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OIITI1MM3AIWLQ COrJIAcYIallEro KAllAM YCKOPMTEJ1Q "I1CTPA-36" . IIPOI'PAMMhI
 
PAClfETA: UpenpRlHT l1T~ 2-98/
 
M.A.Bopo6oeB, C.A.BHCOIJ;Kztt - M., 1998 - 20c.
 

Ha np~epe KaHana TpaHcrropTupoBKU nyqKa OT C03~aBaeMOrO 

UCTOgHUKa npOTOHOB K cymecTB~eu ceK~ C llOK~ yCKopMTenH 

"HCTpa-36" nOKa3aHa MeTOPHXa no~rOTOBKM Haqanb~ ~aHH@X ~nH 

OnTMMHSa~UM napaMeTpOB KaHana c rroMo~ro nporpaMM TRANSPORT, GIOSP, 

TRACE 3-D, PREINJ. Ha OCROBe aRanM3a ~YHKquoHanbH~ B03Mo~ocTeu 

nporpa.MM 060CHOBaH BI:l6op TRACE 3-D J{JlH BI:J[qMCJleHuU. rrpUBO~HTCH 

nO~eH1ffiIe peSYJIbTaTbf. HanpaBneHMH 

COBepmeRCTBOBaHUH MaTpYfgHHX onTUMM3I1fJJYJ<1IU'Ix rrporpaMM. 

oli ~t}le-'-~example of tJi"e canal for transportation of the beam 

from creating source of the protons to the existing section RFQ of 

the accelerator "Istra-36" the procedure of the preparation inital 

data for the optimization the parameters of the canal with assist

ance of the programs TRANSPORT, GIOSP, TRACE 3-D, PREINJ was 

showed. On the base of the anaJysis of the functional resources 

of the programs the choice of TRACE 3-D for calculations was 

grounded. Substantiate the obtained results. Formulated direc

tions of the developing matrix optimizing programs. 

FMC. - 4, cn~COK ~T. - 14 HBZM. 



B HaCTORmee BpeMH B ~T3¢ npOBO,Il.RTCR pa6o~ no 

Mo.uepH1Il3aLI,1Il1tl yCKoplllTeJIR "V1cTpa-36" [1] ,I(JIfI C03,UaHlIlR Ha 

ero 6a3e MHOrOu,eneBoM OOJIyqaTeJIbHOM yCTaHOBKlIl. ITyqOK C 

3HeprMei1: 36 M3B npe~nOJIaraeTCfI HanpaBJIRTb Ha 6epMnJIMeBYID 

MMllieHb, pac~OJIO~eHHYID B ~eHTpe cy6KpMTMQeCKOM peaKTopHoM 

COOpKM, o6pa3YR nepBYID ,I(eMCTBYIDmYD MO~eJIb 

TpaHcMYTau,1Il0HHOM yCTaHOBKM. TIpe.uycMaTpMBaeTcR 

B03MO~HOCTb BbIBo.ua nyqKa C 3HepI'lIl.et1: 36,10 Ill. 3 M3B ,Il.JIR 

HapaOOTKItl pa,Il.IIl.OHYKJIlIlnOB, np01ll3BO,I(CTBa 3Mt1TTepOB ,nJIR 

TOMorpaWMM, npOBe.ueHMR 3JIeMeHTHoro aKTMBalJ,lI10HHOrO 

aHaJIM3a, 3KcnepMMeHTaJIbHOro 06JIyqeHMR MaTeplllaJIOB 111 

M3,neJIMi1:. B paMKax 3TMX MeponpMRTMM Tpe6oBaJIOCb Ha paHHMX 

3Tanax npoeKTlIlpOBaHMR onpe~eJIlIlTb TeXHMQeCKlIl.e napaMeTp~ 

KaHaJIa TpaHcnopTMpOBKM nyqKa OT BHOBb C03;I:J;aBaeMoro 

lIlCTOqHlIlKa npOTOHOB K cymecTBYIDmet1: YCKopR~meM CeKLI,ItlM 

rrOK¢. O~M.nae~e napaMeTpH nyqKa Ha B~XOne 1tl3 MCTOQHMKa 

(MV1) 111 Tpe6yeMHe napaMeTp~ Ha BXOne B CeKlJ,lIlD C nOK¢ 
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npY1Be.neHbI B TaOJIMLI,e 1. B~a BHopaHa KOHCTpyKUMR 

CorJIaCYIO.mero C ,JJ;BYMR: COJIeHOM,JJ;aMIlt (pMC. 1) • 

I10,IJ;OOHaH KOHCTpyKlJ,:Y1R np:Y1MeHeHa B yCKOpl1TeJIe LEDA (Los 

Alamos) 

rrpOTOHOB MM .no ceKUMM C rrOK~ nOCTOHHHa 111 COCTaBJIReT 

2,8M. 

TaaDHQa 1. XapaKTepMcTMKM ITyqKa. 

