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05Ll...(Ml XAPAKTEPV1CH1KA PA50Tbl 

AKryanbHOCTb TeMbl. 

f-\oCTH>t<eHHe npel.\H3HOHHblX napaMerpoe ny4KOB 3apsi>KeHHblX 4aCTHL\ B 

ycKOpHTeJlSIX B HaCTOALl.\ee 8peMSI np1-106pe110 oco6y10 aKTyanbHOCTb B Mi-tpe B 

CBSl3H c ycneUJHblM npOA81-1>KeHHeM pa6or no reHepa4HH caMOHHAYl..lHPOBaHHOro 

na3epa Ha c0060AHblX 3JleKrpoHax (1] H pa3pa6orKoH cne4Ha111-13Hpo0aHHblX 

HCT04HHKOB CHHXpOTpOHHOro H3/ly4eHHSI [2] c BblCOKOH sipKOCTblO cj:>OTOHHblX 

ny4K08. Bonpocbl, C8.fl3aHHble c nony4eHHeM KopoTKHx crycTK08 3apsi>KeHHblX 

4aCTHL\ c Ma/lblM nonepe4HblM 3MHTTaHCOM $18/lSllOTCH 8a>KHOH 4aCTblO 

HCC./le,llOBaHHl:i 8 3TOH o6nacrn VI HaXOASITCSI B l.\eHTpe 8HVIMaHHSI BeAYLL\HX 

YCKOpHTe/lbHblX 11a6oparnpHH MY1pa [3]. 

npVI cpopMHpOBaHVIH 3/leKTpOHHOro cryCTKa Ha Ha4a/lbHOH CTaAHH 

HepellSITHBHCTCKHX 3Heprnfi AOMHHHPYIOLl.\YIO PO/lb 8 ,l\VIHaMHKe crycTKa 11rpa10T 

CHJlbl npocrpaHCTBeHHoro 3apR,lla, AHHaMHKa ny4Ka crporo He/lHHef'.!HaR npH 

MaJlblX 3HeprHHX H CH/lbHO CKoppenHpOBaHa 8 6-MepHOM cpa3080M 

npOCTpaHcTBe. no3TOMY npo611eMbl cpH3HKH ny4K08 npH llO/ly4eHHH 

npel.\H3HOHHblX 3JleKTpOHHblX ny4KOB 8 3/leKTPOHHblX nywKax, KaK c Jla3epHblM 

TaK H c repMH4eCKHM HaKanoM, HrpalOT onpeAe/lSllOLl.\YIO pOllb npH reHepa4HH H 

cpopMHp08aHHH 3/leKTPOHHblX ny4K08 c 3C1A8HHblMH npocrpaHCT8eHHo-yrnoBblMH 

11 3HeprerH4eCKHM"1 xapaKrepHcTHKaMH. Heo6xoAHMo orMeTHTb, 4To npH 

pa3pa60TKe H MOAe11Hpo0aHHH peanbHOH ycTaH08Ki-t, 3aAa4a caMa no ce6e 

$18J1$1eTCH MHOronapaMerpH4eCKOH, Tpe6y10LL\eH y4eTa, KaK 3cpcpeKT08 

npocrpaHCT8eHHOro 3ap.f1Aa, TaK H napaMeTp08 ycTaHOBKH, TaKHX, KaK 8peMH 

HapacTaHVISI 11a3epHoro HMllYllbCa, AllHTellbHOCTb nllOCKOH eepWVIHbl, cpa3a 

8blCOK04aCTOTHOro pe3oHaTopa, pacno11o>t<eHHe H none CO/leHOH,lla H. T.A. 

Oco6oe rpe6osaHHe K TaKHM cHcTeMaM cpopM11po0aHV1H ny4Ka npeAbRB11siercR c 

T04KH 3peHHSI norepb 4aCTHL\ npH reHepal.\HH H cpopMHpOBaliHH KOPOTKHX 

crycTK08 c Ma/lblM 3MHTTaHCOM, '-!TO 110380/lHeT H36e>KaTb KaK llYllbCal.\HH 

napaMerpo8 crycTKa OT HMnyflbCa K HMllYllbCY, TaK H HCKa>KeHHH nyYKa B 

npoL1ecce era Aa!lbHeiiwero cpopMHpoBaHVIR Ha BblCOKHX 3HeprnHx. 
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,[\viccepTa4vioHHal'l pa6oTa ocHoBaHa Ha vtcc11e,qosaHV1l'IX, npose,qeHHbJX ,!\Ill'! 

CVICTeMbl cj:>opMV1pOBaHHl'l crycTKOB OT BblCOK04aCTOTHOH nyUJKVI c Jla3epHbJM 

HaKanoM, Alll'l TecTosoro ycKopviTenl'l B DESY TTF-FEL (TESLA Test Facility­

Free Electron Laser), a TaK>Ke Ha pa3pa6oTKe vi Mo,qenviposaHV1V1 

npeAycKopviTeJll'l 4acrn4 ,!\ill'! V1CT04HV1Ka cviHxpoTpOHHoro V13lly4eHV1l'l CANDLE. 

06a npoeKTa OTHOCl'ITCl'l K aKTyaJlbHblM ycTaHOBKaM B o6nacTH cpV13V1KYI V1 

TeXHV1KV1 ny4KOB 3apmKeHHblX 4aCTV1L\. 

l.l,enbJO ,11viccepraqvioHHoi.1 pa6oTbJ l'IBJll'leTcl'l viccneAOBaHvie npo6neM 

cj:>opMV1pOBaHV1.l'l KOpOTKVIX 3JleKTpOHHblX crycTKOB c MaJlblM nonepe4HblM 

3MV1TTaHcoM Alll'l yc1<opvtTenei.1 3apl'l>KeHHbJX 4aCTV1L\, s i..JacTHOCTVI: 

• V1ccneAoBaHV1e 3cpcpeKTOB Koppelll'IL\HH nonepe4Ho-npoAOJ1bHoro 

pacnpeAeneHV!l'l <1acrn4 B npo4ecce cpopMviposaHVl.R Hepelll'ITV1BV1CTCKOro 

3JleKTpOHHOro crycTKa c yYeTOM CV1J1 npocTpaHCTBeHHOro 3apl'!Aa. 

• Pa3BV1Tvie 4V1cJ1eHHbJX MeTOAOB onvicaHV!l'l AV1HaMV1KV1 ny4Ka npvt J-Jal1V14~1H 

nonepe4Ho-npo,!\O/lbHoi4 Koppei1.R4V1V1.BHYTPV1 crycTKa. 

• illcc11e,110BaHV1e B/1V1l'IHV1l'l napaMeTpos 11a3epa (speMeHVI ero HapacTaHVl.R, 

AllV1TeJ1bHOCTV1 n11ocKoJ;i sepUJV1Hbl) Ha napaMeTpbl cj:>opMvipyeMoro crycTKa, 

ero 3MHTTaHC, ,l\/lV!TeJlbHOCTb V1 3HepreTV14eCKV1H pa36poc. 

