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lllenaea l1.A., IOaHH H.fl. 9 - 11745 
CornacoaaHHO np9MOllHHeAHoro npoMe~yTKa CHHxporpoHa 

flpeano~eH Meroa HCcneaoaaHHQ cornacoaaHHoro npgMOllHHeAHoro npo­
Me~yTKa, flony"'eHht <j>opMyllht ang aHanHTH'tecKoro pac"!eTa napaMerpoa 
TaKOrO npoMe~yTKa ~aK B npH611H~eHHH "TOHKHX" 11HH3, T8K H llllQ peallbHblX 
nHH3, PeaynhTaThi pac"!eTa noaaonmoT HBHTH napaMeTpbt acero MHO~ecTaa 
COrll8COB8HHblX npoMe~yTKOB H Bb!6paTb OflTHM8llhHh!H, flpKMeHeHI!e MeTOil8 
HlllllOCTpHpOB8HO npHMepOM, 

Pa6oTa BbtnOnHeHa B na6oparopHH Bb!COKHX 3HeprHH 06bellHHeHHOro 
HHCTHTyTa gaepHbiX HCCllellOB8HHH, 

npenpHHT 06'beneaeuuoro HHCTHTyTa gaepHbiX eccnenoaauell. lly6ua 1978 

Shelaev I.A., Yudin I,P, 9 - 11745 

Matching of a Synchrotron Straight Section 

A method for investigation of a matched straight insertion. 
has been proposed. Formulae have been derived for analytic 
computation of the insertion parameters in a "thin" lenses approxima 
tion and for real lenses. The results of computation permit the pa­
rameters of thewhole variety of matched insertions to be found and 
the optimal one to be chosen. The application of the method is 
illustrated by an example. 

The investigation has been performed at the 

High Energy Laboratory, JINR, 
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BBE,4EHHE 

B MarHHTHOH CTpyKType CHHXpOTpOHa He06XO,D,HMbl CBO-

60,D,Hble OT llOBOpOTHbiX MarHHTOB npoMe)f(yTKH, B KOTOpbiX 

pa3Me~aeTCH o6opy,D,OBaHHe YCKOpHID~HX CTaHUHH, CHCTeM 

BBO,D,a- BhiBO,D,a nyqKa H np. B 6oJILWHX ycKopHTeJIHX c pa3-

,D,eJieHHbiMH cllYHKUHHMH TaKHe npOMe)f(yTKH opraHH3YIDT npo­

CTbiM HCKJIIDqeHHeM llOBOpOTHbiX MarHHTOB. B MaJIOM 

CHHXpOTpOHe C 60JihWHM qHCJIOM peryJIHpHbiX clloKycHpyJO-

~HX MarHHTOB 

,D,JIHHa nepHo,D,a 

Topa. B 3TOM 

3TOrO OKa3biBaeTCH He,D,OCTaToqHO, T.K. 

MO)f(eT 6b1Tb MeHbWe ,D,JIHHbl B.q, pe30Ha­

CJiyqae npe,D,noqTHTeJihHO npHMeHHTb TaK 

Ha3biBaeMble "HeBH,D,HMhle" npHMOJIHHeHHhle npoMe)f(yT-

KH /1, 2/, HMeiD~He cy~eCTBeHHO 60JibWYIO ,D,JIHHy. 

HaH60Jiee npOCTO peaJIH3yeMbiM OKa3biBaeTCH CHMMeT­

pHqHbiH npoMe)f(yToK /2/ c ua6eroM cllaJhl 2rr B ropH3oH­

TaJihHOH llJIOCKOCTH 6eTaTpOHHbiX KOJie6aHHH H rr- B Bep­

THKaJibHOH. MaTpHUhl nepexo,D,a TaKoro npoMe*YTKa 

paBHhl ±I. 
B ,D,auuoB: pa6oTe npHBe,D,eHhl cllopMyJihl .D.JIH auaJIHTH­

qecKoro pacqeTa napaMeTpoa TaKoro npoMe)f(yTKa KaK 

B npH6JIH)f(eHHH "TOHKHX" JIHH3, TaK H ,D,JIH peaJILHbiX JIHH3. 

