
Pl3 - 7076 

89 / -i-3 
B.ll.3peJioB 

llPOCTOi1 METO~ (METO~ ~BOi1HbiX OTPA)KEHHi1) 

H3MEPEHHH CPE~HEi1 3HEPrHH llPOTOHOB 

no H3JIYqEID110 BABHJIOBA-qEPEHKOBA 



Pl3 - 7076 

B.I1.3peJio:B 

IIPOCTOM METO,ll; (METO~. ,ll;BOMHbiX OTPA)I{EHMM) 

113MEPEH11H CPE~HEM 3HEPrl111 IIPOTOHOB 

IIO 113JIYqEHJ.110 BABMJIOBA-qEPEHKOBA 

Hanpa&nt•no n Nuclear lnstrumen ts 

and. Methods 

Ohe,MHHenl:luft 1mtmTJT \ 
~pH~A u~~,e~osasuU 

6HGJlVIOTEKA 



'· 

.• 

.• 

•. 

\ 
j 

• ! 
' i 

B pa6oTax I 1-sl npe,IJ,JIO:>KeHO H OCyll.(eCTBJieHO He­

CI<OJibi<O MeTO,IJ,OB )J,JIH TO'IHOrO HJMepeHHH Cpe,IJ,HeH 3HeprHH 

npOTOHOB B I<OJIJIIlMHpOBaHHbiX ny'II<aX OT YCI<OpHTeJieH B o6-

JiaCTH JHeprHii == 1 F3e c HcnonLJoBaHHeM HJJiy'IeHHH BaaH­

noaa- tiepeHI<OBa. O,IJ,Hai<o aceM 3THM MeTo,IJ,aM npHcym o6mHii 

He,IJ,OCTa TO I< - HX CJIO:>KHOCTb. 

· . B npe,IJ,naraeMoM MeTo,IJ,e coxpaHHeTcH BLICOI<aH;T?'IHOCTL 

HJMepeHHH 3HeprHH, llOJiy'IeHHaH, HallpHMep, B 3 , HO 

)J,OCTHraeTCH OHa 6oJiee npOCTbiM nyTeM. 

* * * 
llyCTb I<OJIJIHMHpOBaHHbiH llY'IOI< TH:>KeJILIX peJIHTHBHCT· 

CI<Hx tiacTHU na,IJ,aeT nepneH,IJ,HI<YJIJipHo rpaHH III Tpexrpauuoii 

npHJMbl, HMeromeii . a6COJIIOTHbiH llOI<aJaTeJib npeJIOMJieHHH 

n0 )J.JIH ,IJ,JIHHbl BOJIHbl )!.0 /pHC. 1 aj. flpH cpe,IJ,HeH CI<OpOCTH 

'IaCTHU B llY'II<e {30 > n0-1 B npHJMe BOJHHI<aeT I<OHYC HJJiy· 

tieHHH BaBHJIOBa- tiepeHI<OBa c nonoBHHoii yrna npH aepiiiHHe 
0 0 = arcCos(n 0 (3 ;.-1 

rpaHH npH3Mbl I H II o6paJyroT c rpaHbiO III ,IJ,ByrpaHHLie 

yrJILI a H a 1 , llpH6JIH3HTeJibHO paBHLie yrny HJJiy'IeHHH ()
0

• 

Ha 3TH rpaHH HaHeceHLI 3epi<aJILHLie cnoH Tai<, I<ai< noi<a3aHo 

ua pHc. 16 /nyHI<THpoM ua pHCYHI<e noi<aJaH npoiPHnL ny'II<a 

'IaCTHU/. 

