~eHK~ BepaRTHaCT~ ~3ny4e

H~R Ha ac~ <111> Ha p~c.2 np~BeAeHa pacnpeAeneH~e ca6~T~~. 

AnR KaTap~X yran Oy ~MeeT 3Ha4eH~e aT 0 Aa 75 MKPaA B 3aB~C~
MaCT~ aT yrna Ox , 0w~6Ka B anpeAeneH~~ yrnaB Ox ~ 0 aTHaC~

TenbHO ac~, CBR3aHHaR C Han~4~eM annapaTypHa~ HeCTa5~nbHaCT~ 

* Ocb Kp~cTanna caenaAaeT c acb~ 
nnacKaCT~ p~cyHKa. 

3 



11 V130rHyTOCTbiO noeepxHOCTV1 KPV1CTanna, yeenV14V1BaeTCR npH6nV13V1-
TenbHO ,QO 10 MKpa,Q. Pa3BepTKa pacnpe,QeneHV1R /pV1C. 1/ BOKpyr OCV1 
KpV1CTanna ,QnR co6biTV1i1 c nonRPHbiM yrno"' 8P 6onbwe 200 MKPaA 
/pV1C.3/ OT4eTnV1BO Hnn~CTpV1pyeT nnOCKOCTV1 /110/, 3aMeTH~ TaKme 
6onee cna6~e nnocKOCTV1. 

npe,QcTaBnR~T V1HTepec ,QaHH~e no ,QV1HaMV1Ke nQTOKa 3neKTPOHOB 
np11 HX ABHmeHV1V1 1.1epe3 KpHcTann. Ha pV1c.4 npe,QcTaeneHa 3aBHCH
MOCTb Cpe,QHeKBa,QpaTH4HOrO yrna MHOrOKpaTHOrO pacceRHHR OT no
nRpHoro yrna exo,Qa aneKTpoHa e KpHcTann. H3 3Toro pHCYHKa cne
AYeT, 4TO, KaK V1 OmH,QanOCb ,QnR ,QaHHOH TOn~V1Hbl KpV1CTanna, 
aneKTpoH HMeeT HaH6onbWV1i1 cpe,QHeKBa,QpaTV14H~i1 yron pacceRHV1R 
e cny4ae, KOr,Qa yron ero na,QeHHR npHMepHo paeeH yrny nHH,Qxap,Qa. 
BnnoTb ,QO yrnoe OKOJlO 600 MKpa,Q /npV1MepHO 4 KPV1TV14eCKV1X yrna/ 
3JleKTpOH~ V1Me~T aHOMaJlbHO 60JlbWOe pacceRHHe, a ,QJlR 60JlbWV1X 
yrJlOB B3aV1MO,QeHCTBY~T C KPV1CTaJ1JlOM npaKTV14eCKV1 KaK C aMop$H~M 
TeJlOM. 

Ha p11c. 5 noKa3aHa 3aBV1CV1MOCTb 4V1CJla y -KeaHTOB OT yrna exo,Qa 
3neKTPOHa OTHOCV1TeJlbHO OCV1 KPV1CTaJ1Jla. B~XOA y-KBaHTOB MaKcV1-
MaJleH npV1 yrJlaX OKOJlO 30 MKpa,Q. nyHKTV1pOM noKa3aHO 3KCnepHMeH
TanbHO V13MepeHHOe 4V1CJ10 y-KBaHTOB, o6pa30BaBWV1XCR B pe3yJlbTaTe 
TOPM03HOrO V13Jly4eHV1R 113 aJl~MV1HV1eBOH MV1WeHH. 

Ha p11c.6a noKa3aHa cneKTpaJlbHaR nnoTHOCTb V13Jly4eHHR aneKTpo
HOB ,QJlR C06~TV1H C yrJlaMV1 BXO,Qa OTHOCV1TeJlbHO KpV1CTaJ1JlOrpa$H4ec
KOH ocH MeHbwe 100 MKpa,Q, a Ha p11c.66 - TaKoe me pacnpe,QeneHHe 
,QnR C06~TV1H C yrnaMV1 MeHbWe 60 MKpa,Q /npHMepHO nOJlOBHHa KPV1TV1-
4eCKOrO yrna KaHanHpoeaHHR/. 3,Qecb me nyHKTHPOM noKa3aHa cneKT
~dJibHaR nnoTHOCTb H3Jly4eHHR H3 an~MHHV~eeoi1 MHWeHH. KaK BHAHO 
V13 3THX PHCYHKOB, MaKCHMYM cneKTpaJlbHOH nJlOTHOCTH JlemHT B o6-
naCTV1 3HeprHH y -KBaHTOB OKOJlO 150 ~138, a ero BeJlV14HHa npee~waeT 

a 6 

.......... 10.0 

B< 60 MKP<lA 

500 1000 150C 2000 2500 

0 2500 500 1000 1500 2000 

Ey /M3B/ 

PHc.6. CneKTparrbHaR rrnoTHOCTb H3nyqeHHR 3neKTPOHOB B 3a
BHCHMOCTH OT 3HeprHH y -KBaHTOB p;nR 3neKTPOHOB C yrnaMH 

rrap;eHHR: a/ OT HynH AO 100 MKPaA; 6/ OT 0 AO 60 MKpap;. 

llyHKTHPHOH nHHHeH 0603HaqeHa H3MepeHHaH crreKTpaiTbHaR 
rrnOTHOCTb H3nyqeHHH H3 arriDMHHHeBOH MHmeHH. 

