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I 
- I 

l1ccne.ayeTcfl 3¢¢iexr paccornacosaHJHI y>Ke cornacosaHHo- 1 

ro nRHeitHbiM pacqeTOM npoMe)KyTK8 H paCC1..J:H'TbiBfleTCS: C ITOMOillbiD HenpepbiB~ 
Horo aaanora MeTana HbiDTOHa npoMc)KyToK, corn:a.cosaHHDIH: c yt.te"roM Hena- . 
HeAHbiX a6eppemn1 s Kea.opyrronbHbiX JIHHaax. Dony"ieHHbie qu:cneHHbie pact.IeTbi 
IIOK838JIH, 'l!TO 13 cornaCOB8HHbiX npOMe.x<yTKaX He.1I?.:Hei1Hb19 a5epp8!..BH:l: B n:-rH-

38X Bbi3biBaJOT aaMeTHoe paccornacoaaHv.e. !ln£ ycrpaHeHJHI aToro a¢q,eKTa 

HBK6on.ee OIITHMBJibHbiM SIBJISieTCM: IIpHMeHeHHe COOTBCTCTByiDIUHX HemiHefiHbiX 

31IeMeHTOB. 

Pa60T8 BbinOnHeHa B na6op8TOpHH Bbi'l!MCJUiTenbHOfi TeXHHKH 

H SB'I'OM8TH36UHH 011 ffl.1. 

CooomeaHe 05he!li!HeKHoro HHCT<.ryra 5!LlepHhiX •ccneaoBaHHii. !ly5Ha 1978 

Zh;dkov E.P. et a!. Pll - 11867 

Optimization of Long J\.1atched Sections of a Synchrotron 
and Analysis of Nonlinear _Aberrations By Means of a 
Continuous Analogue 

The effect of mismatching of a straight section already mat -
ched by linear computation has been investigated. Taking into ac
count nonlinear aberrations in quadrupole lenses a ma.tching has 
been computed by means of a continuous atlEl.logue of the Newton 
method. The computation results have shown that nonlinear aberra
tions in the lenses of matched straight sections give rise to an 
appreciable mismatching. The use of corresponding nonlinear ele
ments is optimum to elimina.te this effect. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© /978 06'68/J.BBBBHbl/l HBCTHryT BP.BpHblJC HCCneP.OBBHHfl /1y6Ha 

I. BBeJteHHe 

B COBpeMeHHHX &eCTRopoRYCXpynmHX CKHXpoTpoHax opraHH3~ 

CXCTeMH BBO~-BHBO~ IlyqRa, pasMemeHHe YCRO~el CTSHUKH R T.Jt. 

Tpe6yeT ~ CB060JIHHX IlpoMesyTROB. 

~M pa6oTa IIOCBSIIIIeHa KCCJ!eJIOBaHmll HeJIHHeibmx a6ep~ B 

~ynOJll>HHX .mmsax Tatroro npoMeJlYTRB. H corJmco:eamno ero c Y'!e

TOM 9THX HenHHeftHOCTel. CTpeMXeHHe ~enBTD IlpoMezyTOR COrJlaCOBaH

HHM, T.e. HeBos~ peryAapHJD CTPYRTYPY,- nP.Q6~~. R ROTopol 
B IIOC~e~ee BpeMH CTBAR o6pamaTDCH KCCX~OBaT~I-3 • 

C~e,tzy"eT OTMeTKTD, 'ITO BCe npeJtbi,IJ;YIIlHe IIOIIHTKK IIOJJ:y<reH1f.II co

rJlaCOBSHHOro rrpoMezyTRB. (c.n.) 6asxpoB8.11l!CD Ha nHHeiHoM npx6Jm

JteHim. B Jta.HHOI ze pa6oTe pac11eT c.n. npoBO,ItHTc.a: c Y'!eToM HeJm

Hellmx a<Ixl>eRTOB B JIHHSax. IlplAeM KCMe,tzy"eTCJI He TOJIDRO acixl>eRT 

paccorJmcoBaHH.a: yze corJmcoBSHHoro nHHeftHHM pac'leTOM npoMezyTRa, 

HO R, 'IT9 'B.lllleTC.S: HOBHM, paCC'tiKT!iBaeTC.S: no MeTO,tzy", RS~OJteHHOyY 

B pa6oT~ 4 , npoMeJtYTOR, corJmcoBaHHY! c yqeToM He.mmeAHHx a6ep

partd B RBa,Itpyno~:blWX .mmsax. 