IIapaMeTphI ny-gRa MCTO"Y:HMK (Y1M) Bxo.n IIOK$ 

TOK nylJ:Ka (MA) 

I3HepI'HR: "Y:aCTMU (R3B) 

~HaMeTp ny-qKa R o (MM) 

~OpManM90BaH~ 3MHTTaHC Vrr (CM MPa.n) 

Wron HaKnOHa orH6aD~eH ny-qKa Ro ' (Mpa~) 

300 

100 

20 

0,2 

100 

300 

100 

20 

0,2 

100 

)J;JIH MO,IJ;eJIMpOBaHMR ,IJ;BJ.1jKeHMe 3ap.R:JKeHHbIX Y:aCTMU y:epes 

OnTI1~eCKMe 3JIeMeHTH KaHana HaM OblliM .uocTynH~ npOrpaMMbI: 

TRANSPORT [3], paspaC50TaHHaR: B SLAe (Stanford); GIGSP 

[4,5], pa3paooTaHHaR B recceHcKoM yHMBepcMTeTei TRACE 

3-D [ 6] , pa3paOOTaHHaR B Jloc-ArraMoce i Preinj, 

pa3paOOTaHHaR B CERN III c~ecTBeHHo Mo.uepHM3I1pOBaHHaR B 

YfT3<t>. 
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sol sol 
2 3 »1 4Eh-1 

!>He.l. KaHaJI COI'JIaCOBaHvHl YlOHHorO MCTOt,IHYlKa !1J1c CeK'lJ,HeM 

rrOKCP (sol 2, sol 4 - COJIeHOW.IJ:bl; 1,3,5 - .npeM<poBbIe npoMe:>KyTlcrI1) • 

OCHoBH~e ~YHK~MOHanbH@e B03MO~HOCT~ npo~paMM cBegeH~ 

rrporpaMMax aJIrOpV1TM rr03BOJUIT nYT~M nepeMHO~eHV1JI BeKTopa 

3 a.r\aIOIUero COCTOJIHV1e R, 

onMC~Ba~myID COCTOHHV1e OT~enbH@X 3neMeHTOB yCKopMTenR, 

nOJIyt,lMTb BeKTOp K(Z2) , KOTOpbIt1: xapaKTepIlf3yeT rryqoK Ha 

(1) • 

nporpaMMbI n03BOnJIIOT B~nonHRTb 

napaKCManbH0I10 [7,8], 3TOM 

V1crronb3yeTcR Mo~enb, COI1naCHO KOTOpOM B Ha4anbH~ MOMeHT 

BpeMeHM cryCTKM 4aCTV1U npeUCTaBnH~T C060M paBHOMepHO 

3apJI~eHH@e TpeXOCH@e 3nn~nCOM~, OCM KOTOp@X napannenbH@ 

Koop~V1HaTH@M OCHM, a ueHTp@ COBnauaIOT C paBHOBeCH@MM 

06bNHO V1cnonb3yeTCJI npaBOBMHTOBaR 

KPMBOJIV1HeI1HaR 0pT0I10HaJIbHaH Cl1CTeMa Koop~HaT X, Y, Z, B 

KOTOpOi1: oeb Z COBrrauaeT C TpaeKTopMei1: 4aCTV1Ubl, ne?iCameM 

B 
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Ha OCIII nyqKa, nJIOCKOCTb XZ T'0pM30HTaJIbHa, a Koop.nMHaTbI 

x>o paCnOJIO:>K8HbI CJIeBa OT OCM, eCJIIIl CMOTpeTb B 

HanpaBJIeHMM ~B~eH.IIlR qaCTH~ no OCM Z, rrOnO~TeJIbHbIe 

KOOp~.IIlHaTH Y HaXO~~TCR CBepXYi pa~MYC KPMBM3HH r(Z) 

oceBOH TpaeKTOpvlM CldMTaeTCH nOJIO:JKl1TeJIbHbM npY1 110BOpOT8 

BnpaBO [9]. 

nporpa~, rro3BonRromue paCCMaTplllBaTb OTKJIOHRro~e 

CMCTeMW oe3 yCKopeHMR (Hanp~ep, GrOSp) TpeoyDT 3a~aHM~ 

TOJIbKO nonepe4HbIX ~a30BbIx xapaKTepMcTMK nyqKa: npoeK~M 

y, Py (BMecTo 

yrOJ1 TpaeKTOpllIVI C OCbIO CJ.1CTeMbI Px= X' . p z; py ::::: yt . p z) 

3JIJIlIInCOB, ypaBHeHMR KOTOP~ MMeIDT BM~: 

YxX2 +2axXX' + J}x(X,)2 = Ex (2) 

y7 2 + 2a7 Y ' + Py(Y ,)2::::: Ey 

ITo yCJIOBMRM HOpMHpOBKM 

~x.,yYx.y-Ux./=l • (3) 

MaKCl1MaJ1bHhlI;f yrnOBOJ1 IJOJIypaCTBOp l1ytIKa - ~, ~ M 

npocTpaHcTBeHHaR KoopnMHaTa HaMoOJIee ynaneHHoM T04KM 



CBR3aHbI C 3JIJU1nCa 

COOTHomeHvUIMJ.1 • 

x'm = .JExYx (4 ) 

X m =.JExf3x 

TIOJIe3HO OTMeTMTb, QTO pa~MYC Ro ~ yrOJI HaKJIOHa R~ 

orV1oaIOme:i1: nyt:IKa CBR3aHbI C napaMeTpaMJ.1 3J1JH1nCOB 13x,y, (lx.)' 

nporpaMMe TRACE 3-D, COOTHomeHHRMM: 

dpx,y. A Sp 2 •a x,.y == PxJ'~' I-'x,.y = xJ" 

(5) 

. Ro. dpx,y 'S . L. JS,Vrlr,y
S=: J3A., PXJ' = Fo' 7 =: Ro· Fo' 't =S' Fo = --pr. 

r~e L - pa3Mep CMCTeMbI, vrl - HOpMaJIH30BaHHH:t1: 3MMTTaHC, 

A - ,IJ;J1HHa BOJIHbI yCKOpJIIOIIJ;eTJO I10JIR B CBOC>O,nHOM 

npOCTpaHCTBe, Fo - np£1Be,IJ;EHHbr:t1: 06'bEM nyo-IKa, S - ,IJ;JU1Ha 

~y - penRTMBMCTCKMe napaMeTpH. 