PeJyJILTaThl pacqeTa no3BOJIHJOT HaRTH napaMeTphl acero 

MHO)f(eCTBa COrJiaCOBaHHhiX npOMe)f(yTKOB H Bb16paTh on­

THMaJibHbiH. B KaqecTBe npuMepa npuMeHeHHH pa3BHToro 

MeTO,D,a Bbi6Hpa10TCH napaMeTpbl "HeBH,D,HMOrO" llpOMe)f(yT­

Ka CBepxnpOBO,D,H~ero CHHXpOTpOHa Ha 3HeprHJO npOTOHOB 

1,5 T3B. 

3 



1. Bh1B0,4 PACqETHhJX fl>OPMYJI 

CTPYKTypa np.IIMonuue:Huoro npoMe:>KyTKa npuae)J.eua ua 

puc. 1 H OTJIH'IaCTCJI OT HCCJIC)J,OBaHHOH B pa6oTe /2/ TCM, 

'ITO B Ka'ICCTBC KpaHHHX JIHH3 npoMe:>KyTKa HCllOJIL3YIDTCJI 

yKopo'IeHHLie <P- JIHH3LI peryn.11puo:H <PO.LJ;O- CTPYKTYPLI. lina­

rO.D;ap.ll 3TOMY YMCHLWaCTCJI 06ll.I,CC 'IHCJIO JIHH3 npOMC:>KYT­
Ka. 

IPe?.yi'UIP:aHbiLIJ COUlaco&aHHblu npslM0/1uHeL!Hblu npor.~exyroK ipe~ynAj2Hblu1 
1 nepuou 1 

1 
nepuod : 

I I I 1 
I I I 1 
I 1 2 I 

'- ~ L, • • Lc C Lc • • L, +. -·-!I! '1i M .aM ~ 1 f1 Fz F3 F3 Fz F,1, M .a M f~~ 

Puc. 1. Cmpy~emypa cozAacoeaHHozo npoMeJICym~ea. F 
1 

, 
Fs - gio~eycupyrot~~ue /e zopu3oHmaAbHoii nAoc~eocmu/, 
F 2 - oegioKycupyiOUIUe AUH3bl, e i - OAUHa AUH3bl F i , 
L 1- opeiigioeoe npocmpaHcmeo /o. n./ MeJICoy F 1 u F 2..., 
L2 - o.n. MeJICoy F2 u Fs, L c- o.n. MeJICoy Fs u m. C; 
4>,,4 - giOKYCUPYIOUIUe U OegioKycupyiOUIUe AUH3bl pezyAJip· 
Hoii cmpy~emypbl, M - noeopomHblii MazHum. 

IJpOMC:>KYTOK BKniO'IaCTCJI B peryn.11puyro CTpyKTypy TaK, 

'ITO Ha ero rpauuuax /TO'IKH 1 H 2, puc. 1/ )J.JIJI napaMeT-

poa Taucca BLinonu.llroTcJI ycnoBHJI: 

f31=f32=f3, 

a1=a2=0, 
/1/ 

y 1 = y 2 
1 

=-
{3 

4 

1 
ropH30HTaJibHaJI 

BH)J, / 2/: 

MaTpuua nepexo)J,a '2 npoMe:>KyTKa HMCCT 

Mh(c\1)= F -~l /2/ 

a BCpTHKaJibHaJI 

M, (c\1) { ~ ~l /3/ 

r)J,e 

m = v f-3 I f-3 1. X . n=v/-3 ·f3 /4/ c.x 1. y c. y 

3)J.CCb {3
1 

H {3
1 

, f3 c X H f-3 c y - 3Ha'ICHHJI ropH30HTaJibHOH 
,X 'V'y , v , 

H BCpTHKaJibHOH {3-~YHKl.J,HH B uaqane H cepe,!I,HHC npoMe-

:>KYTKa. 