2. <lill:s:IAeCRM IIOCTaHOBRa Sana'tiK 

Ha pxc.I npKBeJteH OJti1!H xs BOSMOJtHWt BapKaHTOB CTPYRTYPH "He

BJ!!JtKMOI'O" npoMeJeyTRa JtJIH npoeRTa cBepxnpoBOJtHIIIero cKHXpoTpoHa Ha 

I,5 r3B, ltJIH ROTOporo IlpoBOJIRXKCD RCC~eJIOBSHKH R aHaxH3 BnKHHEH 
HemmeiHocTel B mmsax F 1 , F 2 x F 3 Ha corJmcoBB.HI'Ie Taxoro rrpo

MeJEYTRa. <lill:s:IAecRM sa,na11a cTa.BRTCJI c~eJIYD!n~M·o6pasoM. 

Tpe6yeTcH noJto6paTL rpaJIReHTH .mms, HX ~. a TaRJte npo
cTpaHCTBa Jtpeit(pa TaR, 'IT06H no 38.JtaHHHM ROOpJtJ1[HaTaM K HaiipaBJieHKID 

' ' IIY'!Ra Ha BXOJte c.n. (x
0

,z
0

,x
0 

, z
0 

) no.nytmTL sa.n~e ~e KO-

opJtJ1[HaTH H HaiipaBJieHl'!e TiyqRa Ha Bl:lXOJte c.n. (xk' zk, xk, zk) , 

np:IAeM 
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I I I I ( ) 

xk = xo' zk =-zo' xk =xo ' zk = -zo I 
3TO Tpe60B8ID!e COOTBeTCTByeT IIOJIY'!6HIDO Ha6era 9)as .6 'fx = 2n: 

.lVIff ropRSOHTaJI:&HHX R 4lf'1 = :JC .lVIff BepTRKaJil>Hl:lX 6eTaTpOHHHX 
KOJie6a.HJ!ii. 

3. WBOJ!ll OCHOBHHX YoaBHeHJ!i R MaTeMaTR'IeCKB.fl 
IIOCTaHOBKa SMa'IH 

,JUirixlJe peHIU!aJI:&Hl:le ypaBHeHRII, OIIHCHBaJilllRe T paeKTO pmo ~BmteHRII 
sapHXeHHO~ ~aCT~ B MarHRTHOM IIOJie B BH6paHHO! ~eKapTOBO! CRCTe
Me KOOp~aT (pRc.I),HY6VT B~5/: 

" 8 , 1 ~-2----;2'r I ,2 I I ] 

z88 = pVl+z8 +x8 lxs B8 -(l+z8 )Bx+x8 z8 Bz 
(2) 

" ~I 12 12 [ ' 12 I I ] 

xss =- ~ + zs + xs zsBs - (l+xs )Bz+xszsBx 

r~e 

P=mv - RMIIYJII>c ~ac~. 
Bx, Bzt 8

8
- KOMIIOHeHTH MarHRTHOro IIOJiff. 

YpaBHeHRII (2) CIIpaBe~H rrpR JID60M MarHRTHOM IIOJie, TaR ~ 
IlpR HX BHBO,JJ;e He 6HJIO C~e~HO mtKaKRX ynpolllaKllltRX IIpe~OJIOllemrlt 5/. 

