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PAC4ET nOBOPOTHOrO 110HOnpOBOllA YCKOPHTEJIfl II1CTPA-36": npenpHHT 
l1Ta~ 39-98/ 

C.A.B~cO~KH~,AoA.KonOMHe~,CoroflpaM~weB- Mo. r998 - 16c. 

IIpHBe.neH IIOCJIe~oBare.m.HbIH pacqer <pM3H'IecKHX rrapaMeTpOB rrOBOpOTIiOro ~ 

IIOOBOJUIIOmero TJUlHcnopntpOBaTb nyqOK yCKOpeHHblX npOTOHOB C O.lUloro 3TaJKa 3.naHIUI Ha 
,zq>yroH. AOCTHrHYTO CIfiDKeHHe poCTa 3MJITfaHca rryqxa B KaHane B pe3YJIbTa-re 
COBepmeHCTBOBaHHlI OrrnRecKOH cxeMhI KaHana H p83BHTIDI MeTO,llHKH pacqera. 

Visotskiy S.A., Kolomi~ A.A.~ Yaramishev,S.G. The calculation of the turn canal 
of the accelerator Istra-36. 

It have been brought sequential calculation physical parameter of the turning canal., 
allowing transfer beam of accelerated protons from one floor to another of the house. It have 
been overreached decline of growth of the emittance of the beam in the canal as a result of the 
elaboration of the optical schema ofthe canal and development ofthe method of the calculation, 

PHC. - 12, cnHCOK RHT. - 9 HaHM. 

® HHOT.BTYT TeOpeTBqeOKOI B BIConep~MeH'llaJIbBOi ~.H3iurn. 1998 



B I1T3<1> Be.nyrcH pa60ThI no C03,namno HeHTpOHHOrO reHepaTopa [1]. B 
KaqeCTBepa .apaimepa npe,lUlOnaraerc» HCnOJIb30BaTb cymecTByIOII.J;Hi:i JUmeHHblH 
yCKoplITeJIb npOTOHOB "HcTpa-36" [2,3]. CxeMa yCKopHTeIDI npHBe.neHa Ha pHC.I. 
llyqoI< C 3HeprHeH 36 M3B npeLUIOJlaraerCH HanpaBJIHTb Ha 6epHJIJlHeByro MHllIeHL, 
paCnOJIOiKeHHylO B :u;eHTPe cy6KpHlWIeCKOH peaKTopHoii C60pKH. 
TIpe.l(yCMaTpHBaerc» B03MO)KHOCTh BbIBo.na rryqKa C 3HeprHeii 36, 10 H 3 M3B AlUI 

Hapa60TKH PaMOHyKJlH)l.OB, npOH3Bo.ncrna 3MHTrePOB, ,LI)IJl TOMorpa(lnIH, 
npoBe~eHIDI 3JleMeHTHOro 3KTHBalt,llOHHOrO aHaJIH3a, 3KcnepHMeHTaJIbHOrO 

o6nyqeHHH MaTepuanOB H H3.ZJ;eJIHi:i. 

90 keV 3 MeV 10 MeV 36 MeV 

• 12m 

~ Y<C~!IZ=1 DTL.Z I1: 
1=148.5 MHz 1=297 MHz j:J 

Puc. 1. CxeMa yCKopHTelDl ''HC1pa-36'' (IS - HCTO'IHHK npOTOHOB, RFQ - yCKopHTe.JlbHaJI ceKURll c 
nOKcfJ, DTL-I H DTL-2- yCKopHTeJlbHblO ceKIVIH c nponenn.rMJI 'lpy6K3MH AJrbBape~a, f - 'lacrora Bq 
Kone6aHIrii). 

B npoeKTe HeiITpoHHoro reHeparopa npe.llYcMa1:pHBaerc» nepeMemeHHe 
yCKOp.HTeJI» B 3,naHHe peaKTopa. Pa3Mepbl nOMemeHIDl He Il03BOIDIIOT YCTaHOBHTb 
yCKOpHTeJlb Ha O,nHOM 3T3)f(e, n03TOMY npe.zmO)KeHa cxeMa (puc.2) pa3MemeHIDI 
)'3JIOB yCKOpHTeruI Ha .nByx 3TaiKaX Kopnyca. Ha nepBOM 3TIDKe npe.zmonaraeTCH 
yCTaHOBHTb HCroqHBK HOHOB, YCKOpHTenbHbleCeKlUlH c IIOK<l> H AnbBapeua 
(DTL-l). Ha BropOM 3TaiKe 6y,l(eT YCTaHOBJIeHa YKOPHTeJIbHB» ceKI(HH DTL-2. ,l{mI 
TpaHCIIOpTHpOBKH yCKOpeHHbIX qacTKQ Me~ ceKUIDIMH DTL-l H DTL-2 

TPe6yeTC.SI C03.llaHHe KaHana, 06ecnelfilB3IOm;ero nOBopoT nyllKa B BepTHKaJThHO:H: 
IUIOCKOCTH Ha 1800 

. B03MOJKHOCTh nepeBo.aa nyqKa C 3TIDKa Ha 3Ta)K 6e3 
cymeCTBeHHLlx nOTepb qaCTHIl H 3HaqJfTeJlhHOrO yxy,zvneHWI <PaJOBLIX 
xapaKTepnCTHK rryqxa HBJIHeTCg OCHOBHbIM ycnoBHeM oC)'lI(eCTBHMOCTH npoeKTa B 
ueJIOM. 

3a.naQeii ,l(aHlIOH pa60ThI 6bIJIO: HCCJIe.llOBaTb B03MOiKHOCTh C03.ll3.HIDI 
nOBOpOTHOrO KaHana C l'pe6yeMbIMH l'p8HCnOpTHblMH Xapa.KTepHCTHKaMH, 
pa.3pa60TaTh KOHCTpyKlUllO KaHana. 



B HCXO,l(HOH CXeMe nOCTpoeHIDI JIY npe~CMaTpHBa.rrOCh, TJTO pe30HaTOp 

DTL-2 CJTeAYeT 3a DTL-I C MHHHMaJThHO B03MOJKJUdM no TeXHOJIOJ'Hq"ecKHM 

coo6pIDKeHIDIM 3a30pOM. 3'ro 03HaQaer. lITO nepexo,n nytiKa H3 OJUIoro pe30Haropa 

B .n:pyrOH npOHCXO,lUIT fie3 1'ICn0JTh30Ba.BIDI KaKoro--JIH.6o corJIacYIOmero KaHana 1'1 

6e3 cym;eCTBeHHoro B3MeHeHIDI napaMerpoB nyqKa BBB.nY MaJIOCT.H yqaCTKa 

JWeHcPa MeX<)Jy pe30HaTOpaMH. Ilo3TOMy Ha HaQaJThHOM 3TalIe npoe.I<THP0BaHIDl 

KaHana 6LlJIa nOCT3BJIeHa 3a,naQa pa3J>300T1Gl KOHCTPyImHH KaH~ n03BOJUlIOm;erO 

nepeBO,l\lITL napaMeTpbl nyqKa Ha BhIXo.ne DTL-l .B CaMHX ce6R Ha Bxo.ne DTL-2, 
TO-eCTh MaTPHIJ:a nepexo,na KaHana .n;oJDICHa PaBIDIThCH 1. 

