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1. BBe.nemrn 

Heo6xo.nHMOCTh B BHqHcneHHH yrnoaoro pacnpe.neneHHH qepeHKOB

cKoro H3nyqeHHH BO3HHKaeT npH peweHHH npaKTHqecKHX 3a.naq .!lBYX 

THnOB. 3To, BO-nepBblX, - pact:IeT 11 QJOPMbl nHHHH 11 H O9pa6OTKa .QaHHblX 

.nnH cneKTpoMeTpOB THna RICH H,~O-BTOPhlX, - H3MepeHHe 3Hepre
THqecKHX xapaKTepHCTHK nyqKoB 3apHXeHHHX qacTHU, 

EcnH npH pact:IeTe WHpOKoanepTypHHX cneKTpOMeTpOB HaH6onbWH8 

HHTepec npe.ncTaBJrneT BnHHHHe npoueccoB TOpMOXeHHH H MHOro

KpaTHOro pacceHHHH Ha yrnoay~ WHpHHY H3nyt:IeHHH, TO BO BTOpOM 

cnyqae Heo6xo.nHMO TaKxe yqHTHBaTh pa36poc qacTHU nyqKa no 

3HeprHHM H yrnaM ~OKYCHpOBKH . 

.llnH onpe.neneHHH cpe.nHe8 3HeprHH nyt:IKOB 3apHXeHHHX qacTHU 

pa3pa6oTaHH pa3nHqHHe [1-4] MeTO.!lH, r.ne, KaK npaBHnO, cpe.nHHH 

3HeprHH qacTHU HaXO.!lHTCH no ueHTPY THXeCTH H3MepeHHO8 yrnoao8 

nnOTHOCTH H3nyqeHHH C nonpaaKaMH Ha onTHqecKy~ cxeMy npH6opa. 

Bo MHOrHX cnyqaHX npe.ncTaBnH~T HHTepec H cne.ny~mHe MOMeHTH 

3HepreTHqecKoro cneKTpa qacTHU. TaKoro po.na cae.neHHH MoryT 

Hcnonb3OBaTbCH npH onTHMH3aUHH npOBO.!lKH nyqKa no TpaKTaM, yn

paBneHHH YCKOpHTeneM H B ~H3HqecKOM 3KcnepHMeHTe. 

2. IlOCTaHOBKa 3a.naqH 

PaccMOTpeHHe npHqHH, yaenHqHBa~lUHX yr~OBO8 pa36poc qepeHKOB

CKoro H3nyqeHHH,6uno npoae.neHo B pa6oTe [1]. 

BnepBHe pacqeT qepeHKOBCKoro H3nyqeHHH C yqeTOM B3aHMo.ne8-

CTBHH qacTHU c pa.nHaTOpOM 6un npo.nenaH .lle.npHKOM a pa6oTe (5]. 

Buna nonyqeHa ~opMyna, yqHTHBa~maH O.!lHOBpeMeHHOe BRHHHHe Ha 

yrnoaoe pacnpe.neneHHe H3nyqeHHH KoHeqHoCTH nyTH B aemecTBe H 

MHOroKpaTHoro pacceHHHH. IloTepH 3HeprHH npH 3TOM He yqHTHBa

nHCb. CornacHO [5] peweHHe B6nH3H MaKCHMyMa MOXHO npe.ncTaBHTb 

cne.ny~!UHM o6pa30M 

K3 

H~h= J3ctu•cos(ou)exp(- ;:) ~2 [1-exp(-u
2 

+ 3 ;:)] , (1) 
0 

r.ne 0 = V2 ( 1'-1'0) 
1' 

s 
[ 

6 L ] 1/3 
K = ~ nsin ( 1'o )--x 1'

5 
, 

I(1')/I(1'o) - OTHOWeHHe HHTeHCHBHOCTH npH .naHHOM yrne 1' K 

HHTeHCHBHOCTH B rnaBHOM HanpaBneHHH 1'0 . .llnH qacTHUli co CKO-
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-paCTbD ~ yran i1o anpenenHeTCH KaK t1<l=arccas(l/~n), n - Ka3¢-
¢HUHeHT npenaMneHHH panHaTapa, ~s- cpenHeKBanpaTHqHHH yran 
MHaraKpaTHora pacceHHHH qacTHU Ha Bce8 TonmHHe panHaTopa,_ il.

nnHHa BonHu, L- nanHaH TonmHHa panHaTapa. 
Manue 3HaqeHHH K caaTBeTCTBYDT BHCOKHM 3HeprHHM nH6a TaHKOMY 

panHaTopy, rne pa3perneHHe anpenenHeTcH nH¢paKuHe8. IloTepHMH 
3HeprHH B naHHaM cnyqae MOlKHO npeHe6peqb. 

