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I. BBF;llEHI!IE 

B~YHC~eH~ MilTPH~~ TpHn~eTHO~ ~OKYCHPY~~~ CHCTeM~ ( CO-

CTO_SI~~ HS Tpex KBilAPYnO~I:oHbiX ~H"::f!l! ) • PaCCMOTPe,H~ ~OKYCHPYKI

Ul,He CBO~CTBil TpHn~eTil· B CTHrMaT~-tYeCKDM pelK ... tMe H rpa~HYeCKHM 

twleTOAOM onpeAe~eH~ napaMeTpbl K!lHKpeTHO~ CHCTe"".':'! 3~~KTPOCTilTH-
YeCKOrO TpHn~eTa, HCnO~I:oSOBilHHOrO B YCTilHOBKe " on line, 

cni!IH-3 " Ha HCHAnn -z e Olr1Hir1. 

.,. 
1 II. MATPI!IUbl TPI!InJlET A 

. l 

TpHn~eT COCTOi.-tT ~iS Tpex noc~e'AOBaTe~l:oHO. pacno~OlKeHHbiK 

KBilAPYnO~bHbiX ~HHS C YePeAY~Uu.-.MHCSI. C06Hpa~Ul,HM H pacceHBa~Ul,HM 

Ae~CTB~-teM. 

MaTPH~a T' TPHn~eTa npeAcTae~SieT co6o~ npoHseeAeHl-te· 

MaT PH~ Q
1

,Q
2 

,Q
2 

,< oi5pasy~Ul,HX erci KBilAPYnO~bH~X ~~iHS · H MaT PH~ 

S ceo6o'AHOro npocTpaHCTBa MelKAY HliMH [1 ] : 
~.{' 

T=Qs.S.Q2.S.Q1 • 
(1) ; 

06~YHO HCnO~bsyeTCSI C~iMMeTPHYH~~ TpHn~eT 1 B KOTOPOM t<pa~HHe 

~~iHS~ OAHHaKOB~e H .eos6ylKAeH~ OAHHaKOB~M o6paSOM · (Q3:~) . 

KpoMe TOrO,, A~HHa 3THK ~HHS pasHa no~DBHHe. A~HHW ·CPeAt;te~ [Z]: 

L2 = 2.4= 2.Ls = 2.L . 

PacnpeAe~eH~ie nD;"SI BAO~b DCH Z B npHOCeBD~ o6~aCTH KBa-

APYnD~SI · npaKTHYeCKH annpoi<CHMHpyeTCSI npSIMoyro~bH~-tKDM. B ::IT oM 

c~y"iae MilTPH~ Qc H Qd KBilAPYnD~e~ B co6Hpa~~~ H 

pacceHea~~~ n~oc KDCTH HMe~T cneAy~Ul,He a~palKeHHSI [3 ] : · 

~ f.H-\Z·:.:.-.-:tmi~·l;·-~71~ ~ 
1 "~·,~ ~·~·:t\' ~ .. - ~ ~ ) d.'l .l.f.h•"" RiJ. ..•. I': .. JIOBlvtd] • 
~ 5HSm•iOTEKA ----- ~---



' " 1/Pisini\Li cosP i Li 

Qic = I I Ci=1,2 c2> 
P "nPL' - iSl i ~ cosPi Li 

'. r 

chP i Li 1/Pishi\Li 

Qid = I I ( i=1,2 ) • (3) 

j3 ' 'hi3 ' i 5 iLi chPiLi· 

B KOTOPbiX <IJOKYCHPYIOIIIHe napaMeTpbl -~. l1 j3. 1e 1m 
B 3.lleKTPH'ieCKO~ 

Ma.rHHTHO~ nHHsa.x l1MetoT Bl1A [21: 

. ·~ie 
,tiim 

112 
= 2/d.( .z.U./E ) 

1 
1/2 

= 2/d, (2e,kNii/mv). 