M3 Teopim R:3BeCTHO. lITO OIJTHl{eCKHe CHCTeMfJ C 3ePKaJI:bHO 

2Fl.OOR DTL-2 

z 
§ 
t

1 FLOOR DTL-f 

PRe. 2. Cxm.sa pa:we~eHIDl YCKopHTeIDI ''HC1Pa-36'' B 3AAHHH peaKTOp8 (1 FLOOR H 2 FLOOR 
nepnIii H BTOpOH :fi8)KH KOpnyca. TURN - KaHan lpaHcnopmpOBKH ny"IKa). 

CHMMerpH'lHhlM pacnOJIO)f(eHHeM oIJTHtlecKHX 3JIeMeHrOB n03BOID1IOT DOJIyqItTh 

-rpe6yeMMe TpaHcDoprmne xapmcrepHCTHKH [4]. PacqeTbi. BhlDOJlHeHHhIe C 

HCnOJIh30B3.IIHeM oIlTIIMH3HpYIOm.eK nporpaMMhI MIRKO• .naJIlil B03MO>KHOCTh 

onpe.n;emrrL COCTaB Hcnom,3yeMldx OIJTIl1{ecKHX 3JIeMeHTOB H HX nOJIO)l(eHHe B 

KaHaJIe. Ha pHC. 3 nOK333Ha KOHClpynJ;IDI nOOOpOTIlOrO 1QlHaJIa, B Ta6JI. 1 
npHBe,IJ,eHhI ero BIDKHeiinme $H3HIJecKHe napaMeTphl. 

KamUl: noBOpoTa nyqKa COCTOBT H3 qeTblpex ~JIeroB KB3,lq)ynOJIbHhlX 

1IBH3 qlq2. q3q4. q5q6, q7q8 H nOBopoTHLIX MarHHTOB bI, b2 co CKOCaMH el-e4. B 
reoMeTpmecKoM .. n;empe KaHaJIa pacnOJImKeH 6a.J1qep C Jl:BywI yCKOpmolI{HMH 

npoMeX<yfK3.MB gl,g2. tJ;y6JIeTbI KBa.z:q>ynOJThHhIX JlHH3 qlq2 H q3q4 <flopMHPYIDT 

nyqOK B IIJIOCKQCTB CBMMe1pHH KaHana, npoxo,lVIlI{eii Qepe3 n;emp .zq>eH<jx>BOro 
npoMe)K)'TKa d7. CHMMerpIDI KaHana npe).J;IIoJIaraer HaJIHlIHe KpOccoBepa B nOB 

TOlIKe. J(y6JleTbI KBa.n;pynOJIbHbIX Jllffi3 q5q6 H q7q8 n03BOIDllOT c<flOIcyCHpOBaTh 

nyqOK Ha BbIXO,lle H3 KaHana. Marmm.I b1, b2 o6ecneIJIfBaIOT nOBopoT IIyIJKa Ha 

1800
. baHIlep cJIY)KIIT JVIJI corJIaCOBaHIDI npO.n;OJThHbIX rPa30BLIX xapmcrepHCTHK 

nyqKa Ha Bxo.n;e H BbIxo.n;e KaHana. 
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PIle 3. CxeMa nOBOpOTHoro KaHalla. 

Ta6mw.a I. napaMerpw nOBopTHOrO kaHana 

~ 3neM. 
0603Ha"le
nMe 
3JIeMeHTa 

HaHMeHOBaHHe 3JIeMeJITa llapaMeTpbI Anep-

TYPa 
(MM) 

1,29 dl lb>eiil»oBblii rrpoMeX<YT0K L*=600 
2,4,10,12,18 
20,26,28 

q1- q8 KBa,zwynOJlbHaJI JIHH3a L*=200 70 

3,27 d2,dI2 ,I.(peii$oBhIH npoMe:JKVTOK L*=ISO 
5,25 d3 7 dll .D;peii$OBbIit npoMe)J(yToK L*=650 

6,22 el,e3 Bxo.ll B ManDIT Cxoc noJDOca 30u 56xl50 
7,23 bl,b2 nOBQpoTHhlA Ma.rH1IT YroJI nOBopoTa - 9Ou 

• 

Pa,llHYC noBOJ)OTa -SOOMM 
56xl50 

8,24 e2,e4 BblXo,n H3 MarHHTa eKOC noJDQCa - 30° 56x150 
9,21 d4,dl0 .llpeii<!lOBbIii Ill)OMe)I(yTQK L*=400 
11,19 d5,d9 ,l{peH<IJoBbIH npoMeJKyroK L*=250 
13,17 d6,d8 llPeAd>oBbIH npoMC)KyTOK L*=226.5 
14,16 gl,g2 Y CKOPmolIlHH 3330P L*=38,5 50 
15. d7 )lpeii(boBhlH npOMeX<YTOJ< L*=147 
* - ,nmma 3neMeHTa no xony ~a (MM) 
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J(mI paClJeTa rp3,ll;HeHTOB MarHBTHhIX nOJIeH B KB8,llpynOJILHbIX JIHH3aX H 

HaIlpJDI(eHHOCTH 3JIe.lClpHIleCKOrO nOIDI B 3a30pax 6aHlJepa HaM 6bIJIH )l,OCIyIIHlJI 

oIlTHMB3HpYlOmHe nporpaMMbJ TRANSPORT, GrOSp, TRACE 3-D, PREINJ [5]. 
B Pe3YJlbTaTe conOCTaBJleHIDI <Pym<IUilOHaJIbHbIX B03MO)I(HOCTeH 3THX nporpaMM 
AIDI paClJen>B 6LIJIa BhI6paHa nporpaMMa TRACE 3-D [6]. 3Ta nporpaMMa C 1973 
rO)l.a nOCJIe cepHH pe,llaICQHii npeBpaTHJIacb B xopomo OTJIIDKeJmYIO H 
npoBepeHHylO B pJl):\e pa3pa60TOK HHTepaKTHBH)'IO nporpaMMy, II03BOJUIIOJIlYIO B 

paMKaX npHIDlThlX npH6.JIIDKemm MO.Ilemt.poBaTb -rpeXMepHble nyqKH C yqeroM 
npOCTpaHCmeHHOro 33pJl):\a. 

Ha pHC. 4 .IrOKa3aHbJ om6arom:n:e nyqKa B Tpex WIOCKOcrJIX (x,y,z), 
nonyqeHHhle )l,illl TOKa nyqKa 0.0 H 100.0 MA. B paclieTax C HYJIeBhIM TOKOM 

HCII0JIL30BaHld napaMe1phI CorJIacoBaHHorO nyqxa [7] Ha BhIxo.u;e ce.KqHH DTL-I 
npe.u;OCTaBJIeHHLIe A.M. Earra6HHhIM (Ta6». 2). B pacqe-rax, BhIIJOJIHeHHbIX .lJim 
IIylIKa C TOKOM 100 MA, IIoIIepe"lffibm 3MHTI'8.HC tx, Ey yneJIH1IeH Ha 25%. 