IlpH 6anbillHX K HapywaeTCH KarepeHTHaCTb H3nyqeHHH, H BKnan 
MHoroKpaTHoro pacceHHHH CTaHOBHTCH anpenenHDmHM. IlOTepH 3Hep
rHH B 3TOM cnyqae MoryT COCTaBHTb BenHqHHY, cpaBHHMYD C 3Hep
reTHqeCKHM pa36paCOM nyqKa,H nanlKHH 6HTb yqTeHH. 

3anaqa cacTaHT B TOM, qTo6u paccqHTaTb H3nyqeHHe OT nyqKa 

3apHllteHHHX qacTHU, HCITHTHBaDmHx MHOraKpaTHae pacceHHHe H 3a
MennHDmHXCH B TanCTOM panHaTape. 

o6mH8 nanxon K paccMoTpeHHD npoueccoB H3nyqeHHH npH npoxox
neHHH penHTHBHCTCKHX qacTHU qepe3 BemecTBa 6un npennoxeH B 

pa6oTe MHrnana [ 6]. AHanH3 yrnoBara pacnpeneneHHH qepeHKOB
CKara H3nyqeHHH C yqeTaM MHoraKpaTHaro pacceHHHH qaCTHU B Be
mecTBe B paMKax 3Tara nonxana 6un npoBeneH HKHMUaM [7]. 

Ero pe3ynbTaT caBnan C pe3ynbTaTOM ITHOHepcKOH pa60TH nenpHKa, 
ITOCBHmeHHaH 3TOH npo6neMe. XOTH BHBon, npennollteHHH nenpHKOM, 
6onee HarnHneH, TeXHHqecKaH CTOpOHa pa60TH noBORbHO rpOMO3n
Ka. IlO3TaMy npH paCCMOTpeHHH BnHHHHH 3HepreTHqecKHX ITOTepb Ha 

cneKTP qepeHKOBCKHX ¢0TOHOB MH BOCITORb3yeMCH 6onee ¢OpManb
HHM, HO T_eXHHqecKH 6onee npaCTHM MeTonoM MHrnana. 

3. H3nyqeHHe THlltenux 3apHllteHHHX qacTHU, HCITHTHBaDmHX 
MHoraKpaTHae pacceHHHe H 3aMenneHHe B panHaTope 

MH 6yneM npeHe6peraTb ¢nyKTyaUHHMH 3HepreTHqecKHX ITOTepb H 
cqHTaTb, qTa B Harne8 MonenH qacTHUa HMeeT cTporo onpeneneHHYD 
3HeprHD (3aBHCHmyv OT rny6HHH) H, COOTBeTCTBeHHO, onpeneneH
HYD BenHqHHy CKapOCTH u ,T.e. 6yneT HCITORb3aBaTbCH TaK Ha3H
BaeMoe npH6nHlKeHHe HenpepHBHoro 3aMenneHHH (o6ocHoBaHHe TaKo
ra npH6nHlKeHHH H oueHKY era TOqHaCTH CM. B [8]). 

KpoMe Tara,MH o6uqHo 6yneM HCITORb3OBaTb npH6nHllteHHe <I>OKKepa 

- nnaHKa nnH anHCaHHH 3¢¢eKTOB MHOraKpaTHOra pacceHHHH qacTHU 

B BemecTBe. 
B 3THX npH6nHllteHHHX pe3ynbTaT nnH cneKTpa yrnaBaro pacnpe-

.2 

.J. 

h 

v~ 

neneHHH HHTeHCHBHOCTH qepeHKaBCKoro H3nyqeHHH B paMKaX rronxa
na [6] MOllteT 6HTb 3anHCaH B BHne 

T T-t 

dW wke
2 J Jd -lw-cf -;;t ➔ ➔ ➔ -;;t ➔ ➔ ➔ d/Jdw = --
2 

Re dt -c·e dc;;dl)[nx(e+d]·[nx(e+l))] x (2) 
2rr 

0 0 

X u ( t) · u ( t+-c) . w ( t I~) . w ➔ ( t I -c, k, e, ~) 
0 -k 

3necb k - BORHOBOH BeKTOp ¢OTOHa, w - era qacTaTa, n=k/k, 

e - enHHHqHH8 BeKTap B HanpaBneHHH BneTa qacTHUH B neTeKTap, 

e, ~ - yrnu MHaraKpaTHara pacceHHHH, e = u(t)/u(t) - ""Jo/&, 
➔ ➔ ) / ➔ ➔-;;t ➔➔ -;;t) lJ = u(t+-c u(t+-c) - &/&, (ec;;=el)=O), a BenHqHHH W