[M -
1 1 

[M-11 

,( 4) 

(5) 

~1 

rAe d - A~1a..MeTp a.nepTYPbl .llHHSbl.• Z-sap~A 'ia.CTl1U,bl, Ui - 3.lleKTPl1-

'"teC~Oe Ha.npSIW..eHHe ME'W.AY, 1 3.lle.KTPOAa.MH l-~ . .llHH~bl B BO.llbTa.X ,-

E - 3Hepr~1~ 'iaCTHlJ,bl a 3B·, 

MOCTb ea.xyyMa., Nii.- 'i~1cno 

e.:-:- sa.P~A 3.llE'KTPOHa, Jl.,-: npoH~1U,a.e- ·. 

a.MnepBHTKOB l-~ .llHHSbl , m 

Ma.cca 'iaCTl1lJ,bl H V .- CKOPOCTb 'ia.C.THLJ,bl. 

Ma.TPHU,a. S HMeeT BHA: s = 1,' 1 

. '0 : I· (6) 

.lllcriO.llbSYSI'( 2), ( 3) H ( 6),..HS ( 1) . nony'"IHM A.llS'I 3.lleMeHTOB 

tij~ :~1 tijd. MaTpl1U, T c' ~1' T d TP~1nneTa · cneAYtoWJ.1e Bblpaw.eHHSI ·:· 

t11c = [11C2/31fi2 >. cJ3;-~;)sin2/31L+sf32 cos2f31L-1/2.s
2f31f32 • 

si'~2J3L1. sh~2L+ C cos~1L:..'sJ31 sin2/31Ll ch~2L ' 
' -·. , .. 

t12c = C sl32 1.~\. s in2/31 L+f32 1J3~. s in
2

J31 L+1tl32 : cos 
2

131 L+s ~2 • 
~ 2 

cos .-1L> .sh2/32L+(1/~1Lsin2/31L+scos L)ch2132L 

:~ ··;"t I' 
2 

\.' 

( 7) 

( 8) 

.,. 

)' 
~ 

.. 

t
21

c = ( 2s~~ sin 
2131 L-131 s in2/31 L) ch2J32L+ C~2cos 

2
l}1 L+s 

2~~~2 • 
s i n2P1 L+~~ (~2 . s in2~1 L-s~1fl2 s in~1 Ll sh2132 L (9) 

t11d 
' ~ 2 

= < cos2132L-s~2 s in2132L) ch2131 L+ [ C~1 t2132 -P2 t2131-s ~1~2/2 > • 

sin2132L+si31Lcos2132L1s~1i. . 

t12d = ( 1/~1 • cos~2L-s~2/~1 • sin~2L> sh~1L+[2scos2132L+ ( 1/~2 
2 2 

2 
2 

-s P
2

> .sin2132L1ch ~1L-P2t~1 sin2132L.sh ~1L (11) 

t21d = 
' 2 2 

~1 ( cos21'32L-s~2s in~2L) sh~1L~Il2s in2132L:ch .J\L+fi1 [2~: 

(10) 

cos2132L+Cllfi2-s2~2 >sin21'32L1sh
2fi1L. , , (12) 

,Y'iHTbiBa.~ CHMMeTPHIO TpHnneTa.,HMeeM· 

t22c = t11c • H t22d=t11d. 
, . 

III_. CTIIIrMATIII\fECKOE 11130SPA:«EHIIIE 

Tp~1nneT ''a· o6w,eM cny'ia.e ~B.ll~eTC~ CTHrMa.TH'iE'CKO~. CHCTe,

MOH, 0AHaKO np~1 onpeAeneHHOM COOTHOII;IeHH~1 napaME'TPOB OH MOlKeT 

COSAaT~ CTHrMaTH'iE'CKOe HSOSpa.eHHe •. B 3TOM cny~ae paCCTOS'IHHSI 

AO ~1S06paJKeHH~ Ha o6e~1)( n.llOCKOCTS'IX XOZ H yoz OAHHaKOBbl 

C bc=bd=b, p~1c .1a ,6 . ) . 