Heo6xorowo OTMeTHTb, 'ITO nporpaMM.a Trace 3-D II03BOJISIeT npOBO)l;HTb 

Ta6mma2. IIalpaMeTPbl nyqKa H8 BblXOAe pe30HaTOpa DTL-l. 
3HeprIDl ny'IKa W(M3B) 10.27 
TIap8MeTpbl 3JUnmca, ex( MM MPa.n) 13.63 
npe.llCT3BJUIIOlI{ero 3MJrITaHC ax 0.00 
n~ B ropmOlff8JIbHOH 

IIJIOCKOCTH 
J3x (MeTp/pa,I4), 0.2900 

IlapaMtrrpbI :mJIHnca, Ey( MMMP8A) 13.63 
npeACT8BJUIIOmero 3MHITaHC ay 0.00 
nyqK8 B Bepnnca.lIbHOH 

IIJIOCKOCTH 
fly (MeTp/pap;) 0.6340 

TIaPaMeI'pbI3JIJlHnca, ~ ( rpap; K3B) 3317.00 
npe,llCTaBmlIOm:ero 3MH'IT8HC <Xqt 0.00 
nyqxa B rrpoAonbHoH 

nnOCKOC1lI 
{l.p (rpa,I4 / K3B ) 0.0272 

BhJ1mCJleHIDI TOJIDKO C MarHBTaMH, nOBOpalJHB3lOIQHMH nyqOK B rOpH30HTaJIbHOii 

DJIOCKOCTH, II03TOMy Beeb KaHan noBCpHYT Ha 90°, COOTBeTCTBeHHO H3MeHeHbI 

3HaKH IIOIDI B KBa.,lq>yrIOJIDHbIX JIHH3ax.. Bo H36e)KaHHe OIIIH60x B ,lJ,aJlbHe:mneM, 

ycrrOBJIeHO, 'ITO BO BceM yCKOpHTene IIylIOK HMeeT HaH60JIbIIIHe 3HalJeHIDI 

napaMeTPa ~ B I1JIOCKOCl'K llOBOpoTa. 

nporpaMMa Trace 3-D D03BOIDIeT O)l,HOBpeMemlO ODTHMH3HpOBaTL meCTb 

He3~HcHMbIXnapaMeTP0B. B HameM cnyqae TPe60BaJIocb pacclIHTaTh rpaJI,HeBThI 

MarHHTHOrO nOIDI B BOCLMH JIHH3ax H HaIlpIDId!HHOCTH 3J1eKTI1HlJeCKOrO llOIDl B 

JJ:BYX 3330Pax 6aHl1epa - BCero 10 IIapaMeTpoB. Il03TOMY, WUI Toro lJT06hI 

corJtaCOBaTh KOJIHqeCTBO OIITHMH3HpyeMbIX rrapaMerpoB C B03MO)J(l{OCTniH 

npOrpaMMbI, paclJeT 6bIJI BbIllOJIHeH B )l,Ba 3TaIIa. Ha IIepBoM naIIe 6LIJIH 

onpe,lJ,eJIeHLI rp3,ll;HelITbI nOIDI B KBa,lI.pYIIOJIbHbIX JIHH3ax qI- q4, II03Bomnom.He 
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rrorryqHTb KpOCCOBep rryqx:a B :ueHTPe 6aHQepa. Ha BTOpOM 3T3.IIe, nyreM 
OIITHMBJaIlHH rpMHeHTOB MarmrrnOrO noJUI B JIHH3aX q5 - q8 H HarrpIDKeHHOCTH 

3JIeKTpHtleCKoro nOM B 3a30pax 6aHQepa gl, g2 ,l(OCTHI'aJIOCb COTJIaCOBaHHe 

napaMeTpOB nonepelffioro H npO,l(OJIbHOrO J(BIDKeHIDI nyqKa Ha BbIxo,ne 
nOBOpOTIlOro KaH3JIa C Ha'laJIbHbIMH ,lJ,aHHl:JMH (ra6n. 3). 

0 0 0°1 i b 0_0.27'9 r 

: ~ 

u 
00.000.0 dey x 500.0 I<.e> 

'!>O.C> "'... 100. -.:. 

• I 

. 

7'-0.22'" 1.712. zn 0_0272DO! .. b_ z CI""'- -o_01?~\b_ 0.0::2:55 

I t 
, I 

~ ~ 

r-__-----j:;---pt__
4 

• - ~-~c-:..._
~ II , II·• .\J 

1'00.0 -0 '" 000.0_ ~ 00-0 _9 ~; "'00.0_100.0 <0"9 X ~.O..... 

v 

07/16/"8 

PDe 4. Om6aIollUle nyqxa H npe){CTaBmllOIIlHe 3JInHIIChI Ha BXO,D;e H BhlXO,D;e KaHaJJa (H3OOpuceHhl 

cneBa H cnpaa PUcyHK3). DOJIyqCHlWe,IVDI H}'lIeBOro TOKa (CBepXy) H 100 MA (BHH3Y). 1- TOK II}"IK3. W
3ttepnu: CH8XpOHHOH' qa~ emiti H ernito - 3MHTraHC nyqK3 H8 BXO){e R BhIX.O,D;e H3 K3HaJJa, IX H ~ 

napaMeTphl 3nmmOOB, x,y;z. - OCR KoopJJ;BHaT. 

AHaJIH3 nonyqeHHbIX pe3YJThTaTOB nOKa3bIBaeT. qTO )I)IH rrytIKa C HYJIeBbIM 

TOKOM II paBHhIM 100 MA Ha6JIIO,naerc51 POCT 3MHTIaHCa B IDIOCKOCTH nOBOpOTa 

(xx') B ~ 3.5 pa3, IlpH coxpaHeHIDI nOCTOIDmOH BeJIHllHHbI 3MHTTaHCa BO BTOpOH 

nonepelffiOH IIJIOCKOCTH (yy'). K034>4>HU;HeHTbI 3J1JIHIICOB Ha BXO,lle H BbIXO,lJ,e 83 

KaHana 6JIH3KH no BeJ1HqHHe, O)lHaKO nOJIHoro COBnaJI,eHIDI ,lJ;OCTIITB)'Tb He YJI.aJlOCb. 
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TOJ( IJY'lIC3 O.OMA 100.0 M.A 
c()oKYCHpYJOT.I:UIH 
3neMeHT 

HanpnceBHe 
(0) 

fpaAHeHT nOIDl 
(TIM) 

HanplDlCeHHe 
(MB) 

fpaJJ;HeHT nOJUl 
(TIM) 

ql -4.5126314 -6.7334264 
a2 5.8851523 6.412n23 
a3 6.4937255 6.7063828 
a4 -1.7802272 -2.8577149 
05 -1.0560626 -2.5870565 
q6 5.7758818 6.3054298 
07 5.5522132 6.4616264 
q8 -3.8104806 -6.5112402 
gl 0.28031863 0.29070324 
~2 028031863 0.29070324 

TIonyqeHHLIe pe3YJThTaThl n03BOIDlIOT c.n:eJIaTh 3aKlllOqeHHe. lIT() 

npe.u.n01KeHHWI. KOHCTpy:KnIDI K3Hana .llaer B03MO)I{H0CTh B IIpUHIUUle peIII:lUb 

33,ll;aqy 'IpaHcnopmpOBKH nyqKa Me)J(Jly ceKI(IDIMH yCKOpHTeJUl. B TO )Ke BpeMJI 

1.pe6YIOTCJl AOnOJlllHTeJIbHhle yCH.JIIDI no COBepmeHCTBOB8.HHlO KOHCTPYKUHH 

nOBopomoro KaHana C neJIbIO CHH)I(eHIDI pOCTa 3MHTIaHCa, nOBblmeHIDI TO'lffiOCTH 

COrJIaCOBaHIDl 33,ll;aBaeMhIX <Pa30BbIX xapaKTepHCTHK IIyqKa. H nOJIYIfeHHLIX B 

pe3YJThTaTe OIITHMH3a.I(HH napaMerpoB Oll1WIecKHX 3JIeMeHTOB KaR8JIa. Tpe6yroT 

YTo"tfHeHIDI ,llaHllFde 0 4>330BhIX XapaKTepHCTHKaX nyqKa Ha B&IX0.lle ceKII.HH DTL-I 
H COrnaCOBa.HHbIX YCJlOBHJlX Ha Bxo,n:e DTL-2. 