YlIJ1TbIBaR, TJTO Vf1". =&x.v13'Y M BhIl10nHVlB npeoopa30BaHVIR, 

nOJIyt:IJ1M COOTHoweH£1H (6) M odpaTHwe MM COOTHoweHMR (7) 

Rox.YItox..v • R~x..v 
aX~Y = ---g;;--, PXJ' = ~ . ( 6) 

(7 ) 



6
 

rrpO~paMMH, rrOgBOnHIDm~e npOBO~MTb BbNMCneHMR C ~eTOM 

MSMeHeHHH 8HepPMM qaCTMu (B qaCTHOCTM TRACE 3-D) Tpe6~T 

sa~aHMR KpoMe rrOnepeqHHX eme M npollonbHHX wasoBwx 

napaMeTpOB nytlKa, I«YropbIe xapaKTepL1sYJQTcR 3JIJU1ITCOM ( 8 ) 

Ha <l>asoBoM nnOCKOCTM AZ=Z-Z~" L\P=P- P :s 

yzz2 +2azz~ + J3Z(~) 2 (8)= &z, 

p.D;e ZS, PS 

KOTOpOM COBnanaeT C ~a30BoM CKOpOCTbID YCKOp~IDmeM BOnH~. 

B SaBMCHMOCTV1 OT OC06eHHOCTeM npOrpa.MMbI B pH,Ile CJIyqaeB 

rrp0.D;OJIbHOPO .D;B1IVKeHMR nY'·nea B 

KoopllHHaT~ Z V1 ~ [llJ CBH3aH~ COOTHOmeHMeM: 

(9) 

peJIHTMBMCTCKHM COOTHOrneHMeM: 

AP 7 .&W (10)-=-_._
P 1'+1 W 

(11) 
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corJIacYJO~x c paSJIVlldHbIMVI <PYHKLI,110HaJIbHbIMV1 

B03MO)KHOCTRMVI. nO-BY1~Y1MOMY, 3TO pasHoo6pasxe B~3BaHO 

TeM, tJTO B paSH~X JIaf5opaTOpY1RX B03HVlKaJIY1 CBOVI 

CneLI,M~Y1qeCKMe Y1~eHepHHe saDatJVI, nOD KOTop~e COSDaBaJIVICb 

co6CTBeHHbIe npOrpaMMbI. K CO)KaJIeHJ1IO, VlX pa3pa6oTtI.V1KJ1 He 

nonHOCTbIO yqY1T~BanJ1 npeD~DymMM onb~ J1 He npOBODMnM 

DOCTaTOQHbill aHaJIY13 DOCTOJ1HCTB 11 HeDOCTaTKOB MMeIOmVlXCR 

Tpe6yeMUH nporpaMMHbill npODYKT, OOJIaDaIOmHM Heo6xODMMOM 

<l>YHKI..l,HOHaJIbHOM rViOKOCTblO Y1 cnOCOOHOCTblO HapamVIBaTb HOBbIe 

TJ1nH CTPYKTYPH~ 3JIeMeHTOB B npol.I,ecce 3KcnJIyaTaLI,VlY1. 

TIo HameMY MHeHVlIO nporpaMMa, 

cornacyxJllU1x TpaHcnopTHHX 

YDOBJIeTBOpHTb CJIe~yrollU1M OCHOBHb~ Tpe6oBaHVlRM: 

•	 DOJI~eH B~OJIHRTbCH TpeXMepHbm aHaJIVl3 ~BVI)KeHVlH tJacTVlll 

c yqeToM npOCTpaHCTBeHHoro sapRDa rr~Kai 

•	 MaKCMMaJIhHO illViPOKMH HaOop TMITOB
 

yCKopHlOme-WOKYCMpyroIllVIX 3J1eMeHTOBi
 

•	 BOSMO)KHOCTb ~06aBJIeHY1H CneUVl~J1tJeCKY1X 3JIeMeHTOB Y1
 

rpynn 8JIeMeHTOB KaHaJIa B 6asy DaHH~ npOrpaMNlli1i
 

•	 ~YHKLI,VlOHan OnTVlMJ1SaLI,Y1Y1 Do~eH o6ecnetJY1BaTb 

MJ1HVlMaJIbHYID BeJIMldVlHY 6-MepHoro 3w<l>eKTJ1BHOrO 3MJ1TTaHCa 

nytJKa npVl COrJIaCOBaHY1J1; 
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HaMJIyqIIH1MJ1 B03MO:lKHOCTRMJ1 OTITMM1I13aIJ,MY1 napaMeTpOB 

KaHana o6na~aeT nporpaMMa PREINJ. B nporpaMMY BBe~eH 

tllYHKW10HaJ1 C npL1MeHeHMeM 

corJIaCOBaHv1R, BBeneHHoro Y1 •M• Kan t H1HCKMM 

[10] : 

k = c+.r;;c4 
2 

(12)c= (~)2 + (%)2 + (p~ -cr:) 2 
rne (J <PYHKlJ,l1R ¢JIOKe KaHaJIa. K03@@MlJ,vreHT
 