C ,!l,pyrOH CTOpOHLI, )J,JIJI 3THX :>KC MaTpHl.l, nepeXO)J,a H3 

puc. J MO:>KHO 3allHCaTb paBCHCTBO: 

~ ~ ~ 

Lc F
3 

L
2 

F2 L 1F 1=M(cj1), /5/ 

r,!l,e " " 03Ha'IaCT MaTpHl.l,bl nepCXO,!I,a COOTBCTCTBYIDll.J,CrO 

3JICMCHTa npOMC:>KyTKa. ,lJ;JIJI BLIBO)J,a paC'ICTHLIX ~OpMyn 
~ 1 ~ 

none3HO /5/ yMHO:>KHTb cneaa ua L ~ H cnpaaa ua F 11 
, 

T .e. nepCHTH K paBCHCTBy: 

~ ~ ~ ~ ~ -1 ~ -1 
F3 L

2 
F2 L 1 = L c M(c\1) F 1 

/6/ 

IIO,!J,CTaBHM B /6/ COOTBCTCTBYIDll.J,HC BLipa:>KCHHJI )J,JIJI 

MaTpHl.l, nepeXO)J,a Ka:>K)J,OrO 3JICMCHTa, llOJIY'IHM 8 ypaBHCHHH, 

H3 KOTOpLIX HC3aBHCHMLIMH, O'ICBH,!I,HO, 6y)J.yT TOJILKO 6. 
PeWCHHC CHCTCMLI 3THX ypaBHCHHH llOJIHOCTbiD onpe,!I,CJIJICT 

napaMeTpLI cornacoaauuoro npoMe:>KyTKa. 
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2. "TOHKHE" JIHH3.bl 

PaccMorpeHHe B npu6nH)J(eHHH "roHKHx" nHH3 none3HO 
.IJ.n.H 6LJcrpoii oueHKH napaMerpoa npoMe)J(yTKa. B JTOM 
cnyqae 161 HMeeT BH.IJ. 

r 1 ~ [1 LJr1 ~ [1 LJ= [1 -LJ [-m 0][1 ol 
l-P3 ~ 0 1 J ~ 2 0 0 1 ) 0 1 J 0 -~ P 

1 
1) 

~1 J (1 LJ[1 OJ [1 Lj = [ 1 -L j r-m 0]~1 il
7

l 
P3 1 0 1 P 1 0 1 0 1 0 _ _!_ -P 1 

2 m 1 

COOTBeTCTBeHHO )l.n.ll rOpH30HTanbHOrO H BepTHKanbHOrO 
)l.BH)J(eHHH. 3.IJ.eCb pi - ODTHqecKHe CHnbJ COOTBeTCTByiO­
II.UIX nHH3. BLJnonHHB a 171 YMHO)J(eHHe MaTpuu, nocne p.H.IJ.a 
npeo6pa3oBaHHH Haii.IJ.eM: 

6 

P1n = -!!!...-[\11+ 2m+~[(2m+ 1)(rr+1)-1J-1], 
2m+ 1 m 

p 1L 1 = pl n ~m + 1) 
P 

1
n +m ' 

P
1

L
2
=P

1
n 

P1n + m + 1 

P n + m 
1 

-P1L1, 

Pn+m+2 
1 p L = p n·m ~-----

1 c 1 p n+m 
1 

p p n 
2 1 

-- = ------------
p 1 P L . P L · (P 1 n + m ) 

p3 

p1 

1 1 1 2 

P
1 

n-m 

2m-P 1n 

p2 

pl 

IBI 

llocne.IJ.OBarenLHO BLJnonH.H.II BLJqucneHH.II no cllopMynaM 181, 
HaXO.IJ.HM ace napaMeTpbl npoMe)J(yTKa I P 2 , P 3 , L 1 , L 2 H 
L c I KaK cllYHKUHH .IJ.BYX aenuquH m H P 1. CooraercrayJO­
II.Uie aenuqHHbJ npHBe.IJ.eHLJ Ha puc. 2 . 

7 

6 

5 P,Lc l \ _\~ / 
4 

3 

2 
I -. ~ 

10xP1Lc 

0.2 0.4 0.6 0.8 1.0 1.2 f.4 1.S 1.8 m 
Puc. 2. lloeeoeuue 6e3pa3Mepubrx eeAuttuH P 1L 

1 
, P 

1 
L 

2 
, 

p2 p3 
P 1Lc, - u -

pl pl 
npu pa3AUttHbiX m /npu6AUJICeHue "mou-

KUX" AUH3/. 

