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PaHr rry6Jn-tKa~HH 06be~HHeHHoro HHCTHTyTa H~epHbiX 

HCCJie~oBaHHH 

llperrpHHThi H C006IUeHH1! 06'be)lHHeHHOrO HHCTHTyTa H,nepHhiX 

HCCne,noBaHHH /OJUIH/ 1!BJI1110TC1! CaMOCTOHTeJihHhiMH rry6JIHKaUH11MH. 

0HH H3,nafOTC11 B cooTBeTCTBHH co CT. 4 Y cTaBa OHRH. OTJIH'IHe 

rrpeJipHHTOB OT C006IUeHHH 3aKJIIO'IaeTC1! B TOM, 'ITO TeKCT rrpeiipHHTa 

6y,neT BIIOCJie)lCTBHH BOCIIpOH3Be,neH B KaKOM-JIH60 Hay'IHOM ~ypHaJie 
HJIH arrepHO)lH'IeCKOM C60pHHKe. 

B 3 BapHaHTax: 
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3penoa B.n. P13 - 7994 
Cnoco5 onHoapeMeHHoro onpeneneHIH! HanpaflneHHSI n aHeprHH 

penR!'HBHC!'CKHX KonnHMHpoaaHHbiX 'IBC!'HU no H3ny'leHH!O BaaHnoaa-l.JepeHKoaa 

B pa6ore onHcaH cnoco6 onHoapeMeHHoro onpeneneHHSI HanpaaneHHSI 
nBH)KeHHS! 'IBC!'HU H HX 9Hepf'KH ny!'eM H3MepeHHSI nonypa3HOC!'H H nonyCy!I.1Mbl 
yrnoa Bbixona Hany'leHHSI B aaHnoaa-l.JepeHKOBa H3 nnocKonapannellbHoro 
panaaropa. I1pHaonSI!'CSI pacqe!'Hbie <f>opMynbi H oueHKH !'O'IHOC!'H cnoco6a, 
naa npHMep ocywecraneHRSI aroro Merona nnSI ueneA rpaHcnoprHpoaKR nyq
KOB no aanaaaoft rpacce or ycKopRTeneft qacrHu. 

npenpHHT 06be,llMHeHHOrO HHCTHTyTa JI,AepHbiX HCCJie.[IOB8HJdt 

,lzy6Ha, 197 4 

Zrelov V.P. P13 - 7994 

Method for Simultaneous Determination of the 
Direction and Energy of Relativistic Collima ted 
Particles by Means of Vavilov-Cerenkov Radiation 

The method is described used for a simultaneous deter
mination of the direction and energy of particles by measu
ring the half-difference and half-sum of the angles at 
which Vavilov-Cere nkov radiation leaves the plane-parallel 
radiator. The calculation formulae and estimates of the 
method accuracy are presented. 

An example is given when this method is used to trans 
port the beam along the given path from the particle acce
lerators. 
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BeeC>eHue 

fipH UOCT8HOBKe 3I<CUepHMeHTOB no 4JHJHI<e '18CTHU Bbi

COI<HX 3HeprHii Ha COBpeMeHHbiX YCI<OpHTen.R X B ~eC.IITI<H 

H COTHH F3B '18CTO B03HHI<aeT Heo6xo~HMOCTL Tpaucnop 

THpOBI<H I<OnnHMHpOB8HHbiX n y 'II<OB '18CTHU no npOT .II)I(eHH0-

38~8HHOH Tpacce npH O~HOBpeMeHHOM I<OHTpo ne cpe~Heii 

3 HeprHH '18CTHU. 

B uacTO.RIUeii pa6oTe npe~naraeTc.R cnoco6 onep a T HBH o ro 

onpe~eneHH.II HanpaBneHH.II ~BH)I(eHH.II ny'II<OB pen.RTHBHCT CI<HX 

'18CTHU C BLICOI<OH TO'IHOCTLIO npH O~HOBpeMeHHOM H 3 Mepe

HHH HX 3HeprHH. 