0
(t,c;; H 

,.. -;;t ➔ 

W ➔ (t,-c,k,c;;,ll) - perneHHe KHHeTHqecKHX ypaBHeHH8 
-k 

aw (t,e) 
0 

at = q(t)~u(t) ~~Wo(t,e), w
0 
co,~, = o ce, ; 

aw_k(t,-c,k,e,~) - lk(e+~)u(t+-c) = 
a-c ~< t +-c, ~ w ➔ , t, -c, k, e, ~, , 

4 ll -k 

w ➔ <t,o,k,e,~, 
-k 

= o ,~-e,, (3a) 

(3) 

rne q(t) - cpenHH8 KBanpaT yrna MHoroKpaTHara pacceHHHH Ha 

enHHHUe nnHHH ,~2
~ q{t)"·l -cpenHHH KBanpaT npacTpaHCTBeHHaro 

s 

yrna MHaraKpaTHara pacceHHHH Ha nnHHe l), T - nanHae BpeMH 

nponeTa qacTHUH qepe3 neTeKTap, U - ea CKOpOCTb, BHpalKeHHaH B 
enHHHUax CKapaCTH cBeTa. 

PeilleHHH ypaBHeHH8 (3) H (3a) HMeDT BHn 

t 

Wo(t,e) = rrQ(t) exp[-~
2
/Q(t)] I Q(t) = Jq(t)u(t' )dt'; 

,.. -;;t ➔ 

W ➔ (t,-c,k,c;;,ll) 
-k 

0 

_ 1 [( ri")t ➔ - rrQ ( t, -c) exp F t, -c, k, c;;, ll)] , r ne 

-c 
,.. -;;t ➔ 

F(t,-c,k,c;;,ll) = lk(e+e>·Ju(t+-c')d-c'-
(~' ) z 
Q(t,-c) + 

0 

(4) 

+ l k~, ii. c t , -c > . c c t , -c , . , kxe >2 ; 
-c 

Q(t,-c) = Jq(t)u(t+-c' )d-c', ➔ ➔ -;;t 
11 1 = 11 - <;; 

0 
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-r 

;\(t,-r) = Q(i,-r) J.u(t+-r' )Q(t,-r' )d-r' 
0 

-r 

((t,-r) = ¼ f q(t).u(t+-r') •;\2(t+-r' )d-r' 
0 

EcnH yron qepeHKOBCKoto HsnyqeHHH ~ MHoro 6on&we xapa~Tep
Horo yrna MHOroKpaTHoro pacceHHHH d., TO C ToqHOCTbD no Be-

2 ➔ ;;t nHqHH rropHnKOB (d /d l << 1 MO:JKHO rrpeHe6peqb BenHqHHaMH ~. ~ 
s 0 

B KBanpaTHHX CK06Kax B BHpaxeHHH (2). B 3TOM rrpH6nHxeHHH pe-

syn&TaT HHTerpHpOBaHHH ITO d~ H d~ BHrnHnHT noaonbHO rrpOCTO: 

Id~d~W ( t, ~) W ➔ (t, -r, k, ~, ~) = exp [~ ( t, -r) J , r ne 
0 -k 

v(t,-r) 

-r 
a-+ ➔ 2 

~(t,-r) = lkef .u(t+-r' )d-r'- (kt) v(t,-r) 

0 

-r 

= Q( t) [I .u( t+-r' )d-r'] \ 
0 

-r 

f .u(t+-r' )Q(t,-r' );\(t,-r' )d-r' 
0 

(5) 

nocnenHee BHpaxeHHe nnH V yqHTHBaeT BRHHHHe yMeHbWeHHH CKO

pOCTH qacTHUH rrpH nBH:JKeHHH qepe3 aemecTBO Hae~ xapaKTepHCTH

KH MHOroKpaTHOro pacceHHHH H B rrpHHUHne crrpaaennHBO nnH CKORb 

yronHo 6onbWHX TORWHH panHaTopa, ynoaneTBOpHDWHX ycnoBHD 

d.<<1. H3MeHeHHe aenHqHHH CKOpOCTH qacTHUH H aenHqHHH cpenHe

KBanpaTHqHoro yrna pacceHHHH ds npH 3TOM MO:JKeT .l{OCTHraTb Hec

KORbKHX rrpoueHTOB H .naxe necHTKOB npoueHTOB. 
MH, o.nHaKo, orpaHHqHMCH paCCMOTpeHHeM OTHOCHTenbHO ManHx 

