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TIPH CTlUKOBKe p33HOpO~HhIX KaHaJIOB B03HHKaeT 3a,ll.aqa COfJIaCOBaHHJI 

IIyqKa C yqeToM OC06eHHOCTeH ~aMHKH qaCTHQ B CThIKyeMJ:,IX CTpytcrypax. 

,l:{.ruI YCKOPHTeJIJ:,HOfO KOMnJIeKCa TBH HT3C1> B CB.sI3H C HH3KOH 3HeprneH nyq

Ka HOHOB (~1,6 M3B/HYKJIOH, 3apH,n:OBoe qHCJIO 10, MaCCOBoe QHCJIO 30) Ha 

nepexo,n:e Me>K,Z:(y cTPYKTYPaMH C nOKCI> H cynepnepHo~~ecKoH CIIK<l> [1] 

3a,n:a'tJa COfrraCOBaHHJI ycrroiKHHeTcH no cpaBHemno C XOPOillO CEPopMHpoBaH

HbIM npoToHHlUM Dy'tJKOM npH BlUCOKHX 3HepfHHX H Tpe6yeT BlU60pa TaKOH 

KOMIIOHOBKH KaHaJIa, KOTOPrut o6ecne'tJHBaeT HaHMeHhillHH pa.n:HYc ny'tJKa B co

frracyrom;eM KaHaJIe npH IIpaKTH'tJeCKH .n;OCTHiKHMJ:,IX rpa,lUieHTax MamHTHOfO 

nomI B KBa.n:pynOJlHx. OrCYTCTBHe KpOccoBepa TIyqKa Ha Bxo,n:e B CIIKCI> TaKiKe 

YCJIOiKHSIeT 3a.n:aqy COfJIaCOBaHHJI, TaK KaK Tpe6yeT o6eCneQeHHH CXO,nHMOCTH 

Dy'tJKa no,n: .n;OCTaTOqHO 60JIhillHMH YfJIaMH H npHBo,nHT K YBeJIWleHHlO anepTy

phl KaHaJIa. IT03TOMY npH BLI60pe OCHOBHDIX napaMeTpOB KaHaJIa On;eHHBaJIHCL 

MaKCHMaJIJ:,HaSI HH~Hll MarHHTHoro nOJIH Ha nomoce, qyBCTBHTeJIJ:,HOCTh Ka

Hana K OTKJIOHeHHHM HaqaJILHJ:,IX napaMeTpoB OT HOMHHaJIJ:,HJ:,IX .LVUI ,n:aHHOfO 

TOKa, .n;ecpOKYCHpyrom;eMY .n;eHCTBHlO 6aHqepa H KYJIOHOBCKHM 3<pcpeKTaM. Ha 

.n;aHHOM 3Tane p33pa6oTKH 3a,n:a'tJa nOHCKa OnTHMaJILHOH KOMrrOHOBKH KaHaJIa 

npOBO,ll;HJIaCL ,l{JISI rrpeo6p330BaHHJI rrapaMeTpOB Dy'tJKa OT COfnaCOBaHHLIX. B.bI

XO.n;HbIX ycnoBHH B TIOK<l> ,no COfnaCOBaHHbIX Ha'tJarrLHhlX YCJIOBHH B CIlK<l>. 

Ha BlUxo.n;e rrOKCI> npH 3TOM nOJIaranOCl> 06m;enpHIDlToe OKOH'tJaHHe KaHaJIa B 

MOMeHT KpOCCOBepa npH nepece'tJeHHH cepe,n:HHOH crycTKa BLIXO,l{HOfO ce'tJeHHSI 

3rreKTpo.n;OB. 3a.n:aqa IlIeCTHMepHOfO COfJ}aCOBaHHH TIyqKa peIlIaJIacJ:, no 'tJaCTHM. 

Ha rrepBOM 3Tarre peillaJIaCL 3a.a:aQa 'tJeTlUpeXMepHoro nOnepeqHOfO 
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cornaCOBa.HHJI .l{.IDl onpe,lJ;eJleHHH Heo6xo,lJ;HMbIX JlJlHH KBa.u.pyrrOJleH npH 

npaK'TH'leCKH ,lJ;OCTIDKHMIdX rpa,JUIeHTax MamMTHoro rroJUl. Ha nocne,nylOmHX 

::nanax 6.bIJIH paCCMOTpeHbl 1'pH BapHaHTa C1'pYK'IYPHoii cxeMhI cornacyroIlJ,ero 

KaHana, B Ka>K,lJ;OH H3 KOTOPhIX nonyqeHO IlleCTHMepHOe COTnaCOBaHHe no npo

rpaMMe TRACE-3D, npoBe,lJ;eHa cepIDI paCq(hOB ,lJ;JUI onpe,lJ;eneHHH 

qyBcTBHTeJIbHOCTH KaHanOB K OTKJIOHeHlnO napaMerpoB OT HOMHHaJIbHhIX H 

rrpoBe,lJ;eHa npoBepKa nonyqeHHblX pe3ynbTaToB MeTO,lJ;OM KpyrrHhlx qacTlIU C 

npHMeHeHHeM nporpaMMbI PROTON [2]. 

CornaCOBaHHble ycnoBMfI AIlJl ny'lKa B nOKC1> M CnKC1> M 

npeABapMTenbHafi O~eHKa napaMeTpOB cornacYlOll.\ero 
KaHana 

,nmI nOHCKa cornaCOBaHHhIX HaqanbHbIX ycnoBHH B CBs.I3H co 

cneUHrpHKOH CTIKq., (xapaKTepOM YCKOPjflQm.e-rpOKYCHPyroIllHX nOJIeH H) KaK 

Cne,lJ;CTBHe, OTCYTCTBHeM KpOCCOBepa Ha BXO,lJ;e KaHana) nO'I'pe60BanOCb 

YCOBepmeHCTBOBaTb rrporpaMMY ABC [3]. B npOrpaMMY ABC .n;o6aBJIeHa 

B03MO)KHOCTb nOHCKa nepHo,rurqecKBX pemeHHH ypaBHeHHH .l{.IDl om6aroIIUIX 

(rpYHKUHH <l>JIOKe KaHana 1'paHCnopTHpOBKH) no npOH3BOJlbHblM, 3a,lJ;anaeMbIM 

Ha CeTKe, pacnpe.n;eneHIDIM )KeCTKOCTB H rpaKTOpa ,lJ;erpOKYCHpOBKH B,l(OJIb OCH 

KaHaJIa. npHMeHeHLI HOBbie aJITOPHTMbI H nO)J;IIpOIpaMMbI nOHCKa 

nepBo,rurqecKHX pemeHHH, cym.eCTBeHHO YCKOpjflQIUHe paCl{eTbI, oco6eHHO rrpH 

nOHCKe HeCTaH,lJ;apnIbIX COrJIaCOBaHHhIX HallaJIbHbIX YCJIOB:u:.H. no cpaBHeHHIO C 

npe~H BepCIDlMH, ,lJ;o6aBJIeHa B03MO)KHOCTb no.n;60pa aMn.JIBTy,[(bI 

)KeCTKOCTH rpOKYCHPOBKH no 3a,llaHHOMy xapaKTepHCTlf'leCKoMy nOKa3areJIlO 

KaHana .z:vm Bcex THITOB KaHaJIOB, peanH30BaHHbIX B nporpaMMe, B TOM lIHCJIe 

npH CeTQlIHOM cIToco6e onpe,lJ;eJIeHIDI nOJIeH. 

Pacnpe,lJ;eJIeHHe 3a,[(aHHOrO HCXO,[(Horo rpa,[(HeHTa nonepeliHOH KOMno

HeHTbI 3JIeKTpHlieCKoro nOAA Ha nepao,[(e CfIK<I> npe,lJ;CTaBneHO Ha PlIC.} ne

PHO,lJ; rpOKYCHpOBKH paneH 45.31 CM. 

~ onpe,[(eJIeHHR npO,[(OJIbHhIX napaMeTpOB crycTKa npOBe,lJ;eHO 

QHCneHHOe Mo,[(eJIHpOBaHHe ,lJ;HHaMHKH II)'l{Ka no nporpaMMe PROTON ,[(Jls.I TO

Ka 0 MA. nOrrepe'iHlioIH HOPMaJIH30BaHHbIH 3MHTTaHC II)'lIKa Ha Bxo,[(e B nOKct> 

npHHs.IT panHbIM 0,1703 CMMpa.n. Ha BblXO,lJ;e nOK<l> nonyqeHbI CJIe.I(yIOIlJ,He 

http:npHHs.IT
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napaMeTphl: ~p/Ps=±9,9·10·3; ~CPcr=±15,90; npo..n:o.JIhHhlM 3MHTTaHC Co.CTaBIDleT 

2,96'} 0-4 K3B·rpa.n:. 

Ko.3q.cPHnHeHT C>KaTIDI CrYCTKa 1111' o.npe.n:eJIeH no. MeTo.n:HKe pa6o.TbI [4]: 

Atp.17 = __2 

II' AqJf' 

r.n:e ~lpi HalJaJIhHWI q.3.3o.Brul npOTR>KeHHo.CTb crycTKa, dlpf Ko.Hel.J1iWl 

q,3.30BWI rrpOTJDKeHHo.CTh crycTKa. OnTHMaJIhHWI BeJIHqHHa K03q,q,HI.J;HeHTa 

C>KaTIDI onpe,ll;eJIReTCR COOTHomeHHeM [4]: 

,(pi =~nf 
rp Q.' 

I 

r.n:e OJ - qaCTOTa npo.,Il;OJlbHhlX Ko.JIe6aHHH B cTPYKTYPe C IIOK<t>, Or 
qaCTOTa npO.n:OJIbHhlX KOJIe6aHHH B cTpYKTYpe CIIK<t>. qacToTa npo..n:OJlhHhlX 

KOJIe6aHHH 0 onpe.n:emleTC.sI COOTHo.meHHeM [5J: 

(1) 

r.n:e ill - pa60qWl qacToTa, lps - CHHXPOHHWI q,a3a, ~ - o.THOCHTeJIhHWI 

CKOPo.CTb, 'Y - JIo.peHn-q.aKTOp qacm'[(hl. BeffilqHHa y.n:eJIhHOro. YCKo.peHIDI WA B 

nOJle CTORllHX BOJIH o.npe.n:eJIReTCH COOTHo.meHHeM [5]: 

(2) 

r.n;e e - 3ap~ qaCTm.t;hl, Eo - cpe.n:Hee no.JIe Ha o.CH YCKo.PHTeJI.sI, T 

q,aKTOp npOJIeTHo.ro BpeMeHH, A - .n;mlHa Bo.JIHhl Bq no.m[, Wo - 3HeprH.H nOKOH 

qaCTHllhI. 