Mo,n:eJIHpOBaHHe .llBIDKeHHJl nyqK3.. B yCKOplrreJIe OT HCrolffiHKa HOHOB ,ll,O 

BhIXO,na pe30Haropa DTL-I C nOMO~1O nporpaMMbI DINAMION [8] n03BOJIHJIO 

no.nyqHTh yroqReHHlaIe .llaHllFde 0 4Ja30BhIX xaPa.KTePHCTHKaX nyqKa Ha BhIXO,lle 

ceKI:UIH DTL-I, KOTopbIe IIpBBeneHhl B rn6JI. 4. HCnOJIb30B8.HbI o603:aaQeHIDl: part 
,per - TIHCJIO qacTHl{ H npOneHTId OT nOJlHoro lIHCJIa QaCTHIl; ewt, eons - 3M1fITaHC 

nyqKa~ xtm-, Ybar - KOOpJlHHaThI nelITpa nyqKa; a1p~ beta - K03~BIUleHThI 4>a30BblX 

3J1JIHIICOB. Ha pHC. 5 IlOK338.HbI 4m3oBhIe 3JlJIHIIChl, nonyqeHHble.nIDI 95 nponeHfOB 

'IaCTHIl nyqKa. 

C neJIblO yro'IHeHIDI corJIacoBaHBLIX yCJIOBHH .zuUI nyqKa Ha BXone 

yCKopmomeH cennm DTL-2 6hlJlo npOBe,ll,eHO COnOCTaBJIeHHe pe3Y.JIhTaTOB 

paCQtToB, BbInOJIHeHLlX C IlOMOIIJ;b1O npOrpClMMbI TRACE 3-D H C03JlaHHOH B 

I1T3d> AbC. Pa3pa6oTaHa MeTO)J;HKa KOppeKl.UlHJl8HHldX C nOMOIlUoIO nporpaMMbJ 

DYNAMION. K neqam rOTOBHTCH npenpHHT, COJJ;ep)l(a.m;Hii OIIHCaHHe 

BLIDOJIHeHHhIX Hccne.nOBaHHH. B rn6JI. 5 ItpHBO;uTCH nOJIY'leHHbIe c yqeTOM pocTa 

3MHTTaHca B KaHane nOBOpOTIl 4>33oBble xapaxrepHCTHKH cornaCOBaHHoro nyqxa 
JJ)JJI cezcrnm DTL-2. 

Yro'IHeHHhIe )l3H.H&le 0 <Pa30BIdX xapaKTepHCTItKax nyqKa Ha BblXone 

YCKopKIO~eii ceKllHH DTL-I H COrJIaCOBaHHbIX YCJIOBHJIX Ha BXO.lle ceKU;HH DTL-2 
6bIJJH HCnO.1IlJ3OBaHLl lIJIH OnTIfMH~ KOHC'Ip)'KllHH nOBOpOTIlOrO KaHana. B 
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Ta5nM~a 4. $a30B~e xapaKTepMcTMKM nyYKa Ha B~o~e DTL-l. 
x -dX/dZ plane; em. mrad 

per part etot enns un enns norm Xbaf Ybar alpha beta 
100 413 0.123E+02 0.781E+OO 0.114E+OO -o.953E..Q2 0.247E+OO -o.233E+OO 0.262E-ol 
95 392 0.487E+Ol 0.626£+00 0.917£-01 -O;874E-04 0.342E+OO -O.293E+OO 0.222E-01 
90 371 0.399E+Ol 0.541£+00 0.793E-ol 0.278E-02 0.366E+OO -o.203E+OO O.204E-ol 
85 351 0.286E+01 O.473E+OO 0.693E-Ol 0.446E-02 0.364E+OO -0.118£+00 O.I92E-ol 
80 330 0.242E+Ol 0.42lE+OO 0.617E-ol 0.475E-02 0.344E+OO -o.181E+OO 0.181E-ol 
75 309 O.205E+Ol 0.374E+OO 0.548E-01 0.259E-02 0.257£+00 -0.2llE+OO 0.169E-Ol 
70 289 0.169E+Ol 0.333E+OO 0.489E-ol 0.197E..Q2 0.165E+OO -o.192E+OO O.167E..Ql 
65 268 0.144E+Ol 0.299E+OO 0.438E-Ol 0.277E-02 0.122E+OO -O.237E+OO 0.168E-Ol 
60 247 0.134E+Ol O.264E+OO O. 387E..Q I 0.996E..Q3 -o.273E-ol -0. 921E-ol O.156E..Ql 
55 227 0.116E+01 0.233E+OO 0.341E-01 -O.182E-02 -0283E-Ol -O.386E-Ol 0.160£-01 
50 206 0.993E-+OO 0.201E-+OO 0.295E..Ql 0.209E-04 0.269E-ol 0.434E-02 0.15OE-ol 

Y - dY/dZ plane~ em. mrad 

per part etot enns un eons DOIDl Xoor Ybar alpha beta 
100 413 0.110E+02 0.716E+OO O.105E+OO 0.446E-02 0.987E-Ol -O.l3tE-+Ol 0.475E-OI 
95 392 0.481£+01 0.584E+OO 0.856E-Ol 0.124E-Ol 0.409E+OO -O.I05E+OI 0.402E-ol 
90 371 0.356E+Ol 0.505E+OO 0.739E-ol 0.535E-02 0.126E+OO -O.908E+OO 0.390E-Ol 
85 351 0.272£+01 O.446E+OO 0.654E-ol 0.531E-02 0.130E+OO -o.889E+OO 0.389E-ol 
80 330 0.239E+01 0.394E+OO 0.577E-ol 0.189E-02 -O.626E-Ol -O.861E+OO 0.412E-ol 
75 309 0.201£+01 0.347E+OO 0.508E-ol 0.183E-02 0.289E-01 -O.878E+OO 0.434£-01 
70 289 0.161£+01 0.308E+OO 0.451E-Ol 0.911E-03 0.756E-Ol -o.88lE+OO 0.453E-Ol 
65 268 0.15lE+Ol 0.269E+OO 0.394E-ol 0.452E-02 0.269~1 -O.857E+OO 0.487E-ol 
60 247 0.125E+Ol 0.235£+00 0.344E-ol 0.36lE-02 0.129E-Ol -O.830E+OO 0.484E-ol 
55 227 O.I04E+OI 0.204E+OO 0.298E-Ol -O.459E-02 -O.563E-ol -o.786E+OO 0.455E-Ol 
50 206 0.916E+OO 0.174E+OO 0.254E-Ol -0.407£-02 0.381£-02 -0.921£+00 0.546E-ol 