TORWHH panHaTopa, TaKHX, qTo yrroMHHYTHMH BHWe 3~~eKTaMH MO:JKHO 
6Hno 6H npeHe6peraTb. B 3TOM cnyqae aenHqHHa v a (5) rrpHo6pe
TaeT npOCTOfi BH,n: 

V ( t I "t') : qO .u! [-r2t+ ½-r3] I 

r.ne -Uo -Haqan&HaH CKOpOCTb .... aCTHUH, a qo -OTBeqaDWHfi efi cpe.n
HHfi KBa.npaT yrna MHoroKpaTHOro pacceHHHH Ha e.nHHHUe .nnHHH. 

-r 

B BHpaxeHHH xe J .u( t+-r' )d-c' nonoxHM .u( t' ) = .u
0 
-at' , r .ne 

0 

4 

K 

, •. , 

~ 

f< 

2
,dEI a= ;3 d~ - ITOTepH 3HeprHH Ha e.nHHHUe .nnHHH qacTHUefi C 

0 

3HeprHefi Eo (Bee B CHCTeMe c = 1). B pesyn&TaTe BHpaxeHHe .nnH 
~(t,-r) npHo6peTaeT BH.n 

[ 

2 ,.. ➔ 2 

~(t,-c) = lke (-co-at)-r - a~] - (k~e) qo.u!-c2(t+-c/3). (6) 

no.ncTaBnHH (5) B (2) H 3aMeHHH B 3TOM BHpaxeHHH .u(t).u(t+-c) 

Ha -U~, qTo npHBO.l{HT K He3HaqHTenbHOMY H3MeHeHHD pesyn&TaTa, 
nonyqHM 

dW 
dQdw 

T T--C 
2 2 

= kw~ .u 2Re f d-c f dt exp [ ~ ( t, -c) -lw-c J . 
0 0 

(7) 

B (7) no cpaBHeHHD c (2) H3MeHeH nopH.noK HHTerpHpoBaHHH 

not H -r. RHHefiHaH 3aBHCHMOCTb ITOKa3aTenH 3KCITOHeHTH B (7) 

OT nepeMeHHOfi t nosaonHeT HHTerpHpoBaHHe not BHnOnHHTb B HB
HOM BH,ne. 

Pacnpe.neneHHe (7) HMeeT OCTpHfi nHK B OKpeCTHOCTH yrna 

qepeHKOBCKOro HsnyqeHHH do= arccos(w/k.u) - C WHpHHOfi nopH.nKa 

d s << 1. IlO3TOMY, orpaHHqHBaHCb paccMOTpeHHeM crreKTpa ( 7), B 
3Tofi o6nacTH nonoxHM d =d

0
+ ad, Tor.na 

k.u
0
cos(d

0
+ od) = k.u

0
cos(d

0
) - k.u

0
sind

0
·od, 

a B OCTanbHHX BHpaxeHHHX B (6), co.nepxamHx d, rrono:JKHM d =do. 

~-U lddo I dE Bae.neM aenHqHHY ~d = uctgdo= dE-~E. r.ne ~E = d~•.uoT, 
0 0 

H nepexo.nH K nepeMeHHHM ne.npHKa 

o = .;rz od 
-d-

s 

vzM 
p = ~d~ 

s 
[ 

6rr L ]
1
/

3 

K = fisin ( do )---X ds , 

sarrHWeM OKOHqaTenbHHfi pesyn&TaT B BH,ne 

K
3
/3 

= ! J ~exp(-~) x &(o ,K) 
rr u2+p2 i3 

0 

x {[cos(A) - ~sin(A)]- exp(- u
2 + 3~:) [cos(B) - ~sin(B)] }• 

r.ne A = Uo + 3pu
2 

2K
31 

5 

3 2 
B = uo + up - -2!±_ 

2K3 

( 8) 



PacnpeaeneHHe (8) 3Ha4HTeRbHO OTRH4aeTCH OT (1) Ha4HHaH C 
TonmHH nopHaKa 1CM (CM, pttc.1). 