MrHOBeHHaR BeJIWIHHa TeMna YCKo.peHHH onpe.n;eJIHeTCR Co.OTHo.llleHHeM 

[5]: 

r.n;e w:. H Zs - COo.TBeTCTBeHHO TeKYJIU1e 3HaqeHHH ::mepnm: H KOo.p.n:HHaThl 

CHHXPo.HHOM qaCTlUUd, T(J3). - 3aBHCHMOCTh q.aKTopa npOJIeTHoro BpeMeHH OT 

TCK)'lIl;ero 3HaqeHH.H OTHOCHTeJlbHo.H CKOPOCTH CHHXPo.HHOM qaCTHU.bI. )J.mI 

cpe.n;HeH BeJIWIHHhl TeMna YCKo.peHH.H <cq,> cnpaBe)J;JIHBO COOTHo.meHHe: 

http:qaCTHU.bI
http:npOJIeTHo.ro
http:YCKo.PHTeJI.sI
http:onpe.n:emleTC.sI
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C yqihoM :noro COOTHOmeHHSI H cpoPMYJU>I (2) cpeJ{Hee 3HaqeHHe yp;eJU,Horo 

YCKopeHHSl <WA.> MO:IKHO 3al1HCaTL B BH,ne: 

< WA >=< £00 > ;i/fro. 

Torp;a B COOTBeTCTBHH C CPOPMYJIOH (1) cpe,l(HI01O qaCTory KOJIe6amm 

qaCTHIU>I MO:JKHO 3anHCaTh B BH.n;e: 

(3) 

C yqe-rOM CPOPMYJIhl (3) H npH npOl:{HX paBHhlX YCJIOBIDlX (/3, y, Wo) J{ml 

OnTHMa..rrLHoro K03<P<PHI{HeHTa C:JKanm 1]", MO)KHO 3aIlHcaTb IIpH6JIH)I(eHHOe 

BbIpaJKeHHe: 

(4) 

nOCKOJIbK)' CTPYKTyphl C nOK<l> H CITK<l> pa60TaIOT Ha O.n;HOH H TOM IKe 

qaCTOTe Bq nOAA arar81,36 WI{, TO q,oPMYJIa (4) CBO,l(HTCSI K BH,ny: 

< tVo > / Itg'Ps 1/ 
(5)< tVo >; Itg<Psl • 

i 

MO.n:yJIb CHHXPOHHOH c:pa3hl 'Ps Ha Bxo.n;e CTPYK"ryPbI CfIK<l> paseH 30°, a 

Ha BbIXo.n;e nOK<l> COCTaBIDIeT 25°. Cpe,llHHH TeMIl YCKopeHHSI <(4i>f Ha ep;HHH

uy 3apSlP;a qaCTJU."(LI B CTIK<I> paaeH 2,8 MB/M [1]. Cpe,llHHH TeMn YCKopeHIDI Ha 

e.n;HHHuy 3ap.sI)l;a "llacTHI{.bI B KOHll,e rrOK<I> COCTaBIDIeT no ,ll;8HHLIM Ta6mw,hl na

paMeTPoB. nOK<l> <~F(46,7572-45,0933)M3B/(10e(106,13+105,18)MM)= 

1,6639M3B/(10e211,31MM)=1,6639MB/2113,IMM=1,6639:MB/2,1131M= 

0,78742 MB/M:::::O,787 MB/M. 

1'13 3THX J{aHHbIX cne)1.YeT, "llTO cenapa'I'pHca sa BXO,lle B CIIK<I> npeBblma

eT no pa3MepaM cenapaTPHcy Ha BhIXo,ne nOK<I>. OnTHMaJILHbIH K03cp<pHI{HeHT 

C:JKaTHSIB COO'fBeTCTBHH C$OPMYJIOH (5) npH 3THX YCJIOBHSIX COCTaBIDIeT 

2,8·tg300 : I ~ h1 
I-----~-- ~ \1,,4,405 ~ ,,2,1 ~ 1,45
0, 787 . tg25° 

http:llacTHI{.bI
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> K03«P«PHUHeHT C)KaTIDI ~HHId crycTKa B npO,nOJILHOM «paJOBOM 

npoCTpaHCTBe T/(jJ Ha ,lJ;aHHOM 3Tane paClJeTOB npHIDIT paBHLIM 1,45. B 

CTpYKTYPHOH cxeMe 2 KBa.n;pynOJISI + 6aHlJep. + 2 KBa,z:q>ynOIDI ,n;OIIOJIHHTeJIbHO 

IIpOBe,n;eHa OIITIlMH3aIJ;IDI.n.nJI T/ip=2,O., 

100 

80 
--sin 

60 

- 40 
N 

E 
200 

:>..:x: 0......... 

i§- -20 
........ 
W><-40 
"0 

-60 

-80 

-100 
o 10 20 30 40 50 

Z, em 

Puc.I. 3aeucUMocmu zpaiJueHma HanpJl:JICeHHOCmu 3JleKmpUlleCKOZO nOM Ha 

nepuoiJe CflK<t>. 

,lLIDI nOKaJaHHbIX Ha PHc.l ,n;aHHI:JX H TOKa nyqKa 0 MA B Ta6JIHUe 

npe,nCTaBneHld nOJIYIleHHLle C npHMeHeHHeM YCOBepmeHCTBOBaHHOH 

nporpaMMLI ABC COrJIaCOBaHHLle 3Hal'{eHIDI HOpMHpOBaHIIOH Om6a:IOIIJ;eH p II 

ee npOH3BO,lJ;HOH dp/d't ]lJIJI KWK,lJ,OH H3 nOnepel'{HLIX nnOCKOCTeH Ha BLIxo.n.e 

nOK<I> H Bxo,n;e CIIK<I>, ,l(aHHLle B Ta6JIHue 1 npHBe.n.eHLI.n.IDI CfIKc:I> npH 3Ha

qeHHH HalJaJILHOH <paJL! Btl nona 0°. 3aBHCHMOCTH HopMHpoBaHHbIX 

om63.lOIl{HX H HX npOH3Bo,lJ;HLIX B CIIK<I> ]lJIJI Tpex 3HaqeHHH <paJ Btl nOIDI 

30°,0° H 30° IIOKaJaHLI Ha PHc.2 H PHC.3. 
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TaOJlHo;a 1. COrJIacoBaHHble nap8Me'I'phI nyqICa Ha BhIXO,Ae nOK<I> Ii BXO,Ae 

CIIK<I>. 

HOPMHpOBaHHhIe Om6aIOIIJ;He nap8Me'I'phI TBHcca 

lliOCKOCTb X lliOCKOCTb Y IIn:ocKocTb X lliOCKOCTb Y 

P dp/d't P dp/d't p,mlrad a. p,mlrad a. 

nOK<I> 0.7620 0 1.2872 0 0.1238 0 0.3532 0 

CIIK<I> 0,9776 1,1563 0,9837 -1,172 0.4330 -1.130 0.4385 1.1525 

1.7, 

8. 1,$.f··.~---- .. --+-

! 1,.+--+--+-_.. 
~ 1,3+-+-~-~+--

1'.l;--~---t-~-:r- '+---'---:;1"t---r-
111 
~ f,f +-.."....;:-""...,....,.--i-.:;"r-----H'----t---t-----i 
:z 

C,C 0,_ 0.0 0,. 1,0 D,D C,' 0,8 0,. ',0 

PHe.2. 3a6UCUMOCmU HOpMUp06aHHblX OCU6alOUJUX Ha nepuoiJe ifJOKyCUP06KU 6 

CIlK<P. 

0,0 o,~ 0,' o.e 0,8 1,_ 

1,0 

! a,5 

1>( 0.0 

1..,,6 
i -1•• 

~1.5 

.2.<1 

2,. 

I,' 

1.0 

1M 
~ 0.0 

1-0,5 
1-1.0 

-1,5 

-2,0 
/1,0 O.l a" 0," 0,6 1.C 

Puc.3. 3a6UCUMocmuYZJl06 HaKJlOHa HopMupoeaHHblX ozu6alOUJUX K npoiJollb

HOU OCU KaHaJla Ha nepuoiJe ifJOKJlCUP06KU 6 CllKrP. 

KaIC BH,AHO Ii3 PIiC.2 Ii PHC.3, HMeeT MeCTO .lUfHa.M:WIeCKaJI 3aBHCHMOCTb 

napaMe'rpOB rryqKa OT CPa3hI Bq nOM. XapaKTepHCTWleCKHH nOKa3aTenb KaHa

JIa B ,AaHHbIX pacTJihax H3MeIDIeTCSI OT 0,898 ,AO 1,310 pa.n: (51,5°+75,1°). ,lVuI 
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aHaJIH3a BJIIDIHIDI HeJIHHeHHbIX 3q,q,eKTOB Ha ,n:HHaMHKY II)"tIKa B YCKOpHTeJIe 

TBH MOryr 6hlTb npHMeHeHLI MeTO,n;&I CeMHHHBapHaHTOB H rpyrrrroBoro aHaJIH

3a ,n:HHaMHKH rry'lKa [7], TPe6yIOJ:IUle rrpoBe,n;eHIDI ,n:onOJIHHTeJIbHLIX Hccne,n:o

BaHHR H 3aTPaT Cl:feTIlOrO BpeMeHH. 

KaK H3BeCTHO [5], B 06llJ,eM cnyqae .nIDI qeThlpeXMepHoro COrJIaCOBaHIDI 

Heo6xo,n:HMo, KaK MHHHMYM, qeThlpe KBa.n:pyrroIDI. ,l(mI npe,n:BapHTeJIbHhIX 

paCqiSTOB 6hlJIa YCOBepmeHCTBOBaHa H a,n:arrTHpOBaHa Ha PC nporpaMMa 

PREINJ, 06JIa,n:arollJ,WI HaMyqlliHMH H3 ,n:OCTyrrHbIX B03MmKHOCnIMH 

OIlTHMH3aQHH [6]. YCKopeHHe BpeMeHH OnTHMH3aU;HH o6eCne'lHBaeTC.SI 

pa3pa60TaHHhlM q,yaKI(HOHM;OM OI1THMH3~HH, npHMeHeHHeM H npoBe,n:eHHoH 

a,n:anTalUieH OIITHMH3HpyIO:meH nporpaMMLI MINUIT H3 6H6JIHOTeKH CERN 

(DS06). 

C IIOMOI.IU»IO rrpOrpaMMbI PREIN] nonyqeHhl napaMeTphl .D:JI.SI 'IeThlpex 

KBa,n:pynoJIeii c npoMe)I{')'TKoM ,n;peHq,a nocepe,n:HHe, rrpe,n;cTaBJIeHHhIe B Ta6ml

u;e 2. KaJI()l;bIH H3 KBa,n:PynOJIeH oKpy.>KeH TeXHOJIOmqeCKHMH ,n:peHq,oBbIMH 

npoMe»eyTKaMH no 20 MM. KOHCTPYKTHBHa.SI ,n:JIllHa 6aaqepa npHH.SITa paBHoH 

100 MM. KaK nOnepe'lHOe, TaK H npo,n:OJIbHOe COrJI8COBaHIDI OCylI~eCTBlliIJIHCb K 

Haqany CflK<I>. 