• illcc11e,D,0Batrne c>1<aT11l'l nonepe4Horo 3MV1TTaHca nyYKa c noMOLI.\bto 

coneHOV!Aa, onTV1MV13a4vivi pacno11o>KeHV1l'l vi nonl'l co11eHovi,qa. 

• Pa3pa6oTKa CVICTeMbl MHOr04aCTOTHOro rpynnviposaHVll'l 4aCTV1L\ ,!\Jll'l 

npeABapvtTellbHOro cj:>opMV1pOBaHHl'l 3JleKTpOHHoro ny4Ka ,l\Jl.R V1CT04HV1KOB 

CVIHXpoTpOHHoro V13/ly4eHV1l'l. 

• illccneAOBaHvie AHHaMV1KV1 ny4Ka s npo4ecce rpynnviposaHH.R vi yc1<opeHV1l'l, 

3BOl1J04V1l'l cj:>a3osoro pacnpe,qe11eHV1l'l vi 3Heprern4ec1<oro pa36poca. 

Hay'!Ha!I HOBH3Ha pa601b1. B pa6ore 6b111a onpe,l\e/leHa vi 04eHeHa 

KOppell.RL\H.R nonepe4H0~1 cpa30BOJ;i nllOCKOCTVI c npO,l\OJlbHOM KOOPAHHaTOH 

BHyTpvi crycTKa vi c 3HepreTV14eCKV1M pa36pocoM 4acrn4 BHYTPVI crycTKa. 

BnepBble sse,qeHbl K03cj:>cp114vieHTbt Koppelll'1LlV1V1. Pa3pa6oTaH a11ropV1TM pac4eTa 

K03cj:>cj:>vi4vieHTOB KOppelll'l4V1V1 Alll'l JlV!HeHHOH V1 KBaAparn4HOH Koppeill'14V1V1 

nonepeYHoi1 cj:>a3oaoJ;i nnocKocrn c npOAO/lbHoJ;i KoopAV1HaToH .. Pa3pa6oTaHHaR 
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MeTO,l\HKa ll03BOJ1l'leT TaK>Ke onpe,D,e/151Tb KOppeill'14V10HHble K03cj:>cpvt4V1eHTbl Alll'l 

BblCUJVIX llOP.l'l.QKOB, vtcnollb3Y.l'l CVICTeMy ypaBHeHVIH, nony4eHHoi:i B 

AV1ccepra41-10HHoi1 pa6oTe. 

Pa3pa6oraHHal'l MeTOAVIKa yYeTa nonepe4Ho-npoAOllbHOH Koppe/1!14HH 4acrvi4 

BHe,qpeHa B V13BeCTHYIO nporpaMMY A/ll'l pac4eTOB AHHaMHKVI ny4Ka c yYeTOM 

B03AeikTBHl'l c1-111 npocTpaHcTseHHoro 3apl'1Aa ASTRA. TaKHM o6pa3oM, 

BBeAeHHe J<oppelll'14HH no3som1eT npocneAHTb 3a AecpopMa4i-iei1 cj:>a3osoro 

3Jlmmca ny4Ka B 3aB'1CHMOCTV1 OT llPOAO/lbHOH KOOPAVIHaTbl BHYTPH crycTKa. 

BKJlaA 1<oppe11l'IL\V1V1 yMeHbUJaeTcl'l c ysenH4eHHeM 3HeprnH H, TaKYIM o6pa30M, 

llOKa3aHo, 4TO Ha CTa,l\V1V1 cj:>opMV1posaHV1J1 ny4Ka BKJlaA KOppem14HV1 B 3Ha4eHvie 

3MHTTaHca !IB/ll'leTcl'l onpe,11enl'110LI.\V1M. 

C yYeTOM nonepe4Ho-npoAOllbHoi1 1<oppenl'!4vivi Y:acrn4 6bJJ1V1 npose,QeHbl 

paci..JeTbl H onrnMV130BaHbl napaMeTpbi yc1<opvire11l'! TTF s DESY. illH>t<eKTop 

yc1<op1-1ren.R TTF cocrovir V13 311e1<rpoHHoi1 BLJ nywKH c 11a3epHbJM HaKanoM 

KaTo,D,a, CO/leHOvt,D,aJlbHOro MarHV!Ta V1 YCKOpl'llOLI.\ero MOAYill'l. 6bJ/la 

HCCJle,qosaHa 3aBV1CJ.1MOCTb OCHOBHblX xapaKTepV1CTV1K 11Y4Ka: 3MHTTaHca, 

speMeHHoi1 crpy1<rypb1, 3Heprern4ec1<oro pa36poca BHYTPl-1 crycTKa OT 

napaMeTpos ycraHOBKH. B pe3y11bTare HCc/leAoBaHHH nonyYeHbt OnTHMaJlbHbJe 

3Ha4eHH!I All!I napaMerpos ycTaHOBKl1, Hallp.l'IMYIO BllHl'l!OUJ,Vle Ha AV1HaMV1KY 

cpopMHposaHHSI crycTKa. 8b111011HeHo cornacoaaHHe TaKHX napaMeTpos 

ycraHOBKV1, KaK: speMl'! HapacTaHHl'l 11a3epHoro HMnynbca, nonepe4Hb1e pa3Mepb1 

na3epa, none H pacnono>KeHvie co11eHovi,qHoro MarHvira, BLJ cpa3a B pe3oHaTope 

3/leKrpoHHOH nyUJKVI. Pe3y11bTaTb1 npoAeJ!aHHOH pa6oTbt nernH B ocHosy 

HacrpoHKVI BLJ nyLLIKVI TTF c na3epHbJM HaKaJloM KaTo,!\a. 3ro no3so11vi110 

11011Y4V1Tb Tpe6yeMbte napaMeTpbt 11Y4Ka B OCHOBHOH ycKop.RJOUJ,eH ce1<4vi11 H 

,!\a/lee Ha BXO,!\e B OH,!\Ylll'ITOp, r,qe 6bl/10 BnepBble nony4eHO MOU,\HOe 

KorepeHTHoe H31ly4eHvie caMoV1H,!\yq1-1posaHHoro 11a3epa Ha cso6oAHblX 

3JleKTpoHax c AllVIHOH BOJlHbt 106 HM Ha yc1<opvire11e TTF, B DESY. 