PHC.1. IlROTHOCTH pacnpeaeneHHH, 
pacc4HTaHHHe anH KoHe4Horo 3Ha
qeHHH napaMeTpa K (K=12,38). 
1- pacnpeaeneHHe (8), nonyqeH
Hoe C yqeTOM KYROHOBCKoro pac
ceHHHH H IlOTepb 3HeprHH B paaH
aTope, 2- pacnpeaeneHHe (1) H3 

pa6oTH [5]. PacnpeaeneHHH pac

C4HTaHH anH napannenbHoro nyqKa 
npOTOHOB c 3HeprHe8 660 M3B, 

naaaromHx Ha paaHaTop H3 LiF 
TonmHHOH 2 CM (A= 400 HM). 

... 
T;660Mev 

! : ~'-"' J~ 
f-· 'l I /) 
i:: ·;) \\ 

•.• 1 _/ L. ,_ ------
◄ -, ◄ ~ -2 -1 0 1 2 3 4 

0 

B npeaene, npH K--+oo pe3ynbTaT anH ¢YHKUHH pacnpeaeneHHH 
MOXeT 6HTb BHpaxeH B TepMHHax ¢YHKUHH OWH60K (pttc.2): 

1 ( p•o){ n•o , p+o f(o) = ipexp - - 2- exp(c..z=--) [erf(-2-) - sign(o)] + 

+ exp(- p;o) [erf(p;o) + sign(o)J}• ( 9) 

IlpH p --+O pacnpeaeneHHe (8) cxoaHTCH K ¢opMyne (2), a BHpaxe
HHe (9)•K COOTBeTCTByromeMy pacnpeaeneHHID .lleapHKa anH K = oo, 
CM. [5]. 

.. ,~---~~~~---~~~ 
a o• 
0 
~ 

~ u 
~ 

~ 
~ I ~ 
] 
! u 

~ I ~1 

0.0 '-="::....-=~-~~--"'--"'a-..l ... 
0 

PHc.2. npeo6pa3oBaHHe pacnpe

aeneHHH, H306paxeHHHX Ha PHC.1, 

B pe3ynbTaTe npeaenbHOro nepe
xoaa K--+oo. 1- aaHHaH pa6oTa, 
2- pa6oTa [5]. 

6 

J 

] 
I 

i.l 
,' 
'1 

~ 
i 

4. Y4eT yrnoaoro pa36poca nyqKa 
B peanbHHX nyqKax YCKOpHTene8 qacTHUH o6naaaroT HeKOTOpHM 

yrnoBHM pa36pocoM, KOTOpHH 6yaeT BKRID4aTbCH B Ha6nroaaeMoe 
pacnpeaeneHHe H3Ry4eHHH. TpaHCilOpTHpOBKa nyqKa K 3KCnepHMeH
TaRbHOH ycTaHOBKe ocymecTBRHeTCH, KaK npaBHRO, KBaapynonbHHMH 
MarHHTHHMH RHH3aMH C B3aHMHO nepneHaHKYRHpHHMH IlROCKOCTHMH 
¢oKycHpOBKH. B paMKax napaKcHaRbHOH OilTHKH aBHXeHHe qacTHU B 
pa3RH4HHX IlROCKOCTHX ¢oKycHpOBKH C4HTaeTCH He3aBHCHMHM. 
TaKHM o6pa30M, yrnoBaH IlROTHOCTb qacTHU, nanaromHx Ha panHaTop, 
3anaeTcH pacnpeneneHHHMH npoeKUHH nonHpHoro yrna ~ Ha aepTH
KanbHyro H ropH30HTaRbHyro IlROCKOCTH, npoxonHmHe qepe3 OCb nyq
Ka, s(~,"Oy)=s (~)s ('Oy). IlOCKORbKY B o6meM cnyqae s ,;05. TO 

X y X y 

Ha6nronaeMoe pacnpeneneHHe H3nyqeHHH 6yneT 3aBHCeTb oT a3HMy-

TanbHoro yrna ~- B npH6RHXeHHH MaRHX yrnoB 

~=~cos(~), ,oy = ~sin(~), 

~ = (~ + ~)1/2' tg~ = ,oy/~. ( 10) 

TaK KaK yrnoaoe pacnpeneneHHe qacTHU 6HcTpo cTpeMHTCH K Hynro 
C pOCTOM yrnoB ~ H 'Oy, TO MOXHO ¢opManbHO C4HTaTb, 4TO ~ H 
,oy MeHHIDTCH B 6ecKOHe4HHX npenenax. Tor na H3 ( 1 o l cnenyeT, 
4TO CBH3b Mexny napaMH yrnOBHX nepeMeHHHX (~.'Oy) H (~.~) 

TaKaH xe,KaK Mexny neKapTOBHMH KOopnHHaTaMH T04KH Ha IlROCKOC
TH (x,y) Hee nonHpHHMH KoopnHHaTaMH, H npH IlOBopoTe KOopnH

HaTHHX IlROCKOCTeH BOKpyr OCH z yrnoBHe nepeMeHHHe npeo6pa3y
IDTCH nono6HO neKapTOBHM. 