llnS! nony'ieH~1S'I ycnoBHSI CTHrMaTH'iecxoro ~1so6paw.eH~1S'I HanH-

weM ypaBHeHHe TpaeKTOPHH 'iaCTHLJ,bl B MaTpl1'iHOM BHAE': 

3 



XI 1 be t11c t12c 1 · a ··1 lxo 

= . (13) 

XI 0 1 t21c t22c 0 1 
I 1x0 

~I I Yo 

. 
Yl 1 bd t11d t12d 1 

= (14) 

Yl 0 1. t21d t22d 0 1 I !Yo 

...J 

r~e··a-pat:CTOSIH~1e ~onpe~MeTa, be H bd ·- paCCTOSIHHSI ~0 HSOEO

pall!eHHtt. OT KPaSI J1HHSbl Ha fiJ10CKOCTSIX XOZ ~1 yoz ( PHC .1a,6 ) • 

Pacm1weM .ypaeHeHl1SI ( 13) H ( 14} e · Bl1~e 

X = ( t11c +be t21c )xo + ( at11c +abc t21c +t12c +be t11c) Xo (15) 

'. . ' x = t21c Xo + ( a t21c + t11c ) Xo (16) 

Y = < t11d+bd t21d >Yo+ C'atud ~a:bd t21d +t12d +bd t11d >Yo (17) 

y' = t21d Yo+ ( a t21d + t11d ) Yo • < 18 > 

.~s (15) H. < 17> np1:1 x = x0 = y =;, y 0 = o nony':IHM 

llc ·.:::' "' ( at11c +t12c) I ( at21c +t11c) 

bd = - ( at11d +t12d) 1 ( at21d+t11d)' 

fipH CTHrMaTH'ieCKOM HS06pall!eHHH 

< 20) nony':laeM ycnoeHe 

t11c I t11d = t12c I t12d = t21c I t21d • 

4• 

(19) 

(20) 

be = bd l1S ( 19) 

(21) 

H 

""'· 
. r . 
~ 

0 

(.. 

Y':f~1Tb1Bil51 CJ10)l(HOCTb Dblpa)l(eH~1t:l ( 7) - ( 12} > HeJ1bSil fiP!ilMOt:l 

fiO~CTaHOBKOtt B ( 21) fiOJ1Y'iHTb YCJ10B~1S1 ~J151 napaMeTpOB J1HHSbl> 

OTBe'iatoiJII,1X ee ~ettCTB~110 B CTHrMaTH'ieCKOM pelK...iMe. fiO::ITOMY .s~eCb 

BbiPalKeH~1e ( 21) ~-tcnonbsoeaHo TOJ1bKO c u,enb.O KO.HTponil oii1cnoeblx 

pesynbTaToe, nony':leHHbl>< rpa.H'ieCKHM peweHHeM sa~a':IH •. 

<J 

IV. rPA~~YECK~~ METDn 

B ::ITOM npSIMOM ~-~ npaKT~1'iHOM MeTo~e OT06pall!eHa sae~1CHMOCTb 

4.>0KYCl1PYIOUJ,ero napaMeTpa . TPHnileTa ··-.··(J3
1
LJ

2 
OT flOJ10lKeH~1SI HS06pa·-

W.eHl1SI ( be ~1 bd ) Ha co_6l1Patow,ett ~1 pacce~1eatow,ett 

npH pasHbl>< nonow.eHHSI>< 

4.>o KY c ~1p ytow,e ro napaMe T p a 

npe~MeT<l' 
2 cr> ... L > . 