BeJIL1T·H1HY MaKCL1MaJlbHOrO pOCTa 3cllcPeKTl1BHoro 3MY'ITTaHCa,
 

B~3BaHHoro paccOrJIaCOBaHMeM nyqKa C KaHanOM. 0606meHH~
 

F =weI) oexp(k -1)+ w(2) "exp(ky -1)+ w(3) "exp(kz -1)+x 

000 
w(4)'I~x -~xl+w(5)olJ3y-J3yl+w(6)-I~z-Pzl+ 

(13) 

w(7l-ja x -a~l+w(8)"lay -a~l+w(9)'laz -a~1 

COrJIaCOBaHH~e napaMeTp~ TBMcca, a 

w(1), ... ,w(9) - BeCOB~e K03~<pV1IJ,V1eHT~, c nOMomb~ KOTOpHX 

BeCOB~e K03~<ln1lJ,MeHTbI npllI COOTBeTCTB~X "[UIeHax, MO~HO 

OTK~qMTb onTMMM3aIJ,MID no Ka)K~OMy M3 napaMeTpOB. HaV16oJ1ee 

pa3YMHO npOBO~MTb OnTMMY13aIJ,L1ID TOJ1bKO no K03<p@MIJ,L1eHTaM 

cornaCOBaHlIUI k. ITpL1 3TOM rapaHTY1pyeTCR: HaMMeHbillMM POCT 
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B TOM cflyqae, 

H,qeaflbHoro COrJ1aCOBaHY1R (k=l) He y~aeTC.R. ,UJI.R 

OnTJ1M113all,1111 B nporpaMMe PREINJ 11cnonb30BaHa 

MOmHaH 6~dJ1MOTe~Ha.R no~nporpaMMa MINUIT, n03BOn.RIOruaR 

~opMMpOBaTb CTpaTerY1IO oonbilloro 

OnTY1MJ-13}fpyeMbIX napaMeTp08 4epe3 onpeueJIeHl1e MeTo,nOB 

onTl1Ml13aUl1l1, OOJIaCTeM nOl1CKa, ~l1KCall,l1ro 3Ha4eHMM ,qnR 

JIroObIX 3JIeMeHTOB KaHaJ1a B npoll,ecce nOl1CKa. Ilo,n;nporpaM.M:a 

MINDIT OOJIa~aeT Ta~e 11 HeKOTOpHMl1 803MO~HOCTRMY1 nOMCKa 

~pyrl1x JIOKaJIbHbIX M11HJ1MYMOB nocne ,lJ;OCTl1'KeHY1R 04epe.IJ;HOro 

On~T paOOT~ no no,D;Oopy I"'pa~eHTOB 

KBa~pynollbHb~ JIMHS CorJ1acyn~eI"'O KaHaJIa Ha 8~XO,D;e CeKll,}f11 

C nOK<1l yCKopl1TeJIR "lifcTpa-56" C TIOMOlll,bIO nporpaMMbI PREINJ 

nOKasan [12], ~TO onTl1MM3aUMR TOJIbKO no nep8~ TpeM 

~JIeHaM q,YHKll,MOHaJIa (10) (w (4) = ••• =w (9) =0) C npYIMeHeHMeM 

Cl1MuneKCHoro anropl1TMa Ha1100JIee O~CTPO ~aeT 'KenaeMble 

peSYJIbTaTbI. O~HaKO K HaCToHIUeMy MOMeHTy OTCyTcTByeT 

BepCMR nporpaMMbI PREINJ ,!I.JIR: IBM PC cOBMeCTl1Moro 

KOMnbIOTepa 11 HeCKOJIbKO orpaH114eH HaGOp 3neMeHTOB KaHana. 

~nR paCqeTOB HaMM 6mna BbI6paHa CBOOO.IJ;HO 

pacnpOCTpaHReMaR rrporpaMMa TRACE 3-D ~JIR KOMDbIOTepa IBM 

PC. 3Ta nporpaMMa C 1973 rona B pe3YJIbTaTe cep~l1 
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pe,IlaKlJ,U:rll: us nporpaMMhI ,IlJIR 

Mo~enwpOBaHWR TonbKO nOnepeqH~ ~a30B~X xapaKTepMCTMK 

nyqKa B XOpOUIO OTnaJKeHHYIO 11 npOBepeHHyK) B pH.ne 

paspaOOTOK l1HTepaKTl1BHyro nporpaMMY, n03BonR~myro B paMKax 

npt1HRT~X npt16n~eHy.:rI\: MO~eJJMpOBaTb TpeXMepH~e nyqKM C 

yqeToM- npOCTpaHCTBeHHOpo 3apR,rr,a. B He:t1: npt1cyTcTBylOT 

COneHOl1~ 11 Hal100nee npOCTO 3a,IlaeTCR ~YHKlJ,WOHanbHaR 

B3aMMOCBfI3b pa3nl1QHbIX napaMeTpOB KaHana. Ha pt1CYHKe 2 

npwBeneH BXO~HOM ~a:rl\:n, Mcnonb30BaHH~ B paCyeTax. 