.llRH npOH3BORbHoro a3HMyTanbHoro yrna Ha6nroneHHH ~ yrnoaoe 
pacnpeneneHHe qacTHU MOXHO npencTaBHTb B BHne npoeKUHH Ha KO
opnHHaTHHe IlROCKOCTH u H V, IlOBepHyTHe OTHOCHTeRbHO HcxonHHX 
Ha yron Ha6nroneHHH ~: 

s ( 1'u, 1'v) = s ( 1'ucos~ - 1'vsin~) s ( 1'usin~ + 1'vcos~) . 
X y 

IlOKaXeM, 4TO yrnOBOH pa36poc qacTHU B IlROCKOCTH V npaKTH
qeCKH He BRHHeT Ha pacnpeneneHHe no nonHpHOMY yrny H3Ry4eHHH, 

Ha6nronaeMoro B6RH3H IlROCKOCTH u. 
nycTb BeKTOp HMnynbca qacTHUH p nexHT B IlROCKOCTH V H coc

TaBnHeT C OCbID nyqKa S yron ""· OrpaHH4HM qepeHKOBCKHH KOHyc 
IlROCKOCTbID W, nepneHnHKynHpHOH BeKTopy CKOpOCTH qacTHUH, 
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(puc.3). H3nyqeHHe, Ha6nIDnaeMoe B6RH3H rrnOCKOCTH U,6yneT ¢HK

CHpOBaTbCH non yrnoM 1'1 (1'l=Lcod), o6pa30BaHHhIM npH ceqeHHH 

KOHyca nnocKOCTbID u. B ne8CTBHTeRbHOCTH qepeHKOBCKOe H3nyqe

HHe npoucxonHT non yrnoM 1' (1'=Laob) , o6pa3oBaHHhIM ceqeHHeM 

KOHyca nnOCKOCTbID U' , npoxonHIUe8 qepe3 TpaeKTOpHID qaCTHUhl, 

npuqeM AB napannenbHo CD. 

PHC.3. K yqeTy BRHHHHH Ha pac

npeneneHHe HHTeHCHBHOCTH yrnOBO

ro pa36poca nyqKa. s- ocb nyqKa, 

P- HanpaBneHHe nBHJKeHHH npoTOHa, 

w- nnocKOCTb, nepneHnHKynHpHaH 

BeKTopy HMnynbca qacTHUhl, 

u- BepTHKaRbHaH nnocKOCTb, npo

xonHIUaH qepe3 ocb nyqKa, 

U'- BepTHKanbHaH nnocKOCTb, npo

xonHIUaH qepe3 TpaeKTOpHID qacTHUhl. 

V 

PaccMaTpHBaH TpeyronbHHKH AOB H COD,MOJKHO nonyqHTb COOTHO

meHHe MeJKny yrnaMH: 

cos1' 
cosi,1 = cosfJ-v . (11) 

XapaKTepHhle yrnhl OTKROHeHHH qacTHU OT OCH nyqKa (yrnhl ¢oKy

CHpOBKH) HMeIDT BenuquHy nopHnKa HeCKORbKHX MHnnHpanuaH, no3-

TOMY MOJKHO nonoJKHTb 1'1 = 1' + ~1'. u,npHHHMaH 1' = rr/4, H3 (11) 

nonyquM 

~ ~ 
~1' = - 2tg1' ~ 10 . 

YrnoBhle pacnpeneneHHH Bh!BeneHHhIX nyqKoB ycKopHTene8 B 

OCHOBHOM onpenenHIDTCH MHoroKpaTHhIM pacceHHHeM Ha OCTaTOqHOM 

ra3e. 3TO 03HaqaeT, qTo oHH nonJKHhl xopomo onucuBaTbCH raycco

Bh!MH pacnpeneneHHHMH. IlpH 3TOM ycnoBHH 

1 1'~ 
Su (fJ-u,q>) = ---exp(- --J, 

vz mJ' 20-

cl = 2(o-/sin2
qi + O"x

2 cos2
qi) I o-x2 

pacnpeneneHH8 B nnoCKOCTHX X HY. 

