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B 1979 roAY Ha CHHXp~aaorpoHe OHRH 6wn npoaeAeH 3KcnepH
MeHT/I/, B KOTOPOM 6wn OTKPWT 3~eKT OTKnOHeHHR aapRIICeHHWX 4aC
TH~ H30rHyTWMH KpHCTannaMH, npeACKa3aHHWH paHee B pafioTe/2/. 

BXOAHWe H BWXOAHWe yrnw KaiiCAOH 4aCTH~W, npoweAWeH 4epe3 KpH
CTann, onpeAenRnHCb npH noM~H CHCTeMW APeH¢OBWX KaMep, pacno
nollleHHWX AO H nocne KpHcTanna . BaiiiHOH xapaKrepHCTHKOH 3¢¢eKTa 
KaHanHpOBaHHR RBnReTCR KPHTH4eCKHH yron. JlnR npoTOHOB C 3Hep
rHeH 8, 4 r3B, naAa1004HX Ha KPHCTann KpeMHHR , OpHeHTHPOBaHHbiH 
OCb~ <110> napannenbHO OCH ny4Ka, KPHTH4eCKH H yron COCTaBnReT 
160 MKPaA, a B cny4ae KaHanHpOBaHHR nnOCKOC T b~ / 111/- 60 MKPaA . 
3 TH yrnw B OCHOBHOM onpeAenRnH Tpe 6oBaHHe K T0 4HOCTH H3MepeH HR 
BXOAH~X H BWXOAHWX yrnoB. 6 yKa3aHHOM 3KCnepHMeHTe BXOAHWe yrnw 
H3MepRnHCb C T04HOCTb~ 80 MKPaA, a BWXOAHWe - 10 MKPaA /CTaH
AaPTHOe OTKnOHeHHe/ . noAp06HO 3KcnepHMeHTanbHaR ycTaHOBKa OnH
c a Ha a pa 6 o Te/3 / . no3AHee aHanorH4 Hwe no MeTOAHKe 3KcnepHMeHrw, 
npoBe Ae HHWe B UEPH e / 4/ H nHR¢/5/, nOATBePAHnH cy~eCTBOBaHHe 3¢
¢ e KTa OTKnOHeHHR 3apRIICe HHWX 4a CTH~ H30rHyTWMH KPHCTannaMH . 

B coo6~eHHHII/ npHBOAHnHcb pe3ynbTaT~ 3KcnepHMeHTa no H3y4e
HH~ B03MOIICHOCTH OTKnOHeHHR npOTOHOB,3a XBa4eHHWX B peiiCHM Ku HanH
poeaHM~ nnccKoCTb~ I 11/, Ha p 3n~ 4H~~ y r n~ ennOTb AO 2 , 7 MPaA . 
B TOM liCe 3KCnepHMeH Te fiwn a Ha6paH a CTaT HCT HKa no npOXOIICAeHH~ 
n pOTOHO B C 3Hep rHeH 8,4 r3B 4epe3 npRMOH H H30rHyTWH noA yrna
MH 1, 6 H 4,7 MPaA KPH CTann KpeMHHR B peiiCHMe oceao r o KaHanHpoaa
HH R . B Aa HHOH pa6oTe npHBOARTCR pe aynb Ta r w, nony4eH Hwe npH o6 -
pa6or Ke 3 To ro MarepHana . 

OC EB OE KAHAn~POBAHHE B nPRMOM KPHCTAnnE 

nepeA TeM KaK npOBOAH Tb HCCneAOBaHHR C H30rHyTWM KpHC TannoM, 
H3y 4anaC b B03MOIIC HOCTb n pOXOIICAeHHR npOTOHOB C 3Hep r He H 8 , 4 r38 
4epe3 n pRM~e o6paa~~ ron~HHOH 2 CM a peiiCHMe oceaoro H nnocKocr
Ho r o Ka HanHpoaaHHR. Ha pHc . 1a H 16 npHBeAe Hw pacnpeAeneHHR no 
BXOA HWM H BWXOAHWM yrnaM n pOTOHOB, npo WeAWHX KPHCTann KpeMHHR, 
OpHeHTHPOBa HHWH OCb~ <11 0 > BAOn b OCH ny4Ka . Ha PHC. 18 noKa3aHO 
pacnpeAeneHHe no BWXOAH WM yrnaM npOTOHOB, npoweAWHX pa30pHeHTH
POBa HHWH KPHCTann . n pHBeAeHHWe pacnpeAene HHR HOPMHPOBanHCb cne
AYIOIJ.IH M o6paaoM: 