Pa3pa6oraHa V1 HCCJle,!\OBaHa CHCTeMa MHOro4aCTOTHOro rpynnvipoBaHV!l'l 

3Jl€KTPOHHoro ny4Ka, KOTOpaSI nerna B OCHOBY MOAe11V1pOBaHV1J1 V1 

npoe1<rnposaHV1l'l llHHeHHoro ycKopHTe/ll'l Ha 100 M38 ,!\Ill'! V1CTOYHV1Ka 

cHHxpoTpoHHoro V1311Y4eHHSI CANDLE. 611aroAapS1 pa3pa60TaHHoi1 c11cTeMe 
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rpynm1posaHHl'I, no11y4eHo npop,o/lbHOe c>1<arne crycrKOB 6011ee 4eM B 60 pa3, c 

3cpcj:>eKTHBHblM 3axBaTOM 4aCH1l.\ B pe>KHM ycKopeHH51 6011ee 90% 4acrn4 VI c 

,lJ,llHTe/lbHOCTblO crycTKOB 15 nceK Ha BblXO,D,e OCHOBHoro /lHHei1Horo 

ycKOpHTe/151. 

npaKTHlfeCKOe 3Ha'leHHe. npH cj:>opMHpoBaHHH Hepell51THBHCTCKOro 

3/leKrpoHHoro crycrKa y4er nonepe4Ho-npop,onbHOH Koppell514HH 4acr1-14 

no3so11i:ier npoc11ep,HTb p,ecpopMaL!HIO cpa3osoro ::i11111-1nca, 4TO p,aer 

B03MO>KHOCTb pea/lbHO onHcaTb nosep,eHHe 4aCTHLI B 6 MepHOM cpa30BOM 

o6beMe H pa3pa60TaTb COOTBeTCTBYIOLJ..\YIO CHCTeMy KOMneHca4HH pa36yxaHHl1 

nonepe4HOro 3MHTTaHca npH Ma/lblX 3HeprHl'IX 4aCTHL!. 

Hosa51 Merop,HKa, BHep,peHHal'I B nporpaMMY p,11i:i pac4era AHHaMHKH ny4Ka c 

y4eroM c1111 npocrpaHcrBeHHoro 3ap51Aa ASTRA, no3so111111a pa3pa6orarb H 

cMop,e1111posarb ycKop1-1re11b c napaMerpaMH, yp,os11ersopl110W,Hi1 pea11bHblM 

rpe6osaHHl'IM K 3/leKTpOHHOMY crycTKy. 

Pe3YllbTaTbl nposep,eHHblX vicc11ep,osaHHi1 oco6eHHo aKrya11bHbl npvi Hacrpoi:iKe 

napaMeTpOB ycraHOBOK ,D,1151 onTHMH3aL!HH xapaKrepHCTHK 3JleKrpoHHoro ny4Ka. 

Pe3yllbTaTbl pa6orb1 6b111H ycnewHo BHep,peHbl npH Mop,epHH3a41111 llHHeHHoro 

ycKopHre11i:i TTF, a raK>t<e, Hcnollb30BaHbl B npoeKTe HH>KeKropa X-FEL (X-ray 

Free Electron Laser, DESY), 4To no3so111-1110 p,ocrH4b napaMerpoB 3/leKrpoHHoro 

ny4Ka, 3a110>1<eHHblX B npoeKT. 

Pa3pa6oraHHal'I CHCTeMa rpynnHpOBaHHl'I ,ll,JlSI HCT04HHKa CHHXporpoHHoro 

H311y4eHHl1 CANDLE no3BoMeT 3cpcj:>eKTHBHO 3axsaTHTb 6011ee 90% 4acrn4. 

Ba>t<HOCTb pe3yllbTaros Hccnep,osaHHH ,ll,HKryerci:i >1<ecTK"1MH rpe6osaHH51MH K 

ycTOH4HBOCHI, socnpoH3BO,ll,HMOCTH 3/leKTpOHHblX ny4KOB B cospeMeHHblX 

11CT04HHKaX CHHxporpoHHOro H3/ly4eHHl'I rpeTbero noKOJleHHl'I. 

OcHoBHbte nono>KeHHH, BblHOCHMl.te Ha 3a~HTy. 

1. Pe3yllbTaTbl 1-1cc11ep,0BaHHl1 JJ.HHaMHKH 3JleKrpoHHoro crycTKa c yYeroM c1111 

npocrpaHCTBeHHoro 3api:ip,a. BnepBble ssep,eHbl Ko3cpcp1-11..1HeHTbl 

Koppe11l1L1H"1 oceH nonepeYHoro cpa3osoro 311111-1nca c npop,011bHOH 

KOOPAHHaTOH BHYTPH crycrKa "' HaHp,eHbl CHCTeMbl onHCblBalOW,"1X HX 
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ypaBHeH11i1, KaK B /lHHeHHOM, TaK "' B KBap,paTH4HOM np1-16m1>KeHHl1X. 

Pacc4HTaHbl Ko3cpcp1-11..11-1eHTbl Koppe11i:i1..11-111 p,1151 ycKopHreni:i TTF. 

2. lllcc11ep,0BaHa 3aBHCHMOCTb 3M"1TTaHca ny4Ka B 3J1eKTpOHHblX nywKax c 

Jla3epHblM HaKa/lOM Karo,a,a OT speMeHH HapacraHH51 H ,lJ,/l"1TeJ1bHOCT"1 

n11ocKoH sepWHHbl 11a3epHoro "1MnyJ1bca, cj:>a3bl 84 nonl'I pe3oHaropa, 

pacnOJlO>KeHHl'I "1 nO/ll'I COJleHOH,D,a. noJly4eHbl onTHMallbHble 3Ha4eHHl'I 3THX 

napaMerpos AJ151 JlHHeHHoro ycKop1-1re11i:i TTF, 4TO no3so111-1110 AOCT"14b 

npoeKTHblX napaMerpoe 3J1eKTpOHHoro ny4Ka, yp,osnersopRIOW,HX 

rpe6osaHl151M reHepa41-111 caMOHHAYLIHPOBaHHoro 11a3epa Ha ceo6op,HblX 

3J1eKTpOHaX. 

3. Pa3pa6oraHa H CMOp,e11HpOBaHa CHCTeMa cjJopM11poBaHHl1 3/leKTpOHHblX 

crycTKOB Afll'I /lHHeHHro ycKop11re1151 Ha 100 M3B ,ll,1151 11cro4H"1Ka 

CHHXpoTpOHHOro H3/ly4eHHl'I CANDLE. npep,110>1<eHa "' HCCllep.oBaHa cxeMa 

MHoroYacroTHoro rpynn11poeaHHSl a11eKrpoHHoro ny4Ka, no3so11si10w,a51 

AOCTH4b KOMnpeCOIH ny4Ka B 60 pa3 H ocyw,eCTBl1Tb 3aXBaT YaCTHLI c 

3cpcpeKTHBHOCTblO 6011ee 90%. 

Anpo6aL1HJ1 pa6oTbt. 