3. P EAJI.bHME JIHH3.bl 

BLJpa)J(eHHe 161 a JTOM cnyqae HMeeT BH.IJ.: 

cos¢
3 

sin¢
3 ·---

k3 

-k
3

sin ¢
3 

cos¢
3 

1 L
2
D ch¢

2 

sh¢ 2 

k2 

0 1 llk
2
sh¢

2 
ch¢ 

2 

1 L 
1 

0 1 
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= [ 1 -L J [ m o
1
J 

0 1 0 --
m 

[ 

"' -sin¢ 1] cos'~-' ---

k 1 sin ; 1 c:! ¢ 
1 

[ 
sh ¢1 [ 1 [ sin¢ 

2J [ l ch ¢ - 1 L cos¢ -- 1 L 
3 k 3 2 2 k2 1 = 

k 3sh¢ 3 ch¢ . 0 1 -k2sin¢ 2 cos¢ 2 0 1 

[ 
1 -L J [0 1 n] 
0 1 -- 0 

n [ 

-sh¢ 1] ch¢ 1 --

k 1 ' 
~k 1 sh ¢ 1 ch ¢ 1 

/9/ 

G. 
r,ne ¢. = k . • f . , k. = y - 1 

, 
1 1 1 1 Hp 

a e i • G i - .nnHHa H rpa,nHeHT nHH3LI, H p - MarHHTHaJI 

:>KeCTKOCTL qacTHu;. llocne YMHO:>KeHHJI Ma Tpuu; TaK:>Ke no­

nyqaeM 6 He3aBHCHMLIX ypaBHeHHH. 3TH ypaBHeHHJI OKa3LI· 

BaiOTCJI TpaHCIJ;eH,neHTHLIMH, ecnH B Ka'leCTBe HeH3BeCTHLIX 

paCCMaTpHBaTL cp i. llo,no6HyiO CHCTeMy ypaBHeHHH pe­

IIIaiOT /2,3/ 'IHCneHHO Ha 3BM. llpH 3TOM npeo,noneBaiOTCJI 

Tpy,nHOCTH /ecnH OHH npeo,nonHMLI/, B03HHKaiOI.l.\Be, KaK H 

BO BCJIKOH 3a,naqe HenHHeHHOro nporpaMMHpOBaHBJI. 

B .naHHOH pa6oTe cucTeMa /9/ pemeHa aHanHTH'leCKH. 

,lJ;nJI 3TOrO B Ka'leCTBe BeKTOpa napaMeTpOB BLI6paH BeKTOp 

p =P(¢1,¢2,¢3,k1, m). /10/ 

Tor.na ypaBHeHHJI /9/ oKa3LIBaiOTCJI anre6pauqecKHMH oT­

HOCHTenLHO HeBJBeCTHLIX K
2

, K
3

, L
1

, L
2

, Lc' n. llocne­

.noBaTenLHLIMB npeo6pa30BaHHJIMH CHCTeMa /9/ CBO,nHTCJI 

K O,nHOMY ypaBHeHHIO ,nnJI HeB3BeCTHOH x
1

= k 1 • n: 

y(x 1) = Y 1 • Y 4 - Y 2 • Y 3 = O, /11/ 

8 

r.ne 

Y1 = d·(1 +_cos¢ 1 
cos¢

3
--c-h-¢-·m)- a· tg¢ 3 · th¢ _ 

2 2 

- tg ¢ 3 ( b · th ¢ 2 + d ) • A 2 , 

y2 =a-tg¢ 3 -d-th¢ 2+tg¢3(b+d-th¢ 2)·A
2

, 

sh¢ 1 
y 3 = d( 1 - ) + a. th ¢ 

3
• tg ¢ 

2 
+ 

ch¢ 3 · cos¢ 2 ·X 1 

+ th¢ 3 ·(b· tg¢ +d) ·A , 
2 2 

y =d·tg¢ -a-th<P +th¢ ·(d·tg¢ -b)·A, 
4 2 3 3 2 2 

a = sin ¢ 1 • tg ¢ 2 · ch ¢ 3 · cos ¢ 2 · x 1 + 

+ ch ¢ 1 -th ¢ 2 ·cos¢ 3 · ch ¢ 2 · m , 

b = sin¢ . tg ¢ · th ¢ • ch ¢ · cos¢ • x -
1 2 3 3 2 1 

- ch ¢ · th ¢ · tg ¢ · cos¢ · ch ¢ · m 1 2 3 3 2 • 

d sin¢ 
1

• th¢ • ch¢ ·cos¢ • x + 
3 3 2 1 

+ tg¢ • ch¢ • cos¢ • ch¢ • m, 
3 1 3 2 

A 
A 2=-' 