Ta6JIBQa 2. Ilpe,n:BapHTeJIbHhle napaMeTphl Kaa,n:pynOJIeH. 

KBa,n:pynOJIb 1 2 3 4 

,nrrHHa, (CM) 10 10 10 10 

rpa.n:HeHT, (TnI:M) -20.01 46.42 -39.38 17.36 

IlonyqeHHLIe 3Ha'leHHSI o6e~neqHBaIOT BeJIH'lHHy K03q:.q,KIJ:HeHTa 

COrJIaCOBaHIDI k, paBH)'IO 1,003 no .o6eHM nJIOCKOCT.SIM. K03q,cpHlUieHT 

COrJIaCOBaHIDI k BbI'lHCJI.SlJICH no MeTo,n:HKe KanqHHCKOro [5] 

r,n:e 

http:KOHCTPYKTHBHa.SI
http:o6eCne'lHBaeTC.SI
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p~ a~ (dao dPO )2
C=-2+-2+ PO---aO-- l't=o. 

Po d't d'ta O 

3,n;eCb Po H 0'0 - 3HaqeHIDI COrJlaCOBaHllbIX orH6aI01IUfX ,n;.mI ,n;syx KaHaJIOB 

B MeCTe CTLIKOBKH, HopMHpoBaHHhle Ha O,n;HHaKOByro ,n;nHHy nepHO.ll.a 

q:,OICYCHpOBKH. Yp81lHeHIDI ,n;IDI HOpMBpOBaHHLIX orH6aro1IUfX Px H /Jy BMelOT 

BH,n; [5] 

d2 p 1 a 
_x+Q (-r).p -_ -~-=O2 x x 3d-r Px Px+Py 

d2 p 1 
_Y+Q (-r).p __ a 0 
d-r2 p! px + Pyy y 

3,n;ecL Q('t) - <P)'HKUIDl, onpe,n;eIDleMWI <pOKyCHPyroII.{HMH H ,n;e<p0KyCHpyroIUH

MH nOIDlMH B nlIOCKOCTH.X. x H Y COOTBeTCTBeHlIO; a - napaMeTP, onpe.ll.eIDIeMLdi 

KyJIOHOBCKHM nOlIeM nyqKa C MHKpOKaHOHlflleCKHM pacnpe,n;eJIeHHeM. B ,n;aH

HOM 0603HaQeHHH napaMeTp a HMeeT BH,n; 

I o ' 

r,n;e S - nepHO,lJ; q:,OKyCHPOBKH, Po - OTHOCHTelIbHWI CKOPOCTL CHHXPOHHOH qaC

THUhl, Yo - JIopeHu-<paKTOP, 10 - xapaKTepHCTH'tIeCKHH TOK rryqKR (10 = 

3,13·107
m./z A, r,n;e m - MaccoBoe tIHCJlO, Z - 3ap~oBoe tIHCJlo), 1peak nHKOBbrn 

TOK IIy'IK.8, r-IIS (I - npO.ll.OJlbHWl KOOP,n;HHaTa B peaJIbHOM MacWTa6e). ECJlH 

H3BeCTHO nepHO,n;H't{eCKOe pemeHHe ffJ (T) ypaBHeHHH ,n;.mI om681OIn;HX, TO xa

paKTepHCTlReCKHH nOK83aTeJIb KaHana (Ha6er <pa3bI nonepeQHbIX KOJle6aJurn 

Ha nepHo,n;e q:,OKyCHPOBKH) # BbItIHCJUleTCJI no q:,oPMYJle [5] 

JJ= 
1J d7: 
o I~Cl- )1

2 
. 

HOPMHpOBaHHhle om681OIIJ,He Px H Py CB.H3aHLI C peanhHbIMB 

om6aroIl(HMH Rx.y H yrJIaMH HaKJIOHa om6aroIItHX Kx•y COOTHOllieHIDIMH 
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~>y
Px,y= JF: 

r,n;e VX,y - HOpMan:H30BaHHbIe 3MH.ITaHCbI nytIKa. 

ITOJIe3HO OTMeTHTb B3aHMOCBH3b rrapaMeTpOB pH dpldr C 06m;enpHIDI

TblMH napaMe1paMH B cpOpMe TBHCCa. qacTo HCrrOJIb3yeMble ypaBHeHIDI 3nmm

COB rryQKa Ha CPa30BbIX IIJIOCKOCTilX xX H IT HMeroT BH.ll; [6] 

1 (/)2rxX2 + 2ax.xx- + Px X = Gx 

2 1 (/)2ryY +2ayYY + Py Y 

rJl.e &X,y rmOlll.3..ll;H 3nnHllCOB, Jl.eneHHbIe Ha n. ITo ycnoBHIO HOpMHpoBKH 

R r _a2 -1
f'x,y x,y x,y . 

MaKCHMaJIbHblH yrnoBoH rronypa3Max rrytIKa - XtnJ Ym H rrpoC'IpaHCTBeHHaSI 

Koop,n;HHaTa HaH60JIee y,nanl5HHoH TOqKH nytIKa - XtnJ Ym CBjJ3aHbI C llapaMeT

paMH 3JIJIHIICa COOTHOmeHHRMH 

Xm =~sxPx Ym =~SyPy 

x~ =~sxrx Y~ = ~syry . 

IInom;a,nb 3JIJIHnCa &X,y CBH3aHa C BeJIHliHHOH HOPMaJIH30BaHHoro 3MHTIaHCa Vx,y 

COObHomeHHeM 

COOTBeTCTBeHHO BeJIHqHHbI om6arom;:HX rrytIKa CBX3aHbI C napaMe1paMH 

TBHcca cneJJ.yrollJ,HMH COOTHOmeHIDIMH:' 
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dPX,y 
ax,y =-P;x,y ~ = 

KaK nOK8.3aJIH npeJ{BapIITeJILHLIe pac'1en;u no nporpaMMe PREINJ, 

,llpeiiq,OBhIH. npOMelK)'TOK Me)l()l)' JI:BYMSI napaMII KBa,rq>yrIOJIeH. cnoc06CTByeT 

CHIDKeHlllO rpa,nHeHTa BO BTOPOM, HaH60nee Kp}I'fBqHOM, KBa,rq>YIIOJIe ,ll0 

npaKTHtieCKH ,n;oCTIDKHMoii BeJIHtlHHLI. O,nHaKO, no.rryq:eHHhIe 3HaQeHlISI rp~H

eHTOB OKOJIO 40-46 TIM OKa3aJIHCh HeCKOJIhKO 60Jlhme .>KeJlaeMhIX no Tex~e

CKHM H 3KclIJIyaTau.HoHHhIM ycnoBlISIM. ITPH p~Hyce arreprypLI 2,0 CM rpa,u,H

eHT MaI'HHTHoro n01lll 50 TIM (0,5 T/cM) IIpHBO,lUlT K BemAHHe HHJlYKUHH Mar

HHTHOro 1I0JUI Ha nomoce 1,0 T. BemAHHa HHJlYKD;HH HaC:hImeHIDI )lJllI ,llOCT)'TI

HL1X MarepHaJIOB He IIpeBLDIIaeT 1,2-1,6 T. C yqeToM nonyqeHH.LIX pe3YJILTaTOB 

B napaMe'l1lEd KBanpynOJleH. BHeceHLI KOppeICTHBLI B cTopOay yBeJmqeHIDi)lJlH

HhI. 3'1'0 T8.I0Ke YJIyqillaeT IIpO,llOJIbHOe pacnpe,lleJIeHHe rpS,llHeHTa nOIDI B 

KBa,z,wYIIOIDIX; 

B .llaJILHeiiweM meCTHMepHoe COrJlaCOBaHHe C yqeToM ,lleq,0KYCHPYlOIl'(e

ro .lleHCTBIDI 6aaqepa IIpOBO)lHJlOCL no nporpaMMe TRACE-3D. KaK nOKa3aJIH 

pacqen., K03q,q,lI.Il;HeHTC>KaTHJI q,8.30BOH )lJlHHbI crycTKa 1,45 ,llOCTHraeTCJI Ha 

paCCTOJlHHH ~520 MM IIpH 3q,q,eKTHBHOM HaIIpJI>KeHHH Ha 6aaqepe ~70 KB. B 

COOTBeTCTBHH C 3THM II paHee no.nyqeHHI:dMH npe,llBapHTeJILHLIMH paC'li5TaMH 

110 nporpaMMe PREINJ 6LIJIH paccMo'I'peHLI cJIeJlYlOIlI,He BapHaHTLI KOMIlOHOB

KII. 
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CTPYKTYPHCUI cxeMa c 4 Ksa.qpynollSlMM M 6aH"IepOM 

CxeMa 2 KsaopynonR + 6aH'Iep + 2 KsaopynonR 

B ,IJ;aHHOM BapHaHTe (2 KBa.n;pynOJUI + 6aH'Iep + 2 KBa.n;pyrrOJI.H) c rrpHMe

HeHHeM rrpOrpaMMbl TRACE-3D 6.bIDO rroJ"J:yqeHo Ha;J.JIe)Kamee COrJIaCOBaHHe 

rrytIKa. Pe3YJIbTaThI nOKa3aHbI Ha PHc.4 ,IJ;JIJI TOKa rryqKa 0 MA H Ha PHc.5 ,IJ;J1.H 

TOKa rryqKa 40 MA rrpH O.QHHX H Tex )ICe napaMeTpax TBHcca Ha BXO,IJ;e II BhIXO,IJ;e 

KaHana. 

8 A- 0.00000 g- 0.12371 
V A= 0.00000 S- 0.35317 

20.000.... X 100.000 11Irad 

z ~= o. 00000 s- l. 10600£-02 

90.000 4000.00 Ie.v 

20.00 .. IHori,) 90.0 Ileq (Long.) 