1. OnucaHue cnoco6a 

fiyCTL UY'IOI< I<OnnHMHpOB8HHbiX '18CTHU HanpaBn.ReTC.II 

no~ Hei<oTopLIM yrnoM a ua nnoci<onapannenLHblii pa~HaTop 

c a6comoTHLIM noi<aJaTeneM npenoMneHH.II n 1 /pHc. 1/. 
llpH CKopoCTH '18CTHU {3 B ny'II<e 6onLwe n } I B pa~HaTope 
BOJHHKaeT HJny'leHHe BaaHnosa- qepeHI<oaa . BenH'IHHY n I 

pa~HaTopa Bbi6HpaJOT Tai<oii, 'IT06bl yron HJny'leHH.II Ba!.JH

noaa-qepeHI<OBa 8 =arc co s ({3 ni )-I 6Lin 6nH30I< K yrny 

nonHOrO BHyTpeHHero OTpa)l(eHH.II 8 * = arc s in n z/n I 
/r~e n 2 - noi<aJaTenL npenoMneHH.II cpe~bl, oi<py)l(aJOmeii 

pa~HaTop/, T . e- e.::: e*. B 3TOM cny'lae yron BbiXO~a 
HJny'leHH.II r HJ pa~HaTopa B cpe~y c n 2 6y~eT JHa'IH 

TenLHblii: HJny'leHHe BLIXO~HT WHPOI<HM BeepOM B~OnL BLI 

XO~HOH rpaHH, npH'IeM B nnoCI<OCTH Hai<nOHa '18CTHU I< no

aepXHOCTH pa~HaTopa yrnbl BbiXO~a HJny'leHH.II r 1 H r 2 no 

o6e CTOpOHbl OT ny'II<a 6y~yT paJnH'IHhl. 
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Puc . 1. Xo.u. nyqe:B: B pa.u.ua Tope. 

. CBH3b Me~.u.y {3 H a c yrnoM r 1 H r 2 nonyqaen::s H3 
perneHHH CHCTeMbl H3 .IJ.BYX ypaBHeHHB: 

n 1 sin ( () + a) = n 2 sin r 1 , ~ 

n 
1 

sin ( () - a) = n 2 sin r 2 . 
/1/ 

4 

/j 

\'l 

• 

0TKy,IJ.a CKOpOCTb ~ onpe.u.enseTcs TaK: 

-2 2( , 2 . 2 . 2 ) 

{3 = 
n 2 n 

1 
+ sm y 2 - sm y 1 /2/ -

2 

2 j<. 2 . 2 ) sin 
2 

y1 _ ~ sm y 1- sm y 2 - 2 + l, 
2 ( n ,1 ) 4 ( , ) 2 

n 1 

a yron a = arc sin n 2 {3 cos y 1 cos y 2 , 

r.u.e 
/3/ 

r I + r 2 
r - r n1 

1 2 n1 = ---. 
y = ' y = 2 ' 1 n 2 1 2 2 

Ecnu y 2 > 0, TO r 1 > r 2 , a cne.u.ouaTenbHO, qacTH
na npoxo.u.HT pa.u.uaTop no.u. yrnoM a > 0 /npu oTc'leTe 
DO qacOBOB CTpenKe OTHOCHTenbHO HOpManB K BbiXO,IJ.HOB 
rpauu pa.u.ua Topa/. Ilpu y 2 < 0 uaKnou qacTHn - B npo 
THBODOnO)I(HYIO CTOpOHY OT HOpManH. 

TaKHM o6pa30M, nonycyMMa H nonypa3HOCTb yrnou 
r 1 H r 2 nonHOCTbiO onpe.u.ensiOT CKOpOCTb 'laCTHn {3 H HX 

OTKnOHeHHe a OT HOpManB K pa,IJ.HaTOpy. 
MaKCHManbHblii yron uaKnoua qacTHn amax,KOTOpbli uo

~eT 6b1Tb H3Uepeu 3THU cnoco6ou, orpaHH'IeH •aneuaeu 
nonuoro BHyTpeuuero oTpa~euus H3nyqeuus Bauunoua-~e
peHKOBa, T.e. ycnOBHeM 

r.u.e 

a < arc sin 
max-

n2 

n 1 

() = arc cos ( n 1 {3 ) • 

- () ' 

2. Ol#eHKa 1/IO'lHocmu cnoco6a 

/4/ 

Owu6Ka H3Mepeuus yKnoueuu:B: qacTun a npu6nu~euuo 
onpe.u.enseTc.ll owu6Ko:B: !),. y cornacuo cl>opMyne 