BHYTPR RBa,ll;pyrroJI:&Ho~ JIRH3H sHa'IHTeJI:&HoA ~H rroJie IIpaRTR
~ecKR He saBHCHT OT s , T. e. 8

8
::: 0 , R paSJIOXeHRe COCTaBJIHD.IIIDC 

IIOJiff 8 R B rrpHHRMaeT ~: 
X z 4 8 62 44 26 8 ] 

Bz=Gx [ l+d6 (sz4-10x2z2+x )+d10(9z -84z x +126x z -36z x +x )+ ..• 

(3) 

[ 4 22 4 8 62 44 26 8 ] Bx=Gz l+d6 (5x -lOx z +z )+d10C.9x -84x z +126x z -36x z +z )+ ... , 

r~e 0 - RBa,ll;pyiiOJil>HHH r~eHT COOTBeTCTB~eA JIHHSH. 
3TO pasJIOXeHHe CO~epxRT TOJI'bKO ~eHl:l eTeiieHH 4n+l 

n=O,l,2,3.... (5) 
TaR KaR z• 2 H x· 2~ l,TO R3 ypaBHem (2) e ~eTOM tPoPMYJI 

( 3) IIOJIY'!aeM ypaBHeHHe ,JJ;Bl'llleHRII sapaEeHHol ~ae~ B JIRHse B 
Bl'l,ll;e: 

4 

x:
8

= ~[l+d6 (5z4 -10x2z 2+x4 )+d10 (9z8-84z6x2+126x4 z4 -36z2x6+x8 )J 

(4) 

z;8~ z(l+d 6 (5x4-10x2z2+z4 )+d10 (9x8-84x6z4+126x4z4-36x2z6+z8 )J , 
r~e B~ ~~,By- MarHHTHaff X6CTKOCT:& ~aCT~, dn=r~-?cn, 

en- OTHOCRTeJI:&Haff BeJIR'IRHa HeJIRHeHHOCTR IIOJiff B JIHH3e, 
r

0 
- paiiRyc, paB~ rro~arrepType cooTBeTcTB~en JIHHSH. 

MaTeMaTR'IecKR sana~ cor~conaHRR ~oro rrpoMexyTKa (pHc.I) 
CBO~TCR K pemeHRID KpaeBOJ.1 SMa'IH .lVIff CRCTeMH HeJIRHettHHX ~q~epeH-
UHaJI:E.HHX ypaBHeHRJ.1 (2) C KpaeBHMM yCJIOBRRMH: 

x(so)=xo x~(s0 )=x~ 
z~(s0 )=z~ 
x~(sk)=xk: 
z 1 (s )=z' 

8 k k > 

(5) 

IlpR'IeM ~OJilltHO BHIIOJIHRT'bCR COOTHOmeHRe (I). Heo6XO,nMMO riO,JJ;06paTb 
rrapaMeTpbl 01, 02' , 03 ( r~eHTbl JIHHS), ef, e~, t; (,JJ;JrnHH JIHH3), 
Ll'~'Lc (rrpocTpaHCTBa ,ll;pe!9)a)H Ln (~ cBo6o~oro rrpo~v~exyT

Ka), TaR, ~T06H TpaeKTOpRR ~eHRR ~aCTHUU y,JJ;oBJieTBOpRJia ypaB
HeHRRM (4) H RpaeBbiM ycJIOBHRM (5). 

z(s 0 )=z0 
x(sk)=xk 
z(sk)=zk 

il0~06HOe OIIRCaHRe MeTO~a R aJirOpHTMa pemeHRfl TRKOrQ TRIIa 
Kpa6BOJ.1 3Ma'IH ~eTCR B pa6oTe/4/, IIOBTOMY S,JJ;eC'b Ha BTl~ BOilpOCax 

He OCTaHaBJIHBaeMCR. 
Borrpoc CYilleCTBOBaHRII pemeHRR HeJIHHe~o:t! RpaeBoii 3~'ll! TpaHc

rropTRpoBKR sapaEeHHHX ~aCT~ 6y,JJ;eT paeeMOTpeH B OT~eJIDHO~ pa60Te. 