B pesynbTaTe npO,IJ;enaHHOM OTIT.Y1MJI13al.l,11l1 onpe.neneHbI 

cne.nYIOmMe BenMQMH~ ,Ilpe:rl\:~oB~x npoMe~TKoB: 1 - 400MM, 3 

1820MM, 5 180MMi .Ilnt1H~ coneHoM,Uosl 2, sol 4 no 

200MM K~ (CM pMc.l) M noneM B HMX: O,354Tn M 

O,388Tn, COOTBeTCTBeHHO. Ha pl1CYHKax 3,4 npe~cTaBneH~ 

OrUOaIDmMe nyqKa w epo wa30B~e xapaKTepl1CTl1KM, TIOnyqeHHHe 

BbI6paHHOpo Ha oeHOBe npo~enaHHbIX BbIYMCneHMJIr 

nOnO)KeHl1R COneHOl1,nOB M none:rl\: B HMX. 3TM pe3ynbTaT~ 

RBnRIOTCR npe~BapMTeJ1bH~, TIOCKOJIbKY He yYMT~BalOT 

peaJIbHOPO pacnpe,n€J1eHJHI- TIoneJii B COneHOl1,IJ;aX Vf B03paCTaHl1R 

q,a30Boro 06'beMa nyt:lKa B np0l.l,ecce TpaHCnOpTt1pOBKVf. JJ:nR 

Oonee TOYHOPO pacqeTa He06xo,UVfMO l1CnOnb30BaTb npOrpaMt.:ibI, 
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n03BOJIfIIOmMe Mo.ue.nvrpoBaTb peaJIbHbIe nY"YKYf nOJ1.R, 

HarrpYrMep: PROTON [13], OPERA [14J. 

.\ ,g:'t~~')~'7V"'- t'lQP\PS. WoI/t"t 
er "31.+1-0 q= 1. ...... 0.100 xi. 200.QQJ...ar 1.36..52 IJ6.52 720.00 
MatoII= -I.8JOOQ Q.73OllQ -l.1l3OOO 
beoi"lt.. 7,300a> a.73QOO 7..3OllOO 

=~"41).WO-=-~O ~2 4O.~r~~O. dlW'1= 
AI. I ...:2 5 __ -10.0 I~~·KJ)'· 20 
nell - I, n.12 - !l 
II't= 8 ne ... 

0.7JGOO 
0.73000 

10. dpp" 10. 

0.00000 
O.QOOOO 

UW.DOQOl) 
O.24.68Q 

""PI1.n) mp(2.I1) ""Iue 

2. .J:)4Q. 

4 3681

n "t<II) q(i,fl) 
1 1 4OO.0000.a0 
2 !! 3540.276200 200.00000o 
) 1 16lO.OOOOOO.. 5 38Bl.14OOtXl ZOO.OOOOOO 
.$ 1 180.00Q000 

"01.... 

+ 

PMc.2. 3KpaHHaR KOTIMR BXO~HOPO ~a~na rrporpaMMM TRACE 3-D. 

...... 

+ 

--------~-------_ ,.-r.''''''' 

PKc.3. OrM6a~mMe cor~aCOBaHHoro nyQKa M ero ~a308~e 

XapaI<:TepY1CT¥1KM. 
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r' i'\ 
\..V 

X4lJ.D ..... 
4Cl.O _ 

f\ 
I 

1 

lC~.Q_\1I40.0 _ 

"'41r.6"Illl'l 200.0 _. 

1\1 ,. I n2 5 

~1"\ 
\... !--J 

~.o,.... 40.0_ 

X-Z 
~.o "''''40.0 '" ~ 

( ~ 

"i) X;N.6"_ 200.0 "'I'D~ -

\, 

+ 

OnbIT pa60TbI C nporpaMhllo:£1: TRACE 3-D rrOKaSaJI, 'tlTO 3Ta 

nporpaMMa ,IJ;aJIeKO He cpa3y MO)J(eT OnTJ1MaJIbHyro 

Ha 'tl~CJIO onTMMM3MpyeMbIX napaMeTpOB 3JIeMeHTOB KaHana. ~X 

KOJIM'tleCTBO He MO)J(eT npeB~CMTb cOBoKynHoe ~MCJIO 3auaHH~X 

napaMeTpOB ~~,p~~z ~a30B~X 3JInMnCOB. 3a,IJ;aTb O~HOBpeMeHHoe 

npJ.1 nOnepe'tlHOM aKC~aJIbHO CI-1MMeTpJ1"Y:HOM COI'JIaCOBaHVU1 

HeB03MO)J(HO {nporpaMMa J.1rHOp~pyeT JIJ1IDHMe CTeneHM CBOOO~, 

~a~e eCJIM OHM 3a,IJ;a~ nOJIb30BaTeneM). B cnyqae He COBceM 
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Y.IJ;aYHOrO pacnOnO)f(eHMR COJIeHOMJ(OB no OCM
 

nporpa1$.1a, BapbMpyR 3Ha4eH~R MaPHIt1THOrO nonR B HMX,
 

HaXO.IJ;MT noKanbHbll1 M11HY1MYM, He .IJ;OCTMrHyB TpeC5yeMbIx
 

B~XO.IJ;Hblli napaMeTpOB.
 

BMemaTeJIbCTBO nonbSOBaTeJIR .IJ;JIR It1SMeHeHli1R reOMeTpli111
 

CorJIacyromero KaHana.
 

C T04KM SpeHIt1R HeOOXO~It1MOM KBaJIM~It1KaUIt1It1 nOJIb30BaTeJIR 

nporpaMMa TRACE 3-D, nO'HameMy MHeHIt1D, RBJIReTCR Halt100JIee 

Tpe6oBaTeJIbHOIlr It1S It1MeK)~~XCR B HallIeM paCrrOpR)KeHV1It1. Bo

nepBblli, OHa npennOJIaraeT HaJIM41t1e y Hero onpe,neneHHOIlr 

It1HTYMUMIt1 It1 HaBHKOB paC4eTa CorJIacyromlt1x KaHaJIOB B CBHSM C 

OrpaHMyeHHbMM BOSMO~HOCTRMM onTMMMSMpyromero aJIrOpMTMa. 