Xo,IJ, nyqeii qepeJ rpaHL I npHJMLI 6y,IJ,eT HMeTL BH.D., 

noi<aJaHHLIH ua pH c. 1 a. llo.D. yrnoM r1 qepeJ 3TY rpaHL 

BbiXO,IJ,HT HJJiy'IeHHe OT BepxHeH 'IaCTH llY'II<a 6e3 OTpa:>KeHHJI, 

a no,IJ, yrnoM r 2 - ,IJ,Ba:>K,IJ,LI oTpa:>KeHHoe nocne,IJ,oBaTeJILHO 

oT rpaueii II H III .OT HH:>KHeii qacTH ny'II<a H3Jiy'IeHHe BLixo­

.D.HT qepeJ rpaHL II 6e3 OTpa:>KeHHH no,IJ, yrnoM r1 ' , a no,IJ, 

yrnoM r; - ,IJ,Ba:>K,IJ,LI OTpa:>KeHHoe OT rpaHeii I'" III /ua pH­

cyHI<e He noi<aJaHo/. 
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HcnonbJYH ycnoBHH npenoMneHHH HJnyqeHHH Ha rpaHH 
I npHJMJ.I-pa.n;HaTopa · H ycnoBHH oTpa)KeHHH Ha rpaHHX II 
H III, HeTpy,n;Ho nonyqHTb ocHOBHYIO 4JopMyny .u;nH· onpe.u;ene­
HHH yrna () O HCnycKaHHH HJnyqeHHH BaBHHOBa- "tJepeHKOBa: 

() = al 
0 J 

r1 +r 
2 

r +r 
.2 2 , 2 1 2 • 2 
m 

2 
-no tg Sm (a -a ) 

1 2 J 

±~~--, ' 
n r + r 
o · 2 2 1 2 s· 2 ; Cos (a - a) ~tg 

2 
m (a - a 

I I 

/1/ 

r.u;e n'= ~- - OTHOCHTenbHbiH noKaJa Tenb npenoMne-
nl 

HHH npH3Mbl, yrnbi r 1 H r2 B liJopMyne /1/ OTCqHTbiBaiOTCH 
oT HOpManH K rpaHH I, a JHaK nepe.u; KOpHeM 6epeTc.H I +I, 
eCJlH .eo > az, H 3HaK /-/,·ecnH ()0 < az. PaJnHqHTb 3TH 

' ,ll;Ba cnyqa.H MO)KHO nerKO no BH.n;y H OTHOCHTenbHOMY pac­
no.Jl:o)KeHHIO HJo6pa)KeHHii HJnyqeHHH BaBHnoBa- "llepeHKOBa, 

· nonyqeHHbiX liJoTorpaliJHqecKHM cnoco6oM. llpH 0 
0 

> a 1 . 

H306pa>i<eHH.H npHMOrO H ,ll;Ba)K,ll;bl OTpa)KeHHOro HJnyqeHH.H 
HMeiOT BH.n; "co6Hparow;eii" nHH3bi, a npH · 0

0 
< a 

1 
- "pac­

CeHBarow;eii", KaK 3TO noKaJaHO Ha pHC. 2 ,li;HH cnyqa.H pe­
rHCTpan;iiH npaBOH /ecnH CMOTpeTb no HanpaBneHHIO ,ll;BH)Ke­
HHH qacTHU/ qacTH KOHyca HJnyqeHHH. 

IT pH ManbiX B_enHqHHax yrnoB ( r
1 

+ r
2 

},( a
1
-a) H ( 0

0 
- a

1
) 

liJopMyna/1/ npHHHMaeT BH,ll;~ y,n;o6HbiH ,li;HH OI.J;eHOK · 

() ~ a + 
0 1 -

'1 + r 2 

2n' 
0 

/2/. 

,lJ;nH· TOrO, qTo6bi npHMOe H ,ll;Ba)K,ll;bl OTpa)KeHHOe HJ.Jl:yqe­
HHH He .nepeKpbiBanHCb, ,ll;OH)KHO BbiiiOHH.HTbC.H ycnOBHe 