4. PeaYJII>TaTH 'IHeJieHHOro e~eTa 

B KaqecTBe HYJienoro npR6JIRZeHRR nap:&HpyeMHX rrapaMeTpoB 6pa-
JIHe:& HX neJIR'IHHH, rro~eHHl:le c noMOIIl:&D JIHHeAlloro pae~eTa: 

Ob = 8645 a/eM £ b =5.29 CM 
Og =I0879. 79 a/eM lg =I7. 72 CM 
03 =10573. 6 a/eM £ 3 =20. 64 CM 

L~ =I80.27 eM, L~ =3.38 CM, L0 :700.I eM 

E;:-~ J!HH3 F.( i=I,2,3), Li- rrpoeTpaHeTBa ~e:t!9)a (eM. 
pHc.I). 1 

5 



3a.BHCJilMOCT:& Ha6era was a lf'x H 4 ~ OT B8.1llr'mHil ,ItO,It8RallOJI:&
HOll He~efiHOCTH B ~sax Buqnc~c:& ~ c6 oT O,I% .~to I%. Pe
sy~:&TaTH aToro pac~eTa npHBe.IteHH Ha pnc.3, :as KOToporo ~o. ~To 
npn He.mmeil:HOCTH B mHsax B I% Ha6ern ljia3 ,ItOCTHra.JOT ~ 2X+l.2° H 
~ +4° B ropHSOHT~:&HOfi H BepTH~HOfi nxOCKOCTRX ~ MaKCJi!MaJI:&

HOrO atmTTaHCa E • 
3aBHC1!IMOCT:& Ha6era was A <f'x H a <f.1 OT BeJIK'mHH 9MHTTaHCa 

lly<!Ka £ ~ C
6 

=0,0! IIOKaSaHa Ha p:ac.4, 
Ha ITpaKTHKe, e~ HSBeCTHH B~ He.mmefiHocTefi B mHSax 

H OHH ,ItOCTaTO~O BemK:R, C HCTIO~:&SOBaHHeM paspa60TaHHOro ~C~eH
Horo ~opHTMa 4/ MOlltHO YJ!Y'l!IDIT:& cor~COBaHHe ITp0MeJtYTKa C yqe
TOM aTHX HemHefiHOCTeil:, BapbHpyH Te napaMeTpH CHCTeMH, KOTOpHe 
~erKo peamsyeMH. TaR, B ~acTHOCTH, 6um npo,~te~ ~~eHHHe pac
~eTH COr~COBaHHH llpoMexyTKa C IIOMO~:&D Bap:&HpoBaHHH rpa,ItHeHTOB 
mHs ("mHefiHoe" cor~coBaHHe) o2 ,o3 , 02, 03 ( 02,03 - rpa,ItH
eHTH .mms, cHMMeTp~HWC .mmsaM Fl'F 2 ) • B aTOM c~ae cor~aco
BaHHe llpoMeEYTKa ,ItOCTHraeTCfl, e~ CHMMeTp~aH TpaeKTOpHH rrpeBpa
IQaeTCfl B ~erKa acJilMMeT p~ ( p:ac. 5a, B) • 

Ha6er qias ~ ".mmefiHo" cor~coBaHHoro npoMexyTKa B saBHc1!!
MOCTH OT aMHTTaHCa Tiy<!Ka ~ ~ =I% TIOKa8aH Ha pnc.6. 

O,ItHaKO Ha.wxyqmee cor~coBaime .~taeT TaR HasHBaeMoe "He.mmefi
Hoe" cor~COBaHHe, KOTopoe ,ItOCTHraeTCH llyTSM BBe,IteHHH B CTPYKTy
py rrpoMexyTKa He.mmeiHHx KoppeKTHpymm:ax a~eMeHTOB (p:ac.2). Pac
~eTHHe Oll~bHHe napaMeTpH TaxHX aneMeHTOB ~e~e: 

GN =-464.298 a/eM 
eN = I3.2 CM 
~ = IO CM. 