Marep1-1a11b1 p,1-1ccepra1..1111-1 p,0K11ap,b1sa111-1cb H 06cy>1<p,a111-1cb Ha c11ep,y10w,1-1x 

KOHcpepeH4H5IX: 

1. Particle Accelerator Conference, PAC'01, Chicago, Illinois, USA, 18-22 

Jun, 2001 

2. Shanghai Symposium on Intermediate Energy Light Sources, SSRC-01, 

Shanghai China, 24-26 September 2001. 

3. European Particle Accelerator Conference, EPAC '02, Paris, France, 3-7 

Jun, 2002. 

4. 24-th International Free Electron Laser Conference and 9-th FEL Users 

Workshop (FEL2002), Argonne, Illinois, USA, 9-13 Sep., 2002. 

5. "<P"1311Ka-2003", Tperbe Ha4110Ha/lbHoe Hay4Hoe co6paHHe MOllOAblX 

cp113HKOB, EIY, EpesaH, ApMeHHl'I, 4-8 Ho516pb, 2003. 

6. European Particle Accelerator Conference EPAC'04, Lucerne, Switzerland, 

5-9 July, 2004. 
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ny6nHKaL\HH 

no MaTepHaJlaM pa60Tbl ony6JlHKOBaHO 13 Hay4HblX pa6oT, CnHCOK KOTOpblX 

npviBep,eH B KOHL\e aBTOpecpepaTa. 

llH'fHOe y'facn1e aBTOpa B BbtnOnHeHHH pa60Tbl Bblpa3HJ10Cb B HCCJlep,oBaHHH 

KOppellHL\HH ocei1 nonepe4Horo cpa30BOro 3J1J1Hnca c npOP,OJlbHOH KOOpP,HHaTOH 

BHYTPH crycTKa, pa3pa60TKH MeTOP,HKH VIX 4HCJ1eHHOro pacLJeTa H C03P,aHHH 

KoMnbt0TepHoi1 nporpaMMbl Ha ocHoBe npep,no>t<eHHoro anropHTMa. 

B HCCJleP,OBaHHH, BblnOJlHeHHH 4HCJleHHoro MOP,ellHpOBaHHH H OnTHMH3al.\HH 

pa6o4HX napaMerpos ycKop1-1renH TTF c T04KH 3peHHH AHHaMHKH 

cpopMHpoBaHHH 3J1eKTpOHHoro crycTKa. 

B pa3pa6orKe, 1-1ccne,1:1osaH1-1H H Mop,enHposaHHH JlHHei1Horo ycKopmenH c 

C"1CTeMOH MHoroLJaCTOTHOro rpynnHpOBaHHH 3JleKTpOHHoro ny4Ka AJ1l1 HCT04HHKa 

CHHXpoTpoHHoro H3Jly4eHHH CANDLE. 

CrpyKTypa H o6'beM pa6oTbl 

)J.viccepra4Hl1 cocrovir H3 ssep,eHHl1, Tpex mas, 3aK!ll04eHHSl vi cn1-1cKa 

41-1rnpyeMoi1 /lf.1Teparypbi. 06beM AHCcepra4HM COCTaBJll1eT 104 CTpaHHL\bl, B TOM 

4HCJ1e 42 pHCYHKa, 12 Ta6m14 H 78 JlHTeparypHblX CCblJlOK. 

OCHOBHOE CO)J,EP}t{AHltlE PA60Tbl 

Bo BBeAeHHH ccpopMynHposa11a 4ellb pa6oTbt, o6ocHosaHa aKryanbHOCTb reMbl 

vi ee Hay4Hal1 HOBH3Ha. KpaTKO on1-1caHbt co,o,ep>KaHHe AHCcepra4HH , MeTO,l:\bl 

peUJeHHl1 nocTaBJleHHblX 3aP,a4, noJly4€HHble pe3yJ1bTaTbl. npHBep,eHbl OCHOBHbte 

nOJlO>KeHHl1, BblHOCHMbte Ha 3ati_\HTy. 

B nepeoiii rnaee npHBep,eHbl OCHOBHble THnbl :MeKTpOHHblX HCT04HHKOB, 

npHH4Hnb1 HX pa6oTbl YI MeTOP,bl 3MMCCMM 3J1eKTPOHOB. 

npHBep,eHbl TeopeTW1eCKHe nO,l:IXOP,bl K Orl11CaHl1IO ,l:\11HaMl1Kl1 3/leKTpOHHblX 

ny4KOB B 6 MepHOM npocrpaHCTBe c y4eTOM Cl1J1 npocrpaHCTBeHHOro 3apsip,a. 

CcpopMyn11posaHo H np1-1se,1:1eHo crarncrn4ecKoe onHcaH11e crycrKa 4acrn4 Ha 

cpa30BOH nJlOCKOCTH. Ha OCHOBe CTaTl1CT114eCKOro nop,xop,a K on11caHl110 crycTKa 
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4aCTl14 B cjla30BOM npocTpaHCTBe, BBeP,eHbl K03cjlcp11411eHTbl nonepe4HO­

npO,llQJlbHOH KOppem14HM cpa30BOH nJlOCKOCnt.: ,lJ.aHO 'JlJAHeHHOe IA KBa,llpaTJA4HOe 

npM6JlJA>KeH11e ,l:\Jll1 K0.3cpcpM41AeHTOB KOppeJll1411H : 

x' = c, + c 2 • x + c_, . x . z 

x' = c1 + c2 • x + c,. x. z + C
4

• x. z 2 (1), 

Bb1Be,1:1eHbl ycnosvisi p,nsi onpe,lleJleHHl1 Ko3cpcjlvi41-1eHTOB KOppenl14vi11 

N 

a= :l:(x;-c, -C2 ·X; -C, ·X
1 
·Z;)2 =min=> 

i:d 

=> 
8a N 

--=2·"'(X'.-C -C ·X.-C ·X·Z)=O ac .LJ1 l 21 311 
I 1=1 

_aa = 2· f (x;-cl -C, ·X.-C3 ·X. ·Z}X. = 0 ac2 i=l - I I I I 

a N 

~ = 2· :l:(X'-C. -(,', · X.-C, · X ·ZJ X. ·Z. = 0 ac3 i=I I J - I • I 1 I 

Pac4eT K03cpcpHL~eHTOB KOppeJll'!L\1111 ceep,eH 

anre6paH4€CKMX ypaBHeH~H 

N N N 

'X
1 

= N · C1 + C, · ""X + C, ·"" X · Z L.,;1 -/....ii .L.J/ I 

i::..:J i:.:1 i::::l 

K 

N IV N N 

"" X'. · x = c1 "" x + c, . "" x. 2 + c . "" x. 2 
• z L_; } I L I - L..J I _, ~ I I 

i.d f-:::1 i::::J i=I 

peweH1110 

(2) 

CHCTeMbl 

(3) 