. .. 2 
(r

1 
+ r

2 
) "" ( 3 ~ 4 ) { ~ /). (} i } ~ , 

. ' . . 
/3/ 

r,n;e . /). () i- - yrnOBbie paCXO,ll;HMOCTH KOHyCa HJnyqeHHH Ja 
cqeT paJnHqHJ.Ix liJaKTop(m /yrmiBa.H pacxo.n;HMOCTb qacTHU 
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B . nytJ:Ke,: :Hiepre'TH'-Iecl<ai iieo,iiH:opo,nHOCTb ny.:u(a, MHOro­
KpaTiioe paeceHHHe ·H. 3it.Me~ne.inle :'-IacTHU :B npH3Me,· ~HC:'rrep­
eHH :Pa~H:a ropa/ •· · · · ,· ' · · .. 
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PHc. 2. BH~ H3o6pa>KeHHii H3JiytJ:eHHH BaBHJioaa-qepeHKOBa 
jnyHKTHpOM llOKa3aHO ~Ba>K~bl OTpa>KeHHOe H3JiytJ:eHHe, KaK 
6onee cna6oe/. a/ ~n.H . enyqafl: .e 0 > a ; 6/ ~JIH cnyqas 

eo <a . 

* * * 
O~Hoii H3 oeo6eHHocTeii ~aHHoro MeTo~a H3MepeHHH 

3HeprHH tJ:aCTHU .IIBJIHe.TC.II TaK)I{e H TO, 'ITO HenepneH~HKy­
JI.IlpHOCTb HanpaaneHHH qacTHU K rpaHH III npH3Mbi-pa~Ha-
Topa He BHOCHT owH6Ky B onpe~eneHHe yrna .0 

0 
• · 

· KaK llOKa3biBa10TpactJ:eTbi, OCHOBHaH norpeWHOeTb MeTo­
~a eBH3aHa C OWH6KOH H3MepeHH.II yrJIOBOrO CMemeHHH. 
H306pa>KeHHH /). ( r 1 + r 2 ) •• CyMMapHa·H OWH6Ka H3MepeHIIH 

(J 
0 

/6e3 'YtJ:eTa owH6KH H3MepeHHH n0 (11.0 ) I paaHa 

~ :;(. 

r ., 

I 
' ~ 

I -

~: 
\ 
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r~ 
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/ ~ :. 

'l 
\;J 
\ 
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li 
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~· 
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I 
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! 

!leo = [(A a1) 2 + { !l ( r1 + r2 ) 
·2n' 

0 
) 

1 2 1 ~~z . /4/ 

IT pH /). a << L "' cooTBeTeTayromaH owH6Ka H3-
2n' · 

0 

MepeHH.II CKOpOCTH tJ:aCTHU COCTaBHT: 

R2 • n ,_, ·» .r + r 
li .{3 '= · · · 1 . . Sin ( a . ± . 1 

. . . 2 ) !l ( r + r ) 
2 1 2n, 1 2 

0 

:;s; 
r~e 3HaK /±I cooTBeTCTBeimo · 6epeTcH B 3aBHCHMOeTH oT 
TOrO, :eo > a1, HJIH e0 < aJ /eM. BbiWe/. . 

EenH n~==l,50,!la:=5', a !l(r
1 

+ r2 } onpe~eneHa e TotJ:­

HOeTbiO B O~Hy MHHYTY, TO OWH6Ka B CKOpOCTH npH {J =0, 811 
eoeTaBHT !l{J = 5.44.10- 6 • TaKOMY /). {3 COOTBeTeTByeT 
owH6Ka onpe~eneHHH :lHeprHH npoTOHOB A E=0,205·M3e. ,D;ns 
yMeHbWeHmi orim6KH H3MepeHHH yrna () aene~cTBHe ~He-. . . 0 . 