8 

2 
H O"y 

rne (12) 

- nucnepcHH yrnoBux 

5. BoccTaHoBneHHe MoMeHTOB 3HepreTuqecKoro pacnpeneneHHR 

qacTHU nyqKa no 3KCrrepHMeHTaRbH08 yrnoBo8 nnoTHOCTH 

H3nyqeHHR 

KaK npaBHno, 3HepreTuqecKH8 pa36poc qacTHU nyqKa He npeBhl

maeT HeCKORbKHX npoueHTOB OT cpenHero 3HaqeHHR Eo,H Mhl MOJKeM 

rronoJKHTb: 

dE = c, 
dx 1 

d1' = C , 
dE 2 

q = c3. 

Torna 3HepreTHqecKoMy pacnpeneneHHID qacTHU 

COOTBeTCTBOBaTb nnOTHOCTb qepeHKOBCKHX ¢0TOHOB 

h(1'-1'o) = ! g(1'~1'o). 
2 2 

g(E-E ) 
0 

6yneT 

(13) 

Ha Y3KOM 3HepreTHqecKOM cneKTpe nyqKa Mhl MOJKeM npeHe6peqb 

cna6o8 KoppenRuHe8 MeJKny cnyqa8HhIMH BenHqHHaMH, onHCh!BaeMh!MH 

pacnpeneneHHRMH (8) H (13),H nnH Ha6nIDnaeM08 nnoTHOCTH qepeH-

KOBCKHX ¢0TOHOB nonyqHM' 

r(1') = f(1') * h(1'-1'
0
). 

YrnoBoe pacnpeneneHHe qacTHU rryqKa 6yneT BKnIDqaTbCH B Ha6-

nIDnaeMyID rrnoTHOCTb ¢0TOHOB nono6Hh!M o6pa30M. OnHaKO 3necb 

B03MOJKeH HH08 THn KOppenRUH8, CBH3aHHhIX C H3MeHeHHeM 3¢¢eK

THBH08 TORIUHHhl .rrnocKoro panHaTopa nnR qacTHU C pa3nHqHh!MH 

HanpaBReHHRMH nBHJKeHHR, a TaKJKe yrnOB08 nucrrepcHe8 H xpoMaTH

qecK08 a6eppauue8 nyqKa! 

KoppenRUHRMH nepBoro THna .MOJKHO rrpeHe6peqb, ITOCKOflbKY nnR 
xapaKTepHhIX yrnoB ¢0KYCHpOBKH nopRnKa MHRRHpanHaHa H3MeHeHHe 

TORIUHHhl panHaTopa COCTaBnReT ~L/L ~ 10-6
• 

KoppenRUHH BToporo THna MoryT 6h!Tb rronaBneHhl, ecnH H3Mepe

HHR rrpOH3BOnRTCR B6RH3H nnoCKOCTH, rne CKOMneHCHpoBaHa yrno

BaH nucnepcHR H nnH rryqKa B uenoM ycTpaHeHa xpoMaTuqecKaR 

a6eppaUHR. 

Torna Ha6nIDnaeMOe pacnpeneneHHe yrnOB08 nnOTHOCTH ¢0TOHOB 

MOJKHO onucaTb CBepTK08 pacnpeneneHH8 (8), (12) H (13): 

r(1') = f(1') * h(1'-1'
0

) * s(1'). (14) 

BupaJKeHHe ( 14) MOJKeT 6h1Tb Hcnonb30BaHO nnR BOCCTaHOBneHHH 

nepBhIX MOMeHTOB 3HepreTHqecKoro pacnpeneneHHR qacTHU C HeKO

TOphIMH orOBOpKaMH. ~eno B TOM, qTo pacnpeneneHHe (8) yqHTh!Ba

eT KOrepeHTHhle 3¢¢eKThl H onHCh!BaeT nu¢paKUHOHHhle MaKCHMYMhl 
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BSCWHX nopHnKoa. OTHOCHTeRhHaH 3~~eKTHBHOCTb KOTOpsx Mana 

( 10~ OT BenHqHHll rnaBHoro MaKCHMyMa), HO KOnHqeCTBO qpe3BU

qa8HO BenHKO. B TO xe BpeMH npaKTHqecKHe H3MepeHHH npoBonHTCH 
. 3 5 

Bcerna B 3aBenoMo MeHbweM nHHaMHqecKoM nHana3oHe (10 +10 l H 

perHCTpHpyeTCH HHTeHCHBHOCTb TOnbKO rnaBHOro MaKCHMyMa. 

cnenoBaTenbHO, qTo6s nonyqHTb H3 (14) HCKOMUe MOMeHTU, Heo6-

xonHMO yqHTUBaTb o6pe3aHHe pacnpeneneHHH (8) H npoBonHTh qHc-

neHHOe HHTerpHpOBaHHe. 