Z - dZJdZ plane; em. mrad. 

per part etot enns un eons norm Xbar Ybar alpha beta 
100 413 0.773E+02 0.195E+Ol 0.286E+OO 0.166£-01 -O.232E+Ol 0.941£+00 0.109E+OO 
95 392 0.112E+02 O.I46E+Ol 0.214E+OO 0.251£-01 -o.239E+Ol 0.123E+01 0.114E+OO 
90 371 0.910£+01 0.128E+OL 0.187E+OO 0.133E-Ol -O.219E+Ol 0.139E-+Ol 0.1I9E+OO 
85 351 O.nlE+Ol 0.115£-+01 0.168E+OO 0.571E-02 -o.201E+Ol 0.15lE+Ol O.l22E+OO 
80 330 0.665E+Ol 0.105E+Ol 0.154E+00 0.330E-02 -O.180E+Ol 0~164E+Ol 0.130E+OO 
75 309 0566E+Ol 0.942E+OO O.138E+OO -0.134£-01 -o.15IE+01 0.179E+Ol O.137E+OO 
70 289 0.489E+Ol 0.864E-+OO 0.121£+00 -O.110E-ol -o.l46E-t01 0.185E+Ol O.I44E+OO 
65 268 0.423E-+Ol 0.805£+00 0.118E+OO -o.878E-02 -O.133E+01 0.194E+Ol 0:141£+00 
60 241 0.386E+Ol 0.743E+OO 0.109E+OO -o.101E-01 -O.ll6E-+Ol O.204E+Ol 0.149E+OO 
55 227 0.356E+Ol 0.675£+00 0.988E-ol -0.924£-02 -o.107E+01 0.228E+01 0.158E+OO 
50 206 O.304E+Ol 0.595£+00 0.872E-ol 0.926E-03 -0.111£+01 0.230E+Ol 0.158E+OO 

3THX paCqerax ,lCUI nOBhlmeHIDI TOqHOCTH COrJIaCOBaHIDI no.rryqellllblx C nOMOll(hIO 

I1porpaMMId TRACE 3-D <pa30BbIX. xaPaKTePHCTHK IIylJK3.H HaQ8JIbHhIX ~8.HHhIX 

H3MeHeHa MeTO)l;MKa pacqera: nOCJIe onpe.neneIDUI Doneii B OIlTHllecKHX 3JIeMeHTIlX 
B nepBoii H BTOPOH nOJIOBHHe K3.H8Jla no cxeMe, aHaJIOrWiHOH npHMeHCHHOH paaee, 

B peXGlMe OllTHMH3a.rvm rrap3Me-rpDB norrepelffioro ,l(BIDICeHIDI rryqKa paclfHTaHbI 

rpa.n;HeHThI DOJIeR B JIHH3aX q3 - q8. npH 3TOM ueHOB: HeKOToporo CMem.eHIDI 

nOJIO)l(eIDUI KpOCCOBepa 83 o;empa 6aHtIepa H norepH CHMMeTpDH orn631Omeii 

iIyqKa Ha Bxo.a;e H BbIXo.a;e H3 631PIepa, .nocmrnyro COBlla.neHHe IIo.rryqeHHbIX B 
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PRe 5. cba3o.ye xapaKTElpHCTHICH JIYIfiC3.Ha JlXOAe nOBOJ)()THOrO KaHaJJa, DOJIY'IeHHI>Ie c nOMODJ;blO 
nporpaMlOl DYNAMION. . 

Ta iI1HlJ,8 5. a30Bye HCTHICH corJIaCOB8HHoro nyqxca. 

UaPaMeTPb1 3JUlHIICa, 

npe.llCTaBIDIIOmero 3MHTraHC 

Il}"UGl B roPH30HTaJIbROH 

IIapaMeTPbl 3Jl1IHIlC3, 

npe.ll.CTaBJDIlOmero 3MKIT8.HC 

nyqxa B Bq)THKaJlbHOii 

IlapaMeTpbl 3J1J1Hnca, 

npe.JXCTaBJIJIIOlIlero 3MHTraHC 

nyqIaL B npoAonbHOH: 

fUl0CKOCTH 

fUl0CICOCTH 

IlJlOCJ(OCTH 

~ ( MM M})8,ll) 102.43 

ax 0.00 

fix (MeTp/pa.n;), 0.561 

Ey ( MM MJ)a,ll) 48.7 

<Xy 0.00 

f:\y (MeTp!pa.n:) 0.235 

€tp (rpa.n: J(3B) 3190.53 

aq, 0.00 

J\.p (rpa,D;/K3B) 0.0698 

pe3ynhTaTe pacqera cP330BbIX xapaKTepHCTHK rryqxa H3 BbIXO.lle nOBOpOTHOro 
KaHaJIa H COrJIaCOBaHHhIX ycnOB.o:H DTL-2. TI0JIY'leHHbIe OfH63lOIIJ;He nyqKa H 

npe,nCTa.BIDlIOm;He :)JIBIICbI IIpHBe,neHbl Ba pRC. 6. COOTBeTCTB}1OlI{He rp~eHTbl 

MarmITHOrO noJUI H HanpIDKeHBOCTH 3JIeKIpH"lleCKOrO nOIDI npe):{CTaBJIeHLI B 'l'a6JI. 

6. POCT 3MHTf3.HCa B DJIOCKOCTH nOBopoTa CHH3HJIClI.no ~ 2.3 pa3. 
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Puc 6. Om6aIoIQHe JIY'IK3 H ~CT3B1IJIJ()~e 3JlJDUlChl H8 BXO,l{e, BIlIXO,l{e .t<aHaJIa H ~ 

6aJAepa, DOJIy'IeHHble ,ltlIJI cKoppeJmtPOBllHH:bIX nap8MeIpOB IJ}"DI:a. 

Ta6fl1l1ia 6 PaCClfl1TaHHbie 1I0JIR 

qi
q2 .. 6.16339~ 

Q3 6.9886215 
Q4 -2.2088541 
Q5 -2.8189075 

~. 6.7677475
q7 -- 6.4565632 .-
~.. -63454~

~l 0.28383566
0.28383566 

r:----'--...:....---. 
100.0 MA 

¢OKYClrPYlOmm1 

;r.~)/,n~ 

Hanpx.KeltHe rpaAHeHT nOJl" 
(TIM)o.1B)~eHT 

'·5,564209 

It 
L..~ 

HCCJIe~OB3HHeJ{HH8MHKH ,ZIBIDKeHIDI nyqKa or BCTOqHHKa HOHOB ):(0 BblXO):(a 

H3 YCKOpJllO~eii: ceIClWlI DTL-2 C nOMOmLIO nporpaMMId DYNAMION nOKa3aJIO 

(PHC. 7,8), 1JTO npH npoXO>K,l:lemm nytOOllJepe3 nOBop<>THIdH KaHaJI IIOTepB qaCTHIJ. 