N N N N 

L:x; ·X; ·Z; = C1LX; .zl +C2. L:x/ ·Z; +C3. L:x/ ·Z/ 
i=l i=I i=l i=\ 

,[l.JlSl peweHHH CHCTeMbl HCnOJlb30BaH MaTpH4HblH MeTo.o,, HJlH MeTO.O, KpaMepa~ 

Pa3pa6oraH anrop11rM, no3BOJll110li.\HH Bbl4HCJ1HTb BblCOKHe nopl1,l:IKH 

KoppellHL\HH. Ha p11c. 1 np1o1se.o,eHa 3BOl1IOL\Hl1 Ko3cjlcpHL\HeHTOB KoppellHL\HM 

crycTKa BAOJlb ycKopHTeJll1 TTF, OTKYAa BH.O,Ho, 4TO Ha Ha4aJlbHoi1 CTa,1:1111o1 

cpopMHposaHHH peanbHblH ny40K CH/lbHO CKOppent.1posaH. 
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PV1cyHoK 1. Ko3cpcpV1L\HeHTbl KoppemH\HVI BAOllb 3JJeKTpOHHOH nywKH 

ycKopV1rem1 TTF. 
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Ha OCHOBe pa3pa6oraHHoro anropVITMa HCCJleAOBaHO Vl3MeHeHHe 3MVITTaHca 

crycTKa, C y4eTOM VI 6e3 y4eTa KOppellHL\VIVI. noKa3aHO, 4TO BKJlaA KOppeflHL\l-1H 

B AHHaMVIKY 3/leKTpOHHoro ny4Ka cyll\eCTBeHeH Ha CTaAVIH ero cpopMHpoaaHV!51, 

npw HepellHTVIBVICTCKVIX 3HeprnHX crycTKa. npVIBeAeHbl pac4eTbl AflR 

K03cpcpVIL\"1eHTOB KoppellHL\VIVI VI "13MeHeHVIR nonepe4HOro 3MVITTaHca ny4Ka B 

JlV!HeHHOM ycKopHrene TTF, DESY. OnV1caHbl MeTOAbl noAaBJleHVIH H 

KOMneHCal\VIH KoppeJJHL\VIOHHOro BKJlaAa B AHHaMHKY 3MVITTaHca [3]. 

no/ly4eHHble pe3yllbTaTbl AllH YCKOPVIT€Jl51 TTF norsep>KAalOT Ba>KHOCTb y4eTa 

KoppenHL\VIVI A!lS< AallbHei1wero pac4era cV1creMb1. 

Ha pV1cyHKe 2 npHBeAeHo pa3BVITVle 3MVITTaHca BAO/lb llVIHei1Horo ycKopHTellH 

TTF c y4eToM, 6e3 y4era KoppellHL\VIVI VI AllH VIAeallbHoro cny4aH, KOrAa 

AeHCTBVleM CVIJl npocTpaHCTB€HHoro 3apHAa npeHe6peraeTC51 VI 

HOpMaJlVl30BaHHblH 3MVITTaHC coxpaHReTCH. 

PaccMorpeH MeTOA KOMneHCal\VIVI yaellVl4eHHS1 3MHTTaHca crycrKa OT Aei1cTBHH 

CHJl npocTpaHCTBeHHOro 3apHAa ( 4]. npVIBeAeHbl paC4eTbl AllH onTHMallbHOro 

MeCTOnOJlO>KeHVIH COJleHOVIAHOro MarHHTa, KOMneHCV1py10w,ero AeHCTBVle CVIJl 

npocrpaHcTBeHHoro 3apP.Aa. TaK>Ke paccMoTpeH BKllaA TepMallbHOro 3MHTTaHca 

[5] B peaJlbHOe 3Ha4eHHe 3MHTTaHca ny4Ka. 06ocHOBaHo HcnoJlb30BaHHe CeKL\HVI 

Ha 3-eH rapMOHVIKe AflH npeABapHT€JlbHoro C>KaTHH ny4Ka nepeA BXOAOM B 
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MarHVITHblH KOMnpeccop. Pacc4VITaHbl napaMeTpb1 ny4Ka npH V1cnoJlbJOBaHHH 

ceKL\VIVI Ha 3-eH rapMOHVIKe, VI npHBeAeHbl ycllOBHH AllH ee VICnOJlb30BaHHH. 
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Longitudinal Beam position z (m] 

PVICYHOK 2. Pa3BVITV!e 3MVITTaHca BAO/lb JlVIHeHHOro ycKopmellH TTF. npVIBeAeHbl 

3MVITTaHC c y4eTOM KOppe!lHL\HVI, 6e3 y4eTa KOppellRL\HH VI AflH VIAeaJlbHoro 

3MVITTaHca (6eJ y4era CVIJl npocrpaHcraeHHoro 3apHAa). 

Bo BTopoi:f rnaee VICCJleAOBaHbl 3cpcpeKTbl BJlVIHHVIH speMeHVI HapacraHHH H 

AllHTeJlbHOCTH nllOCKOH aepU.IHHbl lla3epHoro VIMnynbca, nonepe4HblX pa3MepOB 

Jla3epa Ha cpopMHpOBaHVle ny4Ka B 3JJeKTpOHHblX nywKax c cpoToKaTOAOM. 

VlccneAOBaHVIR npOBOAVIJlVICb c y4eTOM CVIJl npocTpaHCTBeHHoro 3apHAa VI 

Koppellfll\VIH, BBeAeHHblX B nepBOH rnase. 4VICJleHHOe MOAeJ11.1poBaHV1e 

BblnOJlHeHO Allfl ycKOpVITeJlfl TTF. npVIBeAeHbl pe3yJJbTaTbl onTHMVl3al\HH 

napaMeTpOB ycTaHOBKVI, BHeApeHHble Ha YCKOpVITeJle KOTOpble npV1BeJlV1 K 

3Ha4VITellbHOMY yny4weHV110 xapaKrepVICTVIK 3JJeKTPOHHoro ny4Ka. VlccneAOBaHbl 

OnTV!MaJlbHble YCllOBHH HaCTpOHKH ycKOpVITeJll:i, npVIBeAeHa AHHaMVIKa ny4Ka c 

y4eTOM H 6eJ y4era KoppellHL\VIH. Ha pHc. 3 npV1BeAeHb1 JaawcHMOCTVI 

nonepe4HOro H npOAOJlbHOro 3MVITTaHca Ha BblXOAe 3JleKTpOHHOH nyWKVI OT 
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napaMeTpoe na3epa HaKa11a KaTOAa (nonepe4HblH pa3Mep 11 A1111TellbHocTb 

nnocKOH eepw11Hb1) Alli! pa3J1114Hb!X 84 tj>a3 e pe3oHaTope. 

nonepe'IHl>lif !tMHTaHC npOAOllbHbd~ 3MMTaHC 
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P11cyHoK 3. 3as11c11MOCTb nonepe4HOro (cnesa) 11 npo,llOllbHoro (cnpaea) 

3Ml1TTaHca Ha Bb1xo,o,e 311eKTpOHHoi:'1 nywK11 TTF or nonepe4Horo pa3Mepa 

11a3epa cr, 11 OT A11l>1Te/1bl-iOCTl1 n11ocKoi1 sepwHHbl 11a3epHoro 11Mnyr.bca L1 . 