BO-BTOpblli, BXOllHOIlr npOrpaMMbI paOOTa B 

MHTepaKTMBHOM pe)f(MMe CBR3aH~ C npRMOIlr saCHnKOM llaHHHx B 

3JIeMeHTbI MaCCIt1BOB. 3TO OOCTORTeJTbCTBO 

nOBb~eHHoro BHIt1MaHMR M aKKypaTHOCTIt1, B npOTMBHOM cnY4ae 

np~ BOSMO)f(H~X OllIIt10KaX B MHlleKCaUli1M 3neMeHTOB paOOTa 

rrpo rpaMMbI CTaTb Henpe,nCKasyeMOt1:. 3anonHeHMe 

MaCCMBOB B OCTanbHbIX nporpaMMax npOMcxOllMT BHYTpl1 3TMX 

rrporpaMM 4epes TeKYmli1e nepeMeHHble, 4TO oonee 6e30naCHO. 

KaK HeTpynHO BM,neTb, B paSJIM4HbIX YCKoplt1TenbHbIX 

ueHTpax cos.n;aIOTCR TpaHcnopTHbIX 
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OnblT J;1CnOJIb30BaHMfI npOrpaMM ,UJIfI OTIT:Y1M113aUvlJ;1 KaHaJIOB 

TpaHCnOpT~pOBK~ ~HTeHCMBH~ nyqKoB 3apR~eHHblX qaCTMU 

cpe,UH~X 3HeprJ;1~, conOCTaBneHMe .n.aHHhIX TaOnMU 1,2 

nOKa8~aeT, YTO He cymecTByeT O,UHOM npo~paMMH, KOTopaR 

CMOrJIa Obl Y~OBneTBOp:Y1Tb BceM Tpe60BaHMflM pa3pa6oTQMKa, B 

nepBYIO Oyepe,IJ;b,. BBJ.1,Uy OTCYTCTB~R nOJJHOrO Ha60pa 

J.13BeCTH~X CTPYKTYPH~ 3neMeHTOB TpaHcnopTHHX KaHanOB 

YCKOp1i1Te.rre:M B _ QD;HOM: nporpaMMe_. E.,UVIHCTBe.HHOM nporpaMMOM, 

KOTopaR n03Bon..qeT onpe.uenRTb M coxpaHRTh B 6a3e .uaHHbIX 

np0J.13BOJIbHhIe CTpyKTypHble 6nOKM KaHana, 

RBJIReTCR KOMMepqeCKaR nporpaMMa GIOSP, KOTopaR K TOMY ~e 

VlMeeT XOPOIIlJ.1M: nOJIb30BaTeJIbCKt1M J.1H'I'epg,ei1c B WINDOWS 3.1 J.1 

Bb~e. Ee c~eCTBeHH~ He.uOCTaTKOM RBJIfleTCfI HeB03MO~HOCTh 

paCqeTa npo.uOJIbHblX xapaKTep~cT~K nyqKa, YTO pe3Ko c~aeT 

oOnaCTb ee np~eHeHt1R. 

,I.:{OCTOY1HCTBOM npOrpaMMhI TRANSPORT RBJJReTCR 8MYnRll,J.1R 

CMe~eHMM TpaHcnopTHb~ 8neMeHTOB OT reOMeTpJ.1yeCKOH OCJ.1 

CMemeHMR 3J1JI~nCa, 

He,UOCTaTKaM nporpaMMbl TRANSPORT cne,nyeT OTHeCTM 

OTCyTcTB:Y1e yqeTa KynoHoBcKMX 8~~eKToB. 
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•	 OnTHMM3Hpy~mHi1 an~opMTM ~on~eH Y~HT~BaTb 3a~aHHHe
 

OrpaH~qeH~g Ha napaMeTpH nyqKa H TeXHMyeCKHe
 

xapaKTep~CTHKH KaHana; 

•	 MaKCMManbHoe YMCnO OnTHMM3MpyeMb~ napaMeTpOB ~on~HO 

~~Tb ~OCTaTOYH~ nnR paCqeTa KaHanOB c OOflbillHM YMCflOM 

onTMMM3MpyeMHX CTpyKTypHHX 3neMeHTOB; 

•	 ,n:OJDKHO o6ecne"Y:v-IBaTbCR 3a,n:aHMe lPYHKUMOHaJlbHOJ1 CBRSH 

Me~~y 3fleMeHTaMM KaHana B npouecce onTMMM3aUMM; 

•	 BBO~ naHHbcr ~OJDKeH 6~Tb Yn06H~ M oe30naCHbM Ha Bcex 

3Tanax pa60T~ c nporpaMMoi1:; 

•	 ,n:OJDKeH 06eCneQMBaTbCR KaK rpa~MqeCKMi1:, TaK M 

TeKCTOBO~ B~BO~ pesynbTaToB B wopMaTe, npUDOUHOM ung 

uanbHei1wero McnonbSOBaHMH npMno~eHMHMM B cpene 

WINDOWS. 

TIpe~cTaBneHHHe B HaCTOg~e~ pa60Te 0630P H 

conOCTaBneHMe B03Mo~HocTeH pa3flMYHHX nporpaMM paCyeTa 

nonbSOBaTenRM B~6op nODxo~Hmei1 nporpaMMbI. 

ABTOPbI BbIpa~aIOT 6naro~apHOCTb A.A. KonoMJ.1I1uy sa 

06c~ueHMe pa60T~ M cnenaHHHe none3H~e 3aMeqaHMH H 

A.~.Kn~KOBY - 3a nOMOWb B O~OpMneHHH ny6n~KaUMM. 