· nepeHH MaTepHana pa~HaTopa H3JiytJ:eHHe Heo6xo~HMO pe-
rHeTpHpoaaTi. B:y3KOM ~Hana3oHe ~JIHH :BonH .!!>. >..0 , HanpH-· 

. Mep, HellOJib3yH ~nH 3THX. ueneii HHTep!lJepeHiiHOHHble !lJHJibT­
pbi; 

* * * 
PerHeTpanHH HlJiytJ:eHHH, Bhixo~smero TaK>Ke H .. tJ:epe3 

rpaHh II npH3Mhi-pa~HaTopa /KaK no noKa3aHo Ha pHc.3/ 
'll03BOJIHeT yMeHbWHTb OWH6KyH3MepeHH.II CKOpOCTHBv'2pa3. 
,lJ;eiiCTBHTe.JfhHO, B 3TOM eJiyqae H3MepseTeH yroJI 2 eO = 
=0. + () , ll03TOMY OWH6KH /).() . H /).() eBH3aHbl · 

1 2 1 2 
paBeHCTBOM 

/).()1 = /). e2 +. 2.r(J e ue u() ' /6/' 
.· . ' ' ' ··. ' . 1 .2 . l • 2 . 

r~e T() () . :. K03!lJ!lJHUHeHT KOppeJIHUHH lre
1 

e J_<: 1 • U () 

B: u e 2 
1 

- ~T~H~~pTHbie owli6KH H3MepeHHH yrnoJ e 1 H e 2 .~ 
B eHny JIHHeHHOH 3aBHeHMOCTH · e1 H · 02 Ko:l!l>!l>HnHeHT i'Oj ()

2
= 

= -1 • ll03TOMY BTOpoii lJ:JieH !lJopMyJibl MO>KHO He Y'IHTbiBaTb 
H ClJ:HTaTb '/6e3 onaceHH.II 3aBbWieHHH OWH60K H3MepeHHH/~ 
.'ITO /). e1 . : /). e2 , a, CYMMapHa.II OWH6Ka onpe~emiHHH yrJia 

. 0 0 H3 H3MepeHHH e 1 H () 
2 

6y~eT /). () 
0 

OJ?;V 2/2 /). e 1 =0, 71 !!>.~. 
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PHc. 3. CxeMa onLITa .nn» H3MepeHH.H 3HeprHH ,nByM» 4JoTo­
annapaTaMH: 1 - nyqoK; 2 - KonnHMaTop; 3 - onopHa.H nnH­
Ta; 4 - npH3Ma-pa,nHaTop; 5 - H3ny'leHHe BaBHnoBa- 'tlepeH-_ · 
KOBa "np.HMOe"; 6 - H3nyqeHHe ,IJ;Ba)K,IJ;bl OTpa)KeHHOe;. 7 ~ 
HHTep4JepeHUHOHHbiH 4JHnbTp; 8 - 06'beKTHB, HaCTpOeHHbiH Ha 
6eCKOHe'IHOCTb. 

.8 

I 

* * * He3aBHCHMOe onpe.neneHHe yrna H3ny'leHH.H e 0 npH 
HCncinb30BaHHH npH3MLI·pa,nHaTopa'Mo)KeT 6biTb OCyiUeCTB­
neHO nyTeM H3MepeHH.H · yrnoB · 1/11 H 1/12 I 1/1; H 1/1; I 
Me)K,ny HanpaBneHHeM H3ny'leHH.H, BLiwe.nwero qepe3 rpaHH 
I , II IKa:K npliMoro, TaK ;H .IJ;Ba)K.IJ;bi oTpa?f<eHHorol H OT'­
C'IHTLIBaeMbiX; cooTBeTcT:BeHHO ~o+ rpam~ii · Ii · H I· lpHc.41. 

' ' <' f - ' .. 

"t)o 

ft 

PHc. 4. CxeMa H3MepeHH.H yrnoB 1/11 H. 1/12 

llpH 3TOM yrn_bl r1 H r2 _, BXO,IJ;.HIUHe B4Jop,Myny/li,6B.Hl~~bl 
c yrnaMH 1/11 . H 1/12 COOTJioiueHH.HMH I ,nn.H eo > 0:1/: ' . 

. . ;· . . ' ~ .. ~ . . ' . . 

1T . ' ' '. ' '. ·• "1T ' . • · .. 