B 
cos¢

3
-ch¢2 cos¢ 1 

A =-m·----[a.(1+m· )+d·th¢ ·tg¢ J+ 
sin¢ 1 cos¢3• ch¢

2 
2 3 

cos¢
2
-ch¢, sh¢ 1 

+ x 
1 

-'1 a· (1+ x
1

• )-d·tg¢ 2• th¢ 3], 
ch ¢ 1 cos¢ 2 • ch¢ 3 
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cos¢3• ch¢2 cos¢ 
1 B = m • [ b • ( 1 + m ) + d • th ¢ ] -

sin ¢ 1 cos ¢ 
3
• ch¢ 

2 
2 

cos~·ch¢ 3 sh¢
1 

- X • [ b • ( 1+ X • ) - d· tg <,6 ). 
1 ch ¢ 1 1 cos ¢ · ch ¢ 2 

2 3 

Ha puc. 3 neaa.11 qacn. ypaaHeHHJI /11/ H3o6pa:>KeHa 

B BH,IJ,e DOJIHHOMa ,IJ,eBJITOH CTeDeHH OT X 
1 

• lf3 9 KOpHeH 

ypaBHeHHJI /11/ $H3HlfeCKHH CMLICJI
0
HMeeT TOJibKO peweHHe, 

o6o3uaqenHoe Ha pucyHKe qepe3 x 
1

• 

~(x1) 

6 

4 

Xi 

Puc. 3. Buo Aeeou 'lacmu ypaeHeHU.JI /11/ npu P = P 
I¢ 1 = 0,205, ¢ 2 = 0, 6, ¢ 3 = 0, 7, k 1 == 3,39 M -1 , 
m = 0,5/. 

BLI'IHCJIHB x ~, HanpHMep, MeTO.IJ.OM HbiOTOHa, .IJ.pyrue 

HeH3BeCTHLie HaXO,!J.HM DO $opMyJiaM: 

x1 n=- k -k d a+b·A 
k ' 2- 1.-' k =k • 2 

1 11 3 1 d 
,\2 

L = --, 
2 k 3 

10 

I 

L1= .J: 
k1 

L - m c- -· 
k1 

k cos¢ 1 
1-tg¢3 (k: ·tg¢2+A2)+ cos¢

3
·ch¢

2
·m 

k3 
- . tg ¢ - th ¢ + tg r/.. -th r/.. • ,\ 
k 3 2 '1-' 3 '~-'2 2 

2 

cos¢a· ch¢2.[ 1+ 
sin¢ 1 

~¢1 
cos¢ 3-ch¢ 2 

+ 

k2 
+ -·th¢2 ·(tg¢

3
+A

2
)]. 

kg 

3,IJ,ecb 

11 = cos¢ 3 · ch ¢ 2 · ch ¢ 3 · cos ¢ 2 • m • x 1 [ tg ¢ 2 · tg ¢ 
3 

-

- th ¢ 3 . th ¢ 2 + tg ¢3 . th ¢3 ( tg ¢ 2 + th ¢ 2 ) • ,\ 2 ]. 

4. PE3YJlbTATb/ PACqETOB 

/12/ 

B xaqecTae npuMepa, HJIJIIOCTPHPYIOII.\ero H3JIO:>KeHHLIH 

BLIWe MeTO.IJ., 6LIJI paCC'IHTaH COrJiaCoBaHHLIH Dp.IIMOJIHHeii· 

HLIH DpOMe:>KyTOK CBepxnpOBO.D.JJ.ll\ero CHHXpOTpOHa Ha :mep· 

ruro npoTOHOB 1,5 T3B. 113 perynJipHo:H CTPYKTYPLI 3To:H 
MaWHHbi HMeeM: 

kt =3,3935M-1, Hp=75,069K3·M, 
f3 l,x = 2,4416 M, f31,y = 0,5771 M. 