"-

(a)· l1 pasnH'iHbl>< 

fiJ10CKOCTSI)(·, 

eenl1'iHHax 

Ha Pl1C. 3,4 H 5 npe~cTaeneHbl pesynbTaTbl Bbl'iHCneHHtt WYHK

U.l1l1 C~1L> 2 ~nSI 3neKTpocTan1'iecKoro Tp~nn,eTa np~1 L = 0.078, 
. 2 . . : ' . 

s = o.032, d = o.o4 M, <~ ... u = o:3o4; o.380, o.456 cu,..=1ooo, 
"- " "-

1250, 1500 B), a= 0.3, o:6! 0:9•. 1.2, 3.0 M .. 

To':!Kl1 nepece'ieHl151 o60l1>< npe~bi~Yto1J11,1>< rpynn KPl1BbiX .(WTPH-

xoeaHHble KPl1Bble > n~e~-~T~~nsttoT o6~acT,b ·, e K~Topott TP~-tnneT 
l-tso6pall!aeT npe~MeT e cn1rM~T~1':1ecKott •opMe ( bc=bd=b ). 

Ha Pl1C. 5a no~o6Hb1M o6pasoM nony':leHa CTl1rMaTl1':1HaSI KPHBast 
et 2 

(WTPl1XOBaHHaSI) npl1 ()..o2 L) = 0-456 1 a Ha Pl1C. 5a,6 npe~CTaeneHa 

u,enaSI oE>nacTb cn1rMaT~1':1Horo ~e~~CTBl151 TPl1nneTa c np~1ee~eHHbiM~1 

Bblwe ~aHHbiMH. HH)I(HSISI 'iaCTb 3Tott o6nacTH orpaHH':IeHa ycnoeHeM 

(~21..) 2 > o. 274-

B o6nacTH c l C~2 L>_ 2 <. 0-274 
.·. 

' B C-!JY'iae ::IJ1,eKTPOCKOnH'ieCKO-

ro TP~1nneTa U,.. < .. 900 B) ripHee~eHHble: BbiWe rpynnbl KPHBbl>< He ne-' ' ' ,, ' ' 

peceKatoTCSI ~J151 KpaTKOCTH
1 

COOTBe,TCTB)IIOIJII,1e Pl1CYHKH' He npe~-

CTaBneHbf ). B 3TOM cny':lae: TPH~J1eT ~BJ1SieTCSI aCTHrMiTH'ieCKOtt 

CHCTeMOtt. 

HeoE>xo~l1MO o_TMeT.~1T!", ':ITO e. ~~;~;··pac,cMaTp~1eaeMOM npHMepe 

3Hepr~151 ':lacn1LI,bl E Bbl"i:>paHa' paBHOtt; E =,Eo = 50 K::IB. nane_e. _l1S 

_ Bblpall(eHl151 
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X ll 
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o 1....--::: I I I I I I :::=:::-.. . !-
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-~· 
\1.'( 

ll 

",". 

8cJ 

PHc.l. TpaeKTOPHH 4aCTH4bl 

B ABYK nnOCKOCT~K TPHnneTa, 

!,', 

' ;- ', oP ~ X 

!~ "'; z .~ :) 
I 
! 

y 

PHc. 2. <lloKYCHble · paccTO~HH~ TpHnneTa, 

6 

0,1 
(A t..)z.. 

-. 'f . 

~d 0=3.0 

li. 

! 

8c O•Q3 

&c, td 
0 at qz q3 Qlf qs Q6 0.1 ~~ M 0,9 

PHc.3. 3aBHCHMOCTb ( ~iL )
2 

OT be: H. bd Ha. CO~Hpa'?w,et:i H 
. • .. . .. · 2 . 

pacceHBatow,et:i nnOCKOCT~K TPH~~e.Ta npH ( ~2L ) = _0,380 H 

pasHbl>< nono:t(eHHSIK npeAMeTa. 

piO 
. 112 

= 2/d. (ZUi0 /E0 ). :. (i=1,2) (5') 

BbiTeKaeT , '"ITO np~1 ~1SMeHeHHH SHa&.feHHSI E ~1SMeH51eTC51 J3., a SHa-
• . .•. ',, • 1. ' .. · • 