OTCyrcmYJOT. OKOJIO 10% ~CTHIJ: TepjleTCJI H3-3a o6pe33.HID1 IIyqKa Ha Bxo,ne B 

pe:roHaTOp DTL-2, TaX KaI( p33Mep&l nyqKa B nrrocKocm nOBOpOTa npeBOCXO,lVIT 

aneplYPY pe30HaTopa. 

Pa3MepLl rryqKa 3aBHCfi OT Be.rmqRHLI ero 3MHTraHCa [9] 

X = JPxe (1) 

BeJUl1lJHla 3MHTraHCa HB BhIXo):(e nOBopOTHoro lC8HaJIa onpe):(elIJleTCjI ero 
BeIDNHHOH Ha BXO,lJ,e B nOBOI){)TIiljdi KaHaJI H pocTOM 3MHTT3B.Ca npH npoXO)J(,neHHH 

nyqKa Qepe3 nOBoponn..m KaHaJI. BeJIHqJffia 3MBTIaHCa nytIKa Ha Bxo.n;e B 



10 

nOBopoTHbIii KaHan Onpe,ue.IDlercH KOHCTpYKUHeii yJKe cymeCTBylOm;ero 

yCKOplITeJIH II n03TOMY He MOEeT 6IdTh H3MeHeHa. PoeT 3MHTTaHCa B nOBOpOTHOM 

KaHane MOlKeT 6bITh CHIDKeH u,erreHarrpmmeHHhIM' H3MeHeHHeM KOHCTPYKIUlli 

KaRMa. 

B nporpaMMe TRACE 3-D He npe,lQ'CM01peHa B03MOJKHOCTb 3~aHIDI 

3MHTIaHCa HJIH ITpjIMoro ynpaBJIeHIDl B npouecce BhNHcneI:mii 3a ero lDMeHeffiIeM. 

TIpe,ZlDpBIDIThIe nOIIhITKH pac-qeTOB c 33,ll,aHBeM QHCJIeHHbIX 3HaQeHHH 3JIeMeHTOB 

cy6MaTpHUhl 0Xx (2) [4] MaTp.HIU>I nepexo.ll3 a He .a;aJIH )l(eJlaHHOrO proYIIbTaTa 

P;Ex -axEx 

~" a) 
-a"I. E" Y"Ex • 

B nponecce OnTHMH33lU1H 6blJIH nonyqeHhI KOM6HHaIUIH 60JIbIIIHX 3HaqeHHH 

3MHTTaHCa ExH MaJlbIX BeJIHlIHH nap3Me-rpa J3x. 
HccJle,noBaHHe ,mmaMHKH ,l(BIDKeHIDI QaCTHu, B nOBOpOTHbIX Ma.rHHT3X 

nOK833JIR, q'"f() MHHRMaJlhHhdi POCT 3MHTIaRCa B llJIOCKOCTH nOBOpoTa MOlKeT 6LITb 
,ZJ;OCTHJ'HYI' IIpH JlOKaJIH33.IUDf KpOCCOBepa B 3TOH IUl0CKOCTH B u:eHlpe Marmrra, npH 

.. 

15.33.:15-+4 07,.2,,.,.8 

he 7. Om.6aIo~ nyqKa H ~CTaBIDDOI.InIe 3JUIHIIChI sa JSXO,D;e, BblXO,IJ.e IC3HaJIa H ~H1'pe 

6aHr:repa., nOJlY'feHHhle ~ IJY"IK2, HMeJO:w;ero xpoccouep 8 ~eH1pe nOBoparHoro MaJ1IHTa ,IJ.JIJI nnOCkOCTH 
noBOpOTa. 

)J.OCTaTO"lfHO M3JIOM pa3Mepe nyqKa B KPOCCOBepe. C n;eJlhIO 06eCneQeHIDI 

TPe6yeMoH $OKYCHPOBKH IIy'IKa BbIIIOJIHeH C IIOMOIIJ;b1O rrpOrp8MMhI TRACE 3-D 
pacQer napaMerpOB On'fHqecKHx 3;TeMeHTOB nOBopomoro KaHaJIa. IIo,ZJ.6opoM 

rp3JlHeHTOB HoneD: B ay6JIeTe KBa,zq>ynOJIbHbIX nHH3 q1, q2 .llOCTHTaJIOC.b 
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pa3Mem;eHHC KpOCCOBepa, AJUI IIJlOCKOCTH nOBOpoTa, B U:CIiTpC nOBOpOTHOrO 

MarmITa hI; ,lJ;aJIee 6bIJIH paCCQHTIlHbI nons: B .ny6JIeTe JIRH3 q3,q4, npH KOTOphIX 

IIOJIO)KeHlIC KpOCCOBepa ,IVUI o60HX. KOMllOHcm noncpe\filoro .llBl0KCHIDI COBna.naer 

C UCmpOM 631Jl1cpa. OIITHMH3au;IDJ rp3,lJ.HCHTOB nOJICR B JIHH3ax q5~q6 II03BOJIIDIa 

Pa3MCCTIITb KpOCCOoop nyqKa }J)IJI DJIOCKOCTH nOBOpOTa B .u;empe nOBOpOTHOro 

MarHHTa b2, no.n:60pOM lpa.LnIelITOB nOJIeii B nHH33X q7, q8 H HanpHxceHHOCTeif 

noneil B 3a30pax 6mfqepa gI, g2 .n:OCTHraJIOCb COOTBeTCTBHe cl>a30BblX 

xapaI<TePHCTHK Ha BIdXo.n:e nOBOpoTHoro KaHana COrJIaCOBamIbIM YCJlOBRBM Ha 

Bxo.n:e pC30HaTOpa DTL-2. Ha pRC. 7 nOKa3aHbI Om6aIOmHe ~ H 

npencraBIDIIOm;He 3n.mmCbI, nonyqeHHhle C nOMOIUbIO nporpaMMhI mACE 3-D. 
AHamo nonyqeHHhIX pe3YJIbTaTOB nOKa3bIBaeT, lJTO B .l\3.HHOM cnyqae POCT 

3MH'lTaHca B IUIOCKocm nOBOpOTa COCTasmIeT OKOJIO 20 0/0, O,l{HaKO C IIOMOIIlLIO 

){Byx KBa.n:pynOJlbHblX JlHH3, pacnOJImKCHHbIX 3a IIOCJIe.n;HHM nOBopOTHLIM 

MarHHTOM, He y.l\aerCH nOnyqHTh 'IpC6ycMbIX rrapaMeTpoB nonepe'Uforo )].8IDKeHHH 

nylIK3 Ha BLlxo.ne rrOBOpoTHoro KaHana. 

Heo6xo.n:HMbI .l\OnOJIHHTeJIbHble ~OKyc.HpYlOm.He 3JleMCHTbI ,lJ)1JI 

COrJIaCOBaBIDI <pa30BhIX xapaKTepHCTHK nyqK3. Ha BbIXOJle nOBopomoro KaHana C 

COrJIaCOBaHHLlMH ycnOBHHMH B yCKopHlOm.eH ceKUHeA DTL-2. 

.o:lO.OOCXJ .......a 

-, .2XJ b O.QtiB6 Iz 
Vi. ', . 

, ' 
j' 
v 

, 00.0 <leg >< ~.Q I<e! 