Bonee npOCTOe peweHHe COCTOHT B HCnORb30BaHHH nnH 3THX ue

ne8 pacnpeneneHHH (9), rne KorepeHTHue 3~~eKTU He yqHTUBavT

CH. nepBse MoMeHTs 3TOro pacnpeneneHHH B 6ecKoHeqHux npenenax 

cymeCTBYDT H paBHll 

= - ! = 1+ ~ = - ! IJ.l 2 p I IJ.2 12 p I IJ.3 2 p • 

tiHCneHHSM HHTerpHpo·BaHHeM o6pe3aHHUX pacnpeneneHH8, BXOnH

IUHX B BSpaxeHHe ( 14), 6sno yc

TaHoBneHo, qTo norpeWHOCTb npH 

oueHKe 3THM cnoco6oM nepBux 

•-•~~---~--~----~ Tpex MOMeHTOB He npeBuwaeT 3% 

nnH K "'5 (CM. pttc.4). 
. 
8 
i 0.f 
a 

,?_ 

!' 
·VJ 0.3 
; 
0 

1i 
-~ 02 • E 
0 

z 0.1 

T=660Mev 

L=2.0cmLiF 

... ~--------------' 

PHc.4. Pa3nHqHe pacnpeneneHH8 

(8) H (9) B o6nacTH rnaBHoro 

MaKCHMyMa nponeMOHCTpHpOBaHo 

nnH cnyqaH Tp =660 M3B, H 

panHaTopa H3 LiF TORIUHHO~ 

L=2,0 cM.1- pacnpeneneHHe (8), 

2- pacnpeneneHHe (9). 
-1.0 -0.8 -0.8 -0.4 -0.2 0.0 0.2 0.4 0.8 0.8 1.0 

0 

nnH nepBSX MOMeHTOB pacnpeneneHH8 (13) MOl!CHO HanHCaTb 

E=E+E+E. 
r f h s 

EcnH npH6op OTDDCTHpoBaH no HanpaBneHHD nyqKa Es= 0,TO c yqe

TOM onpe,[(eJJeHHH napaMeTPOB o Hp nonyqHM 

"= E - !!.c ·C 
o r 2 1 2 

IlpH cnenaHHSX nonymeHHHX COOTHOWeHHe Mexny nHcnepCHHMH 

pacnpeneneHH8 6yneT TaKHM xe, KaK H nnH nepBUX MOMeHTOB: 

D=D+D+D. 
r f h s 

10 

B 3TOM BSpaxeHHH Df MOl!CeT 6STb sspaxeHa qepe3 napaMeTpS pa

nHaTopa, a Db, B CBOD oqepenb, qepe3 nHcnepCHD HCKOMoro 3Hep

reTHqecKoro pacnpeneneHHH: 

c2 
2 

o = _3_ + ~-c2-c2. 
f 2 12 1 2, 

D = C2 ·D(E). 
h 2 

BunonHHB nononHHTeRbHUe H3MepeHHH yrnoB08 nnOTHOCTH qepeH

KOBCKoro H3nyqeHHH C OTnHqavmHMCH noKa3aTeneM npenoMneHHH n~ 

MOl!CHO BOCCTaHOBHTb nHcnepCHD 3HepreTHqecKoro pacnpeneneHHH 

nyqKa: 

(D -D') - (D -D') 
D(E)= r r f f 

CZ - C' 2 
2 2 

6. 3aKnvqeHHe 

nonyqeHHUe COOTHOWeHHH MoryT 6UTb HCnORb30BaHU npH npoeK

THPOBaHHH qepeHKOBCKHX cneKTpoMeTpos. a TaKl!Ce nnH _BOCCTaHoBne

HHH MOMeHTOB 3HepreTHqecKoro pacnpeneneHHH qacTHU B BUBeneH

HllX nyqKax ycKOpHTene8 no H3MepeHH08 yrnoB08 nnOTHOCTH H3ny

qeHHH. 

tt3MepeHHH yrnoB08 nnoTHOCTH ~OTOHOB Ha BUBeneHHUX nyqKax 

nonlKHll npoBonHTbCH B Y3KOM nHana3oHe nnHH BOnH qepeHKOBCKoro 

H3nyqeHHH. IlROCKOCTb H3MepeHH8 Heo6xonHMO COBMeCTHTb C TaK08 

nnoCKOCTbD ~oKycHpOBKH, rne npeHe6pel!CHMO Mans nHcnepCHH H 

xpoMaTHqecKaH a6eppaUHH nyqKa. 
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