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C nOMO~b~ ~SOrHyTOrO MOHOKp~CTanna 

~1 - 12716 

Bnepeble 3Kcnep~MeHTanbHO noKasaHo, '-ITO c noMO~b~ ~sor­
HyToro MOHOKp~cTanna MO>KHO ynpaBn~Tb TpaeKTOp~~M~ sap~>KeH­
HbiX 4aCT~~. npoTOHbl C 3Hepr~e~ 8 r3B, SaXBa4eHHble B npo~ecc 
nnOCKOCTHOrO KaHan~poeaH~~ ~SOrHyTbiM MOHOKp~CTannOM KpeMH~~, 
OTKnOH~n~Cb Ha yron ~0 26,0 M(llnn~ap~~aH. Pa~~YC TpaeKTOp(ll~ 
4aCT~~bl COCTaBn~n OKOnO 38 CM, '-ITO COOTBeTCTByeT cpe~HeMy 
SHa4eH~~ nonepe4HOro 3neKTP~4ecKoro non~, eos~e~CTBY~~ero 

Ha 1..1acT~~y, OKono 0,5 . 10 10 B/cM. 3To 3KB~eaneHTHO . MarH(IITHo­
MY non~ c ~H~YK~~e~ oKono 72,0 T. 

Pa6oTa BbmonHeHa e fla6opaTop~~ BbiCOK(IIX 3Hepr~~ 0~~~. 

npenpHHT 051>e.QHH8HHOrO HHCTHTyTa H.QepHblX HCCne.QOB8HHil, .Uy5Ha 1979 

Vodopi ancv A. S . e t al. D1 - 12716 

Steering of the Charged Particle Trajectories 
by a Bent Crystal 

The first experimental evidence has been obtained for 
stee ring the charged particle trajectories by a bent silicon 
crystal. In the process of planar channeling, the 8 GeV pro­
ton beam has been deflected up to 26 mrad relative to the 
incident beam direction. This corresponds to the bending ra­
dius of a range of 38 em. The effective transversal compo­
nent of the electrical field is equal to 270 MV/ cm. 

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

Preprint of the Joint Institute for Nucle~r Reseorch. Dubna 1979 
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/1/ B pa6oTe npe~cKaSbleanocb, '-ITO ~ect>opM~poeaHHble MOHo-
Kp~cTannbl MO>KHO ~CnOnbSOBaTb ~~ ynpaeneH~~ TpaeKTOp(II~M(II 

sap~>KeHHbiX 1..1acT~~. saxeal..leHHbiX e npo~ecc KaHan~poeaH~~. 
Kp(IIT~4eCK(II~ pa~"'YC Kp~B~SHbl TpaeKTOp~~ 4aCT(II~, np~ KOTOpOM 
e~e eoSMO>KHO "'x y~ep>KaH~e "'sorHyTo~ Kp~cTannorpa$(114eCKO~ 
nnOCKOCTb~, Onpe~en~eTC~ Bblpa>KeH~eM: 

2 
R = Mv / E c Z e. 

3~eCb M- pen~T(IIB~CTCKa~ Macca 4aCT~~bl, V - ee CKOpOCTb, 
Z e - sap~~ 1..1acT~~bl, E c - SHal..leH"'e ycpe~HeHHoro 3neKTP~4ec­
Koro non~ Ha TaKOM paCCTO~H(II~ OT nnOCKOCT~ Kp(IICTann(lll..leCKO~ 
peWeTK~, Ha KOTOpOM ~B~>KeH(IIe 4aCT~~bl B pe>K(I(Me KaHan~poeaH(II~ 

CTaHOB~TC~ HeyCT0~4(118biM ~s-sa BSa~MO~e~CTB~~ C O~~H04HbiM~ 
aTOMaM~. B cnyl..lae KpeMH~~ ~n~ npOTOHOB c 3Hepr~e~ 8 r3B ee-
n(II4~Ha E c pasHa 0,5.10 10 B/cM,a KP~T~4eCK~~ pa~"'yc- 2 eM. 

Uenb~ HacTo~~ero 3Kcnep"'MeHTa ~an~nacb npoeepKa 3TO~ 
r(llnOTeSbl. 3Kcnep(I(MeHT BblnOnHeH B fla6opaTOP"'"' BbiCOK(IIX 3Hep­
r~~ 0~~~ Ha BbiBe~eHHOM ~S C~HXPOCI>aSOTpOHa npOTOHHOM nyi..IKe. 
ny40K C 3Hepr~e~ 8 r3B ~Men yrnoey~ paCXO~~MOCTb ~0,3 Mpa~, 
ero nonepe4Hbl~ pasMep e MecTe pacnono>KeH~~ Kp~cTanna cocTae­
n~n OKOnO 2 CM. ~ccne~OBaH~~ npOBO~~n~Cb np(ll ~HTeHC~BHOCT~ 
ny1..1Ka 10 5 1..1acT~~ sa ~~Kn ycKop~Ten~, epeM~ pacT~>KK~ 6blno 
paeHO 0,3-0,4 c. 