06JiaCTb ODTHMaJibHLIX 3HalfeHHH BeJIH'IHH ¢1' ¢
2

, cp g 

B 3aBBCHMOCTH OT m .D.JIJI npoMe:>KyTKa c o611.\eii .D.JIHlloii L n = 
7 M DOKa3aHa Ha puc. 4. ilO,IJ, ODTHMaJibHLIMH DOHHMaiOTCJI 

Te 3HalfeHHJI, KOTOpLIM COOTBeTCTByeT HaHMeHbWee 3HalfeHHe 

MarHHTHOro DOJIJI Ha 06MOTKe JIHH3. ilO,IJ,p06HLIH aHaJIH3 

DOKa3LIBaeT, 'ITO Ha 0611.\yro ,!J.JIHHy DpOMe:>KyTKa HaH60Jib· 

wee BJIHJIHHe OKa3LIBaeT BeJIH'IHHa ¢
1 

• H3MeHeHHJJ. BeJIH'IHH 

¢ 2 H cp g DpHBO,!J.JIT K H3MeHeHHIO Ln BCero Ha 4-5 CM. 
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QSJ ~.pCl~ 
0.'7 
06 

L. 
"!z -~ 

0.5 
0.4 
0.3 

~~ 

0.2 0.3 0.4 0.5 0.6 0.1 m 
Puc. 4. 06Aacmb onmuMaAbHbiX 3Ha<~eHuil ¢ , <D , ¢ OA.R 
Lu = 7 M e 3QBUCUMocmu om m. 1 · 2 3 

Gl, 
K'i.c/CM 

IS 

tO 

0 tS 20 tO 

Ln=1,., 
m=0,4 

B 

25 
G3,wlcjcM 

Puc. 5. 06Aacmb 3Ha<~eHuil e AUH3ax F
2 

u F 
3 

npu m = 0,4 
u Ln= 7 M. 

12 

Il03TOMy IIpH lilHKCHpOBaHHOM m .IJ;n.JI 3a,IJ;aHHOH BenHqHHhl 
Ln OKa3LIBaeTC.JI ,lJ,OCTaToqHLIM BapLHpOBaTL TOnLKO ¢

2 
H 

¢3 . 
rpa.u.ueHTLI MarHHTHoro rron.JI B nHH3ax F 2 H .F 3 .IJ;nR 

pa3nHqHhlX 3HaqeHHH ¢ 2 H ¢ 3 IIOKa3aHLI Ha pUC. 5. IlyHK­
THpHa.JI Kpusax AB Ha 3TOM pucyHKe orrpe.u.enxeT rpaHu~y 
3HaqeHuii G 2 u G3 , HH)f(e KOTopoii: .u.nuHa L 2 oKa3wsaeTc.JI 
OTpH~aTenLHOH. 

,l),n.JI peanH3a~HH IIpOMe)KyTKa IIOMHMO rpa,!J,HeHTa Ba)f(HO 
TaK)Ke 3HaTL senuquHy MarHHTHoro rronx Ha csepxrrposo­
.u.xmeii: 06MOTKe nHH3. C 3TOH ~enLIO B Ka)f(,IJ,OH nHH3e BLI­
qucn.JinHCL MaKCHManLHLie 3HaqeHH.JI (x

2
, y 

2 
H x

3
,y 

3 
) ro­

pH30HTanLHoii u sepTHKanLHoii: oru6aiOI.J.{HX nyqKa c 3MHT­
TaHCOM 0,14rr MM • pao. B KaqecTse dloKycupyJOI.J.{HX pac­
cMa Tpu_sanucL nHH3LI Tuna IIaHoBcKoro /4/ c rrp.JIMoyronLHoii 
anepTypoii: /c OTHOWeHHeM CTOpOH 1:2/ B nHH3e F 2 H 
Ksa.u.paTHoii: B F 3 . BenuquHa MarHHTHoro rronx Ha o6MOTKax 
3THX nHH3 o~eHHsanacL no l!lopMynaM: 

y '\l5;2, ecnu 2·X2< y 2 2 
H =G ·ll.z· r.u.e a2= I v5 

ecnu 2· x2:::_y 2 
2 2 X 

2
' • 

/13/ 
y ·v2 . ecnu 

x3 < Y3 H =G ·a ,r.u.ea
3

=1 3 -
ecnu X > y3. 