I O.OmA 
II 47.0700 11.0'100 KeV 

rnEQ= 81.l6)!B, 7"", 
FJoIITI 34.515 3 4.00 
EMITQ 34.515 3 4.00 

Hl= 1 8 
PRIII1'OtlY VALUES 

PP PE VAWE 
~1CHING T¥PE' 9 

llESIUD VALUES IB£A!!f1 

-1~~~~4 i~i~3~ 
1.1525 0.4385 

< C.ooon 0.0085 
!!A1CH VARlABLES !NC-~l 

I'.PP IIPE VALUlI 
1 3 -32.12448 
1 6 30 .•914. 
1 9 0.46905 
1 12 -l4.3U92 
1 is 9.:/1904
1 11 H5.76Y46 

- ---

8 A -1.1304 
v". 1.1525 

''!(I.OOODO 

B= 0.4ll99 
50 0.43841 

4000.00 k<!v 

11 

Puc.4. Pe3Yllbmambl onmUMU3alluu C02JlaCYlOUle20 KaHaIla dJ1Jl. mOKa nY'I.Ka 0 

.MA. 
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B A= 
v A= 

I~ 40.0mA 
11m 41.0700 41.0100 MeV 

FREIF U.361111z 111.-3684. iGlllm 
ElIIT!: 3'.515 34.515 29644.00 
EMITO= 34.515 34.515 29644.00 

111- 1 112~ 19 
PRIlITOIlT VAWES 

1'1' PI: VALUl! 
MATCHING TYPE ~ 9 

DESIRED VALUES (1lEl!I!IF1 

-i:~a4 ~~~30 
1.1525 0.4385 

z 0.0000 O.OOBS 
MATCH 'lAIUABLES ) • 

Ml'P MPE 
1 3 -34.H 5 
1 6 31.40 
1 9 0.56 9 
1 12 -24.35112 
1 IS 5. i3242 
1 17 12~. 44310 

COllE: TRACE3D v66L 
FILE: TAPE30. t 3d 
illiTE: 0211312004 
'lIMB: 10:54: H 

90.000 Deg 4000.00 k V 

Il A= -1.1398 
It A~ 1. ~~,11 

20.000 _ X 

90.000 Deq 4000.00 k V 

lO.OO mm (Vert) Length~ 1114.44II1II 

Pac.S. Pe3YJlbmambl OnmUMU3aZ/UU C02JlaCJ'lOUJezo KaHana OM mOKa nyt.tKa 40 

MA. 

Heo6xo)l;HMLIe ,l(JUI corJIaCOBaHIDI napaMeTphl KBa,Zq>ynOJIeH H 3HaqeHIDI 

~cpeKTHBHoro Hanp.HJKeHH.H B 6eHt.{epe npe.llCTaBJIeHJ:d B Ta6JIHn;e 3 ,l(JI.H TOKOB 

nyqxa 0 H 40 MA. Ka>K,lU:»m KBa.n.pynO.1lb OKpY>Id!H C~yx CTOPOH TeXHOJIOrHtle

CKHMH rrpoMeJKyTKaMH ,llJIHHOH no 20 MM 6e3 .D:OnOJIHHTeJThHhlX .llpeif<poBhlX 

npoMeX<yTKoB Me~ HHMH. PaccToHHHe OT KOH:Qa 3JleKTpO.llOB C IlOK<I> B Mec

Te KpoccoBepa rryqKa .D:O nepBoro KBa,n,pynOJl.H 100 MM. K03<pcpHD;HeHT CJKaTH.H 

1,45 .D:OCTHraeTC.H npH 3.p.peKTHBHOM HaIIp.IDKeHHH Ha 6aH'iepe 469 KB .D:JIHHoif 

100 MM Ha paCCTO.HHHH 196 MM OT nOCJIe.D:Hero KBa.n.pynOJl.H 6e3 yqera KpaeBOro 

TeXHOJIOnAeCKoro rrpoMexcyrKa. qacTOTa Bq rroJl.H B 6aHt.tepe npHHSITa PasHOH 

qaCTOre BlJ noJl.H B IlOK<I> (81.36 :Mrn;). 06maa ,l(JIHHa KaHaJIa ~1140 MM. Pa

.D:H}'c anepTYPLI K8.HaJIa paBeH 20 MM. 

Rpyeue eapuaHmbl pacnOnOJKeHUR 6aH'Iepa U iJnuH K8aiJpynoneii 

HmKe Ha PHc.6 - PRc.7 nOKa3aHhI pesYJIhTaThl paCqeroB,l(JI.H .D:Pyrnx B03

MO)l{Hf.dX BapHaHToB pasMemeHIDI KBa,n,pynOJIeH H 6aHQepa B KaHane C MHHH

MaJIhHO He06xo)l;HMLIM l:lHCnOM KBa,n,pynoJleii (4 nrryKH), a Ha PRc.8 - PHc.9 

http:MO)l{Hf.dX
http:29644.00
http:29644.00
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npe,n;CTaBJIeHLI pe3YJIbTaTbI OrrTHMH3au,HH B qteMe 2 KBa.n;pyrrOJUI + 6aHllep + 2 

KBa.z:q>yrrOJUI C,lUIHHaMH KBa.n;pynoJIeii 25 H 30 CM. 

~'·D.~_ 
v~· 0.00000 

Puc.6. Pe3)'Jlbmambl paCttem06 COZllaCYlOUlezo Kana.na iJJlJl CXeJUbl 1 K6aiJpynollb 

+ 6anttep + 3 K6aiJpynOJlJl. 

11 

Pac.7. Pe3)'Jlbmambl paC'l.em06 C02JlacytoU/ezo KaHa.na OM cxeMbl 3 K6aiJpynOJlJl 

+ 6aHttep + 1 K6aiJpynOJlb. 



18 

14 


20.000 IlIII X 100.000 ad 

20.G() rr", (Vert) 

1 O. 
II 41.0100 4 

F!IF.(I- 81.36HHz 
!lIlTI 34.515 
!lIlTO= 34.515 

N1

x -i~~~4 
y 1.1525 
z 0.0000 
MMCR V7llUMlLES (NC-6) 

I!PP HPE \IAW£ 
1 3 17.36611 
1 6 -15.17714 
1 9 0.47220 
1 12 15.00186 
1 15 -18.00894 
1 11 88.49541 

LengtIF 

6 11 

1508. 51l1M1 

Puc.S. Pe3YJlbmambl paC'ltem06 COZllaCY1OUle20 KallaJla dJlJl CXe.Mbl 2 K6adpynoJlJl 

+ 6aH'ltep + 2 K6adpynoJlJl dJlJl dJlUH K6adpynoJleu 25 CM. 
1= O.GmA 


II A~ 0.0000 
 1M" 47 . 0"100 41.01011!leV 
'.j t,- 0.0000 ~ n:~frz 34~?6f:eU'o 

£KITe- 34.515 34.515 14822.00 
Nl~ 1 112. 18 
PIUNTOOT VALUES 

PP PE VAUlE 
MATCHING TYPE· 9 

IltSlREO VALUES (8EAHFl 

x 
y 5 
z 5 
MATCH VARIABLES (NC=6l

MPP IIPt: VALUE 
1 3 13.11662 
1 6 -1l.42012 
1 9 0.46547 
1 12 11.(3189
1 15 -14.94503 
1 11 43.39430 

COIlE: TRACE30 v66L 
FUE: TAPEJO. t3d 
DM'E: OV2612004 
TINE: 17:53:34 

PHc.9. Pe3YJlbmambl paC'ltem06 COZllaCY1OUle20 KaHa!la dJlJl CXe.Mbl 2 K6aopynOJlJl 

+ 6aH'ltep + 2 K6aopynOJlJl dJlJl dJlUH K6adpynoJleu 30 CM. 

http:14822.00
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CXeMbI KaHaJIOB 1 KBa.Lq)ynoJIb + 6aH'lIep + 3 KBa)]'pynoIDI (pHc.6) M 3 

KBa)l,pynOIDI + 6rurqep + 1 KBa,zwynom, (pMc.7) TPe6yroT yseJIHQeHIDl 

rpa)l,MeHTOB )],0 :::::60 TIM. KaK BM)l,HO M3 PHcA - PHc.9, cxeMa KaHana 2 

~pynoIDI + 6rurqep + 2 KBa.2lpynoIDI (PMcA) 06eCrreQHBaeT HaHMeHLIIIHH 

pa)l,HYC nYQKa npH HaHMeHLllIHX rpa)l,HeHTax MamHTHOrO IIOIDI B KBa.2lPynoIDIX. 

YseJIHlIeHMe ,l.(JIHH KBRApyrrOJIeH (PHc.8 - PHc.9) npHBo.n;HT K He)KeJIaTeJIbHoMY 

YBeJIHlIeHHIO MaKCHMaJlbHoro pa3Mepa rry1.JKa B corJIacyroll(eM KaHaJIe. 

HccneoosaHue enURHUR iJeC/JOKYCUpOSKU 6aH'Iepa U KYnoHoaCKuX 
3C/JC/JeKmoa a cxeMe 2 KsaopynonR + 6aH'Iep +..2 KsaopynonR no 

npowpaMMe TRACE..3D 

B :noil cxeMe )1;JlJI o~eHKH BJIIDlHIDI .n;e<i>OKycHpOBKH B 6aH1.Jepe H KyJIO

HOBCKHX 3tPtPeKToB Ha KOHe"'IHble napaMeTphl l1Y1.JKa rrpoBe.n;eHhl paC1.JeTLI no 

nporpaMMe TRACE-3D C BhlKJl101.JeHHhlM B1.J HanpJDKeHHeM B 3a30pe npH TOKe 

IIytIKa 0 MA H co lIITaTHbIM HanpH)KeHHeM Ha 6aIJqepe npM TOKe 40 MA. Pacqe

TbI TIpose,l:(eHbI }lJHI COrJIaCOBaHHhlX npM TOKe 0 MA napaMeTpax KBa)]'pynOJIeH M 

6aINepa. IIorryqeHHLle .2laRHhle rrOKa3aHLI Ha PHC. 10 - PMC. 12 If B Ta6mru;e 3. 

Pe3YJIbTaThl OlITHMH3aUHH }lJHI K03cpqmQHeHTa C)KaTIDl l]q;=2,0 nOKa3aHhl Ha 

PHc.13 - PMc.14. Pa)l,HYC anepTYPbI KaRMa Ra B 3THX sapHaHTaX paBeH 4,0 CM. 

BeJIHlIHHa HH.nyK~HM MarHHTHOrO 110M TIpM 3TOM .n;OCTHraeT ~l,O T. B BapHaH

Te Ha PMc.14 TeXHOJIOrH'leCKHe IIpOMe~KH YBeJIH1.JeHId l1.0 5,0 CM 110 06eHM 

cTopoHaM KBa,npynoJIeil. 

Puc.l0. Pe3YJlbmambl pacllemoB aUHClJI.!UKU nYllKa C 8bl1Ol1OQeHHblM HanpJl:JlCe


HUeM 6 6aHttepe npu mOKe nyttKa 0 MA 
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1= (O.OM

41.0 0 41.0100 I!eV H A=-0.34S0' 
V A- 0.0000 
H",. O.OOQO 81. \lL-3684.76n1o .. A= 0.39"..