TaCnHQa 2. OCHOBH~e B nporpa.MMax 

-
.~ Transport GIOSP Trace 3-D Preinj 
HaJIHl,IHe HeT eCTb HeT HeT 

penepHoM 
qaCTJi1W>T 

1Il0pMa 3.JIJIv.lnC 3JIJll1IIC Ji1 3JI.m1llC 3.JI.ID1IlC 
Ha~aJIbHOrO napaJIJIeJIO

q,a30Boro o5'b~a VpaMM 
nY~Ka 

PasMepHocTb 6 4 6 6 
Qla30Boro OO'beMa 

Yl'J:eT pOCTa B03MO:llteH1 ReT B03MO'll:eH2 B03MOEeH3 

\'paSOBoro 06'b€Ma 

MeTO,U paCqeTa MaTpJi1l'J:Hbti1: MaTpWJ:HhU1 MaTp:l1QHh!:t1: MaTpl1~.li.blU 

TpaeKTOpID1 

B03MO:lltHOCTb HeT eCTb HeT HeT 
BBe,neH:l1.Si 

,nonOJIHUTeJIbHbIX 
lPOPMYJI 

Pac-q€T .no 2-ro .no 3-ro B03MO::9l:eH HeT 
OnTl1QeCKHX nOp.Si,IJ;Ka llOp.Si,D;Ka ,IlJI.Si TOHKOM 
aOeppau:vWr JI11H3bI 

y-qeT CMemeIDri1: eCTb 4 HeT HeT HeT 
sneMeHTOB 0'1' 

OCM KaHana 

Yl'J:€T HeT eCTb eCTb eCTb 
KYJIOHOBCKoro 

nOJIR nyt,IKa 

~YHKUHOHaJI CyMMa, CYMMa napaMeTphl 0500m€HHbIM 
onT11M113aIJ,MM KBa,n;paTOB KBa,n;paTOB TBv:ICCa K03~~11UMeHT 

OTKJIOHeHIIrl1: OTKJIOHeH:vWr COrJIaCOBaHM.Si 
aa.naHHhIX SanaHHbIX B 6-MepHOM 

napaMeTpOB napaMeTpOB q,a30.80M 
0'1' Ji1CKOMbIX 0'1' 11CKOMhIX npOCTpaHCTBe 

3HaQeHJi1ilI no 3Ha-qeill1t1 c Y1 napaMeTphI 
sa.uaHHoM BeCaMY1 TBl-1CCa C 
TO-qHOCT11 BecaW1 



--

MeTO,n;
 
OnTt1MJ13all,Mt-f
 

MaKCJ1MaJIbHOe
 
KOJI]i1'tJeCTBO
 

OTITMMM3MpyeMhIX
 
napaMeTpOB
 

BOSMO"JKHOCTb
 
orpaHJ1-qeHMR
 

3HaQeHvH1
 
o IT Tm.m3J1pyeMhIX
 

napaMeTpOB
 

3a.n:aIDfe 
q,YHKll,MOHanbHo:t1 

B3aMMOCB.lI3J1 
Me'IC.!W 

3JIeMeHTaMJ.1 
KaHaJIa 

li1HTepaKTJ1:BHOCTb 

I1JIaT~opMa 

peanH3a~ 

HeJ1SBeCTeH 

HeJ13BeCTHO 

HeT 

eCTb 

HeT 

VAX 
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CJ1MTIJIeKCHWM 
M 

COnpmKeHHhIX 
rpa,ItJ1eHTOB 

HeM3BeCTHO 

eCTb 

eCTb no 
ywaSaHJ1IO B 

Ha-qaJJbHhIX 
.n;aHHhIX 

IBM PC (DOS 
& WINDOWS) 

COBoKynHocTbHeJ13BeCTeH 
11: nocne,n;OBa

TeJIbHOCTb 
MeTop;OB, 
BXO.n;~ B 

6MO.JIMOTetIHYIO 
nporpaMMy 

MlNUIT J 

He OOJIbllie
 
napaMeTpOB
 

no tIIiiCJIY 
100 B .n;aHHoM 

OnTMM113a.ll,J1M BepCMJ1 
MINUIT(S;6) 

eCTbHeT 

HeTeCTb 

eCTb npJ1 HeT
 
sanycKe
 

nporpaMMhI
 

IBM PC VAX 
(DOS) 

I JaiJaemcR nOJlb3060J1leJleM C nOMoulblO npou360nbHoU Mampln'bl nepeOal/u. 

2 YllUmbl6aemCR 1l0npa61«l K nonepe'lHWM CKOpOC11JRM npu npoXO:JICOeHUU B"Cf-3tl3Opa. 

J YlIlImbl6tlemCJI nonpa6Ka KnonepellHblM CKOPOC11lJlM npu IlpOXo;JICOeHUU B"Cf-3a30pa II 
npu fjJOpMUp060HUU npoiJollbH020 3MUmmaHca U3 Henpepbl6H02O I1)"1KO.• 

4 3MyllJUlWl CMezqeHuii 3lleMeHm06 cMezqeHueM lIeHmpa n)!'lKO. 

J Memoa CJlY'laUH020 nOUCKa, ClLwmeKcnblii WlZOpumM, zpaOlleHmHblii Jwemod ;(a61I001l0, 
ocpaHU'leHHble 603MU.JJCHocmu nOUCKa Ztl06anbH020 JltuHuMyMa. JaiXlHlIe nOIlb306Q1T1eJle.v 

nocneOo6ameJlbHOCmU MemoiJoe U06nacmeiJ nouCKO, ifJUKCalfUJI napaMempoe .c nocneOyIQUlUM 
npoOoJl:JlCeHUeM MUHUMU3al/UU no OpyZUM napaMempa.'It U OmMeHa PUKCQqUU. 