&.fHT H napaMeTPbl ~1SO~palKeHH51 •· 0AHaKO ecn~1 Mbl MeH~eM OAHOBpe-

MeHHO H U. TaK, &.fTO~bl 'cornaCHO ( 5) BblnOnHHnOCb ycnOBHe 
1 ' 

pi = ~iO' 

TOrAa. nony&.fHM ui = E/Eo . uio • 

B :3T~1>< ycnoBHSIK rpa.PHKH 3-5 npH HSMeHeHHH :3Hepr~1H '"taCTH-
• ' ' ' ·~ ; I, •/ 

lJ,bl (E :f. E) He HSMeHSIIOT CBOIO opopMy, a nepeMe~IOTCSI BAOnb OCH 

OPA~1HaT. B COOTBeTCTBH~1 C nponop1J,1.1et:i . Ui /Uio = E(Ei. 

fioAO~HbiJ:'I. o~p.asoM a· cny'"tae .MarHHTHoro TPHnneTa nony'"taeM 

ycnoa~1e 

112 . \ 
Ii = (EIEo) ·Iio 
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(ALl 

Be, 8d 
0 0,1 o.z 0,3 Wt o.r 0,6 0,? 0,8 M 0,9 

P~t~c.4. 3aBHCHMOCTb ( ~1L >2 
oT be ~1 bd Ha c!'6~1pa10w,e~ ~1 

pacceHeaHIIIl,e~ nJlOCt<OCTSIX TP~1nJleTa np~1 ( ~2L )' = 0,304 ~1 

pa.SHbiX nOJlOlKeH~1S'IX npeAMeTa, 

' 
V .• YBEJU.1YEHIIIE Ill ~OKYCHOE PACCTO!lHIIIE 

B sat<JliO~eHHe Kpa.Tt<O npHeeAeM pac~eT yeeJlH~eHHS'I H tot<yc-

Horo paccTOS'IHHS'I TPHnJleTa. nnS'I ye~JlH~eHH~ Me H Md ( COOTBeT-

CTBeHHO B nJlOCI<OCTS'IX X0 Z ~1 yoz ) ~1S ( 16) . H ( 18) npH x=y=xo= 

=y0 =0 ( p~1c .1a ,6 ) noJly~aeM [ 5]: 

, 
Me =xjx =1/ ( at21c + t 11e) 

Md=y/y =1/ ( at21d :,.t11~) ~ 

nnS'I onpeAeJleHHS'I pa.ccTOS'IH~1~ f ~1 fd MelKAY tok:yca.MH F ~1 e e 
Fd !.1 rnael-t;.,M~1 nnoct<oCT.AMH H H H , a. Tat<w.e paccTOS'IHI1~ Zf ~1 

X y C 

zfd· MelKAY tot<yca.MH Fe ~1 Fd ~1 I<Pa.S'IMH Jl~1HSbl, ~1cnOJlbSYS'I ypaeHeH~1S'I 

'(15), (16), (17) ~1 (18) npH x=y=xc)=Yc)=O (p~1c.2>,nony~HM (5]: 

8 

rfi1L)2 

0,6 

0 

........... ..... 

O.i 

a 

5 
a-o,~ ___ ..;. ______ J~L)\0,310 
- --- ' -----' --.... - . 

rp;..f- o, 3o~t .. -----------------------------------
&c, Bel, 8 [M] 

az 0.3 O,lt 0,5 0,6 41 0.1 

P~1C • 5. 

3aBHCHMOCTb, 
A 2 R . 2 

(y1L :) OT be ~1 bd np11 ( y
2

L ) · = 0,456 H 

a = 0. 3 , 0. 6 , 0. 9 (M). 

qg 

Q6naCTb CTI1rMaT~1~Horo Ae~CTBI1S'I TpHnJleTa 

I<P 11Bble ) , 

WTP~1XO ea.HHble 

-Me 
1,0 

0,? 