34. 3t.515 29644.00 
34. 3•. ~15 29644.00 
N1- 1· 112- 16 
PRtlITOO'l' 'IAW&S 

PP PE VALIl& 
IlATCHDIG tYPE - 9 

D£SIIIED VlILUES [BEJ!MFI
beta 
0.4330 
0.4195 

% 0.0~85 
MATCH VARIABLES 11IC=61 

MPP IIPE VALUE 
1 3 -32.12U8 
1 6 30.29146 
1 9 0.46905 
1 12 -24.31992 
1 15 9.21904 
1 17 145.16946 

CODE: Tl\ACE3D v66L 
FILl: 'l'APEJO.tld 
!lATE: 02113/2004
TIl!E: 10:22:01 

17 

LengtiF 1135.n ... 

Puc.lI. Pe3YJlbmambl paC-qemOB OUHaMUKU ny-qKa CO UlmamHblM HanpR:JfCeHUeM 


B 6aH-qepe npu mOKe ny~a 40 MA. 

r- O.OmA 

II 41.0100 41.0100 !leV 
f'RE<F 81.36Ml!z 1&11> 

EMlrr~ 34.515 .34. 4.00 
EMlTOo= 3•• 5t5 34. 4.on 

111 1 8 
PRINTOUT VALUES 

PI' P!· VALOE 
lIA'l'ClIllIG TYPE· 8 

D£SIlIED VAW!S [StAHF) 

x -!~~g4 ~~~)O
Y 1.1525 0.4385 
MATCH VARIABLES (IIC-t! 

MPP MI'£ VALUE 
1 3 -30.01695 
1 6 21.99124 
1 12 -20.54'9' 
1 15 3.94301 

20.000 I11III 

90.000 DIl9 '000.00 eV 

11 

Lengtll 1135.17... 

PHc.12. Pe3Yllbmambl onmUMU3alluu C02JlaCYlOtqe20 KaHaJla C BbzKlllOtteHHblM 


HanpR:JICeHUeM B 6aH-qepe npu mOKe ny-qKa 0 MA 


http:29644.00
http:29644.00
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r- (0.0mA 

H 11= 0.0000 41.0700 47.0100 MeV 
VA,.", l).(!QiJa BL36Ml1z 684.1_ 

3~ .515 34. 9644.00 
34.515 H. 9644.00 
NI= 1 N2~ IS 
PRIlI'l'OtlT VAW£S 

PP PE VALUE 

MAl'CHIMG TIPE = 9 


DESIRED VALUES (llWrl
al hiI beta 

x 0.4330 
y 0.4385 
1 0.0043 
HATCH ES (NC=61

MPP MPE VALUE 
I 3 -28.21215 
1 6 31.23602 
I 9 0.76428 
1 12 -24.81238 
I IS 4.27081 
1 17 2~.6n43 

Lenqtl1= I014.63mrn 

Puc.13. Pe3}'Jlbmambl OnmUMU3atjUU OJlJl CXeMbl 2 K6aopynOJlJl + 6aHlIep + 2 


K6aopynOJlJl npu mOKe nyllKa 40 M.A U K03tjJtjJUlIueHme cxamWl 'f/fP=2, O. 

1= 40.0mA 


s- 0.1237 
 iF 41.0700 47.0')00 Mev IF 0.-133 
f\:. t.3S3t. rnro= 81. 36"H1 1IL-3G84,Hm ;= C.OB4.

OOT!· 34.515 34.515 2~644.00 
I'2!rro- 34.515 34. 96(4.00

111= 1 1S 
PUIITOOT 

-I. 4 
1.1525 

z 0.0000 
2().OOO IS l{ ad ilAfCH VARIABLES100.000 

NPP !IPS 
1 3 -23. 
1 6 15. 
1 a 579. 
1 9 0.52540 
1 12 -11.60341 
I 15 25.21229 

COIlE: TRAC£30 v66L 
~t~; gmm~&:\TRACE.3()\rAPE)0:U<:l. 
TIME: 21 :22:45 

90.000 ()eg 4000.00 k V 

40.00 lflIII (Hortzl 

Lenqth· 2309.7flmr1 

Puc.14. Pe3YJlbmambl onmUMU3alluu OJlJl CXe.Mbl 2 K6aiJpynOJlR + opeUtjJ + 6aH

qep + 2 K6aiJpynOJlJl npu mOKe nyqKa 40 MA U K03tjJtjJU1/UeHme cxamWl 'f/fP=2,0. 

http:2~644.00
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Ta6JlH~a 3. fIapaMe1'pbI KBa,n;pyrrOJIeH H 3q.q.eKTHBHOe HanpIDKeHHe B 6a}lqe

pe (Eo1L, MB) no pe3YJIbTaTaM OnTHMH3aJ..(HH ,lUUI cxeMbI KaHana 

2 KBa,npynoIDl + 6a}1qep + .2 KBa,npyrrOIDI. 

KBa,z:qJyrrOJIh 1 2 3 4 EaHTIep 
1l(J1 Ra,CM 

MHHa, (CM) 15 15 15 15 10 

rpa.,nHeHT, 
(fJIlM) ,lUUI TO-

KaOMA 

-32.12 30.29 -24.32 9.22 0.469 1.45 2.0 

-30.02 28.00 -20.54 3.94 0.0 - 2.0 

rpa,n;HeHT, 
(TJI/M),llJIx TO

Ka40MA 

-34.15 31.40 -24.35 5.73 0.570 1.45 2.0 

-18.21 31.23 -24.87 4.27 0.764 2.0 4.0 

-23.36 15.79 -17.60 25.21 0.525 2.0 4.0 

KaK BH)J;HO H3 ~aHBbIX Ta6JIHIJ;bI 3, TOK rryTIKa 40 MA H OTcYTCTBHe Ha

npXJKeHIDl B 6aHTIepe Marro BJIIDllOT Ha 3HaqeHIDl rpa,n;HeHTOB ManlHTHOrO nOIDl 

B KBa,n;pynoIDIx, HO ,lI..IUI npo.n;OJIbHOro COrJIaCOBaHHX rrpH TOKe 40 MA Tpe6yeTcx 

HeKoTopoe 3aMeTHoe yaeJIJilIeHHe HarrpIDKeHIDI B 6a}1qepe. KaK BHWIO H3 PHC.4 

H PHc.l0 - PHc.l1, IIpH KaqeCTBeHHOM COOTBeTCTBHH opHemaIJ;mr 3JUIHIICOB 

rryqKa Ha nOnepeqHbIX IIJIOCKOCTXX HMeeT MeCTO 3aMeTHOe KOnWIeCTBeHHOe 

pa3J1H11He B napaMe'I'pax, 06ycJIoBJIeHHhIx yqeroM .n;etPoKYCHpyroIr(erO )J;eHCTBHX 

6a}1qepa BnporpaMMe TRACE-3D. COOTBeTCTByrolI(He )J;aHHbIe ~ napaMeTpoB 

rryTIKa rrpe.n;cTaBJIeHbI B Ta6m:fl{e 4. 

'1ucneHHoe ldooenUpOsaHUe OUHaldUKU ny'lKa no npoepaldlde 
PROTON 

,l1)uI rrpOBepKH nOJIYTIeHHbIX no rrporpaMMe TRACE-3D pe3YJlbTaToB 

npoBe.n;eHo TIHCneHHOe Mo~enHpOBaHHe ~HHaMHKH rryTIKa no rrporpaMMe PRO

TON C HCn0JIb30BaHHeM MeTo.n;a KpynHLIX qacTHIJ;. flonyqeHHbIe pe3YJIbTaTbI 

npH 3$$eKTHBHOM HanpIDKeHHH B 6aHTIepe 469 K3B. nOKa3aHbI Ha PHc.19 

PHc.21 .n;IDI TOKa rryq:Ka 0 MA, Ha PHc.22 - PHc.24 ~ TOKa IIyqKa 40 MA H B 

Ta6JlHIl;e 5. B "lJlICneHBOM Mo.n;eRHpoBaHHH ,lI..IUI TOKa nyqxa 0 MA HCn0JIb30BaHO 

1000 KpynHbIX qac~ B crycTKe,.n;nx TOKa 40 MA - 5000. ~a.3a30pa 6awIe~ 

pa - 2,0 CM. Pe3ynbTaTltI paC1:JeTOB rrpH 3lj>lj>eKTHBHOM HarrpIDKeHHH Ha 6aJlliepe 
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570 KB H napaMeTpax KBa,zwynoneii, cornaCOBaHHbIX no nporpaMMe TRACE

3D ,[LillI TOKa nyqKa 40 MA nOKa3aHbl Ha PHc.25 PHc.27 H B Ta6J1Hue 6. 

Pe3YJTbTaTbI paCqeTOB no nporpaMMe PROTON nonyqeHbI B pe)KHMe COOTBeT

CTBIDI I1porpaMMe TRACE-3D. 
IIoJ( peJKHMOM COOTBeTCTBIDI B nporpaMMe PROTON nOHHMaercSI TaKOe 

COOTHomeHHe Me>K.lI.Y aMllJIHTYJ(aMH pa.nHaJIhHOH J(e<poKYCHpYKHl(eH (Er) H 

npo,ZtonbHoii YCKopmom;eH (Ez) KOMnOHeHT8.MH 3J1eKTPlftIeCKoro nOJllI B 3a30pe 

6aJ1lIepa, KOTopoe BOCnpoH3BO,lJ;HT pa3HHI(y B pe3YJlbTaTax, nOJ:IYlleHHblX B npo

rpaMMe TRACE-3D. KaK nOKa3aJI OIThlTHbIH no,Zt6op, BOCnpOH3BO,lUlMOCTb no

nyq:eHH.bIX no nporpaMMe TRACE-3D pe3ynbTaToB o6eCne'llHBaeTCB B npo

rpaMMe PROTON npH 4+6-KpamoM yaeJIHqeHHH OTHomeHIDI E/Ez no CpaBHe

Hmo co 3Ha"leHHeM.l(JlSI THllH'IHoro Bq 3a30pa B cTpYKTYPe CTpy6KaMH ,ZtpeH<pa 

(PRc.lS). Tpe6yeM.blB K03<p<pHIJ.HeHT C>KaTHSI crycTKa 1,45 H KpOCCOBep Ha npo

,ZtOJl.bHOH <pa3OBOH nnOCKOCTH TaKJKe BocnpoH3BoMTcSI C xopomeii npaKTHqe

CKOH TO"'IHOCThIO.l(Jlj{ TOKa 0 MA (1]qJ=1,40). 
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·160 

-200 
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2-2 emmid

, 

Pac.IS. TunullHoe pacnpeiJe.neHue npoiJOJlbHOU Ez u paiJUCl.TlbHOU Er KOMnOHeHm 

nOJlR 8 pe30HamOpe c mpy6KaMU iJpeiujJa. 

http:KOMnOHeHT8.MH
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B ,l(aHHbIX pacqihax npHMeHeHLI pacnpe.neJIeHHe nOIDI THna MeaH.npa .ILIDI 

llPO'[(OJ11,HOH KOMnOHeHThI Ez H cne;:{)'1Olll.aJI aHaJIHTHlfeCKaJI annpOKCHMaQIDI 

,l(IDI Pa,[(H8JIJ,HOH KOMIlOHeHTId 3J1eKTpHtleCKOrO nOIDI Er : 

Er ( z, r ) = E~ ~ -II (~J/11 (1)
I ro 

r.n;e Ero- MaKCHMaJIJ,Hoe 3Ha~eHHe Pa.z:t.HaJIJ,HOH KOMnOHeHThI Ha pa,n;HYce 

anepryphI ro, I - nOJIOBHHa ,lVIHHbI pe30HaTOpa, KOOp.n;HHam Z OTCQHTMBaeTC)) 

OT Cepe.n;HHhI 383opa. ,l(aHHaB annpoKCHMaI{H)] y,[(o6Ha reM, qTO n03BOIDIeT 

no.n;6HpaTJ, Heo6xoAHMoe COOTHOmeHHe Me~ Pa,[(HaJIJ,HOH H npO.nOJIbHOH 

aM11JlHTY)J;aMH nOIDI, ae pacc"'{HTblBasI IIOIDI B KOHKpeTHoM pe30HaTope. 