2 

5 



• 
n 2 (3 

f"..a= (cosy 1 cosy 2 f"..y 2 -siny1 ·sin ·y2 f"..y 1 ) ·/5/ 
cos a 

)J.nJI /'), y l = /'), y 2 = /'), y liJopMyJia /5/ npBHBMaeT BB~ 

n (3 
f"..u. = --2 - cos r f".. y , /6/ 

cos a 1 

r~e f"..y=0,7lf"..r npB f"..r 1 =f"..r 2 =f"..r, a f"..y 2 =0,7lf"..r1 • 

B KOHKpeTHOM cnyqae f"..r =2,9 10-4 paO, y 
1 

= 75 ~ (3 = 
= 0,81, f"..a ;; 4,3 • 10-S paO, T .e. npB OIIIB6Ke /'). r

1 
B O~Hy 

MHHYTY yron HaKJIOHa a B3MepJleTCJI C TO'IHOCTbiO B 9 ce
KYH~, 'ITO 3HalfHTenLHO npesocxo~BT TO'IHOCTL MeTo~oB / 1 I 
H / 2/ 

TO'IHOCTb onpe~eneHHJI CKOpOCTH 'laCTH~ H HX 3HeprHB 
uaxo~HTCJI no 4JopMynaM 

t\(3 
(3 n ~ {1 sin )' I cosy

1 
L\y

1
, 

t\E 2 t\(3 
- ~: ~ < r - n -T , 

/7/ 

r~e E - nonuaJI 3HeprHJI lfaCTH~, a y - nopeu~-liJaKTop. 
)J.JIJI Tex :lKe YCJIOBHH, npH KOTOpbiX npOH3BO~HJiaCb Bblllle 
o~eHKa t\u, OIIIH6Ka t\f. / E = 1,1 • 10-4 , a t\ F: = 0,21 M3B 
I ~nJI npoTouos/. 

l.lyscTBHTenLuocTL uacTOJI~ero cnoco6a onpe~eneuuJI 
3Hepruu H uanpasneuuJI lfaCTH~ nerKo sapbHpyeTCJI cornacuo 
/6/ H /7/ nyTeM BLI6opa yrna r /no~6opoM n

1 
pa~uaTopa/. 

3. BapuaHm ocyU~ecme/leHUJI oaHHozo cnoco6a /puc. 2/ 

MououanpasneuubiH nylfoK lfaCTH~ /1/ na~aeT nolfTH 
nepneu~HKynJlpuo K rpauu nnocKonapannenLuoro pa~uaTopa 
/2/. 1:13nyqeuue Basunosa- l.lepeuKoBa /3/, Bbiiiie~e e H3 
pa~BaTopa no o6e CTopoubl oT ny'IKa, npoxo~HT HHTepllJe
peu~uouuble liJBJibTpbl /5/, liJoKyCBpyJO~He OnTHlfeCKHe CH
CTeMbl /5/, uacTpoeuuble ua 6ecKouelfHOCTL. B 4JoKanLuo8 
nnOCKOCTB Ka:lK~OH CBCTeMbl /5/ HaXO~JITCJI KOOp~BHaTHble 
liJoTOYMHO:lKBTeJIB /6/, pa6oTaJO~Be no BpeM.RnponeTHOMY 
npuu~uny /3/ B no3son.RJO~Be onpe~eJI.RTb MecTo nona~a
HB.R B3Jiy'leHBJI Ha liJOTOKaTO~. 

6 

eX 

7'{ 
I·\ 
11 1 

......_ 
I 

6 

5 4 

l I 
I ,, 

h ?, t n1 I ' I li! - 0 I: I 

j3 

Puc. 2. llpuMep ycTpOHCTBa ~n11 onpe~eneuu11 uanpasneHB.R 
ny'IKa lfaCTH~ B~onL ero TpaccLI. 
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~ng HaHeCeHHX nono~eHHX BWXO~HOH rpaHU pa~UaTopa 
B ~OKanLHOH nnoCKOCTU OnTuqeCKOH CBCTeMwl51 ucnonb· 
3YJOTCX npoeKTopw 17 I, pa6oTaJOli.Uie no npuHuany, onucaH
HOMY B pa6oTe / 4/ . 