,D.anee e rnase, 4HcJ1eHHo 1-1cc11e,D,0BaHa 3as1-1c1-1Mocrb nonepe4Horo 3M11TTaHca 

ny4Ka OT pacno110>1<ett11i1 colleH01>1Aa 11 MarHHTHoro non.A s HeM. Pe3yllbTaTbl 

aHa11113a no1<a3aHbl Ha p11c.4. B pe3yl1bTare npoBeAeHHb1x 11cc11eA0BaH11i1 

Hai1AeHbl c11eAY10lJ.\He onrnMallbHble 3Ha4eHl'1il napaMerpos ycTaHOBKl1 TTF: 

• BpeM.R HapacTaHl1il 11a3epa < 1 nceK 

• A1111TellbHOCTb n11ocKoi1 sepw11ttb1 11a3epttoro 11Mny11bca <8.5 nceK 

• nonepe4Hble pa3Mepbl lla3epa -2.fiMM 

• Pacno110>1<eH11e co11etto11,o,a - 38 CM 

• Be1111411Ha no11R co11etto11,qa -0. 195 T 

• <l>a3a 84 pe3ottaropa -42. 7 rpa.11yca. 
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P11cyttoK 4. 3as11ci-1MocTb npop,011bHoro 11 nonepe4Horo 3Ml1TTattca OT se1111411Hbl 

MarHl1THOro nOJlil COJleHOH,!\a. 

Tperbsi rnaea nocBilli.\eHa pa3pa6oTKe 11 Mo,qe1111posatt1110 1111Hei1ttoro 

yc1<0p11Te11i1 AllH 11cro4H11Ka c11Hxporpottttoro 11311y4eH11il CANDLE. OcttoBHble 

rpe6osaHHR K llHHei1HoMy ycKop11re1110 c11e,qy10LJ_\11e: 

• Tp11 pe>1<11Ma ycTOH4Hsoi:1 pa6oTbl o,o,Ho-, MHoro-crycTKOBb1e 11 pe>1<11M 

KBa311-Henpepb1BHOH l1H>KeK41111 (top-up). 

• Pa6o4aR YacToTa 2r4 

• M11H11MallbHb1e norep11 4acrn4 crycTKa < 10% 

• 3Heprern4ecK11!:1 pa36poc s crycTKe -0.5% 

• CKopocrb l1H>KeK41111 np11 100 M3B-400MA/Mi-1H 

,[\m1 reHepa41111 YacT114 paccMaTp11sa11acb rp11op,HaH 3lleKTpOHHaR nyUJKa c 

TepM11YecK11M HaKalloM KaTo,qa. OcHOBHble napaMeTpb1 3JleKrpottttoi:1 nyUJKl1 c 

Hanpl'l>KeH11eM 90 KB 11 ny4Ka ,D.lll'l ABYX pe>KHMOB pa6orb1 np11aep,ettb1 s 

Ta611H4e 1. 

no11y4eHHblH ny40K C 3Hepr11ei1 90 K38 npoXO,l\11T rpynn11posaH11e B Cl1CTeMe 

rpynn11posare11ei:i. ,[\nil rpynn11posaH11l'l ny4Ka 11cno11b3yercil H3BecTHblH MeTOA 
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BBoAa 3l!eKTpoHHoro ny4Ka B rpynnvipyioUJ,HH pe3oHaTOp Ha Hyneaoi:1 BLJ cpa3e. 

TaKHM o6pa30M, npH HepemHHBHCTCKOH 3Hepnrn crycTKa, nepeAHHe 4aCTHL\bl 

ropM03RTCR, a 3aAHHe ycKopRIOTCR. B pe3ynbTaTe nyYoK C)t<1<1MaeTcR B 

npOAOllbHblX pa3Mepax. Om11ManbHOe paccroRHl1e rpynn11posaH11R 3aAaeTcii 

cpopMyllOH (4) 

Lhunclii11g 
- Au1 '!!/:: /3'r_:_ 

2ll eU,,'",," 
(4) 

rAe /"RF -AJlHHa BY BOJ1Hbl B pe30Harope, Upeak ·-nHKOBOe HanpR)t<eHHe B 

rpynnHpyioUJ,eM pe3oHaTope IJ=v /c, rAe v - cKopocTb 4aCTHL\, y - JlopeHq 

cpaKTOp. 

Ta6J111L\a 1. OcHOBHble xapaKrepHCTKl1 ::ineKTpOHHoi1 nywK11 11 ny4Ka. 

0AHO-crycTK. MHoro-crycTK. 

,ll.nvtTel!bHOCTb 311. ny4Ka (He) 1 200-600 

nonep. pa3Mep ny4Ka Ha Bb!X. 
6.6 4.8 

nyWKl-1 (MM) 

non. HOpM. 3Ml1T. £x norm (MM-
10 rr 10.25rr 

MpaA) 

-ri11KOBblH TOK B ~MnyJlbCe (MA) 1500 1~ 
Cp. n110TH. roKa Ha KaTOAe j 

20 0.3 
(mA htm 2

) 

CHcTeMa rpynn1-1poaaTeJleH Bb16paHa raK"1M o6pa3oM, 4TO cneAYIOUJ,"1H 

rpynnHpOBaTeJlb pacnol!O>KeH Ha paccTORHl1H onTHMal!bHOro rpynnHpOBaHl1R OT 

npe,l:\blAYUJ,ero. ,ll.pyroi:1 oco6eHHOCTblO pa3pa6oraHHOH CHCTeMbl 

rpynnHpOBaTeJleH RBJlReTCR ,l:\OnOl!H11Te/lbHal'l rpynnvtpoBKa Ha BTOpoH rapMOHHKe 

B 1 fT4. 