. 
·;, i '.' . 

~lM] 

,, '·! 

0 ~ ~ ~ ~ ~ ~ o/ ~ o 41 0,2 q3 O.'f qr q& 0.1 qt, 

• r PHC. 6. YeeilH4eHH.A 

Me TPHnJleTa.; 

9 

PHc. 7; Yaei1H4eHH.A. 

' Hd· Tpi.inneTa., 

\ 



:Cfiil/1-
ar 

(jl CJI,.L)~.£13£0 

/ 

O.li 

0.3 

0.2 
q-1 

lcC.Hl 
0 0,1 0.2 0,3 qr,_ 0,5 0.6 qi ql 

2 _.; 
P11c.8. 3asHCHMOCTb ( ~1L ) 

OT ~OKYCH~K pacce~HH~ f , . c . 

fc = -xo/x ~ = -1/t21c . 

zfc = - t11c / t21c 

0,3 

q2 
q{ 

0 

fr-:_!AU~qS., 

;r£ 
. ./.iU11 

o,t 42 q3 qt, ar o,c q; qt 

PHc.9. 3aBHCHMOCTb ( P1L >
2 

oT 

~OKYCH~K pacce~HH~ fd, 

fd = -yoly' = - 1 /t21d 

z,d = --tud 1 t21d • 

Ha pa.-tc .·· 6-9 npeACTaB.neH~ saBHCHMoCni Me .H Hd OT bc.~-1 bd 

H U1 OT fc, fd , Zfc~-1 Zfd' 

HeOSKOAHMO OTMeTHTb, '-ITO Ha 3T~iK H P~Ae npeAbiAYlllHX pa.-t-

CYHKOB orpaHa.-t'-leHHOCTb HeKOTOP~K KPHB~K C OAHO~ H.TI~-1 APYrO~ 

CTOPOHbl B~SBaHa ~iSMeHeHHeM SHaKa nepeMeHHO~ H.TI~-1 nepeKOAOM 

~YHKIJ,HH HS OAHOro nepHOAa B. c.neAYIOIII,H~. 

'niiiTEPATYPA 
~. 
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illaA. :-AH CCCP , M. - n . , < 1963) ~ ·- - ' 

[.21 Enge'H. A.:. Rev. Scient. lnstr. 32(1961) 662. 

[3] Grivet P .• Septi~r A.: Nucl. Instr. and Meth. 6 

(1960) 126. 

· [4] Yeideman Y.: Nucl. Instr. and Meth. 9(1960) 347. 

(5] Slaop C.SI.: +oKycHpOBKa sap~*eHH~K LfaCTH~ KBaAPY

no.nbH~K . .nHHSaMH. M.: AToMa.-tSAa T , 1968. 

/. 

PyKonHcb nocTynHna s 113AaTena.cKHH OTAen 
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Jly6Ha, 1988, 
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no·H.QepHofi 3neKTPOHHKe. BapHa,1988. 
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Tpy.Qbi pa6oqero coae111aHHH no pa3pa6oTKe 
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TaQHOHHbiX BOnH. Jly6na, 1988, 

Tpy.Qbl XI Bcecoro3Horo cose111aHHH no ·YCKOPH-

4 p.50 K. 

3 p.55 K • 

4 p,2Q K, 

5 p,2Q K, 

p.50 K. 
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p,6Q K. 
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EexHH, l.JCCP, 1989, . 

TPY.Qbl CoaemanHl! "PenopMrpynna-86"·. 
.. JlY6Ha, 1986., , . , 

·f.. • ,, '•' 

TiiYAbi MelK.ziy..iapo.Qnofi iuKonbl..:ceMHHapa 
no $It3HKe Tl!lKenbiX HOIIOB;, }lyon a, 198 6 ,' 

4 p.OO K. 

4 .. p,45 K. 

,•.,' 
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