2n 1 x ( ~ ) s ds = I , 
0 

~ ] - KPHTH4eCKHH yron, 

s = ~ ] ' 
X( s ) - 4HCno 4aCTH~ B 3neMeHTe TeneCHOrO 
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PHc. I . P acnpe.r:~eneHHe co6hJTH(r no 

a/ BXO,[IHbJM H 6/ BbJXO,[IHbiM YI'JiaM 

p;.rl.fl llPOTOHOB, npome,[IIIIHX KPHCTaJIJI 

KpeMHH.fl TOJl~HOH 2 CM, Opi-IeHTH

nnR~HHhm nr~~ <1 10> Rrrnrr~ nru 

nyl.J:Ka. 

yrna. B CBR3H c TeM, 4TO yron ~ Man, Hcnonb30Banocb cneAY~~ee 
np~6nHmeHHe: 2TI sin~ d~ ~ 2TI~ d~. PacnpeAeneHHe Ha pHc. 1a npH
BeAeHo C y4eTOM pa3peWeHHR YCTaHOBKH no BXOAH~M yrnaM, KOTopoe 
Onpe,[lenRnOCb B OCHOBHOM pacCeRH~eM B 6noKe KaMep, YCTaHOBileHHOM 
HenocpeACTBeHHO nepeA KPHCTannoM. 

Ha npeACTaBneHH~X PHCYHKOB cneAyeT, 4TO 4aCTH~~. naAa~~e Ha 
KPHCTann nOA yrnaM~ MeHbWe KpHTH4CCKOro, HCn~T~Ba~T MeHbWee 
MHoroKpaTHoe pacceRHHe. AonR 4aCTH~, npoweAWHX KpHcTann a pemH
Me ocesoro KaHanHpoeaHHR, 6yAeT onpeAenRTbCR WHPHHoA yrnoeoro 
pacnpeAeneHHR BXOAHOrO ny4Ka, KP~T~4eCK~M yrnoM ~I• a TaKme ~H
TeHCHBHOCTb~ npo~ecca AeKaHanHposaH~R. H3 aHanH3a pacnpeAeneHHH 
C06~THH no B~XOAH~M yrnaM AnR 4aCTH~ ~3 n~Ka MHHHManbHOH HOH~
aa~HH, BOWeAW~X B KpHCTann nOA yrnaMH MeHbWe ~~/2, 6~na CAenaHa 
o~eHKa AnHH~ AeKaHanHposaHHR IAnHH~, Ha KOTOPOH 4Hcno KaHanH
poeaHH~x 4aCTH~ yMeHbWaeTCR B ABa pa3a/, KOTOpaR COCTaBnReT 
Xl/2 = 1 ,2~0,3 CM. npHBeAeHHaR OWH6Ka BKn~4aeT KaK CTaT~CT~4e
CKy~ OWH6Ky, TaK H C~CTeMaTH4eCKy~, CBR3aHHy~ C B~4HTaHHeM ~o
Ha OT AeKaHan~pOBaHH~X 4aCTH~. 
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nPOXO!AEHHE nPOTOHOB 4EPE3 H30rHYT~~ KPHCTAflfl 
B PE~HME OCEBOrO H nflOCKOCTHOrO KAHAflHPOBAHHR 

HccneAoBaH~e ocesoro KaHan~poBaH~R B ~3orHyT~x Kp~cTannax 
AnR OTKnOHeH~R ny4KOB 3apRmeHH~X 4aCT~~ B~3~BaeT ~HTepec B CB~-
3~ c TeM, 4TO KP~T~4ecK~A yron ocesoro KaHan~posaH~R B 3-4 pa3a 
6onbwe nnocKoCTHoro, a TaKme B CBR3~ c 6onbweA An~HoA AeKaHa
n~poBaH~R no cpasHeH~~ c KaHan~poBaH~eM nnocKoCTRM~. 0AHaKo se
n~4~Ha noTeH~~anbHoro 6apbepa, YAepm~sa~~ero 4aCT~~~ B oceBOM 
KaHan~pOBaH~~, ~MeeT M~H~ManbH~e 3Ha4eH~R B HanpaBneH~RX H~3KO
~HAeKCH~X KP~cTannorpa~~4ecK~x nnocKOCTeA. no3TOMY np~ nonaAaH~~ 

B ~30rHYTY~ 4aCTb KP~CTanna scneACTB~e AeHCTB~R ~eHTpo6emHOH 
c~n~ 6yAeT npo~CXOA~Tb B~6~BaH~e 4acT~~ ~3 ocesoro KaHana B 
nnocKoCTH~e B HanpasneH~Rx, npoT~BononomH~X ~3r~6y. HHTeHc~s
HOCTb 3Toro npo~ecca onpeAenReTCR yrnoM MemAY Kp~cTannorpa~~4e
CKOH nnocKOCTb~ ~ HanpaeneH~eM ~3r~6a Kp~cTanna. 