CxeMa 3Kcnep~MeHTanbHO~ ycTaHOBK~ ~so6pa>KeHa Ha p~c. 1. 
TpaeKTOP~~ 1..1acT~~. npoxo~~~~x 1..1epes Kp~cTann, onpe~en~n~cb 

C nOMO~b~ cneKTpOMeTpa ~S 20 ~pe~CI>OBbiX KaMep. 06~a~ ~n(I(Ha 
ycTaHOBK"' paeH~nacb 18 M. YcTaHOBKa pa6oTana Ha n"'H"'~ c 
3BM. Ha MarH~THY~ neHTY san~cbleanocb ~o 500 co6b1T"'~ sa ~"'Kil 
ycKop~Ten~. CneKTPOMeTp sanycKanc~ c~cTeMo~ c~~HT~nn~~"'oH­
HbiX C4eT4~KOB, KOTOpa~ Bbl~en~na l..laCT~~bl, nona~a~~~e B pa6o-
4Y~ SOHY MOHOKp~CTanna. An~ ap~eHTa~~(ll Kp(IICTanna cny>K~n 

npe~~SHOHHbl~ rOH~OMeTp C ~eHO~ ~eneH~~ O~HOrO OTC4eTa 
0,001° . nyi..IOK npOTOHOB npOXO~(IIn 1..1epes MOHOKP~CTann KpeMH(II~ 

~n(IIHO~ 20 MM, 4aCTb KOTOpOrO MOrna nO~BepraTbC~ KOHTpOn(llpye­
MOMY ~1Sr(ll6y. 11sr~6anacb nnOCKOCTb (Ill) MOHOKp~cTanna, 
Ail"'Ha ~sr~6aeMo~ 1..1acT~ cocTaen~na 10 MM. CxeMa pasMe~eH"'~ 
Kp~CTanna B ~Sr(ll6a~~eM ycTpO~CTBe nOKaSaHa Ha p(IIC. 2 . 
Bxo~Ha~ 1..1acTb MOHOKp(llcTanna npe~cTaen~na co6oH nonynpoeo~-
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HMKOB~R AeTeKTOp. Ha PMC. 3 npMBeAeH~ aMnnMTYAH~e cneKTP~ 

CMrHanOB OT 4aCTM~, npOXOAH~MX 4epe3 AeTeKTMpyeMy~ 4aCTb 
KPMCTanna AnH pa30pMeHTMpOBaHHOrO KPMCTanna M OpMeHTMPOBaH­
HOrO nnOCKOCTb~ (III) BAOnb ny4Ka 4aCTM~. BMAHO, 4TO no 
eenM4MHe MOHM3a~MOHH~X noTepb MO~HO B~AenMTb 4aCTM~~. 3axea-
4eHH~e a npo~ecc KaHanMpoeaHMH. 

~3MepeHMH npOBOAMnMCb npM yrnax M3rM6a KPMCTanna B eepTM­
KanbHOR nnOCKOCTM 0,0; 0,5; 1 ,0; 2,0; 3,0; 4,5; 12,5; 
26,0 MPaA. HaRAeHo, 4TO KaHanMpy~~aH 4aCTb ny4Ka cneAyeT 
3a M3rM60M KpMCTannorpa$M4eCKOi1 nnOCKOCTM ( III) . npM 3TOM 
AnH ecex yrnoe He Ha6n~Aanocb aaMeTHoro yeenM4eHMH 4Mcna 
AeKaHanMPY~~MX 4aCTM~, CBH3aHHoro c M3rM60M KPMCTanna. Ha 
pMc. 4 npMBeAeHo yrnoeoe pacnpeAeneHMe AnH 4aCTM~, BbiXOAH­
~MX M3 KpMCTanna, npM yrne M3rM6a 4,5 MpaA. Cnpaea OT WMpo­
KOrO nMKa, o6ycnoeneHHOrO 4aCTM~aMM,MCn~T~Ba~~MMM MHOro­
KpaTHOe pacceHHMe B o6pa3~e, Ha6n~AaeTCH Y3KMR nMK, CBH3aH­
Hbli1 c MccneAyeMbiM a<t><t>eKTOM. Ha pMc. ·5 npMBeAeHo yrnoeoe 
pacnpeAeneHMe co6~TMR, OT06paHH~X no KpMTepMHM B~AeneHMH 

KaHanMpy~~MX 4aCTM~ . .L\nH 3TOrO pacnpeAeneHMH BbiAenHnMCb 
C06~TMR, y KOTOp~X aMnnMTYAa CMrHana COOTBeTCTBOBana AMana-
30HY 0, 2-0, 7 aMnnMTYAbl a MaKCMMyMe cneKTpa. KpoMe 3Toro, 
Tpe6oeanocb, 4T06bl 4aCTM~a a ropM30HTanbHOR nnocKOCTM He 
MCnbiTbleana pacceRHMR Ha yron 6onbwe .:!:_0, 1 MpaA. PMc . .2_ 
nOATBep~AaeT, 4TO npae~R nMK COOTBeTCTByeT KaHanMpy~~MM 