B pe3yJlbTaTe 11ccneAOBaHHM pa3l!H4HblX cxeM rpynnHpoaaHHR, pa3pa6oraHa 

c1-1cTeMa rpynn11poaaTenei:1, cocrosiUJ,aR 113 rpynn11pyioUJ,ero pe3oHaropa Ha 

14 

CTOR4eH BOl!He c 4aCTOTOH 500 Mr4, pe30HaTOpa Ha CTOR4eH BOl!He Ha 4aCTOTe 

BTOpo!':t rapMOHl1KH 1000 Mrl.l VI npeAyCKOpHTeJlR Ha 6eryw,e!':t BOJlHe Ha 4aCTOTe 

3rr4, r,l:\e 4aCH1l.lbl, OKOH4aTeJlbHO rpynn1-1pysicb, nol!y4alOT OAHOBpeMeHHO 

ycKopeH11e OT 90 K38 AO 3 M::iB. ,lJ,anee ClleAyeT OCHOBHaR YCKOpRIOUJ,aR ceKL\HR 

c Tew10M ycKopeH11R 17 MB/M, rAe nyYoK ycKopReTcsi AO KoHe4Hoi1 3HeprHH 

100 M38. B pe3ynbTare pa3pa601K11 c1-1creMbl rpynn1-1poaaH11si 11 npaBl1llbHoro 

noA6opa napaMeTpos ycKopHTenR nonyYeHo C)t<arne ny4Ka a 60 pa3, 11 

Ha4aJlbHblH ny40K ,l:\Jll1Tel!bHOCTblO B 1 HCeK C>K11MaeTCR AO 15 nceK, 4TO 

COCTaBJlReT OKOJlO 18° 4aCTOTbl OCHOBHOro YCKOpRIOUJ,ero MOAYJlR Ha 3 rrl.l. 

npoBe,l:\eHa Tpacc11pOBKa 4aCTl1L\ B,l:\Ollb scero YCKOpHTeJlR. Pe3yllbTaTbl 

noKa3an11 (p11c. Sa), 4TO norepH 4aCrnl\ B cTpyKrype ycKop11ren.ll cocTaBl!RIOT 

MeHee 10%, c 3Heprern4eCK11M pa36pocoM BHYTPl-1 crycTKa MeHee 0.5 %. 

ltlccne,l:\OBaHa TaK>Ke AHHaM11Ka nonepe4HOro 3MHTTaHca B,l:\OJlb ycKOPHTeJlR (pHC 

56), Al!R nony4eHHR Tpe6yeMoro 3MHTTaHca B 6 MM-MpaA Ha BblXO,l:\e "13 

ycKop1-1Tensi. TaK11M o6pa3oM, pa3pa6oraHHaR cxeMa noJlHOCTblO YAOBJlersopsieT 

rpe6osaHHS!M K JlHHeHHOMY ycKop11TeJ110. 
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P11c. 5. Tpacc1-1posKa 4aCTl1Lj (a) 11 3M11TTaHc nyYKa B,ll,OJlb ycKop1-nemi (6). 

np11 ABH>KeHl111 crycTKa 3apsi>KeHHblX 4acrn4 4epe3 AHacpparMHpOBaHHYIO 

CTPYKTYPY B036Y>KAalOTCR KHJlbBarepHble nonsi, AeHcTBYIOUJ,He Ha 4acrnLjbl 

caMoro crycTKa 11 npHBOARUJ,11e K YXYAWeH1110 era napaMeTpos. HccneAoBaHo 

Blll1RHl1e nonepe4Hb!X K11JlbBaTepHblX none!':t B YCKOpRIOUJ,eH crpyKType Ha 

cpeAHeKBa,l:\paTl14HblH 3MHTTaHC ny4Ka. nony4eHO aHal!HTl14eCKOe Bblpa>KeH11e 

Al!R yaenwieH11si 3Ml1TTaHca 
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L\c =CJ h( E,J4 g(l + g Ing - g)" (5) 
c p E 

no11y4eHo npeAeJlbHoe 3Ha4eHHe AllR aaps.Aa crycTKa B 0=1.6 HK, np11 KOTopoM 

yse111A4eHHe 3MIATTaHca OT AeHCTBHH KIA/lbBaTepHblX no11ei::t COC.TaBJlHeT MeHee 

1%. 

Bbl BOA bl 

1. lllcc11eAOBaHa nonepe4Ho-npoA011bHasi KoppellHL.\vH1 BHYTPH crycTKa, 1-1 

onpeAe/leHbl K03cj:>cpHL.\HeHTbl, onpeAellHIOll.\Vle llHHeHHYIO H KBaApaTVl4HYIO 

KoppellHL.\VIH. Pa3pa6oTaH a11rop11TM pac4eTa Ko3cpcpHL.\VleHTOB KoppellHL.\1-11-1, 

KOTOpblH BKJll04eH B nporpaMMY pac4eTOB A1-1HaMHKl-1 ny4Ka c y4eTOM Cl-111 

npocTpaHCTBeHHOro aapHAa ASTRA. npoBeAeHbl pac4eTbl H3MeHeHl-1H 

3MHTTaHCa C y4eTOM KOppellHL.\VIH. noKa3aHO, 4TO Ha CTaAHVI 

cpopM1-1pOBaHHH ny4Ka BKJlaA KOppellHL.\1-11-1 B A1-1HaMV!KY ny4Ka CYll.\eCTBeHeH. 

2. lllccneAOBaHa 3aBHCHMOCTb 3MHTTaHca ny4Ka OT speMeHH HapacTaHHR 

naaepa, AlllATellbHOCTH nnocKoH sepw11H1>1, cj:>aa1>1 BY pe30HaTopa vi 

napaMeTpOB cpOKYCHpytoll.\ero COJleHOHAa. npoBeAeHbl pac4eTbl AllR 

OnTHMH3al.llAl'1 3Ha4eHIAH napaMeTpOB ny4Ka Ha BblXOAe H3 3/leKTPOHHoi:i 

nywK11 AllH HH>KeKTopa X-FEL. Hai1AeHbl onrnMa11bHb1e 3Ha4eHHH 

napaMeTpOB ycTaHOBKIA. no11y4eHHble pe3yllbTaTbl ller/lH B OCHOBY 

npoeKTHpoBaHIAH HOBOro HH>KeKTOpa All.SI caMOHHAYL.\HPOBaHHOro 11aaepa Ha 

cso6oAHblX 3/leKTpoHax X-FEL. 

3.lllccneAOBaHa AHHaMHKa ny4Ka Ha CTaAHH tjJopMHpOBaHHH AllH pa3pa6oTKVI 

CHCTeMbl rpynn1-1poBaTe11ei:1 AllH /lHHeHHOro npeAyCKOpv1Tel1R 11CT04HHKa 

CHHXpOTpOHHOro H311y4eHIAH CANDLE. npeAllO>KeHa cxeMa 

MHoro4aCTOTHoro rpynn1-1poaaHV1H, 611ar0Aapsi KOTopoH no11y4eHo c>Karne 

. 3neKTpOHHoro ny4Ka B 60 pa3, 4TO, B CBOIO 04epeAb, n03BOJ1Hl10 no11y41-1Tb 

3cpcpeKntBHbiH aaxaaT s pe>KHM ycKopeHHH 6011ee 90% scex 4aCntl.\ c 

3Heprern4eCKIAM paa6pocoM BHYTPH crycTKa MeHbWe 0.5%. TaK>Ke 
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HCCJle,[\oBaHO yBeJlH4eHHe 3MHTTaHca OT AeHCTBHH KY111bBarepHblX no11el1, 