H3r~6a~~ee YCTPOHCTBO c TpeMR pon~KaM~ He o6ecne4~Bano no
CTORHHoro paA~YCa KP~B~3Hbl. B CBR3~ C 3T~M no Mepe nPOAB~meH~R 
K cepeAHHe H30rHyTOH 4aCTH KpHCTanna, rAe paAHYC KPHBH3H~ MHHH
ManbH~H, 6yAeT B03paCTaTb BnHRH~e ~eHTpo6emHOH CHn~ Ha nepeXOA 
H3 oceeoro e nnocKocTHoe KaHanHposaHHe. npeAcTaeneHH~e HHme 
3KcnepHMeHTanbH~e AaHH~e noATBepmAa~T nepexoA 4aCT~~ H3 oceeoro 
KaHana B nnocKocTH~e, cocTaBnR~He He6onbw~e yrn~ c Hanpasne
HHeM H3rH6a KPHCTanna. KpHcTannorpa~H4ecKaR nnocKOCTb /111/ 
H ne~a~aR B HeH OCb <110> nOABepranHCb KOHTponHpyeMOMY H3rH6y. 
Ha OHc.2 H 3 noeacTaBneH~ pacnpeAeneH~R B~XOAH~x yrnoe 4aCTH~, 
npoWeAWHX KPHCTann, H30rHyT~H nOA yrnaM~ 1,6 H 4,7 MPaA COOT
BeTCTBeHHO. Ha npHBeAeHH~x pHCYHKax OT4eTn~eo Pa3nH4a~TCR co6~
THR, B KOTOP~X 4aCTH~~ He nonanH B pem~M KaHanHpOBaHHR HnH Ae
KaHanHpoeanH B npRMOH 4aCTH KPHCTanna /WHPOKOe nRTHO nOA Hyne
B~MH yrnaMH/, a TaKme 4aCTH~~. oT~noHeHH~e Ae~opMHpoeaHH~M~ 
nnOCKOCTRMH /111/ H /110/ H OCb~ <110>. 

npH H3r~6e KpHCTanna nOA yrnoM 4,7 MPaA AO~R 4aCT~~. OTKno
HeHH~X OCb~ <110>, 3aMeTHO MeHbWe, 4eM B cny4ae H3rH6a Ha 
1,6 MPaA. 3To oco6eHHO 3aMeTHO Ha npoeK~HRX pacnpeAeneHHA 4ac
TH~, OTKnOHeHH~X Ha MaKC~ManbH~H yron /pHc.4,5/. np~ H3rH6e 
nDA yrnoM 1,6 MPaA /pHc.4/ Ha ~oHe w~poKoro pacnpeAeneHHR,o6yc
noeneHHoro KaHan~poeaHH~MH ~ oTKnoHeHH~MH nnocKoCTb~ /111/ 4ac
TH~aMH, B~AeH Y3KHH nHK OT 4aCTH~, npoweAWHX KPHCTann B pemHMe 
oceeoro KaHan~poeaHHR. ~HP~Ha Ha nonye~coTe 3Toro nHKa cocTae
nReT OKOnO 160 MKPaA AnR X- H Y-npoeK~HH. nonHaR W~pHHa pacnpe
AeneHHR B X-npoeK~HH COOTBeTCTByeT WHPHHe BXOAHOrO ny4Ka. Ha 
pHc.5 npHeeAeHo aHanorH4Hoe pacnpeAeneHHe AnR yrna H3rH6a 
4,7 MPaA. Ha MecTe pacnonomeHHR ocH Ha 3TOM pacnpeAeneHHH Ha6n~
AaeTCR npoean WHPHHOH oKono 400 MKpaA. Aea OTHOCHTenbHO WHPOKHX 
nHKa o6ycnoeneH~ 4aCTH~aMH, KaHanHpoeaHH~MH nnocKOCTb~ /111/. 
nonHaR WHpHHa pacnpeAeneHHR cpaBHHMa C WHpHHOH BXOAHOro ny4Ka 
a 3TOA npoeK~HH. TaKHM o6pa3oM, npH yeenH4eHHH yrna H3rH6a Kp~-
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H nnoCKOCTbW /111/, nepneHp;HKy
nHpHOH TinOCKOCTH H3rH6a KpHC'ra.r1-
na. MaKCHManhHblll yron O'rKJIOHe
HHH - I ,6 Mpap;. 