3 3 3 
X •y2 

3-3 

rpaHuqHwe 3HaqeHH.JI rpa.u.ueHTOB H rroneii:, aHanoruqHwe 
rpaHu~e AB /puc.5/, rrpuse.u.eHw Ha puc. 6 a 3aBHCHMOCTH 
oT m rrpu L rr= 7 M, aHa puc. 7- rrpu m=0,4, HO .u.n.JI pa3-
nuqHLJX 3HaqeHHii: Lw 3TH .u.auHwe II03BOJI.JIJOT rrpu 3a,lJ,aH­
uoii: IIOJIHOH ,lJ,JIHHe IIpOMe)KyTKa BLI6paTL OIITHMaJILHLie rra­
paMeTpLI nHH3. B KaqeCTBe KpHTepH.JI OIITHMH3a~HH MO)f(HO 
BLI6pa TL O,IJ,HO H3 YCJIOBHH: 

H = min I H 2 = H 3 l HJIH G = min!G 2,G 3 l. /14/ 

3asucHMOCTL senuquH H, G H Lc OT m rroKa3aHa Ha puc. 8. 
CpaBHHBa.JI 3TH KpHBLie c KPHBLIMH puc. 2, BH.IJ.HM, qTo, KaK 
H B cnyqae "TOHKHX" JIHH3, B peaJILHLIX JIHH3aX napaMeTp 
m .JIBJI.JieTc.JI orrpe.u.en.JIIOI.J.{HM. 
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KGC/CM t<2C 

Puc. 6. TpaHUllbl o6Aacmeu 3Ha'leHuil a/ zpaoueHmoe 
u 6/ noAeu e AUH3ax .F2 u F 3 OAJI Ln = 7 M npu pa3AU'lHbJX m. 

G2, 
J<?.C/CM 

a) H1\ 
KC.C 

~) 

20 l m-o" 
55 

L,:65M 

45 
15 

35 

10 25 

:1 \Lo•&~ r: 
I I is 2o G5, 0 5 10 5 15 25 35 45 55 65 H3, 

KC.C/CM K2C 

Puc. 7. TpaHUIJbl o6Aacmeu 3Ha'leHuil a/ zpaoueHmoe u 
6/ noAeu e AUH3ax .F 2 u F 3 OAJI m = 0,4 npu pa3AU'lHbJX 
OAUHaX COZAacoeaHHOZO npoMeJICyllfKa. 

14 

80 I K'2C 

10 
60 
50 
40. 

~0 

a) 

20 ____ ::;. 

3 I M 

2 B) 

0,1 0,2 

~ 

0,3 0,4 0,5 0,6 0,1 o,e m 

~ 
CM 

18 

16 
14 
12 

10 

Puc. 8. 3aeucuMocm& a/H=min!H2 =H 3 l u G=minl'G2 ~G 3 l 
6/ - noAHozo t~eHmpaA&Hozo o. n. L c+L c 0111 K03tPtPUZJUeHma m. 

Ha OCHOBe llpHBe,lJ;eHHOrO BbiiUe aHaJIH3a B Ka'leCTBe 
pafioqero Bhl6paH sapHaHT cao6o)J;Horo cornacoaaHHoro 
llpOMe:>KyTKa C napaMeTpaMH, llpHBe,lJ;eHHbiMH B 111a6A. 

Ta6AU!Ja 

rpa,lJ;HeHT JIHH3bl Fl K3/CM 8,645 
F2 K3/CM -9,345 
F3 K3/CM 11,829 

,ll,JIHHa JIHH3bl Fl M 0,053 
F2 M 1,205 
Fs M 0,183 

IIone B JIHH3ax F2 H F3 K3 42,00 
IIapaMeTp m 0,4 
IIpocTpaHCTBO ,11;pe:H4Ja Ll M 1,790 

L2 M 0,034 
2·Lc M 2,487 
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BM 

6 

4 

2 

0 +---,---,---~--,-,-,-,-,-~~--~--~~ 

-2 

: perynRpHbn~: CDr/1QCD01lHHblll npRMD!lUHeUHbiU npOMeJKyTDf< 
: nepuoa I 

: perytlllP,Hblu: 
1 nepuoo 1 

Puc. 9. llo6eoeHue 2opu3oHmaAbHOU 
fPYHKijUU U fPYHKijUU ap 6 pe2yA.RpHOU 
C06QHHOM npoMeJICymKe. 