4aCTM~aM. Ha pMc. 6 npMBeAeHo yrnoaoe pacnpeAeneHMe c oy-
6opoM C06biTMi1 no 11~eCTKMM11 -KPMTepMHM, MCKn~4a~~MM KaHanM­
py~~Me 4aCTM~bl. ~3 3TOrO pMCYHKa TaK~e cneAyeT, 4TO npae~R 
nMK o6ycnoeneH RBneHMeM OTKnOHeHMH KaHanMpy~~MX 4aCTM~ 

M30rHyT~M MOHOKpMCTannOM. Ha PMC. 7 npMBeAeH~ pacnpeAene­
HMR C06~TMR no yrny B~XOAa B eepTMKanbHOR nnocKOCTM AnR 
paanM4HbiX y rnoe M3 rM6a KPMCT anna. Co6biTMR oTo6paHbl no TeM 
~e KPMTepMRM, 4TO M AnH pacnpeAeneHMR, M306pa~eHHOro Ha 
PMC. 5. BMAHO, 4TO yrnoeoe nono~eHMe nMKa KaHanMpy~~Mx 

4aCTM~ COOTBeTCTByeT yrny M3rM6a KpMCTanna. ,L\nH yrna M3rM6a 
KPMCTanna 26 MPaA 3Ha4eHMe 3$$eKTMBHOrO nonepe4HOro 3neKT­
PM4eCKOrO nonH, ycpeAHeHHOrO BAOnb TpaeKTOpMM 4aCTM~bl, 

cocTaenHeT 270 MB/cM. 
TaKMM o6paaoM, enepBble 3KcnepMMeHTanbHO noKa3aHo, 4TO 

C nOMO~b~ M30rHyTOrO MOHOKpMCTanna MO~HO ynpaenHTb TpaeKTO­
PMHMM 3apR~eHH~X 4aCTM~. 3TO HOBOe HBneHMe MO~eT Hai1TM 
npMMeHeHMe B $M3MKe B~COKMX 3HeprMH. 

AeTOPbl 6naroAapHbl npo<t>eccopy H.H.6oron~6oey, npo<t>eccopy 

... 

,LI • .L\.KMwy, npo<t>eccopy A.M.6anAMHY, npo<t>eccopy P.BMncoHy M 
npo<t>eccopy n.neAepMaHy aa noAAeP~Ky npM npoeeAeHMM MccneAoea- f 
HMR. 
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M M3rM6a~~ee 
ycTpORCTBO 

PMc.1. CxeMa 3KcnepMMeHTanbHOR ycTaHOBKM: Sl, S2, S3, S4, Ao­
~MnnR~MOHHble c4eT4MKM, DC1 , DC2,DC3- 6nOKM APei1$0BbiX 

KaMep. 

K npeAYCMnMTen~ 

KpMCTann 

PMc.2. CxeMa pa3Me~eHMH MOHOKpMCTanna KpeMHMH B M3rM6a~~eM 
ycTpOi:\CTBe. 
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P~<~c.3. AMnn~<~TY~Hble pacnpe~eneHH.R HOHH3a~HOHHbiX noTepb e no­
nynpoeo~H~<~KOBOM ~eTeKTOpe: a/ paaOpHeHTHpOBaHHbiH KPHCTann, 
6/ KPHCTann OpHeHTHpOBaH nnOCKOCTb~ (Ill) no ny4Ky. 
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PHc.4. Pacnpe~eneHHe 4aCTH~, BbiXO~.R~Hx H3 KpHcTanna, no 
yrnaM e eepT~<~KanbHOH nnocKOCTH. Yron ~<~3r~<~6a - 4,5 Mpa~. 
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P~<~c.5. To ~e. 4TO H Ha p~<~c. 4 , c ~ononH~<~TenbHbiM oT6opoM 
C06biTHH no KpHTepH.RM KaHanHpoeaHH.R. 
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P1-1c.6. To ~e, 4TO 1-1 Ha PHC. 4, HO C OT60pOM C06biTHH TOnbKO 
~.A HeKaHanHpy~~HX 4aCTH~. 

7 



N __, 

500 

400 

300 

200 

0 

1750 

1400 

1050 

100 

"'~~ 
. . 

2135 co6b1TI1.:1 

2 

a/ 

3 

7532 co6biTI1R 

6/ 

" 

(}y MPaA 

(}y MpaA 

......... 
P11c.7. PacnpeAeneHHe 4aCT11U no yrnaM BbiXOAa e eepTHKanbHO.:i 
nnocKOCTI1 np11 pa3HbiX yrnax 11ar116a Kpi1CTanna: a - 0,0 MPaA, 
6- 1,0 MPaA, B- 3,0 MPaA, r- 12,5 MPaA, A- 26,0 MpaA. 
Co6biTI1R OTo6paHbl no Kpi1Tepi1RM KaHanHpoeaHHR. 
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