N 

I I 80~ \ II 
60~ II I l I II II 40 ~ 

20~ 
I tl 1 

II I 
I I 

0 II 

-1200 -600 0 600 1200 
e<....,.,...l 

:l 

·J 

CTanna AO 4,7 MpaA 3a C4eT fionbWOH BenH4HH~ ~eHTpo6e~HOH CHn~ 
n04TH BCe 4aCTH~~, 3aXBa4eHH~e nepBOHa4anbHO B pe~HM KaHanHpo
BaHHR OCb~ <110>, AeKaHanHpOBanH KaK 3a C4eT o6~4H~X MeXaHH3MOB, 
TaK H 3a C4eT ~eHTpo6e~Horo MeXaHH3Ma, npH4eM 6onbWHHCTBO Ae
KaHanHpOBaHH~X npOTOHOB 3aXBaTHnOCb KPHCTannorpa~H4eCKHMH nnoc
KOCTRMH H OTKnOHHnOCb Ha MeHbWHe yr~. 

3AKJ11J4 E H 1-1 E 

B pa6oTe noKa3aHo, 4TO npH npoxo*AeHHH npoToHOB c 3HeprHeH 
8,4 f3B 4epe3 npRMOH KPHCTann KpeMHHR TO~HHOH 2 CM AOnR KaHa
nHpOBaHH~X 4aCTH~ OCTaeTCR cy~eCTBeHHOH. 3KcnepHMeHTanbHaR 
o~eHKa AnHH~ AeKaHanHpOBaHHR COCTaBnReT:XI/2 = 1 ,2~0,3 CM. 

OTKnoHeHHe ny4Ka 4aCTH~, 3axBa4eHH~x B pemHM oceBoro KaHa
nHpoBaHHR, Ha6n~AaeTCR npH yrnax H3rH6a KPHCTanna 1,6 MPaA. npH 
era H3rH6e noA yrnoM 4,7 MPaA no4TH Bee 4aCTH~bt H3 pemHMa oceBo
ro KaHanHpoBaHHR nepewnH B pemHM KaHanHpoBaHHR nnocKOCTRMH, co
CTaBnR~~HMH HeUOnbWHe yrn~ C nnoCKOCTbiD H3rH6a KPHCTanna. 
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6ynraKOB H.K. H AP· 
Oceaoe KaHanHpoaaHHe awcoK03HepreTH4eCKHx npoToHoa 
8 np~MWX H H30rHyTWX KpHCTannax KpeMHHR 

1-83-726 

npHBeAeHW pe3ynbTaTW o6pa60TKH AaHHWX, nony4eHHWX Ha CHHXp~a30TPOHe 
OMRM • 1979 roAY a 3KCnepHMeHTe no OTKnoHeHH~ TpaeKTOPHH npoToHoa c 3Hep
rHeH 8,4 r38 C nOM~b~ H30rHyTWX MOHOKPHCTannoa. noKa3aHO, 4TO npH npo
XO*AeHHH. npRMOrO KPHCTanna TO~HHOH BAOnb ny4Ka 2 CM AOnR 4aCTH~ , KaHanH
poaaHHWX OCb~ <110>, OCTaeTCR cy~eCTBeHHOH. 3KCnepHMeHTanbHOe 3Ha4eHHe 
AnHHW AeKaHanHPOBaHHR /AnHHW, Ha KOTOPOH 4HCno KaHanHpoBaHHWX 4aCTH~ yMeHb 
waeTC~ B ABa pasa/ COCTaBnReT X1/2 • 1,2 CM. npH OTKnOHeHHH Ha yron 
4,7 MPaA Ha6n~AaeTCR cHnbHoe aw6waaHHe 4aCTH~ H3 pe*HMa oceaoro KaHanHpo
aaHHR, B TO apeMR KaK B Cny4ae OTKnOHeHHR nnOCKOCTbiO /111/ TaKOrO CHnbHOrO 
aw6waaHHR He Ha6n~aeTcR . 

Pa6oTa awnonHeHa B na6opaTOPHH BWCOKHX 3HeprHH OH~H. 

Bulgakov N. K. et al. 
Axis Channeling of High Energy Protons 
In Direct and Bent Sili con Crystal s 

1- 83- 726 

Results are presented of a detailed anal ysis of the da ta obta ined in 
1979 In the experiment on deviation of 8.4 GeV/protons by bent crystals. l t 
Is shown that after passing a straight crystal 2 em thick,a considerab le 
fraction of particles remains in the regime of axia l <110 > channeling. Th 
estimate of dechannel i ng length (length on which the fraction of. channe l ed 
particles decreases by a fac t or of two) is Xl/2 = 1.2 em. Passing the 
crystal bent by 4 . 7 mrad, a s t rong dechanne llng is seen for the <110> 
axis, while In t he case o f plana r /111/ cha nneling the dechanneli ng fr ac 
tion is much smaller. 

The invest igation has be.en per formed at the Laboratory of High 
Energies, JINR . 
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nepeaQA O.C.BHHOrP&AOBOH 