Ha6er:a <Pas ~ "He.mmefiHo" cor~acoBaHHoro npoMexyTKa B saBH
CJilMOCTH OT aMHTTaHca rryqKa ~ C.S =I% np:aBe,IteHH Ha p:ac. 7. Bs 
p:ac.6 H 7 BH,ItHo, ~To "He.mmeiiHoe" cor~coBaHHe npmmpHo Ha rropH
.ItOK yMeH:&maeT BH3BaHHHfi He.mmefiHOCTHMH B mHsax Ha6er qias Ha npo
MelltyTRe, 

5. BsBO,IJiH 

I. PasBHTHii MeToi6/ H paspa6oTaHHHfi ~~eHHHA ~op:s:n/4/ 
oKas~c:& ~eKTHBHHMH ~ pac~eTa c.n. ycRopHT~eii c yqeToM He
~efiHocTefi B RBa,Itpyno~:&HHX .mmsax. 

6 

~ 

l 
I 

2. ITo~eHHHe ~~eHHHe pac~eTH no~sam, ~To B cor~coBaH
HHX ITpoMe~YTRax HeJilffieHHHe a6eppauKH B Jilffi38X BH3HBaDT 3aMeTHOe 
paccor~coBaime. 

3. ~ ycTpaHeHHH aTOro ~eKTa HaH6o~ee OIIT~:&HHM ~eTCH 
rrpHMeHeHHe COOTBeTCTBymmHX He~eftHHx a~eMeHTOB, 

iPR\IIIII<.Ui COUGCoOOHHtliU 'l)AMDnUHeilHblu npoMe""JTOH iPlZ!I'IIIHioiUI 
I ntpU00 I I Mejiuoil : 
I I I ! 
I I I I 
I l 2 I r :t• L1 •• Lc C Lc •• L, +.-•, 

,, M.QM fF1 F1F1 F3Fz F"' M.Q;~~ 

PHc.I. CTPYKTypa "HeBH,ItJilMoro" npoMe~yTRa. 

Cor~ACOBAHHbl~ nP~MOII~HEI1Hbll1 nPOME:>IC\jTO~ 

L., Lc Lt L, 

F, N Fz F1 F1 Fz N 

PHc.2. CTPYKTypa "HeBH,ItHMoro" npoMexyTKa c He.mmeftHHMH 
ROppeRTHp~ a~eMeHTBMH. 
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PHc.3. 3aBRCHMOCTI> Ha6era Wa3 Lllfx(l) R Lllf'l(2) OT BeJIJi'tHHbl 

~O~eKaiTO~oHO~ He~HeHHOCTH B ~H3ax C6. 

"'"'•,"'~r~----------------, 
0 

g 
0 

ll 

g~ ~~ I I I II€ 
o.ooo """~ n r>lli. naD6 a ode o 010 a 01'1. o 014 

PHc. 4. 3aBHCHMOCTo Ha6era Wa3 Lllf,( 1) H A'f'z ( 2) OT Be~'fli!Hbl 

3MHTTaHca rryqKa ~ C6=I%. 
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PHc.5 a,B. TpaeKTOPRB ~mKeH:IDI qacTRUH B rr~ocKocTJIX "XOS" 

H "ZOS" ( Cll~OIDHM ~H:IDI - .mme:lbrn!J: paC'leT, 

ITJ'HKTRPHM - ".mme:li:Hoe" cor.rraco:sa.Irne). 
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PRc.6. 3aBHCEMOCTZ. Ha6era qJaS Alfl>< {1) 1'I A't'.i {2) OT BeJIH'i:HH!l 
aMRTTaHca rrytnta .ItJlfi "mme:ltHoro" corJIB.co:sa.HIDI. 

6'1'-,A'f'J ~ 
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'i 

~ 
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PRe. 7. 3aB:HCEMOCTZ. Ha6era was /). 'f• { 1) Jd /). 4'l { 2) OT BeJIH'ildHJl 
sMRTTaHca nyqKa .ItJlfi "Hemme:ll:Horo" corJIB.cOBaHM. 
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