ftmax,M 

12 

10 

B 

6 

4 

2 

0.2 0.4 0.6 0.8 1.2 f.4 

I I 

u 6epmuKaAbHOU {"3 -
cmpyKmype u co2Aa-

Ln=7M 

1.6 18 2.0 m 

Puc. 10. 3a6UCUMocmb MaKCUMyMa {3 - fPYHKIIUU om 6eAuf.lu· 
Hbl m 6 npU6AUJICeHUU "mOHKUX" AUH3. HJmpUX060U AUHUeU -
mo JICe OAJI peaAbHbiX AUH3. 
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«<>yHKUHH {3x' {3 y H a p B peryn.RpHOH CTPYKType H B Bbl· 
6paHHOM cornacooaHHOM npoMe)l(yTKe noKaJaHbl Ha puc. 9. 
fioBe,IJ,eHHe MaKCHMyMa {3 ·<lJyHKUHH npH pa3nHqHbiX m ,IJ,aHO 
Ha pUC. 10 ,IJ,n.R peanLHbiX H B OpH6nH)I(eHHH "TOHKHX" 
nHH3. 

3AKHJOqEHHE 

llpe,IJ,nO)I(eHHbl:ii MeTO.IJ. pacqeTa cornacoBaHHbiX np.RMo­
nHHe:iiHbiX npoMe)l(yTKOB c aa6eroM 4Ja3bl 2TT-TT peanHJO­
BaH aa 3BM B BH.D.e <lJopTpaa-nporpaMMbl. BpeM.R cqeTa 
O,IJ,Horo BapHaHTa npoMe)l(yTKa /.D.n.R ,IJ,aaaoro BeKTopa na­
paMeTpoB PI cocTaBn.ReT Bcero O.D.HY ceKyH.IJ.Y /npH 3TOM 
BCe BenHqHHbl BblqHcn.RnHCb npaKTHqeCKH C MaWHHHOH Toq­
HOCTLIO - 10 -!1/. 3TO D03BOn.ReT 6biCTpO nepe6paTb TOqKH 
npocTpaHCTBa P. TaKHM o6pa3oM, ,IJ,aHHblii MeTO.IJ. noJoo­
n.ReT Toqao pewHTL Ja,IJ,aqy cornacoBaHH.R H Hl MHO)I(ecT­
Ba cornacoBaHHbiX npoMe)l(yTKOB Bb16paTL y,IJ,ooneTBOp.RID­
UUIH TeM HnH HHbiM KpHTepH.RM ODTHManLHOCTH. 

B JaKniOqeaHe aBTOpbl Bblpa)l(alOT 6naro,IJ,apaocTL qne­
ay-KoppecnoH,IJ,eHTy AH CCCP A.M.Iian,IJ,HHY Ja no,IJ,,IJ,ep)I(Ky 
noii pa6oTbl, C.H.AH.IJ.pHaHoBy, A.,ll;.,lJ;biMHHKOBy, E.M.Ky­
naKoBoit H r .X.CapKHC.RHY • Ja none3Hble o6cy)I(,IJ,eHH.R. 

1. JipyK F. L(UKAU'leCKUe ycKopumeAU 3Qj)JIJICeHHbiX 'lOCmU!I. 
AmoMu3oam, M., 1970. 

2. Meads P.F., Jr. Nucl.Instr. and Meth., 1971, 96, p.351; 
Meads P.F., Jr. IEEE Trans. on Nucl.Sci., 1973, 
20, p.875. 

3. AHopuaH06 C.H. u op. B c6.: Co6elqaHue no npo2paM­
MUp06QHU10 u MameMamul.leCKUM MemooaM peweHUJI (/ju-
3U'lecKux 3aoa'l. ,4y6Ha, 20·23 ceHm.R6p.R 1977 2ooa. 
OH.RH, ,410,11-11264, ,4y6Ha, 1978. 

4. Hand L.N., Panojsky W.K.H. Rev.Sci. Instr., 1959, 
30, p.927. 

PyKonucb nocmynuAa 6 u3oameAbCKUu omoeA 
11 U10AJI 1978 200a. 

17 