HH~opMauux, nocTynaJOIUaJI c Koop~uHaTHwx 4>3Y 17 I, 
~anee npeo6pa3yeTCJI B yrnw 1/J 1 u 1/J 2 , KOTOpble CBJI3aHw 
C yrnaMB r 1 U r2, BXO~Jili.UIMU B ~OpMynw 121 ul3l, ycnOBU· 
eM: 1/J 1 = 90°-rl'a 1/J 2 = 90°-r 2 • 

~n.JI TOqHoro U3MepeHUJI yrnoB r l U r 2 paCXO~BMOCTb 

u3nyqeHBJI 3a cqeT ~cnepcuu pa~uaTopa Heo6xo~uMo nu6o 
yMeHLWUTb UHTep~epeHUUOHHWMU ~UnLTpaMB, KaK :no C~e • 
naHo B /4/ na6o ucnonL30BaTL ~JI 3TOH uena axpoMaTuqe
CKYJO /5/ BnU anoxpOMaTuqecKyiO /6/ OnTuqecKBe CBCTeMW. 

B nepBoM cnyqae WBPBHa nonocw ucnonL3yeMoro UH· 
Tep~epeHUUOHHOrO ~UnbTpa 3aBUCUT OT COOTHOWeHUX BKna • 
~oB B nonHYJO wupuHy yrnoBoro pacnpe~eneHux B3nyqeHux 
BaB.BnoBa- qepeHKOBa TaKBX ~aKTopoB, KaK 3HepreTuqecKax 
HeO~HOpO~HOCTb qacTUU B nyqKe, BX yrnoBaX paCXO~UMOCTb, 
3aMe~neHue B MHoroKpaTHOe pacceJIHue qacTuu B pa~uaTo
pe, ~B~paKUUJI U3nyqeHUJI. 

Ecnu npuHJITL, qTo pa3MWTUe KOHyca u3nyqeHBX BaBu
noBa-qepeHKOBa 3a cqeT ~acnepcau He ~o~o npeBwwaTL 
ero ywupeHHJI H3· 3a MHOrOKpaTHOrO pacCeJIHUX, TO ycnOBUe 
Ha WHpHHY BHTepq,epeHUHOHHOrO ~HnbTpa HMeeT BH~ 

r~e >.. 
X CM. 

l'l>.. = n n 
l 2 

7,5~ 3 yt 
sm r 181 

cE
0 
yy 2_ l 

- cpe~HXJI ~nuHa BonHbl nponycKaHUJI ~unLTpa 1Bw6op 
B I 4/ I; t - TOniUUHa pa~aa Topa B pa~uauuoHHWX 

y - nopeHu-~aKTop, E0- Macca noKox qacTuu ~nHHax; 

B M3B. 
llpu TpaHcnopTBpOBKe nyqKa qacTUU Ha 6onLWBe pac· 

CTOJIHUJI BTOpOH pa~BaTOp lu nocne~}'IOIUBel, KaK 3TO noKa· 
3aHo Ha pee. 2, pacnonaraeTCJI no Tpacce cne~oBaHHX 

nyqKa u ycTaHaBn&BaeTcJI napannenLHO nepBOMY pa~aa Topy 
C nOMOIUblO aBTOKOnn&MaUBOHHOrO ycTpOHCTBa. 

Onpe~eneHue npocTpaHCTBeHHoro nono~eHUJI nyqKa MO
~eT 6b1Tb npOU3Be~eHO CUCTeMOH perHCTpaUUB,,aHanoruq-

8 

HOB B306pa~eHHOH Ha puc . 2r B ~pyroi, TaKOH ~e , HO 
pacnono~eHHOH nepneH~nKynxpHo no OTHoweHHIO K nnoc
KOCTB pUC. 2. 

B CBX3B c TeM, 'ITO B no~o6Horo po~a ycTpoicTBax 
~enaTenbHO HCnOnb30BaTb B KaqecTBe perBCTpaTopa H3ny
qeHBX ro~OCKOnHqeCKBH ~OTOYMHO~HTenb, o6na~aiOIUUH KO· 
HeqHbiM pa3peweHUeM no KOOp~BHaTe f'l X min, B03HHKaiOT 
OrpaHHqeHUX no ~OKYCHOe paCCTOXHUe f OnTHqeCKOH CH· 
CTeMbl 151: 

f > 
3 

11 x min f3 cos r 

l'la 191 

r~e l'la - ToqHoCTL onpe~eneHBX yrna HaKnoHa qacTBU. 
TaK, ~nx ro~ocKonHqecKBX $OTOYMHO~Tenei TBna 131 
11 x min = <?,35 MM. Tor~a cor nacHo 191 r.pH l'la = 
=4,3.10- pao, {3 = 0,81, r =75 ° ~OKYCHOepaCCTOXHHe 
~O~HO 6h1Tb f ~ 115 MM. 
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