0.0015 

• 1=40mA 
Initial 

0.0010 

0.0005 

J3x 

0.0000 

-0.0005 

-0.0010 

-0.0015 . 
-1.0 -0.8 -0.6 -0.4 -02 0.0 0.2 0.4 0.6 1.0 

X,aTl 

Pac.I6. llonepe'lHblU fjJ0308blu nopmpem ny"lKa Ha 8Xooe C02JlaCYIOUj.ezo KaHa

Jla. 



21 


0.0015 

0.0010 

0.0005 

0.0000 
l3y 

-0.0005 
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-0.0015 
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• 	 l=40mA 
Initial 

-1.0 -0.8 -0.6 -0.4 -02 0.0 0.2 0.4 0.6 0.8 1.0 

Y,cm 

Pac.17. flonepellHblU rPa306b1U nopmpem nyllKa Ha 6xooe C02JlaCYIOUje2o KaHa

lla. 
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Pac.IS. flPOOOllbHblU rjJa306brU nopmpem nyllKa Ha 6Xooe C02JlaCYIOUje20 KaHa-

Jla. 
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). 

I 

~ 0,0000 -t-----+....----t---+___~ 
0::>. 

-0,0005 +---+---+-... 

·0.0010 -t--..--.-+--'-'W~--+....---.-+--.....---+--.-.+---------+--.. 

-O,0015.;--.--+-..,.....-;-........+-....--t-..,.....-+--.---+-....---;-....--+-....---t-....---j 
-1,0 -0.8 -0,6 ..a,4 ..a,2 0,0 0,2 0,4 0,6 0,8 1,0 

X(Y). eM 

PHc.19. nOnepe'lHble pa30Bble nopmpembl ny'lKa Ha BblXOde COZJlacYJOUf.ezo Ka

Han.a npu omcymcmBuu oepOK)'CUpOBKU B 6aHttepe, nOJlytteHHbze Bpe:JICUMe CO

Om6emCmBUR npozpaJWM.e TRACE-3D OJlJl mOKa nyttKa 0 MA. 

0,0010 +--~-.-!-- ---..-+--+---+----+--+-----+,--.-.--+-----+-.--~ 

0,0006 +-.--+----+-.--.~..~ 

'!>": 0.0000+---+---+---1--. 
~ 

-0,0005 +----+---~+--~. 

-0,0010 +-----+--+---+--+---+---+-----+----+----+----1 

-O,OO15+___+_~_+_~_+_~_+_-r-_+_...._+_T-+_~+_T_+-~ 
-1,0 -0,8 ..a,S -0,4 -0,2 0,0 0,2 0,4 0,6 0,8 1,0 

X(y), em 

• 

PHc.20. IIOnepettHble pmOBble nOpmpembl nYttKa Ha BbzxoiJe COZJlacYJOUf.€20 Ka

Han.a, nOllytteHHbze 6 pe:JICUMe COOmBemCmBUR npOZPaMMe TRACE-3D dJUl 3tjJ

peKmU6Hozo HanpJt:JlCeHWl Ha 6aHttepe 469 KB U mOKa ny'l1W 0 MA. 
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~<p,deg 

Puc.21.llpoOOJlbHbI'U PQ308blU nopmpem ny'lKa Ha 8blXOOe C02JlaCYIOUlezo Ka

Halla, nOJlY'IeHHbIU 8 pe:JIC'UMe coom8emcm8Wl npozpllMMe TRACE-3D OJlJl3p

peKmu8Hozo HanpR.:>JCeHWl Ha 6aH'Iepe 469 KB u mOKa ny'lKa 0 MA. 

0.0015 

0.0010 

0.0005 

Jill 
0.0000 

-0.0005 

-0.0010 

-0.0015 +--r--'--""-'T--'""'Ir--r-,---r--.-.....---r---.---,.---,r--.,..........,-..,.--r---.--I 
-1.0 ~O.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0,8 1.0 

X, an 

PHc.22.llonepe'lHblU rPQ308blU nopmpem ny'lKa Ha 8blxooe C02JlacYIOUle20, no

JlY'leHHblU 8 pe:JIC'UMe coom8emCm6wt np02pllMMe TRACE-3D OJlJl3ppeKmu6Ho

20 Hanp.R:>JCeHwt Ha 6aH'Iepe 469 KB U mOKa nY'IKa. 40 MA 
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0.0015 

0.0010 

0.0005 

J3v 
0.0000 

..Q.OOO5 

-0.0010 

..Q.OO15 
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 

.. 

Y,an 

PRc.23. llOnepellHlnU ¢a308blU nopmpem nyllKa 'Ha 8bIXOOe cOZllaC)!1OUfezo, 00

JlYlle'H'HblU 6 pe:»CUMe COOm8emCmBWl npozPaMMe TRACE-3D OM 3¢r/JeKmU6HO

zo 'HanpJl:JICe'HUR 'Ha 6a'Htt.epe 469 KB u mOKa nyv.Ka. 40 MA 
0.020 

I • l=40mA I 
0.015 

-0.005 

-0.010 

-0.015 

-O.~4-~~~~~-r-r-r-r-r-T~-T-+~~-'~~~ 

-25 -20 -15 -10 -5 0 5 10 15 20 25 
~o 

Puc.24. llPOOOJlbHblU rjJa306b1U nopmpem nyr.tKa 'Ha 6bIXOOe cOZllacylOUjeZO Ka

'Hana, nOJlyr.teH'HblU 6 pe:JICUMe COOm6emCmBUR npozpa:M.Me TRACE-3D OM 3rjJ

r/JeKmU6HOZO HanpJl:JlCeHWl 'Ha 6a'Hllepe 469 KB OM mOKa nyllKa. 40 MA 

http:npozpa:M.Me
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0.0015 

0.0010 

0.0005 

0.0000 
ct::J." 

-0.0005 

-0.0010 

-0.0015 

... 

. 

-1.0 -0.5 0.0 0.5 1.0 

X,em 

Puc.25. IIonepellHbl"U tPa308blU nopmpem ny'lKa Ha 6blXooe C02JlaCYlOU{ezo Ka

HQJla, nollY'leHHblU 8 pe;)ICUMe coom6emCm8UR. npozpaM..Me TRACE-3D OllR 3tjJ

peKmu8Ho2o HanpJt;)lCeHUR. Ha 6aH'lepe 570 liB u mOKa ny'lKa. 40 MA 

0.0020 

•
0.0015 


0.0010 


0.0005 


0.0000 

~y 

-0.0005 


-0.0010 


-0.0015 


-0.0020 

~.4 0.0 0.2 0.4 

Y,em 

PBc.26. J/onepe'lHblU Pa308blU nopmpem ny'lKa Ha 8blXooe C02JlacyroU{e20 Ka

HCllla, nOllY'leHHblU 6 pe:JICUMe coom8emCm6UR. npo2paM..Me TRA CE-3D OJlJt 3P

ljJeKmu6H020 HanpJt:JlCeHUR. Ha 6aH'lepe 570 KB U mOKa nYllKa. 40 MA 
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Pnc.27. lIpOOOJlbHblU CPa306b1U nopmpem nyt/.1<Q Ha 6blXOOe cOZilacYIOU/ezo Ka

Hana, nOJlYlleHHblU 6 pe:JfCUMe coom6emCm6W1. npozPaMMe TRACE-3D OllJl. 3CP

cpeKmu6Hozo HanpR:JICeHWI. Ha 6aHllepe 570 1dJ u mOKa nJ""lKa. 40 AlA 

TaOJIHQ8 4. I1aPaMeTpLl nyqKa Ha B.bIXO,ll;e CorJIacy:IOm;ero KaHana, nonyqeH-

HLle no npoIpaMMe TRACE-3D .. 

I.1JIOCKoCTb X ITnOCKOCTh Y 

/3, mlrad ex. /3, mlrad ex. 

CorJIaCOBaHHbIe 0.43299 -1.1304 0.43847 1.1525 

C BhIKJIIOtIeHHhlM 
6aIftlel'OM 

C 6aIRepOM npH TOKe 
40MA 

1.5763 -3.7780 0.17848 0.65011 
,-._---

0.396440.34083 -0.34507 0.70890 

.. 

TaOJIHQ8 5. IIapaMeTpbl nyqKa Ha Bblxo.n:e corrracy:IOm;ero KaHana, nonyqeH-

Hble no nporpaMMe PROTON npH Hanpll)l(eHHH Ha 6aHtIepe 0,469 MB. 

IInOCKOCTb X IIn.ocKoCTb Y 

/3, mlrad ex. (3, mlrad a 

C BbIKJIlOtleHHbIM 68.HQe

2 0M 
1.4781 -3.7341 0.16998 0.51267 
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B HOMHH8JILHOM peiKHMe 0.35915 -0.96077 0.39376 0.97890 

C 6alP1epOM rrpH TOKe 40 
MA 

0.40682 -0.25294 0.59054 0.28601 

TaOJJHna 6. llapaMeTpbl rryqKa B rrorrepe-cnIhIX rrJIOCKOCTHX Ha BXO,ll;e II BbIXO,ll;e 

CorJIacyromero KaHana rrpH HarrpSDKeHHH Ha 63.H'Iepe 0,570 MB H COrJIaCOBa-

HHH ,ll;IDI TOKa nytIKa 40 MA. 