B036y>K,[\aeMblX npH ,[\BH>KeHHH pe11RTHBY1CTKCKOro crycTKa B 

A1-1atjJparMvtposaHHOH crpyKType. Hai:1,[leHo MaKCHMallbHOe 3Ha4eHvte 3apsi,[\a 

crycTKa, npvt KOTOpOM yseJlH4eHHe 3MHTTaHca OT 803,(\eHCTBHH 

KHJlbBaTepHblX no11eH COCTaBJlHeT OK0/10 1 % 
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PwqrwLn U2nLnl1 Q.rtiqnriwu 

UUUul°'Lflibf"\~ U0UQ.U8nt-81°''.Jub0r <UUU0 <Dn9r tUrSUuUn4. LiUf"\lS 

tLtJ'-!srnuusru <DuS.tJf"lr Q.tJutJ0usrusr mumuuuur0mu 

Uul.jlmflwqjlp 

UmbOwtunumiaJwO ub2 mumu0wutirit.lw6 b(J ttb4mrinOwJtiO Lf102bflti ouwl.J.nruw(J 
f\tJOwlitJ4w(J: 6 1.wlflwCitJ Ljlm[wjtJu LnWflLUOnLjdjWU ub2 liwuCitJ4fibfltJ 
pwz[ut{w6nLjaJLUU t{tJlSw4wq[1WljWu ubf14WJLU9nLUD oqmwqnf16b[m[, Cibf1lim6L{nu.l bu 
LflmtwJtiCi hwriamiaiwu Ii. bf14wiuw4ti Ljnnriritiuwmti Lf1ntuljwUJw4gl{womiaiwu 
qnri6wljf1gubf1Q: u11wug iat.lw1tiu Wfldb!)CibflD nrnzbtm hwliWJl uzwljl{w6 t hwuimlj 
W[qnritiial'i, nrio Cib11L'im6L{w6 t ASTRA - L'iwuuti4ubrti ritiuwllti4witi hwzt.lwri4L'iwu 
hwL'iwf1 oquiwqnJlCrl{nri hwjmuti Of1WqJlti llb2: un11wgt{w6 ASTRA 6f1wqf1JlD 
oq1J1wqn116L{b[ t DESY w11wqwgmg1.w1tiu LjbUU1f1nuti TTF (TESLA Test Facility) 
q6wJtiu wriwqwgmgti1.mu lflu2ti ouwl[nf1L'iwu ritiuwL'iti4wJti hwzL[wJ14LibJlti hwllwri: 
<wzLtw11lJubpo ouriqJllJbt bu ttb4m11nuw1tiu Ljlu2ti pumiawqritii. UJwriwL'ibU1f1bflti L[ritu 
Wf1WqWgmgtJi.tJ UWJ1!)WL{nJ1nLUUbJ1ti wztuWLnW(l!)WJtiu UjWJ1WUbU1flbf1ti 
wqribgmiaiwo muttluwuti11mu: ltwmwrL[wo hwzL[w11Ljubrio 4ti11wriL[b[ bu TTF 
wriwqwgmgti1.nul, n11mbri. LIU1wgL[b[ t 106 fill wtti!lti bJ14Wf1nL!dJWL'ip wqwm 
ttb41J1f1nuw1tiu [wqbJl SASE-FEL (Self Amplified Spontaneous Emission-Free 
electron Laser): Uzwljlj_w6 L'imnbgmllubJlD 4tirwriL[w6 bu uwu CANDLE 
utiufmnmrinuwJtiu lSwriwqwiiauwu 1.jbum11nuti ub11w114ti1. 100 VtL! -wung q6wJtiu 
w11wqwgmgti1.f1 uwtuwq61.lwu ctwtlwuw4: <wzL[ti wriub[nL[ Lf1n!lf1 tubrqtiwubriti 
ctwL'iwuwl.j t1b41J1f1nuw1tiu Ljlu2ti ouwL[npL'iwu ouiawg!)mL'i unbriti mubgnri. Ii. lflu2ti 
UJWf1Wtlbmf1bJlti 4.riw pwgwuwljwu wqrinri WJuLLJtiuti briL.m1iaubf1[!, tiu1.UJtiutiu bu 
mw11w6wljwu lP9!lti mctbriti wqribgmiaimuo Ii. iawuorim4f1 ub2 1w1uwlJti lflm1w1tiu 
tttiUJufl wriwugnubpfl L. triljwJuwljti l.jnnririfluwunti LfmtulJwUJwl.jgl.J.w6mia1muo. 
wriw2w111.jl.J.b[ Ii. hwzL[wrlJL[bt t iawuopml.jwL[nriL'iwu imriwhwunmlj hwiiwl.jwpq, n11ti 
LJflrwrimuo iamn t mwttiu t.'.l>b4until.J. wpwqwgubt iawuoriml.jmL'i bri.w6 uwuutilJubJlti 
wL[btti !)Wu 90%-o: 

YWU1Wf1l[W6 wztuwunWuJlti WflllJnLU!)UbptJ uri UWU[l hw2nrtnLjdjWL'ip LJtiflLUl'll[b[ t 
TTF wpwqwgmgti1.mu: ltwunwrit1w6 wztuwmwuJlo LjWJlbtti t wtlLjlnlflbl hbunu1w1nL[· 

• librium6L[b[ bu [WJuwljti Ljlm[WJtiu hw11iamia1wu qn116wLJtigub11 Ii. wriw2w11LJL[b[ t 
uriwug iaL[wJ[lu w11ctbr;iubJlf1 hwzL[wriLJL'iwu w[qn11tiiau: 

• ub11L'im6L[w6 qn116wlj[lgubJ1nL[ un11wgl{w6 ASTRA O[lWq[lnL[ hwzL[lUJlljl[b[ bu TTF 
LUJlWqwgmgti~ti wztuwunWUJlWJtiu LI.{WflWUbLI1Jlbf1Q Ii. nJlUjbU LStizm hwzL[w11LJti 
LLif11lJnLUJl wpwqwgmgtiiti hwllwUjwunwutuwC1 LJwriqwL[nrimutig hbmn UU1LLigL[b[ t 
wqwun ttb4mrinuwitiu [Wqbriti 6wriwqw1iamu: 

• Uriw2w114L[b[ Ii. hw2L[w111.jl[b[ t JnLJlwhwunmlj iawC1011mljwL[n11llwu hwL'iwljwJlq, nrio 
JdnLJl t mL[b[ Ubf[Ub[ 1 uL[ jdWUOJlnL4D lltiC1~L. 0.015 uL[, tiurn tiJl hb11iatiu lJWll.JLUhnL[ri 
iawuorm4ti wL[b[p JlWu 90% L'iwuutiljubf1ti t.'.l>blju1tiL[ w11wqwgmL'i, CANDLE 
utiuJl11nm11nuwitiu LSw11wqw1iallwu hwL'iwtf1Jlti ub11wri4ti~ q6wJtiu w11wqwgmgti~mL'i: 
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