.. 7' 

50.0000 ...rod 

(100.0 <leg x ~o.o k .. ~ 

IS;21.~•.:U' 07/.:1:1..... ., 

PHC 8. OrR6aJoDVfe IIY"fK8 H ope,lJ;CTaBJ1JDO~e 3JllIHIICW:, nOlIyileHlllie AIUI noBOpOTHoTO IC3lI8JUL, 

.llOnOJIHeHHOro KBa,lQ>ynOJIbHhIMB JlHH38MH nepBOTO nepHO,lla 4JoKYCllpOlUDI Pe3OlI8TOp3 DTL -2. 

bbIJI paCCMOlpCH BapHaHT HCn0JTh30BaHHJI KB3,ApynOJThHbIX J1HH3 nepBOrO 

nepRO,na <lK>KYCRpOBKH pe30Haropa DTL-2. IIonyqeHHhte B nOM cnyqae 

oCH6aIOID;He nyqxa H npe.n:C'faBJUlIO:u::r;HC 3JJJIl1IIChI npe.n:CT3.BJIeHbJ Ha pDC. 8.ooJIee 

nOJqX>6uo yqaCToK nOBopOTHoro KaHana C BJOIIOqeHHldM B Hero nepHo,nOM 

<I>oKYCliIpOBIGI ceKUHH DTL-2 (cnpana) IIOKa3aH Ha pRC. 9. YA3JlOCb nonytIHTb 

4>a30B.ble xapaKTepHCTHKB: nyqxa , COBnan;8lOIUHe C COrJIaCOBa.HHhIMB ycnOBIDIMH B 

DTL-2, HO npH:m>M pmMCpbI nyqKa Ha BXO.llC B ceKl(HJO DTL-2 npeBOCXO,!{HT 
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IlyqKOBYJO anepTYPY pe30HaTOpa, 1ffO neJIaeT paCCMOTPeHHhIH BapH3.HT 
KOHC'IpYJCI(HH nOBOpOTHOrO KaH3JIa MaJIO nepCneKTIlBHLlM,l1,1UI. HCnOJTh30BaHIDI. 

-+

__ "Z..

07/21/q-a 

PRe 9. Om6aJo~e n:yqxa H npeACTaIlJlJllOm;ee 3JJ.l1HI1CIal. DOJIY'IeKJihle,Zl,lUl yqacnca DOBopOTHOro 

KaH3Jla. 

fD9 ~ 
~ d1 d:2 

PRc 10. CXeM3 nOBopOTHoro KaHaJIa. 

HCCne,AOBaHa B03MOXCHOCTh <PoKYCHpOBKlI nytIKa lUi BhIXO,Ae nOBopOTHoro 

KaHana OIfnlqeCICOH CHCTeMOH H3 yPeX KBa,zq>ynOJlhHhIX JIHH3 (q7,q8,q9 Ha pRc.l0), 
P33,Ae.n:~HHhIX .z:q>efi4>oBhIMH npOMe)K)'TKaMH dll-d14. Ha pHC. 11 H306pIDKeHbI 

oru6aIOIIlHe nyqxa H npe"ll;CTaBJIJIIOmHe 3JIJDIIICbI nonyqeHH1Jle C nOMOJ..Q&IO 

nporpaMMbI TRACE 3-D MH pacCMa1pHBaeMoro BapHaBTa KOHClpyKll,llR KaHaJIa. 

Ha puc. 12 npHBe,lJ,en BbIXO,lUIOH <1laiin, co)].ep)J(am;aii: pe3YJIbTaThI BhNHCJIemIi.. 

XCHpHO BhmeneHhI rp3,lJ;HeHThI MarHHTHoro nOM B JIHH3ax H pa3Mepbl .Lq>ei<1loBldx 

npoMeX<)'TKOB MeBC,l{y BHMH. 
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21 

PRe 11. OrH6aIom;He I1}"OOl R npe,ll,CTaDJlJIJOUUte 3JlJlHIlCbl, DonyqeHHble ,II,1Ul nOBopOTHoro KaHaJIa 

c TPeMR KB3,llpynOJIbHhlMH JIHH3aMH Ha BIoJXO,II,e H3 KaHaJUl 

AHa.J1H3 nO.nyq:eHHhlX pe3YJIbTaTOB nOKa3b1BaeT, lITO pOCT 3MHTI1UICa B 

IIJIOCKOC'fH nOBOpoTa nyqKa Ha Bl>IXo.n;e nOBopoTHOrO KaHana COCTaBJISIeT - 10%)l,.TUI 
TOKa 100 MA. <1>a30Bhle xapaKTepHCTHKH IIy'IKa Ha BXO,ZJ;e B YCKOPmo~ ceKUHIO 

DTL-2 COOTBeTCTBYJOT COfJIaCOB81IHLIM yCJIOBIDIM JI)JJl nyqK3 H3 3TOM yqaCTKe 

yCKOpHTeJUl. 

TaKHM 06pa30M, B pe3yJILTare cOBepmeHCTBOBaHIDI OIlTWlecKOH CXeMLI 

KaHWla H p33BIiITlUI MeTO.nmrn pacqera y.n;anocb Cffil3HTh poeT 3MKITaHCa nyqKa B 

KaHane C 300% .no 10%; pa3pa60TIlHa KOHCTp)'1(I{IDl nOBopomoro KaHana, 

n03Bomnom;ero BbIDOJIIDlTb 33,llaqy no TpaHCnoJ>THpoBKe :rrytIKa yCKopeHHLIX 

l.J.a~ C :}TaEa Ha 3TIDK 3,IUlBIDI Me>K,ny ceKIlIDfM.H yCKOpHTeIDI. IIoJIy'leHHhle 

pe3YJIbTaThl n0300IDllOT rOBOplITb 0 B03MOlKHOCTH IIpaK"lWieCKOB peaJIH38llID1 

npeJl,JIOJKeHHOro npoeKTa C03,ZJ;aHml HeifrpOllHoro reHepaTopa MT3<1>. 
napaMeTphI 3JIeMeHTOB nOBopoTHorO KaHana MOryr 6hITh B .n;aJIhHeiiweM 

yrO'lHeHhl Ha pa3HbIX nanax llpa.KTIJIIeCKOB peami3au,mI IIpoeKTa C IIOSIBJIemteM 

3KcnepHMeHTaJILHLIX pe3YJThTaTOB. 

B 3aKJDOQeHHe B Ta6JI.7 npHBO,ltRTCJI CIIHCOK OCHOBHblX :nallOB pacqera 

nOBOpOTHOro KaHana. 