IIrrOCKOCTb X I1nocKOCTL Y 

E,cmmrad {3, m1rad (l E, cmmrad ~, mlrad (l 

HaBXO,ll;e 

KaHana 
0.19653 0.10628 2.36.10.3 0.19687 0.31447 -5.25.10-3 

Ha BbIXO,ll;e 

KaHana 
0.20454 0.44732 -1.1403 0.20384 0.33138 0.74051 

KaK rrOK33LIBWOT nOJIyqeHHI>Ie pe3YJIhTaThI, POCT 3MHTI'aHCa B corJIa

CyromeM KaHane He3HaqHTeJIeH (~1 0%), npH pa,IUfyce arrepHypI>I 20 MM 

rroTepma 1 KpyIIHWI qaCTHll:a H3 5000 rrpH HarrpHJKeHHH Ha 6aaqepe 469 KB If 3 

H3 5000 - npH 570 :KIL K03<p<PHQlfeHT C)KaTIDI: 179=1,25 rrpH HarrpS)KeHHH Ha 

63.H'Iepe 570 KB. KaqeCTBeHHO H KOJIHlIeCTBeHHO rrOJIyqeHH.ble Ha BbIXo,ll;e rra

paMeTpbl rryqKa C xoporneH rrpaKTHlIeCKOH TOqaOCThIO BocrrpOH3BO,ll;jfT pe3YJI.b

TaTLI rrporpaMMLI TRACE-3D B pe)KHMe COOTBeTCTBHS .1le<pOKyCHpOBKH B 6aH

qepe H CBH,ll;eTeJILCTByIOT 0 He3H811HTeJI.bHOM BJIMHHH KyJIOHOBCKHX 3<p<peKTOB 

Ha rrorrepeqHOe ,ll;BIDKeHHe qacTHIJ; H 3aMeTHOM BJIHSHHH Ha IIpo,ll;OJILHOe ,ll;BH

)KeHHe. 

CTPYKTYPHaJI exeM8 4 KB8APynOn.R + 6aH'tep + 3 
KBSAPynon.R 

OrCYTCTBHe KpOCCOBepa rryqKa B 6auqepe B pacCMOTpeHHOH cxeMe MO

)KeT OCJIO:>KHHTL KOHCTpYKQHIO 6aaqepa B qaCTH YBeJIHqeHHS anePTYPLI. B CB.H

3H C 3THM A.A.KoJIoMHihJ;eM I1peWIO:>KeHa CTPYKTYPHWI cxeMa 4 KB8,l(pyrroIDI + 
63.H'Iep + 3 KBa.ztpynoIDI, B KOTOPOH rrepBLIe 4 KBa,n;pyrrOIDI 06eCnellHBaJOT 

KpoccoBep B 63.H'Iepe H, B COBOKyrrHOCTH C nOCJIe,nyroIIJ;HMH 3 KB8,ll;pyrrOIDIMH, 

Ha,zmeiKaIIJ;ee COrJIaCOBaHHe rryqKa. HaJIHlIHe KpoccoBepa B 6aaqepe TaJOKe no

3BOIDIeT rrpHMeHHTh Y,ll;BOeHHe pa60qeii qaCTOTbl. Pe3YJILTaTLI aHanOrHtffi.LIX 

pacllthoB AJUI 3TOH cxeMbI rrpH TOB iKe qaCTOTe Bq rrOIDI B 6aaqepe rrpe,n;cTaB
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neHhI Ha PBc.28 - PHc.31 H B Ta6.JIHl(ax 7 - 8. 06mruI ,nmma KaHana COCT8.BJlSI

eT~1720MM. 

!QK AT liEI.2w 21 

.. 


TafiJ1Bua 7. ITapaMeTpLI nyqKa Ha BbIXO,l(e cornac)'lOmero KaHana.. 

IIrrOCKOCTb X IlrrOCKOCTb Y 

~, mlrad a. 13, mlrad a. 

CornaCOBaHHble 0.43299 -1.1304 0.43847 1.1525 

C BhlKJIIOQeHHbIM 6aH
QepOM 

0.45702 -1.0897 0.38141 0.59287 

C 6~epoM npH TOKe 
40MA 

0.66626 -2.1540 1.4677 2.7698 

H A 0.0000 B- 0.12311 
V A' G.OOQO IJa ~.1531' 

20.000 m X 100.000 mrad 

90.000 /JI>9 x 4000.00 1:4rV 

20.00 ... (Holi., 

I- O.ow. 
w 41.0700 11. 

~rw: 1Urr' 34 
EMIT<F 3:i;15 134 

21 
PRIl!!OUT V. 

PP PI: VAWE 
,"TCI!ING TYPE - 9 

DESIRED VAWES IBEAIIF) 

-f~ml 
1.1S25 

• 0.0000 
KATCH VARlAIll.ES 

IIPP IlPi 
I 12 -23. 
1 15 0.46284 
1 18 -11.00022 
1 21 31.16049 

I U i~Um! 

Om 
4.00 
LOO 

90.000 /JI>9 X 4000.00 teV 

26 

PHc.28. Pe3YllbmambZ OnmUMU3allUU KaHaJla OM CxeMbZ 4 K6QOpynOJ1Jl. + 6aH"I.ep 

+ 3 KsaopynoM co WmamHblM Hanp.H:JICeHUeM 6 6aHliepe npu mOKe ny"l.Ka 0MA. 

http:6aH"I.ep
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I- O.OmA 

W· 41.0100 47.0100 MeV 
FRECi'" 81.36M11z 1ilJr3684. 76mm 

34.515 34.515 29644.00 
34.515 34.,15 29644.00 
Hl~ 1 H2- 27 
PRINTOUT VALUES 

PP PE VALUE 
MATCHING TYPE - 9 

DESIRED VA!.lffiS (BEllM,) 

x -t:m4 
i U~g5
KATCH vru>.IAIlLtS (NC~6l 

MPP lIFE VALUE 
1 12 -23.11880 
1 IS 0.00046 
1 18 -11.00022 
1 21 31.16049 
1 24 -20.31181 
1 26 150.34212 

20.00 II1t1 lRoxiz) 

EMITI
F.IIITtF 

ad 
~------+-------~ 

26 

1enqtb: 1110.34& 

PHc.29. Pe3Yllbmambl paCllem06 iJUHaMUKU nyllKa 6 cxeMe 4 K6aiJpynOJUl + 6aH

llep + 3 K6aiJpynOJUl C BblKJllOlleHHblM 6aHllepOM npu mOKe nyllKa 0 MA. 
I~ 40.DmA 

W· 41.0100 41.0100 !leV 
FREQ~ 8L36l11!z WJ..-36U.16mm 

~iiA: u:m ~1:m ~~~~::gg
111. 1 112- 21 
PlUlI'l'Oll'I' VALUES 

1engtb- 1110.34mm 

90.000 Dog 

PI' PE VALUE 
IIA!(:HIIIG TYPE· 9 

DESIRED VALUES IBlWIF) 

x -t:~~S4 ~~30 
y 1.1525 0.4385 
• 0.0000 0.0085 
!lATCH VAlUABLES INC-G)

!lfP lIPS VALUE 
1 12 -23.11880 
1 IS 0.46284 
1 18 -17.00022 
1 21 31.16049 
1 24 -20.31181 
1 26 150.J4212 

CODE: TIW:EJD v661 
FII.!: 1APE30.tJd 
DATE: 02113/2004
TIllE: 10:43: 12 

PHc.30. Pe3)'llbmambl paCllemOB iJUHaMUKU nyllKa 6 CXe.Me 4 K6aiJpynOJUl + 6aH

llep + 3 K6aiJpynOJUl co w.mamHblM HanpR:JICeHUeM B 6aHllepe npu mOKe nyllKa 

40MA. 

http:29644.00
http:29644.00


30 

1= 40.0IIlA 

R ~= 
V it 

0.0000 
C.(h:jI)O 

lI= 41,0100 41.0700 HeV 
FREiF 91.361!Hz on... 

ElUTI l'.$l~ 31.51 .00 
EIIITO= 34.S15 

111
J4.~1 

1 M2 
,00 

PRIlI'l'OUT VRotS 
PP FE VALUE 

KATeHlNG TYPE c 9 
OESlREO VALUES (BEAIIFl 

x -i:~~g4 ~~~~30 
r t:~~~ ~:m~ 
Ml\TeH VARIAilLES (NC-6) 

!!FP !!FE 

1 12 -2S. 

1 15 0, 

1 18 -20. 

1 21 30. 

1 24 -23. 

1 26 156. 

COD&: 6L 
FILE: D. 4'TlUICE-lD\TAPE30.tJd 
WE: 02 

UII£: 10 


100,000 • ad 

4000.00 k V 

26 
.-_ ... ",-

Lanqth~ 17H.69mm 

Puc.31. Pe3Yllbmambl onmUMU3alluu cOZllacJ'1OUle20 1<aHaJla 8 CXeMe 41<6aopy

nOM + 6aHllep + 3 K8aopynoM npu m01<e ny'-l1<a 40.MA. 

TaoJlu..a 8. IIapaMe'Iphl KBa.zq>ynoneif H 3cpcpeKTHBHoe Harrp'[)J(:eHHe B 6aFft1epe 

(Eo1L, MB) no pe3YJI.&TaTaM OIITHMH3artHH )l;IDI cxeM.&I KaHana 

4 KBa.n:pynolliI + 6aFft1ep + .3 KBa,npynoIDI. 

KBa,npynon.& I 2 3 4 5 6 7 DaFftIep 

):VmHa, (eM) 15 15 15 15 15 I 15 15 10 

rpa.,z:t;HeHT, 
(TnlM),z:t;JUI 
TOKaO MA 

16.61 ·33.61 33.19 -23.18 -17.00 31.16 -20.38 0.457 

rpa.z:t:HeHT, 

(TnlM) )l;J1JI 
TOKa40MA 

16.61 -33.61 33.19 -25.28 -20.87 30.06 -23.11 0.545 

.. 
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CTPYKTYPHaR cxeMa 3 KBaAPynonSi + 6aH"Iep + 3 

KBa.QpynonSi 


Pe3ynLTaTbI pacqeTOB .ll)UI cxeMhl 3 KBa.npynoIDI + 6aHQep + 3 

KBa,npynoIDI rrpH TOH >Ke qaCTOTe Bq nOIDI B 6aHQepe npe,n;CTaBneHbI Ha PHc.32 

- PHc.35 H B Ta6JIHlI.ax 9 - 10. 06mruI )J,JlHHa KaHaJla COCTaBIDIeT ~1810 MM. 

MeHLwee qHcno KBa,npynoJIeii no CpaBHeHHIO Cnpe.lUd,rr;yID.eH cxeMOH HeCKonL

KO o6nerqaeT HacrpOHKY cornacYJOmero KaHaJla. I1epe,n; 6aaQepOM npe.nyCMoT

peH .n;peii$OBLrli npOMe:acyrOK ,l(M p83MemeHIDI YCTpOHCTB MeTpHKH nyqKa. 

Ta6J1H~a 9. I1apaMeTpbI nyq:Ka Ha BhlXo,ne corJIac)'IOm;ero KaHaJla. 

IIrrOCKOCTb X IIrrOCKocTL YI 
/3, mlrad /3, mlrada. a. 