.. :1 
'1 

I 
l: 8 
u 

~ 
(I) 6 

t:... 

---------------------------
0.2 08 

PHc.7. 3aBHCHMOCTb paAHaqHoH
HhlX llOTepb 3HeprHH 3neKTPOHOM 
Ha H3nyqeHHe y -KBaHTOB B o6-

naCTH OT 20 AO 3000 lhB OT 

nonRpHOI'O yrna BXOAa OTHOCH
TenbHO OCH <JJ)>, llyHKTHPOM 

o6o3HaqeH ypoBeHb 3HepreTH

qecKHX llOTepb Ha aiTIDMHHHeBOH 

MHWeHH. 

ypoeeHb TOPM03HOrO V13Jly4eHHR V13 aMOp$HOH MHWeHH npH6JlV13HTeJlbHO 
e 70 pa3. B 3THX pacnpe,QeneHHRX B~4TeHa cneKTpaJlbHaR nnoTHOCTb 
$oHoeoro H3Jly4eHHR, onpe,QeneHHaR no H3MepeHV1RM 6e3 MV~WeHV~. Ee 
BeJlV14V1Ha COCTaBJlRJla 3,6% OT MaKCHMaJlbHOH BeJlH4V1H~ 3$$eKTa Ha 
KPV1CTaJ1Jle KpeMHHR V1 OKOJlO 11% OT ypOBHR V13JlY4eHV1R HCnOJlb30BaH
HOH aJl~MHHHeBOH MHWeHH TO~HHOH 950 MKM. 

Ha pHc.7 noKa3aHa opV~eHTa~HOHHaR 3aBHCHMOCTb noTepH 3HeprHH 
3JleKTpoHoM e AV~ana3oHe 3HeprHi1 y -KeaHTOB oT 20 AO 3000 MaS 
OT yrna na,QeHHR OTHOCHTeJ1bHO OCH, nepeC4V1TaHHaR Ha TOJl~HHY 

KpHCTaJlJla 1 CM. t1aKCHMYM 3TOrO pacnpe,QeJleHHR HaXO,QHTCR TaKme 
B6JlV13V1 30 MKpa,Q V1 COCTaBJlReT 8,8 raB. 

B 3aKJ1~4eHV~e aeTOPbl e~pamaiOT 6naro,QapHOCTb aKa,QeMHKY 
H.H.6oron~6oey, npo$eccopy n.ne,QepMaHy, aKa,QeMHKaM A.M.6an,QHHY 
V1 A.A.noryHOBY 3a nO,Q,QepmKy ,QaHHOH pa6oT~, KOJlJleKTHBY na6opaTo
PHV1 B~COKHX 3HeprV~i1 OH~H 11 nepcoHany ycKOPHTeJlR HOB3 e Cepnyxo
ee 3a noM~b npH npOBe,QeHHH HCCJle,QOBaHHH . 
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TiynraKOB H.K. H AP· 1-83-640 
H3nyqeHHe 3neKTPOHOB C 3HeprHeH 10 f3B B MOHOKPHCTanne 
KpeMHHfl B npoQecce oceBoro KaHanHpoBaHHfl 

IlpHBeAeHbl pe3ynbTaTbl HCCneAOBaHHfl H3nyqeHHfl, B03HHKa!OJIIero 
B npoQecce oceBoro KaHanHpoBaHHfl 3neKTPOHOB c 3HeprHeH 10 f3B 
B MOHOKpHCTanne KpeMHHfl TOnJIIHHOH 41 MKM. CneKTpanbHafl nnoT
HOCTb H3nyqeHHfl HMeeT MaKCHMYM B o6naCTH 3HeprHH y -KBaHTOB 
OKano 150 M3B H 'Anfl qacTHQ C yrnaMH OTHOCHTenbHO OCH < Ill > 
AO 60 MKPaA npeBb~aeT TOPM03HOe H3nyqeHHe H3 aMOp~HOH MHWeHH 
npH6nH3HTenbHO B 70 pa3. 

Pa6oTa BbmonHeHa B lla6opaTopHH BbiCOKHX 3HeprHH OIDIH. 

npenOHHT ~e~~He~~OrO HHC THTyTa RAePH~X HCCneAO~aH~~ . ~y6Ha 1983 

Bulgakov N.K. e t al. 1-83-640 
Radiation Due to the Axial Channeling of 10 GeV Electrons 
in a Silicon Single Crystal 

The results are presented of an investigation of the ra
diation from axial channeling of 10 GeV electrons passing 
through a 41 ~m thick silicon crystal. The spectral density of 
the radiation has a peak at a photon energy of approximately 
150 MeV, which, for particles incident at angles less than 
60 ~ rad to the < Ill > axis, is found to be about 70' times 
the magnitude of that from an amorphous target. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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