1/1 = -- - ( r + a + a )'; 1/J = .- -d a + a · ~ r ). 
1 2 1 1· ···.2 2 ·. ·1 2 

l.nn». eO .< a1 3HaKH -r1 H .r 2 :" ,o6paTHbiel. , . 
,D;n» npoBe,neHH» TaKHx H3MepeHHii lleo6xo,nHMo .nononHHTenL ~ 

',· . ' ' . . ;. ·-- ' .- .. 

HO HCITOnh30BaTb ,IJ;Be OITTH'IeCKHe CHCTeMbi HaHeCeHH.H pe-
nepHbiX pHcoi<, onpe,nen.HIOIUHX nono)Keime rpa~eii I H ·· ii 
npH3Mhi, no,no6HO TOMY '/ ~K . 3TO 6bin0 npHMe!JeHO B MOHO-
XpOMaTH'IeCKOM MeTo,ne 3 IPHC. 5/~: . . . ._ . - . 

B 3aKniO'IeHHe cne,nyeT OTMeTHTb~ 'ITO, no' cyiUeCTBy, 
ocHOBHa.H H.ne» iipe.nno)KeHHoro BhiWe MeTo,na ~cnonb30Ba­
nacL 'laCTll'IH?

3
,PaHee: B TaK H11:3~IBa~MOM MOHOXpoMaTH'Ie-: 

CKOM CITOC06e .. H3MepeHH.H 3HeprHH npOTOHOB ITO H3ny'le.-. . . . . ~ . . ~ ' . -- '' - . . : . ·: 
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PHc. 5. CxeMa HaHeceHHH penepHhiX pHcoK .nnn onpe.neneHHH 
nonmKeHHH rpaHeii: npH3MLI-pa,nHaTopa: 1 - npHJMa~pa.nHa­
Top; 2 - HCTO'IHHK CBeTa; 3 - 06'heKTHB; 4 - I.Qenh. 

HHIO BaaHnoaa- qepeHKoBa. TonLKo TaM oTpa>KeHHe HJnyqe- · 
HHH HcnoJihJoaanoch .nnn acnoMora l'enLHoii: uenH: - (mpe.nene­
HHH yr.ha Me>K,ny noaepxHoCTbiO HHTep<lJepeHUHOHHLix !)JHnLT:-- . . . . 

poa H nnocKonapannenLHhiM pa,nHaTopoM /pHc. 6/. EcnH 
)Ke yron a TO'IHO H3MepHTb 3apaHee, TO 3TO ll03BOnHT no-. 
BbiCHTb TO'IHOCTh H3MepeHHH yrna BblXO,na HJny'leHHH H3 
pa.nHaTopa. 

113 pHc. 6 cne.nyeT, 'ITO yron Me>K.ny HanpaaneHHeM H3- · 
ny'leHHH BaaHnoaa- qepeHKoaa, Bhiwe,nwHM H3. pa,nHa Topa I 1/ 
ITpHMO, H HanpaBneHHeM HJny'leHHH /4/, HCIThiTaBWero OT· 
pa>KeHHe .OT JepKana/2/, CBH3a~ c yrnaMH r H · a npoCThiM 
COOTHOWeHHeM 

r = '1 + r 2 

2 
= a 

y 
-~ 2 . /6/ 

IlpH OWH6Ke 11 a .« 11 Y OWH6Ka 11 r ;;: 1/2 11 Y , 'ITO 
IT03BOnHeT yMeHhWHTh OWH6Ky onpe,neneHHH yrna r. ,na>Ke 
npH HcnonLJoaaHHH o.nHoro !)JoToanmipaTa npHMepHo a.naoe. 

10 ' 

I 
I 
I 
I 
I 
I 

2, 

flo 

PHc.-6. Xo.n n.yqe:ii B MoHoxppMaTH'IeCKOM MeTo.ne: 1- nnoc• 
Ko-napannenLHhlii. pa,nHaTop; 2 .- JepKano;. 3 - "npsMoe" 
HJnyqeHue; -~ - "oTpa>KeHHoe" u3nyiieH:He •. · · · 
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