CorJIaCOBaHHble 0.43299 -1.1304 0.43847 1.1525 

C BbIKJIIOqeHHbIM 6aH 0.49016 -1.1954 0.712740.42481 
qepoM 

C 6alfCIepoM npH TOKe 0.41601 -1.1022 0.89774 3.1798 
40MA I 

CODE: 6J. 
FlJ.;;;b: .""JOlrAl'EJO.tJd 

~;tt :1 

9<1.0001)09 X '~.OOk.V 

20.00 ., (Horb) 

PHc..32. Pe3)'llbmambl OnmUMU3a1,jUU KaH(lJla dJlR CXeMbl 3 K6adpynOJlJl + 6aw-lep 

+ 3 K6adpynOf1.R co ZUmamHblM HanpJl:JlCeHUeM 6 6aH'l.epe npu mOKe nyttKa 0 MA. 

http:npe.lUd,rr;yID.eH
http:Ta6JIHlI.ax
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Z ~. 

_AT"","l· 

i).\,:.{:¢O 

.. 0.12371 
F" i",3.''';:'ll 

U1II1I1) 

-1~ng4 be". G.OlD 
Y 1.1S2~ O.UIS 
• 1.0000 
IIMOI 'IUUIW 

MPPllI'£ 
I , U. 
1 13 -ItI I'1 10 
1 2l -10. 
1 24 1M. 

coot::=; liLOM_defO.u.! 
TH: :10 

20.000 ... x 100.000 ... 

21. ' ••~l9 ;,... '.U'f.a!-v~ 

90.001 k<I X IGoo.OO taV 

.. 

Puc.33. Pe3YJIbTaThI paCqerOB ,lJ;lIHaMHKH nyqKa B cxeMe 3 KBa.n;pynOJU[ + 6aH

qep + 3 KBa.n.pynoJUI CBhIKJIK)qeHHbIM 6aifqepoM npH TOKe nyqKa 0 MA. 

Puc.34. Pe3)JJlbmambl paCllem06 OUHaMUKU nyllKa 6 CXe.Me 3 K6aopynOJlJl + 6aH

llep + 3 K8aopynOJ1Jl co UlmammHM HanpJI:JICeHUe.M 6 6aHII,epe npu mOKe nYII,Ka 

40MA. 
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I~ 40.0r0A 

\I- 47 • 0100 47.0100 HeV 
FREQ- U1.361!!lz 1IL-3684.76m 

EMIT!" 34.515 34.S1~ 296B.OO 
EIIITiF 34.515 34.515 29644.00 

Nl~ 1 N2~ 25 
PIUNTOOT VAWtS 

PP PE WJ,OE 
MM'ClIING TYPE. 9 

DESIRED VALUES [BEJlMF) 

x -f~f3g4 ~:~330 
y 1.1525 0.4385 
z 0.0000 0.008'; 
Ml\TCH VJ\lW\BL£S [HC·6)

HPP MPE VALlIE 
1 9 21.48322 
1 13 0.53118 
1 16 -27 .86176 
1 19 36.03325 
1 22 -36.18136 
1 24 163.44489 

90.000 ~g 

20.00 mm (Ilcri?) 

Puc.35. Pe3Yllbmambl OnmUMU3alfuu C02JlaCYlOU/ezo KaHana B CXeMe 3 KBaiJpy

nOM + 6aHllep + 3 KBaiJpynOll.R npu mOKe nyllKa 40 MA. 

TaoJlul(a 10. IlapaMeTpbI KBa,zwyrroneH H3<il<ileKTHBHoe Hanpg)l(eHI.Ie B 6aH

qepe (EoTL, MB) rro pe3ynbTaTaM OrrTHMH3an;IDI ,nIDI cxeMbI KaHana 3 

KBalJ.pyrroIDI + 6aJ{qep + .3 KBa,npyrroIDI. 

KBa,npyrrOJIb 1 2 3 4 
! 

5 6 EaHqep 

,LVrHHa, (CM) 15 15 15 15 15 15 10 

rp8,[(HeHT, 
(TnlM) ,l.\IDI 1'0

Ka 0 MA 
38.01 -33.22 26.18 -13.82 28.74 ·20.46 0.457 

rpa,nHeHT, 
(TrrlM) ,nng 1'0

Ka40MA 

38.01 -33.22 27.48 -27.87 36.03 -36.18 0.531 

KaK Cne,l.\yeT H3 rronyqeHHblx pe3YJlbTaTOB, paccMoTpeHHble BapHaHTbl 

KOMrrOHOBKH eornaeyroII(ero KaHana rrpH pa.nHYce arrepTYpbl 2,0 eM 06eerreqH

http:29644.00
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B8lOT npoXO~eH"e nY1:J:Ka B npe,lleJIax 2/3 anepTYIlhl, 1:J:TO He npeBbIwaeT 1,4 

CM. 3T0 .llOCTHraeTCIi 01:J:eHI> 6JIH3KHM paCnOJIO>KeHHeM ~JIeMeHTOB Ha KOPOTKOH 

,u;:JIHRe KaHMa H Tpe6yer nOBI>IIlleHHoro BHHMaHIDI K KOHCTpyHPOBaHBIO KB8,IJ;

pynoneH H 68JIlfepa. Up" 3THX ycnoBIDIX B Pa3JIH"tfBJdX sapHaBTax paCCMOTpeH

HhlX CTpYKTYPHI>IX cxeM )lJlHHa COf'JIacyromero KaHalIa HaXO,llHTC.Jl B ,llHana30He 

01' ~1,2 .ll0 ~2,4 M. Up" YCT8.HOBKe B KaHane YCTpOHCTB Me'lpHKH nytIK8, ,llJIHHY 

cornacyrom.ero KaHaJIa -rpe6yeTClI YBeJIH1:J:HTb (,0:0 ~3 M). B CB1I3H C KOPOTKOH 

,llJIHHOH cryCTKa Ha BI>IXO,lle IIOKcI> peKOMeH,llyeTCIi npHMeHeHHe 6aH1:J:epa Ha 

y,llBoeBBOH qacToTe Bq nOJIll •• no .n;aHHblM nporpaM.Mhl TRACE-3D cxeMa 2 

KBa.LlPynOJIJI+ 1 6aHqep +2 KSa,llpyrroJIJI o6JIa):(aeT HeCKOJIbKO 60JILWeH qYBCTBH

TeJIhHOCThlO K .n.eq,oK)'cHpyrom;eMY .lleHCTBHlO 6alNepa H MeHl>meH K K)'JIOHOB

CKHM 3CPq.eKTaM no cpaBHemno C ,llByMSI ,llpyrHMH. B1IIDIHHe KYJIOHOBCKHX 3tP

cpeKTOB B 3TOH C>KeMe no .uaHHhIM qHCJIeHHOrO Mo.n;eIDlpOBaHHJl MeTo.n;OM Kpyn

HhlX qaCTHIl; no nporpaMMe PROTON Ha nonepe1:J:HYIO ,llHHaMKKY TaIO:Ke Hese

JrnKO (poCT Cpe,ltHeKaa.a;paTIflIeCKoro HOPMaJIH30BaHHoro 3MHTl'8.HCa B npe,lleJIax 

100/0). CxeMa 4 KBa,o:pynoJIll+l 6aH1Jep +3 KBa.npynOJIll 06ecne1:J:HBaeT HaH

MeHbmHii PB..llHYc nytIKa B KaHane, 06JIa,llaeT MeHl>WeH -qyBCTBHTeJII>HOCTblO K 

tleCPOICYCHpyrom;eMY rreHCTBHIO 6aHlJepa H HaH60JIbmeH no OTHoIIIeHmo K KY

JIOHOBCKHM 3cpcpeKTaM no .llaHHbIM nporpBMMbl TRACE-3D. CTPYKTYPHaJI. cxe

Ma 4 K.Ba.npynOJIJI+1 6aaqep +3 KBa.npynoJIJI 06na.naen HaH60nee c6anaHcHpo

-BaHROH 1:!)'BCTBHTeJIbHOCTbIO K .n.ecpOK)'cHpyrom.eM}' .n;eHCTBBlO 6aHlfepa H BJIHJI

HmO KyJIOHOBCKHX 3«pq.eKTOB, HO Tpe6yer HeCKOJIbKO 60JIbIDHX rpaJUieHTOB 

MarHHTHOrO nOJIlI B KBa,l(pynoJlJlX. K03<P$HIJ;HeHT C>KaTH1l CryCTKOB no <pa3aM, 

onpe.lleJIeHHIdH no IIpoIpaMMe PROTON, xopowC! BOCnpOH3BO)UfT ,lJ.aHHbIe on

mMH3aI.UJH no nporpaMMe TRACE-3D 6e3 yqtsTa K)'JIOHOBCKHX 3<PcPeKTOB. B 

CBlI3H C oc06eHHocTJIMH yqern .n;ecPOKyCHp)'lOm.ero ,o:eHCTBHJI 6aH1:J:epa B npo

rpaMMe TRACE-3D c,neJIaHHLle BbIBO.,l(bI )lBJI1llOTCR npe.n;sapHTeJIbHbIMH, a no

nyqeHHhle pe3YJIhTaThI T}Je6yroT HeKoTOpoii KOppeKQHH C yqtsTOM peam.HbIX 

pacnpe.n;eJIeHHii nOJIen B 3JIeMeHTax KaHana. B CBH3H C 3THM CT8.HOBHTCX a.KT}'

aJIbHOH pa3pa60TKa OlITHMH3Hpyrom.eii nporpaMMbI MIl paCliem cOrJIacyroIllHx 

KaHallOB C yqe-rOM peanbHbIX pacnpe.n;eneHHH YCKOPRIOm.e-CP0KyCHpyrom.HX no

JIeB. UpOBe.n;eHHaJI. Mo.n.epHH3aUIDI nporpaMMbI ABC H ycnenrnoe BKJIIOlIeHHe B 

:ny nporpaMM)' OIITHMH3HpyromeH MaTeMaTWlecKoH nporpaMMbI l\1INUIT .ne

http:YCKOPRIOm.e-CP0KyCHpyrom.HX
http:HaXO,llHTC.Jl
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JIalOT B03MO.iKHbIM pa3BHTHe ABC ,I(IDI onmMH3aQHH KaHanOB C 3a,l{aHHeM pe

aJIbHLIX pacnpe~eJIeHIDI nOJIeH H ~eTOM KYJIOHOBCKoro rrOIDI ~Ka. B 3aKJ11O

-qeHHe BhlpIDKaIO 6narO,ll;apHOCTH A.A.KonoMHHuy H C.A.BhlCOQKOMY 3a no

JIe3Hhle 06Cy.>K,ZJ;eHIDI H npe,lVlox<eHIDI no y~meHHlO CTpYKTYpHOH cxeMhl co· 

fJIacyrow:ero KaHana, B.M.IIepillHHY 3a CO,ll;eHCTBHe B pa60re. 
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