ABTOphl ClJHT3.IOT CBOMH npWITHldM )J.OJIfOM Bhlpa3HTh 6.naro.n.apHOCTh 

A.<l>. I<.n:bIKOBy 3a TeXJlK1lecKJIO nOMOIIl,b B rrponeJJ.eml1ll .n;aHHOH pa6oThI. 
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&data 
er= 938.230, q= 1., w= 10.270, xi= 100.000, 
emiti(l)= 48.70, 48.70, 2806.38, 
beami(l)= -1.05, 0.402, -0.293, 0.222, -1.23, 0.06860, 
freq= 150.000, pqext= 2.50, ichrom= 0, 
xm= 50.00, xpm= 50.0000, ym= 50.0, dpm= 100.0, dwm= 500.0, 

dpp= 100.0, 
n1= 1, n2= 31, sroax= 10.0, pqsmax= 2.0, xc= 0.00, 
nel1= 1, nel2= 31, 
beamf(l)= 0.0,0.561, 0.0, 0.235, -0.18600, 0.06730, 
rot= 8, mp=O, 0, 1, 26, 1, 28, 1, 30, 0, 0, 0, 0, 
mvc=O, 0, a , 0, 0, a , 0, 0 , 0, 0, 0, a , 0, 0, 0 , 0, 0, 0 , 
nt( 1)= 1, a(l, 1)= 600.00000 
nt( 2)= 3, a(l, 2)= -6.2730618,200.0,0.0, 0.0, 0.0 , 
nt( 3)= 1, a(l, 3)= 150.00000 , 
nt( 4)= 3, a(l, 4)= 6.7141778,200.0,0.0,0.0,0.0, 
n t ( 5) = 1, a (1, 5) = 650. 0 , 
nt( 6)= 9, a(l, 6)= 30.0 , 500.0, 50.0, 0.0 ,0.0 , 
nt( 7)= 8, a(l, 7)= 90.0 , 500.0, 0.0 
nt( 8);= 9, 0.(1, 8)= 30.0 , 500.0, 50.0, 0.0 ,0.0 , 
nt( 9)= 1, 0.(1, 9)= 400.0 , 
nt( 10)= 3, a(l, 10)= 6.7535132 , 200.0, 0.0, 0.0 ,0.0 , 
nt( 11)= 1, a(l, 11)= 250.0 , 
nt( 12)= 3, a(l, 12)=-2.7379725, 200.0, 0.0, 0.0 ,0.0 , 
nt( 13)= 1, a(l, 13)= 226.5, 
nt( 14)= 10, 0.(1, 14)=0.30257145 ,-90.0, 0.0, 0.0 ,0.0 , 
nt( 15)= 1, 0.(1, 15)= 147.0 , 
nt( 16)= 10, 0.(1, 16)=0.30257145 ,-90.0, 0.0, 0.0 ,0.0 , 
nt( 17)= 1, a(l, 17)= 226.5 , 
nt( 18)= 3,o.{l, 18)= -2.6827162,200.0,0.0,0.0,0.0, 
nt( 19)= 1, 0.(1, 19)= 250.0 , 
nt( 20)= 3, a(l, 20)= 6.5504490,200.0, 0.0, 0.0,0.0, 
nt( 21)= 1, a(l, 21)= 400.0, 
nt( 22)= 9, a(l, 22)= 30.0 , 500.0, 50.0, 0.0 ,0.0, 
nt( 23)= 8, a(l, 23)= 90.0, 500.0, 0.0 , 
nt( 24)= 9, a(l, 24)= 30.0 , 500.0, 50.0, 0.0 ,0.0 , 
nt( 25)= 1, a(l, 25)= 100.0, 
nt( 26)= 3,0.(1, 26)= 9.8506443,200.0, 0., 0.0, 0.00000000 , 
nt( 27)= 1, 0.(1, 27)= 100.0 , 
nt( 28)= 3, a(l, 28)=-8.9874140,200.0, 0.0, 0.0, 0.0 , 
nt( 29)= 1, a(l, 29)= 120.0 , 
nt( 30)= 3, a(l, 30)= 4.6751567 , 200.0, 0.0,0.0, 0.00000000, 
nt ( 31) = 1, 0.( 1, 31) = 880.0 , 
&end 

Puc 12. 3KpaHHall XOl1WI BJoIXO,D;Horo cJlaHna dpOlpaMMW TRACE 3-D. 
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Ta~ 7 3ranw pac'Ieta nOIlOpOTHoro KaHana 

No BLlllOJIHeHHbIe HCCJIe,nOBaHIDI IIporpaMMa 
1. Onpe.neJIeH nepBOHatIaJIhHbIH COCTaB onTlfllecKHX 3JIeMeHTOB 

KaHana. 
MIRKO 

2. B pe3YJIbTaTe conOCTIlWIeHIDI <PYHKIQfOHaJIDHhlX 
B03MmmocTeH nporpaMM TRANSPORT~ GIOSP, lRACE 3
D, PREINJ.nmt paCqerOB Bhl6paHa nporpaMMa TRACE 3-D. 

3. ,llmI TOKa 0 II 100 MA paCClffiTIlHhI rpa.nueHThI MarmrrHOrO 
IITOIDI B KBa,npynOJThHldX J'IHH3ax II HanpJDKeHHOCTH 

3J1eKTpuqeCKoro noJUI B 3a30pax 6aH'1epa .nOBOpOTHOro 
~a. ,llmI TOKa 0 MA oaqaJThHhle .n:aHHbIe Ha Bxo.n:e H BXO,ll,e 
~aJIa - CorJlaCOBaHHIde yCJIOBIDI B DTL-l. ,L{mI TOKa 100 MA 
Inonepe~3MHTraHC yBeJIH1Ien Ha 25%. 

TRACE 3-D 

4. IIonyqeHhI yrOtIHeHHble .n:aHHble 0 4la30BbIX 
xapa.KTeJ)HCTHKaX nyqxa Ha Bxo.n;e nOBOpOTHOro KaHana 

DINAMION 

5. Pa3pa6OT8Ha MeTO.n;mca onpe.n;eJIeHIDI cornaCOBaHHl>IX 
YCJlOBIDI Ha BbIxo,ne nOBOpOTHOrO KaHana. 

TRACE 3-D, 
AliC, 
DINAMION 

6. Paccl:fHT3lII)I .n;.rnI TOKa 100 MA rpa.u:HeHThI MarmITHOrO nOIDI 
B KBa,zq>ynOJlbHhIX JIHH3ax II HanpIDKeHHoCTH 3J1eKTpgqecKoro 
110M B 3330pax 6aH'lepa nOBOpOTHOro KaHana C 
yrolffieHHbIMH .n:aHHLIMH 0 <pa30BbIX xapaICIepllCTHKaX nyqxa 
Ha BXO,ll,e H BbIXo,ne KaHana. 

TRACE 3-D 

7. BhlnoJIHen pacqer napaMeTpOB OJITHtIeCKHX 3JIeMeHTOB 
KaHana nyTeM 3a,.z:t(lHIDl 1IHCneHHhIX 3HaqeHHi 3JleMeHTOB 

MaTP~ nepexo.n:a a. 

TRACE 3-D 

8. Pacqe-r nOBOpOTHOro KaIUlJIa nyqxa, HMeromero KpOCCOBepbI 
B n:empe nOBopOTHhIx MarHHTOB. 

TRACE 3-D 

9. HCCJIe.noBaaa B03MO)l(llOCTL HcnOJlh30BaHIDI nepBoro 
nepHo,na <PoXYClIpOBKH pe30HaTopa DTL-2 ,nrnI 
... OBaHIDI nyqKa. 

TRACE 3-D 

10. Pa3pa601'aaa KOHCTp)'KUIDI nOBOpOTIIOro KaHaJIa C 1peWI 
KB3..llPynOJThHbIMH JIBB3aMH Ha BhIxo.u.e, o6ecne1JBBalOD:{asI 
TPe6yeMbIe YCJlOBIDI 'l"paHCllOpmpoBKB rryqKa. 

TRACE 3-D 
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