--
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Ta~a 3. COCTaB 3neMeHTOB TpaHcnopTHUX KaHanoB yCKopwTenR B 

9.neHeH'I' Transport GIOSP Trace 3-D Preinj 
ApeM~oB~ npOMe~TOK eCTb eCTb eCTb eCTb 

MarHMTHaH TOHKaH nMH3a 

eCTb 

eCTb eCTb HeT 

MarHHTHWH KBa~pynonb eCTb eCTb eCTb 
.. -

HeTMarHHTHHH ceKcTynoRb eCTb eCTb ReT 

MarHHTHHH oKTynonb HeT eCTb ReT HeT 

KBalIPynonb Ha 
nOCTO~ MarHMTaX 

HeT HeT eCTh ReT 

MarHMT~ ~y6neT MO:IKeT 6hITh 
o rrpe.n;eJIeR1 

Mo",eT 6hITb 
onpe,n;eneH2 

eCTh HeT 

MarHwTHI:>I:l:i TpwnrreT --"- --"- eCTb eCTb 

ConeHOW.n; eCTb ReT eCTb HeT 

3JIeKTpOCTaTw~eCKaR 

TOHKaR JIWH3a 
HeT eCTb HeT HeT 

3neKTpOCTaT~eCKMH 

KBa.npynonh 
HeT eCTb HeT HeT 

3neKTpOCTaTMqeC~ 

Cel'CCTynonh 
HeT eCTh HeT HeT 

3JIeKTpOCTaTM~eCKKH 

oKTynonb 
ReT eCTh HeT HeT 

.HqeHKa RFQ HeT HeT eCTh eCTb 

Z-Pinch nna3MeHHaR 
JD1H3a 

ReT eCTb HeT HeT 

c])J1JIbTP B3MHa HeT eCTb HeT HeT 
--

fIp.RMoyrOJIbHLTti: 
nOBopOT~ MarHHT 

eCTb eCTb HeT eCTb 

CeKTop~ nOBopOT~ 

MarHl1T 
eCTb eCTb eCTb eCTb 

KpaM nOBopOTHoro 
MarHwTa 

eCTh 

HeT 

eCTb 

eCTb 

eCTb HeT 

CeKTOpHI>J::H: HeT ReT 
3neKTpOCTaT~qeC~ 

.n;e<!>neKTOp 

YCKOP.s:uonu-rn 3a30p MO:lJl::eT 6btTh 
onpe.neJIeH 

HeT eCTb eCTb 

YCKOp~ 3a30p Ha 
BhICOIOfX rapMOHHKax 

YCKop~a~ ~eHKa 

--"-

--"--

HeT 

HeT 

eCTb HeT 

eCTh HeT 

YCKOPmo~ OTceK eCTb HeT eCTb HeT 

ppyrrIU1poBaTeJIb MO:lJl::eT 6bITb HeT MO)KeT OhITb eCTb 
onpe.neJIeH orrpe,ll,eJIeH 

-

pa3nHq~ nporpaMMax 

'. 
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Pa3rpynnMpoBaTenb __ 11_- HeT --"- eCTb 

rpyrrnMpoBaTenb Ha HeT HeT --"- eCTb 

y,nBoeHHOM rapMOHJ1Ke 

fIPO:t13BOJIbHbU1: 3JIeMeHTo eCTb HeT HeT HeT 

CneUJ1anbHHM 3JIeMeHT4 HeT HeT eCTb eCTb 
-,--

CrreLl,J1aJ1bHhle napaMeTpbI eCTb HeT HeT HeT 
,nJIR 3JIeMeHTOB 

Bpam;eHYfe 3JIeMeHTa B eCTb HeT eCTb HeT 
CJ1CTeMe KOOp,lJ,J1HaT 

~-

IIoBTop>n:llJJ,MeCR eCTb eCTb eCTb ReT 
U,lJ,eHTM1JHhIe 3JIeMeHTbI 

B03M07KHOCTb HeT eCTb HeT HeT 
OO'be,UUHeHl1R 3JIeMeHTOB 

B CTpYKTypHhIe e)JIOKM I 

B03M07n10CTb 3a,lJ,aHJ1H HeT eCTb HeT HeT 
3epKaJIbHOIlr Cl1MMeTpl1M B 

CTpYKType K'aHaJIa 

B03MO?KHOCTb coxpaHeHMR HeT eCTb HeT HeT 
CTPYKTYPHhIX 6,nOKOB B 

nOCTOHHHOW 6a3e .r\aHHhIX 
J 3adaemcR 'lepe3 C8Jl3bl6aHue napa~emp06. 
:2 3aiXlemcR 8 8ude allOKO 11.3 K80(}pynOJleii. 
3 

JadaemCJl88Ude lIUr/JP08blX K03ppUI/UeHm06 Mampulfbl nepeda'lu. 6 mo;u 'lUCIle He 

coxpaHJllOU/-UX <jJa306blU 06'beM.
 
4 

OnpeOeJlJlemCR nOJlb306ameJleM 8 auve OOlWJlHUme11bHOU noOnpo~pa\f.lWbl. HonucaHHoii
 

HO R3blKe FORTRAN. J(JlJI UCnOJ/b3060IIUJI :Jmoii 803MOJICHOCmU He06xoOuMbl UCXoOlible
 

meKcmw npolpaMMbl.
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